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Dust storm frequencies and strengths were monitored during 2009 at various locations along the coast of
the United Arab Emirates (UAE), as representative sites of the Arabian Gulf marine environment. The results
have been compared with a pre-2009 five-year data set. Mineralogical components of dust samples collected
during the 2009 study period were analyzed using both X-ray diffraction (XRD) and X-ray Fluorescence
(XRF) techniques. The comparison of the 2009 and pre-2009 data revealed a shift in the characteristics
of dust storms in the Arabian Gulf, which may constitute a sensitive indicator of climate change affecting
the region. The range of mineral compositions of the collected dust samples is consistent with temporally
and spatially variable dust sources, associated with changing wind patterns over the Arabian Gulf. From a
positive perspective, the dust may deliver mineralogical nutrients enhancing microbial productivity in the
marine ecosystem. Increasing productivity and liberation of iron from sediments will lead to an increase
of Dimethyl Sulfide (DMS) in the atmosphere, which by oxidation will scatter solar radiation effectively
with a consequent decrease in global temperature as a climate feedback.
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Introduction

Global climate change and its consequences are
currently pre-eminent topics of international re-
search, covering a range of environmental sciences.
The models of climate change are complex and re-
quire not only long term meteorological datasets,
but also model links to biogeochemical cycles in
order to verify and quantify the predicted changes
(Turner et al., 2004; Jickells et al., 2005). Due to
the disparate and incomplete datasets forming the
basis of global numerical climate models, assump-

tions, constants, and extrapolations, as well as other
mathematical techniques, are used to support these
models. For these reasons the models are still a
far cry from adequately describing the earth sys-
tem. Dust storm activity is an important and largely
unknown variable within global circulation models
(Jickells et al., 2005; Miller et al., 2006). However,
it is too complex at this stage to be formally incor-
porated into the models via formulae describing the
initiation of the storms, their trajectories, variability
and regional distributions of dust deposition. During
the last two decades there have been several studies
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concerned with the mineralogy and major chemical
element compositions of atmospheric dust, and its
effects on terrestrial and marine ecosystems. These
studies recognized the contributing role of desert
dust to the abundances of trace elements of conti-
nental origin in marine areas. Of particular interest
are the inputs of elements such as nitrogen (N),
phosphorus (P) and iron (Fe), which are essential
elements for the biological growth of marine liv-
ing organisms (Prospero, 1996; Paerl, 1997; Guer-
zoni et al., 1999; Markaki et al., 2003; Jickells et
al., 2005; Hamza, 2008). The relationship between
deposition of atmospheric dust and marine produc-
tivity is regarded as potentially significant for olig-
otrophic oceanic areas (Migon et al., 2001; Herut
et al., 2002; Ridame and Guieu, 2002). These latter
studies focused on quantifying the nutritive effects
of dust deposition on marine productivity. However,
they were specific to areas such as the north At-
lantic and Mediterranean regions, and disregarded
the Arabia Peninsula despite its ranking amongst
the major sources of dust storms (Zender, 2003;
Hamza, 2008; Hamza and Munawar, 2009). There
is a shortage of data on the characteristic properties
of dust derived from the Arabian Peninsula, its con-
tribution to the earth system in general, and to the
Arabian Gulf in particular. The Arabian Peninsula
is one of the largest desert areas in the world, being
characterized by arid conditions, monsoon winds
and consequently large areas of sand dunes. The
strong monsoon winds during spring and summer
seasons (March–August) promote dust storms over
the Gulf area. The size and composition of the sand
particles and the pathways of particle transport dur-
ing the monsoons vary according to wind direction
and strength. In any case, substantial quantities of
storm-carried dust are deposited within the Ara-
bian Gulf basin, or pass over it. Despite existing
warm temperatures (35–45◦C), intensive rainy pe-
riods may develop when windblown sand/dust par-
ticles act as nuclei for condensation of water vapor.
These rainstorms are responsible for the wet depo-
sition of large quantities of the dust suspended in
the atmosphere during this period over the Arabian
Gulf basin. Recent publications on the productivity
of the Arabian Gulf marine ecosystem indicate that
the basin is very productive and highly diversified
(Khan et al., 2002, Munawar et al., 2007; Hamza
and Munawar, 2009), despite the limited amounts
of nutrients received from land sources and the un-
sustainable river discharges into its basin (Reynolds,
1993). These observations find explanations in the
hypothesis that dust storms are providing the ad-

