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Aeolian processes—involving erosion, 
transportation, and deposition of sediment 
by wind—occur in a variety of environments 
including coastal areas, semiarid and arid 
regions, and agricultural fields. Aeolian pro-
cesses also occur on some planetary bodies, 
notably Mars and possibly Venus and on  
Saturn’s moon Titan. Aeolian processes are 
responsible for the emission and/or mobili-
zation of dust and the formation of areas of 
sand dunes. Fluctuations in the intensity 
and geographical extent of wind transport 
of sediments during the Quaternary have 
produced an important paleoclimatic record 
in loess deposits and areas of vegetation- 
stabilized sand dunes.

More than 175 participants from 25 coun-
tries attended the recent Sixth International 
Conference on Aeolian Research (ICAR VI) 
in Guelph, Ontario, Canada. ICAR VI was the 
latest in a series of conferences on aeolian 
processes, sediments, and landforms that 
started in Aarhus, Denmark in 1986, followed 
by conferences in Sandberg, Denmark (1990); 
Zzyzx, Calif. (1994); Oxford, U.K. (1998); and 
Lubbock, Tex. (2002). 

Aeolian Processes and Landforms

Poster and oral sessions on the mechanics 
of aeolian transport emphasized recent 
empirical and theoretical work on the parti-
tioning of fluid stress among particles in 
flight and nonerodible roughness elements 
on the surface. These and other studies show 
that the Raupach model [Raupach et al., 1993] 
for partitioning of shear stress between rough-
ness elements and the intervening surface 
performs satisfactorily in laboratory and 
field experiments over a large range in scale. 
However, the physical basis of the parameter 
in the model that accounts for the effects of 
roughness geometry and porosity on the dif-
ference between the mean and the maximum 
shear stresses is difficult to parameterize.  
This has provided the impetus for investiga-
tions that seek greater refinement of flow 
perturbations in complex and very high 
roughness densities with varied gap sizes. 

Paralleling some research in aqueous 
environments, investigations into the role of 
turbulence in the entrainment and transport 
of sediment by wind continue to be a key 
line of inquiry, meeting attendees indicated. 
Issues discussed at ICAR VI included the 
organization of sand transport into streamers, 
the relative importance of mean and turbu-
lent transport in predictive equations, and 
the effect of fluctuations in velocity on the 
trajectories of particles moving in saltation, 
the process by which sand grains bounce 
along the surface. 

Conference presentations indicated that 
instrument development and calibration 
continue to be a major focus in aeolian 
research. While it appears that both static 
and isokinetic sand traps remain at the top 
of the list in providing highly accurate mea-
surements of the mass transport rate, piezo-
electric cells which produce an electronic 
signal as a result of sand grain impacts on 
the crystal, and optical particle counters 
provide temporal resolution and, with recent 
refinements, a moderate degree of accuracy 
over a limited range of transport intensities. 
Several presentations involved data from 
studies that employed such devices. With no 
recognized standards for calibration of these 
sensors, however, meeting participants noted 
that a comparison of data between field 
experiments is compromised significantly. 

Studies of sand dunes in desert as well as 
coastal settings continue to be dominated 
by detailed process investigations. However, 
the sophistication of instrumentation is now 
much greater, enabling measurement of the 
effects of turbulence on sediment transport 
over dunes and in the wake zone in their 
lee. Results of instrumented studies presented 
at ICAR VI highlighted the complexity of 
sand transport in coastal zones, where fetch 
(the distance over which the wind blows 
across a beach) and surface moisture effects 
can be very important. Despite progress in 
understanding relations between sand trans-
port processes and dune dynamics, confer-
ence participants agreed that conceptual 
insights leading to future field investigations 
will depend on the modeling of dunes and 
dune patterns, as evidenced by presentations 
that included simulations of airflow dynamics, 
surface wave–induced instabilities, and the 
interpretation and analysis of larger-scale 
dune field patterns. Recent advances dis-
cussed also included new conceptual models 

of the patterns of dune activation and stabi-
lization and innovative research on cellular 
automaton modeling of vegetated parabolic 
dune systems. 

In recent years, an increasing body of  
evidence has developed to demonstrate the 
significance of geographical and temporal 
variations in the extent and intensity of aeo-
lian processes during the late Quaternary. 
The temporal control has been provided by 
increasingly precise techniques of optically 
stimulated luminescence (OSL) dating that 
have revolutionized the study of past aeolian 
activity, as demonstrated by papers at  
ICAR VI on the complex history of loess 
deposition and dune and dune field devel-
opment in relation to changes in climate and 
sea level.

