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model dependent, and range from a 9% decrease to a
19% increase in global annual emissions for the differ-
ent model scenarios. Apart from these discrepancies,
which are the result of cancellation of positive and neg-
ative changes in dust emissions in different parts of the
world, we find common features in the different model
scenarios. The reliability of such future estimates de-
pends to a large degree on the performance of the cli-
mate models that are used to produce the meteorolog-
ical fields that drive dust emissions.
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Estimating the global source of mineral aerosols is
difficult due to the highly episodic nature of mineral
aerosols and their relatively short lifetime. Compar-
isons with available observations suggest that models
can capture the observed climatology reasonably well
using several different source mechanisms and reanal-
ysis datasets, and yet these results differ in the mass
budgets. Previous studies have shown that the differ-
ences in concentration between different meteorological
datasets and source parameterization are of the same
magnitude as differences between including a 50 per-
cent land use source or a 0 percent land use source,
suggesting that determining the portion of land use will
be difficult from concentration datasets. Simulations of
the absorbing aerosol index which can be quantitatively
compared with the TOMS AAI allow us to consider the
source strengths close to the source regions. These re-
sults suggest that a 0-25 percent land use source is most
likely in North Africa, but that uncertainties due to me-
teorology and source parameterization are larger than
the differences in the inclusion vs. exclusion of land use
sources, again frustrating our efforts to constrain an-
thropogenic impacts on mineral aerosols. Differences
in mineral aerosol source parameterizations may also
have important ramifications for feedbacks on climate.
Thus efforts should be made to provide not only best
estimates of mineral aerosol sources but also the uncer-
tainties in these best estimates.
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The aerosol transport models become the most com-
prehensive tool available for predicting the diverse im-
pacts of dust on the climate system. Despite the re-
cent advances in model developments, reliable predic-
tion of the dust emission and spatio-temporal distribu-
tion of the dust burden has been proven difficult. One
of the key issues is how to quantify dust emission rates
from both natural and anthropogenic sources with the
pertinent temporal and special resolution. Our study
addresses this issue by examining the extent to which
an integrated analysis of routine surface meteorological
observations (including visibility) and satellite imagery
helps to constrain the strength of dust sources and dust
transport. We will report the results of an integrated
analysis of satellite observations (MODIS, TOMS and
SeaWiFS) and surface meteorological data conducted
over Central and East Asia. In addition, the meteo-
rological fields predicted by the PSU/NCAR mesoscale
model (MM5) driven by NCAR NCEP reanalysis data
were incorporated into several dust production schemes
of different complexity. The dust emission was simu-
lated at a range of model-grid spatial resolution (from
10 km to 200 km) to estimate the uncertainties in dust
fluxes predicted by different schemes. The effects of

