CSDMS TauDEM Clinic "Hands On" Exercise

David Tarboton, dtarb@usu.edu
Utah State University

Goal
Be able to use TauDEM tools to derive hydrologically useful information from Digital Elevation Models

(DEMs)

Purpose

The purpose of this exercise is to introduce Hydrologic Terrain Analysis using TauDEM and to guide you
through the steps of 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.

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 exercise, you will perform the following tasks:
- Basic Grid Analysis using TauDEM functions, including.

- PitRemove

D8 Flow Directions

D8 Contributing Area
Grid Network

D-Infinity flow direction

- D-infinity Contributing Area

- Stream Network Analysis using TauDEM functions, including
- Stream Definition by threshold
- Move Outlets to Streams

Stream Reach and Watershed

Peuker Douglas

Peuker Douglas Stream Definition

- Specialized Grid Analysis using TauDEM functions, including
- Wetness index derived from slope to area ratio
- D-Infinity Distance Down

The Logan River watershed is used as an example.

Computer Setup
To complete this exercise, you will need to use the TauDEM 5.0 software as well as MPICH2 software
from http://www.mcs.anl.gov/research/projects/mpich2/. You will also need to use visualization

Page | 1


mailto:dtarb@usu.edu
http://hydrology.usu.edu/taudem/taudem5.0/
http://www.mcs.anl.gov/research/projects/mpich2/

software such as ArcGIS or R. Refer to CSDMS Workshop setup instructions at
http://hydrology.usu.edu/taudem/taudem5.0/documentation.html for computer setup details.

Basic Grid Analysis using TauDEM functions
In this section we illustrate the TauDEM basic grid analysis functions.

1. Download the Logan River example data zip file from
http://hydrology.usu.edu/taudem/taudem5.0/LoganDemo.zip. Extract all files from the zip file.
Look at the data.

This data was obtained originally 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.

ArcMAP. Add data and adjust the symbology.

& Untitled - ArcMap - ArcInfo M= E3

J File Edit View Bookmarks Insert Selection Tools Window Help
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15 = =
= £F Layers 5§ arcToolbax
= & 30 Analyst Toals
Yalue - &0 Analysis Toals
P High : 303144 - Arc Hydro Tools
(-4 Cartography Tadls
B Low ¢ 1358.33 &P Corversion Tools

% Coverage Tools
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a Data Management Tools
&P ceocoding Tocls

145 Geostatistical Analyst Tools
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-5 Motile Tools

&P Multidimension Tools
% Network Analyst Tools
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-0 Schematics Tools

&P server Tocls

& Spatial Analyst Tools
a Spatial Statistics Tools
-0 TaUDEM Tools

& Tracking Analyst Tools

ELRIES LR RS X Feraiyor]

Display I Enur:el Salectinnl Favorites | Index | Search F!esu\tsl ’? o ‘l I’
JQrawmg‘ K |IZI v A~ E“,@Anal =t ] B 7 © |Av v Fv ¢ v |
| |+29509.819 4658400147 Meters Y
R

z=raster ("logan.tif")
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plot(z)

Rrou i v E e __ . b . N

File History Resize Windows

_

R RConsole

Type ‘'demo()' for scme demos, 'help()' for on-line help, or
‘help.starc()' for an HIML browser interface to help.
Type 'q()' to quit R.

> library(raster)
Loading required package: sp
raster version 1.9-32 (24-October-2011)

4660000

raibraty{siapetilen) R Ci\Users\dtarb\Dave\Projects\CSDMS\Oct2011
Loading required package: foreign # R script to run TauDEM
Attaching package: 'shapefiles' # Dependencies =
; =1
The following object(s) are masked from 'package:foreig| : i::z:ﬁ i:i::: E — 140000
: # install shapefiles = |
read.dbf, write.dbf inavaii:paciaes Frgdait) 120000
install.packages ("raster"
> setwd ("C:/Users/dtarb/Scratch/Logan") ins“u.gacka:e:sthapeﬁ’les,,) o - 100000
> z=raster("logan.tif") 8
Geospatial Data Abstraction Library extensions to R suc| F; F: 1= -
Loaded GDAL runtime: GDAL 1.7.2, released 2010/04/23 : ;:;fm:”%:i:::e:r;:a;t’:l’f?;z S § 800000
Path to GDAL shared files: C:\Users\dtarb\Documents/R/w , Tnataiis#aiiowin in::mi;:ions & I 600000
Loaded PROJ.4 runcime: Rel. 4.7.1, 23 September 2009, [y [ = 270 ~0 2 gna: I D
Path to PROJ.4 shared files: C:\Users\dtarb\Documents/R - ¥ o
> plot(z) o — 400000
> # TauDEM command line executables. S
# If on a PC download from http://] @ - 200000
<G e | # The install package will install e
# system path. If you want to do
: U

If on a different system, downlo

library(raster)
library (shapefiles)

4620000

# Set working directory to your lo|
setwd ("C:/Users/dtarb/Scratch/Logal

z=raster("logan.tif")

plot(z) 430000 440000 450000 460000 470000

# Pitremove
system("mpiexec -n 8 pitremove -z
fel=raster ("loganfel.tif")
niarifal)
<[

i | »

2. 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.

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

J File Edit Wiew Bookmarks Insert Selection Tools Window Help
DSH&| 4 vBX|o=|smm 54 &e 00w
e v| Layer: [logan i -] B J Ed|tatv‘ S ‘ # v ek [Crecte Hew Feature =l ‘ Terge | =l ‘X ) ‘

B £ L 3
B -5 30 Analyst Tocls
- Analysis Taols
P High : 3031.44 +1- &g Arc Hydro Taols
- Cartography Tooks
Bl Low : 1356.33 -8 Conwersion Tools

+- 5 Coverage Tools
+-§3@ Data Interoperability Tools
- & Data Management Tools
- Geocoding Tools
- Geostatistical Analyst Tools
-5 Linear Referencing Taols
+I- 3 Mobile Tocls
- Multidimension Tools
- Network Analyst Tools
-5 Samples
+- & Schematics Tools
+I- g Server Tools
- & Spatial Analyst Taols
- Spatial Statistics Taols
-3 TauDEM Tools

= -&5p Basic Grid Analysis

: #* D-Infinity Contributing Ar

A DeInfinity Flow Directions

% DB Cantributing Area
#* DB Flow Directions

[AmspeEeru bl t@22DH

&y Stream Network Analysis
i@ Tracking Analyst Tools

40 |
Display | Source | Selection Favorites | Index | Search | Results Jan|a o
|womar K @[O~ A~ = [amad [0 E] Bz u|Ax B L v

4]

[ [420336.819 4655843.747 Meters 7
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Select logan.tif for the Input Elevation Grid. Note that the Output Pit Removed Elevation Grid name is
automatically filled with loganfel.tif following the file naming convention. Select the Input Number of
Processes (I used 8 for a dual quad core PC).

