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Abstract—An automated routine can extract dune crest locatins,
heights, and wavelength from digital elevation mods. The
algorithm extracts the fabric from the DEM, draws profiles
perpendicular to the crests, and computes statistic from the
profiles. Results from the SRTM and ASTER GDEM poduce
similar results for dunes with heights from 20-100 m and
wavelengths of 900-2200 m, and multibeam bathymetrgan extract
0.5 m high megaripples with a wavelength of 25 m.In desert
regions the ASTER GDEM appears to have few of thermmalies
that detract from its performance elsewhere, and povides an
improvement over the results with SRTM.

INTRODUCTION

Digital elevation models (DEMSs) at a range of ssadlow
guantitative measurement of the earth's surfacegraphy.
Wind and water transport can create regular, repeti
landforms, generally called dunes on land and wadeses,
megaripples, and ripples under water. Despite |aiities in
shape, different processes can create these bexifoamd
multiple scales of periodic forms can occur in siagne area [1].
DEMs at the appropriate scale can capture thesarésa and
separate their effects [2].

The Shuttle Radar Topography Mission (SRTM) produae
near global DEM with 3 arc second (3") spacing ¢~r8) [3].
Because data collection took place in under twokae8RTM
provides a consistent snapshot of earth's topograpérred only
by data voids, largely in mountainous areas andsaeserts.
The use of radar for SRTM removes the effect oftheaand
clouds. The ASTER GDEM [4] used stereo VNIR imager
collected over almost a decade to create a gloBa Dvith 1"
spacing (~ 30 m). GDEM has a number of challerige®EM
users [4], [5]. [6], [7], and undetected or incomtply detected
clouds contribute significantly.  For dynamic topaghy,
potentially including desert dunes, GDEM could shewlurred
average in contrast to the single snapshot fromMERT

This study will compare periodic landforms extracfeom
SRTM and GDEM to assess the ability to automaticaltract
wavelengths, heights, and dune crest positions fioEMSs.
Finally, to compare the effect of scale on the aigm, | will
look at bedforms extracted from multibeam bathygnetiThe
natural comparison would be to LIDAR or IFSAR dunbst |
am unaware of a free DEM from those technologieswsiy
linear dunes. The best free high resolution DEN&d#/3" and
1/9" NED, does not have good data over a dune fieldparable
to those discussed here.

METHODS AND DATA

SRTM and ASTER GDEM Data

DEMs for the complex linear dunes [8] in the Narbibsert
came from the ASTER GDEM and the Hydrosheds hdliedfi
version of SRTM [9]. Computations correctly used DEMSs in
their original form with geographic coordinates, theiut
reinterpolation to UTM with subsequent changes dorain
properties and computed statistics. The GDEM hasisg of 1"
(about 28.2 x 30.8 m at this latitude), and the BIRT&as spacing
of 3" (about 84.6 x 92.3 m). Both have elevatiahisred as
integer meters, which can lead to anomalies inyaisain flatter
regions (such as small dunes in western Australia).

Multibeam Data

The multibeam grid and sidecan mosaics have a rgpadfi
0.1667", about 3x5 m for the North Sea. The dada eollected
with a Klein 5000 sidescan sonar and a SIMRAD EMY21
multibeam bathymetric sonar BYSNS Henson in September
2010. The survey lines ran 140° and 320°, appateiy aligned
with the tidal currents at 160° and 340°. Tidatents can reach
0.7 m/sec with two floods and two ebbs daily. Dsph the area
range from 60-65 m.
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Methodology

The methodology requires several parameters, wihégend
on the scale of both the DEM and the land surfathe same
values of the parameters work with GDEM and SRTMha
Namib desert, but the North Sea bathymetry requiiéfsrent
parameters. After the initial setting (or verifiom) of these
parameters, the procedure is designed to run atitaiya to
determine dune height and wavelength, and exttaetdune
crests.

The first processing step removes a first orderedr) trend
surface from the DEM. This places the averageatiew at zero.
This step could be skipped, or more complicateddtreurfaces
could be used if the regional geology formed a dorfggure 1
shows the de-trended ASTER GDEM, with all the dorests at
similar elevations. Figure 2 shows a profile tlglothe DEM.

Figure 1. Linear dunes near Sossusvlei, Namibia. Profile imFig. 2. shown.
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Figure 2. Profiles through dunes with SRTM and GDEM.