ditional nutrients needed to sustain the ecosystem
productivity of the Arabian Gulf. The United Arab
Emirates (UAE), one of the Arabian Peninsula coun-
tries, has a long coastal area (up to 700 km) that bor-
ders the Arabian Gulf and the Gulf of Oman. Dust
storms affect the atmosphere above the UAE dur-
ing several months of the year. The present study
was designed to address the need for information
on dust storm frequency; mineralogy, sources, de-
position and bioactive effects of atmospheric dust
in the Arabian Gulf basin area. It compares data on
dust storm frequency and strength along the coastal
area of UAE during 2009, with similar data from
the 5 years prior to 2009. This study also presents
information on dust mineralogy during both dry and
wet seasons, and discusses this data in terms of the
various source areas of the dust, and how the dust
may be beneficial to marine productivity of the Ara-
bian Gulf ecosystem. Lastly, it aims to highlight
the importance of the Arabian Peninsula as a major
source of the dust storms relevant to global climate
concerns.

Material and Methods

Meteorological data acquisition

Detailed historical and updated meteorological
data (wind components, wind raising sand frequen-
cies, and horizontal visibility) for the coastal ar-
eas of the United Arab Emirates (UAE), during the
periods 2004–2009, have been obtained from the
UAE- National Center of Meteorology and Seis-
mology (NCMS). The obtained data sets pertain
to the main meteorological stations situated along
these coastal areas of UAE. Due to the large vol-
ume of data, and in order to avoid redundancy
of the results obtained from the different stations,
we have chosen to present the data analyses from
the Abu Dhabi meteorological station as the rep-
resentative site. The station is selected on the ba-
sis of its central location on the UAE coast (Fig-
ure 1). Information on the frequency and duration
of sand storms was extracted from the Abu Dhabi
data. The data was also analyzed to investigate the
strength of dust storms, based on horizontal visi-
bility measurements and their relations to the wind
speed. The results obtained for the year 2009 were
then compared with results obtained from the previ-
ous five years (i.e. 2004–2008). During the study
period (January–December, 2009), METEOSAT,
AQUA-images over UAE territory were obtained
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Figure 1. Map of the Arabian Gulf, indicating the sampling stations (•) along the UAE coast.

via AERONET in order to verify the atmospheric
conditions and the intensities of sand storms.

Dust sampling

In this study, dust samples were collected by a
number of methods, from the coastal areas of the
UAE at the same locations as the five main meteoro-
logical stations of the NCMS. These five sampling
stations are at (1) Jebel Al-Dhanna (Dhanna), (2)
Abu Dhabi, (3) Um Al-Quwain (UAQ), (4) Dibba
and (5) Fujirah (Figure 1). At each sample location
an Automatic Andresen dry and wet acid rain sam-
pler was installed. The sampler was used to collect
dry dust in dry weather and wet dust with rain water
during precipitation. The cover lid between the two
(dry and wet) collection buckets was activated via
a highly sensitive electrical rain sensor. The sam-
plers were installed at the research centers belong-
ing to the Ministry of Water and Environment, and
environmental departments belonging to the Abu
Dhabi Oil Company (ADCO). Dust samples were
regularly collected each 15 days, unless there were