* Pit Remove =]
.l

Input Elevation Grid Input Elevation Grid

Ilogan.tif LI ﬂ
g
3

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

Input Mumber of Processes

Cutput Pit Removed Elevation Grid
I E:\Usersydbarbh ScratchiLogantoganfel Lif

Pits are generally assumed to be artifacts of the
digitation process that interfere with the
=l processing of flow across DEMs, and so are =l

0K, | Cancel | Environments...l << Hide Help | Tool Help |

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

‘—.[‘
_________________ A N\ . ®

{ Swap
e .
N V

. N\
\
("
Vs

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
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.

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

<< Details |

I Clase this dislog when completed successfully

Executing: PitRemove logan.tif § E:'\Users'dtarb)Scratch)Logan loganfel.tif
Start Time: Jat Oct 29 10:15:25 2011
Executing: CalculateStatistics E:'\Usershdtark’3cratch)Logan) loganfel.tif 1 1 # E:\Usersidtark’ Scratch'Logan
% loganfel.tif
Start Time: Sat Oct 29 10:18:26 Z011
Executed (CalculateStatistics) successfully.
End Time: S3at Oct 29 10:15:27 2011 [Elapsed Time: 1.00 seconds)

3hell Comwand: mpiexec -np & "E:%Program Files (x56)%Taudem' TauDEMSExe PitRemove™ -z "E:%Users'dtarh’ Scratch' Logan
Y logan.tif™ -fel "E:%\Users)dtarb’ScratchilLogan) loganfel.tif” > "E:)\Users)dtarbh3cratch)Logan’ cusgtmp. =t

PitRemove version 5.0.6
Processes: 8

Header read time: 0.07912Z6
Data read time: 0.004965
Compute time: 0.238526
Write time: 0.124565
Total time: 0.447532

Executed (PitRemowve)] successfully.
End Time: 3S3at Oct 29 10:15:27 2011 (Elapsed Time: 2.00 seconds)

|»

# Pitremove
system ("mpiexec -n 8 pitremove -z logan.tif -fel loganfel.tif")

fel=raster ("loganfel.tif")
plot (fel)

Command Line
Open a command prompt. Select Start -> All Programs -> Accessories -> Command Prompt

.. 2nd Story Software

. I1-Zip
. Accessories David Tarboton
Calculator
Bl Command Prompt Documents
@ COHHECtt{ Performs text-based (command-line) functions. |
B5| Connect to a Projector ST
=1 Getting Started .
#4 Math Input Panel Sass
mj Motepad
'«:,'l\ Paint Computer
% Remote Desktop Connection
=] Run Control Panel

% Snipping Tool

Devices and Printers
'_, Sound Recorder

i Sticky Notes Default Programs
@ Sync Center
7 Windows Explorer Help and Support
@ Windows Mobility Center
= WordPad

. Ease of Access

./ System Tools

. Tablet PC

. Windows PowerShell

4 Back

| Search programs and files yel |

]
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In the command prompt type the equivalent on your computer to
cd C:\Users\dtarb\Scratch\Demo

This changes directory to the folder where you are working

Type (or cut and paste from here) into the command prompt

mpiexec -n 8 pitremove -z logan.tif -fel loganfel.tif

Note. Command line commands, are exactly the same as the string argument in R system calls so are
not repeated in what follows. You can learn more about running TauDEM from the command line at:
http://hydrology.usu.edu/taudem/taudem5.0/TauDEM5LineGuide.pdf

3. 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.

ArcMap
* D@ Flow Direction =
Input Fit Filled Elevation Grid B D8 Flow Direction

IIoganfeI
Calculates 2 grids. The first contains the DB 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 , 5 - West, 6 -
South West, 7 - South, 8 - South East. The
second contains the slope as evaluated in the
;l direction of steepest descent and is reported as ;l

O I Cancel | Environments...l << Hide Help | Tool Help |

Input Mumber of Processes

Qutput 03 Flow Direction Grid

g
I E:\Usersydbarbh ScratchiLogantoganp. b Eq'l
=

Qutput 03 Slope Grid
I E:\Usersydbarbh Scratchilogantogansds. tif

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.
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R R R ————————————— e

J File Edit View Bookmarks Insert Selection Tools Window Help

EECE T s alMeE =R

J Spatial gnalyst | Laper: I\ugan.lif ﬂ f/@ it J Editar ~ | 9 | o~ Task I Create Mev Feature LI | Targek: I LI ‘ SN | | |
= = @ =
= £F Layers 5§ ArcToolbax
da &P =0 analyst Todls a
% Analysis Tools ar
High : 2.33407 -8 Arc Hydro Tools o
a Cartography Tools b
Low : 0 & Canversion Tools {"7
= loganp % Coverage Tools )
|_§ a Diata Interoperability Tools
[ a Data Management Tools ‘
. & Geocoding Tools ‘
B [-40 Geostatistical Analyst Tools
s a Linear Referencing Tools Rn
[ B a Mabile Tools
v & Multidimensian Toals A
L] [l Metwork Analyst Taoks
= loganfel -8 Samples i ]
Yalug a Schematics Tools #
High ¢ 303144 &P Server Todls
[ Spatial Analyst Tools i
Lowe : 1358.74 & Spatial Statistics Tools 7
B ¥ logan.tf EH-4§ TauDEM Toals =
Yalug El % Basic Grid Analysis f
P High : 3031.44 -7 D-Infinity Contributing Ar
g D-Infinity Flow Directions
B Low : 135833 E

;‘ D& Contributing Area

- W Dir

A Grid Network
}‘ Pit Remave
& Specialized Grid Analysis
% Stream Metwork Analysis
&P Tracking Analyst Tools

| | |

-

Display | Saurcel Salectionl Favortes | Index | Search Hesu\tsl ’? o|amn <I | 'l_
Jgrawingvk@|D'A'1Z||,a]nna| j|mj51g|év&-iv . -

[ [418054.319 4664243,347 Meters Y

# D8 flow directions

system ("mpiexec -n 8 D8Flowdir -p loganp.tif -sd8 logansd8.tif -fel
loganfel.tif",show.output.on.console=F,invisible=F)

p=raster ("loganp.tif")

plot (p)

sd8=raster ("logansd8.tif")

plot (sd8)

Note that on the R system calls there is the option to include "show.output.on.console=F", and
"invisible=F" in the arguments. TauDEM functions write to stderr and stdout. This output gives progress
information and an indication of how long each program may take. For long tasks it is helpful to see this
to get a sense of progress and get reassurance that the program has not crashed. These arguments
enable this, rather than this output being held by R for display only when the task completes. These
arguments may be included in any R system call, although this was for expedience not done in many of
the calls below.

