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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. Ratheritis 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) and
is online in the TauDEM website http://hydrology.usu.edu/taudem in the Documentation section.

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/.

In this guide, you will perform the following tasks:
e TauDEM Installation
e Basic Grid Analysis using TauDEM functions, including.
o PitRemove
o D8 Flow Directions
o D8 Contributing Area
o Grid Network
o D-Infinity flow direction
o D-infinity Contributing Area
e Stream Network Analysis using TauDEM functions, including
o Stream Definition by threshold
o Move Outlets to Streams
o Stream Reach and Watershed
o Peuker Douglas
o Peuker Douglas Stream Definition
e Specialized Grid Analysis using TauDEM functions, including
o D-Infinity Distance Down
o D-Infinity Distance Up
e Basic Grid Analysis using TauDEM functions, for geographic coordinate data including.
o PitRemove
o D8 Flow Directions

The Cub River watershed draining to USGS streamflow gauge #100096000 located just north of Preston,
Idaho is used as an example. The Eno River watershed located near Durham, North Carolina is also used
as an example for the geographic coordinate data.
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Computer Requirements
To complete this guide, you will need to use ArcGIS 10.0 or higher and TauDEM 5.3. TauDEM 5.3 has the
following dependencies that are installed when you install TauDEM.

e GDAL - Geospatial Data Abstraction Library from http://www.gdal.org/.

e Microsoft HPC Pack 2012 MS-MPI Redistributable Package for parallel processing.

e Microsoft Visual C++ run time libraries for 32 and 64 bit windows platforms.
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.

TauDEM 5.3 Installation

TauDEM 5.3 needs to be installed using the TauDEM530.exe program. This setup application can install
TauDEM both on Windows 32-bit and 64-bit computers. Download this setup program from
http://hydrology.usu.edu/taudem/taudem5/downloads.html.

TauDEM setup program will install the following applications and libraries:

e TauDEM version 5.3.

e GDAL 111 (MSVC 2010 Win64): Only on 64 bit computers.

e GDAL 111 (MSVC 2010): Only on 32 bit computers.

e Microsoft Visual C++ 2010 x64 Redistributable: Only on x64 computers.

e Microsoft Visual C++ 2010 x86 Redistributable: Used on both 32 and 64 bit computers.
e Microsoft HPC Pack 2012 MS-MPI Redistributable Package.

By default, TauDEM will be installed at C:\Program Files\TauDEM. GDAL related libraries will be installed
at C:\GDAL. GDAL applications will be installed at C:\Program Files\GDAL. MS HPC Pack will be installed
at C:\Program Files\Microsoft HPC Pack 2012. Path entries are added to these locations.

NOTE: If you have previously installed an earlier version of TauDEM you should uninstall it. You don’t
need to uninstall other TauDEM dependencies.

Procedure for Installing TauDEM:

1. Run (double click) TauDEM530.exe. You will need to click through all the prompts agreeing to
the licenses of the various components. At the prompt to install GDAL select Typical.
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3] GDAL 111 (MSVC 2010 WinG4) Setup o @ |3

&
Choose Setup Type L

) ¥ \
Choose the setup bype that best suits wour needs G D.ﬁ'l.
L4

Typical

Installs the most common program Features, Recommended For most users,

Cuskam

Allows users to choose which program Features will be installed and where
thes will be installed, Recommended For advanced users,

Zomplete

All program Features will be installed, Requires the most disk space,

Back. HER Cancel

2. Eventually you get to click on “Finish” to finish installation of TauDEM. At this point you have
successfully installed TauDEM 5.3.

Note that the redistributables libraries listed above that TauDEM depends on will only be installed if
they are required for your platform and are not already installed. Note that the installer will also add
firewall exceptions to allow TauDEM programs to run. These allow MPI interprocess communication
used in the parallel computations. This is communication within your computer and not over any
external network. The installer will also add the following path entries:

e C:\Program Files\Microsoft HPC Pack 2012\Bin\
e C:\GDAL

e C:\Program Files\GDAL

e C:\Program Files\TauDEM\TauDEM5Exe

The TauDEM Tools.tbx ArcGIS toolbox is included with the install and should work for ArcGIS 10.0 or
higher (tested for versions 10.0, 10.2.2 and 10.3.1). Note that the installation does not require ArcGlIS.
Without ArcGIS you will be able to run all the functions from the command line, but will not be able to
use the ArcGIS toolbox.

Activate the TauDEM Toolbox in ArcGIS:
e Open ArcMap/ArcCatalog. If the ArcToolbox Window is not open, click on the "Show/Hide
ArcToolbox Window" icon in the Standard Toolbar.
e Right click on ArcToolbox at the top of the window. Select Add Toolbox.
e Browse to the TauDEM install directory (by default, this is: C:\Program
Files\TauDEM\TauDEM5Arc).
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e Click on the TauDEM Tools.tbx file, and click Open.

The TauDEM Toolbox should now be visible in the list of toolboxes.

NOTE: Activation of TauDEM ArcGIS Tools is only needed if you want to run TauDEM functionality

from within ArcGIS.

The TauDEM Toolbox should now be visible in the list of toolboxes.

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:
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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 running the necessary TauDEM commands.

1. Download the Cub River example data zip file from the Documentation folder at

http://hydrology.usu.edu/taudem/. Extract all files from the zip file and load cubdem into ArcMAP.
This data was obtained from the National Elevation Dataset data server.
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©3 3D Analyst Tools
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e Cartography Tools
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©3 Data Interoperability Tools
E3 Data Management Tools
&3 Editing Tools
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B3 Linear Referencing Tools
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B3 Network Analyst Toals
0 Parcel Fabric Teols

e Schematics Tools

e Server Tools

° Spatial Analyst Tools

B3 Spatial Statistics Tools

] TauDEM Tools

0 Tracking Analyst Tools

2. TauDEM 5.3 read all raster data that supported by GDAL (e.g. tiff, ESRI grid, and img) but writes in
tiff format. 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.
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3. Atthe Pit Remove Tool dialog select Show Help to expand the embedded function help information.

