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Morphometry

Slope, curvature, relief
Drainage network properties
Wavelets (e.g., Hilley, et al., 2010)

Spectral analysis (e.g., Delong, et al., 2010; cf.
T. Perron pubs)



Raw DEM Pit Removal (Filling)

Flow Field /

Flow Related Terrain Information

TauDEM 5.0 http://hydrology.usu.edu/taudem/taudem5/

WATERSHED DELINEATION USING TAUDEM

A tutorial for using TauDEM to delineate a single watershed
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UPSLOPE AREA, v

http://www4.ncsu.edu/~hmitaso/gmslab/pfarm/farm1.html



Representation of Flow Field
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Tarboton, D. G., (1997), "A New Method for the Determination of Flow Directions and Contributing Areas in Grid
Digital Elevation Models," Water Resources Research, 33(2): 309-319.)


Presenter
Presentation Notes
This slide shows how the terrain flow field is represented.  Early DEM work used a single flow direction model, D8.  In 1997 I published the Dinfinity method that proportions flow from each grid cell among downslope neighbors.  This, at the expense of some dispersion, allows a better approximation of flow across surfaces.
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Table 2. Differences Between Theoretical and DEM-Computed Upslope Area for Test Examples Expressed in Terms of
the Mean Error and Mean Square Error

Outward Cone Inward Cone Plane
Bias MSE Bias MSE Bias MSE
Mean (4 — A4) Mean ((4 — A)") Mean (4 — A) Mean ({4 — A)°) Mean (4 — A) Mean ({4 — A4)%)
D8 —0.13 213 1.76 118,88 —0.17 0.0635
MS —0.81 (.69 —1.07 5.70 -1.37 2.065
Lea’s [1992] method —-1.29 241 —4.05 44.00 —-2.57 7.912

DEMON =0.37 0.17 —0.37 19.23 =0.40 0.161
D= =013 0.20 1.57 30.58 -0.17 (L.065

WATER RESOURCES RESEARCH, VOL. 33, NO. 2, PAGES 309-319, FEBRUARY 1997
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2. Point Cloud Data Download

& ¥ Point cloud data in LAS format

3A. DEM Generation (Streaming TIN) ©

& Gridding Method
# Calculate TIN

4. Derivative products ©

0 ¥ Generate hillshade and slope grids in grid format

GeoTiff v

5.Visualization ©@

¥ Generate hillshade images and Google Earth files from DEMs
¥ Generate additional color-relief and colored hillshades

¥ Generate additional KMZ files

HOME ABOUT ~ DATA ~ TOOLS ~ LEARN ~ COMMUNITY -~

@ L Point cloud data in LAZ format @ L) Point cloud data in ASCII format
Gridding Parameters & Grid Format
 Grid Resolution (Default = 1 1 GeoTiff v
meter)
@ Max. triangle size (Default 50 50
units)

Altitude of the light, (indegrees) 45

Azimuth of the light, (in degrees) 315



6. Hydrologic Terrain Analysis Products (tauDEM)

¥ Hydrologically correct DEM with ¥ D-Infinity Flow Direction ¥ D-Infinity Specific Catchment ¥ Topographic Wetness Index
pits filled ¥/ D8 Flow Direction: Area
¥/ D8 Contributing Area
Job Description

These options allow users to describe and keep track of their jobs. Information entered below is recorded along with other job parameters in your personal lidar Job
archive accessed via myOpenTopo (available only to registered OpenTopography users).

