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Welcome from the Organizing Committee 
Welcome to the Sixth International Conference on Aeolian 
Research (ICAR VI).  ICAR VI continues to build on the solid 
foundation laid by the previous meetings in Aarhus and 
Sandbjerg, Denmark; Zzyxx, California, USA; Oxford, U.K.; 
and Lubbock, TX, USA.   ICAR VI in Guelph, ON, Canada, 
brings together over 170 scientists from 25 different 
countries who represent disciplines as diverse as aeolian 
and coastal geomorphology, planetary science, physical 
science, soil science, erosion, and engineering to share in 
their developing knowledge of science related to aeolian 
research.  In this volume you will find 188 abstracts that 
cover the central themes of this meeting that include: 
Mechanics of Aeolian Processes, Dust Entrainment, 
Transport and Deposition, Modelling Dust Transport 
Systems,  Dunes and Dune Systems, Modelling Sand 
Transport Systems, Coastal Aeolian Processes, 
Paleo-Aeolian Systems and, Anthropogenic Interactions with 
Aeolian Systems.  These abstracts cover both the oral and 
poster presentations.  
 

The Organizers hope that you enjoy the scope of the 
conference and find stimulation in the breadth and depth of 
the work presented by our colleagues.  We also hope that 
you enjoy your stay at the University of Guelph. Please take 
time to view the campus as well as the beautiful city of 
Guelph, The Royal City, famous for its old stone buildings 
and many mills. 
 
The Organizers would like to acknowledge the tremendous 
support of our sponsors who have helped to make this 
conference possible. 
 
 



 

4 

Sponsors:  
The Office of Research, College of Human and Applied 
Sciences, Wind Erosion Laboratory and Department of 
Geography of the University of Guelph; the Center for Arid 
Lands Environmental Management and the Division of 
Atmospheric Sciences of The Desert Research Institute, 
USA;  the NATO, IGCP 500, Westerlies and Monsoons: 
Impacts of Climate Change and Variability on Dryland 
Environments, Hydrogeology and People; and RWDI Air 
Inc., Guelph, Ontario, Canada. 
 

Meeting Organisers: 
Meeting Conveners: William G. Nickling, University of 
Guelph; John A. Gillies, and Nicholas Lancaster, Desert 
Research Institute 
 

Program and Planning Committee: 
Mechanics of Aeolian Processes:  
C. McKenna Neuman and Z. Dong 
 
Dust Entrainment, Transport and Deposition:  
J.A. Gillies, G. McTainsh, and W.G. Nickling  
 
Dunes and Dune Systems: 
I.J. Walker, S. Wolfe, I. Livingstone 
 
Coastal Aeolian Processes:  
S. Namikas, B. Bauer, C. Houser 
 
Paleo-Aeolian Systems:  
S. Wolfe, R. Reynolds, N. Lancaster 
 
Anthropogenic Interactions with Aeolian Systems:  
V. Etyemezian, H. Kuhns, T. Zobeck 
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Modelling Dust Transport Systems:  
Y. Shao, K. Kohfeld, J.A. Gillies 
 
Modelling Sand Transport Systems:  
G.S.F. Wiggs, N. Lancaster, M. Mikami 
 
Field Trip:  
R. Davidson-Arnott.  
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Distinguished Career Award 
 

 
 

The Sixth International Conference on 
Aeolian Research recognizes the outstanding theoretical and 

empirical contributions of Dr. Dale Gillette to the study of 
sediment transport by wind. 
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Program at a Glance 

Sunday 
1500-1800h Registration will take place at Lennox/Addington 

Dormitory 
1900-2200h The University Club will be open for a welcome 

reception and registration 

Monday 
0700-0800h Breakfast (Creelman Hall) 
0730h-ongoing Registration – Rozanski Hall Concourse 
0810-0840h Conference Opening 

Session 1:  
Mechanics of Aeolian Processes I -  
Non-erodible elements and drag partitioning 
Note: Please refer to the abstracts list starting on page 17 for details of each 
paper. 

Chair: C. McKenna Neuman 
0840-0900h Remote Monitoring of Wind Erosion Levels 

J. Leys and M. Mikami 
0900-0920h A New Model for Representation of Non-erodible 

Elements in Wind Erosion Studies 
G. Okin, I. McGlynn and D.A. Gillette 

0920-0940h Modelling Flow Separation and Drag Using 
Shadow and Illumination to Estimate 
Aerodynamic Roughness  
A. Chappell and G. Heritage 

0940-1000h Sediment Entrainment to the Lee of Roughness 
Elements, Effects of Vortical Structures 
S.L.F. Sutton and C. McKenna Neuman 

1000-1020h An Examination of Shear Stress Partitioning for 
Complex Surfaces 
S. Brown and W.G. Nickling 

1040-1100h Coffee 
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Session 2:  
Mechanics of Aeolian Processes II -  
Saltation controls and features 

Chair: C. McKenna Neuman 
1100-1120h Experimental Measurement of Wind Velocity 

Fluctuation and its Effect on Particle Trajectories 
J.J. Wu, L.H. He, X.J. Zheng and Y.H. Zhou  

1120-1140h The Relative Importance of Mean and Turbulent 
Wind Parameters for Aeolian Sediment Transport 
C. Weaver and G. Wiggs 

1140-1200h Results from Some Recent Blowing Snow  
Field Studies 
S. Savelyev, P. Taylor and M. Gordon 

1200-1220h Aeolian Sand Transport by Boundary  
Layer Turbulence 
A. Baas 

1220-1240h Effect of Soil Water on Saltation Process 
Observed in China and Australia 
M. Ishizuka, M. Mikami, F.J. Zeng, J. Leys, Y. Yamada  
and S. Heidenreich 

1240-1350h Lunch 

1350-1520h Poster Presentations for Mechanics of Aeolian 
Processes and Dunes and Dune Systems  
 

Session 3: Dunes and Dune Systems 
Chair: I. Walker 

1520-1540h The Fundamental Role of Aerodynamics in the 
Creation of Sand Dunes 
S. Alhajraf, A. Alenezi, W. Al-Nassar, A. Ramadan, J. Ljubic  
and G. Joseph 

1540-1600h On the Patterns and Geomorphological 
Significance of Airflow Between  
Transverse Dunes 
M. Baddock, I. Livingstone and G. Wiggs 

1600-1620h Field Evidence for Surface-wave-induced 
Instability of Barchan Dunes: Waves on Dunes 
vs. Dunes as Waves 
H. Elbelrhiti, P. Claudin and B. Andreotti 
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1620-1640h Dune Field Pattern Interpretation and 
Applications of Pattern Analysis 
R. Ewing and G. Kocurek 

1640-1700h Meteorological Controls on Aeolian Processes 
and Dune Morphology in a Polar Desert:  
Victoria Valley, Antarctica 
J. Speirs, H. McGowan and D. Neil 

1700-1720h Simple Model for the Hysteresis of Sand  
Dunes Mobility 
H. Yizhaq, Y. Ashkenazy and H. Tsoar 

Tuesday 
0700-0800h Breakfast (Creelman Hall) 
0800h Registration – Rozanski Hall Concourse 
0830-0840h Opening Remarks 

Session 4: Modelling Sand Transport Systems 
Chair: G. Wiggs 

0840-0900h Mechanisms, Time and Length Scales:  
A Physicist Point of View on Dunes 
Morphodynamics 
P. Claudin 

0900-0920h System Dynamics Modeling of Dunefield 
Activation and Stabilization 
K. Fernald and T. Gill 

0920-0940h Cellular Automation Simulation of Dune Field 
Evolution in Vegetated Aeolian Environments 
J. Nield and A. Baas 

0940-1000h Fine-scale simulations of aeolian sediment 
dispersion in a small area in the northern 
Chihuahuan Desert 
G. Bowker, D. Gillette, G. Bergametti, B. Marticorena and D. Heist 

1000-1020h A Study on the Similarity of Heterogeneous 
Saltation 
Y. Shao 

1020-1100h Coffee 
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Session 5: Paleo Aeolian Systems 
Chair: S. Wolfe 

1100-1120h The Barrier Dunes of the Southern Cape,  
South Africa: Evidence of Long-Term  
Marine-Terresterial Sediment Recycling 
M.D. Bateman, A.S. Carr and P.J. Holmes 

1120-1140h The Age and Migration of a Large Linear Dune in 
the Namib Sand Sea 
N. Lancaster, C. Bristow and G. Duller  

1140-1200h Reconstruction of Lateglacial and Holocene 
Dune Development in Central Europe Using 
Optically Stimulated Luminescence (OSL) dating 
A. Hilgers 

1200-1220h Late Wisconsinan and Holocene Dunefield 
Formation and Evolution on the Northern Great 
Plains, Canada 
S. Wolfe 

1220-1240h A 25,000 Year Record of the Position and 
Strength of the Australian Southeast Dust 
Transport Pathways 
L. Petherick, H. McGowan, B. Kamber 

1240-1350h Lunch 
1350-1520h Poster Presentations for Modelling Sand Transport 

Systems, Paleo Aeolian Systems and Coastal 
Aeolian Processes  

Session 6: Coastal Aeolian Systems 
Chair: S. Namikas 

1520-1540h Event Identification in Aeolian Saltation 
J. Ellis and D. Sherman 

1540-1600h Wind Flow Over Intertidal Bar-trough Beach 
Topography: Preliminary Results from  
CUP Anemometry 
E. Anthony, S. Vanhée and M. Ruz 

1600-1620h Wind Flow and Aeolian Sediment Transport 
Across a Beach-foredune System During a  
Fall Storm, Greenwich Dunes,  
Prince Edward Island, Canada  
I. Walker, P. Hesp, S. Namikas, B. Bauer, R. Davidson-Arnott  
and J. Ollerhead 
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1620-1640h Foredune Sediment Supply During Offshore 
Winds on a Leeside Coast 
K. Lynch, D.W.T. Jackson and J.A.G. Cooper 

1640-1700h Differences in Sand Supply to Coastal 
Foredunes: The Case of the Bevano River Mouth 
Natural Reserve, Ravenna (Italy) 
L. Caruso 

1700-1720h Characteristics and Genesis of Holocene Coastal 
Dune Complexes along the Eastern Shore of 
Lake Michigan 
E. Hansen, W. Loope, A. Arbogast and T. Thompson 

1745-1930h Tour of RWDI Air Inc. Guelph, ON –  
Wind Tunnel Facilities 

Wednesday 
0645-0745h Breakfast (Creelman Hall) 
0800-1630h Field Trip - A Taste of Niagara  

 (Led by Dr. R. Davidson-Arnott) 

1800-2200h Barbeque (Conservatory and Gardens) 

Thursday 
0700-0800h Breakfast (Creelman Hall) 
0830-0840h Opening Remarks 

Session 7:  
Dust Entrainment, Transport and Deposition I 

Chair: J. Gillies 
0840-0905h A Tribute to Dale A. Gillette 

B. Marticorena 
0905-0925h Wind Erosion Process from Anthropogenic 

Source Area – A Preliminary Result of JADE 
IOP1, 2006 
M. Mikami, J. Leys, S. Heidenreich, M. Ishizuka,  
Y. Yamada and Y. Shao 

0925-0945h Vertical PM10 Dust Concentrations Measured in a 
Regional Dust Event Identified by MODIS Terra, 
Western Queensland, Australia 
H. McGowan and A. Clark 
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0945-1005h Reduction of Dust Entrainment by Aerosol 
Radiative Forcing: Modeling and Observations 
R. Miller and J. Perlwitz 

1005-1025h Impacts of Wind Erosion on the Distribution of 
Soil Nutrients in Desert Grasslands 
J. Li, G. Okin, L. Hartman and H. Epstein 

1025-1100h Coffee 

Session 8:  
Dust Entrainment, Transport and Deposition II 

Chair: J. Gillies 
1100-1120h Deflation in the Dustiest Place on Earth:  

The Bodélé Depression, Chad  
C. Bristow, N. Drake and S. Armitage 

1120-1140h Wind Erosion and Dust Emission Modelling of 
Rangelands 
L. Brown 

1140-1200h Erodibility Effects of Soil Crusts on Playa in the 
Channel Country, South West Queensland, 
Australia 
C. Strong, G. McTainsh and J. Leys 

1200-1220h Dust Emission from Playas of the Mojave Desert, 
USA: Importance and Variability of Evaporite 
Dust Sources of Wet Playas 
J. Yount, R. Reynolds, M. Reheis, H. Goldstein, P. Chavez Jr. and 
R. Fulton 

1220-1240h Understanding Dust Emission Response to 
Climate in the Southern Hemisphere 
R. Bryant 

1240-1350h Lunch 

1350-1520h Poster Presentations for Dust Entrainment, 
Transport and Deposition & Modelling Dust 
Transport Systems  

Session 9: Modelling Dust Transport Systems 
Chair: Y. Shao 

1520-1540h Testing the Importance of Sandblasting for Dust 
Emission in the Bodélé Depression, Chad 
A. O’Donoghue, A. Chappell and C. Bristow 

1540-1600h Sensitivity of Global Dust Simulations to 
Emission Parametrization in a GCM 
S. Woodward 
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1600-1620h A Model for the Diurnal Evolution of Profiles of 
Dust in the Lower Atmosphere of Mars 
P. Taylor, P-Y Li and W. Weng 

1620-1640h Regional Modeling of Saharan Dust Aerosol: 
Emission, Transport and Radiative Impact 
I. Tegen, B. Heinold and J. Helmert 

1640-1700h Quantitative Prediction of Asian Dust Storms 
Using an Integrated Dust Storm  
Prediction System 
L. Zhao, J. Sun and Y. Shao 

1700-1720h Satellite Enhanced Dust Source Detection in 
Afghanistan and Pakistan (2001-2006) 
A. Walker, S. Miller, K. Richardson, D. Westphal and M. Liu 

1830-1930h Reception, Creelman Hall (cash bar) 
1930-2130h Banquet, Creelman Hall 

Presentation:  Career Award to D.A. Gillette 
Presentation:  Publication Trends in Aeolian 
Research: An Analysis of the Bibliography of 
Aeolian Research  
J. Stout, A. Warren and T.E. Gill 

Friday 
0700-0800h Breakfast (Creelman Hall) 
0830-0840h Opening Remarks 

Session 10:  
Anthropogenic Interactions with Aeolian Systems I 

Chair: V. Etyemezian 
0840-0900h Wind Tunnel Experiments on the Effects of 

Tillage Ridges Features on Wind Erosion 
Horizontal Fluxes 
M. Kardous, G. Bergametti and B. Marticorena 

0900-0920h Evaluating the Efficacy of a Wood-Strand 
Material for Wind Erosion Mitigation and Air 
Quality Protection 
N. Copeland, B. Sharratt, J. Wu, R. Foltz and J. Dooley 

0920-0940h Applying Aeolian Transport Concepts to Fugitive 
Dust Assessments 
J.W. Boulton, M. Lepage, M. Jordan and J.J. Alberico 

0940-1000h The Erodibility of Desert Soils and the Influence 
of Biological Soil Crusts on Wind Erosion 
J. Belnap, S.L. Phillips and A. Atchley 
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1000-1020h A Field Study of Aeolian Activity in Burned 
Semiarid Grassland 
J. Stout 

1020-1100h Coffee 

Session 11:  
Anthropogenic Interactions with Aeolian Systems II 

Chair: V. Eyemezian 
1100-1120h Desert Landforms as Natural and Anthropogenic 

Dust Sources 
M. Sweeney, V. Etyemezian and E. McDonald 

1120-1140h Dusty Footprints: Anthropogenic Impacts on 
Wind Erosion in a Semiarid Forest 
J. Whicker, J. Pinder and D. Breshears 

1140-1200h Aeolian System Responses to Global Change: 
Challenges of Scale, Process and Temporal 
Integration 
G. Wiggs and D. Thomas 

1200-1220h Potential health hazards and dosages of  
gamma-emitting radionuclides and heavy metals 
associated with contaminated dusts in Amman 
and Levant, Jordan 
H. Al Dwaikat, I. Foster and N. Al Hunjul 

1220-1240h Predicting the Effect of Tilling Practices on Wind 
Erosion Activity: Application of WEPS in a  
drift-sand area in the Netherlands 
M. Riksen and S. Faye-Visser 

1240-1350h Lunch 
1350-1500h Poster Presentations for Anthropogenic 

Interactions with Aeolian Systems  
1500-1600h Conference Panel Discussion and planning session 

for ICAR VI 
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Session 1:  
Mechanics of Aeolian Processes I 
Non-erodible elements and drag partitioning 
 

Remote Monitoring of Wind Erosion Levels 

John Leys1 and Masao Mikami2 

1.   Centre for Natural Resources, Department of Infrastructure, Planning and Natural 
Resources, Australia   

2.   Meteorological Research Institute, Japan Meteorological Agency, Japan  
 
The measurement and monitoring of erosion levels is a difficult task.  
Due to the sporadic nature of wind erosion, it is necessary to monitor for 
a long period of time to capture erosion events.  Sand and dust traps are 
most commonly used for this task.  The difficulty with this approach is 
that the traps need to be emptied at the end of each event and the 
samples returned to the laboratory for weighing and analysis.  Trap data 
also lacks the high temporal resolution that is required for process 
studies. 
 
In recent years there has been a move towards real-time monitoring 
using a range of electronic devices with different underlying methods to 
measure the products of erosion (sand and dust). This study compares 
three of those devices (a PM10 monitor, a sand particle counter and a 
piezoelectric cell) against an array of sand traps (wind vane samplers) 
and a near iso-kinetic array of duxst traps in the field.  The piezoelectric 
cell, the particle counter and the static sand trap are also compared 
using a portable wind tunnel at the same field site. 
 
Results indicate that for short erosion events (less than 30 minutes), 
good relationships exist between the traps and the electronic sensors.  
As the monitoring period increases (e.g. 24 hours), the relationships 
have greater uncertainty.  We suggest that this is because the surface is 
continuing to evolve as erosion takes place and thereby changing the 
particle size of the eroding material, which in turn affects the 
measurement of the electronic sensors. 

Session 1: Mechanics of Aeolian Processes I 
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A New Model for Representation of Non-erodible 
Elements in Wind Erosion Studies 

Gregory Okin1, Ian McGlynn1 and Dale Gillette2 

1.  Department of Environmental Sciences, University of Virginia, Charlottesville,  
VA, USA 

2.  Air Resources Laboratory, Atmospheric Sciences Modeling Division, National Oceanic 
and Atmospheric Administration, Research Triangle Pk., NC, USA 

 
Non-erodible roughness elements, principally wind-immobile clasts and 
vegetation, are known to impact strongly the erosion of soil by the wind. 
For more than three decades, lateral cover has been used as the main 
parameter to represent non-erodible elements in aeolian research  
(e.g., Marshall, 1971), and for more than a decade lateral cover has 
been the primary variable representing the amount of vegetation in 
shear-stress partitioning models (e.g., Raupach, 1992). Although lateral 
cover provides a simple means for representing how much vegetation is 
in an area, it is not capable of characterizing how vegetation is 
distributed.  Recent results from field observations suggest that 
horizontal flux can be strongly dependent on vegetation distribution  
(e.g., Okin and Gillette, 2001; Gillette et al., 2006).  A new,  
non-equilibrium model for the representation of non-erodible roughness 
elements is presented that uses the size distribution of erodible gaps 
between non-erodible elements to characterize the ratio of the maximum 
shear stress to the average shear stress at the surface. Specifically, the 
m-parameter from a popular shear stress partitioning model (Raupach et 
al., 1993) is modified to be dependent on gap size using data from wind 
fence studies. This model successfully reproduces patterns of horizontal 
flux observed in field studies and is capable of explaining the high flux 
observed in landscapes with heterogeneous vegetation (including 
streets).  Results from the new model also provide an important 
landscape-based interpretation of the m-parameter and an explanation 
for the wide range of values reported for this parameter in the literature. 
 
 

Session 1: Mechanics of Aeolian Processes I 
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Modelling Flow Separation and Drag Using  
Shadow and Illumination to Estimate  
Aerodynamic Roughness 

Adrian Chappell and George Heritage 
Centre for Environmental Systems Analysis, School of Environment and Life Sciences, 
University of Salford, Manchester, UK 
 
Fundamental to the behaviour of fluid flow and sediment transport is the 
turbulent transfer of momentum from the fluid to the bed. The parameter 
z0 characterizes the loss of wind momentum attributable to the 
roughness elements and it integrates the effect of the roughness 
elements. It is inherently inaccurate when measured in the field over 
heterogeneous surfaces because of anisotropy and the unknown extent 
of the contributing area and thus it is very difficult to apply across 
multiple scales. Alternative approaches for estimating aerodynamic 
roughness using drag partition and effective sheltering are also difficult to 
apply to the field and across scales despite a need for aerodynamic 
roughness in wind erosion models and atmospheric mineral dust models. 
 
We present a straightforward single framework for the analytic treatment 
of drag as a radical alternative to drag partition. Illumination of an 
obstructed surface creates shadows which approximate the area/volume 
of flow separation behind an obstacle. Conversely, illuminated points 
above a plane surface are those that create drag. The key to unlocking 
this ray-casting methodology is explained in the paper using the 
relationship between the vectors of wind and illumination. The results are 
validated against Dong et al. (Geomorphology 43 (1-2), 17-31, 2002) 
wind tunnel study of spheroid gravel elements by computer simulation of 
the surface roughness configurations. The methodology is believed to 
offer a unified estimate of drag for computational fluid dynamics, where 
current approximations are simplistic, and to be highly suitable for 
estimation using reflectance and for remote sensing of fluid flow 
resistance. 
 
 

Session 1: Mechanics of Aeolian Processes I 
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Sediment Entrainment to the Lee of Roughness 
Elements, Effects of Vortical Structures 
 
Stephen L.F. Sutton and Cheryl McKenna Neuman 
Department of Geography, Trent University, Peterborough, Ontario, Canada 
 
This paper investigates the role of vortical structures, shed by roughness 
elements, in the initiation of sediment transport by both fluid and impact 
stresses.  Patterns of particle entrainment by fluid stress only were 
observed in wind tunnel studies employing narrow, spanwise (cross-flow) 
strips of sediment (250 micron sand) which minimized dislodgement by 
particle impact.  Composite images from a number of independent runs 
clearly illustrate bed areas where surface shear stress is below, equal, or 
greater than the fluid threshold in the vicinity of the roughness elements.  
The results show that elevated shear stress, in the vicinity of both 
horseshoe and paired counter rotating vortices, allows entrainment to 
occur at wind speeds otherwise insufficient for entrainment on a smooth 
bed.  Impact entrainment was observed using the same methodology, 
with the addition of saltating grains supplied by an upwind particle feed.  
Under these conditions, the role of the vortices is strongly reduced owing 
to grain borne momentum delivery.  Sand tails are observed to develop 
leeward of the roughness elements, as compared to the clean air 
experiments in which they did not form as the surface eroded. 
 

Session 1: Mechanics of Aeolian Processes I 
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An Examination of Shear Stress Partitioning for 
Complex Surfaces 
 
Shannon Brown and W.G. Nickling 
Wind Erosion Laboratory, Department of Geography, University of Guelph,  
Guelph, ON, Canada 
 
Surface roughness aids to ameliorate wind erosion by extracting a 
portion of the wind’s momentum and reducing the quantity of stress on 
the surface.  The goal of this research is to evaluate the effect of different 
spatial arrangements of surface roughness on the partition of drag forces 
and distribution of stress at the surface.  New drag balance 
instrumentation was used in a wind tunnel to independently and 
simultaneously measure the drag on arrays of roughness elements and 
the drag on the intervening surface.  Irwin sensors recorded point 
measurements of surface shear stress within the arrays.  Roughness 
arrays consisted of film canisters in four different spatial arrangements at 
four roughness densities. 
 
Results from the tiered force balance and Irwin sensors indicate that the 
roughness configuration has little impact on the average (R) and 
maximum (R") drag partition.  The protection of the surface increased 
with roughness density regardless of the roughness arrangement.  Point 
measurements of shear stress revealed that the roughness configuration 
had a small impact on the distribution of shear stress at the surface, and 
that a consistent relationship between the maximum and average shear 
stress existed.  Drag partition measurements were compared to the 
ratios predicted by the Raupach et al. (1993) model and a good degree 
of agreement was found for all configurations when using measured 
values of the β and m parameter. 
 
 

 

Session 1: Mechanics of Aeolian Processes I 
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Session 2:  
Mechanics of Aeolian Processes II 
Saltation controls and features 
 

Experimental Measurement of Wind Velocity 
Fluctuation and its Effect on Particle Trajectories 
 
Jian Jun Wu, Li Hong He, Xiao Jing Zheng and You He Zhou 
Key Laboratory of Mechanics on Western Disaster and Environment, Ministry of Education, 
China; Department of Mechanics, Lanzhou University, Lanzhou, China 
 
Wind forces are required in both the initiation and the sustained process 
of sand transport over a loose dry surface.  The wind pattern plays an 
important role in the entrainment of sand particles and transportation. It 
has already been acknowledged that the wind velocity, especially in the 
boundary layer, continuously fluctuates due to the complexity of the wind 
force.  Therefore, in this paper an experimental test and a program to 
empirically describe the fluctuating velocity of the wind in the horizontal 
direction are reported.  The experimental data for the wind velocity 
fluctuation as a function of height and time for naturally mixed sands was 
measured with a wind profiler in a field wind tunnel.  On the basis of the 
experimental data, an empirical formula for the fluctuating velocity of the 
wind with saltation is obtained.  After that, the influences of the wind 
velocity fluctuation are simulated on the particle trajectories. It is shown 
that the fluctuating velocity of the wind has a greater influence on the 
trajectories of the particles with a smaller diameter.  The trajectory forms 
of the smaller sand particles, computed from the fluctuating velocity, 
might be in smoothing parabola forms, continuous saltation or even 
suspension, which are obviously different from those computed from the 
average velocity of the wind.  For the particles with a larger diameter all 
the trajectories are similar, with smoothing parabola forms for both 
velocity fluctuation and the average velocity of the wind. 
 

Session 2: Mechanics of Aeolian Processes II 
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The Relative Importance of Mean and Turbulent 
Wind Parameters for Aeolian Sediment Transport 
 
Corinne Weaver and Giles Wiggs 
Oxford University Centre for the Environment, University of Oxford, Oxfordshire, UK 
 
Most predictive sand transport equations are founded on cubic power 
relationships with shear velocity (u*) that are time independent.  
However, recent attention has focused on sand transport by temporally 
varying winds that induce unsteady or discontinuous saltation. We 
explore the role that turbulence and high frequency turbulent structures 
may play in sediment transport systems and question our reliance on 
time averaged flow parameters in sediment transport prediction. 
 
The relative importance of differing mean and turbulent wind parameters 
on sediment flux was examined in the Skeleton Coast, Namibia. 
Synchronous measurements of wind velocity, using sonic anemometers, 
and horizontal sand transport, using saltation impact sensors (Safires), 
were made at a sampling frequency of 10 Hz.  Mean wind parameters 
and mass sand flux were measured using cup anemometers and  
wedge-shaped sand traps. Traditional mean measures of flow including 
horizontal windspeed and u* were compared to key measures of 
turbulence and turbulent stress (Reynolds stress, uw; instantaneous 
horizontal and vertical fluctuations, u’ and w’; coherent flow structures 
defined from quadrant analysis) with respect to their association with 
sediment flux. Results demonstrated that u* and Reynolds shear stress 
failed to adequately characterize sand transport dynamics, particularly as 
the averaging time decreased. However, horizontal wind speed 
correlated well with sand transport even with short averaging times.  
Quadrant analysis revealed that turbulent events with a positive u’ 
component (sweeps and outward interactions) were responsible for the 
majority of sand transport.  In contrast, despite ejections occurring with a 
similar frequency to sweeps, they resulted in little sand transport. 
 

Session 2: Mechanics of Aeolian Processes II 
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Results from Some Recent Blowing Snow  
Field Studies 
 
Sergiy Savelyev, Peter Taylor and Mark Gordon 
Earth and Space Science, York University, Toronto, Ontario, Canada 
 
Between mid January and early May 2004, during the CASES (Canadian 
Arctic Shelf Exchange Study) 03/04 expedition, we conducted a field 
project in which we deployed blowing snow particle counters, visibility 
sensors, a FlowCapt device, snow bags, an electric field meter and other 
instruments related to the observation of drifting and blowing snow on 
first year ice in Franklin Bay, NWT, Canada. Similar studies were carried 
out near Churchill, Manitoba in winter 04/05 and in winter 05/06 we made 
measurements at Churchill and Portage, Manitoba, and near Egbert, 
Ontario. A summary of the results from these studies will be presented. 
  
 

Session 2: Mechanics of Aeolian Processes II 
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Aeolian Sand Transport by Boundary  
Layer Turbulence 
 
Andreas Baas 
Department of Geography, King's College London, University of London, UK 
 
The erratic and intermittent nature of wind-driven sand transport 
challenges our current transport models, which lack physical 
mechanisms for explaining and taking into account this spatio-temporal 
variability. 
 
This paper presents a collective overview of results from investigations 
into the nature of spatio-temporal variability in sand transport generally, 
and the formation and behaviour of aeolian streamers specifically. This 
includes three principal studies. First, the results of field investigations 
into the formation and behaviour of aeolian streamers in coastal and 
desert environments, where spatio-temporal transport variability and 
associated turbulence characteristics were assessed with an extensive 
instrument array. Streamers were measured with a transverse array of 
Safires, while the wind field and associated turbulent structures were 
monitored with cup-anemometry and a rake of hot-film probes. Second, 
these field data were used to assess the statistical trends in transport 
variability as a function of spanwise scale of measurement and the 
temporal scale of time-averaging transport rates. Third, spectral wavelet 
analysis of high-frequency collocated wind speed (hot-film probes) and 
transport flux (Safires) time-series revealed distinct forcing-response 
regimes at different temporal scales. The transitions between these 
regimes and their ranges compare favourably with physically meaningful 
scales, such as the minimum temporal scale of saltation response to 
wind speed fluctuations, and the integral time-scale of the observed 
internal boundary layer turbulence dynamics. 
 
The paper concludes with a tentative conceptual framework that 
attempts to integrate the results and insights from these studies towards 
an improved understanding of aeolian sediment transport processes. 
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Effect of Soil Water on Saltation Process Observed 
in China and Australia 
 
Masahide Ishizuka1, Masao Mikami2, FanJiang Zeng3,  
John Leys4, Yutaka Yamada5 and Stephan Heidenreich6 

1.   Department of Safety Systems Construction Engineering, Kagawa University, Japan  
2.   Meteorological Research Institute, Japan Meteorological Agency, Japan  
3.   Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, China  
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Resources, Australia   
5.   Rapid Engineering Team, The Institute of Physical and Chemical Research  

(RIKEN), Japan  
6.   Centre for Natural Resources, Department of Infrastructure, Planning and Natural 

Resources, Australia   
 
We measured soil water content and the saltation process at a Gobi site 
in the Taklimakan Desert in China during ADEC IOPs1-2 and at a 
cultivated land site in Australia during JADE IOP1. The measurements at 
both sites suggest that (1) saltation mass flux q is soil water-dependent, 
(2) a simple relationship exists between saltation mass flux and wind 
speed, and (3) saltation particle size spectrum changed from dry to wet 
conditions.  
 
For the Gobi site, we found the following detail results; 1) a simple 
relationship exists between q and wind speed u and threshold wind 
speed ut(θ). The ut(θ) in wet conditions (θ = 0.009 m3/m3) was estimated 
to be 9.5 m/s at a height of 3.8 m. The q˜ in wet conditions was smaller 
than that in dry conditions for the particles of 69-203 μm in diameter. 
However, for 38 and 54 μm particles, the q˜ did not change in both dry 
and wet conditions.  
 
For the cultivated land site, the soil water content in dry condition (0.014 
m3/m3) was higher than that at the Gobi site (less than 0.004 m3/m3). 
During a strong wind event after precipitation, θ increased to 0.04 m3/m3. 
These results show that differences in soil properties influence the soil 
water condition and saltation process at both sites. Further discussion is 
necessary to understand how the soil property and the size distribution 
affect the relationship between saltation and soil water content.  
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Aeolian Sand Ripples:  
Experimental Study of Fully Developed States 
 
Bruno Andreotti1, Philippe Claudin2 and Olivier Pouliquen3 
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Physique et de Chimie Industrielles, Université Paris 7, France 

2.   Laboratoire de Physique et Mécanique des Milieux Hétérogènes, École Supérieure de 
Physique et de Chimie Industrielles, CNRS, Paris, France 

3.  Institut Universitaire des Systèmes Thermiques Industriels, l’Ecole Polytechnique 
Universitaire de Marseille, France  

 
We report an experimental investigation of aeolian sand ripples, 
performed both in a wind tunnel and on stoss slopes of dunes. Starting 
from a flat bed, we can identify three regimes: appearance of an initial 
wavelength, coarsening of the pattern and finally saturation of the 
ripples. We show that both initial and final wavelengths, as well as the 
propagative speed of the ripples, are linear functions of the wind velocity. 
Investigating the evolution of an initially corrugated bed, we exhibit  
non-linear stable solutions for a finite range of wavelengths, which 
demonstrates the existence of saturation in amplitude. These results 
contradict most of the models. 
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Modelization of Sand Transport by Spheres 
Collisions on 2D and 3D Packings: 
Experimental and Numerical Results 
 
Luc Oger, Madani Ammi, Alexandre Valance and  
Djaoued Meladjine 
Groupe Matière Condensée et Matériaux, Université de Rennes 1, Rennes, France 
 
In the present paper, we focus on the problem of the collision of incident 
beads with an initially static granular packing in the context of aeolian 
saltation transport. We characterized in particular how the energy of a 
grain in saltation is redistributed through the packing and to the ejected 
grains (i.e. "Splash function"). We investigate the collision process for the 
case where the incident bead and those from the packing have identical 
mechanical properties, but different sizes. We analyze the features of the 
collision process (rebound velocity, number of ejecta, ejection speed) 
versus the speed and angle of the impacting beads. We present 
experimental and numerical results and they are in good agreements. 
 
For the experiments, we used PVC or polypropylene beads of 6 mm or 
12 mm diameter. The incident particle and those of the packing are 
made with the same matter. The beads of packing were displayed 
randomly in a box of dimension 42 x 42 x 23 cm. An air gun has been 
designed to propel a single bead onto the packing. By varying the 
pressure, one can adjust the incident speed of the bead. The air gun can 
move to vary the incident angle from 0 - 90º. The collision process is 
recorded via two fast cameras to extract three dimensional trajectories.   
For the simulations, we used a molecular dynamics method (soft 
Discrete Element Method) with a static packing of 20,000 particles (2D) 
or 30,000 particles (3D). In the 2D case, we investigated the problem of 
multiple impacts. 
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Shear Stress with a Blowing Sand Cloud:  
A Wind Tunnel Investigation 
 
Zhibao Dong, Hongtao Wang, Xiaoping Liu & Xunming Wang 
Key Laboratory of Desert and Desertification, Cold and Arid Regions Environmental and 
Engineering Research Institute, Chinese Academy of Sciences, Lanzhou University, 
Lanzhao, Gansu, P.R. China 
 
In a blowing sand cloud, the wind provides the driving forces for the sand 
particle movement, while the moving sands exert the opposite forces to 
the wind by extracting its momentum. The opposite forces that can be 
characterized by shear stress result in the re-adaptation of wind profile. 
Detailed results on the shear stress with a blowing sand cloud, with 
different grain size and at different free-stream wind velocity, were 
obtained by measuring the wind profiles adapted to blown sand 
movement in a wind tunnel.  
 
Results suggest that the wind profile with a blowing sand cloud assumes 
an upward convex curve on the u -ln (z) plot compared with the straight 
line characterizing a clean wind profile. The wind profile with a blowing 
sand cloud can be better fitted by a power function than a log-linear 
function. The exponent of the power function, ranging from 0.1 to 0.17, 
tends to increase with an increase in wind velocity but decrease with an 
increase in sand grain size. Force per unit volume exerted by the blown 
sand drift on the wind decreases with height. The presence of particle-
induced force makes total shear stress with a blowing sand cloud 
partition into air-borne stress that results from the wind velocity gradient 
and grain-borne stress that results from the upward or downward 
movement of sand particles. Grain-borne stress decreases with height. 
When total shear stress is assumed to be a constant throughout the 
blowing sand cloud layer and equal the air-borne stress at the layer 
where the grain-borne stress approaches zero, the air-borne stress is 
found to increase with height. Air-borne shear stress at the top of 
saltation layer increases with both wind velocity and grain size, implying 
that it increases with sand transport rate for a given grain size. The shear 
stress with a blowing sand cloud is also closely related to the sand 
transport rate. The total shear stress is linearly related to the grain-borne 
stress at the top of sand grain. Both the total shear stress and  
grain-borne stress on the grain top is directly proportional to the square 
root of sand transport rate. Thus, the effect of moving particles on the 
airflow must be considered in modelling blown sand movement. With 
sand movement, a boundary layer with a blowing sand cloud is not a 
constant shear layer. 
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Expressing Sand Supply Limitation Using a 
Modified Owen Saltation Equation 

 
Dale Gillette1 and Duane Ono2 

1.  Air Resources Laboratory, Atmospheric Sciences Modeling Division, National Oceanic 
and Atmospheric Administration, Research Triangle Pk., NC, USA 

2.  Great Basin Unified Air Pollution Control District, Bishop, CA, USA 
 
According to the theory of P. R. Owen, the horizontal mass flux of 
saltating uniform particles is equal to a coefficient AO times a function 
using three parameters: friction velocity, threshold friction velocity, and 
the ratio of air density to the acceleration of gravity.  We modified Owen’s 
expression for AO using data of Bagnold (1941).  Comparison of results 
from the modified Owen equation with measurements from three 
independent data sets showed agreement.  We also experimentally 
measured the ratio of the horizontal flux of saltating particles to Owen’s 
function and called the ratio A: a quantity to be compared with AO. 
Values of A were found for cases when the surface properties of the soil 
were changing from a more aggregated state to a looser state and  
vice-versa.  We also found values for A for differing soil textures.  Larger 
A values were associated with looser surface-soil conditions, with an 
abundant supply of particles available for unlimited saltation.  These 
surface-soils were usually sandy soils.  Smaller A values were 
associated with finer surface-soils, especially soils that were partially 
aggregated or fully crusted.   These soils were usually finer-textured soils 
containing more silt and clay.   For small values of A we claim that the 
surface is supply limited that is, sand particles available for entrainment 
are limited.  Values for A in the modified Owen equation can be used to 
(1) characterize the efficiency of the wind to move sand by saltation for 
different soil textures and aggregations, and (2) to make practical 
predictions of sand movement based on the condition of the surface soil.       
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A Camera System for Determination of the Size, 
Number, and Velocity of Blowing Snow Particles 
 
Mark Gordon, Sergiy Savelyev and Peter Taylor 
Earth and Space Science, York University, Toronto, Ontario, Canada 
 
A novel camera system has been developed to measure the size, 
number density, and velocity of blowing snow particles.  A CMOS digital 
camera has been automated to record the shadows of blowing snow 
particles as they pass before a collimated LED.  The system has been 
tested in the laboratory using a wind tunnel and plastic particles, and has 
been used in the field during blowing snow studies at Churchill, Manitoba 
and at the Centre for Atmospheric Research Experiments in Southern 
Ontario. 
 