4. 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.
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ArcMap

nput D& Flow Direction Grid

hoganp
Input Outlets Shapefile {optional)

Input Weight Grid {optional)

v Check for edge contamination

Input Mumber of Processes

* D@ Contributing Area =]
T | |
Ii

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 DS 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

=l that a contributing area value may be =]

CQutput 08 Contribuking Area Grid
I E!\Usersidkark’ ScratchiLogantloganads. tf

I Tl
& -l (& & |&

Cancel | Environments...l << 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 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.
Red has been used to display no data to illustrate edge contamination.

A logarithmic scale is often best to render contributing area values as in the illustration below.
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#_Untitled - ArcMap - ArcInfo

J File Edit View Bookmarks Insert Selection Tools Window Help

[_[O[x]

B s alMeE =R

J Spatial analyst v| Laper: I\ugan.lif ﬂ f/@ it J Editar v| 9 | o~ Task ICreate Mew Feature LI | Targek: I LI ‘ SN | | |
= = @ =]
= £F Layers 5§ ArcToolbax
E] g 5 &P =0 analyst Todls a
<UALUE> -4 Analysis Tools o
[J1-100 -8 Arc Hydro Todls e
[ 100.0000001 - 300 (-4 Cartography Tadls b
I 5000000001 - 1,000 &P Corversion Tools &
I 1,000,000001 - 3,000 --& Coverage Tools )
I 3,000.000001 - 623, || | B8 Data Interoperability Tools
= O logansds a Data Management Tools ‘
Value & Geocoding Tools ‘
High : 2.33407 % Geostatistical Analyst Tools
a Linear Referencing Tools Rn
Low: 0 -5 Motile Tools
= O loganp & Multidimension Toals k
|} [l Metwork Analyst Taoks
Ez & Samples i ]
K -5 Schematics Toals Y
< &P Server Todls
s [ Spatial Analyst Tools i
[ -8 Spatial Statistics Taols N
- EH-4§ TauDEM Toals =
K El % Basic Grid Analysis £
= O loganfel - D-Infinity Contributing Ar
Value g D-Infinity Flow Directions
High : 303144 ;‘ D& Contributing Area @
- DB Flow Directions |
Low t 1358.74 A Grid Network
= O logan tf - Pit Remove
‘alue & Specialized Grid Analysis
P High : 303144 % Stream Metwork Analysis
&P Tracking Analyst Tools
B Lowe @ 1358.33
1 | ol L | ol .--“ﬂ |
Display | Saurcel Salectionl Favortes | Index | Search Hesu\tsl am|an lI Ll
Jgrawinq'k@|D'A'13||.a]nna| ﬂ|mj51g|év&- -v|
,_|441229.536 4663346,055 Meters A

# Contributing area
system ("mpiexec -n 8 AreaD8 -p loganp.tif -ad8 loganad8.tif")
ad8=raster ("loganad8.tif")

plot (log(ad8))

zoom (log (ad8))

# Use log scale for plotting

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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ArcMap

* Grid Network =]
I | Grid Network =

nput D& Flow Direction Grid

hoganp

T —— Creates 3 grids tha_t contain for each gric! 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.

Input Outlets Shapefile {optional)

Input Mask Grid {optional)

Input Mask Threshold Yalue {optional)

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.

Cutput Strahler Metwark Order Grid
I E:\Usersidbarb! ScratchiLoganilogangord. tif

Cutput Longest Upslope Length Grid

I E:\Usersidbarb ScratchiLoganioganplen. bif

= &l
8
|
= ﬂ The longest upslope length is the length of the
=
=

Strahler order is defined as follows: A network of

Qutput Tokal Upslope Length Grid flow paths is defined by the D8 Flow Direction
| E:\sersidtarbScratchiLogantlogantlen. tf D”'l grid. Source flow paths have a Strahler order
LI numbar Af ame WVilhean buon Aaas mathe ~f Aiffarant LI

oK Cancel Ervironments. .. | << Hide Help | Toal Help

# Grid Network

system ("mpiexec -n 8 Gridnet -p loganp.tif -gord logangord.tif -plen
loganplen.tif -tlen logantlen.tif")

gord=raster ("logangord.tif")

plot (gord)

zoom (gord)

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

& _Untitled - ArcMap - ArcInfo [_ O[]

J Fils Edit View Bookmarks Insert Selection Tools Window Help

J DEES & 2@% |- “‘\"}“mug‘@%ﬂhh?‘

J Spatial dnalyst -‘ Layer: [logan - B J Edmv| S ‘! ~ Task: [Creats New reature | ‘ Targets | = |_X' =) ‘ | |
T =

1 LI

§ ArcToolbox

-8 3D Analyst Tooks

-8 Analysis Tools

& Arc Hydra Taols

& Cartography Tools

+-§ Conwersion Taols

& Coverage Tools

+- & Data Interoperability Tools
+-§§ Data Management Tools

= £F Layers A
ogangore B
B
B
B
B
B
B
B
[+ & Geocoding Tools
B
B
B
B
B
B
B
[E
B
B
E

- Geostatistical Analyst Tools
+I-& Linear Referencing Taols
+- i3 Mobile Tools

=i Multidmension Tools

+1- € Network Analyst Tools

Q

El M logantlen
Valus
High : 2.23278e+

prEorc Bl @3N N8

Low: 0 -5 Samples
=] loganplen +-E Schematics Tools
Value -i3§ Server Taols
High : £5590.7 £ Spatial Analyst Tooks
& Spatial Statistics Tools 2 ;_l
Low:n - TaUDEM Tools 1_-‘_

<

=] lnganads L =] ® Basic Grid Analysis
<VALLE= A D-Infinity Contributing Ar
[J1-100 #* D-Infirity Flow Directions
[ 100,0000001 - 30 A* D8 Contributing Area
[ 300,0000001 - 1,1 A DB Flow Directions
I 1,000.000001 - 3, A Grid Netwark
I 3,000.000001 - & . PitRemove .-_I
B O logansds -8 Specialized Grid Analysis
value &y stream Network Anlysis
High : 2.33407 -8 Tracking Analyst Tooks

I Low:0 | ! ﬁ'\—
. =0 In_qa‘nn _,I;I . -!I Ili
I I e Ll A% R Lok ‘J: o

7y
i

»
Display | Souree | Selection | s 5 TE O .
JQrawwg'N@‘D'A'E“P]A”E‘ [ » oz H‘A'&'ﬁ' "|

[ [439445.961 4629123937 Meters 4
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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.