spatial averaging for individual dust sources with dif-
ferent topography, vegetation cover, and surface soil
properties were investigated. By relating dust modeling
to observations, we attempt to identify the appropriate
temporal and spatial resolution for adequate intercom-
parison between model results and observational data.
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A 44-year climatology of spring Asian dust aerosol
emission, column loading, deposition, trans-Pacific
transport routes and budgets during 1960 - 2003 was
simulated with NARCM (Northern Aerosol Regional
Climate Model). Interannual variability in Asian dust
aerosol and transport properties simulated by the
model is compared with major climate indices and vari-
ations in ground observations. For dust production
from most of the source regions, the strongest correla-
tions were with the surface wind speed in the source
region, the area (AIAPV) and intensity (IIAPV) in-
dices of the Asian polar vortex, and dust emissions
were negatively correlated with precipitation and sur-
face temperatures in spring. The strength of the East
Asian Monsoon was not found to be directly related
with dust production but rather with the transport
of dust from the Asian subcontinent. The interan-
nual variability of dust loading and deposition showed
similar relationships with various climate indices. The
correlation of Asian dust loading and deposition with
the atmospheric teleconnection Western Pacific (WP)
pattern and Atmospheric Circulation Index (ACI) ex-
hibits contrasting meridional and zonal distributions.
AIAPV and IIAPV were strongly correlated with the
mid-latitude zonal distribution of dust loading and de-
position over the Asian subcontinent and North Pacific.
The Pacific/North American pattern (PNA) and South-
ern Oscillation Index (SOI) displayed an opposite cor-
relation pattern of dust loading and deposition in the
Eastern Pacific, while SOI correlated significantly with
dust loading over Eastern China and Northeast Asia.
The Pacific Decadal Oscillation (PDO) was linked to
the variations of dust aerosol and deposition not only
in the area of Eastern North Pacific and North America
but also in the Asian dust source regions. The anoma-
lies of transport flux and its divergence as well as dust
column loading were also identified for eight typical El
Niño and eight La Niña years. A shift of the trans-
Pacific transport path to the North was found for El
Niño years, which resulted in less dust storm and dust
loading in China. El Niño- and La Niña-event had
opposite effects on dust divergence in the troposphere
over East Asian. On the basis of the variability of Asian
dust aerosol budgets, the ratio of inflow to North Amer-
ica to the outflow from Asia was found to be correlated
negatively with the PNA-index and positively with the
WP- index.
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Wet removal of mineral dust particles may result
from drop nucleation in clouds, depending on whether
a particle is hydrophilic or hydrophobic. Hydrophilic
dust particles are fully wettable, while hydrophobic
particles may be partially wettable. We calculate drop
nucleation and growth using a numerical model of an
ascending air parcel, considering the size, chemical
composition, and number density of particles. Drops
nucleated on silt-sized (radius > 1 mm) particles can

grow readily to the size for efficient collision and ac-
cretion. However, silt particles originating from desert
regions, which dominate the mass of dust in the tropo-
sphere, may be hydrophobic and may not be removed
by drop nucleation. Clay minerals, mainly silicates,
are hydrophilic, although drop nucleation may be sup-
pressed for variable portions of clay-sized (radius < 1
mm) particles due to their small size and low content of
readily soluble materials. Clay particles with radii be-
tween 0.4-1 mm may be removed preferentially by cloud
nucleation during rain events. Seasonal variations of
dust observed over the tropical North Atlantic are best
simulated in a global transport model when Saharan
dust aerosols are assumed to be hydrophobic and may
be transformed to hydrophilic by chemical absorption
and reactions during transport.

A24B-06 1645h

Global Simulation of Mixing of Mineral
Dust and Carbonaceous Aerosols
With Sulfate and Effects on Their
Mass Concentrations

Xiaohong Liu1 (xhliu@engin.umich.edu)

Joyce E Penner1 (penner@umich.edu)

Michael Herzog1 (herzogm@umich.edu)
1University of Michigan, Department of Atmospheric,

