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Introduction: Understanding the relationships 
between dune trend or alignment with respect to the 
wind is essential for reconstruction of planetary wind 
regimes, past and present, as well as for verification of 
circulation patterns predicted by global and regional 
climate models.   Many workers have concluded that 
dunes are oriented relative to the resultant or vector 
sum of sand transport [1].  Thus dunes can be 
classified as transverse (strike of crestline 
approximately normal to resultant), longitudinal (crest 
parallel to resultant), or oblique (15-75° to resultant 
direction) [2-5].  Field and laboratory experiments with 
wind ripples and sub-aqueous dunes [6, 7] suggest, 
however, that all bedforms are oriented in the direction 
subject to the maximum gross bedform-normal 
transport across the crest, so that sand transport from 
all directions contributes to bedform development.  By 
comparison, use of the resultant direction of transport 
as a control of bedform orientation implies that 
transport vectors from opposing directions cancel out 
each other and thus do not contribute to bedform 
growth.  These experiments and subsequent numerical 
simulations [8] show that the type of dune that forms is 
determined by the divergence angle between the 
dominant and subordinate transport vectors and the 
ratio between the two primary transport directions 
(Transport ratio).  A trend parallel to or normal to the 
resultant direction of sand transport is purely 
coincidental.  Applications of this concept to modern 
and paleo-dune patterns are, however, limited [9-11]. 

In this study, the trend or alignment of a global 
sample of major dune types is compared to gross 
bedform normal potential sand transport calculated 
from observations of wind speed and direction at 
nearby weather stations to verify the application of this 
concept to terrestrial dunefields. 

Methods and data sources: Data on wind speed 
and direction were extracted from a single and 
consistent observational dataset, the International 
Station Meteorological Climate Summary (ISMCS) 
[http://www.ncdc.noaa.gov/oa/mpp/cdroms.html], 
supplemented by additional datasets for certain areas 
as available. From these data, the sand transport 
potential for each wind direction as well was 
calculated using the approach of [1].   The calculated 
sand transport potential data were then used as input 
for calculation of the gross bedform normals and 
resultant sand transport direction and magnitude using 
a JAVA version of the program Trend [6]. Data on 

dune trends were measured on satellite images in the 
area adjacent to the weather stations using Google 
Earth, which also provided information on dune type 
(classified using [12]). 
Results: Data on dune trends and gross bedform 

normal (GBN) were derived for a sample of 24 
localities worldwide.  The relationships between 
measured dune trend and calculated GBN trend is 
shown in Figure 1.  There is a generally close 
relationship between dune orientation and GBN for 
barchans and crescentic dunes (average difference – 
9°); the relationships for linear dunes and some star 
dunes are less close (average difference – 44 and 26° 
respectively].  In general, a mismatch results from 
variations in wind regime between the observation site 
and the dunes.  In some cases, however, there is a clear 
mismatch between linear dune trend and GBN.   This 
appears to indicate that these dunes are not in 
equilibrium with modern wind regimes.  

 

 
Fig. 1: Relationships between observed dune trends 
and gross bedform normal trends calculated from wind 
data. 
 

Conclusions: Comparisons between the observed 
and predicted gross bedform-normal orientations of 
dunes classified as barchan, crescentic, linear, and star 
in different sand seas and dunefields confirms that all 
major dune types are oriented to maximize gross 
bedform-normal sediment transport. Thus all dune 
types are dynamically similar. Differences between the 
form of dunes therefore result from variations in the 
directional characteristics of the flow, especially the 
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angle(s) between the major transport directions and the 
ratio(s) between the magnitude of flows from different 
directions. The good predictive ability of the gross 
bedform-normal rule suggests that it is possible to 
distinguish clearly between dunes that are in 
equilibrium with present wind regimes and those that 
were formed in past conditions. This facilitates 
prediction of past wind regime characteristics from 
dunes. 
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