% Input Elevation Grid

[™ Fill Considering only 4 way neighbors {optional)

Input Depression Mask Grid (optional)

Input Mumber of Processes

% Output Pit Removed Elevation Grid

Environments... Show Help == |

Page | 7



" Pit Rernove

=10 x|

% Input Elevation Grid

I Fill Considering only 4 way neighbors {optional)

[y

Input Depression Mask Grid {optional)

| =

Input Number of Processes

[ 8
% Output Pit Removed Elevation Grid

| =l

oK | Cancel | Environments... |

-

Pit Remove

Identifies 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.
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 suffie "fel” to simulate the output 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 inserted at their lowest point. "No data”
values serve to define edges in the domain, 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 |

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

" Pit Rernove

=10 x|

% Input Elevation Grid
I =]

I Fill Considering only 4 way neighbors {optional)

Input Depression Mask Grid {optional)

| =

Input Number of Processes

[ 8
% Output Pit Removed Elevation Grid

| =l

Environments... | << Hide Help |

oK Cancel

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 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. "Mo 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 frem being removed, if necessary.

Tool Help

" Pit Rernove

=10 x|

=

& Input Elevation Grid
&
| =

I~ Fill Considering only 4 way neighbars {optional)

Input Depression Mask Grid (optional)

| =

Input Number of Processes

[ 8
@ Output Pit Removed Elevation Grid

l =]

=

Cancel Environments... << Hide Help |

o]

Input Depression Mask Grid (optional)

Indicator grid to identify cells that are real sinks and should not be filled

Tool Help
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% Input Elevation Grid

I~ Fill Considering only 4 way neighbors {optional}
Input Depression Mask Grid {optional)

F.‘t Number of Processes

% Output Pit Removed Elevation Grid

o I=] 9
Fill Considering only 4 way neighbors (optional) =

If this option is selected Fill ensures that the grid is hydrologically conditioned with
cell to cell connectivity in only 4 directions (N, S, E or W neighbors). Each grid cell
is conditioned to drain to one of these adjacent, but not diagonal neighbars.

% Input Elevation Grid

I™ Fill Considering only 4 way neighbors (optional)

Input Depression Mask Grid {optional)

F.‘t Number of Processes

% Output Pit Removed Elevation Grid

Input Number of Processes

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.

& Input Elevation Grid

|
[~ Fill Considering only 4 way neighbors {optional)
Input Depression Mask Grid (optional)

IImJt Number of Processes

@ Output Pit Removed Elevation Grid

Qutput Pit Removed Elevation Grid

A grid of elevation values with pits removed so that flow is routed off of the domain.
Pits are low elevation areas in digital elevation models (DEMs) that are completely
surrounded by higher terrain. They are generally taken to be artifacts of the 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.
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5. Click on Tool Help at the bottom to open the more detailed html help generated by ArcGIS for the
Toolbox.

Pit Remove

Title Pit Remove

Summar

Identifies a}r 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. 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 output 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 inserted at their lowest point. "No data" values serve to define edges in the domain, 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.

Syntax
PitRemove (Input Elev, {Fill_Considering_only_4_way_neighbors}, {Input_Depression_Mask_Grid}, Input_Number_of_Processes,
Output_Pit_Removed_Elevation_Grid)

Parameter Explanation Data Type
Input Elav Dialog Reference Raster Layer

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 2 few actual pits are known, but others need to be
removed, the actual pits should have "no data" elevation values inserted at thair lowest
point. "Mo 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.

Fill_Considering_only_4_way_neighbors (Optional) Dialog Reference Boolean

If this option is selected Fill ensures that the grid is hydrologically conditioned with cell to
cell connectivity in only 4 directions (N, 5, E or W neighbors). Each grid cell is conditioned
to drain to one of these adjacent, but not diagonal neighbors.

Input_Depression_Mask_Grid (Optional) Dialog Reference Raster Layer

Indicator grid to identify cells that are real sinks and should not be filled

Input_Number_of_Processas Dialog Reference Long

The number of stripes that the domain will be divided into and the number of MPT
parzllel processes that vill be spawned to evaluate each of the stripes.

Output_Pit_Removed_Elevation_Grid Dialog Reference Raster Dataset

A arid of elevation values with pits removed so that flow is routed off of the domain. Pits
are low elevation areas in digital elevation models (DEMs) that are completely surrounded
by higher terrain. They are generally taken to be artifacts of the digitation process that
intarfere with the processing of flow across DEMs. So, they are removed by raising their
elevation to the point where they just drain.

6. This TauDEM Documentation website 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.
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7. Select cubdem 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). Notice that input elevation (cubdem) isin
ESRI grid but output Pitremove file (cubdemfel) is in tif format.

" Pit Remaove - | ﬂ
[=]

Input Elevation Grid

|cu|::u:|er‘r1

[ Fill Considering only 4 way neighbors {optional)

Input Depression Mask Grid (optional)

= g

| = g
3

=l

Input Mumber of Processes

Cutput Pit Removed Elevation Grid
| D:\Scratch\CubDemo \cubdemfel. tif

Ok Cancel Environments. .. 5thHE|D}} """" |

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

J A \
A N
_________________ p \, —e
/

Swap )

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 MPI) takes care
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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 processors on
the computer. However, message passing across the borders are increased. For large datasets, some
experimentation as to the number of processes that works best (fastest) is suggested.

8. 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.

Pit Remove |

Completed

<< Details

I™ Close this dialog when completed successfully

Executing: PitRemove cubdem # 1\ Scratch\CubDemo‘\cubdemfel.tif _J

$80D
Start Time: Sat OGct 10 15:41:0; 2015
Running script PitRemove...
Input Elevation file: D:\Scratch\CubDemo'\cubdem
Consideringdway:
Input Number of Processes: 8
Cutput Pit Remowved Elevation file: D:\Scratch\CubDemo‘\cubdemfel.tif
Command Line: mpiexec -n & pitremove -z "D:\Scratch\CubDemo\cubdem" -fel "D:\Scratch\CubDemc‘cubdemfel.tif"
Process started:
PitRemove wersion 5.3
Input file has projected coordinate system.
Processes: 8§
Header read time: 0.321091
Data read time: 0.007342
Compute time: 0.356093
Write time: 0.034485
Total time: 0.719021
Executing: Calculate Statistics

Completed =cript PitRemove...
Succeeded at Sat Cct 10 15:41:11 2015 (Elapsed Time: 4.55 seconds)

Note also in this output that timing information is reported for this run.
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9. 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.

=" D8 Flow Directions - 10| x|
=]

Input Pit Filled Elevation Grid (must be . tif)

| cubdemfel.tif -l ﬂ

Input Mumber of Processes
| 8
Cutput D8 Flow Direction Grid (must be | tif)
I D:\Scratch\CubDemocubdemp, i

Output D8 Slope Grid (must be . tif)
I D:\scratch\CubDemooubdemsds. tif B-

[

oK I Cancel | Environments...l Show 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. This is the simplest model of the
direction water would flow over the terrain.