6. The D-Infinity Flow Direction function is the starting point for all D-Infinity work. It calculates the D-
Infinity flow directions for use in other TauDEM functions requiring D-infinity flow direction input.

ArcMap
* D-Infinity Flow Direction
Input Pit Filled Elevation Grid | D-nfinity Flow Direction =

IIoganfeI
Assigns a flow direction based on the steepest
slope of a triangular facet (Tarboton, 1997). Flow
direction is defined as steepest downward slope

on planar triangular facets on a block centered

grid. Flow direction is encoded as an angle in
radians counter-clockwise from east as a
continuous (floating point) quantity between 0 b
and 2 pi. The flow direction angle is determined

< as the direction of the steepest downward slope =

nn tha cinht tianmular farate formad ina 3+ 3

Input Murmber of Processes

Cutput D-Infinity Flow Directions Grid

3 =

g

I E:lUsersidtarb|ScratchiLogantoganang. tif @l
=

Cutput D-Infinity Slope Grid
I E:\Usersidbarb ScratchiLogani ogansip. kif

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

# DInf flow directions

system ("mpiexec -n 8 DinfFlowdir -ang loganang.tif -slp loganslp.tif
-fel loganfel.tif",show.output.on.console=F,invisible=F)

ang=raster ("loganang.tif")

plot (ang)

slp=raster ("loganslp.tif")

plot (slp)

D-Infinity flow directions are encoded as angles counter clockwise from East in Radians as illustrated in
the help.
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g B
[ TauDEM Tools Help [E=SRIER
Eile Edit View Go Help
A e D N &
Hide  Back Forward Home  Print
E -
Cortents | Index | Search| Favorites| D-Infinity Flow Direction
Assigns a flow direction based on the D-infinity flow method using the steepest
= m TauDEM toolbox slope of a triangular facet (Tarboton, 1957, "A New Method for the Determination
@ An overview of the TauDENM of Flow Directions and Contributing Areas in Grid Digital Elevation Models," Water L
@ Diata Formats and File Namir Resources Research, 33(2):.309-3 19). Flow direction is defined as staepest =
@ Grid Definiti d Nami downward slope on planar triangular facets on a block centered grid. Flow
n initions and Naming direction is encoded as an angle in radians counter-clockwise from east as a
I = m Basic Grid Analysis toolset continucus (floating peoint) quantity between 0 and 2 pi. The flow direction angle
@ An overview of the Basic is determined as the direction of the steepest downward slope on the eight
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D-Infinity flow directions render similar to a hillshading.
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7. 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.

ArcMap

* D-Infinil

Contributing Area

|

nput D-Infinity Flow Direction Grid

hoganang

Input Outlets Shapefile {optional)

5

Input Weight Grid {optional)

Input Mumber of Processes

¥ Check for edge contamination

CQutput D-Infinity Specific Catchment Area Grid

I E:\Usersydbarbh ScratchiLogantogansca. kb

Cancel

L«
& - (% |%

]

Environments. .. | << Hide Help |

D-nfinity Contributing Area

Calculates a grid of contributing area using the
multiple flow direction D-infinity approach. D-
infinity flow direction is defined as steepest
downward slope on planar triangular facets on a
block centered grid. The contribution at each
grid cell is taken initially as the grid cell length
(or when the 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 from upslope neighbors
that have some fraction draining to it according
to the D-infinity flow model. The flow from each
cell either all drains to one neighbor, if the angle  ~|

Tool Help

# Grid Network
system ("mpiexec -n 8 AreaDinf -ang loganang.tif -sca logansca.tif")
sca=raster ("logansca.tif")
plot (log(sca))
zoom (log(sca))

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.

8. 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.

ArcMap

* stream Definition by Threshold Hi=] E3
I j‘ Stream Definition by Threshold :l‘

nput Accumulated Stream Source Grid

“oganads
Input Mask Grid {optional)

Threshald

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}) ? 1:0..

[-] H

oK Cancel Enwironments. .. %= Hide Help | Tool Help

Input Mumber of Processes

Qutput Stream Raster Grid
I E:\Usersydkarb! ScratchiLogantlogansre. b

Ll L
& -l 3l |% |

# Threshold

system ("mpiexec -n 8 Threshold -ssa loganad8.tif -src logansrc.tif -
thresh 100")

src=raster ("logansrc.tif")

plot (src)

zoom(src)

The result depicts the stream network as a binary grid (but is not logically connected as a network

shapefile yet).
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Identify a watershed outlet. 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 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. An outlet shapefile can be created by
clicking on or near a stream. | did this using the R function below.

# a quick R function to write a shapefile
makeshape.r=function (sname="shape",n=1)

{

xy=locator (n=n)

points (xy)

#Point

dd <- data.frame (Id=1l:n,X=xy$x, Y=xy3y)

ddTable <- data.frame (Id=c(l),Name=paste ("Outlet",1l:n,sep=""))
ddShapefile <- convert.to.shapefile(dd, ddTable, "Id", 1)
write.shapefile (ddShapefile, sname, arcgis=T)

}

makeshape.r ("ApproxOutlets")
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This can also be done in ArcGIS using standard shape editing functionality.
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ArcMap
Add the ApproxOutlets.shp file to ArcMap and zoom in to the area around it. Change the symbology if

necessary.
S - ]
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10. The Move Outlets to Streams function is used to move the outlets to the streams.