The second step extracts the characteristic spdwing the
DEM. This could use a number of techniques, twavbich are
illustrated in Fig. 3 for two points, one on a duwrest and the
other between crests. The characteristic spacaoegire when
graphs of the parameter level out, indicating nohir changes
as the spacing increases further. For both latstithe relief
plateaus at about 150 m at a distance of 2000 he plateau for
organization (S2S3, from the terrain organizati@rameters)
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[10] occurs at a value of about 2, but the two fioces show a
different trend because over shorter distancescthsts show
stronger organization than the inter-crest regionEhis size
would be the smallest region size that should bed uét

corresponds closely with the dune spacing), and ubéyq
sampling theory suggests that regions twice theaacheristic

wavelength would provide better statistics.
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Figure 3. Landform scale from the terrain organization arifre

The third step computes terrain fabric [10] at celd
locations (Fig. 4). This uses the region size aate in step
two, and returns a flatness value (S1S2), an argtan value
(52S3), and the compass orientation of the ridgdse flatness
and organization values can be used as threshholdefine
organized regions, since the method does not perfeell in flat
regions and very low S2S3 values reflect randonaiter

The program can now draw terrain profiles, autocadi
computing fabric orientation and placing profilesrgendicular
to dune crests, and compute dune characteristiediém, mean,
and standard deviation for height and length). Gmputation
requires several parameters: (1) profile length; fEnimum
height for a crest from adjacent troughs; (3) dbdeorizontal
spacing for two crests (otherwise only the highetl Wwe
selected); and (4) minimum number of identified kzeto allow
computation of statistics. The statistics can kspldyed, or
stored in a database for drawing maps showing apati
distributions of dune characteristics. Table lvghstatistics for
the profiles in Fig. 2, with SRTM and GDEM with bothe
original DEMs and the de-trended versions.
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Figure 4. Fabric vectors plotted every 500 m, with a regi@e f 5000 m.

The algorithm can locate the crest in the profiied connect
them on the map. It starts with the crests idiemtifalong a
profile, considering each crest in turn. From fingt point, the
algorithm computes the crest orientation, proceedst distance
in that direction along the crest, and in casectiest orientation
changes, finds the actual crest location by drawiag
perpendicular profile to locate the crest. It geds to the edge
of the map, and then repeats the process in trex ditection.
The crest can also terminate when the relief beivtlkee crest on
the trough becomes less than the specified thréshho

TABLE I. DUNE STATISTICS ALONG PROFILE IN FIG2
DEM Wave length (m) Height (m)
Median | Mean Std Dev | Median Mean Std Dev
ASTER 2151 2064 662 119 114 33
ASTER
detrend 1857 1899 699 114 119 39
SRTM 1991 2002 633 102 97 34
SRTM
detrend 2079 2001 644 105 96 33
RESULTS
Desert dunes

The ASTER and SRTM generally performed very sirhjlar
(Fig.2, Table 1), although ASTER records higheredweights.
This should not be surprising, and in fact both BEpobably
underpredict the actual dune heights. The algoritn extract
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Figure 5. Crests identified automatically.

Seafloor megaripples

Fig. 6 and 7 show the seafloor in the North Seanftbe
sidescan sonar and multibeam bathymetry. The cardput
topographic fabric shows two distinct populatiorsedrock
ridges, up to 7-8 m above the seafloor, trend ali®&-335°,
slightly oblique to both the tide and the surveye. While
several of these ridges occur, they show no paitydi Fig. 8
shows a profile through the multibeam data, withgamgple
crests and troughs picked by the algorithm.  Thearme
wavelength is 28.24 m, with a standard deviatiod®B88 and a
median of 24.50 m. The mean height is 0.44 m, witandard
deviation of 0.23 and a median of 0.43 m.

CONCLUSION

In addition to the work presented here, | have éab&t dunes
in Australia, China, Afghanistan, Saudi Arabia, pgWiger, and
Algeria with both GDEM and SRTM. The smallest dsir{:
Australia) had wavelengths of 920 m and heightd ®fm, and
while this is close to the resolution limits for &M (Hugenholtz
and Barchyn [2] reported than GDEM could not resothe
smallest dunes, generally < 15 m tall, in the Badaran Desert
of China) the algorithm performed satisfactorily. Some
anomalies appeared in the GDEM, most obviously him& and
the flat terrain in Australia, but it appears tHaBEM performs
much better in desert regimes compared to probkdsmwhere,
probably due to the lack of clouds.

Given an appropriate DEM, it appears possible ttraek
dune field parameters over a range of scales, inothe terrain
and the source DEM. With the release of GDEM wers?

dune crests, and compute the heights and dune ngpaciexpected in summer 2011, this will allow a globatentory of

throughout the dune fields. Although not reporteste, the
algorithm also computes dune asymmetry.

linear dunes, and the extension of the algorithmméoe complex
dunes.
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Oceanographic Office for the multibeam bathymeffis study
used the MICRODEM program [11].

N54.4939198" E0.45592870° N54.4897560° E0.46232284°  meters
65

Figure 8. Topographic profile perpendicular to megaripplestse
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