Oceanic, and Space Sciences, Ann Arbor, MI 48109,
United States

An aerosol dynamics module is coupled with a
global chemistry and transport model (IMPACT) which
is driven by the NASA Data Assimilation Office me-
teorological data. The aerosol module considers the
major aerosol components: sulfate aerosol and non-
sulfate aerosols (organic matter (OM), black carbon
(BC), mineral dust, and sea salt), and includes the sul-
fate aerosol nucleation, condensation of H2SO4 gas on
the pure sulfate aerosol and non-sulfate aerosols, and
coagulation within sulfate aerosol, between sulfate and
non-sulfate. Mode approach is used for sulfate aerosol
(two modes: nuclei and accumulation mode; and two
moments: mass and number). We compare our model
calculated aerosol mass and number with surface ob-
servations and calculated aerosol optical thickness with
satellite measurements. In this study we are especially
interested in the interactions between sulfate and non-
sulfate aerosols. Specifically the mixing status of car-
bonaceous aerosols and mineral dust with sulfate in the
atmosphere, and how these interactions affect mineral
dust and carbonaceous aerosol mass concentrations are
studied. Our results show that carbonaceous aerosols
are generally internally-mixed with sulfate aerosol in
the atmosphere, while mineral dust is externally mixed
with sulfate except for the submicron dust particles.
Global model calculated mass burdens are changed by
10-20 % (increase) for mineral dust and by 20-30 % (re-
duction) for BC between the two runs using the realistic
wet scavenging efficiencies based on the surface coat-
ing of non-sulfate aerosols by sulfate in the atmosphere
and using the assumed wet scavenging efficiencies (1
for dust and 0.4 for carbonaceous aerosols). Dust and
BC mass concentrations and distributions are also com-
pared between the two runs. Dust mass concentrations
are found to agree generally much better with surface
observations using the realistic scavenging efficiency in
sites away from the dust source regions.
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Organic aerosols are assumed to be key players in
driving climatic changes and can cause health prob-
lems for human. Dicarboxylic acids (DCA) include a
large fraction of identified important class of organic
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aerosols. In addition to direct sources, DCA are partly
formed as the result of ozonolysis of terpenes and cyclic
alkenes. Previous works in our laboratory show that
airborne fungi collected from urban and suburban air
play an important role in the transformation of sever-
als organic aerosols such as DCA. Our present study fo-
cuses on understanding the potential chemical transfor-
mation induced by airborne bacteria and on identifica-
tion of the transformation products. Airborne bacteria
have been collected using a biosampler and cultivated
on a solid media. Each bacterial colony is being tested
by HPLC for their ability to transform DCA in liquid
cultures. Also, GC-MS, SPME and NMR are being used
to identify the metabolites generated from the transfor-
mation. We will present our preliminary results and we
will discuss the application of bacterial activities on the
chemical transformation of organics in atmosphere.
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The occurrence of VOCs in snow has been observed
and can be related to anthropogenic emissions and bi-
ological activity. Photochemistry and microorganisms
play a major role in the transformation of compounds in
different compartments of the global ecosystem. Stud-
ies so far focused on the determination of single ana-
lytes or a class of compounds - mainly of anthropogenic
origin (e.g. halogenated aromatic hydrocarbons) - that
were considered important with regard to health and
environmental concerns. Broader studies that describe
a range of different compounds with different function-
alities are relatively rare, especially for those of bio-
logical origin. The presented study investigated the
formation of VOCs in snow samples and their connec-
tion with microbiological activity. The main aim was
to pre-concentrate, identify and quantify volatile or-
ganic compounds. Snow samples were collected in an
urban environment (Montreal, Canada) with sterilized
containers. Samples were transferred into a heated re-
action flask, where the sample was melted. A two-trap
system was employed for pre-concentration: The first
trap was used for water removal. The second trap was
used for the collection of expected analytes by remov-
ing volatiles from the circulating air. Circulation was
maintained with a pump at atmospheric pressure. Ad-
sorption to glass walls of the reaction flask was pre-
vented with halocarbon wax coating. Different ster-
ilization methods were employed to suppress microbi-
ological activity in order to collect background data
and identify compounds of biological origin. VOC con-
centration and compound identification was performed
with gas chromatography and mass spectrometric de-
tection (GC-MS) by taking a sample with a gas-tight
syringe through a septum-port. The sample was di-
rectly injected into the GC system. Compounds were
identified by their respective mass spectra and included
aldehydes and alcohols.
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The presence of microorganisms such as bacteria
and fungi in the boundary layer of the atmosphere
has been established for some time. These species can
also convert organic aerosol species (e.g. dicarboxylic
acids), a transformation that was so far assumed to oc-
cur only via physico-chemical pathways. As a result,
the ice nucleation activity of certain aerosol species
can be altered by biochemical transformations includ-
ing metabolite production and bacterial growth and
these new species as well as the microorganisms them-
selves can act as ice nuclei. In this study we have used
dicarboxylic acids (DCA) as model nutrients, which are
commonly observed in the aerosol population of the
boundary layer. Pseudomonas syringae and Erwinia
herbicolae are two types of bacteria that have been
found to possess ice nucleation ability, caused by li-
poglycoprotein, which consists of a sequence of amino