Field measurements have been compared to concurrent measurements 
made using particle counters (based on a design of Brown and Pomeroy) 
and a FlowCapt driftometer (of IAV engineering).  The camera system 
has proven effective for the measurement of airborne particles with 
diameters ranging from approximately 50 to 700 microns. 
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Aeolian Particle Transport as a Function of 
Spacecraft Design: an Experimental Study of 
Potential Forward Contamination 
 
Mark F. Abel1, Daniel J. Foley1, Lynn D.V. Neakrase1, 
Ronald Greeley1 and Parthasarathy Shakkottai2  
1.  Arizona State University, Dept. Geological Sciences, Tempe,AZ, USA 
2.  Jet Propulsion Laboratory, Pasadena, CA 
 
Spacecraft deployed to other planetary bodies have the potential for 
forward contamination, in which terrestrial materials are implanted on an 
object of exploration, even after sterilization.  Such contamination has 
the potential to introduce artifacts into measurements made from the 
spacecraft, thus jeopardizing mission goals. To mitigate this potential 
problem, an investigation at JPL is developing computational models of 
particle transport by wind from spacecraft on Mars to predict 
contamination zones around a lander where measurements should be 
avoided. Wind tunnel experiments at ASU were used to supplement 
computational models simulating forward contamination of microbial 
material investigating particle pattern flow, depositional zones, saltation 
effects, and predicted transport thresholds. Flow patterns for sand 
exhibited distinct patterns on the model for different orientations. The 
flow around the model revealed wind flow impacting on the stoss side, 
reversing, and redirecting into the streamlines around the model. 
Regardless of orientation, similar mass distribution zones existed 
leeward of the model.  The majority of transport particles were 
concentrated ~15 cm leeward of the model.  Deposition of the sand 
varied with velocity, as did leeward deposition of the wind-entrained 
particles. Average threshold velocity values for silicate dust were  
~5.6 m/s whereas lower-density crushed walnut shells (organic) were 
~3.0 m/s. Evidenced by the dust clearing event of the Mars Exploration 
Rover mission, aeolian processes can and do transport particles from 
spacecraft (Greeley et al., JGR, 110, E06002, 2005).  With future  
life-detecting rovers to be implemented, such as the Mars Science 
Laboratory, understanding the potential transport of microbial material 
will be crucial for optimal scientific return. 
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Dust Devils on Earth and Mars: Extension of 
Particle Threshold Laboratory Simulations  
 
Lynn D. V. Neakrase1, Ronald Greeley1, Frederick L. Haan, Jr2, 
Partha Sarkar2, James D. Iversen2, Matthew R. Balme3  
and Eric E. Eddlemon4 

1.  Department of Geological Sciences, Arizona State University, Tempe, AZ, USA 
2.  Department Aerospace Engineering, Iowa State University, Ames, IA, USA 
3.  Department of Earth Sciences, Open University, Kilton Keynes, UK 
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 USA 
 
Dust devils are proposed as effective mechanisms for lofting large 
quantities of dust into the Martian atmosphere.  Previous work  
(Greeley et al., J. Geophys. Res., 108(E5), 5041, 2003) showed that 
vortices entrain dust more easily than simple boundary layer winds, but 
previous studies were limited to small vortices (0.01-0.10 m in diameter) 
using the Arizona State University Vortex Generator (ASUVG).  Utilizing 
the facility at Iowa State University, the Tornado/Microburst Simulator 
(ISUTMS) (Sarkar et al., 10th Am. Conf. on Wind Eng.,2005), allowed 
the study of larger vortex sizes (0.60-1.20 m in diameter). Natural dust 
devils on Earth range from 1 to ≥ 100 m in diameter in extreme cases 
(Sinclair, PhD, 1966), whereas on Mars dust devils are much larger  
(<10 to >1000 m in diameter) (Metzger et al., GRL, 26(18), 2781-2784, 
1999; Fisher et al., JGR 10.1029/2003JE002165, 2005). The goal of this 
study was to examine vortex particle threshold for ~125 µm silica for a 
range of larger sizes than the ASUVG using the ISUTMS and to apply 
the results to scaling aspects of terrestrial and martian dust devils. The 
preliminary data show better-constrained values of threshold for the 
ISUTMS system. Threshold values for the ISUTMS also display values 
that are lower than those published in Greeley et al. (2003), possibly due 
to the instability (wander) of the ASU vortices.  ASUVG threshold is 
attained at two distinct points: "continuous threshold" where entrainment 
is more or less constant over time and "intermittent" which coincides with 
initial movement of particles on the test surface, which makes it a more 
likely analog to threshold determined with the ISUTMS. Continuous 
threshold might be prohibited until higher velocities are attained, 
potentially skewing the determination of the true threshold velocities for 
the ASUVG. 
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Fundamental Atmospheric Control of the 
Entrainment of Particles by Wind 
 
Cheryl McKenna Neuman and Steven Sanderson 
Department of Geography, Trent University, Peterborough, Ontario, Canada 
 
Over the past several decades considerable progress has been made  
in understanding and quantifying the effect of macroscopic controls on 
wind erosion.  These include, for example, sheltering by plants and  
non-erodible roughness elements, and the formation of salt and biotic 
crusts. Properties of the airstream relevant to particle entrainment have 
focused upon momentum exchange and turbulence intensity while 
fundamental atmospheric properties, inclusive of humidity and 
temperature, have received very little attention. This is surprising, since 
on a global scale, there is considerable variation in these air properties in 
regions affected by wind erosion. This paper presents some preliminary 
results from recent wind tunnel experiments which consider the effect of 
wide variation in moisture sorption potential at constant temperature. In 
these experiments, the air in the pore spaces of the test bed was flushed 
with an external source of either extra dry air or humidified air.  The 
results are compared with a re-analysis of earlier experiments at the 
same facility in which changes in sorption potential were driven entirely 
by chilling to air to below freezing temperatures. The physical basis for 
the difference in correlation observed for the two sets of experiments is 
examined and modelled. 
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Effects of Roughness Elements on Bed Level Fluid 
Flow Characteristics, A Wind Tunnel Investigation 
 
Stephen L.F. Sutton and Cheryl McKenna Neuman 
Department of Geography, Trent University, Peterborough, Ontario, Canada 
 
Roughness elements are known to influence mean bed shear stress and 
therefore particle entrainment by wind, but the spatial distribution and 
temporal fluctuation of stress directly at the bed level (< 0.002 m) has not 
been previously reported.  In a series of wind tunnel experiments, ink 
flow visualization was used to observe surface fluid flow patterns 
surrounding single and arrayed roughness elements.  The spatial 
distribution of shear stress and turbulence intensity was quantified by 
sampling bed level pressure gradients using Irwin sensors. 
 
Two vortical structures were identified: the well known horseshoe vortex 
wrapping around the windward face of the roughness element, and 
paired counter rotating vortices extending up to ~ 60 object heights 
behind the isolated element (~1.5 m for a 2.54 cm tall element).  Both 
vortical structures produce increases in the magnitude and fluctuation of 
shear stress on the bed.  Spatial patterns in the distribution of stress 
were observed to remain stable for Reynold’s numbers between 10,000 
and 18,000 for all roughness element arrangements investigated. 
 
Three different wake interactions were observed.  The first occurred 
between horseshoe vortices when close element spacing constrained full 
development of these structures.  The second arose between multiple 
paired counter rotating vortices to the lee of the roughness elements.  
The third interaction was observed when two paired counter rotating 
vortices aligned, resulting in a lifting of the inter-element jet.  
Understanding of these interactions is germane to understanding the 
initial pattern of particle entrainment by fluid drag in clean air. 
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Spatial Controls on Shear Stress Partitioning and 
Momentum Loss in Aeolian Transport 
 
Ian McGlynn and Gregory Okin 
Department of Environmental Sciences, University of Virginia, Charlottesville, VA, USA 
 
Vegetation, acting as non-erodible roughness elements, disturbs air 
stream flow, and reduces surface erodibility.  Existing wind erosion 
models represent the effect of vegetation through lateral cover and 
inhomogeneity parameters. Several assumptions inherent in shear stress 
partitioning models present difficulties in accurate characterizations of 
stress behavior in vegetated surfaces. Most models are unable to 
account for the inhomogeneous nature of vegetation distribution, and 
overestimate the prediction of dust emissions. A new model of horizontal 
dust flux is validated to incorporate possible inhomogeneous scenarios 
of spatial distributions of vegetation from probability gap spacing. 
Measurements of gap spacing, horizontal dust flux, and shear stress 
were performed in areas of different vegetation in the Chihuahuan 
Desert. High-resolution imagery and geostatistical measures were used 
to quantify the size distribution of erodible patches and vegetation cover, 
including grasses, which are typically ignored or estimated in wind 
erosions models. The implications of shear stress variations with spatial 
distribution instead of simple lateral cover in wind erosion models are 
also explored. 
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Effect of Leaf and Stalk Distributions on Sand 
Transport by Wind in Simulated Plant Canopies 
 
Lawrence Hagen 
Wind Erosion Research Unit, USDA, ARS, Manhattan, KS, USA 
 
The friction velocity above crop canopies is depleted by the presence of 
leaves and stalks.  But when crop canopies are thin, friction velocities 
near the soil surface during high winds often drive wind erosion that 
abrades the plants, uncovers roots, and depletes the soil resource.  
Several studies have investigated erosion control by standing stalks, but 
few have considered the effects of both leaves and stalks.   In this study 
we measured the threshold velocities, sand transport capacities, and 
relative kinetic energy distributions created by simulated, standing 
dicotyledonous and monocotyledonous plants with leaves in a wind 
tunnel.  Both plant heights and populations were varied during the 
experiments.  To estimate relative kinetic energy of saltating particles 
impacting the canopy, vertical profiles of soil abrasion were measured 
using sticks constructed from 3-sided electrical conduit channels filled 
with consolidated, fine sandy soil.  Experimental results showed that 
aerodynamic canopy roughness, displacement height, and threshold 
velocity varied with both plant height and population.  Interception of 
saltation by stalks and near-surface leaves decreased the sand transport 
capacity for a given soil surface friction velocity, below that of a bare 
sand surface with the same friction velocity.  Hence, canopy properties 
near the soil surface are useful to develop interception coefficients.  The 
various leaf arrangements in the simulated canopies also modified the 
relative vertical kinetic energy distributions as compared with that 
observed over the sand bed without a canopy.  Leaves positioned near 
the top of the canopy reduced overall sand surface friction velocity more 
than the same leaves positioned near the bottom of the canopy.    
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Saltation Impact Sensors 
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1. USDA-ARS Wind Erosion and Water Conservation Research Unit, Big Spring, TX, USA 
2. Wind Erosion and Water Conservation Research Unit, USDA, Agricultural Research 

Service, Lubbock, Texas, USA 
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Saltation impact sensors are used to investigate the temporal and, in 
some cases, spatial fluctuations of saltation intensity over eroding 
surfaces.  During the last two decades, impact sensors have been widely 
used to study saltation intensity and have recently been used to define 
the threshold velocity for a specific surface under varying atmospheric 
conditions.  Three types of impact sensors have been used by various 
researchers.  The Saltiphone, developed by Wim Spaan in the 
Netherlands, is a condenser microphone element with amplifier circuits 
installed in a metal tube that rotates to remain oriented into the wind.  
The Sensit was developed by Paul Stockton in the United States and is a 
ring of piezoelectric elements fit around a cylinder.  The Sensit is 
theoretically an omni-directional device that also has associated amplifier 
circuits that bolster the signal from particle impacts.  Finally, the Saltation 
Flux Impact Responder (Safire) was developed by Eugene Sabajo in the 
Netherlands and is a cylindrical device that transmits the energy from 
particle impacts through metal wires to an internal piezoelectric element 
which is also attached to internal amplifier circuits.  In spite of the  
wide-spread use of these devices by the international research 
community, little is known about how to share and compare data 
collected with the various sensors.  We initiated this investigation as  
a collaboration between the USDA-ARS Wind Erosion and Water 
Conservation Research Unit and the Erosion, Soil and Water 
Conservation Group at Wageningen University in the Netherlands to find 
the limitations of these sensors and to develop correction coefficients 
that will allow exchange of data among researchers. 
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Effect of Fire Induced Water-repellency on the 
Entrainment of Soil Particles by Wind in Arid Lands 
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The occurrence of fire and the subsequent increase in wind erosion are 
known to affect vegetation dynamics in dryland landscapes. Fires act as 
a disturbance on shrubs and trees and expose the soil surface to the 
erosive action of wind, thereby affecting the loss and redistribution of soil 
nutrients. We have investigated how a representative water repellant 
organic compound released by burning biomass and absorbed onto the 
soil grains may enhance soil erodibility. To this end, a series of wind 
tunnel experiments, laboratory tests, and theoretical analyses were 
carried out to assess the effect of fire-induced water repellency on the 
soil susceptibility to wind erosion. These analyses were repeated also 
using soils from burned and unburned fields. The results indicate that 
fire-induced water repellency enhances soil erodibility, causing a drop in 
wind erosion threshold velocity. We also investigated how these effects 
change with different atmospheric humidity regimes. The results are 
explained by the effect of water repellent compounds on soil-water 
contact angle and on the strength of interparticle wet-bonding forces.  
A theoretical framework was developed to show the effect of contact 
angle changes on interparticle forces associated with liquid bridge 
bonding between spherical particles. This study shows that one of the 
mechanisms causing the enhancement of post-fire soil erodibility and 
subsequent increase in dust emissions is associated with post-fire soil 
hydrophobicity. 
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The Development of Localized Deformation in 
Stochastic Distributed Granular Materials under 
Plane Strain Conditions 
 
You He Zhou, Dengming Wang and Xiao Jing Zheng 
Key Laboratory of Mechanics on Western Disaster and Environment of The Ministry of 
Education of China and Department of Mechanics, Lanzhou University, Lanzhou,  
Gansu, P.R. China 
 
The phenomenon of deformation localization is commonly observed in 
natural soil masses, as well as in human-built embankments and other 
geotechnical structures. In this paper, the micro-mechanism of the 
localized deformations under plane strain conditions are investigated by 
modified distinct element methods for granular materials, where the 
distributions of radii and position are stochastic and influences of 
confining pressure, initial void ratio and friction coefficient on the 
localized deformation and stability of granular materials are also 
investigated. It is concluded, based on the numerical simulation testing, 
that these features of localized deformation and evolution are influenced 
remarkably by various material parameters, or factors, such as confining 
pressure, initial void ratio, friction coefficient, etc. The two crossed shear 
sliding planes can undergo plane strain compression, and deformation 
patterns can vary with increasing transverse strain. These conclusions 
are in agreement with the present experiment results. The velocity 
profiles along the vertical directions of the two shear sliding planes are 
completely different. One profile has a fluid shear deformation pattern, 
while the other has solid shear deformation pattern. Finally, the 
influences of various material parameters, or factors, on localized 
deformation features and patterns, stability and inclinations of shear 
sliding planes in granular materials are discussed in detail. 
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A Scaling Law for Aeolian Dunes on Mars, on Earth 
and Subaqueous Ripples 
 
Philippe Claudin 
Laboratoire de Physique et Mécanique des Milieux Hétérogènes, École Supérieure de 
Physique et de Chimie Industrielles, CNRS, Paris, France 
 
The linear stability analysis of equations governing the evolution of a flat 
sand bed submitted to a shearing flow predicts that the wavelength λ at 
which the bed destabilizes to form dunes should scale with the drag 
length Ldrag = d ρs/ρf.  We tested this scaling law using measurements 
performed in water (subaqueous ripples), in air (aeolian dunes) and in 
the CO2 Martian atmosphere (martian dunes). The main difficulty is to 
determine the diameter of saltating grains on Mars. A first estimation 
comes from photographs of aeolian ripples taken by the rovers 
Opportunity and Spirit, showing grains whose diameters are smaller than 
on Earth dunes. In addition we calculate the effect of cohesion on the 
saltation threshold. It confirms that the small grains visualized by the 
rovers should be (or have been) grains experiencing saltation. Finally, 
we show that, within error bars, the scaling of λ with Ldrag holds over 
almost five decades. We conclude with a discussion on the time scales 
and velocities at which these bed instabilities develop and propagate on 
Mars. 
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Measuring saltation impact with piezoelectric and 
acoustic sensors 
 
Piet Peters1, Saskia Faye-Visser1 and R. Scott Van Pelt2 
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Saltation sensors are often used to determine the duration of a wind 
erosion event or wind blown sediment transport. Currently, three different 
types of saltation sensors exist: the Saltiphone (Eijkelkamp Agrisearch 
Equipment), an acoustic based sediment sensor, and the Sensit (Sensit 
Company) and Safire (Sabatech Smart Devices), piezoelectric based 
sensors.  The accuracy of the three types of saltation sensors was tested 
during a wind tunnel experiment.  All the sensors were tested separately 
with three different wind speeds (7.5, 10 and 15 ms-1), at two heights 
(0.05 and 0.10 m), with drift sand (median 299 µm).  Additional tests 
performed were sensitivity to noise (turbine), orientation (Sensit and 
Safire), mutual disturbance (Sensit, Safire and Saltiphone in close 
proximity) and a rainfall test. By combining the different sensors with a 
MWC catcher, sediment transport was quantified.  The sensor with the 
highest response to saltation was the Sensit. Furthermore, the Sensit 
was capable of measuring the intensity of wind blown sediment 
transport, which was reflected by higher numbers of impacts while 
increasing wind speed. The Saltiphone response to saltation was at a 
lower level compared with the Sensit. Its reaction to differences in 
intensities of wind blown sediment transport was minimal. The difference 
in response between an old and new model was remarkable. The 
response to saltation of the Safire was a fraction of the other sensors. A 
slight increase in the reaction to differences in intensities of wind blown 
mass transport was measured.  Rain splash gave a high response on 
each of the three tested sensors. 
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A Scheme for Drag Partition over Rough Surfaces 
 
Yan Yang and Yaping Shao 
Department of Physics and Materials Science, City University of Hong Kong,  
Hong Kong SAR, China 
 
We present a drag partition scheme for rough surfaces with various 
roughness densities. We argue that the scheme of Raupach (1992), 
which is valid for surfaces of small roughness densities, can be extended 
to surfaces of large roughness densities by introducing an effective 
frontal area index. This index describes the mutual sheltering effect of 
the roughness elements on the drag partition. The total drag can be 
partitioned into three components: a pressure drag, a surface drag and a 
skin drag. Simple expressions are proposed for the calculation of these 
drag components.  For small roughness densities, the estimated 
pressure and surface drag are in good agreement with wind tunnel data.  
For large densities, we do not have observations for verifying the drag 
partition scheme, but have carried out CFD simulations for comparison. 
The results of the CFD simulations support the drag partition scheme. 
Based on drag partition, schemes for the calculation of zero-plane 
displacement height, d, and roughness length, z0, have been proposed. 
The estimated d and z0 are compared with the wind tunnel experiment 
data and are found to be in agreement with observations. 
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Feature Persistence on Clasts: Preliminary Results 
from Wind Tunnel Experiments 
 
Mary C. Bourke1, Joe Nicoli2 and Heather A. Viles3 
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Ground-based remotely sensed images returned from Mars indicate that 
aeolian processes are effective at modifying boulder surface 
morphology. Of importance in planetary studies is the extent to which  
in-situ rock breakdown (e.g. aeolian abrasion) masks signatures of 
earlier geomorphic transport processes (e.g. fluvial transport or crater 
ejecta). Equally important is the extent to which breakdown during 
geomorphic transport masks the imprint of earlier weathering and/or 
aeolian abrasion. This has not been determined for rock surfaces on 
Earth or for other planets.  
 
We have conducted a series of wind tunnel experiments to test the 
persistence of eight signatures of fluvial transport on clasts (e.g. 
percussion marks, incipient cones, ring fractures, terminations, 
roundness, etc) in an abrasive aeolian environment.  
 
Basalt boulders from fluvial environments are scanned using 3D laser 
scanning (LiDAR) to characterize surface morphological parameters at 
high-accuracy, high precision, and high resolution. Once scanned, 
3DTIN models of each rock are created and gypsum rock prototype 
models are built using a Zcorporation 3Dprinter. These stimulant rocks 
are placed in the Arizona State University Planetary wind tunnel and 
abrasion tests performed. Once the experiments are completed, the 
rocks are scanned to detect change. The results of the experiments and 
the relative persistence of each feature type will be presented.  
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The Fundamental Role of Aerodynamics in the 
Creation of Sand Dunes 
 
Salem Alhajraf, Abdullah Alenezi, Waleed Al-Nassar,  
Ashraf Ramadan, Josko Ljubic and George Joseph 
Environment and Urban Development Division, Kuwait Institute for Scientific Research, 
Kuwait 
 
Sand dune formation is a clear indication of the desertification process 
which has affected a large portion of the mother earth during the last 
century. The early stages of sand dune creation are rarely discussed in 
the literature due to the limited knowledge of when, how and where a 
dune may start. This paper discusses the observation of three sand dune 
initiation sites that have developed in the desert of Kuwait over the last 
20 years. Here, we had the chance to record detailed observations of the 
progress in dune development from birth to maturity. Field observations 
clearly reveal that the flow structure and aerodynamic properties play a 
key role in the initiation of the dune. The three observed sites share 
similar topographic features that can be summarized as a wadi 
depression downstream of a high land along the prevailing wind 
direction. The sand-laden wind experiences a sudden drop in speed as 
the flow passes over the edge of the wadi travelling through an increased 
cross-sectional area. The field observations, supported by wind tunnel 
experiments, showed that the wind momentum used to carry sand 
particles falls dramatically at the lowest point in the wadi. At this point, 
the particles start to settle over the surface, forming a circular patch of 
thin sand layer announcing the birth of long-lasting sand dune. With time, 
the newly-formed dune starts growing as it moves forward under the 
action of the continuous wind flow over its surface. This process 
generates lines of dunes over a few kilometers starting form the smallest 
dome-shaped dune at birth to the fully-developed barchan dunes that are 
10-20 years old. In conclusion the aerodynamic characteristics over a 
sudden change in topography play a major role in providing the 
conditions necessary for sand dune formation in the very initial stages. 
This simple topographical feature stands behind the creation of small 
sand dunes that may stay for centuries. 
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On the Patterns and Geomorphological Significance 
of Airflow between Transverse Dunes 
 
Matthew Baddock1, Ian Livingstone1 and Giles Wiggs2 
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Interdunes are spatially important areas in many regions of aeolian sand 
dunes, and yet they remain under-researched relative to the dynamics of 
the dune bodies themselves. The recent research focus on lee-side 
secondary flow patterns in dune geomorphology provides an impetus for 
the investigation of interdune areas. The neglect of research into 
interdunes means there is a lack of even basic data for airflow therein, 
and it persists in spite of the considerable importance that interdune 
study may have for our understanding of dune systems as a whole.  
Fundamentally, interdune processes are relevant to one of the least well 
understood aspects of sand dunes, the controls on bedform spacing.   
 
To investigate interdune airflow dynamics, key geomorphological 
processes were observed between different transverse dunes in the 
Namib Desert, southern Africa. Data were collected for the patterns of 
airflow velocity, direction and turbulence variation for a range of 
transverse dune interdune settings.   
 
The findings enabled a detailed characterization of flow patterns within 
interdunes, and based on the observed flow, led to the creation of a 
conceptual model for interdunes that are extended in type. Incorporated 
within this new understanding of interdune dynamics, the relative 
geomorphological significance of different flow-defined interdune zones 
is discussed. These ideas add to the discussion on the controls of 
transverse dune spacing. 
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of Barchan Dunes: Waves on Dunes vs. Dunes  
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Field studies of barchans (crescent-shaped dunes that propagate over 
solid ground under conditions of unidirectional wind) have long focused 
on the investigation of equilibrium between sand transport by wind and 
the control of air flow by dune topography, which are thought to control 
dune morphology and kinematics. Because of the long timescale 
involved, however, the underlying dynamic processes responsible for the 
evolution of dune fields remain poorly understood. Here we combine 
data from a three-year field study in the Atlantic Sahara with a model 
study to show that barchans are fundamentally unstable and do not 
necessarily behave like stable solitary waves, as suggested previously. 
We find that dune collisions and changes in wind direction destabilize the 
dunes and generate surface waves on the barchans. Because the 
resulting surface waves propagate at a higher speed than the dunes 
themselves, they can produce a series of new barchans of elementary 
size by breaking the horns of large dunes. The creation of these new 
dunes provides a mechanism for sand loss that prevents dune fields 
from merging into a single giant dune and therefore plays a fundamental 
role in the control of size selection and the development of dune 
patterns. 
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Dune Field Pattern Interpretation and Applications 
of Pattern Analysis 
 
Ryan Ewing and Gary Kocurek 
Department of Geological Sciences, Jackson School of Geosciences, University of Texas 
at Austin, Austin, TX, USA 
 
As self-organizing systems, dune-field patterns can be addressed 
through pattern analysis.  The dune-field pattern components of spacing 
crest length, defect density and crest orientation can be measured and 
populations of these parameters can be determined statistically. A simple 
pattern is recognized by a single log-normal population where as a 
complex pattern is recognized by two or more log-normal populations. 
Computer simulations, field and experimental data indicate that a simple 
pattern evolves under a single wind regime. Wind regime determines 
dune type and crest orientation where as spacing, defect density and 
crest length evolve through dune interactions. A complex pattern is 
composed of multiple superimposed simple patterns created under 
multiple wind regimes over time. Pattern analysis, in turn, gives rise to 
pattern dating and geomorphic back stripping as two methods to address 
the evolution of natural dune fields. The potential exists to develop a 
robust relationship of simple patterns to constructional time as 
determined through OSL dating and proxy data. Pattern dating then 
emerges as an independent means of dating dune fields. Complex 
patterns can be geomorphically back stripped and the component 
patterns can be pattern dated and the formative wind regime 
reconstructed.  Development of these methods on Earth would have 
significant application toward the interpretation of the aeolian evolution of 
Mars.  
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Meteorological Controls on Aeolian Processes and 
Dune Morphology in a Polar Desert:  
Victoria Valley, Antarctica 
 
Johanna Speirs, Hamish McGowan and David Neil 
School of Geography, Planning and Architecture, University of Queensland, Brisbane, 
Australia 
 
The hyper-arid, polar desert of Victoria Valley, McMurdo Dry Valleys 
contains an abundance of aeolian deposits, the largest in Antarctica, 
providing a unique setting in which to study cold climate aeolian 
processes and dune morphology.  This paper presents results from a 
detailed field study of a polar barchan dune made during summer 
conditions of contrasting thermally-driven easterly airflow and 
topographically modified foehn southwesterly airflow. Aeolian sand 
transport monitored by sand traps and a Sensit was shown to be  
supply-limited, responding to surficial and atmospheric variables specific 
to cold climates. Despite 24-hour solar insolation at this latitude during 
summer, sand flux in the dune field displayed a diurnal pattern under the 
thermally-driven easterly wind regime. This can be attributed to,  
1) inter-particle cohesion (ice bonding) at low surface temperatures 
during the early morning when the valley floor was shaded, and  
2) reduced frequency and intensity of transport capacity winds at night 
due to weakening of the along valley thermally induced pressure 
gradient. The threshold entrainment velocity during the period of easterly 
winds was shown to be 6.47 ms-1 (at 0.4 m). 
 
A period of warm, dry and gusty foehn southwesterly winds promoted 
aeolian processes by destabilizing additional surface sediments, with 
dune morphology responding rapidly to atmospheric conditions. However 
due to subsequent wind direction reversal, net dune movement was 
minimal. This suggests that the dune field of Victoria Valley is in a state 
of dynamic equilibrium and could be considered as an indicator site for 
assessing climate variability and change. 
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Sand dunes form important and unique systems that can be mobile or 
fixed by vegetation when the average precipitation is above 80 mm per 
year.  Sand dunes can be (i) free of vegetation and active, (ii) partly 
vegetated and still active and (iii) fully vegetated and fixed.  Wind power 
modelled by the drift potential (DP) is the main factor that affects 
vegetation cover on sand dunes. Tsoar (Physica A 357, 1, 50-56, 2005) 
presented a conceptual model which describes the physical and 
biological interactions between wind and vegetation. According to his 
model, the dunes system has two stable states, with low and high values 
of vegetation cover, for a range of DP values. A vegetated dune can 
naturally become active when the wind power is sufficiently high. Once 
active, much lower DP values are needed to reestablish the vegetation 
and stabilize the dune. This hysteresis phenomenon is very important for 
understanding desertification processes and rehabilitation activities in 
deserts and coastal dunes. Any natural change in windiness (e.g. global 
climate change) or artificial change in vegetation cover (e.g. overgrazing 
or artificial dune stabilization) will bring the dune to a new position on the 
hysteresis curve. We present a simple mathematical model which 
captures this hysteresis behavior.  The vegetation growth rate is 
assumed to be inversely proportional to the effective drift potential 
because of root exposure or plant burial. The model shows that 
vegetated dunes with higher DP values are more vulnerable to become 
activated as only a small disturbance can shift the system to the lower 
branch of activated dunes.    
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Morphodynamics of Falling Dunes Northeast  
of Kuwait 
 
Abdullah Alenezi, Salem Alhajraf and Waleed Al-Nassar 
Environment and Urban Development Division, Kuwait Institute for Scientific Research, 
Kuwait 
 
Aeolian activities over the falling dune play an important role in 
developing and modifying their morphology, in addition to the influence of 
the topography. In order to provide a generalized picture of the falling 
dune dynamics, field measurements were made for sand dune surface 
changes by hammering into the dune a systematic grid of steel posts. In 
addition, Computational Fluid Dynamics (CFD) was used to simulate the 
variation of wind velocity over the falling dunes and correlated with 
patterns of erosion and deposition measured in the field. In the field, the 
CFD results were verified by measurement of wind speed over the falling 
dune by using portable anemometer placed at a height of 0.5 m above 
the sand surface in systematic grid.  
 
The field measurement of the dune surface shows significant spatial and 
temporal variations in the dune surface wind velocity. The measurements 
indicate that upwind flank is characterized by dominant erosion. At the 
base of that flank, the net erosion is very low. Upslope of the flank the 
rate of erosion increases, reaching a maximum on the upper part of the 
flank and at the crest. This increase of erosion toward the crest is related 
to the increase of the wind velocity, where the streamlines of the flow are 
compressed as shown by the numerical computations model. In turn, on 
the lee flanks of the falling dunes, the net deposition is dominant. As the 
wind crosses the crest at an oblique angle the flow is deflected and runs 
parallel to the crest as result of the flow separation. This separation of 
the airflow causes a rapid decrease in the wind velocity and deposition 
occurs with a maximum on the upper part of the flank, decreasing down 
slope. In the down wind direction, in particular, at the toe of the falling 
dune, the surface is characterized by net deposition on both flanks as 
well as at the crest. A possible explanation is attributed to the reduction 
in the strength of the wind in the downwind direction causing sand 
deposition.   
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Field Measurements and Numerical Modeling of the 
Flow Patterns over Sand Dunes 
 
Waleed Al-Nassar, Salem Alhajraf, Abdullah Alenezi,  
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Kuwait 
 
The continuous march of small sand dunes is a visible natural 
phenomenon in the developing of sand dune fields in the desert of 
Kuwait. Newly-formed dome dunes of 20 m diameter and 1m crest  
height can move from 50-70 m per year. Older and relatively larger 
barchan-type dunes with 30 m span and 4 m crest height move 25-35 m 
per year.  This dynamic natural phenomenon is strongly correlated to the 
characteristics of the flow field over the dune geometry.   
 
The present paper discusses the behavior of wind flow over mobile sand 
dunes and the relationship between the shear velocity over the dune’s 
surface and the motion of sand particles during dune migration from the 
tail to the slip-face of the dune. Field measurements of wind speed over 
a selected dune in the transitional stage from a dome dune into a 
barchan dune were compared with the numerical simulation of the flow 
field over the same geometry using a computational fluid dynamics 
technique.   
 
The numerical and experimental results revealed that the friction velocity 
was higher than the particle threshold velocity over the upwind side of 
the dune causing it to become an erosion zone. As the flow passes over 
the crest point, two large vortices are generated due to the sharp drop in 
the dune height at the slip face arc. These vortices streamline the 
eroding particles and the air-borne ones depositing them along the horns 
of the dune. 
 
In conclusion, the agreement between field and numerical experiments 
allowed for detailed investigation of the aerodynamic structure of the flow 
over the dune leading to better understanding of the dynamics of sand 
dune movement. 
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Aspects of Flow Recovery in the Lee of Isolated 
Barchan Dunes 
 
Matthew Baddock1, Giles Wiggs2 and Ian Livingstone1 
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Our understanding of sand dune morphodynamics has benefited 
considerably from the many studies of airflow over single dunes. Such a 
successful approach was adopted in light of the fact that flow patterns in 
the lee of dunes (secondary airflow) remain the least well characterized 
aspect of dune-influenced flow. This paper reports on observations made 
downwind of different isolated barchan dunes, as part of a wider study.   
 
The range of field-measured variables that were sampled included wind 
speed, direction and Reynolds stresses, and turbulent intensity as 
parameters of turbulence. The variation of these boundary layer 
properties following the initial perturbation caused by a dune shows their 
manner of flow recovery. Near-surface measurements of flow at turbulent 
frequencies were undertaken using a sonic anemometer. For the flow 
patterns, the distinction is made between barchan dunes that have a 
cross profile where the crest and brink points are separated, and those 
where the crest and  brink are unified, as the significance of dune shape 
on lee-side flow is also examined. In particular, more data are provided 
on the distance required for flow separating at the dune to become 
reattached to the surface and the subsequent patterns of recovery for the 
measured variables. As well as their relationship with existing field 
studies, the data here are also looked at in the context of recent attempts 
to model flow in the lee of dunes. 
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Barchan Dune Morphodynamics of Linear Dune 
Formation on Mars 
 
Mary C. Bourke 
Planetary Science Institute, Tucson, AZ, USA 
 
Observations of sand dunes in satellite images indicate a wide variety of 
dune forms on Mars.  Similar to Earth, Martian sand dunes display 
differential migration rates.  This is evidenced by dune collision and 
merging.  A range of morphological interactions have been observed 
between smaller barchan and dome dunes that collide with larger 
barchan and barchanoid dunes. On reaching another dune, they tend to 
‘side-swipe,’ merge, coalesce and superimpose.   
 
Several models have been proposed to explain the formation of linear 
dunes on Earth. These models include the development of helical 
vortices in unimodal wind regimes, or emphasize the importance of 
bidirectional wind regimes. Some linear dunes are associated with the 
modification and extension of an existing dune. On Mars, linear dunes 
have been reported to form from bidirectional flow patterns (essentially 
Bagnold’s Model) and topographically influenced, complex wind patterns. 
In addition to these observations, linear dunes extend as lee projections 
from dunes and topographic obstructions. This paper describes a new 
mechanism for the formation of linear dunes that complements the above 
suite. The model proposed here essentially involves the collision and 
merging of a barchan and dome convoys. This formation mechanism has 
not been previously reported for dunes on Earth or Mars and represents 
a new model for the formation of linear dunes. 
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Lee Slope Process Studies on a Small Artificial 
Flow-transverse Dune 
 
Kurt Cupp1, Nicholas Lancaster1 and W.G. Nickling2 

1.  Division of Earth & Ecosystem Science, Desert Research Institute, Reno, NV, USA 
2.  Department of Geography, University of Guelph, Guelph, Ontario, Canada 
 
Despite their importance to dune sedimentary processes, there have 
been few studies of lee slope processes because of the fragile and easily 
disturbed nature of the sedimentary environment.  To overcome these 
obstacles we have constructed a Dune Simulation Wind Tunnel which 
contains a small, but true-scale artificial flow-transverse dune that is  
9.3 m long, 1.2 m high, and 1 m wide.   
 
Sand is deposited primarily on the upper lee slope of dunes by grainfall 
resulting from the overshoot of saltating grains beyond the brink of the 
lee face.  Experiments at wind speeds ranging from approximately  
5 to 8 m/s, measured 30 cm above the crest, indicate that grainfall 
decreases approximately exponentially with distance from the crest, 
confirming prior field studies. The grainfall flux to the lee slope scales 
with overall crest wind speed and therefore incoming saltation flux, 
increased by a factor  
of about 13.2 times from 5 to 8 m/s. Grainfall patterns at wind speeds of 
6 to 8 m/s show the development of a small sediment bump at about  
8-24 cm from the crest.  
 
Reptation rates were measured with a newly developed surface trap and 
this process has not been previously recognized as an important lee 
slope process. Significant quantities of grainfall are redistributed 
downslope by the reptation of grains on the surface of the lee slope. 
Reptation rates exceeded grainfall rates, at wind speeds of 5 to 7 m/s, by 
an average factor of about 10 times, measured 32 cm from the crest, and 
by an average factor of about 28 times, measured 56 cm from the crest, 
but decline rapidly from 75-90 cm from the crest. The spatial variation 
downslope in reptation rates are reflected in changes in the profile of the 
lee slope and suggest that reptation is primarily responsible for the 
formation of a large sediment wedge across the upper lee slope, to about 
75-90 cm from the crest. This sediment wedge contributes to the failure 
of the upper lee slope, commonly at 60-90 cm from the crest, and the 
resulting redistribution of sand to the lower lee slope by grainflow. 
Grainflow magnitude, as measured by their length, width, and thickness, 
remained relatively stable at all wind speeds while grainflow frequency 
increased with increasing wind speeds. 