dust storms (either dry or wet). During dust storm
periods the samples were collected separately and
labeled to indicate the precise time and date of the
storm event. The dust background fraction was de-
termined by collecting the dust deposited on a flat
surface covered by glass beads mounted on a funnel
and erected 6 m above the ground, according to the
method described by Kouvarakis et al. (2001). The
sampling apparatus was exposed to the atmosphere
for a period of 1 to 2 weeks during calm periods,
when no sand storms were detected. This proce-
dure enabled the quantification of the aerosol back-
ground content of dust particles. For the wet dust,
i.e. the dust deposited during rain events, samples
were collected as mentioned above on an event ba-
sis. The rain water was immediately filtered through
a 0.45 um diameter membrane filter and refrigerated
prior to analysis (Kubilay et al., 2000). The collected
dust samples were also stored in a frozen state for
later mineralogical analysis.

Dust analysis
After weighing each sample of dust, an analy-

sis of the sample was made using one or more of
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the following: spectroscopic analysis by XRF, or by
XRD using an X-Ray diffractometer (Model Philips
PW/1480) and wavelength depressive X-ray fluores-
cence spectroscopy (WRXRF). These analyses were
performed in the Geology Department laboratories
of the UAE University. The analyses were carried
out on a representative fraction of each sample, ac-
cording to the protocol of the analytical techniques.
The XRD was used to identify the main mineralogi-
cal components of the dust samples, while the XRF
provided an estimate the major elemental compo-
sitions of the samples. Other fractions (500 mg)
of the dry dust samples underwent leaching experi-
ments by autoclaving the dust with filtered sea water.
After autoclaving, the resulting sea water filtrates
were extracted and analyzed to detect leached inor-
ganic elements. Nitrogen (N), phosphorus (P) and
Iron (Fe) concentrations were specifically measured
in the autoclaved sea water extracts. The filtered
rain water samples were also analyzed for inorganic
components. These analyses were carried out using
Inductively Coupled Plasma (ICP) on instrument at
the Central Laboratory Unit of UAE University. In
order to identify the source areas of the airborne
dust, samples of surface dust were also collected
from the “Empty Quarter area.” This is the largest
mobilized sand dune area of the region (also known
in the literature as the ‘Rub Al-Khali’) and is lo-
cated in the eastern part of Saudi Arabia bordering
the southern areas of the UAE. The surface dust
samples were treated analytically in the same way
as the dry dust storm samples collected from the
coast. A comparison was then made of the miner-
alogical compositions of the Rub Al-Khali and dust
storm samples.

Data presentation
A representative subset of data from dust storm

samples (both dry and wet events) collected at the
above mentioned stations is presented in this pa-
per. The analytical results for dry dust storm events
of May and August, 2009; and wet dust storms of
January–February and March 2009 have been se-
lected.

Results

The available meteorological information on dust
storms events for the period 2004–2009 may be
utilized to explore the relations between horizontal
visibility and wind speed during dust storm events.
A negative correlation between these two variables

Table 1. Indices of dust storm strengths based on
visibility.

Index Visibility (m)

1 499–0
2 500–999
3 1000–1499
4 1500–2000

was found, but is not significant, at r = −0.206
(Figure 2∗). Therefore, instead of using a direct
correlation of these two variables, it is preferable
to develop a dust storm strength index, relevant
to the Arabian Gulf coastal area, which is based
on horizontal visibility alone. This index has both
qualitative and quantitative scales of horizontal vis-
ibility (Table 1), ranging between 1 and 4, where
1 is the strongest storm (0–500 m) and 4 is the
weakest (1500–2000 m). The index is applied when
wind-disturbed dust reduces horizontal visibility to
below 2000 meters. When wind events have hor-
izontal visibility greater than 2000 meters the in-
dex is not applicable. Comparison of the record of
dust storms during 2004–2008 with that of 2009, in
the Abu Dhabi area, indicates an intensification of
dust storms during 2008 and 2009, relative to previ-
ous years. A shift in storm occurrence toward win-
ter months (January–March) was observed mainly
during 2009 (Figure 3). During the hotter months
of 2009, a series of storms occurred in the period
May–August, with wind velocities ranging between
11 and 30 knots. However, the visibility records of
these events were above 3000 m, reflecting the large
size of the dust particles and their brief period of
suspension. These findings are supported by satel-
lite images downloaded from AERONET through
the NCMS interactive website. Examples of these
images representing summer and winter periods are
shown in Figure 4. The main winds blowing over
the Arabian Gulf were identified as the southwest
monsoon wind in summer and the northwest wind
in winter (also known as the ‘Shamal’ wind) (Fig-
ure 5). Statistical analysis of dust storms data sets
of the Abu Dhabi area, for the entire study period
(2004 to 2009), indicated that the main prevailing
wind was from the NW, with the exception of 2008,
when wind from the SE quadrant was dominant.
Winds from the SW were also responsible for dust