acids that favor the formation of ice. The main objec-
tive was to look into the conversion of DCA by bacte-
rial species, their ice nucleating ability and the iden-
tification of metabolites from bacterial activity. Fur-
thermore, the influence of different parameters on the
ice nucleation of bacteria was investigated. A Freez-
ing Nuclei apparatus was used in order to assess the
freezing temperature of a population of small drops to
study both homogenous and heterogeneous nucleation
of different concentrations of malonic acid containing
bacterial species. An acid concentration in the lower
g/l-range was chosen, matching earlier observations in
an urban environment. Other varied parameters in-
clude the pH and bacterial membrane shearing. All lab-
ware was sterilized prior to use and airtight containers
minimized external contamination. Malonic acid con-
centration was determined by gas chromatography with
mass spectrometric detection (GC-MS) after esterifica-
tion with a mixture of borontrifluoride and 1-propanol,
modified from Kawamura, 1991. Malonic acid and its
metabolites were identified by characteristic mass spec-
tra.
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Due to their radiative properties, clouds have a
large potential impact on climate change. Ice nucle-
ation is a significant atmospheric process, which leads
to the formation of clouds. The aim of this study was
to determine whether airborne fungi play a role in al-
tering the chemical composition of organic compounds,
and consequently alter the ice nuclei of airborne taxa
and organic aerosols. We have performed experiments
in which malonic acid solutions at concentrations simi-
lar to atmospheric organic droplets, were infected with
four different types of fungi. Organic molecules were
probed using a gas chromatograph with mass selective
detections, a solid state nuclear magnetic spectrome-
ter, an ultraviolet-visible spectrometer, and a freezing
plate. We observed distinct changes in the freezing
points of organic solutions immediately after the intro-
duction of fungi. The solutions were allowed to stand
for twenty-one days at room temperature and analysis
on a regular basis showed that the trend was towards
a further decrease in freezing temperature with time.
We will present our results, present potential mecha-
nisms, and discuss their implications in the formation
of clouds.

A31A-05 0830h POSTER

Study of Ice Nucleation by Organic
Compounds via Heterogeneous
Mechanism

Shashi Kant Pathak1 ((514) 398-6920;
shashi.pathak@mcgill.ca)

Parisa A Ariya1 ((514) 398-6931;
parisa.ariya@mcgill.ca)

1McGill University, Department of Atmospheric and
Oceanic Sciences, 805 Sherbrooke Street West,
Montreal, QC H3A 2K6, Canada

In an attempt to explore the formation of ice in
clouds and to identify clouds role in the climate, real-
time experiments of ice nucleation on aerosol surfaces
have been performed with the help of Ice Nucleation
Chamber Facility (INCF). The present studies indicate
the nucleation of ice by organic compounds followed by
ice crystal growth under supercooled conditions per-
taining to the tropospheric environment. It suggests
that phase transformation from water vapor into ice
may not be solely attributed to the deposition mecha-
nism, however it seems to be inclusive of condensation
followed by deposition under high humidities. The ac-
tivated ice nuclei grow in the supersaturated environ-
ment by water vapor uptake, thus eventually limit the
maximum supersaturation. However, results obtained
so far seem to reflect an interesting understanding that
ice formation occurs via heterogeneous mechanism by
organic compounds and thus the probability of ice for-
mation in the upper troposphere by these compounds
can not be ruled out than that expected by inorganic
compounds.
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Ice formation by aerosol particles in the atmosphere
and its implications on global climate is a topic of cur-
rent environmental interest. The presence of organic
aerosols in the atmosphere has been well documented
by several researchers and their quantification has been
reported in the literature. We present here a novel ex-
perimental technique of ice nucleation by atmospheric
aerosols under supersaturated environments using Ice
Nucleation Chamber Facility (INCF). INCF has been
designed and built indigenously in our laboratory to
investigate heterogeneous nucleation of ice on aerosol
surfaces. The ice-nucleating surface has been created
inside a Bigg-Warner chamber by generating aerosol
particles using an atomizer aerosol generator TSI-9302
along with a vacuum pump & compressor KNF-UN05.
Present work provides a qualitative evidence of ice crys-
tal generation via heterogeneous mechanism under high
humid environments. These results elucidate ice nucle-
ation on heterogeneous surfaces and suggest that the
presence of organic aerosols in cloud droplets basically
enhance the freezing capability of solution droplets at a
higher temperature than that required for homogenous
freezing thresholds.
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Atmospheric organic aerosols are suggested to be