ArcMap

* Move Outlets to Streams !El
I a
Input D& Flaw Direction Grid Move Qutlets to Streams —

IIoganp LI ﬂ

Input Stream Raster Grid

This tool moves outlet points that are off a

- - - stream raster grid, downslope along the DS flow
IE'l"Usersl"dtarbtscra.tChl"Loganl"logansrc'tIF = ﬂ direction until a stream raster grid is
Input Outlets Shapefile encountered. Input is a flow direction grid, a
|.¢\pprox0utlets R Dq'l stream raster grid and an outlets shapefile.
Irput Maxcimumn Diskance Qutput is a new outlets shapefile where each 1=
o0 point has been moved to coincide with the
Input Humber of Processes stream raster grid, if possible. A field
1 dist_moved is added to the new outlets
Qutput Outlet Shapefils sh:a[:;etgeltnt intﬂictate tth ch;ngestg'uadte to each
- = point. Points that are already on the stream
I E:lbsersigtarbiScratehiloganioutiet. shp ﬂ raster (src) grid are not moved and their

=|| ‘dist_moved field is assigned a value 0. Points  ~|

OF;, Cancel Environments...l <« Hide Help | Tool Help |

=

# Move Outlets

system ("mpiexec -n 8 moveoutletstostreams -p loganp.tif -src
logansrc.tif -o approxoutlets.shp -om Outlet.shp")
outpt=read.shp ("outlet.shp")
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plot (src)
points (outpt$Sshp[2],outpt$shp[3],pch=19,col=2)

Visualize the outlet.shp shapefile. 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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11. Once the outlet has been placed exactly on the stream paths, the D8 Contributing Area function is

run again, but specifying an outlet shapefile to evaluate contributing area and effectively identify

the watershed upstream of the outlet point (or points for multiple outlets).

ArcMap

* D& Contributing Area [_ |

T |

nput D& Flow Direction Grid

“oganp

Input Outlets Shapefile {optional)

7
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Input Weight Grid {optional)

¥ Check for edge contamination
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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 D& flow model. if the
optional outlet point shapefile is used, only the
outlet cells and the cells upslope (by the D8 flow
maodel) 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 ~antribitine arca waline mav ha

Taal Help

[=1E3

[

R

# Contributing area upstream of outlet

system ("mpiexec -n 8 Aread8 -p loganp.tif

loganssa.tif")
ssa=raster ("loganssa.tif")

plot (ssa)

-0 Outlet.shp -ad8

The result is contributing area only for the watershed upstream of the outlet.
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12. The next step is to use the Stream Definition By Threshold function to define streams using a
specified contributing area threshold. Here a threshold of 2000 grid cells is arbitrarily chosen

ArcMap

* Stream Definition by Threshold

Input Accumulated Stream Source Grid

I loganssa
Input Mask Grid {optional)

| = =

Threshald

Input Murmber of Processes

Qutput Skream Raster Grid
I E:\Usersidbarb ScratchiLogani|ogansrc L kiF

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

||

Tool Help |

# Threshold

system ("mpiexec -n 8 threshold -ssa loganssa.tif -src logansrcl.tif

-thresh 2000")

srcl=raster ("logansrcl.tif")
plot (srcl)

zoom(srcl)

The result is a grid stream network upstream of the outlet
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13. This network is still only represented as a grid. To convert this into vector elements represented
using a shapefile, the Stream Reach and Watershed function is used.

ArcMap
* Stream Reach and Watershed M=l E3

Input Fit Filled Elevation Grid :" Stream Reach and Watershed j‘

IIoganfeI | D”'l
Input D& Flow Direction Grid -I-I:lis fuﬁr;m;ron p{ﬁductes a \'ECttDr HEFE;D{'T'I E”%d

- - = ~ shapefile from the stream raster grid. The flow
IE'l"Usersl"dte_"hmcratchl"mganuoganp'tIF hd ﬂ direction grid is used to connect flow paths
i Df8 D=l (e along the stream raster. The Strahler order of
IE:'l,Users'l,dtarh'l,Scratch'l,LDgan'l,nganadS.tif Ll D”'l each stream segment is computed. The
Inpuk Stream Raster Grid subwa_tgrshed drailning to each stream s:egment
E+i Lseretdrarbiscratcht Logan logansr o1t - wl (reach) is also delineated and labeled with the
I ! ! ' Logarijos RNy value identifier that corresponds to the WSNO

Input Outlets Shapefile as Metwork Modes (optional)

(watershed number) attribute in the stream
reach shapefile.

[” Delineate Single Wwatershed

Input Mumber of Processes

Oukput Stream Order Grid
I E:\Usersydbarbh ScratchiLogantioganord. kif
CQutput Metwark Connectivity Tree (bxt)

I E:\Usersydtarb! ScratchiLogantlogantree, bt
Qutput Metwork Coordinates (kxk)
I E:\Usersydbarbt ScratchiLogantiogancoord. bxk

CQutput Stream Reach Shapefile

L
& & & & - |&

I E:\Usersydtarb! ScratchiLogantlogannet.shp
CQutput Watershed Grid
I E:\Usersydbarb’ ScratchiLogantlogan, L @l _I

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

# Stream Reach and Watershed

system ("mpiexec -n 8 Streamnet -fel loganfel.tif -p loganp.tif -ad8
loganad8.tif -src logansrcl.tif -o outlet.shp -ord loganord.tif -
tree logantree.txt -coord logancoord.txt -net logannet.shp -w
loganw.tif")

plot (raster ("loganord.tif"))

zoom (raster ("loganord.tif"))

plot (raster ("loganw.tif"))

# Plot streams using stream order as width
snet=read.shapefile ("logannet")

ns=length (snet$shp$shp)

for(i in 1:ns)

{
}

lines (snetS$shp$shp([[i]]S$points, lwd=snet$dbf$dbf$SOrder[i])

The result is a number of outputs that need to be added to visualized. Here | visualized the watershed
grid, loganw.tif, and stream network shapefile, logannet.shp, in R.
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The subwatershed raster and stream network shapefile are key outputs 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. It is interesting to zoom in on the outlet and examine the properties of the stream
network and subwatersheds near the outlet to identify how the linkages between stream links are
represented and what other attributes there are for each stream link. This is easiest to do in an
interactive visualization system such as ArcMap. It is a little cumbersome in R.

An important question in stream network delineation is what stream delineation threshold to use. The
above used an arbitrary thresholds of 2000 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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14. The Peuker Douglas function produces a "valley" network skeleton following the procedure
described in their paper (Peuker and Douglas, 1975).