Job title (up to 100 characters) B4 demo

Job description (up to 500 characters) For UNAVCO workshop

Enter your e-mail address
for notification upon completion of

ramon.arrowsmith@asu.edu

processing



Download Job Results

Point Cloud Results e Download point cloud data in LAS format points.las (454.6 MB)
DEM Results e Download DEM (TIN) (dems.tar.gz (11.6 MB)

Derivative Products e Download Hillshade & Slope Products (TI
TauDEM Products . ' '

e Download Topogra phIC Wetness Index file TWI.targ ;

e Download D8 - Flow Direction file d8FlowDirection.tar.gz (1.7 MB)
e Download D8: Slope file d8Slope.tar.gz (8.5 MB)

e Download D8 - Area Contribution file D8area.tar.gz (5.2 MB)



Hillshade
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File  Edit “iew Bookrmarks Insert

DS + OB x|

g . Block Statistics

ArcToolbox

ArcToolbox
B3 30 fnalyst Tools
B3 Analysis Tools
& Cartography Toaols
@ Corversion Tools
m Data Interoperability Tools
@ Data Managernent Tools
E3 Editing Toals
@ Geocoding Toals
@ Geostatistical &nalyst Tools
@ Linear Referencing Tools
@ Fultidirnension Tools
B3 Metwork Snalyst Toals
& Parcel Fabric Tools
& Schermatics Tools
@ Server Tools
=] m Spatial Analyst Tools
& Conditional
& Density
& Distance
By Extraction
%3 Generalization
%3 Groundwater
&; Hydrology
& Interpolation
By Laocal
By Map Algebra
&3 hdath
%; hultivariate
=] & Meighborhood
ﬁ Block Statistics
#,, Filter
;\% Focal Flow
"x% Focal Statistics
,ar\% Line Statistics
#.. Point Statistics

Input raster

output.tin.tif

Qutput raster

C:\Users\ramon\Desktop\B4demo\100mrelief.tif

Neighborhood (optional)

Circle v

Y |-y iy (SOt I [ o I B

Radius: 100.000000

Units:

O cell ® Map

Topographic relief

Statistics type (optional)

RANGE

Ignore NoData in calculations (optional)



= 2 10mrelief.tif
Value
I High : 18.79

Low: 0

=0 100mrelief.tif
Value
I High : 73.53
Low: 0.839966
= @ output.tin.hs.tif
O output.tin.slp.tif
O outputtin.tif

== New Data Frame

=< New Data Frame 2

10 m radius

100 m radius



Need to mosaic the grids

Q Untitled - ArcMap

File Edit View Bookmarks Insert

Cpda B x|

'r\‘, Mosaic To New Raster

Input Rasters

ArcToolbox

ArcToolbox
@ 3D Analyst Tools
B Analysis Tools
B3 Cartography Toals
B3 Conversion Tools
a Data Interoperability Tools
= B3 Data Management Tools
& Archiving
& Attachments
&y Data Comparisan
& Distributed Geodatabase
& Dornains
& Feature Class
B Features
& Fields
& File Geodatabase
& General
& Generalization
& Geodatabase Administration
& Geometric Netwark
&y Graph
& Indexes
& loins
& LS Dataset
& Layers and Table Views
% Package
& Photos
% Projections and Transformations
=1 B Raster
&g Masaic Dataset
% Raster Catalog
= B Raster Dataset
J\ Copy Raster
;\ Create Random Raster
J\ Create Raster Dataset
“\ Donwwnload Rasters
!\ Mosaic
#, Mosaic To Mew Raster
!\ Raster Catalog To Raster
#, Workspace To Raster Dat
B Raster Processing
& Raster Properties
&y Relationship Classes
& Subtypes
B Table
& Tile Cache
& Topology
& Wersions
& Workspace

0 BB Fditinn Tanle

bl =]
<scap0rc0.tif +
“scaplrcO.tif
x
T
+
Output Location
‘ C:\Users\ramon\Desktop\B4demo ‘ 2
Raster Dataset Name with Extension
B4 dinf.tif |
Spatial Reference for Raster (optional)
| @
Pixel Type (optional)
| 32_BIT_FLOAT v |
Cellsize (optional) ‘
Number of Bands
| L
Mosaic Operator {optional)
LAST v]

Mosaic Colormap Mode (optional)