Q Untitled - ArcMap
File Edit View Bookmarks Inset Selection Geoprocessing Customize Windows Help
BAME@ e (- T kO ZIA AR TIR )y | » - 1- ts 1] &
D B Eﬁ % x| D ‘\4) - [;] % i gDﬂ = [-1- = © SWAT Project Setup ~ Watershed Delineator ~ HRU Analysis

x
Table Of Contents i ArcToolbox o x

’f:@ “g =] [ ArcToolbox
= £ Layers B3 30 Analyst Tools
=] EA\USU_Research ° Analysis Tools
O cubdemsd8.ti &3 Cartography Tools
= ° Conversion Tools
- & Data Interoperability Tools

=2 & Data Management Tools
K] & Editing Tools
m: & Geocoding Tools
[ ° Geostatistical Analyst Tools
[ e Linear Referencing Tools
| B Multidimension Tools
1] B3 Network Analyst Teols
[0 cubdemfel.tif & Parcel Fabric Tools
= @ cubdem & Schematics Tools
Value ° Server Tools
[ High: 2918 B Spatial Analyst Tools

° Spatial Statistics Tools
Low:1357) | | o @ TauDEM Tools
= & Basic Grid Analysis
& D-Infinity Contributing Area
& D-Infinity Flow Directions
%' D8 Contributing Area
5} D& Flow Directions
5 Grid Network
&' Pit Remove
& Specialized Grid Analysis
& Stream Network Analysis
° Tracking Analyst Teols
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10. The next function to run is D8 Contributing Area. This count the number of grid cells draining
through (out of) each grid cell based on D8 flow directions.

=" D8 Contributing Area - |3 ﬂ
. . =
Input DS Flow Direction Grid (must be . tif) = D8 Contributing Area —
|cubdemp.tif ﬂ E}
) Calculates a grid of contributing areas using the single direction D8 flow model. The
Input Cutlets Shapefil tbe .sh tional e ; - - ; S
put Outlets Shapefie (must be -shp) (optional) - 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
Input Weight Grid (must be . tif) (optional) as its own contribution plus the contribution from upslope neighbors that drain in to it
| = B according to the D8 flow model.
=}
¥ Check for edge contamination If the optional outlet point shapefile is used, only the outlet cells and the cells
Input Number of Processes upslope (by the D8 flow model) of them are in the domain to be evaluated. 1
3
! - = T By default, the tool checks for edge contamination. This is defined as the possibility
Qutput D8 Contributing Area Gri (m_L'St =, ~ that a contributing area value may be underastimated due to grid cells outside of the
| Ds\seratch\CubDeme\ubdemads. tif =] domain not being counted. This occurs when drainage is inwards from the
J boundaries or areas with no data values for elevation. The algorithm recognizes this j
A rmmmrt e Tmn Amb A" Far dlha mnmbribidim e mrna B im mmmmmnem b s mbeamles A F T

o]

Cancel | Environments... |

<< Hide Help |

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 resultis 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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Table Of Contents
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I 30,100 - 617,000
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™ High: 2918.61

OEHHEBE

Low : 1357.21

Selection Geoprocessing  Customize  Windows  Help
k@ i | BB S & ¢ Editor : s B &

ArcToolbox

o v =1L PO
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SWAT Project Setup = Watershed Delineator = HRU Analysis =

&l ArcToolbox
B3 3D Analyst Tools
@ Analysis Tools
B3 Cartography Tools
% Conversion Tools
e Data Interoperability Tools
e Data Management Tools
&) Editing Tools
a Geocoding Tools
% Geostatistical Analyst Tools
% Linear Referencing Tools
e Multidimension Tools
B3 Network Analyst Tools
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e Schematics Tools
e Server Tools
e Spatial Analyst Tools
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= &) TauDEM Tools
= & Basic Grid Analysis
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&' Pit Remove
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11. 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.
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Input D8 Flow Direction Grid (must be .tif)

I cubdemp.tif

I.IEEJt Number of Processes

Input Qutlets Shapefile (must be .shp) (optional)

Input Mask Grid (must be . tif) (optional)

Input Mask Threshold Value {optional)

Qutput Strahler Metwork Order Grid {must be .tif)

I D:\scratch\CubDemo'cubdemgord. tif
Cutput Longest Upslope Length Grid {must be .tif)

I D:\Scratch\CubDemo'\cubdemplen. tif
Qutput Total Upslope Length Grid (must be . tif)

I D:\seratch\CubDemotcubdemtlen. tif

Cancel I Enw'ronrnents...l

<< Hide Help |

=10 x|

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 from the network defined
by the D8 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 D8
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 order join the
downstream flow path order is increased by 1. When more than two flow paths join
the downstream flow path order is calculated as the maximum of the highest
incoming flow path order or the second highest incoming flow path order + 1. This
generalizes the common definition to cases where more than two flow paths join at a
point.

Whera the nntinnal mask arid and threshold value are innut the functinn is svaluated

ToolHelp |

Grid Network Order (file name suffix gord) output from Grid Network is illustrated:

File Edit View Bookmarks
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Insert  Selection

o |
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Bl = layers
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[N

m2

.3
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| ]

06

m7

e
O cubdemplen.tif
O cubdemtlen.tif
O cubdemadd.tif
O cubdemsd8.tif
O cubdemp.tif
O cubdemfeltif
O cubdem
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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 Doo (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.

12. 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 Directions B - <

Input Fit Flled Elevation Grid Qutput D-Infinity Flow Direction Grid
| cubdemfel.tif |

Input Number of Processes

i

A grid of flow directions based on the D-infinity flow method using the steepest slope of a
triangular facet (Tarboton, 1997, "A Mew Method for the Determination of Flow Directions and

- — | Contributing Areas in Grid Digital Elevation Models,” Water Resources Research, 33(2) 309-
Output D-Infinity Flow Direction Grid 319). Flow direction is determined as the direction of the steepest downward slope on the 8
| ct\pocumentation\CubDemo\pema \cubdemang. f | |4 triangular facets of a 3 x 3 block centered grid. Flow direction is encoded as an angle in
Output D-Infirity Slope Grid radians, counter-clockwise from east as a continuous (floating point) quantity between 0 and 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.