∗Figures 2–6 and Tables 2–6 can be found at http://www.
aehms.org/Journal 14 3 Hamza Appendix.html.
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storms during 2005 and 2009, while in 2007 winds
from the NE and SE were the main agents of dust
storms (Figure 6a). Although no significant differ-
ences were found in wind speed values for 2009,
compared with the period 2004–2006, substantially
different values were found for 2007 and 2008 (Fig-
ure 6b). This was reflected in the significant vari-
ances n = 376 p = 0.007 in visibility records be-
tween the different wind directions, for the entire
study period (Figure 6c). For the coastal samples
there were sharp differences in terms of the quanti-
ties of dust deposited during the dry and wet storm
periods. During the dry months of May and August
the rate of dust deposition ranged between 2.65 g
m−2 day−1 and 21.31 g m−2 day−1 with an average of
9.34 g m−2 day−1. During the rainy months, the rate
of dust deposition ranged between 1.34 g m−2 day−1

and 7.61 g m−2 day−1 (on a dry dust basis) with an
average of 3.43 g m−2day−1. Calculations show that
dust storms over the UAE coastal area had an aver-
age frequency of 33 days per year, with intensities
estimated using visibility indices. XRD analysis of
dry dust samples collected from the five sampling
stations (Jebel Al-Dhanna, Abu Dhabi, Um Al-
Quwain, Dibba and Fujirah), revealed differences in
the main mineral concentrations, not only at the sea-
sonal level, but also from month to month in a single
season. Some coastal dust samples were markedly
similar in composition to surface dust (dust source)
samples collected from the Empty Quarter (Table 2).
For example, the dry dust samples collected during
May and August, 2009 from Jebel Al-Dhanna, Abu-
Dhabi, Fujirah and UAQ had similar major mineral
composition to the Rub Al-Khali source samples,
though concentrations of minor minerals departed
from this trend. Samples collected from Dibba dur-
ing the same periods were strikingly different in
both major and minor mineral concentrations to the
Rub Al-Khali samples. Wet samples collected dur-
ing January–March 2009, from all stations apart
from Abu Dhabi and UAQ, showed mineralogical
compositions different to those of the Rub Al-Khali
samples. The Abu Dhabi and UAQ samples in the
latter period showed differences only in the minor
mineral concentrations to the Rub Al-Khali samples
(Table 3). XRF analysis of dust samples for the el-
ements N, P and Fe showed distinct differences in
wt% for these elements amongst samples collected
from the different locations, and between samples
collected during dry and wet months. These varia-
tions (Tables 4 and 5) corroborated the XRD results
on the mineralogical differences between samples.

The percentage of P in the analyzed dust was 0% in
Jebel Al-Dhanna and Fujirah samples collected in
May. Similar results for P were obtained from UAQ
samples collected during August (Table 4). Iron was
present in high percentages in all samples collected
during both May and August, with concentrations
ranging from 2.11% to 18.5%, and an average of
10.96% (Table 4). In contrast, dust samples col-
lected during the months January–March from rain
water after dust storms showed lower percentages
of Fe, with values ranging from 5.9% to 11%, and
an average of 8.45% (Table 5). Unlike the coastal
dust storm samples, the Rub Al-Khali source sam-
ples had low percentages of Fe, with an average of
3.12%, and 0% for P. ICP analyses of sea water after
autoclaving with dry dust fractions showed higher
concentrations of some elements compared with the
initial sea water composition. This was the case for
Al, Fe, Mn, and P, though the factor of increase dif-
fered between sampling locations (Table 6). The ICP
analyses of the filtered rain water collected during
dust storms in January–March, showed high nitro-
gen concentrations as nitrate (range 1.3–36.7 NO3