Session 3: Dunes and Dune Systems 



 

56 

Vegetation Zonation in Response to Aeolian  
Sand Burial on a Parabolic Dune in  
Southwestern Michigan 
 
Suzanne DeVries-Zimmerman and Edward Hansen 
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Sand deposition was monitored over an 18 month period with pins on  
the lee slope of a large parabolic dune, along Lake Michigan southwest 
of Holland, Michigan. In the late fall and winter, sand supported by ice 
between grains accumulates on the upper to mid-slope leading to  
over-steepening (37°). Sand is delivered by mass wasting to the lower 
slopes during the spring thaw. Very little sand is deposited during the 
summer. Maximum sand deposition (>1m per year) occurs at the dune’s 
nose, parallel to the dune’s axis and decreases in an arc along the 
dune’s limbs to a low of 5-10 cm/year. Summer and winter quadrat 
sampling and percent cover data collected along 5 lee slope traverses 
were used to determine diversity and community composition. Sand 
completely buries vegetation in high deposition areas during the winter. 
Pioneer species marram grass and field horsetails dominate these areas 
in summer. Intermediate sand deposition areas are dominated by 
marram grass and short herbaceous plants in summer; only marram 
grass is seen in winter. Low sand deposition areas have red-osier 
dogwood, Gillman’s goldenrod, basswood, beach pea, bouncing bet and 
grape in summer; coverage values are 50 to 100 percent. Most of these 
species are still present in winter with coverage values from 10 to 30 
percent. Vegetation zonation reflects the sand deposition patterns; the 
plants’ tolerance to winter sand burial determines where they grow and 
thrive in the summer. 
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In barchan dune fields, a statistically homogeneous state is observed 
along the wind direction over tens of kilometers. Barchan fields 
furthermore present a `corridor' structure in the transverse direction, in 
which the dunes have a rather well selected size. We show that this state 
does not result from equilibrium of each individual dune, but is the 
consequence of dynamical interactions between barchans as unstable 
objects. In particular, we demonstrate that none of the possible external 
parameters controlling these corridors (topography, granulometry, wind, 
sand flux) is relevant. 
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Morphodynamics of Active Parabolic Dunes in the 
Northern Great Plains 
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1. Department of Geography, University of Calgary, Calgary, AB, Canada 
2. Geological Survey of Canada, Natural Resources Canada, Ottawa, Ontario, Canada 
 
Through the integration of geomorphic and geophysical data this study 
presents an improved understanding of the factors that control parabolic 
dune morphodynamics in supply-limited, semi-vegetated aeolian 
landscapes. Field studies of active parabolic dunes in the northern Great 
Plains reveal the importance of local sediment supply in regulating dune 
form and spatial patterns of sediment transport. When sediment supply 
decreases in this environment, vegetation colonization occurs and 
gradually changes the dune profile from a smooth gentle slope to a short, 
steep, concave-up slope with proportionally greater crest-brink 
separation. Dune stratigraphy also reveals the effects of changes in local 
sediment supply. Active parabolic dunes with high local sediment supply 
are tall and mainly comprised of high-angle grainflow and grainfall cross 
strata both parallel and transverse to the downwind axis. Conversely, 
active parabolic dunes with limited sediment supply are mainly 
comprised of low- to moderate-angle grainfall and ripple cross strata. 
Detailed measurements of sediment transport at one active parabolic 
dune reveal negligible erosion of underlying source sediment owing to a 
gravel lag on the surface upwind of the dune. The bulk of sediment 
contributing to dune migration is eroded from the backslope (80%) 
followed by blowouts along the arms (20%). The latter play a significant 
role in supplying sediment to the dune head and currently prevent 
vegetation from colonizing and stabilizing the dune. Thus, it appears that 
dune activity here, and possibly in other semi-vegetated dunefields may 
be regulated mostly by the amount of local sediment supply.   
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Groundwater Salinity and Aeolian Geomorphology, 
White Sands Dune Field New Mexico 
 
Richard Langford and Jessica Rose 
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This study tests a recent hypothesis suggesting that parabolic dunes at 
White Sands National Monument form where fresher water permits 
vegetation and sand stabilization, in contrast to mobile barchan dunes. 
Study sites, two in the barchan dune area, two in the parabolic area, and 
two in the transition area were sampled during December, March, May 
and June.  Depth to groundwater was near the surface at all sites.  
Groundwater was shallowest in the barchans (40-80 cm) and deepest in 
the parabolic sites  (80-180 cm).  Salinity was estimated using 
conductivity and major elements were measured by ion chromatography.  
There was little temporal variation; however, the groundwater in the 
barchans was three times more saline than the parabolic dune areas 
(Chloride 7,000 vg/l vs. 2,000).  Soils have low TDS, except for thin 
saline intervals in the parabolic areas during May.  GPS surveys define a 
low flat barchan area with abrupt 2 m topographic rises at the transitional 
area where interdunes are smaller and at the edge of the parabolic area.  
The topographic data is consistent with the presence of a topographic 
high in the parabolic area that holds a lens of fresher water accumulated 
through precipitation.  Deflation of the dune field to the regional saline 
groundwater surface results in flooding of interdunes and evaporation of 
precipitation in the barchan area.  The morphology indicates that late 
Holocene deflation removed sand from the barchan areas in the center 
of the White Sands whereas the parabolic areas have been stable since 
the Mid-Holocene.   
 
 
 

Session 3: Dunes and Dune Systems 



 

60 

Dunes on Titan 
 
Ralph Lorenz 
Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ, USA 
 
Aeolian sedimentologists have a new playground: Titan, the largest 
moon of Saturn. While it had been long recognized (R. Lorenz et al., 
JGR, 1995) that in Titan’s low gravity (1/7 that of Earth) and thick 
atmosphere (1.5 bar nitrogen, at 94 K and 4x denser than sea-level air 
on Earth) it should be easy to saltate loose particulates, solar-driven 
winds were expected to be weak, and it was thought that liquid 
hydrocarbons (methane, ethane) would dominate the surface. 
 
However, liquids now seem largely absent. Also, Saturn’s gravity acting 
on Titan in its eccentric orbit causes tidal currents in the atmosphere “a 
periodically fluctuating wind that may dominate air motion near the 
surface, with speeds that approach the saltation threshold.”   
Observations by the Cassini RADAR experiment (R. Lorenz et al., 
Science, in press), so far having mapped about 6% of Titan’s surface, 
have revealed huge (>1500x200 km) sand seas, covered in linear dunes 
with morphology identical to those on Earth. They are up to 150 m high, 
typically a few kilometers apart and 1-2 km wide, and flow around 
topographic obstacles to indicate the net transport direction. 
 
Intriguingly, the dunes seen so far are in optically-dark areas near the 
equator, suggesting sand (probably organic solids and/or ice) may have 
been transported there over geological time (consistent with winds forced 
by gravitational tide).  Speculation had been, as for the moon centuries 
before, that these dark regions were seas. We now know them to be 
seas of sand. 
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Frozen in Time: Geomorphic Evidence of  
Palaeo-wind Regimes Preserved in Polar Dunes, 
Victoria Valley, Antarctica 
 
Hamish McGowan1, David Neil1, Gerd Dowideit1 and Warren 
Dickinson2 

1. School of Geography, Planning and Architecture, University of Queensland, Brisbane, 
Australia 

2. School of Earth Sciences, Victoria University, Wellington, New Zealand  
 
The Victoria Valley dune field located at the confluence of the Packard 
and Victoria Valleys forms part of the largest continuous sand dune 
system on the Antarctic continent. However, in spite of more than 40 
years of research, relatively little is known about the dune field and the 
fundamental controls on its location and morphology, while its age is still 
unknown.  Analysis of historical aerial photographs and LiDAR data 
combined with a comprehensive field survey and monitoring program 
indicate that the dune field has undergone at least three major phases of 
dune building.  Evidence of each phase of dune building is preserved in 
a series of dune ridges, the most recent of these dates from 
approximately 350 yrs BP to present. This modern dune sequence is 
characterized by a series of individual barchan dunes and barchanoid 
ridges that hinge on the valley wall and in places override the remnant 
cores of the previous two generations of dunes. Each dune building 
phase represents a marked change in wind field characteristics and, by 
association, synoptic scale circulation patterns. The Victoria Valley dune 
field may therefore act as an excellent archive of paleoclimate and an 
indicator of climate variability as the dune ridges respond to future 
climate change. 
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Factors Affecting Establishment of Green Cover on 
Sand Dunes (Case Study of Reza Abad-Iran) 
 
Enayatolla Ranjbar 
Semnan Research Station, Center for Coexistance with Desert , Tehran University,  
Tehran, Iran 
 
The studied area is located in the southeast of the Shahrood district, 
Iran, between 55º 15' to 57º 15' E and 33º 15' to 36º 17' N. The sand 
dunes of Khartooran (Zamanabad), with an area of about 165,689 
hectares, are in the southern part of the Kale Shour basin. Establishment 
of green cover on these dunes in Reza abad, which is a small village 
located only 50 meters from sand dunes, are studied. Results show that 
the most important factors for establishment of green cover on these 
dunes are: 
 

• Morphology of dunes 
• Amount of precipitation 
• Wind regime 
• Sand dunes situation (active, semi-active or stabilized) 
• Applied plant species 
• Wind break application 
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The Dynamics of Nebkhas Superimposed on 
Parabolic Dunes 
 
Haim Tsoar, Karin Ardon and Dan Blumberg 
Department of Geography and Environmental Development, Ben-Gurion University of the 
Negev, Be'er Sheva, Israel 
 
The coastal sand dunes in southern Israel have attracted vegetation 
during the last 50 years because of a dramatic decrease in human 
pressure. The result was transformation of the barchan and transverse 
dunes to parabolic ones. Vegetation has recovered predominantly on the 
dunes' crest where they formed nebkhas (small phytogenic sand 
mounds). The nebkhas changed the dune dynamics as some of the sand 
eroded from the windward side was trapped by the shrubs at the dune 
crest and did not reach the depositional lee slope. The superimposed 
nebkhas have their own dynamics which are evident in three stages: a 
growing stage, a mature stage and a degeneration stage. 
 
The nebkha dynamics were examined by two methods: fieldwork that 
examined the changes in the size of the accumulating nebkha after each 
storm by using erosion pins. The second method compared the nebkhas 
and dune dynamics and changes detected from aerial photographs 
between 1944 and 2004 by GIS methods. The research results indicate 
that the nebkhas on the lee slope are in their initial growing stage. On the 
crest, the nebkhas are growing fast and are close to full development. 
The nebkhas on the windward side are undergoing erosion and 
shrinking. Shrub roots are exposed, which make the plants wilt. The 
exposed nebkha mound is eroded at a rate that is 15% of that of a 
mound of loose sand. It takes a couple of years for a degenerate nebkha 
mound to disappear. 
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Study of a Barchan Dune Field in Mauritania: 
Dune and Inter-dunes Sediment Fluxes 
 
Alexandre Valance1, Pascal Dupont2, Ahmed Ould El Moctar2 
and Keld Rasmussen3 

1. Groupe Matière Condensée et Materiaux, Université de Rennes 1, Rennes, France 
2. Laboratoire de Thermocinétique, Mechanics Department, University of Nantes, Nantes, 

France 
3. Department of Earth Sciences, University of Aarhus, Aarhus, Denmark 
 
A one year study of a barchan dune field in Mauritania is presented here. 
Data on inter-dune sand transport processes during a whole year were 
collected and the displacements of about 50 barchans of the field were 
monitored. Inter-dune mass sand flux, as well as the strength of the wind 
and its direction, were continuously measured. From these data, a 
relationship for the sand transport rate was extracted. We showed in 
particular that only the Sorensen transport law [Geomorphology 5, 53-62 
(2004)] can account for our experimental findings. The distribution of 
sand transport events was analyzed too. Within one year, the cumulated 
mass of sand transported during moderate wind events was found to be 
much greater than that transported during strong wind events. Finally, 
the dynamics of the barchan dunes of the field were analyzed. From the 
estimation of their migration speed, the average sand flux at the dune 
crest, as well as the bulk sand flux associated with the mass of sand 
transported by the dune were determined. The sand flux at the crest was 
found to be three times greater than the inter-dune mass transport rate, 
whereas the bulk sand flux was surprisingly of the same order as the 
inter-dune flux. Finally, an attempt at correlating the features of the 
barchan dunes to the inter-dune mass transport rate is proposed. 
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Physical Processes that Control the Development  
of the Great Sand Dunes Aeolian System,  
Colorado, USA 
 
Andrew Valdez 
Great Sand Dunes National Park & Preserve, National Park Service, CO, USA 
 
Great Sand Dunes, Colorado is the site of an aeolian system that 
transitions along a topographic gradient from a sabkha, to a sandsheet, 
and finally a dunefield.  Dune types also vary along that gradient.  The 
variation in sand deposits and dune types result from the interaction of 5 
geologic processes that are fundamental to the development of the 
aeolian system. These processes are:  crustal rifting, sand transport 
related to wind regime, sand transport by stream flow, sand stabilization 
by vegetation growth, and sand cementation by evaporite minerals.  
Rifting creates a depositional environment that allows sand to 
accumulate.  Wind regime controls dune type and behavior.  Streams 
modify the perimeter of the dunefield.  Vegetation has stabilized surfaces 
that it has established itself on.  Other areas have been hardened by 
evaporite minerals.   
 
The U.S. National Park Service manages Great Sand Dunes and has 
attempted to better understand these processes by monitoring them.  
The National Park Service has used the geologic process model to; 
interpret the dunes to visitors, evaluate potential threats, protect park 
resources and justify any boundary expansion to manage a larger portion 
of the aeolian system. 
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The Impact of Turbulent Flow on Aeolian  
Dune Dynamics 
 
Corinne Weaver and Giles Wiggs 
Oxford University Centre for the Environment, University of Oxford, Oxfordshire, UK 
 
Studies in both the aeolian and fluvial literature have recognized 
turbulence as a driving force in sediment transport and have highlighted 
the importance of coherent flow structures, particularly sweep and 
outward interactions, in sediment transport systems. Furthermore, 
research in the fluvial environment has identified the significance of 
turbulence and coherent flow structures for bedform morphology and 
spacing. However, equivalent research in the aeolian domain is absent. 
This paper reports the findings of research carried out to characterize 
turbulent energy and turbulent structures around an individual barchan 
dune. 
 
Measurements of wind velocity (using sonic anemometers) and sand 
transport (using grain impact sensors) at a sampling frequency of 10 Hz 
were made across transects on a 9 m high barchan dune located in the 
Skeleton Coast, Namibia. Vertical profile data from the sonic 
anemometers were used to compute key measures of turbulence and 
turbulent stress (Reynolds stress, uw; instantaneous horizontal and 
vertical fluctuations, u’ and w’; coherent flow structures defined from 
quadrant analysis) and their relationship with respect to sand transport 
and evolving dune morphology. 
 
Results demonstrate the development and modification of turbulence 
and sediment flux in key regions on the surface important for the 
developing dynamics of the dune: toe, crest and brink. Analysis suggests 
that these modifications are directly controlled by developing streamline 
curvature and flow acceleration. Conflicting models of dune 
development, morphology and stability arise when based upon either the 
dynamics of measured turbulent flow or mean flow. 
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Geomorphic thresholds: Aeolian Dune Activity 
Under Changing Vegetation Covers in the 
Southwest Kalahari 
 
Giles Wiggs 
Oxford University Centre for the Environment, University of Oxford, Oxfordshire, UK 
 
Partially vegetated dunes have been viewed as relicts from a drier and/or 
windier past. However, research in the southwest Kalahari (e.g. Wiggs et 
al, 1995; Bullard et al, 1996) confirmed our understanding that sediment 
movement can occur under vegetation canopies and that dune 
morphology is tied to the dynamics of vegetation, showing a staggered 
and/or damped response to a changing climatic, grazing or burning 
regime. Evidence suggested that dunes which are stripped of vegetation 
through natural or human disturbance exhibit an order of magnitude 
increase in surface sediment activity and a lateral vegetation cover below 
which dune activity was markedly increased was recognized at about 
14%. Questions remain as to the rapidity of recovery of vegetation after 
such disturbances and how quickly the regulatory effect of vegetation 
cover on dune dynamics can be re-established. This paper reports 
findings of a 13-year programme monitoring dune activity under a  
re-establishing vegetation cover after a severe disturbance. 
 
Results indicate that even in prime growing conditions it can take 8-10 
years for disturbed vegetation to re-establish and regain control of dune 
dynamics. However, there is a contrast in recovery rate on differing 
landscape components with vegetation renewal in interdunes being twice 
as rapid as those in crestal regions. Such time-scales of change have 
relevance both in (i) the calibration of models of dune dynamics and 
environmental change with regard to future predicted climate warming 
and drying; and (ii) management of vegetated dune systems in semi-arid 
environments. 
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Study on Imitative Experimental Flow Pattern of 
Nabkha in the basin of Hetian River,  
Xinjiang, China (I) 
 
Zhizhong Li1, Shengli Wu2, and Janis Dale3 

1. School of Life and Environmental Sciences/Department of Geology, Xinjiang Normal 
University, Urumqi, China/University of Regina, Regina, Canada 

2. School of Life and Environmental Sciences/School of Resources and Environmental 
Sciences, Xinjiang Normal University, Urumqi, China/East China Normal University, 
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3. Department of Geology, University of Regina, Regina, Canada 
 
Nabkhas are a typical Aeolian landform. Wind power, sand sources and 
vegetation are the main influencing factors of the development of 
nabkhas. In this paper, according to similarity theory in wind-sand 
movement experiments, models of sand mounds without vegetation are 
made with a 40:1 proportion using data surveyed at the base of nabkhas 
in the Basin of Hetian River in Xinjiang. In the wind tunnel, 5 different 
velocities from 6-14 m/s were used to observe the pure atmosphere 
imitative flow patterns around the sand mound models. The 
characteristics of the nabkha surface structure changes due to the flow 
patterns are discussed for different wind speeds. The results of the 
imitative experiments indicate that the airflow shows an obvious reflected 
vortex at the bottom of the upwind position of the semispherical sand 
mounds, which is influenced by facade wind pressure. There is also an 
area of erosion by strong wind at the top of sand mound. However, the 
speed of the airflow increases equably along the upwind slope of the 
conical sand mounds and the vortex on the leeward side is very strong. 
Therefore, the structural character of the pure atmosphere flow pattern 
and the dynamic equilibrium of shape are different between 
semispherical and conical sand mounds. 
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Experimental Study on Imitative Flow Pattern of 
Nabkha, in the Basin of Hetian River Area, 
Xinjiang, China (2) 
 
Shengli Wu1, Zhizhong Li2 and Janis Dale3  
1. School of Life and Environmental Sciences/School of Resources and Environmental 

Sciences, Xinjiang Normal University, Urumqi, China; East China Normal University, 
Shanghai 

2. School of Life and Environmental Sciences/Department of Geology, Xinjiang Normal 
University, Urumqi, China; University of Regina, Regina, Canada 

3. Department of Geology, University of Regina, Regina, Canada 
 
According to similarity theory in wind-sand movement experiments, 
semispherical and conical models of nabkhas are made with a 40:1 
proportion. Manmade vegetation “Tamarix” models are put on the 
nabkha models, using data surveyed at the base of genuine 
semispherical and conical Tamarix nabkhas measured in the basin of the 
Hetian River in Xinjiang, China. Pure atmosphere imitative flow pattern 
experiments are performed in the wind tunnel, with five different wind 
speeds, from 6-14 m/s, in order to determine the influence of plants on 
airflow around nabkhas. The results of imitative experiments indicate that 
plants at the top of the sand mounds can enhance the rugosity of sand 
mounds, retard airflow over the sand mounds, reduce energy, eliminate 
eroded areas caused by strong winds at the top of naked sand mounds, 
and reinforce the range of influence of vortices on the leeward side. The 
change of flow pattern structure affects the structural character of  
wind-sand flow in front and behind the sand mound. Therefore, the 
vegetation traps the dust and sand, causing the nabkha to increase in 
size. Thus vegetation plays a very important role in nabkha development. 
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Abrasion as a Control on Dune Colour, a Remote 
Sensing and Laboratory Analysis of the Muleshoe 
Dunes; SW USA 
 
Joanna Bullard1 and Kevin White2 

1.  Department of Geography, Loughborough University, Barrow Upon Soar,   
 Leicestershire, UK 

2.  Department of Geography, Reading University, Reading, UK 
 
Previous work on the Muleshoe Dunes, a small mostly stabilized late 
Holocene dunefield on the border between Texas and New Mexico, has 
suggested that a distinct colour trend of decreasing redness towards the 
east may be due to abrasion as sand is transported by prevailing 
westerlies.  In this project, laboratory spectrometry is used to quantify the 
colour of samples collected in the field and identify the spectral 
reflectance characteristics responsible.  A sample of red sand from the 
western end of the sand sea is subjected to progressive episodes of 
abrasion using a laboratory abrasion chamber, and changes in colour 
are monitored spectrometrically.  A spectral mixture model is applied to 
multi-spectral data from the Enhanced Thematic Mapper (ETM+) 
onboard Landsat 7 to map the pattern of dune colour across the 
dunefield.  These data are compared to surficial geochemistry data.  The 
results of these various analyses demonstrate that the pattern of dune 
colour in the Muleshoe dunes may be explained by aeolian abrasion 
resulting in the removal of a red coating from the sand grains. 
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Particle Size Variation on a Namib Linear Dune 
 
Ian Livingstone1, John Leys2 and Grant McTainsh3 
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The variability of particle size distributions over sedimentary bedforms 
has long been a matter of enquiry, speculation and concern.  The 
underpinning assumption has been that the particle size distribution 
reflects the geomorphological processes which have entrained, 
transported and deposited the sediment.  Beyond this, however, a 
recurring theme has been that these processes produce characteristic 
frequency distributions of particles, often described as log-normal, but 
sometimes as log-hyperbolic or log-Laplace. 
 
A number of factors control the probability that particles of any given size 
will be incorporated into a dune sediment.  The data presented here from 
23 samples taken from the cross-profile of a Namib linear dune enable 
examination of the relative effects of increasing stress from the fluid and 
increasing resistance due to the slope (gravity) upon the sediments.  We 
report the use of a statistical model to fit log-normal frequency curves to 
particle size distributions and then consider the effects of the controlling 
factors on the particle size distributions.  The software provides fits of 
one or two normal distributions to the size distribution data for samples 
from the dune.  In the past, bimodality has been interpreted as a finer 
saltation population mixed with a coarser creep population which 
becomes less significant with distance from the interdune corridor but 
there is some evidence here that both modes represent saltating 
populations which are present right across the dune. 
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Vegetation Cover, Climate Variability and Desert 
Dune Mobility 
 
Paul Hesse 
Department of Physical Geography, Macquarie University, Sydney, Australia 
 
Optical dating of linear sand dunes in the Simpson Desert with a great 
depth (> half dune height) of sand mobilized in the Holocene, and the 
observation today of locally mobile dunes, contradict the long-held belief 
that the Australian desert has been inactive since the end of the last 
glacial interval and force us to reassess how these dunes have become 
mobile in part, or at times, during the Holocene. 
 
Vegetation and sand mobility on dune surfaces in the Simpson and 
Strzelecki Desert dune fields were examined.  The vegetation structure 
comprises both perennial bushes and ephemeral herbs and forbs and 
cyano-bacterial crusts.  The responsiveness of the vegetation to drought 
may see cover vary from >60% to <20% over a drought cycle. There is a 
positive relationship between sand mobility and the proportion of 
unvegetated dune surface.  There is no strict threshold of sand 
movement at high cover levels but the exponential relationship between 
bare area and volume of mobile sand sees effective total mobility at 
about 50% cover.  At this level there is also a morphological shift from 
hummocky dune surfaces to mobile dunes with avalanche faces. 
 
These two states represent contrasting morphodynamic relationships: at 
high levels of cover the fluctuation of cover with climate variability 
(especially rainfall modulated by ENSO and PDO) determines the 
amount of sand transport, largely because of greater surface shear 
strength, while at low levels of cover sand transport is free of the 
influence of vegetation at all times and sand transport rates are a 
function of wind strength and sand supply. 
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Transverse Aeolian Ridges on Mars 
 
M.R. Balme, D.C. Berman, M.C. Bourke 
Planetary Science Institute, 1700 East Fort Lowell Road, Tucson, AZ 85719, USA.  
 
Aeolian processes are important on Mars, as demonstrated by 
observations of dunes, ripples, yardangs, ventifacts, wind streaks, dust 
devils and dust storms. Large Dark Dunes (LDDs) are particularly 
common and were first recognized in the 1960’s from Mariner data. 
However, another population of smaller, often brighter, ripple-like aeolian 
bed-forms that are morphologically distinct from LDDs has been 
observed in recent higher resolution images. These features have been 
called “Transverse Aeolian Ridges” (TARs) because calculations of 
saltation path length under Martian conditions suggest they could have 
formed as small barchanoid dunes or as mega-ripples. We prefer the 
label “TAR” as it has no genetic inference. 
 
We have begun a study of TARs that examines all high resolution Mars 
Orbiter Camera data (1.5 to 8 m/pixel resolution) in a 45o longitude wide, 
pole-to-pole swath. We aim to determine the geographic distribution of 
TARs, assess whether they are active, and to identify possible sediment 
sources. We have already made some key observations: First, we 
present a new classification of TAR deposits based on crest-ridge 
morphology of individual forms and the size and degree of topographic 
control of the entire sediment mass. Second, we present associations of 
TARs with LDDs, slope streaks, dust devils tracks and small impact 
craters that provide clues as to whether TARs are currently active. 
Finally, we present preliminary pole-to-pole survey results for the 
northern hemisphere that show clusters of TAR deposits in the low 
latitudes, suggesting possible unique sediment sources in these regions. 
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Session 4:  
Modelling Sand Transport Systems 
 

Mechanisms, Time and Length Scales: A Physicist 
Point of View on Dunes Morphodynamics 
 
Philippe Claudin 
Laboratoire de Physique et Mécanique des Milieux Hétérogènes, École Supérieure de 
Physique et de Chimie Industrielles, CNRS, Paris, France 
 
We describe the general instability mechanism which makes a sand bed 
that is sheared by a fluid unstable. We show that its governing length is 
related to the spatial lag in the saturation of the sand flux. We construct a 
minimal model to encode this mechanism. The linear stability analysis of 
the corresponding equations together with the link between the 
saturation length and the drag length let to rescale aeolian dunes with 
subaqueous ripples as well as martian dunes.  An additional discussion 
of the average saturated sand flux Q let to estimate the typical growth 
rate of the dunes.  Finally, the study of an isolated barchan shows 
another type of instability which is related to the amplitude of Q with 
respect to the dune size, and which give another set of time and length 
scales. All theses scales are particularly important to address the 
questions of dune development, equilibrium state and barchan corridors. 
 

Session 4: Modelling Sand Transport Systems 



 

75 

System Dynamics Modeling of Dunefield Activation 
and Stabilization 
 
Katherine Fernald1 and Thomas Gill2 

1. Environmental Science and Engineering Program, University of Texas at El Paso,  
TX, USA 

2. Geological Sciences, University of Texas at El Paso, El Paso, TX, USA 
 
Historical dunefield activity is an intriguing and potentially powerful 
paleoclimate indicator, but important uncertainties remain in 
understanding of the dynamic response of dune systems to climate 
forcings.  Such understanding is additionally important for predicting the 
effects of projected anthropogenic climate change and human-induced 
disturbances on dunefields, which in turn may disturb humans by 
increasingly encroaching onto urban or agricultural lands.  A system 
dynamics approach is taken to create an easily-visualized quantitative 
model to explore feedbacks among climate, vegetation and sand dunes.  
This model can be applied to various geographic regions and climate 
regimes, thereby identifying emergent properties that transcend these 
conditions or characterizing dune mobility dynamics more explicitly in 
terms of these environmental differences.  This approach  shows 
promise for shedding light on lag times and effects of climate 
perturbations on stabilization and activation, improving dune mobility 
equations and logistic equations for vegetation growth, aiding 
investigation of water and nutrient cycling in dune systems, elucidating 
the relationship between paleoclimate and dune deposits preserved in 
the rock record, providing a predictive tool to minimize exposure to 
hazards of blowing sand, and helping guide dune stabilization or 
vegetation restoration efforts. 
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Cellular Automation Simulation of Dune Field 
Evolution in Vegetated Aeolian Environments 
 
Joanna Nield and Andreas Baas 
Department of Geography, King's College London, University of London, UK 
 
The development of aeolian dune fields in vegetated environments is a 
good example of an ecogeomorphic system where ecological and 
geomorphic processes interact dynamically on various scales to produce 
complex and varied landscapes.  Our understanding of the interactions 
between vegetation and dune geomorphology has been limited to largely 
descriptive observations and reasoning.  This paper presents results 
from a second-generation cellular automaton that simulates the 
development of such systems through self-organization from a set of 
rules governing the interactions between different types of vegetation 
and sediment transport.  Realistic growth rates of vegetation are 
implemented on a seasonal basis, subject to the amount of burial or 
erosion that has occurred.  Vegetation in turn affects the erosion and 
deposition of sand in the environment, with transport ceasing when 
complete vegetation cover is reached.  Simulations of parabolic dune 
fields, blowouts, and coppice dunes are compared with the current 
descriptive understanding of vegetated aeolian landscape development 
and the model is used to investigate exactly how and why various kinds 
of plant species and vegetation patterns influence the dynamics of dune 
development in aeolian environments.  Different types of vegetation are 
examined and their complex interactions in the creation of the landscape 
are observed.  The paper further discusses a number of fundamental 
and conceptual insights from this research, both with regard to specific 
questions of aeolian landscape evolution and vegetation-geomorphology 
interactions, as well as general questions about the impact of vegetation 
(life) as a scale defining factor in otherwise inanimate geomorphic 
systems. 
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Fine-scale simulations of aeolian sediment 
dispersion in a small area in the northern 
Chihuahuan Desert 
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The northern Chihuahuan Desert in New Mexico contains mesquite 
bushes and small coppice dunes, as well as open areas lacking 
vegetation.  Sandstorms are common in this area, gradually reshaping 
the flat grassland landscape and leading to mesquite dune and open 
erosion patch creation and dust aerosol production.  During storms, 
complex airflows entrain sediment from the open areas, depositing it 
around downwind bushes and dunes.  Understanding and quantifying 
processes could help clarify the ongoing process of desert formation.  
Sand flux patterns for eight storms occurring in April 2003 and April 2004 
were predicted for a 60 m x 60 m site based on 297 10-min average 
velocity simulations using a semi-empirical mass consistent diagnostic 
wind field model: Quick Urban & Industrial Complex version 3.5 (QUIC) 
used with a sand flux parameterization. 
 
The sand flux patterns were highly heterogeneous, varying with wind 
direction and differing between storms.  Generally, the non-vegetated 
areas experienced high sand fluxes, while wake areas behind dunes 
experienced little or no sand flux.  Calculating the divergence of the flux 
allowed us to examine the sediment erosion and deposition patterns.  
The open areas are the sources of the sediment, while the windward 
sides of the mesquite bushes and dunes are the primary deposition 
areas.  The predicted sediment erosion and deposition magnitudes are in 
agreement with an annual average from 45 years of measurements. 
 

Session 4: Modelling Sand Transport Systems 



 

78 

A Study on the Similarity of Heterogeneous 
Saltation 
 
Yaping Shao 
Department of Physics and Materials Science, City University of Hong Kong, Hong Kong 
SAR, China 
 
In the theory of saltation, it is often assumed that saltation is 
homogeneous, i.e. saltating particles are uniform in size and follow 
identical trajectories. In this paper, we are concerned with 
heterogeneous saltation, i.e. the saltation of multi-sized particles in 
turbulent flows. A theory for saltation similarity is proposed. This theory 
deals with several questions, including the variation of particle size 
distribution with height, the entrainment rates of particles in different size 
ranges and the associated profiles of saltation flux, particle momentum 
flux and particle concentration. To derive the theory, a stochastic 
saltation model is developed and applied to simulating particle motion in 
turbulent flows. The numerical results are then fitted to simple “universal” 
expressions, or similarity functions. While the theory can be general, we 
focus on saltation mass flux profile q(z) in this paper. It is shown that q(z) 
is determined  by friction velocity, aerodynamic roughness length and 
soil particle size distribution. There are two limiting situations, i.e. the 
saltation of large particles in weak turbulence and that of small particles 
in strong turbulence. For these two cases, q(z) is respectively 
exponential and Gaussian. Modified saltation has an intermediate 
saltation mass flux profile. For multi-sized particles, q(z) is a weighted 
superposition of many different profiles.  Measurements of streamwise 
saltation flux of 32 particle size groups are made at Qira (southern fringe 
of the Tarim Basin) using a sand particle counter, together with 
measurements of wind speed and other atmospheric variables. These 
data are used to validate the theory, by examining whether the observed 
saltation flux and particle size distribution can be reproduced. It is shown 
that the theory is promising in predicting these quantities. 
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Sand Drift Potential in the Desert of Kuwait 
 
Anwar Al-Helal 
Department of Earth and Environmental Sciences, Faculty of Science, Kuwait University, 
Kuwait  
 
Between 1998 and 2001, wind data from eight metrological stations were 
analyzed to examine sand drift potential (DP) in Kuwait, using the 
method of Fryberger (1979). Resultant drift potential and directional 
variability of wind are also calculated and explained. The average annual 
sand drift potential is predicted to be 354 VU ' vector unit'. This puts 
Kuwait, in general, among the intermediate wind energy deserts, which 
are defined by Fryberger (1979) as those desert areas with DP between 
200 to 400 VU. Potential sand drift environment is markedly variable 
from place to place, and 77% of the annual resultant drift potential occurs 
during the summer period; i.e., May to September. Directional variability 
is also relatively high in the summer period. 
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The Lake Palomas – Samalayuca Dune Corridor 
System, Chihuahua, Mexico 
 
Miguel Dominguez-Acosta1 Thomas E. Gill2  
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Quaternary pluvial paleolake Palomas is located in the central 
Chihuahuan Desert (Chihuahua, Mexico). It elongates in a north to south 
direction for 200 kilometers, with an average of 25 to 30 kilometers in 
width. The Samalayuca Dunes are one of the most prominent dune fields 
in the Chihuahuan Desert.  Excluding a large region of coppice dunes 
and a sand sheet, the Samalayuca dune field extends in a northwest 
direction for >30 kilometers in length, reaching 13 kilometers at its widest 
point. The dune field is dominated by a north striking ridge of Draa 
dunes, with a height exceeding 100 meters above the surrounding dune 
forms: also present are combinations of barchanoid and linear dunes. 
The Samalayuca dune field is connected to Paleolake Palomas by an 
aeolian sediment corridor extending over 45 kilometers in an easterly 
direction.  Mineral aerosols emplaced from these areas are responsible 
for constant air quality violations in western Texas, northern Chihuahua 
and far beyond, making it one of the principal sources of aeolian 
sediments in the Chihuahuan Desert. A progressional geomorphic, 
granulometric, remote sensing and geochemical description of the 
sedimentary forms of the Palomas-Samalayuca aeolian system is 
presented, following their genesis from source to deposition at the base 
of the Sierra del Presidio.  Granulometric analyses are obtained using a 
laser particle sizer, and geochemical data is obtained through various 
techniques.  ASTER data correlates the spectral signatures across the 
Palomas-Samalayuca aeolian corridor, based in a supervised 
classification derived from sediment spectra of obtained samples. 
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Potential Sand Sources for the Dune fields in 
Noachis Terra, Mars 
 
Lori Fenton 
NASA Ames, Hayward, CA, USA 
 
No sand transport pathways are visible in a study performed in Noachis 
Terra, a 2000 km x ~1500 km region in the southern highlands of Mars 
known for its many intra-crater dune fields. Detailed studies were 
performed of five areas in Noachis Terra, using Mars Orbiter Camera 
(MOC) wide-angle mosaics, Thermal Emission Imaging System 
(THEMIS) daytime and nighttime infrared mosaics, MOLA digital 
elevation and shaded relief maps, and MOC narrow-angle images. The 
lack of observable sand transport pathways suggests that such pathways 
are very short, ruling out a distant source of sand or indicating that the 
pathways have been buried or destroyed. Consistent dune morphology 
and dune slipface orientations across Noachis Terra suggest formative 
winds are regional rather than local (e.g. winter westerlies as opposed to 
crater slope winds). A sequence of sedimentary units was found in a pit 
eroded into the floor of Rabe Crater, some of which appear to be 
shedding dark sand that feeds into the Rabe Crater dune field. The 
visible and thermal characteristics of these units are similar to other units 
found across Noachis Terra, leading to the hypothesis that a series of 
region-wide depositional events occurred at some point in the Martian 
past and that these deposits are currently exposed by erosion in pits on 
crater floors and possibly on the inter-crater plains. Thus the dune sand 
sources may be both regional and local: sand may be eroding from a 
widespread source that only outcrops locally. Sand-bearing layers that 
extend across part or all of the inter-crater plains of Noachis Terra are 
not likely to be dominated by loess or lacustrine deposits; glacial and/or 
volcanic origins are considered more plausible. 
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Simultaneous Field-based Measurements of Wind 
and Water Erosion in Semiarid Grasslands 
 
Jason Field1, David Breshears2, Chris Zou1  
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Wind and water erosion are the primary forces responsible for the 
transport and redistribution of materials in arid and semiarid 
environments.  Redistribution of sediment, nutrients, and other resources 
by wind and water erosion has important ecological and hydrological 
implications for the functioning of dryland ecosystems, yet the relative 
magnitudes and importance of both types of erosion within such 
ecosystems are poorly quantified.  This study is among the first to report 
simultaneous field-based measurements of wind and water erosion 
under similar conditions at the same site.  The site is located in a 
semiarid grassland in southeastern Arizona and consists of three 100 m 
by 100 m undisturbed plots.  Each plot was instrumented with a series of 
Big Spring Number Eight (BSNE) samplers at five heights aboveground 
(0.08, 0.17, 0.25, 0.50, and 1.0 m) and a pair of bordered (3 m by 10 m) 
and unbordered sediment check dams to estimate annual rates of wind 
and water erosion, respectively.  Our measurements highlight that wind 
erosion occurs frequently at small rates, whereas water erosion occurs 
relatively infrequently but at relatively greater rates.  Notably, our 
estimates of annual erosion rates to date indicate that wind erosion, as 
estimated by horizontal mass flux, contributes substantially to total 
erosion rates in semiarid grasslands.  Our results provide some of the 
only direct comparisons of wind and water erosion in dryland ecosystems 
and have implications for land management, vegetation dynamics, 
biogeochemical processes, and land surface geomorphology. 
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Aeolian Shear Stress Ratio Measurements within 
Mesquite-dominated landscapes of the Chihuahuan 
Desert, New Mexico, USA 
 
James King1, W.G. Nickling1 and J.A. Gillies2 
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2. Division of Atmospheric Sciences, Desert Research Institute, Reno, NV, USA 
 
A field study was conducted to ascertain the amount of protection that 
mesquite-dominated communities provide to the surface from wind 
erosion.  The dynamics of the locally accelerated mesquite/coppice dune 
landscape evolution and the undetermined spatial dependence of a 
shear stress partition model were investigated.   
 
Sediment transport and dust emission processes are governed by the 
amount of protection that can be provided by roughness elements.   
Although shear stress partition models exist that can describe this, their 
accuracy has only been tested against a limited dataset because of 
previously perceived instrumentation limitations.   
 