=ct\Documentation \CubDema\Demo'cubdemslp. tif | B‘

< >

0K Cancel Environments. .. << Hide Help Tool Help

D-Infinity flow directions (encoded as angles counter clockwise from East in Radians) render similar to a
hillshading.
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Q@ Untitled - ArcMap
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

RE[OQI e | E-OINOFEZNABSE BRI Edtor-| > M|/ A1 5NN gh A 9 Mg J7)
N2E& LaR x| 9o b- [ VZEFEED o ([ o SWATProjectSetup - Watershed Deineator» HRU Analyss - WteInput Tables » Ecit SWAT Input - SWAT Sim
Table Of Contents 2 X | ArcToolbox ox
2G84 %) ArcToolbox
5 27 Layers & 3D Analyst Tools
= O cubdemslp.tif @ Analysis Tools
Value &) Cartography Tools
High : 3.30181 & Conversion Tools
. Data Interoperability Tools
Low: 0 & Data Management Tools
& Editing Tools
2 . Geocoding Tools
Value . Geostatistical Analyst Tools
W High: 6.28319 &) Linear Referencing Tools
& Multidimension Tools
Low: 0 & Network Analyst Tools
&) Parcel Fabric Tools
5 @ cubdemgord.tif & Schematics Tools
i . Server Tools
w2 . Spatial Analyst Tools
m3 & Spatial Statistics Tools
- & TauDEM Tools
-5 = & Basic Grid Analysis
6 5’ D-Infinity Contributing Area
m7 % D-Infinity Flow Directions
- 5’ D8 Contributing Area
O cubdemplen.tif 5’ D8Flow Directions
O cubdemtlen.tif &' Grid Network
cubdemad8.tif 5 Pit Remove
cubdemsds.tif & Specialized Grid Analysis
cubdemp.tif & Stream Network Analysis
O cubdemfeltif & Tracking Analyst Tools
O cubdem

13. 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 — O x

Input D-Infinity Flow Direction Grid Output D-Infinity Specific Catchment Area Grid

Icubdemang.tif ;I

) A grid of specific catchment area which is the contributing area per unit contour length using
Input Qutiets Shapefie (must be .shp) (optional) the multiple flow direction D-infinity approach. The contributing area of each grid cell is then
| | taken as its own contribution plus the contribution from upslope neighbors that have some
Input Weight Grid (optional) fraction draining to it according to the D-infinity flow model.

| =l

[ Check for Edge Contamination

Input Number of Processes

]

Qutput D-Infinity Spedific Catchment Area Grid
| «ct\Documentation\CubDemo\Dema\cubdemsca, tif |

< >

ok || cancel ||Envionments...|| <<HdeHep | | Tooltep
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The result from running this is specific catchment area obtained from the D-Infinity contributing area
function illustrated below

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

CYCIE- THR MK, x| @ MR IEEg: Edtor- &

D s B n + - GG B %o o i [F - | SWAT Project Setup ~ Watershed Delineator~ HRU Analysis - Write Input Tables ~ Edit SWAT Input = SWAT Simulation = _
Table Of Contents 2 x [ ArcToolbor - -
EREC R A= & ArcToolbox
E £ Layers B 30 Analyst Tools \ .
= &) Analysis Tools
<VALUE> &3 Cartography Tools —
20 & Conversion Teols \
OJ21-1,000 & Data Interoperability Tools v
[1,100- 5,000 &) Data Management Tools -
I 5,100 - 10,000 &) Editing Tools

1 11,000 - 50,000
1 51,000 - 100,000
1 110,000 - 200,000
1 210,000 - 12,000,000
O cubdemslp.tif
= O cubdemang.tif

Value
M High:6.28319

|
Low:0

[ cubdemgord tif
O cubdemplen.tif
O cubdemtlen.tif
O cubdemada.tif

& Geocading Taols

) Geostatistical Analyst Tools

&P Linear Referencing Tools

& Multidimension Tools

&P Network Analyst Tools

&) Parcel Fabric Tools

&P Schematics Tools

& Server Tools

& Spatial Analyst Tools

& Spatial Statistics Tools

= & TauDEM Tools

= & Basic Grid Analysis

& D-Infinity Contributing Area
& D-Infinity Flow Directions
5 D8 Contributing Area
5 D8 Flow Directions

= -

”\-%\

RN

L »

O cubdemsditif (.
O cubdemp.tif & Grid Network
O cubdemfel tif 5 PitRemove A} g -
O cubdem &, Specialized Grid Analysis 1
s Stream Network Analysis , |
& Tracking Analyst Tools & - ] ;
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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.

14. 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.
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& Stream Definition By Threshold

Input Accumulated Stream Source Grid

| cubdemads.tif | &
Input Mask Grid (optional)
| R~
Threshold
100 |
Input Mumber of Processes
5

Qutput Stream Raster Grid

| “TYTaulEM_Project\DocumentationCubDemo \Demoycubdemsrc. tif | E;-

OK 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 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

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

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Y- TR k@ LB D) R &
Oeda B Ll < - |[160000 ~ GBI @I $e o i o | SWAT Project Setup = Watershed Delineator~ HRU Analysis = Write Input Tables = Edit SW.
Table Of Contents 1 X | ArcToolbox o x \ r \\ T \K T l\ Tl
298 & Editing Tools ~ )j \:Q
5 7 Layers & Geocoding Teols \‘ \__ \\ ~
= &) Geostatistical Analyst Tools
o &) Linear Referencing Tools 1 g
m & Multidimension Tools

Q Network Analyst Tools
&) Parcel Fabric Tools
& Schematics Tools

w Server Tools

O cubdemsca.tif

O cubdemslp.tif

5 O cubdemang.tif
Value

W High: 6.22319 @) Spatial Analyst Tools
u & Spatial Statistics Tools
Low: 0 = & TauDEM Tools
& Basic Grid Analysis

O cubdemgord.tif % Specialized Grid Analysis
[ cubdemplen.tif = & Stream Network Analysis
O cubdemtlen.tif %' DB Bxtreme Upslope Value
O cubdemadB.tif GageWatershed

Length Area Stream Seource
Move Qutlets To Streams
Peuker Douglas
Peuker Douglas Stream De
Slope Area Combination
Slope Area Stream Definitic
%[ Stream Definition By Thres
5 Stream Definition With Drc
Stream Drop Analysis
Stream Reach And Watersh
5 Watershed Grid To Shapefi
G Tracking Analyst Tools
< >

O cubdemsd8.tif
[ cubdemp.tif

O cubdemfel.tif
O cubdem

EEEEEHEB

B

v

Lo

ST

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
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inaccuracies in gauge locations and DEM stream delineation it is common for gauge locations not to be
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.