mg l−1). Considerable concentrations of dissolved
phosphate (average 0.034 mg l−1) and iron (average
0.03 mg l−1) were also detected in some samples, as
shown in (Table 6).

Discussion

To the authors’ knowledge, the present study is
the first of its kind for the Arabian Peninsula and
Gulf basin. Similar studies dealing with quantitative
data on dust storms in Asia almost exclusively focus
on the Chinese territory and North Pacific (Ginoux
et al., 2001; Zhang et al., 2003; Miller et al., 2004).
As shown in Figure 1 the UAE coastal area extends
beyond the Arabian Gulf to include parts of the
Gulf of Oman. These two parts of the UAE coast-
line are not contiguous, but lay only about 40–50
km apart, and have both been investigated in this
study using the sampling apparatus. The presence of
the Oman Mountains separating the Fujirah-Dibba
and UAQ stations presents the possibility of dust
samples from the two coastlines having profoundly
different mineralogical compositions, in addition to
different rates of dust deposition for any individ-
ual storm period. The detailed 2004–2009 meteoro-
logical data from the Abu Dhabi station described
in this contribution is representative for all of the
data sets from the UAE coastal area in indicating
insignificant correlations between wind speed and
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horizontal visibility. This result is to be expected
if we consider wind speed as a factor capable of
removing suspended dust. Under other conditions
it may promote the suspension of dust in the at-
mosphere. In their studies, Ginoux et al. (2001);
Zender et al. (2003); and Koren and Kaufman (2004)
stated that the uplifting of dust particles can be ex-
pressed as a function of surface wind speed and
surface dust dampness. However, it has been con-
cluded that vegetation and other ground features
also control dust dispersal (Moulin and Chiapello,
2004; Jickells et al., 2005). Our observations along
the UAE coastal area were in accordance with both
of these hypotheses. There has been rapid growth
in tall building constructions along the UAE coastal
areas during the last 30 years. These buildings act as
complete or partial barriers to the transport of dust
particles. It is for this reason that our index of dust
storm strength was based only on horizontal visi-
bility, with the index limited to visibility maxima
of 2000 m or less. Visibility is always mentioned in
scientific and meteorological reports (Sunnu et al.,
2007), but, up to our knowledge, has not previously
been considered as a measure of dust storm intensi-
ties. Horizontal visibility is introduced in this study
as a new measurable variable which strongly cor-
relates with wind direction along the UAE coastal
area (Figure 6c). It appears that wind direction was
an important factor controlling not only visibility
level, but also composition and depositional rate of
dust over the Arabian Gulf basin. Satellite images
during February–March, 2009 showed high concen-
trations of dust blanketing the UAE coastal area and
the Arabian Gulf basin (Figure 4), while lower con-
centrations were evident in the May–June images
(Figure 4). This has also revealed the mineralogi-
cal composition of the source of the dust, and the
temporal changes in composition of dust deposited
in the marine environment of the Arabian Gulf.
Major mineral compositions of desert sands world-
wide show narrow variations, as quartz is the most
common component of rocks (Goudie and Middle-
ton, 2001). Depending on the bedrock source of
dust, other minerals, such as calcite (CaCO3), may
also amount to major constituents. Subordinate and
minor minerals identified in dust analyses may be
important for identifying the bedrock source. Dust
mineralogical variations result mainly from the geo-
logical or geochemical peculiarities of areas through
which dust storms have passed. In their study,
Callot et al. (2000) found that dust emissions from
arid regions were influenced by surface features en-

