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ABSTRACT 

This study applies a dust model to investigate Asian dust 
and iron depositions on the East Asian marginal sea during  
the months of the northeasterly monsoon from November to 
May, when dust events are often observed.  Simulated dry and 
wet depositions of dust are compared with measurements 
obtained from Taipei, Taiwan.  According to the model simu-
lation, higher concentrations of atmospheric dust occur from 
March to May over East Asia, resulting in greater dry and  
wet deposition fluxes of dust and iron within these months 
than other months.  The monthly averaged dry and wet depo-
sition fluxes of iron are 0.6 and 0.7 mg m-2 day-1, respectively, 
over the East China Sea, and are five to six times lower over 
the South China Sea.  The wet depositions of dust and iron 
demonstrate sporadic distributions over the marginal sea, rather 
than decreasing with downwind distance as occurs with dry 
deposition. 

I. INTRODUCTION 

The atmosphere is one of the  important process that carries 
nutrients to the ocean.  The terrigenous material transported by 
aerosol particles can affect the marine ecology and sea surface 
chemistry [2, 6, 10, 17, 27].  Aerosol particles that contain 
nitrogen, phosphorus, silicon, and iron are important phyto-
plankton nutrients.  Among these nutrients, iron has raised the 
most concern in recent decades [4, 24].  Atmospheric iron is 
mainly contributed by dust particles [23].  In East Asia, the 
Taklamakan and Gobi Deserts and the Loess Plateau in China 
are the main sources of dust (Fig. 1).  From late October to 
early May, when a frontal passage occurs over these deserts, 
the strong surface winds associated with the unstable air is 
favorable for dust generation.  During the northeasterly mon-

soon, dust particles are carried downwind toward the East 
Asian marginal sea, such as the East and South China Seas, 
providing iron nutrients via the dry and wet depositions of dust 
particles [12]. 

Among the iron species in dust particles, soluble iron is the 
species that can be uptake by phytoplankton and supports the 
nitrogen fixation of some organisms [25].  The deposition of 
soluble iron into the ocean has been shown to enhance phyto- 
plankton blooms over open oceans of high nutrient low chlo-
rophyll [4].  Phytoplankton enhancement potentially leads to 
atmospheric cooling through the absorption of atmospheric 
carbon dioxide [18].  In addition to the impact from phyto-
plankton, the excretion of dimethyl sulfide (DMS) through  
the biological role of phytoplankton has both direct and indi-
rect impacts on climate change.  DMS is an important source 
of atmospheric sulfides, which can directly affect the climate 
through scattering of solar radiation and indirectly through 
altering cloud microphysics.  Both processes have a potential 
feedback to the global environment [5, 15, 20, 29, 30]. 

Although the atmosphere is important in supplying iron 
nutrients to the ocean, few studies assess the atmospheric 
deposition of iron over East Asia, and among these studies, 
large variations of iron deposition are found [12].  For example, 
the annual deposition rate of iron over the North Pacific ob-
served by Duce and Tindale [6] is 17 g yr-1, but estimates by 
Jickells and Spokes [19] and Gao et al. [9] are less than half 
and less than one-fifth of the Duce and Tindale’s estimates, 
respectively.  Studies of iron deposition over the East Asian 
marginal sea are even more scarce and rely on limited in situ 
measurements or measurements from short-term cruises [12, 
14].  The estimate of atmospheric deposition of iron is then 
calculated through multiplying the atmospheric concentration 
by the estimated settling velocity or scavenging rate.  These 
deposition rates may not be applicable to a variety of weather 
conditions or entire marine areas.  Therefore, a more thorough 
calculation of dust deposition over the whole domain and a 
longer period are essential. 