15. Add the CubGauge.shp file to ArcMap and zoom in to the area around it.

Q Untitled.mxd - ArcMap

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

Bl @3illes B0 k@ B2 ML TR o &
e s B n b~ GSIE B0 e o i[5 _ | SWAT Project Setup ~ Watershed Delineator = HRU Analysis > Wite Input Tables = Edit SWAT Input ~ SWAT Simulation
Table Of Contents * x| ArcToolbox o x
BEEEE @ Editing Tools ~
= = Layers &9 Geocoding Tools
=] B Geostatistical Analyst Tools
% Linear Referencing Tools
[E] cubdemsre.tif a Multidimension Tools
o & Network Analyst Tools
- a Parcel Fabric Tools
O cubdemscadif &9 Schematics Tools
O cubdemslp.tif & Server Tools
= O cubdemang.tif & Spatial Analyst Tools
Value % Spatial Statistics Tools
— P
Table 0 x
ERIE-RL L
CubGauge x
[ Fi0 | Shape | 1d | COMID| EVENTDATE | REACHCODE | REACHSMDAT| REACHRESOL | FEATURECOM | FEATURE

v ofromt [ o] 0 [11/21/2006 | 16010202000663 | <Null> | medium [ o]

<

o4 1% m E (0 out of 1 Selected)

CubGauge

EEEEEEEE

T cubdem 5 STOPE ATEd SITEaTT DErm
5 Stream Definition By Thres
& Stream Definition With Drc
57 Stream Drop Analysis
5" Stream Reach And Waterst
&' Watershed Grid To Shapefi
@ Tracking Analyst Tools b4
< >
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16. Open Move Outlets to Streams and select the following input and click OK

5 Move Outlets To Streams _ O %
Input D8 Flow Direction Grid Output Outlet Shapefile (must be .shp)
| cubdemp.tif RN
Input Stream Raster Grid A point shape file defining points of interest or outlets. This file has one point in

- = it for each point in the input outlet shapefile. If the original point was located on
| EA\USU_Research_work\MMW_PROJECT\TauDEM_Project\ | |E% a stream, then the point was not moved. If the origianl point was not on a

Input Outlets Shapefile {must be .shp) stream, the point was moved downslope according to the D8 flow direction until
[CubGauge =] & it reache_ed a stream _orthe maximum distgnce_hac! been reached. This file has
an additional field "dist_moved" added to it which is the number of cells that the
point was moved. This field is 0 if the cell was originally on a stream, -1 if it was
not moved becuase there was not a stream within the maximum distance, or
Input Number of Processes some positive value if it was moved.

Input Maximum Distance

Output Outlet Shapefile (must be .shp)
| M_Project\Documentation\CubDemo \Demo\CubGauge_moved.shpl | E-

Cancel Environments... << Hide Help Tool Help

Notice (below) how the outlet has been moved to coincide with the stream.

@
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
Bl Q@i i« -0 8@ 7 E MBS 0y o &
Dgds Bx|(9oc( e G S I E] | Bo o [E - | SWAT Project Setup = Watershed Delinestor = HRU Analysis = Write Input Tables = Edit SWAT Input = SWAT Si
Table Of Contents 2 % [ ArcToolbox o x
koS8 = B Geocoding Tools ”
[ = Layers G Geostatistical Analyst Tools
= &) Linear Referencing Tools
G Multidimensicn Tools
= & CubGauge B Network Analyst Tools
&) Parcel Fabric Tools
= & cubdemsretif &) Schematics Tools
o & Server Tools
- @ spatial Analyst Tools
[ cubdemsca.tif &) Spatial Statistics Tools
O cubdemslp.tif = @ TauDEM Tools
5 O cubdemang.if & Basic Grid Analysis
Value & Specialized Grid Analysis
W High: 628219 = & Stream Network Analysis
5 DB Extreme Upslope Value
Low: 0 5 GageWatershed
_"gf' Length Area Stream Source
O cubdemgord.tif 5} Move Outlets To Streams
O cubdemplen.tif 5 Peuker Douglas
O cubdemtlen.tif &7 Peuker Douglas Stream De
[ cubdemad8.tif 5 Slope Area Combination
O cubdemsdz.tit 7 Slope Area Stream Definitic
cubdemp tif 57 Stream Definition By Thres
O cubdemfel tif 37 Stream Definition With Dre
[ cubdem 5 Stream Drop Analysis
37 Stresm Reach And Waterst
5 Watershed Grid To Shapefi
& Tracking Analyst Tools
v
< >

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.
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With the outlet positioned on the stream the stream network upstream of the outlet can be delineated.

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

% D8 Contributing Area

Input D8 Flow Direction Grid
| cubdemp.tif

L]
0

Input Qutlets Shapefile {must be .shp) (optional)

L«
o

| CubGauge_moved
Input Weight Grid (optional)

Check for edge contamination

L
B

Input Number of Processes

s

Qutput D& Contributing Area Grid
| T{TauDEM_Project\Documentation\CubDemo'\Demo\cubdemssa, tif | E'

OK Cancel Environments...

<< Hide Help

D8 Contributing Area

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 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 D& 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 grid
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 flow paths that enter the domain at a boundary. This is the desired effect
and indicates that contributing area for these grid cells is unknown due to it
being dependent on terrain outside of the domain of data available. Edge
contamination checking may be turned off in cases where you know this is not
an issue or want to ignore these problems, if for example, the DEM has been
clipped along a watershed outline.

Tool Help

The result is contributing area only for the watershed upstream of the outlet.
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= O CubGauge

- o

Value
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Low: 1

O cubdemsre.tif
[ cubdemsca.tif
[0 cubdemslp.tif
= O cubdemang.tif

Value
™ High: 6.28319

Low:0

O cubderngord.tif
[0 cubdemplen.tif
O cubdemtlen.tif
[ cubdernada.tif
O cubdemsd2.tif
O cubdemp.tif
O cubdemfel.tif
O cubdem

@ Analysis Tools
&3 Cartography Tools
@ Conversion Tools
&P Data Interoperability Tools
@ Data Management Tools
&) Editing Tools
@ Geocoding Tools
e Geostatistical Analyst Tools
@ Linear Referencing Tools
@ Multidimension Toels
@ MNetwork Analyst Tools
e Parcel Fabric Tools
& Schematics Tools
e Server Tools
& Spatial Analyst Tools
G Spatial Statistics Tools
= & TauDEM Tools