This study combines the use of meteorological towers and surface shear 
stress measurements with Irwin sensors to measure the partition of 
shear stress in situ.  The surface shear stress within preferentially 
aligned vegetation (within coppice dune development) exhibited highly 
skewed distributions, while a more homogenous surface stress was 
recorded at a site with less developed coppice dunes.  Above the 
vegetation, the logarithmic velocity profile deduced roughness length 
(based on 10-min averages) exhibited a distinct correlation with compass 
direction for the site with vegetation preferentially aligned, while the site 
with more homogenously distributed vegetation showed very little 
variation in the roughness length.  This distribution in roughness length 
within an area, defines a distribution of a resolved shear stress 
partitioning model based on these measurements, ultimately providing 
potential closure to a previously uncorrelated model parameter. 
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Wind Tunnel Simulation Experiment for the 
Dynamic Processes of Sand Dunes Formation in 
Western Coast of Hainan Island 
 
Sen Li1, Xianwan Liu2, Huichuan Li3 and Xinghu Wei3 
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Guangdong, China 
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The western coast of Hainan Island is landscape of savanna. Some 
types of dunes are distributed along the coastal zone extending S-N, 
including transverse dunes, longitudinal dunes, clay dunes, coppice 
dunes and climbing dunes.  In the winter the NE wind of high frequency 
and energy is dominant, which is the prevailing wind and the resultant 
drift direction (RDD) is toward S35.6°W. In spring, however, the WS wind 
of lower frequency and lower energy, relative to the winter wind, is 
dominant.  This is the minor wind and the resultant drift direction (RDD) 
is toward N25.1°E. The wind tunnel simulations revealed that the surface 
current of the dunes is the main factor controlling the erosion of the 
dunes surface, sediment pattern and the geomorphologies of sand 
dunes. Under the bidirectional wind regime of moderate wind energy, 
transverse dunes, longitudinal dunes, clay dunes, coppice dunes and 
climbing dunes develop different surface currents especially on leeward 
slopes, and the dynamic processes have different characters. Though 
the dynamic process of the coastal dunes in western coast of Hainan 
Island is similar with that of the inland dunes, the geomorphology of 
coastal dunes develops characters of more abundant, vivider and slow 
change, and the formation mechanism is more complex relatively. The 
differences are because of the effluences of the constant sea breeze, 
abundant sand supply, gentle bank slope and foreshore, the tidal range, 
the rivers and so on in the environment of Land-Ocean Interaction (LOI). 
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Regions by Remotely Sensed Energy  
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Remotely sensed satellite images are being used for the mapping and 
detection of aeolian vulnerability landscapes in the northwestern Negev 
Desert, Israel. Land surface parameters, which are essential for 
classification of vegetation cover (annual and perennial), soil type and 
properties, are vital in determining which regions are susceptible to wind 
erosion. Here we present a method to map regions susceptible to wind 
erosion in agricultural fields using remote sensing. This method 
estimates surface net radiation and vegetation cover and can be applied 
at local and regional scales.  
 
In our study, four Landsat 7 ETM+ images collected during January 2, 
1973; August 14, 1987; August 7, 1999 and March 8, 2002 were used.  
The surface net radiation (Rn) was defined by applying the total 
broadband shortwave albedo and the difference between incoming and 
outgoing long wave radiation. Additional meteorological data includes 
incoming shortwave and longwave radiation and air temperature. These 
results will be shown in an aeolian potential drift context. 
 
During the summer, the albedo of bare agricultural sandy and loess soils 
varied from 0.20 to 0.35, surface temperature varied between 292 - 306 
K and Rn varied from 325 - 550 Wm-2. Winter values were higher; albedo 
varied between 0.1 - 0.2 and surface temperature and net radiation 
varied between 287 - 300 K and 580 - 680 Wm-2, respectively.  
 
NDVI values varied from 0.06 for bare soil surfaces to 0.8 for full dense 
vegetation.These results were corroborated by ground measurements.  
Further analysis shows a classification of aeolian susceptible regions 
using a decision tree algorithm. 
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Image Data for the Gran Desierto: Implications for 
Long Distance Sand Transport 
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The Gran Desierto of Sonora, Mexico has experienced multiple episodes 
of aeolian activity, resulting in different dune generations over time and 
creating a mosaic of sand compositions and dune morphologies.  In 
order to decipher this complexity, remote sensing data spanning the 
visible to shortwave infrared wavelengths (VNIR/SWIR) from the Landsat 
Thematic Mapper (TM) have been used to discriminate between sand 
populations based on their spectral characteristics.  Those results were 
constrained in some areas due to the lack of identifiable absorption 
features of common dune forming minerals.  More recent data from the 
Advanced Spaceborne Thermal Emission and Reflection Radiometer 
(ASTER) have a significant advantage over previous datasets because 
of its high spatial resolution (15 – 90 m) and enhanced multispectral 
capabilities, particularly in the thermal infrared (TIR) region (8.1-11.7 μm) 
where common silicate minerals are easily identified.  These data provide 
the ability to produce mineral maps of the surface sands and discriminate 
sources and pathways of mixing within the larger dune field. However, 
the 60 km swath width of ASTER can limit the effectiveness of accurately 
tracing sediment transport paths over large distances.  The research 
presented here focuses on creating a seamless and radiometrically 
accurate ASTER TIR mosaic of the Gran Desierto using eighteen 
scenes.  Once compiled, the entire desert system was treated as a 
whole and the variation of land surface composition was mapped over 
large distances.  Enhancement of the mosaic dataset revealed several 
regions with similar spatial patterns seen in earlier studies indicating little 
change of the surface, as well as new compositional patterns not noted 
previously.  
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The Size Properties of Stochastic Mixed Diameter 
Grain-bed Impacting in Aeolian Sand Saltation 
 
Wan Qing Li, You He Zhou and Xiao Jing Zheng 
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P.R. China 
 
This paper reports a satisfied splash function, including the knowledge of 
the behavior of each grain size in the population after different diameter 
incident grains randomly impact with a mixed sand grain bed, by a 
simulation on a parallel computer for the first time, based on the means 
of Zhou, et al. (2006). Two aspects of the problem not investigated 
previously are included in this model: first, a statistical approach; second, 
a natural mixed sand bed. In the simulation, a two dimensional sand bed 
of grain-grain contact between the mixed size grains, which are 
simplified by circular disks, is stochastically generated by a random 
number generator and the particle cooling technique. After the diameter 
distribution of incident grains is divided into n sub-regions of 
representative diameters, the collisions are simulated for each 
representative diameter of incident grains with an incident velocity 
impacting the mixed sand bed, to which the information of lift-off grains 
may be gained at the end of collisions. After that, a statistical approach is 
proposed to find the average values of velocity and the number of 
ejecting and rebounding grains, as well as the lift-off velocity in terms of 
magnitude and angle. In order to guarantee a study of the statistical 
quantities, 110 samples of the random collisions for each representative 
diameter of grains, with an incident velocity but different (or random) 
contact positions, are taken in a case study. The numerical results 
display in particular, that most properties of grain-bed impacting depend 
much upon incident grain size and are not only related to incident 
velocity.   
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In aeolian mass transport momentum transfer, impact and subsequent 
entrainment take place in a very shallow layer at the air-bed interface 
with large velocity gradients. Apart from few important, but simplified 
experimental studies of the splash (e.g. Willetts & Rice, 1986, 1989; 
Mitha et al, 1986) evidence on the impact-entrainment processes has 
been obtained from theoretical reasoning and numerical modelling 
(Owen, 1964; Sørensen, 1985; Anderson &  Haff, 1988, 1991; McEwan 
& Willetts, 1991, 1993; Shao & Li, 1999; Spies & McEwan, 2000) when 
comparing predictions to indirect experimental information such as the 
vertical intensity and distribution of the saltation cloud and the wind 
profile within the saltation layer.  In recent years, laser based methods 
have become available for measuring particle speed in the saltation layer 
(Dong et al, 2002; Rasmussen & Sørensen, 2005). Although 
misinterpretation of such data is possible (Rasmussen & Sørensen, 
2005) they may give precise values for the variation of grain speed with 
height. Thus besides information about wind speed and total mass 
transport, grain speeds may also be used in the verification of models.  
In a long boundary layer wind tunnel, aeolian saltation has been studied 
for uniform particles of two different diameters Dp = 320 μm and  
Dp = 254 μm. Measurements of particle speeds at different heights above 
the bed and at different values of the bed shear stress have been 
recorded. The rate of particles passing through the control volume of the 
sensor has also been recorded together with the average horizontal wind 
speed. However, data contain large uncertainties due to moderate 
validation in the laser-Doppler system.  When introducing simplifying 
assumptions in an analytical saltation model an explicit expression for 
the mean horizontal grain speed as a function of height was proposed 
(Rasmussen and Sørensen, 2005). The present investigation discusses 
the underlying assumptions for the model and compares theoretical 
predictions and experimental values. In particular we investigate the 
quality of the rate data by comparing observations to analytical 
predictions.   
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Most models of aeolian saltation assume that the path dimensions 
(height, length) are proportional to wind speed or shear velocity (e.g., 
Bagnold, 1936). However, recent work has suggested that saltation hop 
dimensions are largely independent of shear velocity, and controlled 
instead by the grain-size (mass) of the bed material (Namikas, 2003).  
This paper will report results from a field test of the latter hypothesis. 
Five artificial beds comprised of pre-sieved sediment sorted into  
quarter-phi classes, and ranging from very-fine to coarse sand-size, were 
installed flush with the bed on the back beach at Mustang Island State 
Park, TX. Measurements of the vertical and horizontal distributions of 
mass flux were collected immediately downwind of the beds, using 
compartmented traps. These measurements were used to calibrate a 
numerical model of aeolian saltation trajectories, and to document the 
influence of bed texture on saltation path heights and lengths. 
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The present-day Southern cape coastline has extensive aeolian deposits 
including 200 m high barrier dunes and coastal aeolianites but their 
relationship with coastline and age is poorly understood. The southern 
cape is tectonically stable, currently located at the convergence of the 
Benguela and Agulhas ocean currents, at the current interface of the 
southern African winter and summer rainfall zones and is adjacent to the 
extensive, but currently submerged, Agulhas shelf.  It is therefore a 
coastal region particular sensitive to past environmental changes. 
 
New optical luminescence results show multiple phases of aeolianite 
deposition and barrier dune construction over the last 200 ka relating to 
post-interglacial periods when sea-levels were fluctuating and climatic 
conditions were cooler and wetter, and therefore more conducive to 
aeolianite cementation/preservation.  The occurrence of multiple 
depositional phases stacked in barrier dunes is interpreted as showing 
that sea-level oscillations have repeatedly caused the driving onshore of 
carbonate rich sediments.  This raises the question where did all this 
sediment derive from?  The coastline is presently sediment starved but 
new research has shown appreciable terrestrial and estuarine sediment 
stores which, under the right conditions, could provide the sediment 
needed for barrier dune construction.    
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In this paper we describe the age and structure of a large, complex, 
linear dune in the Namib Sand Sea using a combination of ground 
penetrating radar (GPR) and optical dating.  The dune, known locally as 
Warsaw dune, is over 20 km in length.  In the study area it is around  
600 m wide and 65 m high.  Sedimentary structures revealed in 2-D and 
3-D GPR surveys show dipping reflections interpreted as sets of  
cross-stratification and bounding surfaces where reflections terminate.  
On the western dune flank there is a marked unconformity between 
reflections within the dune that dip towards the east which are truncated 
by reflections dipping towards the west.  On the eastern flank there is no 
such unconformity and reflections from sets of cross-stratification and 
their bounding surfaces dip roughly parallel to the dune surface 
indicating accretion towards the east.  Luminescence dating shows that 
the dune is Holocene in age.  It has moved laterally by around 300 m 
during the past 2,500 years, a rate of 0.12 myr-1.  The development of 
the dune was episodic and includes a hiatus of almost 2000 years.  We 
suggest that its construction has been affected by climate change, with 
increased rainfall and vegetation moderating sand movement and dune 
building in the Namib Desert during the mid-Holocene. 
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Reconstruction of Lateglacial and Holocene Dune 
Development in Central Europe Using Optically 
Stimulated Luminescence (OSL) dating 
 
Alexandra Hilgers 
Department of Geography, University of Cologne, Cologne, Germany 
   
Aeolian sand deposits, such as inland and river dunes and cover sands, 
occupy an almost continuous area in the western, central and eastern 
European lowlands. Within this so-called European Sand Belt this study 
investigates dune sites in eastern Germany and western Poland to 
provide a chronology of the Late glacial and Holocene aeolian record for 
landscape and climate reconstruction. Numerous studies on dune 
development already exist, but are predominantly based on radiocarbon 
ages, thus not dating the event of aeolian sedimentation directly. 
Therefore optically stimulated luminescence (OSL) dating is considered 
to be far better suited to reconstruct dune formation. The robustness of 
OSL dating in the time span of interest (c. last 20 ka) is demonstrated by 
the good agreement of the OSL chronology to independent age control 
(e.g. C-14 ages, palynological data). Twenty dune sequences located in 
five different areas have been investigated which represent an N-S 
transect following the different stages of the retreating inland ice sheet 
after the Last Glacial Maximum. Fundamental questions are, if several 
phases of aeolian activity and periods of stabilization and soil 
development could be defined and if similarities or differences regarding 
their intensity, beginning and ending exist on a regional scale. The 
summary of 159 OSL ages allows conclusions regarding climate driven 
phases of aeolian activity during the Late glacial and Late Holocene 
manmade dune remobilization in accordance with the settlement history. 
The results are promising in view of areas without any chronological 
control. But several limitations will be discussed as well.   
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Late Wisconsinan and Holocene Dunefield 
Formation and Evolution on the Northern  
Great Plains, Canada 
 
Stephen Wolfe 
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More than 150 optical and radiocarbon ages, combined with dunefield 
orientations, timing of glacial retreat and paleo-biomes, provide a 
chronology of aeolian activity and climate for the northernmost part of the 
North American Great Plains. Late Wisconsinan dune activity in central 
Alberta about 15.7 ka and 13.4 ka occurred in ice-proximal tundra 
settings between the Laurentide and Cordilleran ice sheets.  
Dune-forming winds were westerly to northwesterly, likely from  
katabatic drainage off the ice. Activity continued here between 12.9  
and 11.3 ka under parkland and grassland settings as the ice sheets 
retreated. Winds remained westerly to northwesterly, and were likely 
generated by increasingly dominant Pacific air masses. By about 12.6 
ka, dune-forming winds along the margins of the Laurentide ice sheet 
were generated by strong anti-cyclonic flow from the southeast until 
about 9.0 ka. As the Laurentide ice sheet retreated, these southeasterly 
winds were replaced by winds from the northwest. Dune activity in the 
north terminated time transgressively from the southwest, at about 12 ka, 
to the northeast, at about 9 ka, with the establishment of boreal forest 
and reduced winds. Within the present-day parkland and southern boreal 
forests, Mid-Holocene dune reactivation between 6.7 and 5.0 ka 
occurred under grassland settings and wind regimes similar to present. 
Throughout the southern prairies, successive episodes of late Holocene 
dune activity between 5.0 and 0.5 ka reworked most older deposits. In 
the driest, southern parts of the prairies, widespread dune activity in the 
last 500 years resulting from drought and other disturbances has 
extensively worked older deposits. 
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The Australian southeast dust transport corridor is the principal pathway 
through which continental dust emissions from central and eastern 
Australia are carried by the prevailing mid-latitude westerly circulation. 
Using archives of aeolian dust deposition preserved in lake sediment on 
North Stradbroke Island, southeast Queensland, we reconstruct the 
position and strength of the Australian southeast dust pathway for the 
past 25,000 years. ICP-MS trace element analysis is used to identify the 
local and long traveled continental dust extracted from the lake 
sediments using a unique approach involving five elements (Ga, V, Ni, Tl 
and Sc) acting as proxies for far-traveled material. The local and 
continental chronologies of dust deposition developed by this study show 
markedly different records, indicating varied responses to climate 
variability on North Stradbroke Island (local dust component), and in 
eastern and central Australia (long traveled dust component). Once 
determined, the continental component of the aeolian sedimentation 
record is then provenanced to source area using a ternary mixing model 
in which 15 trace elements are compared to potential dust source area 
surface sediment chemistries.  Results yield a record of variation in 
continental dust source area dominance for dust deposited on North 
Stradbroke Island.  These variations in source area dominance are then 
used to reconstruct variability in the position and intensity of the 
Australian southeast dust transport pathway through time in response to 
climate variability.  
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Variable Rates of Latest Pleistocene to Holocene 
Loess Accumulation in the Pacific Northwest, USA 
 
Mark Sweeney1, David Gaylord2 and Alan Busacca3 
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2. Department of Geology, Washington State University, Pullman, WA, USA 
3. Crop and Soil Sciences and Geology, Washington State University, Pullman, WA, USA 
 
The Palouse region of the Pacific Northwest, USA, contains thick loess 
deposits that record variable accumulation rates from the latest 
Pleistocene through the Holocene. The loess is derived from thick and 
expansive glacial outburst flood slackwater sediments stored in different 
sedimentary sinks, including the Pasco Basin, Umatilla Basin, and 
Eureka Flat. While regional climate and topography influence loess 
accumulation rates and thickness, pulses of rapid loess accumulation 
appear to have occurred at different times downwind of different source 
areas. During the last glacial maximum, a glacial anticyclone suppressed 
dust formation and loess accumulation region-wide, resulting in strong 
soil development. Following retreat of the North American ice sheets, the 
weakened anticyclone was supplanted by strong westerly-southwesterly 
winds that reworked recently deposited flood sediments. The Horse 
Heaven Hills in northwestern Oregon records 4 m of loess accumulated 
from  15-13 ka. Rapid accumulation ended with the latest Pleistocene 
soil development, followed by relatively slow accumulation over the last 
~10 ka. In contrast, loess accumulation in the Skyrocket Hills downwind 
of Eureka Flat was relatively slow in the latest Pleistocene and much 
more rapid during the early to mid-Holocene. Slower accumulation of 
loess has continued there since ca. 5 ka. Rapid loess accumulation in 
the early to mid-Holocene corresponds to heightened aridity documented 
by nearby sand dune and lacustrine records. The timing of rapid loess 
accumulation in the Palouse varies across the region, suggesting that 
local influences, including preservation potential of loess and sediment 
availability, strongly influence local records of accumulation.  
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Characteristics and Distribution of Some Silty 
Upland Soil caps in Michigan’s Upper Peninsula: 
Are they Aeolian? 
 
Randall Schaetzl 
Department of Geography, Michigan State University, East Lansing, MI, USA 
 
Most soils in the Upper Peninsula (UP) of Michigan are either sandy, 
having formed in coarse-textured glacial drift, or organic, i.e., Histosols 
on flat, wet lake glacial plains.  However, in some upland areas the soils, 
which are very sandy at depth, contain a silty cap that can be as much 
as a meter thick.  The origin of these caps has long been highly 
enigmatic.  In this research I introduce some of the major silty caps in the 
UP and examine the hypothesis that many of them are aeolian.  
Geochemical data from the caps, the substrate materials and nearby 
outwash/lake plains are presented and compared, in order to suggest the 
likely source area(s) for the caps.  My data show that the cap sediment is 
almost certainly aeolian.  In most cases, the source for the aeolian silts 
on uplands was/is a local, recently-abandoned glacial lake plain or 
outwash plain.  As expected, the caps are dramatically different from 
their substrate materials in geochemical attributes, clearly indicating that 
the former are not a weathering phenomenon or simply a different type of 
drift deposit.  The caps tend to be impoverished in heavy elements and 
minerals, and concomitantly enriched in lighter species, when compared 
to their presumed source sediments, likely due to aeolian sorting.  This 
work illustrates the utility of geographic and geochemical research in 
determining the origins of even thin strata of silty sediment in soils. 
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Aeolian Activity and Lunette Dune Sedimentation on 
the Free State Highveld of South Africa 
 
Peter Holmes1, David Thomas2 and Mark Bateman3 
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Currently, aeolian activity on the high plains (Highveld) of the  
west-central Free State province manifests itself by way of local, but 
severe, sand and dust storms, particularly in the dry winter months. 
There is evidence, in the form of pan fringing lunette dunes at numerous 
sites, of palaeo-aeolian activity in this region. While the aeolian record 
from both linear dunes and pan fringing lunettes in the adjacent Kalahari 
is comparatively well documented, a chronology for lunette dune 
formation in the Free State is largely lacking. This paper reports on three 
sites in the central Free State where pan fringing lunettes have recently 
been investigated and sampled for OSL age determination. Mecca 
Group shales are a common geological substrate favouring pan 
formation, while local controls, particularly groundwater levels and 
vegetation cover, influence sediment deflation and lunette formation. An 
initial suite of OSL ages from Morgenzon pan suggests a phase of 
lunette dune sedimentation spanning the mid-Holocene to the Last 
Glacial Maximum. These pan fringing lunettes are capped by a recent 
depositional phase, dated from ~ 300 to 100 years BP. Geomorphic 
evidence suggests similar phases of aeolian sedimentation at Sunnyside 
and Saltpetre pans, ~ 80km east of Morgenzon, but OSL ages are 
awaited. Currently, the pan fringing lunettes at all three sites are 
undergoing dissection as sediment is (fluvially) reworked onto the pan 
floor. Given a scenario of global climate change, an understanding of 
past and present aeolian processes is vital to the central Free State, 
which is transitional between the arid Kalahari to the west, and South 
Africa’s summer rainfall, grain producing region to the east.     
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Restructuring Late Quaternary Environments by 
OSL Dating of Dunes in Southern Australia 
 
Alexandra Hilgers and Johanna Lomax 
Department of Geography, University of Cologne, Cologne, Germany 
 
The Mallee in the semi-arid Murray Basin (South Australia) is today 
made up of well vegetated and stabilized palaeodunes. They give 
evidence of more arid conditions in the past, allowing dune construction 
under sparser vegetation cover than is present today. By optically dating 
these dunes, the environmental changes over the last 350 ka in the 
Murray Basin can be reconstructed. The main features of interest are 
first, the timing of the onset of dune formation and second, whether 
multiple phases of aridity is represented in the dune record, or whether 
dune development was continuous.  A second study area is located in 
the Lake Eyre Basin in arid central Australia. Here, the longitudinal 
dunes are sporadically active. Dating and sedimentological studies will 
provide insights in mechanisms and conditions of their formation.  
Comparison of the timing of aeolian activity and stability phases in both 
study areas might give further information on the dynamics of the 
atmospheric circulation over southern Australia throughout the Late 
Quaternary. 
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Old Sand Ramps: An Aeolian Paradox in the  
Mojave Desert 
 
John Whitney1, Steven Forman2, James Paces1  
and James Yount1 
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Sand ramps in the Mojave Desert offer an unusually long record of 
paleoclimate, unfiltered by local hydrological processes. Against the 
lower slopes of isolated ranges and buttes are massive accumulations of 
aeolian sand interfingered with deposits of reworked sand, colluvium, 
gravel, and paleosols.  Sand ramps at Dale Lake, CA, Dumont, CA, and 
in the Amargosa Desert of southern Nevada commonly record episodes 
of aridity and strong winds and intervening periods of surface stability as 
far back as the deposition of the Bishop Ash (0.759 Ma). The paradox: 
according to midden studies, the Devil’s Hole speleothem record and the 
global ice-core record, the present climate during the last 6 ka is the 
warmest and driest in the Mojave since about 125,000 ka.  Yet the sand 
ramps have been mostly inactive for the past 20 ka in the southern 
Mojave Desert and for about 45 ka in the northern Mojave. No significant 
aeolian accumulations have taken place during the Holocene. Local 
runoff sands generated by infrequent storms are reworked by seasonal 
winds to augment local active dunes; however, the main aeolian 
processes during the Holocene have been deflation of playas and 
consequent build-up of vesicular A horizons beneath stable desert 
surfaces. Why aren’t Mojave sand ramps aggrading under current dry 
interpluvial conditions? A lack of source sand?  Too few episodes of very 
strong winds? Or both? Large supplies of loose sand on active alluvial 
fans in the Mojave point toward a dearth of strong, sustained winds 
during the past climate cycle. 
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The Oxygen Isotopic Compositions of Quartz in the 
Sand Seas and Sandy Lands of Northern China and 
their Implications for Understanding the 
Provenance of Aeolian Sands 
 
Xiaoping Yang, Xudong Fu and Feng Zhang 
Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing, China  
 
Although earlier studies of heavy minerals have suggested that the dune 
sands in the sand seas of western China are related to the ‘local’ tectonic 
landforms and petrologic as well as climatic features, no clear evidence 
has been reported to address the question of whether and to what 
degree the sands of other regions are mixed in the sand seas and sandy 
lands of northern China. In addition, a better understanding of the 
provenance of aeolian sands in deserts would be useful for studying the 
interactions between various Earth surface processes occurring in arid 
and semiarid regions. In this study, we systematically examine the 
oxygen isotopic compositions of quartz in the sands from the Taklimakan 
Desert and the Badain Jaran Desert of northwestern China and from the 
Hunshandake Sandy Land and the Hulunbeier Sandy Land of 
northeastern China. The modal fractions of grain size were chosen for 
examination. Sample preparation follows the chemical principals 
described in geochemistry and the final measurements were performed 
with a mass spectrometer. The outcome establishes a preliminary 
database about δ18O values of quartz sand in large Chinese deserts and 
sandy lands. The results show regional differences between each of the 
sand seas and sandy lands, indicating different provenances of the 
aeolian sands. Further detailed comparison of the δ18O values between 
the deserts and loess stratigraphy in the Loess Plateau would provide 
information about changes in areas of loess sources and evidence for 
palaeocirculation.  
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The Development of Aeolian Processes in  
North-East Poland during Pleistocene According to 
the Maximum Extent of the Ice-sheet 
 
Barbara Woronko 
Laboratory of Sedimentology, Faculty of Geography and Regional Studies, University of 
Warsaw, Warsaw, Poland 
 
The area of Poland is covered by a thick layer of Pleistocene sediments 
corresponding to glaciations, stadials and interglacial periods. Wind was 
one of the main components modelling the landscape of this area during 
cold episodes. Aeolian processes were active not only far from the  
ice-sheet limit, but also close to the edge of the ice sheet. This is marked 
by increased content of round mat grains in the sediment. It is known 
that aeolian processes were active during several periods of glaciation, 
but the change in aeolian activity during a glaciation can be studied only 
for the Vistulian (Weichselian), when the area of Poland was part of the 
European sand belt. The content of round mat grains was the basis of 
estimating the five periods of intensive development of aeolian 
processes in North-East Poland during the Pleistocene. These periods 
are connected to the Narevian transgression, the Sanian 2 Glaciation, 
the maximum extent of the Liviecian and Vistulian Glaciations and the 
recession of the Krznanian Glaciation. They were of a regional character, 
connected with extraglacial zones and represented by periglacial alluvial 
sandy deposits. 
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Interdune Sinkhole Deposits in the  
Navajo Sandstone 
 
Gerald Bryant1, Giovanni Monegato2 and Andrew Miall1 
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Extensive outcrops of Navajo Sandstone in the southwestern United 
States expose aeolian dune deposits that are subdivided in a complex 
array of foresets and bounding surfaces.  In the Glen Canyon region, this 
architecture is frequently disrupted by large-scale, soft-sediment 
deformation features.  Ruben and Hunter [In Geological diversity of 
Arizona and its margins; excursions to choice areas: Special Paper,  
126-129 (1985)] have attributed such features to penecontemporaneous 
liquefaction events that affected saturated sand below the level of 
interdune surfaces (Rubin and Hunter, 1988).  Though erosional 
truncation of deformation features indicates that liquefaction often 
occurred in the uppermost levels of the dune deposits, there is little 
unambiguous evidence of surface disruptions associated with such 
subsurface events.    
 
In West Canyon, Utah, a Navajo Sandstone outcrop displays an unusual 
25m succession of sandstone and carbonate deposits over a zone of 
deformation.  The deposits occupy a steep-sided synform along a  
first-order bounding surface.  Large-scale foresets below this bounding 
surface oversteepen at the margins of the synform and grade down-dip 
into a zone of soft-sediment deformation.  This report delineates the 
geometries of these architectural features and provides a model for their 
genesis.  The authors propose that a liquefaction event, in the Jurassic 
erg caused the collapse of an interdune surface.  A succession of mass 
flow and lacustrine deposits filled the sinkhole produced by this collapse.  
The sinkhole developed on an interdune flat, beyond the reach of upwind 
foresets, and the depression was filled before large dunes migrated to 
the site.  This scenario is compatible with the dune/interdune 
relationships of a wet aeolian system as described by Kocurek and 
Havholm [Memoir-American Association of Petroleum Geologists,  
393-409 (1994)], subject to episodic seismic activity. 
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Preservation of Aeolian Topography during  
Aeolian Deposition, Permian Cedar Mesa 
Sandstone, SE Utah 
 
Richard Langford, Krystal Pearson, Duncan Katy,  
David Tatum and Luqman Adams 
Department of Geological Sciences, University of Texas at El Paso, TX, USA 
 
Models of deposition for aeolian strata require translation of bedforms 
accompanied by base-level rise to create continuous beds.  However, 
strata in the Permian Cedar Mesa Sandstone in Southeastern Utah 
require a different model.  In this new model, inherited aeolian 
topography influences subsequent deposition.  Detailed GPS mapping of 
a 5 km2 area was used to trace aeolian strata through a 20-25 m thick 
unit in the Cedar Mesa.  The unit is bounded above and below by  
sub-parallel erosion surfaces that have up to 5 m of relief.  Within the 
unit, high-angle bounding surfaces define draas that were 650 to 800 m 
wide and spaced 1 km apart.  Within the draas, bounding surfaces 
separate sets of dunes that migrated down the front of the draa.  The 
bounding surfaces become steeper until the down-climbing dunes are 
replaced by single 25 m high transverse foresets.  Deposition ceased 
and the draa tops were eroded.  The intervening lows were filled with 
alternations of sand sheets and down-climbing barchanoid dunes, both 
of which graded episodically into ponds that formed in the lowest points.  
The Cedar Mesa illustrates a two stage history of aeolian aggradation 
wherein draas grow and migrate down wind, but then are deflated, with 
the intervening low filled with younger sand sheets to produce a layer of 
aeolian sand.  This history explains why the 20-40 m thick unconformity 
bounded units in the Cedar Mesa are typically upward fining, opposite to 
what should be expected through bedform climbing and difficult to 
explain with bypass surfaces. 
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Terrestrial - Marine - Ice Correlation of Australian 
Dust Deposition Rates from the Last Glacial 
Maximum to the Holocene 
 
James Campbell and Paul P. Hesse 
Department of Physical Geography, Macquarie University, Sydney, NSW, Australia 
 
We present a new correlation between terrestrial and marine deposits of 
mineral dust in the southeastern Australian dust path from the last glacial 
maximum (LGM) to the Holocene.  A new single-grain OSL dated 
chronology from the Mackenzie’s Waterholes Creek loess-like deposit 
near Carcoar in the NSW Central Highlands of the Eastern Highlands is 
presented.  The new dating methods highlight deficiencies of the 
previous chronology derived for this site (Hesse et al., 2003, Aust. J. Soil 
Res. 41: 1115-1131) using small aliquot OSL dating of silt grains.  The 
single-grain (sand) dating shows a high degree of mixing of grains with 
different apparent ages, which we attribute to bioturbation of the loess 
during its slow accumulation.  Nevertheless, the degree of mixing 
appears to be crudely inversely related to the accumulation rate, as 
expected, and the different populations of grains can be isolated 
statistically to give an estimate of the true age of deposition. 
 
The single-grain OSL dates from Mackenzie’s Waterholes Creek show 
an estimated basal age of deposition at around 45 ± 5 ka.  Dust 
accumulated slowly between dated samples at 32 ka and 22 ka but 
rapidly during the LGM (approx 21-22 ka) before the dust accumulation 
rate decreased in the period from around 21 to 14 ka.  The eight age 
determinations made still do not allow high resolution over the LGM and 
glacial termination and the bioturbation of the sediment imposes a limit to 
the possible achievable resolution.  Nevertheless, the rapid accumulation 
of dust during the LGM agrees well with other terrestrial proxy records 
including sand dune building in the Blue Mountains (Hesse et al., 2003, 
Quat. Int. 108: 13-32) and the treeless interval at Ulungra Springs 
(Dodson and Wright, 1989, QR 32: 182-192) but is slightly earlier than 
the Blue Lake glacial advance (Barrows et al., 2001, QR 55:179-189). 
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The Cold-climate Aeolian Deposits of the Arctic and 
North-west Europe 
 
Mark D. Bateman 
Sheffield Centre for International Drylands Research, Department of Geography, Sheffield 
University, Yorkshire, UK 
 
This paper seeks to review some of the extensive and varied aeolian 
deposits to be found both in northern North America and North-west 
Europe.  In doing so, the similarities in form will be made apparent and 
their relative antiquities will be discussed. 
 
In high latitude North America, extensive aeolian deposits have been 
reported ranging from loess (e.g. Alaska) to dunes (e.g. Banks Island).  
In the Tuktoyaktuk coastlands, north-west territory (NWT) dune deposits, 
sand-sheets and bluff top dunes have been found.  North-west Europe 
also has extensive aeolian deposits with loess (e.g. N. France/Belgium, 
Hungary), sand sheets, source border and inland dunes (e.g. The 
Netherlands, Poland).  In many cases these have distinctive aeolian 
sedimentary and/or bedding characteristics.  Preservation has been 
variable with many of the high latitude deposits still entombed in 
permafrost whereas the north-western European deposits have 
undergone some disturbance due to thermokarst being preserved only in 
periglacial structures.  Despite latitudinal and spatial differences, 
similarities of structures within the aeolian deposits both in NW Europe 
and North America abound. 
 
Much of the European loess and sand-sheets are thought to have been 
deposited in the period 45 ±10 ka with a clear switch from domination of 
loess up until 17 ka to sand deposits occurring around 15 ka.  In North 
America, loess deposition in Alaska is reported to have taken place 
around 47 ka whilst a new suite of OSL ages from NWT indicates that 
regionally dunes dominated between 30-14 ka and sand-sheets between 
14-8 ka (Bateman and Murton 2006).  [Quaternary Science Reviews  
(in press)] 
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Climatic Variability and Aeolian Sedimentation in 
Eastern Australia during the Late Quaternary 
 
Hamish McGowan1, Lynda Petherick1 and Balz Kamber2 
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High resolution sub-centennial scale records of aeolian sedimentation 
have largely been confined to ice core studies which offer excellent age 
control. Ice cores from both the Antarctic and Greenland ice sheets 
reveal dust concentrations up to >20 times current levels during 
glaciations, which have been explained by the expansion of global dust 
sources and subsequent increases in atmospheric dust load associated 
with glacial aridity. In the southern hemisphere, records of aeolian 
sedimentation of comparable temporal resolution from sites outside of 
the Antarctic are limited to alpine ice cores from South America, while 
none exist from Australia, the largest dust source in the southern 
hemisphere. The scarcity of such high resolution records impedes 
progress of Earth System modelling, and more importantly prediction of 
Earth System response to future climate variability.  In this paper we 
present a 25,000 yr record of aeolian sedimentation for the late 
Quaternary from Native Companion Lagoon, southeast Queensland, 
Australia. The record was developed with a temporal resolution of 50 yrs. 
It records both local and continental responses to climate variability 
through coherent and often rapid changes in aeolian sedimentation. The 
record is compared to Antarctic and South American ice core records 
and is shown to be an excellent archive of aeolian processes and 
sedimentation seen in both the polar and sub-tropical ice cores. 
Importantly, the record from Native Companion Lagoon highlights the 
fragile nature of the Australian landscape and its susceptibility to climate 
variability.
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Event Identification in Aeolian Saltation 
 
Jean Ellis and Douglas Sherman 
Department of Geography, Texas A&M University, College Station, TX, USA 
 
Field-based studies measuring aeolian transport and wind in coastal 
systems have found inconsistent findings concerning the relationship 
between turbulent wind events and saltation events. This research 
investigates saltation events within the lower portions of the boundary 
layer (<0.02 m above the bed) using collocated saltation sensors and 
anemometers. A field study was conducted on a beach at the end of 
Shoalhaven River, NSW, Australia, where the mean grain size was  
0.25 mm. Sediment transport was measured at 6,000 Hz using a 
‘miniphone’, a microphone-based saltation intensity sensor that was 
designed and constructed for this experiment. Wind speed was 
measured using thermal anemometers located 0.02 m and 0.036 m from 
the miniphone. The goal of this paper is to describe the relationship 
between turbulent wind and sediment transport events. Qualitative and 
quantitative methods were used to investigate these relationships that 
scale to the boundary layer and to burst-sweep events. A modified 
variable interval time averaging (VITA) method was developed to identify 
positive and negative events in the wind and saltation records. 
Qualitative analysis revealed that wind accelerations and decelerations 
were closely matched by increases and decreases in saltation at the 2 
and 20 second time scales. A periodicity of 22 seconds was found from 
spectral analysis of the wavelet time series. Quantitative analysis 
revealed that forty-four percent of the wind and sand VITA events match. 
Not all wind accelerations are linked with decelerations, nor are 
increases and decreases in the saltation intensity linked.   
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Topography: Preliminary Results from  
CUP Anemometry 
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Wind flow patterns over beaches with complex intertidal bar-trough 
topography were assessed from several experiments using classical 
stacked cup anemometers deployed over three beaches in northern 
France. The isovels inferred from wind profiles from 30-minute runs per 
experiment suggest that complex boundary layer interactions are 
generated by the beach itself, and, for offshore winds, by the dune 
upwind. Steep bar faces and bar-trough alternations perturb the smooth 
flow lines expected from flat or uniform dissipative beaches. Bar faces 
generate ramp wind acceleration effects for onshore winds and 
immediate downwind deceleration for offshore winds. Troughs are 
similarly characterized by marked vertical gradients in wind flow patterns 
with basal compression and upper decompression. At this stage, the only 
measured effect on sand transport is that of the troughs, which mitigate 
sand supply to dunes by limiting or segmenting the dry fetch during 
conditions of intermittent saltation. However, the wind profiles suggest 
that aeolian sand transport and accumulation on these bar-trough 
beaches may be subject to much larger micro-spatial variability, as a 
result of bar-trough slope effects on wind flow. Experiments aimed at 
monitoring aeolian sand transport on such beaches should take into 
account this micro-scale variability, which also involves significant  
cross-shore bedform variability. Cup anemometers are not suitable for 
complex intertidal bar-trough topography because the flow fields 
portrayed are derived from one-dimensional data points. On beaches 
with multiple bar-trough sets, ultrasonic anemometry should enable a 
finer resolution of the complex 3D flow patterns inferred from simple wind 
profiles obtained from cup anemometry. 
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a Beach-foredune System During a Fall Storm, 
Greenwich Dunes, Prince Edward Island, Canada 
 
Ian Walker1, Patrick Hesp2, Steven Namikas2, Bernard Bauer3, 
Robin Davidson-Arnott4 and Jeff Ollerhead5 

1. Department of Geography, University of Victoria, Victoria, BC, Canada 
2. Department of Geography and Anthropology, Louisiana State University, Baton Rouge,  
    LA, USA 
3. Irving K. Barber School of Arts & Sciences, University of British Columbia Okanagan,  
    Kelowna, BC, Canada 
4. Department of Geography, University of Guelph, Guelph, Ontario, Canada 
5. Department of Geography, Mount Allison University, Sackville, NB, Canada 
 