countered in the source region. They identified some
of these features as rocks, fluviatile deposits, sabkha
deposits, clay deposits and sand dunes. One of the
conclusions of our study is that differences in sub-
ordinate and minor mineral abundances between
source area and coastal area dust samples were a
result of dust passing over different surface features
as it is transported from source to coast. Changes
in seasonal wind directions at the coastal stations
also result in dust arriving from different sources
according to season. This was clearly demonstrated
in our data (Tables 2 and 3), as shown by the differ-
ences between Abu Dhabi samples collected during
summer and winter months. Examples of relevant
surface features in and surrounding the UAE terri-
tory were the Abu Dhabi sabkha (Abed et al., 2008),
the Empty Quarter sand dunes (Rub Al-Khali), and
the Oman Mountains (Glennie et al., 1974). These
features may also have contributed to the miner-
alogical composition of the deposited dust (Figure
6). Most previous studies on dust and aerosol depo-
sition mainly addressed the chemical composition
of the dust rather than its mineralogy. During the
last few decades there have been many studies of the
nutritive effects on oceanic productivity, contributed
by the deposition of atmospheric dust in sea water
(Talbot et al., 1986; Martin, 1990; Duce et al., 1991;
Zhuang et al., 1992; Swap et al., 1996; Zohary
and Robarts, 1998; Gruber and Sarmiento, 1997;
Shinn et al., 2000; Kouvarakis et al., 2001; Markaki
et al., 2003; Baker et al., 2003; Turner et al., 2004;
Mills et al., 2004; Jickells et al., 2005; Sailot, 2006;
Hamza, 2008). Chemical elements of major interest
are iron, phosphorus and nitrogen, which are ma-
jor nutrients influencing ocean productivity in iron-
deficit waters. In our study, XRF analysis of source
area dust and coastal dust samples collected in dry
and wet weather conditions showed great variations
in chemical composition (Tables 4 and 5). Silica
and calcium were the major chemical elements in
the samples, accounting for a combined 60–80 wt%.
The higher iron (Fe) percentages in the coastal dust
samples relative to the source samples could be a
result of soil mineral particles of natural and agri-
cultural areas being picked up during dust storms.
Zender et al. (2003) concluded that a model of het-
erogeneous erodibility may explain 15–20% more of
the spatial structure of dust emissions than uniform
erodibility in the Sahara and Arabia. They explained
that dust emission “hot spots” exist in regions where
accumulations of alluvial sediments were disturbed.
The absence of detectible phosphorus (P) in the dust
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source area samples collected in our study corre-
lated with the rock chemical analyses by Goudie
and Middleton (2001). It is present, however, in the
coastal dust samples up to a level of 0.5 wt%, im-
plying that human activities (in this case phosphate
additives to soil, and the increased erodibility of
agriculturally disturbed soils) have influenced the
mineralogical composition of the windblown dust.
Our analyses of dust samples also showed high per-
centages of aluminum (Al), magnesium (Mg), and
sulphur (S) in the coastal dust samples relative to
source area dust samples. These elements are valu-
able nutrients for phytoplankton production in the
marine environment if they exist in a soluble form.
The solubility of iron compounds and other trace
metals in the marine environment is known to be
dependent on pH of sediments, in that the binding
capacity of sediments decreases at acidic pH allow-
ing mineral dissolution (Parekh et al., 2004; Jickells
et al., 2005). Other studies point towards rain water
as an effective leaching agent or solvent of minerals
during precipitation over the ocean basins (Markaki
et al., 2003). Hand et al. (2004) and Saliot (2006)
suggested that photochemical reactions could be re-
sponsible for element solubility in the oceanic sur-
face water micro-layer, which they considered as
a micro-reactor, effectively sequestering and trans-
forming selected materials brought to the interface
from the ocean and the atmosphere by physical pro-
cesses. Both rain water and photochemical reactions
have the potential to be of great importance in dis-
solving elements carried by dust storms over the
Arabian Gulf. Rain water in the Gulf area is scarce,
however, mixing with high sulphur concentrations in
the atmosphere, as a consequence of intensive sulfur
rich oil production, may make the rain water acidic
enough to dissolve other minerals such as iron-
bearing ones. On the other hand, light intensity in
the Arabian Peninsula as in other world desert areas
is high enough to promote photochemical processes
at the sea surface micro-layer. These conclusions,
along with results obtained from rain water analyses
and autoclaved rain water - dust experiments con-
firmed the significant contribution of elements such
as nitrogen, phosphorus and iron, via dust storms, to
the marine ecosystem of the Arabian Gulf. In their
review, Jickells et al. (2005) noted that in some ar-
eas iron limitation may lead to High Nutrient Low
Chlorophyll (HNLC) regions. It appeared that this
was not applicable to the Arabian Gulf, where the
recorded high productivity (Khan et al., 2002), re-
flected efficient assimilation of nutrients by primary