= & Basic Grid Analysis
57 D-Infinity Contributing Area
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%5 D8 Contributing Area
" D8 Flow Directions

=0 Grid Metwerk
5 Pit Remove

& Specialized Grid Analysis
5 Stream Network Analysis
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18. 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

5 Stream Definition By Threshold

- [m] X

Input Accumulated Stream Source Grid Stream Definition By Threshold
| cubdemssa.tif j E;-

) ) Operates on any grid and outputs an indicator (1,0) grid identifing cells with
Input Mask Grid (optional h N
nput Mask Grid (optional) = input values >= the threshold value. The standard use is to use an accumulated
| EIN =] source area grid to as the input grid to generate a stream raster grid as the
Threshold output. If you use the optional input mask grid. it limits the domain being

200 ‘ evaluated to cells with mask values == 0 . YWhen you use a D-infinity
e e s contribgting_ area grid (*sca) as the mas_k _grid, it functions as an edge
‘ 3 ‘ contamination mask. The threshold logic is: src = ((ssa »= thresh) & (mask
==0)) 7 1:0 .
Output Stream Raster Grid N
‘ TauDEM_Project\Documentation\CubDema\Dema'\cubdemsrc2. tif | E;~
oK Cancel Environments... << Hide Help Tool Help
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19. Open Stream Reach and Watershed and select the following inputs and click OK

5’ Stream Reach And Watershed B O X

Input Pit Filled Elevation Grid Stream Reach And Watershed A
| cubdemfel.tif

Input D8 Flow Direction Grid
| cubdemp.tif

L]
0

This tool 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
Input D8 Drainage Area stream segment is computed. The subwatershed draining to
each stream segment (reach) is also delineated and labeled

L
o

| cubdemads.tif ~| & . egme
_ with the value identifier that corresponds to the WSNO

Input Stream Raster Grid (watershed number) attribute in the Stream Reach Shapefile.

| cubdemsrc2.tif j B
Input Outlets Shapefile as Netwark Nodes (must be .shp) (optional) This t_ool orders the stream network according to the Strahler
CubGaune moved - + ordgr_mg system. Streams that don't have any other streams

! 98 =l e draining in to them are order 1. When two stream reaches of
[] Delineate Single Watershed different order join the order of the downstream reach is the

order of the highest incoming reach. When two reaches of equal

Input Number of Processes order join the downstream reach order is increased by 1. When
| 8 | mare than two reaches join the downstream reach order is
Output Stream Order Grid calculated as the maximum of the highest incoming reach order
| vork\MMW_PROJECT\TauDEM_Praject\Documentation\CubDema'\Dema \cubdemerd. tif | B or the second highest incoming reach order + 1. This

- generalizes the common definition to cases where more than
Eap ek G e kil fnssheF b two reaches join at a point. The network topological connectivity
| wrk\MMW_PROJECT {TauDEM_Project\Documentation\CubDemo \Demo youbdemiree. bt | is stored in the Stream MNetwork Tree file, and coordinates and
Output Network Coordinates (must be .txt) attributes from each grid cell along the network are stored in the
Metwork Coordinates file.

i

| k\MMW _PROJECT{TauDEM_Project\Documentation\CubDemo \Demo\cubdemcoord. bt |

Output Stream Reach Shapefile (must be .shp) The stream raster grid is used as the source for the stream

| kMM _PROJECT {TauDEM_Project\DocumentationCubDemeoDemo'cubdemnet. shp | network, and the flow direction grid is used to trace connections
within the stream network. Elevations and contributing area are
used to determine the elevation and contributing area attributes
in the network coordinate file. Points in the outlets shapefile are
used to logically split stream reaches to facilitate representing
watersheds upstream and downstream of monitoring points. The
program uses the attribute field "id" in the outlets shapefile as
identifiers in the Network Tree file. This tool then translates the
text file vector network representation in the Network Tree and
Coordinates files into a shapefile. Further attributes are also

0

0

Qutput Watershed Grid
| _work\MMW _PROJECT\TauDEM_Project\DocumentationCubDemoDemo’\cubdemw. tif |

o

oK Cancel Environments. .. < < Hide Help 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
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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& Grid Network
&7 Pit Remove
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£ >

W

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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20. Open the Peuker Douglas function and select the following inputs and click OK.

& Peuker Douglas

Input Elevation Grid
| cubdernfel.tif = &
Center Smoothing Weight
0.4
Side Smoothing Weight |
0.1

Diagonal Smoothing Weight
0.05 |

Input Number of Processes

8]

Qutput Stream Source Grid
| workMMW _PROJECT\TauDEM_Project\Documentation\CubDemo \Demo'cubdemss. tif | [,'—_'—’;-

QK Cancel Environments. .. << Hide Help

Peuker Douglas

Creates an indicator grid (1.0) of upward curved grid cells
according to the Peuker and Douglas algorithm.

With this tool, the DEM is first smoothed by a kernel with
weights at the center, sides, and diagonals. The Peuker and
Douglas (1975) method (also explained in Band, 1986), is then
used to identify upwardly curving grid cells. This technigue flags
the entire grid, then examines in a single pass each quadrant of
4 grid cells, and unflags the highest. The remaining flagged
cells are deemed ‘upwardly curved, and when viewed, resemble
a channel network. This proto-channel network generally lacks
connectivity and requires thinning, issues that were discussed
in detail by Band (1986).

Band, L. E., (1986), "Topographic partition of watersheds with
digital elevation models,” Water Resources Research, 22{1):
15-24.

Peuker, T. K. and D. H. Douglas, (1975), "Detection of surface-
specific points by local parallel processing of discrete terrain
elevation data,” Comput. Graphics Image Process., 4: 375-387.

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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21. Open the Peuker Douglas Stream Definition function and select the following inputs and click OK.