To understand the dust and iron deposition on the East 
Asian marginal sea over a longer time period, this study simu- 
lates the dust and iron deposition by using a three-dimensional 
(3-D) dust model and compares the results with observations 
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obtained in Taiwan.  First, the calculated dust concentrations 
and depositions are compared with the observations.  Then, 
simulated atmospheric dust concentration and dry and wet 
depositions of dust as well as iron, over the marginal sea (in-
cluding East and South China Seas) are quantified during the 
northeasterly monsoon when Asian dust is carried downwind 
to these areas. 

II. METHODOLOGY 

1. Sampling 

Dust depositions are sampled by total deposition and wet 
deposition buckets on the rooftop of the Institute of Earth 
Sciences at Academia Sinica (121.61°E, 25.04°N) in Taipei, 
Taiwan in 2008 (Fig. 1).  Total deposition sampling includes 
both dry and wet depositions.  Dry deposition is calculated by 
subtracting wet deposition from the total deposition.  Deposi-
tions are sampled either weekly or once every two days.  Sam- 
pling results are divided into soluble and insoluble portions.  
The soluble ions of dust contains elements such as K+, Mg2+, 
and Ca2+.  Most metal in dust, such as Al and Fe, is insoluble 
or has small solubility [14]. 

Soluble major metal ions are analyzed by using a Perkin 
Elmer model Elan 6100 quadrupole-based inductively coupled 
plasma mass spectrophotometer (ICP-MS).  The detailed pro-
cedures can be found in Hsu et al. [13].  As Ca2+ is highly 
soluble with a relatively small variability compared to other 
soluble species in dust particles, its dissolved concentration is 
used for comparison with the model results.  To compare the 
Ca2+ deposition flux between the model simulation and the 
samplings, the simulated Ca2+ is assumed to account for 8%  
of the dust mass and to have 80% solubility, based on previous 
studies [14, 35].  The simulated deposition flux of dissolved 
Ca2+ is calculated by multiplying the dust concentrations with 
the Ca2+ fraction and its solubility. 

To compare the model results with the samples, the ob-
served hourly PM10 (particulate matter, less than 10 µm in 
diameter) concentration and rainfall amount, respectively, are 
also provided.  The observed PM10 concentration is obtained 
from the Wanli Station, located at the northern tip of Taiwan, 
and 35 km from the Ca2+ sampling site.  Wanli is a small town 
facing the seashore of northern Taiwan, so the measurement 
obtained from this station is often used to represent the in-
fluence of Asian outflow on Taiwan [21, 26].  The good cor-
relation between the Ca2+ sampling and the PM10 concentra-
tion indicates the arrival of the dust event.  The correlation is 
presumably better than any other station, since the PM10 
concentration at other station could be contaminated by local 
pollutants.  The rainfall amount is obtained from the Hsichih 
Station, located about 8 km from the Ca2+ sampling site, be-
cause the station is the closest station to the sampling site with 
rainfall measurement available.  For those periods with insuf-
ficient wet deposition measurement, the model simulated wet 
deposition can be verified through dry deposition measure-
ment before and after the period and the rainfall amount of the 

period obtained from Hsichih Station.  Both Wanli and Hsichih 
stations are maintained by Taiwan’s Environmental Protection 
Administration (EPA). 

2. Model Descriptions 

The Taiwan Air Quality Model, which includes a dust 
module, (TAQM-Dust) is applied to simulate the regional dust 
distributions over East Asia [34].  The original TAQM is a 3-D 
regional model used to simulate the distribution of trace gases 
and particles [16].  The model domain covers East Asia from 
about 10°N to 60°N and 70°E to 150°E (Fig. 1), with a hori-
zontal resolution of 81 km × 81 km.  Vertically, the model is 
divided into 15 sigma levels, with a higher vertical resolution 
ranging from roughly 40 m near the surface to 1 km to 2 km 
near the tropopause of 100 hPa.  A dust simulation is produced 
for the months of northeasterly monsoon, that is, from January 
to May and November to December, in 2008 and compared 
with observations.  The initial model domain contains no dust 
concentration.  It takes at least one week to generate dust 
concentration in the model domain.  To minimize the influence 
of the initial conditions on model simulations, the first month 
of the model simulation (i.e., January 2008) is not included in 
the discussion. 