producers. Despite the limited freshwater runoff
from coastal areas into the Arabian Gulf (Hamza
and Munawar, 2009), which replenishes <10% of
the annual evaporation of its waters, the Arabian
Gulf ecosystem appears to receive additional nutri-
ents, especially Fe, P and N, from other sources.
One of these extra sources could be the upwelling
of waters charged with dissolved nutrients de-
rived by recycling of marine sediments (Kampf and
Sadrinasab, 2006). Another source is surely the an-
nual dust and aerosol deposition onto its waters
(Hamza, 2008). The present study confirmed this
by estimating a total average dust flux of 6.385 g
m−2 day−1, for an average of 33 days per year. For
the entire Gulf area (240,000 km2), a rough esti-
mate indicates about 5.5 ∗ 106 tons of dust per year
is deposited on Gulf waters, assuming a 10% uni-
form deposition. This calculation probably underes-
timated the actual flux, since it was based on sam-
pling stations distributed randomly along the UAE
coastal area without a standard sampling methodol-
ogy (Herut et al., 2002). Similar calculations could
be performed for each nutrient element (e.g. Fe and
P) based on wt% compositional data in the dust
samples and concentration of these elements in fresh
rain water, and sea water autoclaved with dust (Table
6). It has been estimated that the total atmospheric
dust input into the oceans is about 450 Gigatons
year−1, with about 25% of this quantity being re-
ceived by the Indian Ocean (Jickells et al., 2005).

Conclusions

According to the present study, significant
quantities of dust derived from the Arabian
Peninsula form part of the annual dust input into
the Indian Ocean directly and indirectly through
water exchange with the Arabian Gulf. Increased
photosynthetic activity in the Indian Ocean due to
fertilization by dust nutrients from the Arabian Gulf
and its adjacent water bodies may well be important
in mitigating the increase in anthropogenic CO2

in the atmosphere. Increasing productivity and
liberation of iron from sediments leads to an
increase of dimethyl sulphide (DMS) which can be
released into the atmosphere by diffusion (Scarratt
et al., 2007). It has been mentioned that oxidation
of DMS forms an acidic sulphate aerosol that is
able to scatter solar radiation effectively. A twofold
increase in DMS fluxes produces a global temper-
ature decrease of 1◦C proving a potential climate
feedback and link between the C, Fe and S cycles
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(Bopp et al., 2003; Turner et al., 2004; Jickells,
2005). Research on global climate change must
integrate earth system processes using detailed sub-
models capable of quantifying natural interactions;
and linking these sub-models in interactive ways.
There is room for a more optimistic viewpoint
in the quest for realistic answers to the questions
about the consequences of climate changes. Results
of model simulations should be based on realistic
data; and an integrated effort by researchers to
produce such data is paramount. The present study
represents an attempt to fill gaps in datasets for dust
deposition by introducing measured values from
areas rarely investigated. It also highlights dust
storms as a possible sensitive indicator of climate
changes consequences.
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