& Peuker Douglas Stream Definition — O x

Input Elevation Grid Peuker Douglas Stream Definition
| cubdemfel.tif x| &

Input D8 Flow Direction Grid

This tool combines the functionality of the "Peuker Douglas,”
"D8 Contributing Area,” "Stream Drop Analysis,” and "Stream

| cubdemp.tif = & Definition by Threshold” tools in order to generate a stream

Weight Center indicator grid (1.0) where the streams are located using a DEM
0.4 | curvature-based method. With this method, the DEM is first

Weight Side smoothed by a kernel with weights at the center, sides, and

diagonals. The Peuker and Douglas (1975) method (also

0.1 e . o
: : | explained in Band, 1986), is then used to identify upwardly
Weight Diagonal curving grid cells. This technique flags the entire grid, then
0.05 | examines in a single pass each quadrant of 4 grid cells, and
¥ Accumulation Threshold unflags the highest. The remaining flagged cells are deemed
| | ‘upwardly curved’, and when viewed, resemble a channel
N network. This proto-channel network sometimes lacks
/] Check for Edge Contamination connectivity, and/or requires thinning, issues that were
Input Outlets Shapefile (must be .shp) (optional) d|scussz_ad in detail by _Eland (1_988}_ The thinning and _
[CubG " = connecting of these grid cells is achieved here by computing
ublalge move = the DB contributing area using only these upwardly curving
Input Mask Grid (optional) cells. An accumulation threshold on the number of these cells
| j B i5 then used to map the channel network where this threshold is
optionally set by the user, or determined via drop analysis.
Input D8 Contributing Area for Drop Analysis (optional) Pt Y i p v
|E:\USU_Research_work\MMW_PROJECT\TauDEM_Project\Documentation\Cﬂ B If drop analysis is used, then instead of providing a value for the
Input Number of Processes accumulation threshold, the accumulation threshold value is
8 | determined by searching the range between the Drop Analysis
Output Stream Source Grid Parameters "Lowlnlast" and""HigheSt", using the number of steps
| E:'n,LISU_Researdﬁ_u\lork'n,l\‘lM\“J'_PROJECT'\TauDEM_Project'n,Documentaﬁon'\CubDemo'n,D| E‘ in the parameter "Number”. For the science behind drop

analysis, see Tarboton, et al. (1991, 1992), and Tarboton and
Output Accumulated Stream Source Grid Ames (2001). The value of accumulation threshald that is

| E:\,usu_Researdn_work\MMW_PROJECT\TauDEM_Project'\pocumentaﬁon\cUbDemo\p| B selected is the smallest value where the absolute value of the t-

) statistic is less than 2. This is written to the drop analysis table
Output Stream Raster Grid - - " text file. Drop analysis is only possible when outlets have been
| E:'|,LISU_Researm_'nlorkWM'\“f_PROJECT\,TauDEM_ProJect\,Documentahon\,CubDemo\,D| B specified, because if an entire grid domain is analyzed, as the

Output Drop Analysis Table (must be . txt) (optional) threshold varies, shorter streams draining off the edge may not
| E:'|,LISU_Researdﬂ_work'nb‘lM\“a’_PROJECT'\TauDEM_Project'n,Documentaﬁon'\CubDemo'n,D| mEjEt the thFEShD!d CI’IIE!'IDH and be. excluded frn!"n the ?ﬂ.EWSIS.
This makes defining drainage density problematic and it is
9 9 Y P
Use the range below to automatically select threshold by drop analysis somewhat inconsistent to compare statistics evaluated over
differing domains.

0

Minimum Threshold Value

Maximum Threshold Valus

500 |
Mumber of Threshold Values
10 |
Use Logarithmic spacing for threshold values
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.

Mj cubdemdrp.txt - Notepad
File Edit Format View Help

Fhreshold, DrainDen, MNoFirstOrd,NoHighOrd, MeanDFirstOrd, MeanDHighOrd, StdDevFirstOrd, S5tdDevHighOrd, T
5.00000@, 3.390493e-003, 1161, 349, 58.928692, 93.768005, 71.145126, 183.8461@6, -7.145377
8.348503, 2.680175e-003, 666, 203, 71.861484, 99.472878, 79.649848, 185.39608808, -3.989854
13.912798, 2.148775e-003, 467, 132, 77.414116, 111.667526, 86.321228, 119.500938, -3.673055
23.287947, 1.6661@9%=-083, 280, 8@, 82.343758, 112.537766, 88.536217, 129.004654, -2.4088218
38.713192, 1.334998e-083, 178, 47, 89.589325, 104.373589, 98.2085269, 187.218628, -0.908324
64.577499, 1.838978e-003, 107, 27, 93.351128, 143.11174@, 93.126717, 149.685418, -2.166116
187.72175%6, 8.146343e-804, 7@, 21, 85.222889, 136.654785, 92.401611, 175.115128, -1.778427
179.698728, 6.857229=-884, 41, 15, 88.675217, 116.898854, 183.964249, 181.845517, -8.934285
299.742218, 4.982572e-804, 20, 4, 127.870969, 206.569214, 157.293583, 266.5088153, -8.823664
500.800183, 4.304635e-004, 15, 4, 126.531258, 186.585266, 162.728027, 273.645569, -8.570258
Optimum Threshold Value: 38.713192

22. Open the Stream Reach and Watershed function and select the following inputs and click OK.

&7 Stream Reach And Watershed - O X
Input Pit Filled Elevation Grid Output Watershed Grid
| cubdernfel.tif = &
A —— This output grid identified each reach watershed with a unique
z - = ID number, or in the case where the delineate single watershed
| cubdemp.tif =l & option was checked, the entire area draining to the stream
Input D& Drainage Area network is identified with a single ID.
| cubdemads.tif x| &
Input Stream Raster Grid
|cubdemsrc1.tif j B
Input Qutlets Shapefile as Network Nodes {must be .shp) (optional)
|CubGauge_mo\red j B

[ Delineate Single Watershed

Input Number of Processes

]

Output Stream Order Grid
| ark\MMW _PROJECT{TauDEM_Project\Documentation{CubDemo\Demo'cubdemord 1. tif | E;-

QOutput Network Connectivity Tree (must be . tt)
| kM _PROJECT {TauDEM_Project\Documentation\CubDemo'Demo ycubdemtree 1. txt |

0

Output Network Coordinates (must be . txt)
| \MMW_PROJECT \TauDEM_Project\Documentation\CubDemo \Democubdemcoord 1. bt |

N

Qutput Stream Reach Shapefile (must be .shp)
| *\MMW_PROJECT{TauDEM_Project\Documentation\CubDemo\Demo'\cubdemnet1.shp |

0

Qutput Watershed Grid
| workMMW_PROJECT\TauDEM_Project\Documentation\CubDemo\Demo\cubdemw 1. tif |

0

Cancel Environments. .. << 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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& D-Infinity Distance Down

23. Open the D-Infinity Distance Down function and select the following inputs and click OK

Input D-Infinity Flow Direction Grid

| cubdemang.tif
Input Pit Filled Elevation Grid

| cubdemfel.tif
Input Stream Raster Grid

| cubdemsrcl tif
Statistical Method

Average e |
Distance Method
Vertical w |

Check for edge contamination

Input Weight Path Grid (optional)

Input Number of Processes

=&

D-Infinity Distance Down

Calculates the distance downslope to a stream using the D-
infinity flow model. The D-infinity flow model is a multiple flow
direction model, because the outflow from each grid cell is
proportioned between up to 2 downslope grid cells. As such,
the distance from any grid cell to a stream is not uniquely
defined. Flow that originates at a particular grid cell may enter
the stream at a number of different cells. The statistical method
may be selected as the longest, shortest or weighted average of
the flow path distance to the stream. Also one of several ways
of measuring distance may be selected: the total straight line
path (Pythagoras), the horizontal component of the straight line
path, the vertical component of the straight line path, or the total
surface flow path.