ArcMap

* Peuker Douglas =
I :I‘ Peuker Douglas =

nput Elevation &rid

I laganfel LI ﬂ

Creates an indicator grid (1,0) of upward curved

Center Smookhing Weight : :
04 grid cells according to the Peuker and Douglas
) ) ) algorithm. With this tool, the DEM is first
Fleosebil WL o1 smoothed by a kemnel with weights at the
Diagonal Smanthing Weight center, sides, and diagonals. The Fl’eukeler and
e Douglas (1975) method (also explained in Band,
: 1986), is then used to identify upwardly cundng
Input Number of Processes grid cells. This technique flags the entire grid,
! then examines in a single pass each quadrant of __|
Output Stream Sourcs Grid 4 grid cells, and unflags the highest. The
| E:\Usersidtark! ScratchLogant|oganss. kF ﬂ remaining flagged cells are deemed "upwardly
=|| curved, and when viewed, resemble a channel x|
oK Cancel Ervironments. .. | << Hide Help | Toal Help

# Peuker Douglas stream definition

system ("mpiexec -n 8 PeukerDouglas -fel loganfel.tif -ss
loganss.tif")

ss=raster ("loganss.tif")

plot (ss)

zoom(ss)

The result, derived entirely from a local filter applied to the topography is a skeleton of a stream
network illustrated below

& _Untitled - ArcMap - ArcInfo M= E3
File Edit View Bookmarks Insert Selection Tooks Window Help
DEES & = BX| o o &l v|@|@a:)|‘k?‘
Spatial Analyst v| Layer: [lagan bt -] B i J Ed\tn[" |3 ‘ > j Task: [ Create New Feature | ‘ Tergets | | |_x' (@ | | |
x x - ! B
= £ Layers | 1 A+ Grid Network. A l ) “
B outlet A Fit Remove , 1 L/ L
-8 Specislized Grid Analysis ; r‘ - o . { i
@ A DInfinity Avalanche F - N e , ] =
2 0 approzoutlets ||| - A D-Infilty Concentrati ' 1, A
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E O LeganCutlet #* D-Infinity Distance Up - J ! -
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15. The Peuker Douglas Stream Definition function has a rather extensive set of inputs. It 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.

ArcMap
* peuker Douglas Stream Definition =]

nput Elevation Grid

r oA

I loganfel

Input D8 Flow Direction Grid

I E:\UsersdtarbdScratchiLogantloganp. tif
Weight Center

Accurnulation Threshold

0.4
‘Weight Side
0.1
Weight Diagonal
0.05

[ Check for edge contamination

Input Outlets Shapefile (optional)

Ioutlet

Input Mask Grid {optional)

Input D3 Conkributing Area For Drop Analysis (optional)

hoganadﬁ

Input Mumber of Processes

Cutput Stream Source Grid

I E:\Usersydbarbh ScratchiLogantioganss1 kf

Cutput Accumulated Stream Source Grid

I E:\Usersydbarb’ ScratchiLogantloganssal  Lif
CQutput Stream Raster Grid

I E:\Usersydbarbh ScratchiLogantiogansrcZ LiF
Cutput Drop Analysis Table (optional)

I E:\Usersydbarbh ScratchiLogantiogandrp. bxt

b3

Drop Analysis Parameters

Mimirnurn Threshold Yalue

W Use the range below to automatically select threshald by drop analysis

This tool combines the functionality of the
"Peuker Douglas,” "D8 Contributing Area,”
"Strearn Drop Analysis," and "Stream Definition
by Threshold" tools in order to generate a
stream indicator grid (1,0) where the streams
are located using a DEM curvature-based
method. With this method, the DEM is first
smoothed by a kemnel 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 cuning
grid cells. This technique 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 vewed, resemble a channel
network. This proto-channel network sometimes
lacks connectivity, and/or requires thinning,
issues that were discussed in detail by Band
(1986). The thinning and connecting of these
grid cells is achieved here by computing the D3
contributing area using only these upwardly
cuning cells. An accumulation threshold on the
number of these cells is then used to map the
channel network where this threshold is
optionally set by the user, or determined via
drop analysis.

5
Maximum Threshold Yalue
00
Mumber of Threshald Yalues
10
¥ Use logarithmic spacing for threshold values
O Cancel Environments. .. << Hide Help | Tool Help

Peuker Douglas Stream Definition j‘
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The output results include a table that reports the stream drop statistics for each threshold examined.

This is included in the completion dialog as well as written to the drop analysis table file shown below.

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 299 is chosen in this case as the

objective stream delineation threshold.

Peuker Douglas Stream Definition B

<< Details |

[~ Close this dislog when completed successfully

Drophnalysis wversion 5.0.6 d
Threshold Drainlen WNoFirstOrd NoHighOrd MeanDFirstOrd MeanDHighOrd StdDevFirstOrd S3tdDevHighOrd Twal

5.000000 0.002463 2240 653 66.103536 124.935806 76.027199 132.216568 -14.585625

§.340503 0.001857 1155 350 55.467354 144.971268 97.505640 142.422195 -5.8556599

13.912795 0.001540 770 235 96.449455 159.728210 103.430626 151.690506 -7.316723

23.207947 0.001228 450 141 114.742607 152.002914 109.602211 155.783463 -5.662051

35.713192 0.001000 293 96 116.355541 211.537094 107.4515842 166.852936 -6.490214

64.577499 0.000791 187 70 116.592140 209.407593 124.073995 156.084854 -4.961879

179. 690720 0000524 75 19 187.205069 269.459911 155.2421588 156 9665827 -2.026490

107.721756 0.000635 109 35 153.991043 2359.083575 144.088895 162.634705 -3.030640 J

|299.'?42218 0.000411 50 14 197.519654 255.433441 137.707306 165.146454 —1.324365'

500.000183 0.000303 30 4 214.549347 289.485138 153.106644 135.973572 -0.928733
299.742218 Value for optimum that drop analysis selected - see output file for details.
Processes: 8 LI

R.

The ArcMap tool above ran 4 underlying TauDEM commands. The PeukerDouglas command was run

earlier. Here are the next three.

16.