Cancel Environments... << Hide Help



Q Untitled - ArcMap
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= < Layers
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Value
High: 277780
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= O scap0r0cO.tif

Value
High: 113107
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= O scap 1r0cO.tif

Value
High: 277773

Low: 1
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Log10 of the drainage area

Q Untitled - ArcMap

File Edit ‘iew Bookmarks Insert

Opda B x|9

""_ Raster Calculator

ArcToolbox

& Projections and Transfarmations
& Raster
& Relationship Classes
& Subtypes
& Table
& Tile Cache
& Topology
B Versians
B Workspace
B3 Editing Tools
& Geocoding Tools
B Geostatistical Analyst Taols
&3 Linear Referencing Toals
B Multidimension Tools
B3 Network Analyst Tools
& Parcel Fabric Tools
& Schematics Tools
& Server Tools
= B Spatial Analyst Tools
& Conditional
& Density
& Distance
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& Generalization
& Groundwater
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& Interpolation
& Local
= & Map Algebra
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& Math
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"\\ Block Statistics
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;\ Faocal Flow
"'\ Focal Statistics
"'\ Line Statistics
"'\ Point Statistics
& Overlay
& Raster Creation
& Reclass
& Solar Radiation
=] %: Surface
"\\ Aspect
"\\ Contour
"\\ Contour List
"\\ Contour with Barriers
"'\ Curvature

#, CutFill

Map Algebra expression

Layers and variables Float ~
<B4 dinf.tif Int
< scap0r0cO.tif == || I= & Ln
&ecaplric. tif Log10
> || 2= | Log2
Mod
< <= " power
Round Down
( ) ™ | RoundUp v
Log10("B4 _dinf.tif")
Output raster
‘ C:\Users\raman\Desktop\B4demo\B4_dinf_log10.tif &
0K Cancel Environments... << Hide Help



Q Untitled - ArcMap
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Drainage area >= 100m?

) . Raster Calculator

Map Algebra expression

Layers and variables Conditional A
< B4_dinf_log10.tif Con
< B4_dinf.tif & == I= & |pick
Cscap0rOc0.tif SetNull
$scaplrOcO.tif 5 = || == | Math
2 < |le= |l A~ Abs
Exp
Expl0
( ) F¥n2? v
Con("B4_dinf_log10.tif* == 2,"B4_dinf_log10.tif")
Qutput raster
‘ C:\Users\ramon\Desktop\B4demo\B4_dinf_log10ge2.tif =)

0K

Cancel

Environments... << Hide Help



Q Untitled - ArcMap
Fil Edit 3 marks  In

OepdEa =

= ® B4 dinf log10ge2.tif
Value
B High: 54437

Low; 2

=0 B4 dinf log10.tif
Value
High : 5.4437

Low: 0

=0 B4_dinf.tif
Value
High : 277780

Low: 1

= O scap0rQcO.tif
Value
High: 113107

Low: 1

= O scap1rQcO.tif
Value
High: 277773
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D) Untitled - ArcScene = [w]
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Elewation From surfaces
(") Mo elevation values from a surface
(®) Floating on a custom surface:
C:Usersiramon)DeskiophB4demot output, tin, GiF
Scene layers background black TR EOE PR E 1
Raster Resolution... | | Raster Surface Resolution X
i This dialog is used to specify an approximate
Elevation from Features mazimum resolution for the base surface,
Mo Feature-based heights
Lise elevation walues in th Base Surface Criginal surface
Factor bo convert laver g Cellsize % 1.000000 1. 000000
General Source Extent Display Symbology  Base Heights  Rendering Use a constant value or @ Cellsize ¥ 1.000000 1.000000
0 .
Elevation from surfaces Rows: 3374| 3374
() Mo elevation values From a surface
= Layer offset Colurnns: 3374 3374
® Floating on a custam surface: Add a constant elevation off
i\ UserstramonyDeskioplB4demoloutput . tin, LiF - @ Cancel
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