Dust Processes and Anthropogenic Effects

Since the 1980s, integrated dust models 
have been under development [e.g., Gillette 
and Passi, 1988; Westphal et al., 1988] that 
take into consideration atmospheric and 
land-surface processes involved in dust 
emission, transport, and deposition. More 
comprehensively integrated dust models 
recently have been developed, and results 
from regional-scale dust models presented 
in the session on modeling dust transport 
systems show considerable skill in quantita-
tive dust prediction. 

The most pressing problem in dust mod-
eling is still the quantification of dust emis-
sion rates, session attendees agreed. Obser-
vations show that at least in some areas, 
dust is emitted from isolated dust sources, 
known as dust hot spots. While most dust 
emission models deal with this problem by 
employing land-surface databases, the qual-
ity and resolution of the data are insuffi-
cient to adequately resolve dust hot spots 
[Gillette, 1999]. A recent development dis-
cussed at ICAR VI is the identification of 
dust hot spots from satellite imagery. In the 
near future, capacity in dust emission mod-
eling will significantly improve though the 
integration of physically based dust-emission 
schemes that utilize soil, land use, and vege-
tation data derived in part by using remote 
sensing technology in a geographic infor-
mation systems (GIS) framework.

Wind erosion and dust emissions may be 
influenced significantly by human activity at 
a large range of spatial scales and varieties 
of human impacts. The implications of this 
range from land management issues to cli-
mate change. As evidenced by a number of 
oral and poster presentations on this topic, 
agricultural wind erosion remains a major 
area of research, especially with regard to 
its effects on productivity and air quality 
and the development of novel and effective 
mitigation strategies. 

Presentations on this topic showed that 
disturbance by humans and animals has a 
major effect on wind erosion and dust emis-
sions, including damage to biological soil 
crusts by off-road vehicles. Results from these 
studies indicate that spatial variations in dust 
emissions between landform types and dis-
turbed and undisturbed surfaces are sub-
stantial, calling into question the use of uni-
form parameters for the surface characteristics 
of large areas in regional dust emission 
models. The same is also true for many air 
quality models that incorporate emission 
factors.

Future Opportunities and Challenges

ICAR VI demonstrated the diversity and 
innovative nature of aeolian research. Cross-
cutting themes that emerged from the meeting 
were the increasing recognition of the impor-
tance of turbulence to sand as well as dust 
transport processes; the role of vegetation in 
modulating sand transport, wind erosion, 
and dune mobility; the increasing sophisti-
cation of numerical models of aeolian pro-
cesses and landforms; the explosive growth 
of studies of dust emission, transport, and 
deposition; and the significance of dust in 
many landscapes and ecosystems. 

Moreover, meeting participants noted that 
more sophisticated instrumentation and 
methods of data analysis are providing new 
insights into processes at all scales. Current 
research also clearly demonstrates that  
aeolian geomorphology can be used to 
address key issues of broader relevance 

Recent Progress in Aeolian Research
forum
The Unknown and the Uncertain  
in Earth System Modeling 

With the planet heating up, the urgent 
need to reduce uncertainty in climate pro-
jections could have consequences in the 
way Earth system models evolve. I argue that 
a period of confusion in the development of 
models can be beneficial and can lead to 
improved understanding and reduced 
uncertainty in due time. I have identified 
three phases of development in modeling—
the illusion, the chaos, and the relief—
through which models seem to evolve 
before their results can be said to approach 
the truth with some confidence. 

Whereas these phases are based only on 
my limited observation of the field, they 
underline the fact that answers to scientific 
questions are usually ‘unknown’ before they 
become ‘uncertain.’ Realizing in which phase 
a model component may be could facilitate 
their development. I give examples from car-
bon cycle modeling and highlight the bene-
fits of encouraging new and audacious 
approaches in modeling. 

The illusion phase happens at the early 
stages of model development. It suffers 
from the lack of observations with which to 
evaluate model results, and from the implicit 
rule in peer review that published results 
are true until they are proved wrong. Thus, 
the first few published results initially take 
the place of the truth. The peer-review sys-
tem leads to a situation in which models 
tend to reproduce published estimates with 
small incremental changes only; as publica-
tions around a topic accumulate, it becomes 
far easier to confirm published results than 
to prove them wrong. This is what Thomas 
Kuhn called “normal science” in his analy-
sis of the structure of scientific revolutions 
[Kuhn, 1962]. To exit this phase, solid and 
challenging observations are needed. 

Ocean carbon models are in the illusion 
phase. The first models that estimated the 
impact of climate change on the ocean car-
bon dioxide (CO2) sink showed only a small 
response, and all models published since 
then have repeated these results [Prentice  
et al., 2001]. Although these results may be 
correct because the physical dynamics has 
been constrained in part by observations 
[Doney et al., 2004], the biological efficiency 
remains unexplored and is represented in a 
very similar way in all the published models, 
where the biological changes are dominated 
by changes in the physical supply of nutri-
ents and not by the ecosystem response to 
climate change. 