This paper presents results from an 8 hr experiment on three-
dimensional flow dynamics over a vegetated foredune during an intense 
fall storm in October 2004. Two parallel measurement transects were 
established on morphologically different profiles: (i) a taller West transect 
with a 0.5 m incipient foredune with 45% vegetation cover, a steep 35° 
vegetated scarp, a convex upper stoss slope with ~30% vegetation 
cover, and a sharp crest backing onto a 1.8 m deep interdune, and  
(ii) the East transect with a lower, sparsely vegetated (14%) incipient 
foredune grading into a uniform 26° slope with increasing vegetation 
cover (15 to 29%) and a lower, sharp crest backing onto a larger 
secondary dune ridge. On each transect, 5 stations (incipient dune, 
foredune toe, lower and upper stoss, crest) were equipped with 
ultrasonic anemometers at 0.6 and 1.65 m logged at 1 Hz. A roving 
profile of seven anemometers measured wind profiles at select locations. 
Incident conditions were recorded from a 4 m tower of 5 instruments over 
a flat sandy beach. Winds increased from 6 m/s to >20 m/s during the 
storm. Light rainfall (0.6 mm) fell later in the experiment and sand 
transport increased with wind speed. Wind direction was obliquely 
onshore (ENE, 73°) ~10-30° from shore parallel. Incident flow was 
steered and accelerated over the dune toward the crest by as much as 
60° and 160x the incident speed. Examination of sub-events showed that 
flow response differed between the profiles and that coherent turbulent 
structures existed. Implications for sand transport and dune maintenance 
are discussed. 
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Foredune Sediment Supply during Offshore Winds 
on a Leeside Coast 
 
Kevin Lynch, Derek W.T. Jackson and J. Andrew G. Cooper 
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University of Ulster, Coleraine, Londonderry, Northern Ireland  
 
Experiments carried out at Magilligan Strand on the north coast of 
Ireland, a leeside coast, suggest that topographic steering of offshore 
winds is an important facet of the aeolian sediment transport system. 
During a five-day study simultaneous measurements were made of the 
airflow pattern over the foredune and associated sediment flux.  Sonic 
anemometers were placed at the dune crest and the mid-beach to 
characterize the airflow. Horizontal aeolian sediment traps, both 
electronic and integrating, were used to measure sediment flux on the 
supra-tidal beach. The results indicate that the wind flow deviated from 
its original offshore direction when it crossed the crest of the foredune 
and flowed across the beach. The change in direction was not a simple 
steering of flow to a single new direction, but rather the flow separation 
resulted in turbulent multidirectional flows “including reversal.” 
Consequently, no clear directional pattern of sediment transport is 
evident in the lee of the dune. Sand traps located at the foot of the dune, 
however, collected sediment throughout transport events associated  
with offshore winds - peaking at 20.09 kg/m2/hour. This aided the 
recovery of the foredune ramp after a previous period of wave-induced 
scarping. A six-week study (June-July 2004) utilizing large trench traps 
showed a similar trend and occasionally the reverse flow was strong 
enough to move sediment up the foredune ramp and into the foredune 
(0.47 kg/m2/hour over one 24-hour period). The observations indicate 
that topographic steering can cause offshore winds to contribute 
positively to the foredune sediment budget and they cannot simply be 
discounted from residual drift calculations. 
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Differences in Sand Supply to Coastal Foredunes: 
The Case of the Bevano River Mouth Natural 
Reserve, Ravenna (Italy) 
 
Laura Caruso 
Environmental Science, University of Bologna, Bologna, Italy 
 
The Bevano River Mouth forms an inlet, parallel to the sea, which 
develops northward following beach orientation.  The dunes of the inlet 
are characterized by a geomorphologic inverse gradient that goes from 
south to north. In the southern part of the beach, dunes that aren’t 
influenced by the inlet are higher, while going further north (towards the 
inlet) dunes become lower and lower. This research aims at comparing 
the differences in sand supply to coastal foredunes at two study sites. 
The first is located on a spit where there is a young, low dune with 
sparse vegetation laying on a very dynamic beach. The second study 
site is located 300 meters further south, and is unaffected by the inlet. 
Here the dune system is older, well developed, higher and more 
vegetated. The study has been in progress since June 2005, following 
the Davidson-Arnott and Law methodology (1990). At each site 12 
sediment deposition readings were taken within 9 2x2 metre areas. 
Moreover, phytosociologic surveys (Braun Blanquet, 1964) have been 
carried out for every 2x2 metre square. Differences in sand supply have 
been correlated with: geomorphologic features between the two study 
sites (the younger dune laying on the inlet and the older one lying 
outside the inlet) and within the same study site (dune foot, dune crest, 
backdune). By comparing such differences with dominant winds and 
vegetation cover, it has been possible to determine how all these factors 
influenced sand accumulation at the study sites. 
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Characteristics and Genesis of Holocene Coastal 
Dune Complexes along the Eastern Shore of  
Lake Michigan 
 
Edward Hansen1, Walter Loope2, Alan Arbogast3  
and Todd Thompson4 

1.  Department of Geological and Environmental Sciences, Hope College, Holland, MI,  
     USA 
2.  USGS Great Lakes Science Center, Munising Biological Station, Ann Arbor, MI, USA 
3.  Department of Geography, Michigan State University, East Lansing, MI, USA 
4.  Indiana Geological Survey/Indiana University, Bloomington, IN, USA 
 
Coastal dunes along the eastern shore of Lake Michigan have been 
described in four different settings. Perched dunes are small parabolic 
dunes on high coastal bluffs of non-aeolian origin.  Small parabolic 
dunes are also associated with beach ridges in coastal embayments. 
Simple,  
lake-plain, complexes consist of a single set of large parabolic dunes on 
former lake plains just above current lake-level.  Compound, lake-plain, 
complexes occur in similar settings, but consist of multiple generations of 
overlapping and nested, large parabolic dunes behind established 
foredune ridges.   Along the southeastern shore, dune histories suggest 
that most growth and migration occurred after the fall from Nipissing II 
peak lake levels at approximately 4500 YBP.   Balances between 
sediment supply and sediment loss were critical in determining dune 
type.   Perched dunes and simple, lake-plain complexes occur along 
coastal zones where net sediment loss exceeded gain and shorelines 
receded.  In these settings lake-front erosion exposed sand to offshore 
winds causing dunes to migrate with the shore.  Dunes in embayments 
and compound, lake-plain, complexes occur where there was a positive 
sediment supply and shore lines prograded westward.  Parabolic dunes 
in these settings originated as blowouts in foredune ridges. Correlations 
between periods of dune growth and lake-level history suggest that high 
lake levels are an important contributor to dune mobility.  However, an 
extensive period of dune stability from ~ 2000 to 600 cal. YBP along the 
southeastern shore corresponds to relatively high lake levels, suggesting 
that other factors were also involved in mobilizing the dunes. 
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Aeolian Sediment Transport Conditions on a Beach: 
I. Surface Moisture and Wind Fetch Effects on Mean 
Transport Rates 
 
Bernard Bauer1, Robin Davidson-Arnott2, Patrick Hesp3, 
Steven Namikas3, Jeff Ollerhead4 and Ian Walker5 

1.  Irving K. Barber School of Arts & Sciences, University of BC Okanagan, Kelowna, BC, C 
2.  Department of Geography, University of Guelph, Guelph, Ontario, Canada 
3.  Department of Geography and Anthropology, LSU, Baton Rouge, LA, USA 
4.  Department of Geography, Mount Allison University, Sackville, NB, Canada 
5.  Department of Geography, University of Victoria, Victoria, BC, Canada 
 
Wind conditions, surface moisture content, sediment transport rate and 
sediment flux intensity were measured during a storm on October 11, 
2004 at Greenwich Dunes, Prince Edward Island.  Cup anemometers 
were deployed along a horizontal profile normal to the coastline and on a 
vertical tower located on the mid-beach, which also included a 2-D 
Windsonic anemometer at 4 m height for speed and direction.  Surface 
moisture content and surface temperature were measured at 2.5 m 
intervals across three profiles using a Delta-T moisture probe and an 
Omega infra-red thermometer. Sand transport was measured using 
integrating vertical sand traps spaced along the main profile line and 
Safires collocated with the vertical traps.  
 
Surface moisture content on the mid and upper beach ranged from 3-6% 
in the morning. From midday onward, the zone of saturation associated 
with wave run-up, storm surge, and tidal inundation migrated rapidly 
landward. Wind speeds increased progressively toward early evening 
and wind direction was obliquely onshore (about 10-30° from shore 
parallel) thereby significantly increasing fetch distance. Wind speed 
measured at 0.6 m heights showed a consistent decrease landward 
because of beach-surface-induced internal boundary layer development. 
Sand transport increased across the beach with maximum transport 
occurring at fetch distances of 50-100 m.  During the course of the day, 
the available fetch became shorter than the critical fetch as indicated by 
continually increasing transport rates measured at more landward 
positions. Maximum sediment transport rates were generally lower than 
predicted using the Bagnold equation early in the day, but were 1.5-1.75 
times greater than predicted in the afternoon.  
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Aeolian Sediment Transport Conditions on a Beach: 
II. Thresholds, Intermittency, and High Frequency 
Variability 
 
Robin Davidson-Arnott1 and Bernard Bauer2 

1.  Department of Geography, University of Guelph, Guelph, Ontario, Canada 
2.  Irving K. Barber School of Arts & Sciences, UBC Okanagan, Kelowna, BC, Canada 
 
This paper presents results from field measurements of wind flow and 
the intensity of sediment transport during a storm on October 11, 2004 at 
Greenwich Dunes, Prince Edward Island. Continuous measurements of 
saltation intensity on the beach were made using 5 saltation probes 
(safires) deployed along a shore - transect. The saltation probes were 
collocated with R.M. Young cup anemometers deployed at a height of 
0.6 m. Additional wind speed measurements were made with a vertical 
array of 5 anemometers mounted on a mast located on the mid-beach 
and at the top of the mast at a height of 4 m. Wind speed and direction 
were measured with a 2-D Windsonic anemometer. The anemometers 
and safires were connected by cable to a notebook computer  
data-logging system. Instruments were sampled at a frequency of 1 Hz 
over an 8-hour period from 9:00-17:00. Surface moisture content and 
temperature on the beach were measured at a spacing of 2.5 m intervals 
across three profiles at 1-2 hourly intervals using a Delta-T moisture 
probe. The fetch length to each instrument location was determined from 
the wind angle and the distance to the saturated zone. 
 
Early in the day when wind speed varied across the threshold of 
initiation, sediment transport was intermittent at all locations. As the 
storm strengthened, sediment transport was essentially continuous  
(but variable) on the upper beach where sand entrainment was due 
primarily to impact rather than fluid forces. At stations closer to the 
waterline where interstitial moisture content was significant, sediment 
transport remained intermittent throughout the day. This zone of 
intermittent transport migrated landward with rising water levels due to 
storm surge. Visual comparison of instantaneous transport intensity and 
wind speeds showed an obvious relationship but quantitative correlations 
between the two records are relatively weak, though significant. 
 
Correlations improve with transport intensity lagged by 1 s, reaffirming 
the observations of others that saltation responds almost instantaneously 
to fluctuations in wind speed. While transport intensity is generally a 
function of Ub or U*b, the value of b is shown to vary considerably 
(ranging from <2 to >5) as a function of fetch distance and depending on 
the time interval used for analysis. 
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Mechanisms of Post-hurricane Dune Recovery 
along the Gulf Coast 
 
Chris Houser, Chasidy Hobbs and Brooke Saari 
Department of Environmental Studies, University of West Florida, Pensacola, Florida 
 
During Hurricane Ivan, dunes in undeveloped sections of Santa Rosa 
Island in Northwest Florida were significantly reduced in height through 
direct wave erosion and the transfer of sediment to the back barrier by 
over washing.  The post-storm morphology of the island consists of a 
narrow beach face, multiple breach corridors, an over wash terrace and 
a remnant (but heavily eroded) secondary dune.  The redevelopment of 
this dune will determine the response of the island to future storms, but 
the mechanisms of dune recovery in this low-energy coastal environment 
are unclear. 
 
This study provides detailed measurements of airflow and sediment 
transport within each of these morphological zones, with additional 
measurements of vegetation cover and elevation change over the  
low-profile dune.     
 
The beach face has not recovered since Hurricane Ivan and has been 
reset by Tropical Storm Arlene and Hurricanes Dennis and Katrina.  
Preliminary results suggest that sediment transport across the narrow 
beach face and berm is limited by a lag of shells and gravel, which is 
also observed within the breach corridors and over the over wash 
terrace.  Sediment transport within these areas is only observed 
following strong frontal winds that reactivated the breaches and 
deposited large crevasse splays behind the berm.  Due to large sediment 
transport rates and a low density of vegetation, the dune is not accreting 
and the crest is observed to migrate seaward with strong frontal winds.  It 
is concluded that the post-hurricane recovery will not begin until the 
beach face recovers and the vegetation is able to re-establish.   
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Field Experiments on the Effects of Moisture on 
Aeolian Sand Movement 
 
Tsung-Yi Lin 
Department of Geography, National Taiwan Normal University, Taipei, Taiwan  
 
One of the major differences of aeolian sand movements between 
coastal and desert environments is the effects of moisture on the sand 
surface. In order to understand the role of humidity in affecting aeolian 
sand movement, a portable wind tunnel was constructed for experiments 
using an artificial wind generator on the natural beaches. The results 
show that once the beach surface is moisturized, the surface sand grains 
could be completely immobilized.  Even if the wind velocity is higher than 
the threshold velocity of surface sand, only few sand grains could move.  
These results contradict with the general concept that once the threshold 
shear velocity of surface sand is surpassed, the sand will move as free 
as if it is dry. Once the beach surface is moisturized, the sand transport 
volume will be greatly reduced due to increase of the threshold shear 
velocity of surface sand and will be far away from the equilibrium 
conditions with the wind speed. Different wet/dry ratios of the sand 
surface within the wind tunnel were used which confirmed that once the 
wind speed is fixed, the aeolian transport volume is directly depending 
on the available sand source (dry sand) area. The result is echoed by the 
field observation of aeolian sand transport in a stormy rain condition. The 
sand would slowly reduce its availability to movement due to the gradual 
increase of the wet surface area. When the surface becomes fully 
moisturized, the surface sand would stop moving, no matter how strong 
the wind is. 
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A Practical Approach for Calculating Aeolian Sand 
Transport in Coastal Environments 
 
Tsung-Yi Lin 
Department of Geography, National Taiwan Normal University, Taipei, Taiwan  
 
When applying theoretical equations to the calculations of aeolian sand 
transport, it is difficult to measure precisely the important model 
parameters in the field. Therefore, long-term (weeks) direct field 
measurements using Leatherman- or Rosen-type vertical sand traps 
have become widespread. The determination of sand transport volume 
using this method provides a realistic measure of aeolian sand transport 
in a natural setting.  A long-term field monitoring experiment using 
Rosen-type sand traps, however, revealed that this approach has 
several problems. Deep scouring pits usually developed around the base 
of sand traps, which prevented the collection of creeping sand and sand 
saltating near the surface.  The sand collectors filled up quickly due to 
strong winds between site visits. This caused the underestimation of 
sand transport.  Some sand traps deployed on the upper beach also 
risked being immersed in the swash zone during strong onshore winds.  
Some unexpected beach organisms trapped in the sand traps not only 
made a foul smell but also caused overestimation of the sand transport 
volume.  To minimize the problems to an acceptable extent, an on-site, 
short-term (minutes to an hour) approach of using sand traps to measure 
real-time sand transport is suggested to collect field aeolian sand 
transport data. The wind transport data measured in the field were used 
to develop local empirical equations for calculations of aeolian transport 
rates in a North Carolina barrier island and in a reach of Taiwan coast. 
Both case studies show that the statistical models work well and can be 
used practically in the coastal environments. 
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Contemporary Aeolian Activity in a Mid-latitude 
Freshwater Coastal Dune System,  
Lake Michigan, USA 
 
Deanna van Dijk 
Department of Geology, Geography and Environmental Studies, Calvin College,  
Grand Rapids, MI, USA 
 
Aeolian activity on mid-latitude freshwater coastal dunes is influenced by 
coastal processes as well as seasonal changes to dune characteristics 
and local conditions.  From 2000-2006, contemporary aeolian activity 
has been studied on the east shore of Lake Michigan.  The study area 
extends across a coastal dune system including beach, active foredune, 
and developing blowout on an established foredune ridge.  Patterns of 
sand movement were measured with erosion pins, ground surveys and 
sand traps.  To measure local influences on sand transport, microclimate 
instruments were installed at the site and surface conditions (moisture, 
winter phenomena) were recorded during site visits.  Results show 
temporal and spatial patterns of aeolian activity in the coastal dune 
system.  The greatest amounts of sand transport occur during autumn 
(when moisture, vegetation and variable beach widths are significant 
influences) and winter (when ground freezing, snow-cover and surface 
ice are significant influences).  Aeolian inputs to the active foredune 
produced dune growth of 2 – 5 m3m-1yr-1.  Dune growth is related to 
sediment supply from the beach, which varies with lake levels, storm 
waves, snow and ice cover, and foredune growth patterns.  Although 
local aeolian activity was substantial in the blowout, there was no 
exchange of sediments between the beach or foredune and the blowout.  
Many large parabolic dunes along this coast are similarly disconnected 
from beach processes.  Study results represent a phase of contemporary 
aeolian activity related to low lake levels, and aeolian links between parts 
of the system will change when lake levels rise again.    
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Air Flow and Sediment Transport through a Blowout 
at Jockey’s Ridge State Park, North Carolina, USA 
 
Paul Gares and Patrick Pease 
Department of Geography, East Carolina University, Greenville, NC, USA 
 
Few studies have examined the spatial distribution of air flow over 
topography, particularly the very local directional patterns of flow.  This 
study examines the wind field and associated sediment transport through 
a linear blowout at Jockey’s Ridge State Park, North Carolina.  
Single-height anemometers and wind vanes were placed in a spatial 
array within the blowout.  V-shaped sediment traps were used to monitor 
sediment transport.  Sampling occurred during four wind events with 
different directional components.  Topography exerted a significant 
control on local wind directions, enhancing or inhibiting the development 
of sand transport pathways depending on the wind approach angle.  
During winds that approached from the bottom of the blowout and within 
50 degrees of the blowout axis, topography controlled local airflow 
direction and sediment transport through the blowout.  Wind flow was 
realigned to the blowout axis, maximizing erosion and sand transport 
through the blowout.  Wind deflections on the ridges adjacent to the 
blowout were less significant and sediment transport moved in the 
direction of the dominant flow of wind. When wind flow approached at an 
angle of more than 50 degrees off the blowout axis, or from the top of the 
blowout, wind directions and speeds within the blowout became erratic 
as eddies dominated the flow.  Net sand transport was minimized and 
deposition in the blowout occurred. Winds blowing onshore were mostly 
unaltered by topography.  However, the depth of the blowout below the 
blowout rim resulted in flow separation in the throat and sediment 
transport through the blowout was much reduced, thus deposition 
predominated.    
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Coastal Aeolian Research in China:  
Progress and Prospect 
 
Dong Yuxiang 
School of Geography and Planning, Zhongshan University, Guangzhou, China 
 
This paper summarizes the main progress and achievements in coastal 
Aeolian research in China, which include coastal Aeolian dune types and 
distribution characteristics, formation and evolution models of coastal 
Aeolian dunes, depositional characteristics of modern and ancient 
coastal Aeolian sediments, threshold wind velocity of coastal sand 
movement, Aeolian sand flow structure in coastal zones, migration rates 
of coastal dunes, coastal Aeolian disasters and coastal Aeolian control. 
Although substantial results of coastal Aeolian research in China have 
been achieved and the blank in this research field has been filled, there 
is a gap compared with other countries, as the study in this respect in 
China was initiated at a comparatively late date, with a short research 
history. In view of this, special attention should be paid to the following 
aspects in the future study of the coastal Aeolian problem in China. First, 
observation and modelling of coastal Aeolian movements are a 
foundation and core of coastal Aeolian study. Conducting observations 
and modelling coastal Aeolian movement in the representative coastal 
zones of China using advanced and practical field observation 
instruments and techniques are quite essential; Second, in the face of 
the increasingly exacerbating global change situation, actively 
researching the relationship between global changes and coastal Aeolian 
evolution processes is an important subject in current coastal Aeolian 
research; Third, for the protection of coastal Aeolian land, the study of 
coastal Aeolian control is also essential. 
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Rate of Foredune Development - Example of Sandy 
Barrier from the Baltic Sea Coast 
 
Tomasz  Łabuz 
University of Szczecin, Institute of Marine Sciences, Szczecin, Poland 
 
The study area is located at a barrier on the islands of Wolin and 
Usedom on the Pomeranian Bay coast (South Baltic), Poland. The 
barrier extends for 16 km and is formed from two sand spits between the 
morainic plateaus of both islands. At present, the entire barrier is 
covered by dune ridges formed during different accumulation stages 
since the Atlantic period (4000 BC). The ridges differ in morphology, 
lithology, and trending to reveal the consecutive phases of spit accretion 
and development. The youngest ridges (White Dunes) have been 
developing since the 17th century.  
 
Primarily, strong and medium SW, W, NW, N and NE winds (64%) affect 
the study area. Prolonged wind action enhances the material transport 
from the beaches located west and east of the area, to its central area. 
The upper beach consists of mostly medium and fine quartz sand. The 
material building the foredune ridge contains up to 85% of fine and very 
fine sand. The mean width of the beach is about 60-110 m. The beach is 
covered by pioneer plants, which cause dune development. Here, during 
the last 20 years, two foredunes have developed. The last one arose 
between 1995-2001. Currently on the upper beach, a new one is 
developing, with dense plant cover on hillocks up to 1 m high. During the 
last 3 years, foredune development reached 1 m, the same as the upper 
beach. The rate of accretion on the upper beach is 0.65 m3/m2 in the 
spring, whereas it is 0.1-0.28 m3/m2 in the autumn. The average annual 
accretion rate is 0.2-0.26 m3/m2. In the winter, the sand settles behind 
the foredune, in a 1 mm layer per year. The biggest rate of accumulation 
is 25-40 cm per month, on the offshore slope and the upper beach during 
spring. The deflation during one autumn event (winds up to 18 m/s) can 
remove the layer built up throughout whole year. In the wind stream of 
such velocity, 1 kg of sand was caught in the trap inlet  
(9.5 x 3 cm) on the ground (over 10 min) and 0.2-0.5 kg (over 2 min)  
on the upper beach. The storm abrasion of the upper beach exceeded 
0.85 m3/m2. During the next 3 years, the upper beach should become a 
new foredune ridge up to 1.5 m high. The study involved measuring  
(i) dune relief changes, (ii) vegetation dynamics, (iii) human influences, 
(iv) storm surge impact, and (v) wind impact. The measurements were 
taken several times during the year (more: http://polishdunes.szc.pl). 
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Dust Entrainment, Transport and Deposition I 
 

A Tribute to Dale A. Gillette 
 
Béatrice Marticorena 
Laboratoire Interuniversitaire des Systèmes Atmosphériques, Universités Paris, Paris, 
France  
 
Since the 70’s, Dale A. Gillette has been one of the major figures in 
aeolian erosion and mineral dust studies. Throughout his career he has 
explored the key processes of sand transport and dust production by 
combining field experiments, experimental simulations and theoretical 
approaches. Dale was born in Nebraska and educated at the University 
of Michigan (Ann Arbor) where he obtained his Ph.D in meteorology in 
1970. He made a brilliant career as a physical scientist, mainly at the 
National Oceanic and Atmospheric Administration.  In order to 
understand and quantify aeolian processes, he has combined a variety 
of approaches including innovative instrumentation, field measurements, 
wind tunnel modelling and numerical simulation. Many of the issues he 
explored were key questions to our understanding of aeolian transport 
processes. For example, his investigations of erosion thresholds in 
relation to surface properties, including physical, chemical and biological 
properties of the soil and several aspects of the drag partition between 
the roughness elements and the surface remain as fundamental 
contributions to aeolian literature. Field experiments occupy an important 
place in Dale’s work. Most of the scientific results he obtained were 
derived or inspired by field observations and measurements. This is 
exemplified by his long standing work at Owens Lake and the Aral Sea 
that provided the framework for his “hot spot” concept of dust emission.  
 
Dale’s extensive research legacy also illustrates his capability to cross 
the geographical frontiers and cultural barriers to initiate cooperative 
projects on the subjects for which he holds great passion. Very open in 
mind, he is always available to debate on ideas with other researchers, 
whether they are experienced scientists or graduate students. For those 
that are close to him, he is a warm and charismatic man whose simplicity 
and human qualities remain in your heart. 
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Wind Erosion Process from Anthropogenic Source 
Area – A Preliminary Result of JADE IOP1, 2006 
 
Masao Mikami1, John Leys2, Stephan Heidenreich2, Masahide 
Ishizuka3, Yutaka Yamada4 and Yaping Shao5 

1.  Meteorological Research Institute, Japan Meteorological Agency, Japan  
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     Resources, Australia   
3.  Department of Safety Systems Construction Engineering, Kagawa University, Japan  
4.  Rapid Engineering Team, The Institute of Physical and Chemical Research (RIKEN),  
     Japan  
5.  Department of Physics and Materials Science, City University of Hong Kong, Hong Kong  
     SAR, China 
 
As the first intensive observation on Japan Australia Dust Experiment 
(JADE), which was launched from April 2005 as a three year project, we 
conducted a field experiment at a fallow land in the Lower Murray Darling 
Catchments in Australia. The project aims to gain a better understanding 
of wind erosion processes, including multi-size saltation, multi-size dust 
emission, and meteorological/soil-physical conditions that control wind 
erosion. JADE also aims to establish a wind erosion theory, which will 
well explain the heterogeneous process of wind erosion, and a numerical 
wind erosion model to predict streamwise saltation flux and dust 
emission from the surface. Observations were made for monitoring  
multi-size saltation processes and dust emissions using the newly 
developed sand particle counter (SPC) and optical particle counter 
(OPC). A portable wind tunnel was also used to calibrate these sensors 
with orthodox methods and instruments. 
 
Wind erosion events were monitored at the site almost everyday during 
IOP1 from 23 February to 13 March, 2006. In this paper, preliminary 
results of precise measurement of wind erosion processes, including 
information of size distribution, vertical profile, relation to friction velocity 
and soil water, are presented. 
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Vertical PM10 Dust Concentrations Measured in a 
Regional Dust Event Identified by MODIS Terra, 
Western Queensland, Australia 
 
Hamish McGowan and Andrew Clark 

School of Geography, Planning and Architecture, University of Queensland, Brisbane, 
Australia 
 
Accurate quantification of atmospheric dust loads is essential for 
determining the effect of dust on atmospheric processes, photochemical 
and biogeochemical cycles and air quality. Typically, quantification of 
dust loads has been achieved using estimates of dust concentrations 
made at ground level (2 m agl.), and then assuming that these remain 
constant up to the height of the dust ceiling. However, measurement of 
dust concentration profiles using tower mounted samplers to heights of 
20 m above the surface has shown that dust concentrations decrease 
with height according to a power law. Vertical LiDAR extinction 
coefficient profiles up to heights of 6 km indicate similar decreases in 
dust concentrations with height.  In this paper we present a 500 m 
vertical profile of PM10 dust concentrations measured using a kite 
mounted sampling system during a regional dust haze event in western 
Queensland, Australia. Dust concentrations were found to show an 
exponential decrease with height and ranged from 22 to 36 times 
background concentrations. The spatial extent of the dust haze was 
identified using a MODIS image of the event to which we applied Miller’s 
[Geophysical Research Letters, 30(20) 2071, doi 10.1029/2003)]  
over-land algorithm. This approach enhanced the appearance of the 
atmospheric dust and allowed accurate delineation of the plume’s 
borders. The plume size was estimated to be 32,300 km2 and a PM10 
dust load of 2560 t was calculated by extrapolating the dust 
concentration profile to the observed dust ceiling height of 1000 m. 
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Reduction of Dust Entrainment by Aerosol Radiative 
Forcing: Modeling and Observations 
 
Ron Miller1 and Jan Perlwitz2 

1.  Satellite Meteorology Applications, Naval Research Laboratory, Monterey, CA, USA 
2.  NASA Goddard Institute for Space Sciences, New York, NY, USA 
 
Entrainment of soil dust into the atmosphere is known to influence the 
entrainment of additional dust, for example, through the Owen effect or 
creation of an electrical field.  Here we consider how scattering of 
radiation by dust particles influences entrainment.  Beneath the dust 
layer, sunlight incident upon the land surface is reduced, causing a 
reduction of the surface flux of sensible heat back into the atmosphere.  
This decreases the vigour of boundary layer mixing, reducing both 
gustiness of the surface wind and the vertical transport of momentum 
that maintains the surface wind against friction. 
 
Reduction of the surface wind speed and gustiness each reduce the 
subsequent entrainment of soil dust.  We calculate the magnitude of 
each of these negative feedbacks using a global dust model.  We will 
also show preliminary measurements of surface wind speed during  
dust outbreaks. 
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Impacts of Wind Erosion on the Distribution of Soil 
Nutrients in Desert Grasslands 

 
Junran Li, Gregory Okin, Lorelei Hartman  
and Howard Epstein 

Department of Environmental Sciences, University of Virginia, Charlottesville, VA, USA 
 
Previous studies on fertile island formation in semiarid grasslands have 
focused primarily the role of water. Little is known about the role of wind 
in the creation of islands of fertility. In a series of experiments conducted 
in the Jornada Experimental Range near Las Cruces, New Mexico, we 
examined the distribution of soil nutrients affected by enhanced wind 
erosion. In the experiments, enhanced wind erosion was promoted by 
manual removal of vegetation on 25 m x 50 m plots. Intense surface soil 
sampling was conducted to monitor spatial distribution of soil nutrients.  
Results indicated that increased wind erosion over only one windy 
erosion season removed more than 20% of the total organic carbon 
(TOC) and total nitrogen (TN) from the surface soils. Geostatistical 
analysis showed that TOC and TN have apparent patchiness in all plots, 
however, the non-limiting nutrients such as Cl and SO4 also frequently 
exhibited spatial patterning, probably related to the accumulation via 
physical processes such as wind deposition. After the windy season, the 
range of spatial autocorrelation for TOC and TN in plots susceptible to 
enhanced wind erosion increased from 1.5 m to about 2.0 m while little 
change was found in the control plots. This signifies the smoothing out of 
soil nutrients by wind and the creation of large islands of fertility, widely 
separated. We conclude that in areas prone to wind erosion, aeolian 
processes can account for the creation and maintenance of islands of 
fertility in degraded semiarid grasslands. 
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Session 8:  
Dust Entrainment, Transport and Deposition II 
 

Deflation in the Dustiest Place on Earth:  
The Bodélé Depression, Chad 
 
Charlie Bristow1, Nick Drake2 and Simon Armitage3 

1.  School of Earth Sciences, Birkbeck College, University of London, UK 
2.  Department of Geography, King's College London, University of London, UK 
3.  Oxford University Centre for the Environment, University of Oxford, Oxfordshire, UK 
 
The Bodélé Depression in Chad is the planet’s largest single source of 
dust due to a combination of strong near surface winds and a large 
reservoir of readily eroded, and easily entrained, low density sediment. 
During the Early Holocene and Late Pleistocene the Bodélé Depression 
was host to a great lake, palaeo lake Megachad, which is now 
completely desiccated leaving the lake bed sediments, which are largely 
composed of diatomite, exposed to deflation.  Deflation in the Bodélé 
Depression is revealed in erosional remnants of lake bed deposits 
exposed in yardangs on the lake floor. Erosional remnants indicate that 
locally up to 4 m of sediment has been removed by deflation.  
Luminescence dating shows that 4m of deflation has occurred in less 
than 2500 years, giving a deflation rate of at least 1.6 mmyr-1.  Deflation 
appears to be greatest in an arc around the northeastern margins of the 
lake basin where the diatomite deposits have been removed revealing an 
underlying network of distributary channels  preserved as gravel capped 
ridges.  There are also examples of barchan dunes that were flooded by 
the palaeo lake which have now been exhumed from beneath layers of 
diatomite.  These barchan dunes indicate that the lake dried out 
completely at least three times during the early Holocene. The 
distribution of deflation around the northeasterly, upwind, end of the 
Bodélé Depression is probably due to a combination of high wind 
velocities, an upwind source of abrasive sand, and thinner diatomite 
deposits around the lake margin.   
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Wind Erosion and Dust Emission Modelling  
of Rangelands 

 
Laura Brown  
Department of Geography, University of Guelph, Guelph, Ontario, Canada 
 
The rangelands of the US Southwest are susceptible to wind erosion.  
Numerous studies have provided an understanding of the small-scale 
physical processes involved in the entrainment and subsequent transport 
of sediment by wind.  From this body of work the climatic and terrestrial 
factors influencing wind erosion have been described mathematically.  
Subsequently, models incorporating these factors have been developed 
to estimate soil erosion and dust emission from areas ranging in scale 
from farm fields to continents.  As new information emerges and 
concepts develop, the parameters and structure of models change. The 
presence and distribution of vegetation plays a role in reducing wind 
erosion. It acts as a large-scale roughness element that partitions the 
force of the wind into portion acting on the soil surface and portion acting 
on the vegetation.  The strengths of Raupach’s approach to modelling 
shear stress partitioning at the large scale has been recently revealed.  
Several methodologies have been used to assign values to the terms of 
this equation yet how best to describe them in large scale applications is 
still at issue. This work presents an integrated wind erosion and dust 
emission model parameterized by utilizing  
high-resolution spatial imagery to assess the presence and distribution of 
vegetation and stochastic methods to calculate the threshold shear 
velocity for the Jornada Basin.     
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Erodibility Effects of Soil Crusts on Playa  
in the Channel Country, South West  
Queensland, Australia 
 
Craig Strong1, Grant McTainsh1 and John Leys2 

1.  Centre for Riverine Landscapes, Faculty of Environmental Sciences, Griffith University,  
     Nathan, Brisbane, Queensland, Australia 
2.  Centre for Natural Resources, Department of Infrastructure, Planning and Natural  
     Resources, Australia   
 
It is well established that, globally, playas are major dust source areas.  
Closer study however, reveals that dust emissions from playas can 
change dramatically in time and space.  Playa surfaces in the Channel 
Country of Australia have intricate mosaics of biological and physical 
crusts, the spatial and temporal changes of which have important 
controls upon erodibility. 
 
Wind-eroded sediment flux measurements on playas using sediment 
traps and field wind tunnel simulation are often difficult to relate to crust 
types and conditions because these devices smooth out the effects of 
intricate spatial variations of crust types.  The approach reported in the 
present paper measures the erodibility of four common crust forms on a 
playa in the Channel Country using a micro wind tunnel with a 1 m2 
footprint, which is more appropriate to the spatial scale of variation of 
crust types.  Crust erodibility was simulated with and without saltation 
material and over a range of wind velocities. 
 
These results provide quantitative evidence that different crust forms 
contribute differently to the erodibility of a playa surface.  In addition to 
the gross differences between physical and biological crusts, crust 
erodibility reflects their different geomorphic histories as sediment 
sources and sinks.  These results also highlight the need for wind 
erosion models to simulate the erodibility controls of soil crusts and their 
variation throughout the landscape. 
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Dust Emission from Playas of the Mojave Desert, 
USA: Importance and Variability of Evaporite Dust 
Sources of Wet Playas 
 
James Yount1, Richard Reynolds2, Marith Reheis1,  
Harland Goldstein1,  Pat Chavez Jr.3 and Rob Fulton4 

1.  US Geological Survey, Denver, CO, USA 
2.  Earth Surface Processes Team, United Stated Geological Survey, Denver, CO, USA 
3.  US Geological Survey, Flagstaff, AZ, USA 
4.  Zzyzx Desert Studies Center, California State University, Fullerton, CA, USA 
 
Soft, fluffy sediment enriched in evaporite minerals form on the surfaces 
of some Mojave Desert wet playas, where the depth to ground water is 
shallow (<3 m).  Field observations and remotely-triggered digital 
cameras show these soft surfaces to be significant sources of 
atmospheric dust.  Evaporation of ground water at the playa surface 
above the capillary fringe zone provides continuous or episodic 
replenishment of salts following wind erosion, depending on variable 
atmospheric and hydrologic conditions.  Observations at three wet 
playas (Franklin, Soda Lake, and West Cronese) show, in detail, that the 
physical conditions of the playa surfaces vary greatly with the soft, 
evaporite mineral-rich sediments located near playa margins and areas 
of shallow water and are almost always associated with saltgrass 
(Distichlis stricta).  Large regions of the playa surfaces lack saltgrass and 
are composed of moderately stiff to soft, puffy, clay-and silt-rich clastic 
sediment with variable amounts of interstitial salt.  These clastic surfaces 
contribute less dust to the atmosphere than the adjacent fluffy surfaces.  
Subordinate regions of the playas may consist of crusty, stiff salt pans or 
hard, silty surfaces near alluvial inflows, and neither region contributes 
much dust. Repeated observations over the last three years indicate that 
the areas covered by these various sediment types have remained 
approximately constant, but the surface physical properties and salt 
contents within the evaporite mineral-rich and the puffy clastic regions 
have varied considerably.  This variability appears to be associated both 
with timing and intensity of rainfall events and with possible vertical 
fluctuations of the near-surface potentiometric surface. 
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Understanding Dust Emission Response to Climate 
in the Southern Hemisphere 
 
Robert Bryant 

Department of Geography, Sheffield University, Yorkshire, UK 
 
The processes which act in mineral dust source regions and factors 
which contribute to inter-annual variability within dust plumes emanating 
from them are poorly understood.  In this case study we focus on 
processes modulating emissions of atmospheric mineral aerosols from 
large ephemeral lakes in the southern hemisphere.  We focus on a study 
of ephemeral lake dust sources in southern Africa and 
Argentina/Patagonia. A range of satellite (e.g. TOMS,  MODIS) and 
climate data (from meteorological stations and reanalysis data sources) 
are extracted and compared; highlighting initial problems (e.g. data 
quality, calibration, record length) associated with relatively long-term 
(10-20 years) monitoring of dust emission from regional sources in this 
and other dryland regions.  Nevertheless, comparisons of satellite 
retrieved inundation, aerosols, vegetation abundance and climate data 
for the 1980-2000  period suggest that fluctuations in desert dust 
loadings from these sources are often a result of complex climate 
feedbacks, resulting in rapid changes in the frequency of lake inundation, 
sediment inflows and surface wind speed  variability.  Results highlight 
the importance of detailed monitoring of dust source regions in the 
southern hemisphere in order to constrain climate (and other) controls, 
and the need for further detailed understanding and measurement of 
emission processes in this region. 
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Session 9:  
Modelling Dust Transport Systems 
 

Testing the Importance of Sandblasting for Dust 
Emission in the Bodélé Depression, Chad 
 
Alice O’Donoghue1, Adrian Chappell1 and Charlie Bristow2 

1.  Centre for Environmental Systems Analysis, School of Environment and Life Sciences,  
     University of Salford, Manchester, UK 
2.  School of Earth Sciences, Birkbeck College, University of London, UK 
 
Dust sources of global importance may be focused upon large-scale 
topographic depressions.  They allow the potential to model the 
atmospheric effects of dust emission on a large-scale and provide the 
basis for global-scale simulations.  One such topographic depression is 
the Bodélé Depression of the dry Mega-Chad lakebed, which is believed 
to be the dustiest place on earth.  There is growing support for dust 
emission from a surface dominated by sandblasting by an abrader.  Field 
observations made in the Bodélé Depression may support the 
occurrence of dust emission in this manner.  Dust was present in the 
form of small fragments of diatomite and the hard, dry diatomite lakebed 
showed evidence of small pits consistent with saltation of a quartz 
abrader.  However, there were large quantities of larger diatomite 
fragments (up to 20 mm in diameter) which may breakdown during the 
saltation process. 
 