important players in cloud formation, since they serve
as ice nuclei (IN) and cloud condensation nuclei (CCN).
In this present study, we have attempted to determine
the role of bioorganic matter (e.g., bacteria, fungi, and
cellulose) in the cloud formation processes using a col-
umn version of the model NARCM-LCM. The local
model of the climate (LCM) is a one-dimensional ver-
sion (column) of NARCM (Northern Aerosol Regional
Climate Model). It focuses on one- dimensional (1-D)
evolution of aerosol distributions within North Amer-
ica and it simulates deposition, and size distributions of
aerosol particles in the region of interest. Bioaerosols
are now being incorporated in the column version of
NARCM. We mainly consider the dry and humid depo-
sition of bioaerosols, the formation of ice crystals and
precipitation. We will present our progress on the de-
velopment of the new version. Moreover, we will sim-
ulate the interactions between the bioaerosols and the
clouds and discuss our preliminary results of the impact
of bioaerosols on cloud formation.

A31A-08 0830h POSTER

Biogenic Sulphate in PM2.5: Results
from a Field Campaign on Canada’s
West Coast

Ann-Lise Norman1 (403-220-5405;
annlisen@phas.ucalgary.ca); Kurt Anlauf2

(Kurt.Anlauf@ec.gc.ca); Jeff Brooks2; Katherine
Hayden2 (Katherine.Hayden@ec.gc.ca); Bruce
Thomson2 (Bruce.Thomson@ec.gc.ca); Shao-Meng
Li2 (Shao-Meng.Li@ec.gc.ca)

1The University of Calgary, 2500 University Dr.
N.W., Calgary, AB T2N 1N4, Canada

2Meteorological Service of Canada, 4905 Dufferin
Street, Toronto, ON M3H 5T4, Canada

Stable S and O isotopes were used to constrain the
amount of biogenic sulphate present in aerosol sulphate
less than 2.5 micrometers in diameter and to provide a
relative measure of primary versus secondary sulphate.
Biogenic sulphate in coastal regions is largely derived
from the oxidation of dimethyl sulphide. If this sul-
phate is isotopically distinct from other sulphur sources
on a regional basis, a simple apportionment model can
be used to account for the proportion of biogenic sul-
phur in well mixed air. Aerosols collected during the
Pacific 2001 field study in the Fraser Valley were found
to make up, on average, thirty percent of the sulphate
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in PM 2.5 in air masses transported from the ocean
during the day. Sulphate from ocean biogenic sources
contributed between 0.07 and 0.5 mg/m3 (average 0.3
mg/m3) to atmospheric sulphate concentrations in the
Fraser Valley during the Pacific 2001 field campaign
from August 16 - 30. Significantly, nitrate at an inland
site, Langley, was related to the amount of biogenic
sulphate present. Higher nitrate concentrations corre-
sponded to air masses that were more oxidized and con-
tained a larger proportion of biogenic sulphate, while
lower concentrations were associated with well-mixed
but more polluted airmasses over the Strait of Geor-
gia.
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Bioaersols, airborne living or products of biological
activities, can impact the chemical composition of snow
at the atmosphere-snow interface. In this talk, we will
present three-year observation data on selected chemi-
cal species and biological entities of snow in an urban,
two sub-urban, and an Arctic site. We will also present
a conceptual model of snow-air chemical interactions in
presence of micro-organisms.
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The Second International Workshop on Mineral
Dust convened in Paris September 10–12, 2003. Dur-
ing discussion of how best to improve estimates of dust
loading and radiative forcing, we recognized that the
binary division of dust into “natural” and “anthro-
pogenic” emissions is inadequate for many purposes.
While natural dust sources like deserts are easily visu-
alized, anthropogenic dust sources come in many forms.
A consensus terminology is necessary to objectively de-
fine, attribute, and intercompare dust mass budgets
and forcings. Policymakers request an objective defini-
tion and distinction of “natural” and “anthropogenic”
dust. Models may simulate various types or species of
anthropogenic dust that are impossible to discriminate
in observations. Our dust taxonomy is based on these
requests and limitations. Dust is classified as either
Natural Dust (DN), Direct Anthropogenic Dust (DA1),
Passive Anthropogenic Dust (DA2), or Indirect Anthro-
pogenic Dust (DA3). We illustrate this taxonomy by
applying it to most extent mineral dust mass budget
estimates. We find that the range in Natural Dust es-
timates is about a factor of four. Few studies provide
any Anthropogenic Dust (DA) estimates. Of those,
none fully distinguish between anthropogenically mo-
bilized dust (DA1), Naturally mobilized dust from an-
thropogenic sources (DA2), and changes in emissions
from natural source regions due to anthropogenically
induced climate change (DA3). The causes and poten-
tial for remediation of each DA subclass are signifi-
cantly different. Apportioning modeled and observed
estimates into these dust classes would therefore be
valuable to policymakers while simultaneously facilitat-
ing model inter-comparisons.
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Remote sensing from space offers the best oppor-