New observations on the variability of 
oxygen from both atmospheric [Manning 
and Keeling, 2006] and oceanic [Garcia et 
al., 2005] measurements are presently chal-
lenging the biological component of oce-
anic carbon models, and will hopefully lead 
to a step into the chaos phase.

The chaos phase is the most creative and 
beneficial period in the development of 
models. Often because of conflicting evi-
dence between models and observations, 
the modelers are not inhibited by pressure 
to confirm a published answer. Modelers are, 
on the contrary, driven by the possibility of 
exploring new dimensions, unconstrained 
even by observations. This phase may also 
trigger experimental or observational devel-

opments to understand the underlying pro-
cesses, although data and model develop-
ments may appear to occur in parallel. 
Models tend to go their own way, leading to 
some incoherence between model results 
and the state of knowledge. 

Terrestrial carbon models are in the chaos 
phase. Model results have no reference and 
are contradicting each other, with some models 
predicting an outgassing of CO2 from the 
terrestrial biosphere in half a century and 
others showing persistent CO2 sinks well 
into the future [Friedlingstein et al., 2006]. 
Meanwhile, a myriad of experiments are try-
ing to decipher the decomposition of soils 
under warming conditions [Knorr et al., 2005], 
the competition of ecosystems [Foley et al., 2003], 
and the productivity under changing cloud 
conditions [Gu et al., 2003], just to cite a 
few examples. Research appears random 
and uncoordinated. To exit this phase,  
conceptual innovations are needed. 

The relief phase comes when the basic 
concepts have been understood and included 
in models, and when reliable observations 
can be used to eliminate outlier model results. 
When this phase is reached, it is possible to 
reduce the uncertainty from a range of model 
results simply by doing more measurements 
or by fine tuning the processes or increasing 
the resolution in existing models. 

In some respect, one could argue that 
climate models have reached the relief 
phase. They found creative ways to constrain 
climate change, for example, by looking at 
the model responses following volcanic 
eruptions [Gleckler et al., 2006], the con-
trasting temperature increase between the 
day and night, or the probability distribu-
tion of the occurrence of extreme events 
[Kiktev et al., 2003]. The evolution of these 
models is made in a rigorous and well-
coordinated way. 

On the other hand, predictions of water 
fluxes are not coherent among models and 
much debate is going on regarding the real-
ism of their representation of decadal vari-
ability. One could also argue that the relief 
phase is just one higher-level realization of 
the illusion phase, and that the true value 
can change either because relevant ques-
tions can change or because new observa-
tional evidence changes the conceptual 
meaning of a ‘true’ value.

The different phases of progress in model-
ing may force us to separate the concept of 
uncertainty from that of unknown. Climate 
sensitivity (i.e., the change in global temper-
ature for a doubling of atmospheric CO2) is 
an uncertainty because it is well understood, 
it has been constrained by a number of 
observations, and the range of model results 
that reproduce observations reflects the cur-
rent state of knowledge. The response of the 
terrestrial biosphere to elevated CO2 is an 
unknown because the processes are poorly 
understood, model results are not constrained 
by observations, and the community cannot 
distinguish which path is more likely than 
the other. 

In the case of the terrestrial biosphere, it 
is possible to set upper limits based on the 
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POSITIONS AVAILABLE

Atmospheric Sciences

2007 NOAA Climate and Global Change Postdoctoral 
Fellowship Program.  UCAR announces the continu-
ation of the NOAA C&GC Postdoctoral Fellowship 
Program.  UCAR manages this NOAA-sponsored 
program, which pairs recently graduated postdoc-
torates with host scientists at U.S. institutions to 
work in an area of mutual interest.  The objective 
of this program is to help create the next genera-
tion of researchers needed for climate studies.  It 
endeavors to attract recent Ph.D.s in sciences which 
address studies of relevance to the NOAA Climate 
and Global Change Program (refer to NOAA’s Web 
site at: http://www.climate.noaa.gov).

The NOAA C&GC Program seeks to provide 
an effective national climate service based on the 
development and application of global and regional 
climate forecast information.  The Program focuses on 
observing, understanding, modeling, and predicting 
the climate system on seasonal to centennial time 
scales and assessing the regionally specific socioeco-
nomic consequences of climate variability.

The program offers two-year postdoctoral 
fellowships reviewed annually. Fellows receive a 
fixed annual salary and receive a full line of UCAR 
employee benefits.

Application and recommendation letter dead-
line: 12 January 2007. Applications must be submit-
ted in electronic form and preferably (pdf), send 
e-mail attachments to:  vspapply.ucar.edu.  Refer-
ence letters should be sent electronically, but hard 
copies or faxes are accepted.