A sandblasting model was used to examine the dust production 
mechanisms.  It estimated the particle size distribution (PSD) of dust 
emitted from a surface.  The model was inverted against PSDs from 
traps and surface samples to establish the probability that dust emission 
occurred by (a) abrasion of the surface, (b) auto-abrasion of the 
diatomite fragments or (c) of the quartz abrader.  Preliminary results 
suggest that the dominant mechanism of dust emission is the  
auto-abrasion of the diatomite fragments.  There is considerable 
potential for this approach to form the basis of an upscaling method to 
estimate dust emission across the region. 
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Sensitivity of Global Dust Simulations to Emission 
Parametrization in a GCM 
 
Stephanie Woodward 

Hadley Centre, Met Office, Exeter, Devonshire, UK 
 
Many GCMs now include representations of mineral dust. The modelled 
dust fields tend to be broadly similar, but show differences due to the 
differing emission and deposition parameterizations and model climates.  
Likewise, within one GCM, small changes to dust parameterizations can 
have large effects on simulated atmospheric dust burdens.  Investigation 
of the causes of such sensitivities can lead to better understanding of the 
differences between models and to improvement of simulations of global 
dust fields and the effects of dust on climate.  In this work the results of 
changing a dust emission scheme on climate model dust simulations are 
studied. The creation of the HadGEM1a climate model has been the 
impetus for a review of the existing Hadley Centre Dust Scheme, and its 
development for the new GCM.  As part of this process the sensitivity of 
simulated dust fields to elements of the emission parameterization has 
been investigated, such as the effects of changing size dependence, 
threshold friction velocity, soil moisture and relation between horizontal 
and vertical dust fluxes.  The results of these experiments and their 
effect on the model will be discussed. 
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A Model for the Diurnal Evolution of Profiles of Dust 
in the Lower Atmosphere of Mars 
 
Peter Taylor, P-Y Li and Wensong Weng 

Earth and Space Science, York University, Toronto, Ontario, Canada 
 
Using a Mars planetary boundary-layer model, time and height varying 
eddy diffusion profiles are determined. These are used to simulate 
possible scenarios for the size and height distributions of dust in the 
lower atmosphere of Mars.  The dust is assumed to either have been 
advected from a distant source or to originate locally. In the former case, 
the atmosphere is assumed to be filled initially with dust particles of 
prescribed size distribution. In the latter case, a parameterization of the 
dust source at the surface is proposed. In all scenarios, a modified 
gamma distribution and a lognormal distribution will be used as the 
prescribed initial size distribution and in the parameterization of the dust 
source at the surface. We will present and discuss the vertical variation 
of the effective particle radius and the effective variance within the 
Martian boundary layer based on our dust model. The model results are 
being used in refining the lidar operational specifications and in 
developing data analysis strategies for the Phoenix mission. The 
Phoenix lander to be launched in 2007 as a NASA Scout mission will 
carry a Canadian MDA/Optech lidar system, funded by the Canadian 
Space Agency, to investigate various aspects of the atmosphere at the 
landing site. 
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Regional Modelling of Saharan Dust Aerosol: 
Emission, Transport and Radiative Impact 
 
Ina Tegen, Bernd Heinold and Juergen Helmert 

Leibniz Institute for Tropospheric Research, Leipzig, Germany 
 
We present a new regional dust model system for simulation of dust 
emission, transport, deposition and radiation effects. To test the model 
performance we carried out two far-field studies in August and October 
2001, when strong dust transport towards Europe was observed. Both 
the location of dust sources and the transport patterns were in 
agreement with observations. A good qualitative agreement has been 
found, comparing the model-derived dust optical thickness with the 
observed aerosol optical thickness at selected AERONET stations. Also, 
the vertical distribution of Saharan dust over several EARLINET sites is 
well captured by the model, especially with respect to correctly placed 
maxima of the particle backscatter coefficient. While, as expected, there 
is strong impact of the dust radiative forcing near the source region in the 
southern Sahara, the model results show the potential of dust to 
influence the cloud cover through the influence on the atmospheric 
dynamics, even though the potential influence of dust particles on cloud 
microphysical processes is not taken into consideration in these model 
studies. In addition, in a near-source study simulating a dust event in the 
Bodélé depression occurring during the BoDEx field experiment in March 
2005, we find that computed emissions are consistent with 
sunphotometer retrievals during the campaign.  Results from the regional 
model show that during the dust storm the aerosol causes a daytime 
temperature reduction by about 5 K.  
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Quantitative Prediction of Asian Dust Storms Using 
an Integrated Dust Storm Prediction System 
 
Linna Zhao1, Jianhua Sun2 and Yaping Shao3 

1. National Meteorological Center, China Meteorological Administration (CMA ), China 
2. Laboratory of Cloud Physics and Severe Storms, Institute of Atmospheric Physics,  
    Chinese Academy of Sciences, Beijing, China 
3. Department of Physics and Materials Science, City University of Hong Kong, Hong Kong  
    SAR, China 
 
Wind erosion is a serious environmental problem in arid and semi-arid 
regions of China and in many other parts of the world. Recently, dust 
storms occurred frequently in the spring in China, which captured the 
attention of the public and governments. This study presents an 
integrated dust storm numerical modelling system that has been further 
developed with a physical based wind-erosion scheme (Shao, 2001), a 
dust-transportation model and a mesoscale model (MM5V3) with a 
geographic information database. This system could predict the dust 
emission rate from the surface and the dust concentration in the 
atmosphere of individual dust storm events, that is, a quantitative 
prediction of sand storm processes is possible. We implemented the 
system for examining dust storms over the Asian continent from  
April 9-11, 2006. The predictions are compared with synoptic records 
from the meteorological network and a satellite image. The predicted 
spatial patterns and temporal evolutions of dust events and the predicted 
near-surface dust concentrations are found to agree well with the 
observations. The validation confirms the capacity of the modelling 
system in quantitative forecasting of dust events in real time. On the 
basis of the predictions, dust activities in northeast Asia are examined 
using quantities such as dust emission, deposition and load. During an 
individual dust episode, dust sources and intensities vary in space and 
time, but on average the Gobi Desert, the Hexi Corridor and the 
Taklimakan Desert are identified to be the main source regions. The 
Gobi Desert is the strongest dust source. 
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Satellite Enhanced Dust Source Detection in 
Afghanistan and Pakistan (2001-2006) 
 
Annette Walker1, Steven Miller2, Kim Richardson2,  
Douglas Westphal1 and Ming Liu1 

1.  Aerosol and Radiation Section, Naval Research Laboratory, Monterey, CA, USA  
2.  Satellite Meteorology Applications, Naval Research Laboratory, Monterey, CA, USA 
 
The approach and methodology used to identify dust sources in 
Afghanistan and Pakistan for the Naval Research Laboratory’s (NRL) 
high-resolution (27 km) dust source database will be described.  The 
primary tool used in our research to locate dust emission areas is the 
satellite derived NRL Dust Enhancement Product (DEP).  The DEP 
consolidates and extends previous satellite techniques to distinguish 
raised dust over land and water from the other components of the scene.  
When compared to standard visible satellite imagery (at 0.65 μm) the 
DEP readily reveals dust clouds previously undetectable in true color 
imagery.  The 1 km and 500 m resolution of the DEP allows us to identify 
individual plume heads (often measuring 10 km or less across) that 
merge to form larger plumes and clouds during dust events.  An 
essential step in our identification process is cross-correlating these 
plume heads with geomorphological information to determine the 
location, extent and validity of each dust source before entry into the 
database.  Selected DEP imagery from the five-year study period will be 
presented showing inter-annual variation in the location of dust sources.  
Results from a COAMPS TM (NRL’s regional dust model) case study for 
October 9-10, 2001 will demonstrate the improvements and differences 
in temporal and spatial resolution between the NRL dust source 
database and the formerly employed USGS land use characteristic 
dataset.  The impact on dust forecasting using the high-resolution 
database will be shown.  
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and Modelling Dust Transport Systems 
 

Theme 1: Remote Sensing 
 

Remote Sensing of a Patagonian Dust Event 
Sampled at Sea in the South Atlantic 
 
Robert Bryant1, Alex Baker2 and Simon Ross3 

1.  Department of Geography, Sheffield University, Yorkshire, UK 
2.  School of Environmental Sciences, University of East Anglia, Norwich, UK 
3.  Environmental Resources Management Ltd., London, UK 
 
The deposition of mineral aerosols into the oceans can regulate 
biological activity, and therefore, the sequestration of CO2 into the ocean. 
For most of the well-known dust sources in the northern hemisphere, 
(such as the Sahara or NE Asia regions), a connection between dust 
input and biological response has been proven. In the southern 
hemisphere, dust emissions are less intense and have higher  
inter-annual variability. The southern Atlantic Ocean, which is 
characterized as a High Nutrient-Low Chlorophyll area, responds to 
intermittent delivery of mineral aerosol deposition with a rapid bloom 
response from the Fe-limited marine biota. However, despite the fact that 
both short and long-term variability in dust emission/deposition may lead 
to significant changes in biological production, little is known about the 
sources/processes of emission in this region. In, September/October 
2001 samples were collected aboard the RRS James Clark Ross at 
about 23ºS. This sample had total Fe concentrations significantly above 
any other sample from the South Atlantic. Air mass back trajectory 
analysis indicated that this sample may contain dust from the Patagonian 
region, with a travel time before collection of c.8 days. This research 
documents the synergistic use of remote sensing data (TOMS, MODIS, 
SeaWIFS) to track and record mineral aerosol activity in this region at 
the time of sample collection as a means of identifying likely source 
areas and constraining the timing/nature of emission. Results offer 
conclusive location/timing data relating to this event, and highlight the 
importance of the use of remote sensing in monitoring and tracking 
mineral aerosol emissions and transport in the southern hemisphere. 
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Detection and Characterization of Dust source 
Areas in the Chihuahuan Desert, Southwestern 
North America, through Remote Sensing 
 
Nancy Rivera1, Thomas Gill2, Max Bleiweiss3 and Jenny Hand4 

1.  Environmental Sciences / Geological Sciences, University of Texas at El Paso, El Paso,  
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2.  Geological Sciences, University of Texas at El Paso, El Paso, TX, USA 
3.  Entomology, Plant Pathology and Weed Science,New Mexico State University, Las  
     Cruces, NM, USA 
4.  Cooperative Institute for Research in the Atmosphere, Colorado State University, Fort  
     Collins, CO 
 
Dust storms can disperse large quantities of fine aeolian sediment 
regionally and even globally. These extreme aerosol events frequently 
are characterized by multiple dust plumes developed simultaneously 
over a large region. In the Chihuahuan Desert of southwestern U.S. and 
northern Mexico, these dust outbreaks are seasonally transported long 
distances across North America. However, dust sources in this region 
are not well characterized. Dust detection techniques using infrared 
wavelengths from remote sensing data are advantageous over other 
techniques by providing coverage over bright desert surfaces. By 
examining different visible and infrared spectral wavelengths from 
satellite data we can assess the frequency and magnitude of these  
dust events for potential impacts on climate, visibility, and health-related 
air quality issues. We applied a technique that consists of examining 
visible spectral bands, as well as difference “split window” images for  
far-infrared observations at the wavelengths of 8.5, 11, and 12 μm. The 
detections are based on brightness temperature differences among 
BT11-BT12. Negative differences in BT11-BT12 are useful for detecting 
and tracking mineral aerosols. We use these techniques to locate the 
origins of the multiple dust plumes in the Chihuahuan Desert during 
some significant events in the last five years. For example, during April 
and December 2003 major dust events emanated from the Chihuahuan 
Desert from several land types, including saline playas, several sites 
along the edges of pluvial lakes, bare desert soils, lacustrine sediments, 
disturbed or abandoned lands, and agricultural areas.  The analysis of 
additional dust events continue, including some events from spring 2006. 
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Towards Remote Sensing of Wind Erosion  
Using Ground-based Bi-directional Spectral 
Reflectance Measurements 
 
Adrian Chappell1, Ted Zobeck2, Grant McTainsh3 | 
and Craig Strong3 

1. Centre for Environmental Systems Analysis, School of Environment and Life Sciences,  
    University of Salford, Manchester, UK 
2. Wind Erosion and Water Conservation Research Unit, USDA, Agricultural Research  
    Service, Lubbock, Texas, USA 
3. Centre for Riverine Landscapes, Faculty of Environmental Sciences, Griffith University,  
    Nathan, Brisbane, Queensland, Australia 
 
The current generation of wind erosion models is heavily reliant on 
empirical measurements of the soil surface condition made at relatively 
few places in space and monitored over time. The time-consuming 
nature of the measurements renders all but the smallest spatial scale 
very difficult to measure and has limited information about the  
space-time variation of erodibility. Furthermore, the measurements are 
also invasive and highly likely to interfere with the observations that they 
are designed to capture. Thus, there is a requirement for remote 
estimates of the surface condition over large areas frequently in time. 
Bidirectional spectral reflectance (BRDF) provides information on the 
composition and structure of soil surfaces because it is controlled by the 
factors that influence wind erosion. 
 
Ground-based measurements of directional spectral reflectance were 
made under laboratory conditions and in the field on soils that were 
exposed to controlled wind tunnel abrasion and rainfall simulations. The 
measurements were inverted against an existing BRDF model to 
optimize the values of the model parameters. Variation in the model 
parameter values were compared to the treatment types and behaviour 
of the soil surfaces. The analyses elucidated the composition and 
structure of the changing soil surface condition within a single unified 
framework. Although there remain several fundamental issues to be 
resolved before the methodology may be upscaled, there appears to be 
considerable potential of BRDF models and measurements for the 
estimation of erodibility and for incorporation into future generations of 
wind erosion models. 
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Land Use/Land Cover and Point Sources of the  
15 December 2003 Dust Storm in Southwestern 
North America 

 
Jeffrey Lee1, Thomas Gill2, Kevin Mulligan3, Miguel 
Dominguez-Acosta4, Adriana Perez2 and Alfredo Ruiz2 
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3.  Department Economics & Geography, Texas Tech University, Lubbock, TX, USA 
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Recent investigations of the global pattern of blowing dust revealed that 
much is emitted from playa basins, while other studies suggested that 
dust is preferentially emitted from anthropogenically-disturbed sites.  
This study narrows the focus to the southwestern North American region 
of the Southern High Plains and Chihuahuan Desert, where we identified 
the point sources of a single major dust event on 15 December 2003.  
A total of 130 source areas were identified on a MODIS image of this 
event, and land use/land cover has so far been identified via field 
investigation or, for inaccessible sites, air photo interpretation.  In the 
Southern High Plains and adjacent desert locations just west, 84 sites 
were determined.  Of these, 53 are agricultural fields and most of these 
are dryland cotton or sorghum.  Nineteen are rangeland and six are 
saline playas.  Six are undetermined, primarily due to mixed land 
use/land cover in the vicinity of the points.  Of the 46 points in the 
Chihuahuan Desert, 22 are on or at the margins of playas (some saline, 
some clay), 21 are rangeland (many with coppice dunes), two are farm 
fields and one is undetermined.  Clearly, dust from these regions can be 
generated from both natural and anthropogenically-modified surfaces 
during a single event.  We also conclude that site-specific conditions at 
the time of a dust event are important; in most cases, similar land 
use/land cover exists near the identified points, but did not have 
significant erosion during the individual dust storm. 
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Dust Outbreaks across the Southwestern United 
States and Northern Mexico: Winter and Spring 
2005-2006 
 
Annette Walker1, Steven Miller2 and Kim Richardson2 

1.  Aerosol and Radiation Section, Naval Research Laboratory, Monterey, CA, USA  
2.  Satellite Meteorology Applications, Naval Research Laboratory, Monterey, CA, USA 
 
The satellite derived Naval Research Laboratory’s (NRL) Dust 
Enhancement Product (DEP) consolidates and extends previous satellite 
techniques to distinguish raised dust over land and water from the other 
components of the scene. When compared to standard visible satellite 
imagery (at 0.65 μm) the DEP readily reveals dust clouds previously 
undetectable in true color imagery.  The 1 km and 500 m resolution of 
the DEP allows us to identify individual plume heads (often measuring  
10 km or less across).  Since January 1, 2006 the NRL DEP has 
captured seven dust events in Southwestern United States and Northern 
Mexico.  These events occurred on January 1, February 15-16, March 
11-12, March 15, March 30, April 6-7, and April 17.  The March 11-12 
event across New Mexico and Texas is of interest as both smoke and 
dust plumes are evident and identifiable in the DEP image, while they 
are difficult to discern in the true color MODIS image.  Preliminary 
analysis of the April 17 case shows that the dust plumes originating 
upwind (west) of the Great Sand Dunes National Park in Colorado stem 
from the network of streams and tributaries that feed into the San Luis 
Lake and Rio Grande River. In our paper we will present a gallery of 
images from these dust events and identify dust sources for these 
plumes by using maps, atlases and land use databases.    
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Interannual Variations in Albedo Patterns on Mars 
and their Impact on Climate Change 
  
Lori K. Fenton1, Paul E. Geissler2 and Robert M. Haberle1 
1.   NASA Ames, Hayward, CA, USA 
2.   US Geological Survey, Laurel, MD, USA 
 
For hundreds of years scientists have tracked the changing appearance 
of Mars, first by hand drawings and later by photographs. Comparison of 
surface albedo features observed by the Viking era (late 1970’s) with 
those observed by the Mars Global Surveyor Thermal Emission 
Spectrometer (late 1990’s) reveals that significant changes have 
occurred. Up to one third of Mars’ surface area has altered in albedo by 
10% or more, with a global darkening of 2% (equatorward of 60 deg 
latitude). These changes are caused by thin layers of dust that either 
accumulate on a relatively dark surface and effectively raise its albedo, 
or erode off a relatively dark surface and effectively lower its albedo. The 
location, extent, and age of these areas of dust deposition and erosion 
are determined by climate-dependent processes such as wind circulation 
patterns, wind stress and the frequency and strength of dust devils and 
dust storms.  
In order to determine the potential effect of these albedo changes on the 
present day climate of Mars, we have performed full year runs of the 
NASA Ames Mars Global Circulation Model (MGCM) using each albedo 
map. Results indicate global mean near-surface air temperatures 
warmed by 0.65 K in the 20 year interval, on the same order as 
interannual variations observed on Earth. Global mean wind stresses 
increased by 2.0%, a difference that will impact dust lifting and possibly 
dust storm initiation. Spatial patterns of dust deposition and erosion 
appear to be a climate forcing mechanism on Mars. 
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Inventory of North American Dust Sources, Events, 
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The mechanisms allowing multiple sediment sources of dust to feed into 
large dust events are poorly understood, despite a long history of plot 
and laboratory-scale erosion studies and a more recent record of remote 
sensing observations that can characterize the dust storms themselves.  
An inventory of North American dust sources is currently being 
constructed.  This inventory is a gathering point for essential information 
and includes archival meteorological and satellite data, as well as 
information on dust sources and events in a variety of settings and 
conditions.  These data will be used to investigate the meteorological, 
vegetative, and surface conditions associated with a given dust event or 
source area.  The database will illuminate known source regions and 
individual hot spots, as well as the conditions under which they are 
active.  By collecting information on landforms, vegetation cover, 
sediment availability, land use, hydrology, and meteorological conditions 
associated with dust storms, an unprecedented database will be 
available to researchers for exploring hypotheses leading to better 
understanding of contemporary and future dust-storm production.  
Improved predictive models of dust production can then be developed for 
use in atmospheric models or as a risk-assessment tool for regions that 
may become dust sources under changing land-use and climatic 
conditions.   
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North Africa is home to the most productive dust sources in the world.  
This study seeks to understand the land surface characteristics of dust 
sources and the wind conditions that cause them to produce large dust 
events.  For the purpose of studying regional scale events, dust events 
are characterized as being the product of three factors: the static 
landform, the dynamic surface, and the mobilizing winds.  North African 
landforms have been established at 500 meter resolution using MODIS 
imagery.  In the absence of reliable vegetation measures over North 
Africa, antecedent precipitation is used as a proxy for vegetation.  Winds 
are measured at 232 meteorological stations across North Africa and 
visibility at these same stations is used as a proxy for atmospheric dust 
content.  The landform distribution upwind during major dust events and 
major wind events (with little dust) at each station is calculated.  
Correlations between upwind landforms, dynamics of antecedent 
precipitation, and winds show spatial variability in the relative influence of 
these factors on dust mobilization.  Antecedent precipitation is a factor in 
the southern Sahara and Sahel more than at more arid central and 
eastern Saharan stations. High fractional coverages of upwind sand 
sheets are commonly associated with dust events.  Low fractions of 
upwind dunes during dust events imply that dunes are not major dust 
producers.  These empirical results illustrate the surface factors 
governing the generation of dust storms in North Africa and may guide 
parameterizations of the surface for use in regional to global models of 
dust generation. 
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Particle-size Characteristics of the Vertical Dust 
Profiles of Two Contrasting Dust Events in the 
Channel Country of Western Queensland, Australia 
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Spatial and temporal variations in vegetation and soil surface conditions 
of rangelands add a level of complexity to wind erosion processes which 
is often difficult to model or measure.  Butler and colleagues have 
developed a methodology which combines computer simulation and 
experimental measurement to analyze how spatial and temporal 
changes in dust source area emission rates and atmospheric conditions 
affect vertical dust concentration profiles during wind erosion events in 
the Queensland Channel Country.  This methodology has not, however, 
taken into account how variations in dust source area particle-size can 
affect vertical dust concentration profiles. 
 
The present paper examines how the particle-size characteristics of dust 
source soils affect both vertical dust concentration profiles and the 
vertical distribution of particle-sizes in two contrasting wind erosion 
events in the Queensland Channel Country.  Comparisons are made 
between computer simulations of these events and the results of field 
measurements (of vertical dust concentration profiles) and laboratory 
measurements (of dust particle-size).  Computer simulations of the 
particle-size emissions from the different dust source areas during the 
two events produce vertical distributions of dust particle-sizes which are 
similar to the measured dust particle-sizes for these events.  These 
results indicate that erodibility-induced spatial and temporal variations in 
particle-size emissions of dust source areas have important influences 
upon: dust fluxes, vertical dust concentration profiles and the vertical 
distribution of dust particle-sizes within these profiles. 
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Kinetics of Aeolian Dust Dissolution:  
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Iron borne by aeolian dust is a significant driver of primary productivity in 
large areas of the oceans and dust sourced from Australia impacts on 
the Southern Ocean. Atmospheric processing during uplift and 
transportation alters the physical and chemical properties of the dust 
and, in particular, the solubility of iron. Aeolian dust grains of Australian 
origin have a thin coating layer of iron and aluminium oxides over a core 
of quartz. We have furthered understanding of the mechanism and 
kinetics of the dissolution process. Dissolution experiments in static 
reactor chambers have been made over timescales from minutes to 
hundreds of hours. We have identified two major reservoirs of iron that 
dissolve at different rates: Early iron is rapidly released during the early 
stages of dissolution by a diffusive-transport controlled mechanism and 
late iron is released ~5-10 times more slowly than early iron by a 
separate diffusive-transport controlled mechanism in the later stages of 
the dissolution. Both mechanisms occur via a leached layer giving rise to 
incongruent release of aluminium. We discuss the probable 
mineralogical distinction between early and late iron. The results show 
that iron solubility from aeolian dusts is complex and can not continue to 
be globally modelled on results from a single source region and 
demonstrate the importance of local morphology and geochemistry. 
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Owens (Dry) Lake, California 
 
Analila Rojo1, Thomas E. Gill2 and Dale A. Gillette3 
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Aeolian particles collected at Owens (dry) Lake, California during the 
Lake Owens Dust Experiment (LODE) were analyzed via laser diffraction 
to quantify their particle size distributions (PSD).  PSD is shown to be 
influenced by the playa’s geomorphology, wind patterns, and climatic 
conditions.  The initial dust event of the spring season, deflating an 
efflorescent surface, was more efficient at transporting particles vertically 
than horizontally: the fraction of 2.5-10 µm particles increased with 
height, and decreased with downwind distance and time.  A  
saltation-driven event twelve days later was more productive at 
transporting aeolian dust and sand horizontally.  The fraction of saltating 
particles (>50 µm) increased slightly downwind across an upwind-
downwind transect, while the fraction of 2.5-10 µm particles was 
consistent at a height of 1 m above the playa surface.  Elemental 
analyses by PIXE and ICP-AES revealed the presence of at least 20 
elements, with Na, Si, and Ca present at the highest concentrations.  Na 
and S concentrations increased with height, suggesting emission of fine 
sodium sulfate aerosols during the initial storm. As, Cu, Br, and Ni 
concentrations increased as dust events continued and the wind began 
eroding more clastic sediments. Fe, Al, and K concentrations decreased 
with downwind distance and height above the playa surface, and 
increased from event to event.  These analyses provide essential data 
relating dust particle size and chemistry to spatial and temporal scales of 
emission and to assess health risks and chemical and physical effects of 
aeolian dust emitted into the atmosphere. 
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We demonstrate that mineral dust emitted from sources in Texas, New 
Mexico (USA) and Chihuahua (Mexico) is regularly transported in 
detectable amounts to northeastern North America (Canada).  On 6 April 
2001, an intensifying cyclone over southwestern North America caused a 
large regional dust outbreak.  Precipitation samples collected 
subsequently in Ontario and Quebec, Canada and Pennsylvania, USA 
by the Canadian Air and Precipitation Monitoring Network (CAPMoN) 
contained exceptional amounts of dust.  The storm and collected 
samples were evaluated by meteorological back- and forward-trajectory 
analyses, remote sensing imagery, x-ray diffraction, elemental, chemical 
and isotopic (Sr, Nd) analyses, some of which were compared with dust 
samples from the source  regions.  All results confirmed mineral aerosol 
emission from the Southwest USA and Mexico followed by 
transcontinental transport and wet deposition in Canada and the 
northeast USA.  Numerous subsequent events during winter and early 
spring (as recently as March 2006) have matched this pattern, viz.,  
dust generated by strong winds  associated with deepening low-pressure 
areas over the Southwest is lofted into the circulation of a northeast-
moving cyclone, and washed out up to ~3000 km northeast of its source.  
Trajectories and chemical data attribute variations in dustfall composition 
at different wet deposition measurement sites were matched to different 
source subregions (USA vs. Mexico) and different transport paths.  
These intra-North American dusts are mineralogically and isotopically 
distinguishable from mineral aerosols that often arrive in North America 
from Asia during spring, often at approximately the same time. 
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Primary production by some types of phytoplankton in many ocean 
areas, especially the Southern Ocean, is limited by the micronutrient 
iron. The Southern Ocean is physically isolated by wind and ocean 
currents and a major source of iron to the upper ocean waters is  
aeolian dust originating from Australia. Conceptually the system is 
described by a four box model: (i) Sources, (ii) Transport, (iii) Deposition 
and (iv) Iron-algal interactions. Some seafloor sediments include  
iron-containing aeolian dust showing that not all iron is bioavailable and 
ultimately it appears that solubility governs the bioavailability of iron.  
 
Iron in soils from significant dust source regions in Australia is often 
found as coatings of Fe oxides on the surface of quartz grains. A  
large Australian dust storm may mobilise 5x109 kg of soil, containing 
200x106 kg Fe and transport it thousands of km. Physical processes 
during entrainment alter the PSD and abrade clay coatings on quartz 
grains, increasing the exposed surface area. Chemical processes during 
transport, especially in acidic clouds, can solubilize iron. Deposition 
processes can enhance or reverse iron solubilization and control the 
actual delivery to the oceans. We review information about the 
processes in each box of the model that affect iron solubility with 
particular emphasis on large episodic dust storm events. 
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Do the Sand Dunes of Southwestern NSW Contain 
the Same Dust that Produced Parna? 
 
Stephen Cattle and Adrienne Ryan 
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Aeolian dust deposits are widespread in southeastern Australia, with the 
most well-known being parna, an aggregated material comprised of clay, 
calcium carbonate and quartz. Despite a general acceptance of parna as 
the major dust deposit of late Pleistocene glacial periods, there is little 
evidence of aggregated clay remaining in parna-derived soil profiles. To 
investigate a relatively pure dust deposit within the zone of parna 
distribution, the various phases of three source-bordering dunes in 
southwestern NSW were examined. Each dune contains an upper-slope 
phase of coarse sand, a mid-slope layer of clay-enriched sand, and a 
lower slope phase of carbonate-enriched coarse sand. The clay-enriched 
phase of each dune includes a conspicuous particle population in the  
20-60 μm range, and another in the fine-silt/clay range (<10 μm). The 
clay-enriched phases contain abundant illite and kaolinite, and a minor 
amount of smectite, which is consistent with the mineral suite of parna. 
Abundant argillans and occasional lamellae within the clay-enriched 
phase indicate that the clay has been illuviated from surface horizons.  
The fine, and strongly crystalline calcite coatings of the lower dune sand 
grains indicates a similar illuvial origin. No parna aggregates were 
identified, but all parna components are present, spatially separated 
within each dune. The consistency of these features between the three 
dunes indicates an analogous aeolian dust accession, but it is not clear 
whether the clay component of this dust was transported as coatings on 
quartz grains, or as silt-sized clay aggregates. The term 'clayey desert 
loess' is therefore preferred to describe the dust trapped in these dunes. 
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The deposition of Aeolian dust is an important process affecting soil 
profile development and the transfer of nutrients within Australian 
landscapes. To assess the impact of deposited dust on soil 
development, it is important to partition the remotely- and locally-sourced 
components of the dust. This partitioning was attempted by measuring 
deposition rates and particle-size of dust deposit samples collected from 
three dust traps positioned along a 200 km west-east transect of  
semi-arid southeastern Australia. Over one year, a trend of diminishing 
total dust deposition and fining of the deposited dust was measured 
downwind within the Southeast Dustpath. The considerable inter-sample 
variation in deposition rate and dust particle size was found to be linked 
to weather patterns and source regions. Two distinct dust source 
regions, in southwestern NSW and northwestern NSW, were found to 
yield dust during different seasons, and to supply different particle-size 
populations. Each dust trap also received locally-sourced, large-grained 
dust, but the proportion of local dust in each deposit was greater at the 
arid (western) end of the transect. The most marked effect of dust 
deposition on soil attributes was also at the western end of the transect, 
where the dust trap was located on a sand dune. Here, the remotely-
sourced particle-size population distinctive of the southwestern-sourced 
dusts was also present in the topsoil as a minor particle population. 
Deposited dusts have had a less obvious effect on the soil at the other 
two sites because of the more clayey parent material and the smaller 
deposition rates there. 
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Thin accumulations of fine-grained sediment preserved in potholes 
developed on high isolated bedrock surfaces of Jurassic aeolian 
sandstone in southwestern U.S. record deposition of atmospheric dust 
over the past few centuries, on the basis of texture, composition, biologic 
soil crusts, and values of Cesium-137.  Samples collected at depths of  
0-1, 1-2, and 2-5 cm from potholes along a transect from the central 
Mojave Desert northeast to the central Colorado Plateau contain 
mineralogical and chemical evidence for dust sources and for changes in 
sources over the past ca. 100  years, perhaps related to human activity.  
Abundance of magnetite decreases overall to the northeast reflecting the 
regional distribution of magnetite-bearing, crystalline-rock sources of 
fines.  Titanium, Fe, Cu, Pb, and potential nutrients (e.g., P, K, Mg, Ca, 
Fe, Mn, and Na) follow this decreasing trend.  Relative to pothole 
bedrock, compositions of dust are shifted toward those of felsic igneous 
rocks, on the basis of La-Th-Sc ratios and Ti, Al, Fe, Mg, Ca, Na, and K, 
consistent with strong influence from felsic-rock sources in the Mojave 
Desert and southern Basin and Range Province.  Shallowest samples 
differ from deepest samples in many respects and suggest shifts in dust 
compositions over the last century.  Elevated Zr/Ti values in shallow 
samples imply increasing contributions from felsic-rock areas.  
Significantly higher abundance of Pb, Zn, Cu, and Cd in shallow samples 
may document anthropogenic contaminants in dust.  These elements are 
highly correlated in shallow samples, but not in deeper samples which is 
consistent with their recent introduction as contaminants. 
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Modern dust across deserts of the southwestern U.S. is compositionally 
similar to surficial sediment for common crustal elements, but is distinctly 
different in elements such as Pb, Cu, and Cd attributed to anthropogenic 
sources.  We compared the compositions of modern dust samples to 
those of adjacent sediment samples from depths of 0-1 cm and 1-4 cm at 
35 sites. Most sites are located on alluvial fans or volcanic plateaus of 
varying ages, generally having a dust-derived vesicular horizon beneath 
a desert pavement; a few sites are on playa surfaces. Statistical 
comparisons show that chemical compositions and mineral magnetic 
properties of the shallower and deeper sediment samples are identical at 
individual sites and among sites associated with different primary dust 
sources (wet playas, dry playas, and alluvium). The surface samples do 
reflect some mixing of dust-derived and substrate sediments. Modern 
dust samples are also identical across the region relative to substrates 
and nearby dust sources, except that dusts within Owens Valley, Calif., 
are higher in Mg, Ba, and Li, and lower in REEs and Cr. Thus, apart from 
Owens Valley, contributions from many different dust sources are  
well-mixed before deposition. However, at nearly every site, modern dust 
contains greater amounts of trace elements such as Pb, Cu, and Cd than 
do surface samples. Because the surface samples probably record  
long-term dust additions over several hundreds to thousands of years, 
these results suggest that modern dust compositions are influenced by 
anthropogenic sources as well as emissions from Owens (dry) Lake after 
1926. 
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Atmospheric dust is emitted from a variety of dryland settings, including 
many kinds of sparsely vegetated surfaces, playa surfaces, and dry 
riverbeds. Little is known in detail about dust generation in response to 
timing of precipitation and the consequent effects on soil and vegetation 
dynamics. This deficiency is especially acute at the intermediate 
landscape scale, a few tens of meters to several hundred meters. It is 
essential to consider dust emission at this scale, because it links dust 
generation at scales of grains and wind tunnels with regional-scale dust 
examined using remotely sensed data from satellites. 
 
Three sites of slightly different geomorphic setting in the vicinity of Soda 
(dry) Lake were instrumented (in 1999) with meteorological sensors and 
sensors to measure wind erosion through saltating particle detection 
during high winds. Changes in vegetation in close proximity to the 
instrumented stations were documented through measurements of plant 
type, cover, and repeat photographic imagery. A succession of dry and 
wet years in the study area has allowed documentation of the profound 
influence of precipitation driven annual plant growth, both living and 
remnant, on variability in dust emission. High levels of precipitation 
(relative to our period of record) in early spring 2001 stimulated heavy 
localized growth of annual grasses, shutting down dust emission at the 
sites within a period of three months. The year 2002 was very dry with 
little precipitation or plant growth, yet remnant dead grasses from the 
previous year continued to stabilize the surface and suppress dust 
emission for about six months. 
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Terrain analysis involves the processing and the graphic simulation of 
elevation data. Software functions usually work with topographic data. 
Such data represent the elevation or Z-values recorded for each (x, y) 
location. Terrain analysis is important for the study of aeolian 
environment and wind erosion. Terrain characteristics can be performed 
in a geographic information system (GIS) using Digital Elevation Model 
(DEM).  Using Shuttle Radar Topography Mission (SRTM) data in GIS 
digital form, different thematic maps had been concluded. These maps in 
digital form include elevation zones, slope, and aspect maps.   
 
The analysis assists in understanding the morphology of the area under 
examination as related to topography and expected wind erosion effects.  
Moreover, our specific methodology makes it possible to easily calculate 
areas and elevations for any desired segmented area and different 
elevation zones, for example, as such areas under investigation can be 
classified based on their roughness, surface erosion and related 
properties. This analysis can be applied to land use/land cover studies, 
providing particularly some tools towards studying landscape dynamics, 
areas subjected to severe wind erosion and needs casing measures. 
These techniques provide means for optimal exploitation of safe land 
use.           
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In the southwest United States (SW USA), atmospheric dust makes up 
as much as 40% of the total concentration of atmospheric particles less 
than 2.5 microns in diameter (PM2.5). Here we have analyzed archived 
data from sites in the SW USA that were monitored as part of the 
Interagency Monitoring of Protected Visual Environments (IMPROVE) 
project.  The goals were to (a) examine the seasonality of dust 
concentrations, (b) quantify the contribution of soil mass to the total 
PM2.5 concentration, and (c) analyze inter-annual variability in soil dust 
concentrations. Both PM2.5 and soil dust concentrations exhibited a high 
seasonality, with higher concentrations occurring in July compared with 
January. Closer evaluation of seven IMPROVE sites demonstrated a  
3-month lag between the highest PM2.5 and soil dust concentrations, in 
that dust concentrations peaked during Spring months (April-June) while 
the total PM2.5 concentrations peaked in late Summer (June-August). 
Inter-annual changes in peak dust concentrations vary regionally, but the 
highest frequency of peak concentration events correspond with regional 
changes in maximum drought intensity.  Twenty-one out of 27 sites 
analyzed showed highest dust concentrations corresponding with the 
severe droughts of 2001 and 2002. 
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Atmospheric aerosols play an important though uncertain role in the 
Earth’s climate system. The Bodélé Depression in Chad stands out as 
the planet’s largest source of dust. We explore the reasons for the 
prominence of this source. We show the importance of the Bodélé Low 
Level Jet (BLLJ) in maintaining dust emissions. The LLJ has a maximum 
speed near 18 N, 19 E at 925 hPa. It is strongest in the northern winter, 
receding with the advance of summer in phase with dustiness in the 
Bodélé. Variability of dust occurs contemporaneously with the ridging of 
the Libyan High and pulsing of the LLJ. Based on AWS and PIBAL data 
from BoDEx, we show the first observational data of this LLJ.  Winds 
undergo a strong diurnal cycle such that strongest surface winds typically 
occur in the midmorning when momentum is mixed downward in 
turbulence induced by radiative heating. Using a variety of observational 
and numerical techniques, including a regional climate model, paleo 
GCM simulations and dated land surface features from the depression, 
we go on to present an argument for how the Bodélé source could be 
replenished on paleo timescales. 
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We examine linkages between environmental conditions within 
Australian dust source areas and an 11 year record of Australian dust 
transport over New Zealand established using 210Pb as a tracer of dust 
incursions. Australian dust concentration flux, derived from a New 
Zealand 210Pb activity record, shows both annual and inter-annual 
variability. It is proposed that this variability is controlled by factors 
influencing sediment supply and sediment availability, a function of soil 
moisture and surface roughness within dust source areas. Results 
suggest land erodibility within Australian dust source areas responds to 
seasonal synoptic scale circulation patterns, as well as being influenced 
by larger scale climate patterns such as El Niño Southern Oscillation 
(ENSO). 
 