# Accumulating candidate stream source cells

system ("mpiexec -n 8 Aread8 -p loganp.tif -o outlet.shp -ad8
loganssa.tif -wg loganss.tif")

ssa=raster ("loganssa.tif")

plot (ssa)

# Drop Analysis
system("mpiexec -n 8 Dropanalysis -p loganp.tif -fel loganfel.tif -
ad8 loganad8.tif -ssa loganssa.tif -drp logandrp.txt -o outlet.shp -
par 5 500 10 0O")

# Deduce that the optimal threshold is 300

# Stream raster by threshold

system("mpiexec -n 8 Threshold -ssa loganssa.tif -src logansrc2.tif
-thresh 300")

plot (raster ("logansrc2.tif"))

Next the Stream Reach and Watershed function is used to produce a vector stream shapefile from
the resulting stream raster.
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ArcMap

* Stream Reach and Watershed =
Input Fit Filled Elevation Grid :IA Stream Reach and Watershed j‘

IIoganfeI
Input DS Flow Direction arid
I E:UsersidtarbtScratchiLoganloganp. tiF

Ll

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 WSNO
(watershed number) attribute in the stream
reach shapefile.

Ll

Kl
& & & & &

Inpuk DS Drainage Area
I E:UsersidtarblScratchlLogan'loganads. tif

Input Stream Raster Grid
I E:\UsersidtarblScratchiLogan'logansrc2. L

Ll

Input Outlets Shapefile as Metwork Nodes {optional)

[~ Delineate Single Watershed

Ll

Input Mumber of Processes

Oukput Stream Order Grid

I E:\Usersidtarb ScratchiLoganiloganord2, tf
Cutput Metwork Connectivity Tree (bxt)

I E:\Usersidtarb ScratchiLoganilogantrees. bxt
Cutput Mebwork Coordinates (kxk)

I E:\Usersidbarb ScratchiLoganilogancoord2 kxt

Cutput Stream Reach Shapefile

I E:\Usersidbarb ScratchiLoganilogannet2. shp
Cutput Watershed Grid
I E:\Usersidtarb ScratchiLoganiloganwz, tF

& & & & (& -

f| -]

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

# Stream network

system ("mpiexec -n 8 Streamnet -fel loganfel.tif -p loganp.tif -ad8
loganad8.tif -src logansrc2.tif -ord loganord2.tif -tree
logantree2.dat -coord logancoord2.dat -net logannet2.shp -w
loganw2.tif -o Outlet.shp", show.output.on.console=F, invisible=F)

plot (raster ("loganw2.tif"))
snet=read.shapefile ("logannet2")
ns=length (snet$shpS$shp)
for(i in 1l:ns)
{
lines (snet$shp$shp[[i]]Spoints, lwd=snet$SdbfSdbfSOrder([i])

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. A few are illustrated here.

17. The TOPMODEL wetness index is defined as Is(a/S) where a is specific catchment area and S is slope
(tan of slope angle). Inthe TauDEM outputs above a is represented by sca, the D-Infinity specific

catchment area grid and S by slp, the D-Infinity slope. sca is alreay in length units (the same units as
grid cell size). TauDEM has a function to evaluate sar=S/a. This is done to leave to the user the
choice as to how to handle grid cells that have S=0. Wetness index is then -In(sar).

ArcMap

* Slope Over Area Ratio Hi=] E3

Al
Input Slope Grid
3 =

=
1

I lngansip
Input Specific Catchment Area Grid
I E:\Usersidtarbl3cratchiLoganilogansca. Hf

Input Mumber of Processes

Cutput Slope Divided By Area Ratio Grid

%

I Ei\Usersidbarb ScratchiLogantlogansar tif

I-|

oK | Cancel | Environments...l %= Hide Help |

Slope Over Area Ratio :l‘

Calculates the ratio of the slope to the specific
catchment area (contributing area). This is
algebraically related to the more common In
(a/tan beta) wetness index, but contributing area
is in the denominator to avoid divide by 0 errors
when slope is 0.

Tool Help

Wetness index is evaluated using the ArcMap Raster Calculator
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B Raster Calculator EE3

Lavers: —arthmetic——— — Trgonometic——
loganord2 S 7] 8| s = | o | And Abs | Int Sin | ASin
loganp
loganplen
M £ 4 ] G b »= Or Ceil Float Cos Alog
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aanste ;I + 1] . [ ] Mot Logarithms Powwers
Exp Liog Sqrt
- Lf[logansar]} ~]
Expd | Loge Sar
Expl0| LoglO Fow

Ewaluate I

About Building E =pressions |

[

Cancel | <<|

# Wetness Index

system ("mpiexec -n 8 SlopeAreaRatio -slp loganslp.tif -sca

logansca.tif -sar logansar.tif",
invisible=F)

sar=raster ("logansar.tif")
wi=sar

Wi[,]:_log(sar[,])

plot (wi)

The result is illustrated below
& Untitled - ArcMap - ArcInfo

Fle Edit View Bookmarks Insert Selection Tools Window Help

show.output.on.console=F,

1=l B3

FES  EBX o [¢

[T Y=-E000

Spatial Analyst ,‘ Layet: [logan.i <] B J Editer v‘ r | ﬁj Task: [ Create Mew Feature
x

= | Taraets |
—

j\XQHME|

|pawng~ k @O~ A= [@am [0 ] 111[]|A'&' R

x
= £F Layers - @ ultidimension Tools B @
= M outlet 5 Wetwork Analyst Todls Q |
® (-5 Samples oo ke
(-8 Schematics Tools oo
= O ApproxOutlets (-9 Server Tools b -
@ -8 Spatial Analyst Tools & . el
- & Spatial Statistics Tooks @ .
E O LoganOutlet =1 TauDEM Toals 1
@ = &y Basic Grid Analysis -
A D-Infinity Contributing » Ny
= O ctours A D-Infinity Flow Directit
----- A D8 Contributing Area 12
B M logsnnetz 1| e #* DB Flow Directions = 2
order ||| A Grid Metwork x — i
-1t M A Fit Remove k.
—_2 =48 Specialized Grid Analysis i ) i
—_— A D-Infinity Avalanche F M
— A D-Infinity Concentrati
B 0O Cowso A D-Infinity Decaying A e
— A D-Infinity Distance Do e
= O logannet A D-Infinity Distance Up_|| 5
— L e A D-Ifinity Reverse Ac £
----- A D-Infinity Transpart Li )| | -
valie ||| A D-Infinity Upslope Dep !
WiHgh:2s8sss [ " DB Distance to Strean E - L 3 -
----- A Slope Average Down i -
Low : 2.49055 A slope Over Area Ratic
E M logansar o = & Stream Network Analysis - -
e | | il oy » o
Display | Sowrce | Selection Favorites | Index | Search | Results an|en LI B _’I