If unable to send electronically, please mail 
to: Meg Austin, Director, UCAR/VSP, P.O. Box 3000, 
Boulder, CO 80307-3000 USA.

Full text announcement available at: http://
www.vsp.ucar.edu. NOAA Climate Program Office 
(Chester J. Koblinsky, Director) sponsors this pro-
gram. UCAR is an EO/AAE who values and encour-
ages diversity in the workplace.

Assistant/Associate Professor of Atmospheric Science, 
Department of Environmental Sciences, Rutgers Uni-
versity.  The Department of Environmental Sciences, 
School of Environmental and Biological Sciences, 
Rutgers University, invites applicants for a tenure-
track faculty position in atmospheric science at the 
level of Assistant or Associate Professor.  Expertise 
in cloud physics, atmospheric radiation and/or 
remote sensing of the atmosphere is required.  
Applicants should demonstrate a potential for 
high-quality teaching as well as for developing a 
well-funded and nationally recognized research 
program.  The successful candidate will participate 
in the research programs of the Department of 
Environmental Sciences (http://envsci.rutgers.edu), 
the Center for Environmental Prediction (http://cep.
rutgers.edu) and the Institute for Marine and Coast-
al Sciences (http://marine.rutgers.edu) and teach in 
the undergraduate Meteorology Program (http://
meteorology.rutgers.edu) and the Atmospheric 
Science Graduate Program (http://atmos.rutgers.
edu).  Candidates at a higher academic rank will 
have the opportunity to assume leadership roles in 
these expanding academic programs.  A completed 
Ph.D. in meteorology, atmospheric science, physics, 
or equivalent is required and a minimum of three 
years of experience at the level of Assistant Profes-
sor (or equivalent) is highly desirable.  Qualified 
applicants should submit a statement of research 
and teaching interests, a curriculum vitae, and the 
names of three references with address, telephone 
and email to Prof. Anthony Broccoli, Chair of the 
Atmospheric Science Search Committee, Dept. of 
Environmental Sciences, 14 College Farm Road, 
Rutgers University, New Brunswick, NJ 08901.  
Electronic submission to search@envsci.rutgers.
edu is preferred.  Review of applications will begin 
November 30, 2006, and continue until the position 

is filled.  The position is contingent on final budget 
approval. Rutgers University is an Equal Opportu-
nity/Affirmative Action Employer.

Postdoctoral Research Associate.  The Shepson Tropo-
spheric Chemistry Research Group at Purdue Uni-
versity has an opening for a Postdoctoral Research 
Associate.  The position involves an opportunity 
to work on a number of problems in atmospheric 
chemistry and climate change issues, including 
studies of tropospheric nitrogen chemistry and 
biosphere-atmosphere interactions, halogen chem-
istry in the Arctic in the context of the International 
Polar Year, aircraft-based measurements of VOC 
and CO2 fluxes in forest environments, and other 
areas depending on the interests and motivation 
of the candidate.  The position is for two years, but 
may be renewable.    This position also represents 
an opportunity for interaction and collaboration 
with other members of the Purdue Climate Change 
Research Center.  The position will be open until 
filled.  Interested candidates should send a CV with 
a list of 3 references to:

Prof. Paul B. Shepson
Purdue University
560 Oval Dr.
West Lafayette, IN 47907
765-494-7441
pshepson@purdue.edu
Purdue University is an Equal Opportunity/Affir-

mative Action Employer fully committed to achiev-
ing a diverse work force. Women and minority 
applicants are encouraged to apply.

Program Manager.  QSS Group. Inc is a diversified 
high technology company, headquartered in 
Lanham, Maryland with more than 1,400 profes-
sionals nationwide. QSS provides extensive support 
services in IT to federal government agencies as 
well as commercial clients. Our focus on customer 
satisfaction, our experience in performance based 
contracting, and our integrated services modeling 
guarantee the highest standards for quality products 
and services.  We are actively seeking a goal-oriented, 
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extreme cases of total land deforestation 
and total land reforestation [House et al., 2001; 
but this is different from an uncertainty. An 
unknown requires new knowledge to be 
resolved. A better separation of the compo-
nents of Earth system models which are 
unknown at a given time from those for 
which we can already quantify an uncer-
tainty may help to better identify the likely 
(or the unlikely but dangerous) path of evo-
lution of climate while continuing to encour-
age creativity and progress in science.
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Fig. 1. Schematic of the phases of illusion, chaos, and relief in modeling. The different lines repre-
sent the time evolution of results within one model. The ‘true value’ on the y-axis represents the 
answer to a question to be addressed by a category of models. For example, what is the climate 
sensitivity of the Earth?
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