Time-series analysis of rainfall, modelled soil moisture and seasonally 
dynamic herbaceous vegetation cover data are related to trends in 
Australian dust concentration flux measured on the west coast of the 
South Island of New Zealand, while potential sediment re-charge events 
are monitored using historical hydrological data from major rivers in the 
Eyre and Murray-Darling Basins. By this approach we seek to 
quantitatively explore aeolian-fluvial interactions and the effects of 
climatic drivers like ENSO on sediment supply, land erodibility and dust 
production on a continental scale in Australia. 
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A New Eddy Covariance System to Measure Mineral 
Dust Vertical Fluxes Due to Wind Erosion 
 
Gerardo Fratini, Monia Santini and Riccardo Valentini 
DiSAFRi, University of Tuscia, Italy 
 
A new technology to measure directly net (emission less deposition) 
vertical fluxes of mineral dust (solid particles in range 0.3-7.0 μm) is 
presented. The system, named EOLO, is based on the eddy-covariance 
theory. EOLO was used to monitor wind erosion in 6 sites selected in two 
focus areas of Northern China: the Alashan prefecture and the Beijing 
Municipality. The aim of the monitoring in Alashan was to assess relative 
importance of emissions from several land types thought to be major 
sources of dust storms. Wind erosion from agricultural sites and from 
abandoned rubble pits in the Beijing area was monitored to assess their 
relevance in determining Beijing air quality.  Spectral analyses on the 
acquired data and comparison with available data allowed evaluation of 
EOLO performances and investigation of its limits of applicability. 
Exponential fits between dust fluxes and friction velocity have been 
derived and compared with previous works. Furthermore, with the 
purpose of a direct comparison, the WEAM dust emission model was 
applied on the same sites, in the same climatic and environmental 
conditions. The obtained results show an overall agreement between 
measured and modelled dust fluxes. However, a deep and thorough 
comparison highlights that some wind erosion dynamics, such as the 
effects of wind direction with respect to roughness geometry, need to be 
taken into account in order to enhance the model’s accuracy and 
reliability.   
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Relationships between Horizontal Transport Flux 
and Vertical Deposition Flux during Dry Deposition 
of Atmospheric Dust Particles 
 
Dirk Goossens 

Physical and Regional Geography Research Group, Katholieke Universiteit Leuven, 
Leuven, Belgium 
 
Wind tunnel experiments were conducted to investigate the relationships 
between vertically settling dust and the horizontal dust flow from which 
the particles originate. The study primarily focuses on the grain size 
characteristics and on the horizontal and vertical sediment fluxes. 
Simultaneous samplings of vertical deposition flux and horizontal 
transport flux were carried out at an almost identical altimetric level  
(a very narrow layer immediately above a water surface generating no 
resuspension). This made it possible to relate deposition flux to the 
horizontal transport flux and to study how deposition alters the 
sedimentological characteristics of horizontally moving dust. The 
experiments show that deposited dust is generally coarser than the 
parent dust from which it originates, but only for friction velocities below 
0.34 m/s. For higher wind speeds the median grain diameter of settling 
dust does not differ from that of the parent dust. Similar observations 
were made for the horizontal and vertical dust fluxes. At a constant 
horizontal transport flux (Fh) vertical deposition flux (Fs) drops with wind 
speed, but from the same critical friction velocity of 0.34 m/s the ratio 
Fs/Fh remains constant. The value of 0.34 m/s coincides with the 
threshold friction velocity for dust emission from a flat horizontal surface. 
It was also found that the relationships between Fh and Fs depend on 
the grain size of the particles, but only for sufficiently fine particles. 
Particles >50 µm no longer affect these relationships. Vertical mixing 
created by the turbulent nature of the flow strongly affects deposition of 
atmospheric dust. Mixing significantly hampers deposition of the grains, 
especially the small ones. The wind tunnel experiments allowed the 
magnitude of the effect mixing exerts on deposition to be calculated. For 
coarse grains the effect is small, but for fine grains mixing may hamper 
deposition by several dozen per cent.  Theoretical dust deposition 
models should thus consider vertical mixing, or otherwise include it in the 
numerical value of the velocity of deposition. 
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Enhancement of the Emission of Mineral Dust 
Aerosols by Electric Forces 
 
Jasper Kok1 and Nilton Renno2 
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2.  Atmospheric, Oceanic and Space Sciences, University of Michigan, Ann Arbor, MI, USA 
 
Climate forcing by mineral dust aerosols is one of the most uncertain 
processes in our current understanding of climate change.  The main 
natural sources of dust aerosols are blowing dust, dust devils, and dust 
storms.  Electric fields larger than 100 kV/m have been measured in 
these phenomena.  Theoretical calculations and laboratory experiments 
show that these electric fields produce electric forces that can reduce the 
critical wind speed necessary to initiate dust lifting and can even directly 
lift mineral particles from the surface.  Thus, we conclude that electric 
forces enhance the natural lifting of mineral dust aerosols. 
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Evidence of Direct Suspension of Soil Particulates 
on the Columbia Plateau 
 
Brenton Sharratt1 and Guanglong Feng2 
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2.  Department of Biological Systems Engineering, Washington State University, Pullman,  
     WA, USA 
 
High wind events during spring and autumn contribute to erosion of 
agricultural lands on the Columbia Plateau of the Pacific Northwest 
United States. Wind erosion occurs as a result of creep, saltation and 
suspension and in many regions of the world, creep and saltation are the 
dominate processes governing wind erosion. Direct suspension is 
thought to be an important process affecting erosion of loessial soils 
within the Columbia Plateau due to the lack of extensive depositional 
features. The purpose of this study was to determine the contribution of 
direct suspension to wind erosion by examining wind velocity profiles and 
the size distribution of eroded soil from an agricultural field. The 9 ha 
field, located near Washtucna, Washington, was maintained in fallow and 
dominated by Ritzville silt loam. Profiles of wind velocity, PM10 
(particulates 10 µm in diameter) concentration, and the size distribution 
of particulates captured by soil airborne collectors were measured above 
the soil surface during high wind events. There was little modification of 
the wind velocity profile due to saltation loads and elevated PM10 
concentrations corresponded closely with their threshold velocity. Of the 
total mass of eroded soil captured by the BSNE collectors, less than 10% 
was saltation-sized particles (100-500 µm in diameter) while more than 
90% was suspension-sized particles (<100 µm in diameter). The largest 
fraction of soil eroded was in the size range of 30-45 µm. These results 
indicate that direct suspension of fine soil particles is a dominate process 
whereby soil is eroded from agricultural fields on the Columbia Plateau.  
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Freeze-thaw of Quartz Sand Grains as a Mechanism 
of Quartz Silt Production in Laboratory Simulations 
 
Barbara Woronko1 and Artur Zielinski2 
1.  Laboratory of Sedimentology, Faculty of Geography and Regional Studies, University of  
     Warsaw, Warsaw, Poland 
2.  Institute of Geography, Swietokrzyska Academy, Kielce, Poland 
 
Frost weathering of quartz is one of the mechanisms capable of 
producing of loess-sized quartz silt. In this study, laboratory simulations 
of the freeze-thaw of quartz sand grains (1.4 μm - 0.5 mm) were set up. 
Frost weathering simulations involved a temperature regime from -5 to 
+15 °C and two different conditions: (a) grains submerged in distilled 
water and (b) grains placed on a water-soaked filter. Grain samples 
underwent 4050 freeze-thaw cycles. After 810, 1350, 2700 and 4050 
cycles, a sieving analysis was performed to obtain the particle size 
distribution and a scanning electron microscopic (SEM) examination was 
used to inspect the surface of the quartz grains. Debris production was 
observed in both conditions, but the most intensive production took place 
in the submerged environment where, until 1350 cycles, production 
resulted in grains smaller than 12 μm. After 2700 cycles a production of 
grains of 19-33 μm in diameter was observed. Where grains were placed 
on the filter, the biggest production started after 2700 cycles. Most of the 
produced grains were in the diameter range of 10-15 μm. Frost 
weathering was central to debris production due to the occurrence of 
microcracks and microsteps on the grain surface. 
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Monte Carlo Simulation the Electromagnetic Wave 
Propagation in the Duststorm 
 
You He Zhou, Zhi Wen Gao and Xiao Jing Zheng 
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Education of China and Department of Mechanics, Lanzhou University, Lanzhou, Gansu, 
P.R. China 
 
We present Monte Carlo simulations of the extinction rate of 
electromagnetic wave propagation in a duststorm.  A duststorm is made 
up of randomly distributed particles and a background medium. In Monte 
Carlo, simulation particles are randomly placed within a volume in a 
manner corresponding to a pair distribution function. The scattering fields 
are calculated using a numerically exact formulation of Maxwell’s 
scattering equations and averaged over the realizations. The numerical 
procedure is based on the multiple scattering equations of Foldy-Lax and 
uses vector spherical waves as a basis. Convergence is demonstrated 
numerically by varying the number of iterations and the number of 
particles up to 4000. Results are compared with that of the independent 
scattering approximation and the quasi-crystalline approximate with 
coherent potential. The simulations are in good agreement with the 
quasi-crystalline approximate with coherent potential. The calculated 
attenuation is in good agreement with that measured in certain 
conditions. 
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Dust Watch: Community Networks to Monitor Wind 
Erosion in Australia 
 
John Leys1, Grant McTainsh2, Craig Strong2,  
Stephan Heidenreich1 and Kathryn Bisaga3 
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    Nathan, Brisbane, Queensland, Australia 
3. Lower Murray Darling Catchment Management Authority, Buronga, New South Wales, 
    Australia 
  
The measurement and monitoring of wind erosion Australia-wide over 
long time scales (yearly to decades) presents major challenges.  This 
paper outlines how, by combining formal data from Bureau of 
Meteorology (BoM) stations with informal data from community networks, 
better understanding and mapping of wind erosion is achieved at spatial 
scales from regional to national. DustWatch was piloted in New South 
Wales in 2002 and went national in 2005.  BoM observations  
(at approximately 200 stations) of dust event occurrence and visibility are 
combined with observations from DustWatchers (110 observers) using 
simplified BoM observer protocols.  DustWatch sites are located in the 
more remote areas of Australia and at DustWatch Nodes (16 locations) 
observational data are supplemented with data from dust sensors  
(TSP and PM10). 
 
The dust sensors allow continuous monitoring and encourage regular 
communication between observers and scientists.  They also provide a 
focus for community meetings and field days.  DustWatchers receive an 
e-newsletter outlining recent events and discussing issues raised by 
observers.  Inclusion of satellite images and photos taken by 
DustWatchers, and comparisons of the results from region to region 
increases the dialogue. 
 
Results to date indicate that: (i) DustWatch data fill important spatial 
gaps in the formal BoM network, (ii)  DustWatchers add significant value 
from their better understanding of local wind erosion processes (iii) There 
is  more dust activity at night than previously thought, (iv) PM10 levels 
above environmental health guidelines are  being recorded more 
frequently than expected in agricultural areas, and (v) that the level of 
awareness in the community of wind erosion is increasing based on 
media coverage of DustWatch and hits on the DustWatch web site. 
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Wind Erosion Process Observed at the  
Taklimakan Desert, China, During ADEC Intensive 
Observation Periods 
 
Masao Mikami1, Gan-Gyu Shi2, Masahide Ishizuka3,  
Yutaka Yamada4 and Fan-Jiang Zeng5 

1.  Meteorological Research Institute, Japan Meteorological Agency, Japan  
2.  Institute of Atmospheric Physics, Chinese Academy of Science, China 
3.  Department of Safety Systems Construction Engineering, Kagawa University, Japan  
4.  Rapid Engineering Team, The Institute of Physical and Chemical Research (RIKEN),  
     Japan  
5.  Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences, China  
 
The Japan-Sino joint project, Aeolian Dust Experiment on Climate impact 
(ADEC) was initiated in April 2000. The main objective of this project is to 
understand the impact of aeolian dust on the climate system via radiative 
forcing. As a part of ADEC, we have conducted field experiments in the 
Taklimakan Desert, China, to understand wind erosion processes. For a 
precise measurement of saltation bombardment, we have developed the 
Sand Particle Counter for the monitoring of moving sand and the Optical 
Particle Counter specially designed for monitoring dust particles on the 
desert surface. 
 
In total, three Intensive Observations, April 2002 (IOP1), March 2003 
(IOP2), and March to April 2004 (IOP3), were initiated. The results are 
summarized as follows: 

1) Saltation flux at a gobi surface using the Sand Particle Counter 
indicated that it is one order larger than that of a sand dune. It 
was caused by the difference of parent soil size distributions in 
each ground condition. 

2) The vertical profile of moving sand has a clear size dependency 
with height and saltation flux and threshold wind velocity is 
dependent on soil moisture. Results also demonstrated that 
saltation flux is strongly dependent on the parent soil size 
distribution of the desert surface. In this presentation, a brief 
introduction of ADEC project and an overview of the saltation 
process observed at the source regions in northwestern China 
are presented. 
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Using Vertical Dust Load Measurements to Estimate 
the Magnitude of Dust Emission Sources in the 
Bodélé Depression, Chad 
 
Andrea Robinson1, Adrian Chappell1 and Andrew Warren2 

1. Centre for Environmental Systems Analysis, School of Environment and Life Sciences,  
    University of Salford, Manchester, UK 
2. Department of Geography, University College London, London, UK 
 
The Bodélé Depression is one of Earth’s dustiest places and rarely 
visited. Little is known about the sources of dust emission that contribute 
to the regional production estimated by remote sensing. An expedition to 
the region identified two potential sources of dust: (a) mega-barchan 
dunes comprising mixtures of quartz and diatomite fragments and  
(b) downwind transport of dune material across the hard diatomite playa. 
At three dunes, masts comprising three traps were placed across and 
downwind of each “horn”. The traps recorded the spatial variability in the 
magnitude of dust transport during a single event. 
 
The trapped material was separated at 63 µm and weighed to model the 
sandblasting ratio using material >63 µm (abrader) and that <63 µm 
(dust). The dust contribution from dunes was half the amount produced 
on the downwind transects. However, the dune abrader was nearly a 
third of that on the downwind transect which suggests that dust is 
produced more efficiently on the soft surface of the dunes than on the 
hard diatomite playa.  Dust from dunes is unlikely to be produced 
efficiently by the saltation of coarse material. Instead, auto-abrasion of 
material transported across the playa produced fines which were stored 
on the dunes and subsequently emitted. The particle size distribution of 
dune surface material supported this interpretation with a fine mode at  
80 µm that was unusual on reworked barchan dunes found elsewhere. 
These results offer a geomorphologically based approach to upscaling 
estimates of dust emission across the region. 
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Monitoring Land Erodibility Controls in Arid and 
Semi-arid Land Types to Develop an Australian 
Land Erodibility Model (AUSLEM) 
 
Nicholas Webb1, Hamish McGowan2, Stuart Phinn1,  
Grant McTainsh3 and John Leys4 
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     Nathan, Brisbane, Queensland, Australia 
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We present a method for the development of an Australian Land 
Erodibility Model (AUSLEM); a system for prediction of land susceptibility 
to wind erosion. Dust emission and erosion event timing are monitored 
and analyzed in the context of meteorological and land surface 
conditions at field sites throughout western Queensland, Australia.  Field 
sites lie in the Mulga Country, Mitchell Grass Downs, Channel Country, 
and Simpson Desert biogeographical regions containing land types 
typically susceptible to wind erosion in Australia.  High resolution 
physical process data sampled at the sites are used to examine 
relationships between land surface and meteorological conditions and 
land susceptibility to wind erosion in model rule-sets. Model development 
builds on early integrated wind erosion modelling research, with rule-set 
components derived such that they are appropriate for application in land 
types susceptible to wind erosion. 
 
Early model application with a generalized rule-set demonstrated  
an ability to detect erodible land distribution on a broad scale at 
moderate spatial resolution, and provided a means for assessing the 
spatio-temporal dynamism of land erodibility in response to seasonal 
synoptic scale climatic variability. Development of AUSLEM using land 
type specific information should enhance modelling capacity in this 
respect, and perhaps provide a new mechanism for monitoring erodible 
land distribution at higher resolutions than have previously been 
available in Australia. 
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Wind Erosion and Transport along the  
Grassland-Forest Continuum 
 
David D. Breshears1, Jeffrey J. Whicker2, Craig D. Allen3, 
Jason P. Field4, Chris B. Zou4, Rebecca J. Oertel5  
and Kay L. Beeley5 
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     Ecology and Evolutionary Biology, University of Arizona, Tucson, AZ, USA 
2.  Health Physics Measurements Group, Los Alamos National Laboratory, Los Alamos,  
     NM, USA 
3.  Jemez Mountains Field Station, US Geological Survey 
4.  School of Natural Resources, University of Arizona, Tucson, AZ, USA 
5.  Bandelier National Monument, National Park Service, NM, USA 
 
Wind erosion and associated transport are important processes in arid 
and semiarid ecosystems, where vegetation cover is sparse.  Vegetation 
cover in arid and semiarid ecosystems can be highly variable with 
respect to proportion and height of woody plants at a site, as well as 
amount of ground cover.  Indeed much of the terrestrial biosphere can be 
viewed as a continuum from grassland to forest: from arid and semiarid 
grasslands with little or no cover from woody plants, through various 
levels of coverage by low stature shrubs to intermediate stature trees in 
woodlands, to tall stature and potentially high density trees in forests.  
Disturbances such as fire, drought, grazing, and tree thinning can reduce 
tree cover.  Here we summarize previous and ongoing results on wind 
erosion from a suite of sites spanning the grassland-forest continuum.  
These studies highlight the importance of several factors in determining 
rates of wind erosion, including amount of woody plant cover, amount of 
ground cover, and associated mean size of bare patches.  The limited 
available studies to date reinforce the importance of wind erosion in arid 
and semiarid ecosystems, highlight that wind erosion can be large 
relative to water erosion, and that disturbance can produce substantial 
increases in wind erosion.  Wind erosion and transport have implications 
for numerous ecosystem processes in arid and semiarid ecosystems, 
including site biogeochemistry, atmospheric feedbacks, and contaminant 
transport.      
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Temporal Variability of Surface Winds and its 
Impact on Global Dust Emissions 
 
Sebastian Engelstaedter and Richard Washington 

Centre for the Environment, University of Oxford, Oxfordshire, UK 
 
Atmospheric mineral dust has been recognized for its potential to alter 
the climate system, biogeochemical cycles and human health. Satellite 
and surface observations show that dust emissions at most sources 
follow a distinct seasonal cycle. Also, the magnitude of seasonal and 
annual dust emission can vary significantly from year to year. Most dust 
models are only partly able to reproduce the temporal characteristics of 
emissions with many needing to fine tune their models in order to adjust 
model emissions to observations. Therefore, identifying controls of dust 
production is crucial if we are to make realistic predictions of future dust 
emissions and transport and their impact on the climate system. We 
assess the annual cycle of surface winds and its relationship to dust 
emissions for a selection of dust hot spots from all over the world. For 
the North African desert regions, we show that dust production is closely 
linked to the occurrence of surface disturbances. In West Africa, the 
disturbances are associated with near surface convergence during the 
northern hemisphere summer. In our analysis we focus on the 
differences and similarities between the ERA40 fields ’10 m surface wind 
speed’ and ‘surface gustiness’. Gustiness is a measure of the frequency 
and intensity of small scale wind events which are only poorly 
represented in the coarse resolution surface wind fields. A comparison of 
these two fields therefore allows us to draw conclusions about dust 
production mechanisms at different sources. 
 
 

Session 9: Dust Transport Systems 



 

173 
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Recent improvements in remote sensing and dust modelling have rapidly 
advanced understanding of global scale dust transport.  These 
developments have also increased the need for high quality independent 
data sets on dust entrainment and transport for model validation and 
atmospheric truthing of remote sensing products.  There are particular 
needs for data on dust entrainment and transport at continental spatial 
scales and long temporal scales. 
 
Dust activity in Australia is measured using a Dust Event Database, 
which uses Bureau of Meteorology records of dust storms and other 
events.  This database can provide daily data at 107 locations across 
Australia over 45 years.  In the present paper we field test the Dust 
Storm Index (DSI) as a measure of dust activity, using 13 years of  
independently collected daily dust concentration data from Buronga 
(near Mildura in SE Australia), then use the DSI to describe spatial 
temporal patterns of dust activity in Australia over 45 years. 
 
The continent can be conveniently divided down the middle into two 
approximately equal sectors.  The eastern sector has high levels of dust 
activity and well defined dust source regions in the Lake Eyre and Lower 
Murray-Darling Basins which are active in two quite distinct seasons.  
The 45 year record shows distinctive periods of high dust activity with a 
strong relationship with drought which is in turn closely correlated with 
the El Nino Southern Oscillation Index.  The western sector has much 
lower dust activity, less distinct dust source regions and seasonality and 
the 45 year record shows less well defined episodicity of dust activity.  
These distinctive differences between the east and west of the continent 
make Australia an ideal test continent for the testing and validation of 
continental scale dust models. 
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A Multivariate Stochastic Model of Hourly 
Wind and Weather 
 
Thomas Over1 and Paolo D’Odorico2 
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The stochastic modelling of wind speed has often concentrated either on 
multivariate models of daily wind speed, temperature, and solar 
radiation, or on the simulation of hourly wind with no account for the 
mutual dependence on other hydro-climatic variables. The study of 
aeolian erosion requires a simultaneous modeling of high-resolution 
(e.g., hourly) wind speed, as well as of other weather variables (such as 
solar radiation, precipitation, air and dew-point temperature) needed in 
the analysis of surface soil moisture and of soil susceptibility to wind 
erosion. A multivariate stochastic process, forced by precipitation, is 
developed here as an approach to the modeling of temperature,  
dew-point, and the two components of the wind at the hourly time scale. 
It takes into account dependence on rainy vs. non-rainy conditions and 
the diurnal and annual cycles. Cloud cover and solar radiation are also 
simulated. The model is fitted to the data from several locations across 
the High Plains of the U.S., a region particularly affected by wind erosion. 
The performance of the model is discussed, with particular emphasis on 
the wind components and their dependence on the other variables.   
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Monthly and Yearly Variability 
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1. Institute for Environment and Sustainability, European Commission - DG Joint Research  
    Centre, Ispra, Italy 
2. Institute of Soil Landscape Research, Leibniz-Centre for Agricultural Landscape  
    Research, Müncheberg, Germany 
 
The erosivity of the climate depends on the wind velocity, the amount 
and distribution of precipitation and evaporation. Their interactions 
determine intensity, frequency and duration of wind erosion events on 
susceptible surfaces. 
 
Surface wind, precipitation and evaporation data were obtained  
(i) from the ERA40 dataset with a 6 h time interval (approx. 1 degree, 
1960-2000) and (ii) from a downscaled daily dataset from the Danish 
Meteorological Institute  (DMI 20 km). Soil textural data has been 
obtained from the World Soil Reference Database as well as from the 
European Soil Database. Threshold wind velocities (uthr) were assigned 
depending on soil texture. For each time step we determined the wind 
force (WF) from the wind velocity if precipitation < 0.3 mm or precipitation 
< evaporation with WF = (u - uthr) * u2. WF was set to zero if u < uthr. The 
summarized wind forces give the wind force integrals (WFI) with a 
monthly/yearly time step. Yearly, WFI for the whole area of Europe 
showed a slight increase from 1959 up to 2001. Patterns of occurrences 
changed over the different years quite significantly in extent and location. 
Additionally, yearly WFI indicate some periodicities which will be 
discussed in light of larger circulation patterns. Detailed investigations for 
the grid cell of 51N13E (Berlin-Brandenburg) revealed that some local 
events cannot be detected in the large scale dataset and vice versa.  
Further on, results will be discussed and evaluated against local wind 
erosion simulations. 
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Mineral aerosols are potentially a major forcing mechanism for climate 
change. Monitoring aeolian dust dynamics and improving our 
understanding of the controls influencing dust emissions is therefore a 
key scientific challenge.  Meteorological records are regularly used to 
calculate wind erosion indices relevant to dust storm occurrence and 
remote sensing is increasingly being used for monitoring regional 
atmospheric aerosol loading. Given that direct measurements of dust 
fluxes are very limited in number, very few studies have investigated  
the associations between wind erosion indices, satellite monitoring of 
aerosol loadings and actual dust flux. We report the findings of a  
study aiming to validate correlations between measured dust  
deposition, meteorological conditions and TOMS aerosol index in the 
Aral Sea region. 
 
Results indicate strong negative relationships between dust deposition 
rates and measures of available moisture at the annual and monthly 
scale.  Surprisingly, relationships between dust flux and all measures of 
wind power were poor. Results suggest that dust storms in the region are 
strongly controlled by seasonally changing surface erodibility parameters 
rather than erosivity. Time lags associated with the dynamics of 
erodibility resulted in weak associations between dust flux and 
environmental controls over periods less than one month, highlighting 
the complex role of surface characteristics in modelling dust emissions. 
Strong associations between TOMS AI and dust flux suggest that at 
temporal scales greater than one month satellite monitoring can provide 
a useful tool for describing regional dust occurrence. 
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Wind Tunnel Experiments on the Effects of Tillage 
Ridges Features on Wind Erosion Horizontal Fluxes 
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In addition to the well-known soil factors which control wind erosion on 
flat unridged surfaces, two specific processes affect the susceptibility of 
tillage ridged surfaces to wind erosion: ridges induced roughness and 
ridges trapping efficiency. In order to parameterize horizontal soil fluxes 
produced by wind over tillage ridges, eight ridge configurations, 
representative of those observed in Tunisia, composed of sandy soil and 
exhibiting ridges height to ridges spacing (RH/RS) ratios ranging from 
0.18 to 0.38, were experimented in wind-tunnel. These experiments are 
used to develop a parameterization of the horizontal fluxes over tillage 
ridged surfaces only based on the geometric characteristics of the 
ridges. Indeed, the key parameters controlling the horizontal flux as the 
friction velocity, threshold friction velocity and the adjustment coefficient, 
are derived through specific expressions, from ridges height (RH) and 
ridges spacing (RS). This parameterization was evaluated by comparing 
the results of the simulations to an additional experimental data set and 
to the data set obtained from the literature. In both cases, predicted and 
measured values are found in satisfying agreement. 
 
This parameterization was used to evaluate the efficiency of ridges in 
reducing wind erosion. The results show that ridged surfaces, when 
compared to a loose unridged soil surface, lead to an important reduction 
of the horizontal fluxes (exceeding 60%). Moreover, the effect of ridges 
in trapping particles contributes for more than 90% in the flux reduction 
while the ridges’ roughness effect is weak and decreases when the wind 
velocity increases. 
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Evaluating the Efficacy of a Wood-Strand  
Material for Wind Erosion Mitigation and Air  
Quality Protection 
 
Natalie Copeland1, Brenton Sharratt1, Joan Wu1, Randy Foltz2 
and James Dooley3 

1.  Biological Systems Engineering, Washington State University, Pullman, WA, USA 
2.  Rocky Mountain Research Station, USDA-Forest Service, USA 
3.  Forest Concepts, LLC., Federal Way, WA, USA 
 
Arid conditions and persistent winds characteristic of much of the 
western United States provide a climate conducive to wind erosion.  
Airborne dust generated from exposed soil at construction sites, post-
wildfire events, and farm fields is a widespread problem with both human 
health and environmental impacts.  Small particulates (specifically PM10) 
have been listed as one of the six criteria pollutants as stated in the 
Clean Air Act.  Agricultural straw has been widely used for water erosion 
control; however, it has proven to be less effective in controlling wind 
erosion.  Forest Concepts, LLC, a Washington-based company, has 
been developing a new material made from by-products of forest thinning 
and plywood manufacturing.  The wood-strand materials are heavier, 
and thus less likely to be blown away.  They also have more favourable 
mulching characteristics for decomposing into environment-friendly 
biomass, offer significantly longer resistance to erosion, and do not 
introduce noxious weeds, pesticides, or  non-native materials to wild 
lands.  The goals of this study were to (1) evaluate the performance of 
wood strands in reducing PM10 emissions and maintaining air quality 
and (2) produce data that will aid in the design of wood strands for wind 
erosion mitigation.  Through a series of wind tunnel tests, the impacts of 
selected material properties and application strategies were evaluated.  
The study was designed to allow for comparison between effects of the 
wood strands and agricultural straw and identify significant factors 
impacting the erosion reduction efficacy of the wood strands.  During 
testing, PM10 concentrations were monitored at various heights above 
the soil surface.  Wind speeds were also measured at corresponding 
heights, allowing for analysis of the efficacy of erosion control materials 
in terms of soil flux.  Preliminary results indicate that wood strands can 
remain intact on the soil surface at wind speeds of up to 40mph while 
significantly reducing PM10 emissions.  Further testing at lower wind 
speeds is expected to generate more information in regards to the 
effects of specific material properties on PM10 emissions. 
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Applying Aeolian Transport Concepts to Fugitive 
Dust Assessments 
 
J. Wayne Boulton, Mike Lepage, Melissa Jordan  
and John J. Alberico 

RWDI Air Inc., Guelph, Ontario, Canada 
 
The assessment of fugitive dust from stockpiles at industrial facilities 
typically involves the use of emission factors that are based on published 
data from past experiments performed on coal stockpiles and desert 
soils; experiments limited in scope and done under dry conditions.  To 
predict offsite concentrations of fine particulate matter, dispersion 
modelling is typically performed using generic emission rates that are 
applied to each hour of the simulation when the wind speed exceeds 
entrainment threshold, without regard to mitigating factors such as 
precipitation or snow cover.  As such, model results represent a 
conservative first estimate of maximum off-site dust concentrations.  
Often, it is desirable to refine the analysis so as to obtain a better 
estimate of maximum offsite dust concentrations as well as a more 
realistic estimate of the frequency distribution of dust concentrations 
throughout the year. 
 
This paper presents a case study in which this typical approach was 
refined by determining actual wind speed thresholds and flux rates for a 
slag pile using a portable wind tunnel.  In addition to wind speed, 
precipitation and snow cover data from a nearby weather station were 
also used to develop hour-by-hour emission rates.  Particle settling was 
modelled using the deposition algorithm in the dispersion model 
(AERMOD).  Results indicated that by accounting for more realistic site 
conditions and the mechanics of aeolian transport, maximum predicted 
one-hour and 24-hour TSP concentrations were reduced by up to 50% 
and 65%, respectively compared to the traditional approach.    
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The Erodibility of Desert Soils and the Influence of 
Biological Soil Crusts on Wind Erosion 
 
Jayne Belnap, Susan L. Phillips and Adam Atchley 

U.S. Geological Survey, Moab, UT, USA 
 
Dryland regions constitute over 35% of terrestrial lands around the globe. 
Limited rainfall in these regions restricts plant growth and the spaces 
between vascular plants are often large.  Most interspaced soils are 
protected from wind erosion by the cover of rocks, physical crusts, and 
biological crusts (cyanobacteria, lichens, and mosses). However, human 
use of dryland regions (e.g., recreation, livestock, mining and energy 
exploration, military exercises) reduces or eliminates the protective cover 
of the soils. Rocks are pushed below the surface and physical and 
biological crusts are crushed. Using a portable wind tunnel, we showed 
that most desert surfaces did not produce sediment when we applied 
wind speeds that typically occur in the region when the tests were done.  
However, disturbing the soil surface with vehicles, humans, or animals 
resulted in much lower TFVs and higher sediment production from all 
surfaces tested, regardless of parent material, texture, or age of the soil 
surface. The largest change in TFV sediment production occurred when 
non-disturbed surfaces were first disturbed.  When previously disturbed 
surfaces were re-disturbed, there was little change in TFVs and sediment 
production compared to the control. Analysis of the soil surfaces at our 
sites showed that susceptibility to wind erosion depended on the 
developmental stage of biological crust present and the texture of the soil 
surface. 
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A Field Study of Aeolian Activity in Burned  
Semiarid Grassland 
 
John Stout 

Wind Erosion & Water Conservation Research Unit, USDA-Agricultural Research Service, 
Lubbock, TX, USA 
 
The level landscape of the Southern High Plains of North America has 
evolved as a result of episodic aeolian deposition of sediments into 
grassland vegetation over a period of 1.5 million years.  Grass cover has 
performed two functions essential to this process: it tends to slow the 
wind near the surface thereby enhancing aeolian deposition and it 
prevents deposited sediments from becoming remobilized by strong 
winds.  Unfortunately, the benefits of grass cover are lost when 
occasional wildfires sweep across the land.  After a fire, the underlying 
soil surface becomes exposed and susceptible to wind erosion until the 
vegetative cover is restored sufficiently.  Recently, a field study was 
conducted following a large grass fire that swept across a field located 
west of Lubbock, Texas.  The purpose of this study was to measure and 
quantify the time of recovery, the amount of erosion that occurred during 
the recovery period and the level of vegetative cover required to 
significantly reduce wind erosion.  To accomplish these goals, a 
sampling system was deployed that included a meteorological tower and 
a piezoelectric saltation sensor, which was used to measure aeolian 
transport and changes in threshold velocity.  A continuous record of wind 
erosion activity was obtained at the site over a 6 month period as the 
surface slowly recovered to a fully vegetated and stable state.   Results 
suggest that the critical threshold of the field increased from less than  
10 m/s to above 20 m/s in a three month period as the vegetative cover 
was re-established. 
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Dust Sources 
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Dust formation in deserts is primarily attributed to sources such as 
playas and ephemeral washes.  We used the Portable In Situ Wind 
ERosion Lab (PI-SWERL) to measure the potential of desert landforms, 
including alluvial fans, ephemeral washes, playas, and sand dunes, to 
emit dust. The small size of the PI-SWERL allows for fast and numerous 
measurements and the results are comparable to wind tunnel studies. 
Tests were conducted in the Mojave Desert, southwest USA, on 
undisturbed and artificially disturbed surfaces. As expected, the surfaces 
with the lowest dust emissions were gravel-armored or crusted surfaces, 
such as desert pavements and playas. When disturbed, these surfaces 
were among the largest dust emitters. In contrast, undisturbed dry 
washes and distal alluvial fans had higher dust emissions. 
 
Playas are potentially large dust sources under the right conditions. 
Desert pavements, predominantly on alluvial fan terraces, are dust sinks 
that become major sources when disturbed. While some dry washes are 
significant sources of dust today, distal alluvial fan surfaces are stabilized 
by vegetation, suggesting that at one time they may have been large 
sources. Semi-stabilized sand dunes represent a low reservoir for dust, 
but dust emissions can be high if the dunes are reactivated. Distal 
alluvial fans, gravel-poor washes, and some sand dunes emit more dust 
under natural conditions by at least an order of magnitude compared to 
desert pavements and crusted playas. In most cases, when surfaces are 
disturbed, they release more dust by several orders of magnitude 
independent of landform type or soil texture. 
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Dusty Footprints: Anthropogenic Impacts on Wind 
Erosion in a Semiarid Forest 
 
Jeffrey Whicker1, John Pinder2 and David Breshears3 

1.  Health Physics Measurements Group, Los Alamos National Laboratory, Los Alamos,  
     NM, USA 
2.  Department of Environmental and Radiological Health Sciences, Colorado State  
     University, CO, USA 
3.  School of Natural Resources, Institute for the Study of Planet Earth, and Department of  
     Ecology and Evolutionary Biology, University of Arizona, Tucson, AZ, USA 
 
Managed livestock grazing and fire suppression in the extensive 
ponderosa pine forests of the Southwestern United States has resulted 
in abnormally thick stands of trees that are increasingly susceptible to 
frequent and severe fires.  Hundreds of thousands of hectares of the 
altered ponderosa pine forests in New Mexico and Arizona burn each 
year.  Countering the increasing fire risk is done through tree thinning 
and fuel reduction, often over large areas using heavy equipment and 
logging trucks.  Both forest wildfire and thinning can result in dramatic 
loss of vegetation and litter cover, and can significantly disturb surface 
soils.  Combined, these impacts have the potential to significantly 
increase erosion, yet there is little, if any, data on the impacts of these 
disturbances on wind erosion.  In May of 2000, the Cerro Grande fire 
burned roughly 19,000 ha of ponderosa pine forest including over  
3000 ha of forest on Los Alamos National Laboratory (LANL) that has 
numerous areas containing low-levels of a variety of soil-bound 
radioactive and chemical contaminants.  This study used a variety of 
aerosol measurements in burned and tree-thinned areas to assess dust 
flux and potential levels of exposure to these contaminated dusts.  
Results show that horizontal dust flux was significantly greater in 
severely and moderately burned areas relative to unburned areas, by 
more than one order-of-magnitude initially and by 2-3 times a year after 
the fire.  Unexpectedly, the elevated horizontal dust fluxes did not 
decrease during the second and third years in burned areas, apparently 
because ongoing drought delayed post-fire recovery.  Horizontal dust 
flux was also significantly elevated in the thinned areas, but there were 
indications of reduced dust flux during the second year after thinning.  
Finally, we estimate relative increases of up to 38% in PM10 dust 
emission in severely burned sites and about 22% in the thinned forest 
sites.  Our results quantify increased dust transport following 
anthropogenic-related forest disturbances and highlight the importance 
of wind erosion in forest ecosystems, especially in disturbed ones, with 
broad and significant implications for ecosystem biogeochemistry iand 
human and ecological risk assessment. 
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Aeolian System Responses to Global Change: 
Challenges of Scale, Process and  
Temporal Integration 
 
Giles Wiggs and David Thomas 

Oxford University Centre for the Environment, University of Oxford, Oxfordshire, UK 
 
Aeolian sediment systems are extensive components of the earth’s 
surface, not just in today’s active desert environments, but in coastal 
locations and as presently stable loess and peridesert ergs. All these 
systems are subject to potentially significant 21st century changes in 
dynamics due to global warming impacts on atmospheric circulation, 
sediment moisture, and vegetation cover. But do we know enough in the 
critical areas of science to allow robust models of likely future dynamics 
to be developed?   Since Bagnold (1941) established “modern” aeolian 
science, research has largely taken two divergent routes:  
 

1) small scale investigations of the processes of sediment 
entrainment and transportation; and 

2) landscape analyses through bedform classification and 
relationships to circulation (e.g. McKee 1979). An intermediate, 
sedimentological route has generated attempts towards a more 
integrated understanding of system behaviour at a range of 
scales (e.g. Kocurek 1998). 