tunity to detect and track the mineral dust, espe-
cially over the oceans where data are extremely limited.
Global transport models rely on satellite retrievals of
dust to constrain the spatial distribution of aerosol op-
tical depth as well as radiative forcing predicted by
models. Several recent studies have attempted to as-
similate satellite aerosol products into the transport
models seeking a better model performance. Given the
importance of the subject in climate change studies,
there is a great need for reliable and accurate dust
data from satellites. In this study we examine how well
the Moderate Resolution Imaging Spectroradiometer
(MODIS) can detect dust, especially in the presence of
clouds. Since clouds frequently occur in the regions af-
fected by dust transport, reliable discrimination of dust
from clouds would be a required first step in any aerosol
retrievals. For our analysis we use the MODIS Level 1B
data containing calibrated and geolocated reflectances
and radiances from seven spectral channels for the pe-
riod of February 24th 2000 - January 31st 2004 over
various geographical regions. The granules with dust,
cloud and clear sky pixels over the oceans were identi-
fied using the true color images. Thirty granules were
selected for a detailed analysis. For each case, we tested
MODIS cloud mask as well as aerosol and cloud prod-
ucts. We found that MODIS cloud mask fail to dif-
ferentiate between dusty and cloudy pixels. Dust was
mistakenly identified as clouds in many circumstances.
To address this issue, we investigated whether a com-
bination of visible reflectances, local standard devia-
tions, visible to infrared reflectance ratio and bright-
ness temperature differences can be used to uniquely
detect mineral dust plumes over the oceans. The results
will be presented and implications for model validation
and dust-cloud interaction studies will be discussed.
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In recent years, aeolian dust has been thought to be
an important factor of the climate system on the earth
by the radiative forcing effect in the atmosphere and by
the influence on the carbon dioxide cycle because de-
posited dust supplies nutrient salts for the phytoplank-
ton on the ocean surface. Among them, radiative forc-
ing direct and/or indirect effects are important factors
of the global warming. Nevertheless, the reliability of
the evaluation regarding the radiative forcing impact
of aeolian dust is very low. [IPCC, 2001]. This is be-
cause the understanding and the model representations
of dust entrainment, spatial and temporal distribution
of dust, and optical properties of dust particles are not
so accurate. Based on this background, Aeolian Dust
Experiment on Climate Impact (ADEC) was started in
April 2000 as a Japan-Sino Joint Project. The goal of
this project is to evaluate the global dust supply to the
atmosphere and its radiative forcing direct effect. For
this purpose, we have made: 1) in situ observations at
desert areas in China for wind erosion processes, 2) net-
work observations from China to Japan, ranging from
80 to 140 East, for understanding spatial-size distribu-
tion, chemical, and optical properties of dust particles,
and 3) numerical simulation by GCM dust model for
evaluation of dust impact on the global climate over
the past 50 years. This was planned as a five-year
project and two intensive observations, IOP-1, April
12-25 2002, and IOP-2, March 15-26 2003, were put into
practice. Intensive observations were made at 6 sites in
China (Qira, Aksu, Dunhuang, Shapotou, Beijing, and
Qingdao) and 4 sites in Japan (Naha, Fukuoka, Nagoya,
and Tsukuba). Preliminary results show that 1) salta-
tion flux at a gobi desert monitored by a newly devel-
oped sand particle counter was around 10 times larger
than that of a sand dune, which will be caused by the
difference of the parent soil size distribution of each
ground condition, 2) the background of KOSA events
were found in the atmosphere over Japan, 3) based on
the Asian dust mineral components, evaluated radia-
tive forcing of the Asian dust is weaker than OPAC3.1
dust model, 4) GCM dust model represented the global
distribution of dust which shows reasonable agreement
with the observational results. In the presentation, a
brief summary of the two IOPs and preliminary results
of 2004 spring field campaign will be shown.