Qutput D-Infinity Drop to Stream Grid
| work\MMW_PROJECT\TauDEM_Project\Documentation\CubDemoDemo\cubdemdd. tif | E;-

QK 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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24. Open the D-Infinity Distance Up function and select the following inputs and click OK

& D-Infinity Distance Up

&

Input D-Infinity Flow Direction Grid

I cubdemang.tif
Input Pit Filled Elevation Grid

| cubdemfel tif

Input Slope Grid
Icubdemslp.tif ;I B
Input Proportion Threshold

o]
Statistical Method

Average ~ |

Distance Method
| Horizontal ~ |
Check for Edge Cortamination
Input Number of Processes

5]

QOutput D-Infinity Distance Up

| _work\MMW_PROJECT\TauDEM_ProjectDommentation\CubDemo‘Demo\mbdemdu.tiF| B-
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oK Cancel Environments...

<< Hide Help

D-Infinity Distance Up

This tool calculates the distance fram each grid cell up to the
ridge cells along the reverse D-infinity flow directions. Ridge
cells are defined to be grid cells that have no centribution from
grid cells further upslope. Given the convergence of multiple flow
paths at any grid cell, any given grid cell can have multiple
upslope ridge cells. There are three statictical methods that this
tool can use: maximum distance, minimum distance and waited
flow average over these flow paths. A variant on the above is to
consider only grid cells that contribute flow with a proportion
greater than a user specified threshold (t) to be considered as
upslope of any given grid cell. Setting t=0.5 would result in anly
one flow path from any grid cell and would give 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 are several different optional paths that can be
measured: the total straight line path (Pythagoras), the
horizontal component of the straight line path, the vertical
component of the straight line path, or the total surface flow
path.

Tool Help



The result in this case is the average horizontal distance moving upslope along D-Infinity flow directions
to a ridge, defined as a grid cell that has no other grid cells flowing in to it.
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Basic Grid Analysis using TauDEM functions for Geographic data:

25. Download the Eno River example data file from the Documentation page in
http://hydrology.usu.edu/taudem. Unzip the folder and load enogeo.tif into ArcMAP.
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http://hydrology.usu.edu/taudem/taudem5

Click on the layer properties of enogeo.tif which shows that data is in the geographic coordinate system.

*

General Source  Key Metadatas Bdent Display  Symbology

Property Value ~
Right -78.8080235760
Bottom 35.9945648856
[l spatial Reference GCS_Morth_American_1933
Linear Unit
Angular Unit Degree (0.0174532925199433)
Datum D_Morth_American_1933
[l Statistics
E Band_1 Statistics have not been caloulated.
Build Parameters W
Data Source
Data Type: File System Raster
Folder: E:\WsU_Research_work\MMW_PROJECT\TauDEM_Project
TauDEM_Geo_Deliverables_my_all_work{Tested_Results\GECQ_TEST\Start_geo,
Raster: enogeo, tif

Set Data Source...

QK Cancel Apphy
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26. TauDEM 5.3 supports both geographic and projected coordinate data. Open the PitRemove function

and select the following inputs and click OK

Z Pit Remove

Input Elevation Grid
| enogeo.tif = &
Input Number of Processes

8]

Output Pit Removed Elevation Grid

| ect'\TauDEM_Geo_DeIiverables_my_all_work'\Testd_ResuHE'\GEO_TEST'nﬁnogeofEI.h'ﬁ| E-

Cancel

Environments. ..

<< Hide Help

Qutput Pit Removed Elevation Grid

A grid of elevation values with pits removed so that flow is
routed off of the domain. Pits are low elevation areas in digital
elevation models (DEMs) that are completely surrounded by
higher terrain. They are generally taken to be artifacts of the
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

Click on the layer properties of enogeofel.tif which shows that it is also in the geographic coordinate

system.
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o < Layers
= B3 EA\USU_Research_work\MMW_PR

= enogeofel tif

Walue
P High: 261.463

Low: 74.8443

= B3 EA\USU_Research_work\ MMW_PR
= O encgeo.tif
Value

¥ High: 226.393

Low: 122,699

Layer Properties

General Source  Key Metadata BEdent Display Symbology

Property Value
Top 36.2539167374
Left -79.2596396877
Right -78.8000285766
Bottom 359945648856
=l Spatial Reference GCS_MNorth_American_1983
Linear Unit
Angular Unit Degree (0.0174532525199433)
Datum D_Morth_American_1983
[l Statistics
Data Source
Data Type: File System Raster
Folder: E:\JSU_Research_work\MMW _PROJECT\TauDEM_Project
\TauDEM_Geo_Deliverables_my_all_work Tested_Results\GEQ_TEST),
Raster: enogeofel if

Set Data Source...

oK || Cancel

27. Open the D8flow direction function and select the following inputs and click OK.
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&' D8 Flow Directions - O

Input Pit Filed Elevation Grid Qutput D8 Slope Grid

I encgecfel tif ;I B

Input Number of Processes

A grid giving slope in the D8 flow direction. This is measured as
drop/distance.

d

Output D& Flow Direction Grid
| sject\TauDEM_Geo_Deliverables_my_all_work'{Tested_Results\GEQ_TESTenogeop. tif | B

Qutput D& Slope Grid
| «t\TaUDEM_Geo_Deliverables_my_all_work'Tested_Results\GEQ_TESTlenogeosda. tif | E

Cancel Environments. .. << Hide Help Tool Help

The resulting D8 flow direction grid (grid has suffix p) is illustrated which is also in geographic coordinate
system.
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6 General Source  Key Metadata Bxent Display Symbology Fields  Joins & Relates
| N
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Similarly, other TauDEM functions can be applied for the geographic coordinate system data.
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