 
Four recent developments provide the potential for more robust 
multiscale integrations of aeolian system behaviour. These are 

1) chronometric (principally OSL) advances that are facilitating 
detailed spatio-temporal reconstructions of aeolian system 
dynamics over 101-105 yr time scales;  

2) monitoring systems that  allow high resolution observations of 
sediment flux linked to climate and circulation data;  

3) advances in empirical measurement and associated modelling 
that allows wind shear-sediment flux relations to be described; 
and  

4) modelling of aeolian dynamics to explain large scale bedform 
system development. We explore these methodological 
advances and their potential contribution to the multiscale 
integrations that are essential for better informed predictions of 
future global aeolian system dynamics. 
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Potential health hazards and dosages of  
gamma-emitting radionuclides and heavy  
metals associated with contaminated dusts in 
Amman and Levant, Jordan 
 
Hadeel Al Dwaikat1, Ian Foster1 and Nasfat Al Hunjul2 

1.  School of Geography and Env. Science, Coventry University, Coventry, Midland, UK 
2.  Geological Mapping Division, Natural Resources Authority, Amman, Jordan 
 
Street dust samples were collected twice, in winter and summer 2001, 
from the city of Amman, Jordan. Dust collector samples were collected 
from the air all year round, in 8 locations in Amman and Levant, Jordan.  
Heavy metals analysis was performed and activities of gamma-emitting 
radionuclides have been measured in order to assess their health 
hazards and relationship with published trigger or action levels. The 
street samples show higher than normal radioactivity values than the 
ECRP 135 (2003) standard of 0.3 mSv/yr, for all Amman locations. No 
difference could be found between winter and summer samples, which 
suggests that seasonality has no impact on the radioactivities. The dust 
collector measurements for one year of dust gathering, from different 
wind directions, show no radioactivity effective dose values lower than 
the 0.3 mSv/yr level recommended by the ECRP 135 (2003) standard, 
and 24% of them are higher than the 1 mSv/yr in the ECNSE (2000) 
standard. This could be due to the local radioactivity in potential source 
materials, but the possibility of wind transporting radioactive dusts from 
surrounding countries cannot be ignored. Heavy metals analysis results 
for the street samples show that only the east Amman area has high 
concentrations of heavy metals. The Pb mean value was above the 
trigger value of the ICRCL (1990) and Dutch (1994-1995) guidelines, but 
below the threshold values of DEFRA and EA (2002) in winter.  Ni and 
Cr were above the ICRCL (1987) trigger levels, but lower than the other 
standards in summer.  This may suggest a local source of heavy metals. 
 
In the dust collector samples, 90% of the heavy metal means were 
above the trigger values of the ICRCL (1987). Almost 26% of the heavy 
metal means were above the trigger and threshold values for all the 
standards. Approximately 35% of the heavy metal maximum values, and 
8% of the minimum values, were above the trigger and threshold values 
for all the standards. The dust collector samples were different from the 
street sample groups in regards to their heavy metal concentrations. 
They showed much higher values and a wider distribution. This may 
suggest anthropogenic sources, seasonal effects and particle size 
related concentration effects for almost all the heavy metals.  
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Predicting the Effect of Tilling Practices on  
Wind Erosion Activity: Application of WEPS  
in a drift-sand area in the Netherlands 
 
Michel Riksen and Saskia Faye-Visser 
Department of Environmental Science, Erosion and Soil & Water Conservation Group, 
Wageningen University, Wageningen, The Netherlands 
 
The inland drift sand areas in northern Europe are characterized by a 
rapid decline in both aeolian activity and area size. The strong reduction 
of these areas automatically implies the disappearance of a unique 
ecosystem with a high natural and landscape value. Therefore, it is 
necessary to investigate how the drift sand areas can be preserved, and 
how their immobilization by vegetation can be counteracted by 
introducing techniques that reactivate the aeolian processes. Four such 
techniques (rotary cultivator, beach sand cleaner, disk harrow and 
excavator) were evaluated during an 8-month experiment at 
Kootwijkerzand, The Netherlands. The effectiveness of the techniques 
used to reactivate the aeolian processes was measured by investigating 
their effect on the horizontal sediment transport flux. As field experiments 
under natural conditions can contain much noise caused by local 
variations in the terrain and unwanted border effects, the WEPS wind 
erosion model was used to do additional simulations for each tilling 
technique. Both the field experiment and the model simulation showed 
that the most effective method is the beach sand cleaner, followed by the 
rotary cultivator. Unlike field measurements, the model did not simulate 
any mass transport on the plot tilled with the excavator. Here, incoming 
sediment could have initiated mass transport. In case of the plot tilled 
with the disk harrow, the model overestimated the transport. For model 
simulation, the surface moisture content, which is known as an important 
variable controlling both entrainment and transport, was not taken into 
account. In reality however, a surface layer with a high random 
roughness shows big variation in moisture content in space and time 
resulting in lower mass transport. 
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The Role of Scale-Model Wind Tunnel Simulations 
in Assessing Aeolian Particle Transport 
 
John Alberico, Michael Lepage and J. Wayne Boulton 

RWDI Air Inc., Guelph, Ontario, Canada 
 
Wind transport of particulate matter has been a significant issue for 
industries that handle bulk materials, such as coal and salt terminals, 
mining operations, pits and quarries.  Both dust and larger particles can 
have adverse environmental effects and can be a nuisance to neighbors 
of these facilities. 
 
Over the past 25 years, the authors have studied this problem for a  
wide range of industrial facilities throughout North America.   One of  
the key tools used in developing effective control measures has been 
scale-model simulations conducted in boundary-layer wind tunnels.  This 
tool has provided a convenient means of replicating the complex wind 
conditions that occur around the stockpiles and structures at industrial 
plants and the testing of a range of solution options, such as 
windscreens, berms, surface stabilization techniques, etc.  Case studies 
involving the use of this tool will be presented.  
 
The first case study involved scale-model simulations of a mine tailings 
disposal area to assess the effectiveness of windscreen arrangements.  
Full-scale laboratory wind tunnel tests were also performed to assess the 
effectiveness of rocks and straw tufts as surface treatments to reduce 
wind drag on the tailings surface.  The second case study involved wind 
tunnel tests on a scale-model of a coal stockpile field at a steel mill to 
assess the effectiveness of a combination of berms and windscreens  
on reducing wind erosion of the stockpiles.  The third case study  
involved initial wind tunnel tests to assist in designing a 25 m high 
windscreen for sawdust piles at a pulp and paper mill, and then retesting 
and re-examination of the problem 25 years later.  These case studies 
highlight the benefits that have been derived from applying scale model 
wind simulations to the problem of fugitive dust emissions at industrial 
facilities. 
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Assessment of Sand Encroachment in Kuwait Using 
GIS and Statistical Methods 
 
Anwar Al-Helal  

Department of Earth and Environmental Sciences, Faculty of Science, Kuwait University, 
Kuwait  
 
Assessment of sand encroachment in Kuwait using GIS has been 
formulated as a Multi-Criteria Decision Making (MCDM) problem. The 
Delphi method and the Analytical Hierarchy Process (AHP) were 
adopted as evaluating techniques, in which expert’s judgments were 
analyzed for objectively estimating and weighting control factors. Seven 
triggering factors, depicted in the form of maps, were identified and 
ordered according to their priority. These factors are: (1) wind energy;  
(2) surface sediment; (3) vegetation density; (4) land use; (5) drainage 
density; (6) topographic change and (7) vegetation type. The factors 
maps were digitized, converted to raster data, and then overlaid to 
determine their possible spatial relationships. Applying a susceptibility 
model, a map of sand encroachment susceptibility in Kuwait was 
developed. The map showed that the areas of high and very high sand 
encroachment susceptibility are located within the main corridor of sand 
pathways that coincide with the northwesterly dominant wind direction. 
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Wind Erosion Prediction Using WEQ, RWEQ  
and WEPS in an Entic Haplustoll of the  
Argentinean Pampas 
 
Daniel E. Buschiazzo1 and Ted M. Zobeck2 
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     Service, Lubbock, Texas, USA 
 
Wind erosion is an important soil degradation process in the semiarid 
Pampa of Argentina, but no attempts have been made to predict the 
process in this region. One limitation for the use of wind erosion 
prediction models is the lack of reliable climatic data. As an effort to 
apply wind erosion models, we compared field wind erosion 
measurements carried out during 4 years in a bare soil reference plot 
(RP) and during 3 years in the same soil with different tillage conditions: 
conventional- (CT) and no-till (NT), with wind erosion predicted with:  
1) subroutines for single storm event versions of the Wind Erosion 
Prediction System (WEPS) and the Revised Wind Erosion Equation 
(RWEQ), for which the climatic data of each single storm were used, and 
2) the Wind Erosion Equation (WEQ) for full rotation periods, for which 
long term climatic records (1961-2004) were used. Wind erosion field 
measurements were carried out with BSNE samplers in 1ha plots. 
Neither WEPS nor RWEQ predicted low amounts of soil erosion that 
occurred in CT and NT (3.86 kg/m in average) for storms lasting 
approximately 24h. High plant or residue soil coverage as well as high 
oriented surface roughness eliminated erosion according to WEPS and 
RWEQ. Regression of WEPS (y = 0.5192 x + 0.0589, R2 = 0.89) and 
RWEQ (y = 0.5691 x 7.071, R2 = 0.90) predictions with field data obtained 
in RP (54.51 kg/m on average) were highly significant, but both models 
underestimated wind erosion by 40 to 45%. Predictions made with 
RWEQ were highly sensitive to variations in the soil crusting factor 
(SCF), varying from 60.5 t/m when predictions for a single storm were 
made using the SCF default data to 699 kg/m when SCF was deduced 
from visual field observations. WEQ predictions agreed adequately with 
measured erosion for 16 rotation periods either when using a climatic C 
factor value of 92, corresponding to  the 1961-2004 period (y = 0.9422x 
1.9248, R2 = 0.96) or a C factor value of 80, corresponding to the moister  
1985-2004 period (y = 0.7612x - 1.5543, R2 = 0.96). These results 
indicated that WEQ can be used as a reliable prediction model for long 
term predictions of wind erosion in the semiarid Pampas, even when run 
with limited available climatic data for this region. 
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Fine Dust Emission Potential of Soils Related to 
Water Content 
 
Roger Funk1, Hannes Isaak Reuter2, Carsten Hoffmann1  
and Wolfgang Engel1 
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The aim of this study was to determine the influence of soil water content 
to the dust emission of soils caused by tillage. Seven sandy, two silty, 
two organic and one clay soil were investigated with water contents 
ranging from 0.2 to 30 mass percent. Dust measurements took place in a 
wind tunnel, which was used as cross-flow gravitational separator. The 
wind tunnel working section has a cross section area of 0.7 x 0.7 m and 
a length of 7 m. A covered conveyor was placed at the beginning of the 
working section on top of the wind tunnel, which supplied the soil 
material at a constant rate. The wind speed in the centre of the tunnel 
was set to 3 m/s. This is about the speed of most tillage operations and 
guaranteed sedimentation of all particles with diameters >40 µm below 
the inlet height of the dust analyze system at the end of the working 
section.  The results show that soils can emit dust over a certain range of 
moisture. The threshold water content for dust emission of soils ranges 
between 2.5 percent for sandy soils to 40 percent for organic soils. 
 
Field measurements on a sandy soil have shown that the water content 
and its vertical profile have to be considered for the derivation of 
emission factors. So, the emission factors for field operations should be 
rather related to the affected amount/volume of soil than to the affected 
area. 
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Processes in Stabilized Sand Dune in Damghan  
and Shahrood, Iran 
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3.  Ministry of Interior, Tehran, Iran 
 
In order to study the soil formation processes in the stabilized sand 
dunes and compare with shifting ones in Damghan and Shahrood, two 
pilot areas (Hassan Abad and Zaman Abad), were chosen. Sand dune 
fixation activities using Haloxylon and other species have been 
implemented since 1977 and 1986, respectively. In this case, soil 
samples were chosen from three different soil depths (0-10, 10-20,  
20-30 cm).The physico-chemical analysis of samples showed that 
stabilized sand dunes of Zaman Abad had more microorganism activity 
and organic matter compared to the Hassan Abad. But, the amounts of 
fine soil particles (clay and silt) in Hassan Abad were more than in 
Zaman Abad.  Moreover, the study showed that the amount of salts in 
Hassan Abad were more that of Zaman Abad.    
 
 

Session 11: Anthropogenic Interactions with Aeolian Systems II 



 

192 

Studying and Comparison of Soil Formation 
Processes in Stabilized and Shifting Sand Dunes  
in Hassan Abad, Damghan, Iran 
 
Majid Karimpour Reihan1, Seyyed Abolghasem Naghavi1  
and Davood Jahani2 

1.  International Research Center for Living with Desert, University of Tehran, Tehran, Iran 
2.  Geology Department, Islamic Azad University, North Tehran Branch, Tehran, Iran 
 
In order to study the soil formation processes in the stabilized sand 
dunes and compare with shifting ones in Hassan  Abad, Damghan, a 
pilot area in which sand dune fixation activities using Haloxylon species 
have been implemented since 1977 was chosen and samples were 
gathered. 
 
The physico-chemical analysis of samples showed that stabilized sand 
dunes had more microorganism activity and organic matters compared to 
the other shifting ones. This can be due to the returning of plant 
biomasses into soils which has improved soil conditions in long-term. In 
this case, these processes have accelerated soil formation in stabilized 
sand dunes. 
 
Moreover, the existence of plant species has caused fine soil particles to 
be trapped and so, the soil structures have been improved. On the other 
hand, more water has been penetrated into soil. 
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Pre-summer Tillage to Control Wind Erosion 
 
Zuhair Masri 
International Centre for Agricultural Research in the Dry Areas, Syria 
 
The results of wind erosion research carried out during 1998-2002 at 
Harasser valley (a typical Mediterranean degraded marginal area in 
northwestern Syria) confirmed that the major causes for blown dust are 
heavy sheep grazing on ranges and on harvested barley fields. During 
the early summers of 2003 and 2004, in Khanasser area, meetings were 
organized with villagers, who often suffer from dust storms. This revealed 
villagers’ concern about dust during the summer months to the extent 
that it is one of the reasons for temporary migration during summer time.  
A number of options to reduce blown dust were listed, and two options 
i.e. pre-summer tillage and no-tillage after cumin and rain-fed barley 
(summer of 2004) and only rain-fed barley (summer of 2005).  The 
results of 2004 and 2005 show that the mass discharged in fields where 
sheep grazing residues process is continuous are high.  Excessive soil 
surface ploughing degraded the soil roughness and made soil surfaces 
more erodible. The twice tillage  operation not only modified the soil 
surface roughness but flattened and buried crop residue which resulted 
in degraded soil structure.  Since the residue grazing is common practice 
in Khanasser, tilling and roughening the soil surface is an option to 
reduce the aeolian dust after growing the barley or the cumin in 
Khanasser valley. In the barley-livestock based system, pre-summer 
minor and non-heavily soil surface tillage is preferable. 
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Sandy surficial deposits in semi-arid grasslands of the Colorado Plateau 
(USA) commonly contain as much as 20 % aeolian dust.  Dust in these 
late Quaternary upland deposits resulted from accumulation on 
periodically stable surfaces and local redistribution by soil and 
geomorphic processes.  Variations in soil mineralogy and chemistry 
record late Pleistocene to early Holocene shifts in dust flux apparently 
associated with climatic change.  Increased dust inputs may have  
been related to regional aridification and shrinkage of large lakes about 
12-8 ka in western North America that exposed vast surfaces capable of 
emitting dust. Soil properties caused by variable dust accumulation are 
important to modern ecosystem dynamics because some plants today 
tap nutrients deposited roughly 15 ka, and because variations in amount 
of silt concentration influence soil moisture. 
 
Instrumental monitoring since 1998 documents the effects of 
contemporary climate and land use on wind erosion and dust emission 
from these grasslands.  The least amount of particle saltation (a proxy 
measure here for dust emission) occurs at a never-grazed site, 
intermediate saltation at a site grazed until 1974, and most saltation at a 
currently grazed site, where dust emission spiked during the 2002 
drought.  These instrumental records, along with biogeochemical studies, 
allow assessment of interrelations among disturbance, wind erosion, and 
ecosystem dynamics. 
 
Losses of soil C, N, and dust-derived nutrients by dust emission on 
grazed and previously grazed land suggest that livestock grazing in this 
type of native grassland causes rapid and long-lasting deficits in soil 
fertility, which required centuries to develop. 
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Calibration of PI-SWERL Measurements with  
Dust Emission Data from a Straight-line Field  
Wind Tunnel 
 
Mark Sweeney1, Vic Etyemezian2, Torin Macpherson3,  
W.G. Nickling3, Jack Gillies4 and George Nikolich2 

1.  Division of Earth and Ecosystem Science, Desert Research Institute, Reno, NV, USA 
2.  Division of Atmospheric Sciences, Desert Research Institute, Las Vegas, NV, USA 
3.  Department of Geography, University of Guelph, Guelph, Ontario, Canada 
4.  Division of Atmospheric Sciences, Desert Research Institute, Reno, NV, USA 
 
The Portable In Situ Wind ERosion Lab (PI-SWERL) was developed to 
measure dust emissions from soil surfaces.  This small, portable unit can 
test the emissivity of soils in areas that are difficult to access with a field 
wind tunnel, and can complete a larger number of tests in less time. The 
PI-SWERL consists of a cylindrical enclosure containing an annular flat 
blade that rotates at different speeds, which generates shear stress upon 
the surface. The shear stress generated by PI-SWERL results in the 
entrainment of particles including dust. The portable wind tunnel is 
currently the best instrument available to characterize dust emission 
fluxes from soils. PI-SWERL does not simulate the atmospheric 
boundary layer in the same manner as the field wind tunnel, but was 
developed to provide a comparable index of dust emission potential. The 
PI-SWERL was calibrated against the University of Guelph portable field 
wind tunnel by conducting collocated tests at 23 sites in the Mojave 
Desert of southern California. Clay- to sand-rich soils that displayed a 
range of crusting, gravel cover, and disturbance were tested. Divergence 
between the two instruments was observed on mud cracked and gravel 
covered surfaces. For these soils, a surface roughness correction can be 
applied to the PI-SWERL that results in comparable data to the wind 
tunnel. The development and calibration of the PI-SWERL as an 
accepted technique to measure dust emissions will result in easier and 
faster measurements, and complement current research efforts in air 
quality related to windblown and fugitive dust emissions. 
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Aeolian Sediment Transport Variation from 
2000-2006 under Semi-Arid Montane Grassland 
Conditions in the South Island, New Zealand 
 
Hamish McGowan1 and Barrie Wills2 

1.  School of Geography, Planning and Architecture, University of Queensland, Brisbane,  
     Australia 
2.  Central Environmental Services, Alexandra, New Zealand 
 
Large areas of the South Island, New Zealand, are affected by strong dry 
foehn westerly or southerly winds, particularly during equinoctial periods 
when the region comes under the greater influence of circumpolar 
cyclonic air masses. Those winds can transport substantial amounts of 
sediment in rain-shadow areas east of the Southern Alps.  That semi-arid 
environment, and the erosive nature of the wind, places great stress on 
both introduced and native pasture species.  In 2002 (ISCO 2002) we 
presented preliminary data from monitoring of aeolian sediment transport 
and meteorological conditions in Central Otago involving  
direct-drilling trials with various forage species for successive quarterly 
periods from July 2000 to end February 2001. The results indicated that 
least sediment movement occurred within the drilled/vegetated plots and 
that movement within the bare sprayed/drilled plots was 2-4 times 
greater (averaging 1-2 g per linear metre per day). 
 
In this paper we present the results of sediment transport monitoring 
over a considerably longer period in Central Otago: late 1999 to the 
present for the original forage drilling trial at Waenga, near Cromwell; 
and January 2000 to the present for a higher altitude trial involving 
drilling of invasive Hieracium species on Galloway Station. These 
represent the longest continuous measurement records of wind erosion 
in New Zealand, and one of longest known for a montane location. The 
detrimental effect of periodic summer droughts, resulting in increased 
sedimentation rates being measured is particularly evident from the  
long-term dataset. The impact on pasture vegetation survival and 
efficacy is also discussed.     
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Prediction of TSP and PM10 emissions from 
agricultural operations in Flanders, Belgium 
 
Wim M. Cornelis, Pieter Bogman, Donald Gabriels 
Dept. Soil Management and Soil Care, Ghent University Belgium 
 
In Western Europe, long-term emissions of fine dust are the third most 
important factor responsible for Disability Adjusted Life Years (DALY). 
Traffic and industrial activities are generally considered is being the 
major source of fine dust. However, in Flanders, where about 20% of the 
area is under farmland, agricultural operations are likely to contribute to 
the total amount of ambient dust. In order to conduct a regional inventory 
of TSP and PM10 emissions due to farming operations, we developed a 
simple model and incorporated it into a GIS environment. The model is 
based on the NEI method (National Emission Inventory) on the one hand 
and the CARB method (California Air Resources Board) on the other, 
which are used in the context of fine particulate emission inventories in 
the USA. The model accounts for both agricultural tillage and harvesting 
operations and needs operation-specific emission factors, crop-specific 
emission factors, number of passes per operation, crop area, a  
TSP-PM10 conversion factor and a soil factor. The emission factors were 
taken from literature and fine tuned based on enquiries with local 
farmers. The soil factor was obtained from wind-tunnel experiments and 
soil sieving on samples collected from various soil types present in 
Flanders and enabled translating the regional soil map to a soil factor 
map. This map was then intersected with the regional crop rotation map 
to produce a TSP and PM10 emissions map of Flanders. The total yearly 
amount of TSP emission estimated for Flanders is 10 kton or 7.4 kg ha-1. 
For PM10 we obtained values ranging from 2 to 3 kton depending on the 
conversion factor used, or 1.5 to 2.2 kg ha-1 respectively. Although 
factors such as wind velocity or soil-water status are not accounted for in 
the model, TSP emissions measured at a sandy loam field in Flanders 
during one calendar year are in reasonable agreement with predicted 
emission values.  
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Importance of Wind in Circulation of Sandy Matter  
(a Case Study of Sandpits in Silesian Upland-
Southern Poland) 
 
Jolanta Pelka-Gosciniak and Tadeusz Szczypek 
Faculty of Earth Sciences, University of Silesia, Sosnowiec, Poland 
 
One of the essential features of the landscape, including relief, is 
variability in time and space, which refers specifically to matter 
movement. The aim of this study was to ascertain geomorphological and 
sedimentological outcomes of sandy matter circulation (formation of new 
landforms and microforms) and to determine the importance of wind in 
this process within large, active sandpits in Silesian Upland in southern 
Poland.  These sandpits are areas of sand circulation that is intensified 
by an anthropogenic factor. Human impact very often forces the direction 
of relief changes. On the basis of direct observations of sandy landforms 
and microforms variability, it was established that intensive circulation of 
sandy matter took place in areas analysed. During the period of 
observation, the repeated shift of sandy matter from one environment to 
another occurred.  This resulted in the creation of new landforms, which 
again underwent decay in favour of the establishment of even newer 
forms. Frequent changes in influence of particular transport factors and 
thus in environment of sand deposition followed. The prevailing natural 
factor shaping the actual nature of sandpit bottoms and slopes is wind 
activity. Aeolian processes in sandpits are considerable and they are of 
double importance. Firstly, they take part in sandy matter circulation, 
because the material is transported from and deposited to different 
sedimentation environments, and secondly, wind causes quick 
devastation, masking or retouching formerly existing landforms. 
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ICAR 2006 Field Trip Guide 
 

A Taste of Niagara 
 

The Niagara region is one of the few truly scenic areas of 
southern Ontario. It is sandwiched between Lake Erie to the 
south and Lake Ontario to the north and is split by the 
Niagara Escarpment which trends E-W from Niagara Falls to 
the city of Hamilton. The relatively mild climate, moderated 
by the two lakes, has led to the development of an 
agricultural focus on fruit, vegetables, flowers and grapes. 
Tourism is dominated by the attractions of Niagara Falls and 
more recently by the growth of the Shaw Festival theatres in 
Niagara-on-the-Lake and by wine tastings at the numerous 
small vineyards. The field trip will take us on a tour of some 
of these attractions, beginning with a stop on the Niagara 
Escarpment, a visit to the Falls, lunch in Niagara-on-the-
Lake, brief stops along the Lake Ontario shoreline and at the 
Welland Canal and a final stop at the Vineland winery. 
 
Please note - there are no sand dunes on this trip. Relax 
and enjoy the scenery - you have two more days of dust and 
sand to look forward to! 
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Itinerary 
0800h Depart in buses from the loop in front of 

Rozanski Hall. Follow Hwy. 6 south to Hwy. 
403, Hamilton and along the Queen Elizabeth 
Way towards Niagara Falls 

0900h Stop 1: Beamer Memorial Conservation Area, 
Grimsby - Niagara Escarpment. 

0945h Depart Beamer Memorial Conservation Area 
to Niagara Falls. 

1030h Stop 2: Niagara Falls - the falls 
1130h Depart Niagara Falls along Niagara Parkway 

to Niagara-on-the-Lake. 
1200h Stop 3: Lunch Queen's Royal Park, Niagara-

on-the-Lake. 
1300h Depart Niagara-on-the-Lake along Lakeshore 

Rd. 
1310h Stop 4: Conservation Area, Lake Ontario 

shoreline 
1320h Depart Conservation Area along Lakeshore 

Rd. 
1330h Stop 5: Welland Canal Lock # 1 
1340h Depart Welland Canal along Lakeshore Rd. to 

Port Dalhousie, QEW west to Jordan Harbour, 
North on #24 Victoria Avenue to Moyer Rd. 
West on Moyer Rd. to Vineland Estates 
Winery. 

1415h Stop 6: Tour and wine tasting Vineland 
Estates Winery 

1530h Depart Vineland Estates - return to Guelph 
1630h Return to University of Guelph 
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Background 
 

The Great Lakes 
 
The Great Lakes Basin has a drainage area of about  
528,000 km2 and the surface area of the lakes themselves is 
about 246,000 km2. They were formed primarily by glacial erosion 
of generally softer rocks along the border with more resistant 
rocks such as those of the Canadian Shield and the dolomitic 
rocks of the Niagara Escarpment. During glacial periods the lake 
basins tended to be occupied by thick ice which then flowed out of 
the basins. The high silt and clay content of many of the glacial 
tills found along the margins of the lakes reflects the source area 
in the lake basins. All the Great Lakes except Lake Erie are 
eroded below sea level. Lake Michigan is the only lake to lie 
wholly in the USA - all the others are shared by the US and 
Canada and the Canadian Great Lakes are all in Ontario. Water 
flows and a number of other issues are managed through the  
bi-national International Joint Commission (IJC). Lake levels 
fluctuate seasonally as a result of variations in inputs through 
runoff and snow melt and evaporation. Seasonal fluctuations are 
on the order of 20-50 cm on the lower lakes and a bit less on Lake 
Superior. Decadal scale variations in precipitation and evaporation 
can lead to long-term fluctuations on the order of 1.5-2.5 m. With 
fetch lengths of hundreds of km on the lower lakes and over  
1000 km on Lake Superior, storms can produce waves of 2-5 m 
height and 4-8 second periods. Storm surges on the order of  
0.5 m are common on all lakes, and storm surges in excess of 2 m 
can occur on Lake Erie because of its shallow gradient. Typically 
ice forms along the shoreline of all the Lakes and extensive ice 
cover for 6-12 weeks occurs on Lakes Erie and Michigan Huron. 
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The Niagara Escarpment   
 
The Niagara Escarpment stretches westward from New York 
State into southern Ontario at Niagara Falls. It runs parallel to 
Lake Ontario along the south shore and at Hamilton turns north to 
Georgian Bay at Collingwood, and up through the Bruce 
Peninsula and Manitoulin Island which separate Georgian Bay 
from Lake Huron proper. It then curves westward into the upper 
peninsula of Michigan and along the west shore of Lake Michigan 
in Wisconsin. The relief of the escarpment in southern Ontario is 
generally 50-100 m and the upper part of the escarpment often 
forms a near vertical cliff in the capping dolomite of the Lockport 
formation. Bedrock of the escarpment is of Ordovician and Silurian 
age and consists primarily of carbonates (dolomites and 
fossiliferous limestones) with some units of sandstone and shale. 
Updoming of the sediments has led to erosion of the weaker 
sandstones and shales to form the escarpment itself and it is 
erosion of the underlying red Queenston Shale at Niagara that 
produces the spectacular falls. 
 
In Ontario the escarpment itself is now subject to planning 
protection through the Niagara Escarpment Commission. It is also 
one of 12 UNESCO Biosphere Reserves in Canada. A hiking trail 
- the Bruce Trail - extends from Niagara Falls for over 800 km to 
Tobermory at the tip of the Bruce Peninsula.  
 
 



 

205 

Brief Stop Descriptions 
 

Our route south along Highway 6 takes us across a series of 
glacial, glaciofluvial and glaciolacustrine features that related to 
ice movement northwestward out of the Lake Ontario basin and 
over the Niagara Escarpment. The University itself is built among 
drumlins produced by this ice advance. As we leave Guelph we 
cross the rolling topography of the Paris/Galt moraine which 
marks a still stand of the glacier before its final retreat into the 
Ontario basin. There is also evidence of extensive outwash 
deposits in the numerous gravel pits along the way. At Clapison's 
Corners we go over the edge of the Niagara Escarpment. Below 
this is a till plain overlain by laccustrine sediments associated with 
Lake Iroquois which occupied the Ontario Basin about 14,000 BP. 
At this time the outlet to the St. Lawrence at the eastern end was 
still blocked by ice and water flowed south into the Hudson River. 
The Lake Iroquois shoreline is visible along much of the north 
shore as a prominent bluff cut in till sediments. 
 
At the foot of the escarpment we turn briefly onto Highway 403 
and then connect to the Queen Elizabeth Way which takes us 
towards Niagara and the border crossings to the United States. 
The QEW crosses the entrance to Hamilton Harbour on the 
Burlington skyway. There is a good view of the harbour and the 
Stelco steel plant on the right and Lake Ontario on the left. The 
harbour itself is formed by the growth of the Burlington Bar, a 
sandy baymouth barrier. Sediments are derived from erosion of 
bluffs to the west. The large building on the right almost under the 
skyway is the Canada Centre for Inland Waters. As we round the 
end of Lake Ontario the road runs eastward with the shore of Lake 
Ontario to the north and the Niagara Escarpment to the south of 
us.   
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Stop 1 - Beamer Memorial Conservation Area 
This is a small area on the top of the escarpment above the town 
of Grimsby which offers spectacular views of Lake Ontario, the 
escarpment and the towns and agricultural lands of the Niagara 
Peninsula. Drainage basins across southern Ontario are managed 
by conservation Authorities who are charged with flood control, 
hazard land mapping and water quality monitoring within their 
districts. They often control much of the land along flood plains as 
well as key headwater areas. There is a relatively short loop trail 
here that allows access to three lookouts and a view of a small  
re-entrant valley - 40 Mile Creek. 
 
Stop 2 - Niagara Falls  
No introduction needed here. We will be dropped off just above 
the falls and you can walk along the edge of the Niagara River to 
view them from a number of viewing areas. You can see the 
various "Maid of the Mist" boats taking visitors for a close-up view 
and look down river along the gorge. The discharge of the Niagara 
River is about 5700 m3s-1 and it links Lake Erie at an elevation of 
about 175 m with Lake Ontario at an elevation of about 75 m with 
much of this height difference being accounted for in the falls 
themselves. While the town of Niagara Falls suffers from some of 
the commercial excesses of a hugely popular tourist destination, 
the Falls themselves are very accessible and the views are 
spectacular even for those who have visited them many times. 
 
The huge discharge and elevation drop have been exploited on 
both sides of the border for the generation of hydroelectricity and 
you can see some of the evidence for this around the falls and on 
our trip along the gorge. So pervasive was hydroelectricity in 
Ontario that the term hydro is commonly used synonymously with 
electricity. 
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Stop 3 - Niagara-on-the-Lake 
The Niagara Parkway Commission manages much of the land 
along the edge of the Niagara Gorge which runs from the falls to 
the mouth of the river where it discharges into Lake Ontario. There 
are numerous picnic sites along the way, and the Commission 
also manages the Butterfly Conservatory and Botanic Gardens. In 
addition there are numerous commercial attractions along the way 
including vineyards and fruit markets.  
 
European settlement around Niagara-on-the-Lake began with 
refugees fleeing the newly established United States after the 
American War of Independence. The town is the site of the first 
capital of Upper Canada (Ontario) and it was the scene of several 
battles in the War of 1812 between the US and Britain. The town 
was occupied and burnt by the Americans in 1813. The town has 
not seen the spectacular tourist development associated with 
Niagara Falls, but in its own quieter way it has prospered and 
developed its own tourist attractions anchored by the views along 
the river, the historic sites, including Fort George, and most 
recently by the development of the Shaw Festival which produces 
plays by George Bernard Shaw and contemporary playwrights. 
The festival and the town attract large numbers of visitors from 
upstate New York as well as the Toronto region. 
 
Stop 4 - Lake Ontario 
Lake Ontario is the last of the lakes in the Great Lakes system 
with an outlet to the St. Lawrence River and eventually to the sea 
in the Gulf of St. Lawrence. It is about 250 km wide near the 
middle and about 550 km long with an average depth of 150 m 
and a maximum depth of about 400 m. Isostatic uplift is still 
occurring at the eastern end of the Lake so that the western end 
here is being submerged slowly and this has resulted in the 
drowning of the mouths of a number of the rivers flowing into it to 
produce shallow estuaries which serve as small harbours. About 
40% of the shoreline in Ontario is formed in glacial, glacio-fluvial 
and glacio-laccustrine sediments that erode quite rapidly  
0.2-0.5 myr-1 with local erosion rates over 1.0 myr-1 The result is a 
cliffed "cohesive bluff" shoreline with bluffs reaching over 100 m in 
height in the Scarborough Bluffs at the east end of Toronto. We 
can see some evidence of this here though recession rates are 
comparatively low because of the presence of shallow bedrock. 
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Stop 5 - The Welland Canal 
The Welland Canal connects Lake Erie with Lake Ontario and is 
part of the system that allows shipping to traverse the Great Lakes 
and eventually gain access to the ocean through the St. Lawrence 
Seaway. This is the fourth canal. The first Welland Canal was 
constructed in 1824-29. between Lake Ontario and Lake Erie was 
designed with Niagara's landscape in mind. It began at Port 
Dalhousie and ran along the Twelve Mile Creek to Port Robinson 
where it connected to the Welland River. The Welland River then 
joined up to the Niagara River exiting to Lake Erie. By 1833 it was 
modified to provide a more direct route from Port Robinson to  
Port Colborne. It was now about 43 km long, 2.4 m deep and had 
40 wooden locks. The canal system has been modified 
extensively since then to reduce its length, increase its depth and 
width, and to reduce the number of locks.  The fourth and  
current Welland Canal was mainly constructed between the years 
of 1913 and 1932. It has a depth of 9.1 m and a total of 8 locks, 
each 24.4 meters wide and 261.8 meters long. The canal now 
runs perpendicular to the Niagara Escarpment and is the most 
direct route of all three previous canals. The canal starts at the 
man made Port Weller piers on Lake Ontario and continues south 
as straight as possible to Port Colborne. Between the years of 
1967 and 1973 a channel was constructed east of the city of 
Welland to help speed ship traffic through the canal and alleviate 
highway traffic through the rose city. This channel is known as the 
Welland By-Pass. Another fascinating feature of this canal is the 
twin flight locks in Thorold which allow more than one ship to 
travel in either direction at the same time. 
 
Approximately 40,000,000 metric tonnes of cargo is carried 
through the Welland Canal annually by over 3,000 ocean and lake 
vessels. The water in the canal is taken directly from lake Erie and 
is used to provide drinking water to nearby communities as well as 
for the generation of some hydroelectricity. 
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Stop 6 - Vineland Estates Winery 
This is one of the larger of the numerous wine tasting enterprises 
that have sprung up over the past 20 years or so all over the 
Niagara Peninsula. Ontario does produce limited quantities of 
good wine that win medals at international tastings. This region is 
particularly noted for its ice wines which really excellent and worth 
taking home. Those of you who choose to participate in the wine 
tasting can judge the quality of the other wines for yourselves! 
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Local Attractions1 
 

The Arboretum 
The 165-hectare Arboretum, which 
once consisted largely of fields used 
for test plots for Ontario Agriculture 
College students and faculty, is now 
home to 17,947 plant collections, 
wetlands, nature trails and a 
memorial forest.  

 
The Arboretum is a place for faculty to conduct research, as well as 
being home to research activity such as the Ontario Tree Atlas Project 
and the Elm Recovery Project. It also provides a 'classroom' for fine art 
and landscape architecture students and is a place for the University and 
local communities to come and walk, run and unwind. Located on the 
campus map, front inside cover. 
 

Macdonald Stewart  
Art Centre 

Guelph's Macdonald Stewart Art 
Centre houses seven galleries in a 
renovated turn-of-the-century 

building. Located right on campus (corner of Gordon St. and College), 
the Centre is internationally recognized for its Inuit drawings, 21-piece 
sculpture park, contemporary art exhibitions and the university collection, 
which covers three centuries of Canadian art. Changing exhibitions 
featuring both contemporary and historical art and design are shown 
throughout the year. The Centre also presents regular lectures and artist 
talks. 

                                            
1 Descriptions are taken from the University of Guelph web page. 

http://www.uoguelph.ca/arboretum
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The Royal City 

The City of Guelph is a 
vibrant community of 
100,000 with a lively 
downtown, good shopping 
and a dynamic cultural 
core. Surrounded by the 
rolling hills of 
southwestern Ontario, 
Guelph is only an hour's 
drive or bus ride from Toronto and even closer to Hamilton and 
Kitchener. 

The city is characterized by fine stone buildings, many dating back to the 
19th century, including City Hall and the dramatic Church of Our Lady 
which dominates the city skyline. Specialty and craft shops, coffee 
houses, restaurants featuring flavours of the world, and a nationally 
known bookstore housing a repertory cinema, café and bistro are all 
within walking or biking distance from the university.  

For further information see: http://www.uoguelph.ca/campus/city.shtml 

http://www.uoguelph.ca/campus/city.shtml
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Restaurant Guide 
 
Aberfoyle Mill 80 Brock Road South 

Excellence in dinning with cozy country charm.  Innovative Continental Cuisine. 
 
Babel Fish Bistro 80 Macdonell Street 
Upscale comfort food; great service and atmosphere. 
 
The Bookshelf 40 Quebec Street 
Freshly prepared international cuisine 

• Patio / Open Air 
• Presents Live Music. 
 

Carden Street Café 40 Carden St. 
Guelph’s finest curry. 
 
Casey’s Bar and Grill 494 Edinburgh Road, South 
All your favourites, all in one place, great location, fun for the whole family. 
 
Portly Penguin Tap and Grill 35 Harvard Road 
Pub food, located close to campus. 
 
The Red Papaya 86 Gordon St. 
Thai food – walking distance from the University. 
 
Wok’s Taste 16 Carden St. 
Specializing in authentic Chinese food. Closed Mondays. 

 
Woolwich Arms and Arrow Pub 176 Woolwich Street 
Cozy pub in Victorian building.  Friendly. Serving the best in locally crafted foods, wine, 
beers. Voted number one pub in city. Great outdoor patio. Cheers! 
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