URL: http://www.aeoliandust.com/
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Mobilization of dust over the Arabian Penisula
during the Northern Hemisphere summer monsoon is
strongly sensitive to radiative scattering by dust par-
ticles. In an experiment with prescribed SST, emis-
sion increases with the particle absorptivity and is up
to 40% larger compared to an experiment that omits
dust radiative forcing. Radiative heating within the
dust layer acts as an elevated heat source, driving low-
level convergence and reinforcing the monsoon circula-
tion. In contrast, dust radiative forcing reduces Ara-
bian emission by 20% if SST is calculated. This dis-
crepency results from the absence of a surface energy
constraint in the prescribed SST experiments. With
calculated SST, the reduction of sunlight incident upon
the surface is balanced by a reduction in the turbulent
fluxes of latent and sensible heat into the atmosphere.
This represents a cooling of the atmosphere which al-
most precisely cancels radiative heating within the dust
layer. The contrasting effect of dust radiative forcing
in the two experiments shows the importance of the
surface energy budget to the climate response to dust,
which is absent in prescribed SST experiments.
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Mineral dust may modify the interplay of the vari-
ous components of the Earth system, atmosphere, land
and ocean, in different ways. One of its key effects
is altering the radiative balance of the atmosphere by
an increased aerosol loading. The strength of this ra-
diative effect and of possible feedback mechanisms on
both the Earth’s climate and the mineral dust cycle
itself, are poorly understood on a global scale, yet.
Here, we present first results of a new model approach
to enhance our knowledge of the mineral dust cycle,
changes of the radiative forcing and potential feedback
mechanisms within the Earth system. A recently de-
veloped dust emission model (including a prognostic
vegetation-phenology scheme) was incorporated into a
new aerosol scheme (HAM) of the latest version of the
Hamburg General Circulation Model ECHAM5. Cou-
pled to a slab ocean model, this set-up allows simulta-
neously studying of vegetation-dust feedbacks, changes
in surface temperatures both over land and ocean, and
large-scale variations of the atmospheric circulation,
all induced by radiative effects attributable to mineral
dust aerosol loading. Performing several ECHAM5 sim-
ulations prescribing appropriate present-day boundary
conditions enables us to focus on the following aspects:
(1) How strong is the disturbance of the atmosphere’s
radiative balance by mineral aerosol loading? (2) How
does this radiative disturbance translate into surface
temperature changes? (3) What are the main dust-
induced changes of the atmospheric circulation? (4) Do
radiative effects of mineral aerosol increase or decrease
the strength the dust cycle itself? (5) Are the simu-
lation results substantially altered by small variations
of the computed size-distribution, and the prescribed
refractive indices of the dust particles?