[ [445089,77 4625298.807 Meters

Page | 28




18. The D-Infinity Distance Down function computes the distance to streams (or any designated target

grid) a number of different ways

ArcMap
* D-Infinity Distance Down
Input D-Infinity Flow Direction Grid 3 D-Infinity Distance Down j‘
IIoganang LI E’"l
et P ) e Callcultit esDthE]:i dlitst?qnce dmc'lmls |-0|-|E:e Eu laﬁstlrteam
- " using the D-infinity flow model. The D-infinity
|E.'l,Users'l,dtarb‘l,S-:ratch'l,Lc-gan\,IoganFeI.tlf = ﬂ flow model is a multiple flow direction model,
Input Stream Raster Grid because the outflow from each grid cell is
|Iogansrc2 =1 @l proportioned between up to 2 downslope grid
Statistical Mathod cells. As such, the distance from any grid cell to
|,cwe,.age j a stream is not uniquely defined. Flow that
Distance Method originates at a particular grid cell may enter the
I\-'ertical =] stream at a number of different cells. The
statistical method may be selected as the
I¥ Check for edge contamination longest, shortest or weighted average of the flow
Input Weight Path Grid {optional) path distance tD. the gtrean1. Also one of several
| <] E'f,.l ways of measuring distance may be selected:
the total straight line path (Pythagoras), the
Input Mumber of Processes horizantal component of the straight line path,
8 the vertical component of the straight line path,
Output D-Infinity Drop ko Stream Grid or the total surface flow path.
I E:\UsersidtarblScratchiLoganilogandd. tif Eq'l
I =
[o]4 Cancel Environments... | <= Hide Help | Tool Help

# Distance Down

system ("mpiexec -n 8 DinfDistDown -ang loganang.tif -fel
loganfel.tif -src logansrc2.tif -m ave v -dd
logandd.tif", show.output.on.console=F, invisible=F)

plot (raster ("logandd.tif"))

By selecting -m ave v as the distance method the result is the average vertical drop from each point, to a
point on the stream as illustrated below.
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There are many other options for distance methods that are described in the help file
http://hydrology.usu.edu/taudem/taudem5.0/TauDEM Tools.chm and command line guide
http://hydrology.usu.edu/taudem/taudem5.0/TauDEM5CommandLineGuide.pdf that you could

experiment with if you want to.

Appendix 1. Downloading DEM data from the USGS Seamless data server

This appendix illustrates the process of downloading and projecting DEM data from the USGS Seamless
data server, for the Cub River watershed as it drains to the location of a USGS streamflow station
#10096000 located just north of Preston, Idaho, illustrated below.

USGS 10096000 CUB RIVER AB MAPLE CREEK NR FRANKLIN ID

[Frasicin Cousty, 1daho
Hydrologs Unit Code 16010202
[Latitude 42°0243 91", Longtude 111%47°23 25" NADS3
Dranage area 5370 square mies

(Contributing dramage area 537 square mies
(Gage datum 4.500. feet above sea level NGVD29
Location of the site in USA.

Site map.

@ usts Station 10096000

Frarkiin

A N Lewiston

[ZOOM IN 23 i, or ZOOM OUT 2X, 4X
Maps are generated by US Census Burean TIGER Mapping Service,

The USGS Seamless data server was used to obtain a National Elevation Dataset DEM.
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http://hydrology.usu.edu/taudem/taudem5.0/TauDEM_Tools.chm
http://hydrology.usu.edu/taudem/taudem5.0/TauDEM5CommandLineGuide.pdf

The steps followed were

S

Access USGS Seamless data server http://seamless.usgs.gov/
Click view and download United States Data

Zoom to the area of interest. Activate layers on the right to help identify area of interest.
Define a download region that covers the area of interest.
Modify the data request to comprise the data sets (parameters) that you want to obtain
Download the data. | selected the 1/3 arc second National elevation dataset DEM (=~ 10 m grid)

Screen Image of the area that | selected

7 seamless Data Distribution Delivery provides free online data with NED,SRTM, Landsat,maps, orthoi - Microsoft Internet Explorer

O Back - x)

Seamless Data Distribution Back to Main Page Tutorial

Surface Data
Coverage
ENLCD 1992

Data Coverag
W DRG 100k
Data Coverag|
M DRG 24k Dat{
Coverage
P Structures
P Transportatio:
Boundaries
% ¥ Hydrography
M National Atla
Dams

Gla
Aquifers

M National Atlag
Hydrologic Ur
Regions (2-
Digit)

W National Atlad
principal
Aquifers

National Atlag
and NHD
Streams

W National Atlag
and NHD
Waterbodies

W National Atlag
Arsenic in

Ground Wate
P orthoimagery
and Co

< >

@ Intermet

Screen Image of a Data Download Request
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http://seamless.usgs.gov/

Projecting the Digital Elevation Model data

The Digital Elevation Model grid from the Seamless Data Server is in Geographic Coordinates. 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 DEM from the USGS was added to
ArcMap. Then the ArcToolBox Project Raster tool was 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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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 _

NAD 1927 UTM_Z 12 1 geodatabase, specify tif for a

NAD. 1827, LT zone TIFF file format, .img for an

Resampling technique (optional) ERDAS |MAG‘NE file fOlT_ﬂEﬂt. ar

|CUEIIC j no extension for a GRID file
format.

Output cell size {optional)

2 =]

|

| *

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.

Spatial Reference Properties

Coordinate System | ¥~ Domain ] Z Domain | M Domain

MName: MNAD_1927_UTK_Zone_12M

Details:

Alias: ~
Abbreviation:
Femarks:
Frojection: Transwerse_kMercator
Farameters:
False_Easting: 500000.000000
False_Marthing: 0.000000
Central_keridian: -111.000000
Scale_Factor: 0.993600
Latitudde_Of_Origin: 0.000000
Lingar Unit: kMeter (1.000000)
Geographic Coordinate System:
MName: GC5_Morth_American_1927

v
Select. Select a predefined coordinate system.
_ Importacoordinate system and XY, Z and M
Impart. | domains fram an existing gecdataset (e.g.
= feature dataset, feature class. raster).
Mew. - Create a new coordinate system.
. Editthe properties of the currently selected
beloeliyy.. coordinate system.
Clear Sets the coordinate system to Unknown.
Sawve As.. Sawve the coordinate systerm to afile.
(0] Cancel Apphy
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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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