The meteorological data, such as wind, temperature, and 
pressure, for dust transport in the model is obtained from 
National Center for Atmospheric Research (NCAR)/Penn State 
Mesoscale Meteorological Model (MM5) [1, 7, 11] simula-
tions.  Initial and boundary input for MM5 include the Tropi- 
cal Ocean and Global Atmosphere (TOGA) advanced analysis 
obtained from the European Center for Medium-Range 
Weather Forecast (ECWMF).  For each day of 2008, MM5 is 
run for two days, but only the second day of simulation is used 
for connecting the data into the whole year for used in CMAQ.  
The first day of MM5 simulation is not used to avoid the initial 
problem of the model.  To ensure the meteorological fields  
are well simulated, the four-dimensional data assimilation 
scheme is selected in the model based on the ECWMF TOGA 
advanced analysis data.  The analysis data with surface and 
upper air analyses are archived on a 1.125 × 1.125 degree grid 
with a six-hour interval. 

TAQM-Dust consists of dust emission, transport, and depo- 
sition modules.  In the dust emission module, developed based 
on Wang et al. [35], dust particles are divided into 12 size bins 
ranging from 0.13 µm to 20.13 µm.  Dust transport is computed 
using Bott’s [3] scheme, which can minimize the numerical 
diffusion problem.  Horizontal and vertical advection and dif-
fusion are included in the dust transport module, as well as a 
boundary layer mixing scheme from Pleim and Chang [28], so 
the chemical species can be rapidly transported upward through 
the troposphere under convective conditions.  Wet deposition of 
dust is calculated using a diagnostic cloud module [36].  The 
subcloud removal of dust particles is considered in the wet 
removal process.  Dry deposition of dust is calculated from  
the deposition velocities and the dust concentration in the  
model surface layer.  Dry deposition velocities are de rived  
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Fig. 1. Map of East Asia, deserts in China (yellow shaded area), East and 

South China Seas (green circle), and the sampling site at Taipei 
(star), Taiwan. 

 
 

from the aerodynamic, sub-layer and canopy resistances [30].  
Gravitational settling of dust particles above the surface layer 
is also included among the dry deposition processes. 

III. RESULTS 

Fig. 2 shows the measured Ca2+ deposition flux and the 
PM10 concentrations obtained respectively from the Taipei and 
Wanli stations in Taiwan during spring 2008, along with a 
comparison against simulated deposition fluxes.  The dry 
deposition of Ca2+ in dust particles are enhanced in four epi-
sodic dust events during 2008, namely the events from Feb-
ruary 27 to March 10, March 24 to 28, April 23 to 28, May 13 
to 23 (including May 13 to 18 and May 20 to 23), peaking 
close to 10 mg m-2 day-1 on April 23.  The high dry deposition 
flux of Ca2+ is consistent with high PM10 concentrations 
measured at the Wanli Station.  Since the Wanli Station, lo-
cated at the northern tip of Taiwan, often receives aerosols 
from Asian outflow in spring [22] and Ca2+ predominantly 
originates from dust particles [14], this consistency indicates 
that Asian dust activities contribute to the enhanced dry 
deposition flux of Ca2+ in Taipei. 

For the four major dust events with observed Ca2+ deposi-
tion flux of at least 4 mg m-2 day-1 discussed above, the simu-
lated dry deposition fluxes  reached similar magnitude during 
the same episodic dust events, and reasonably captures the 
dust events when comparing with observed PM10 concentra-
tions (Fig. 2).  However, the simulated magnitude and timing 
of dry deposition flux of Ca2+ slightly differ from the meas-
urement.  Several factors can contribute to this discrepancy.  
First, anthropogenic pollution is also a source of Ca2+, though 
the contribution is estimated to be only around 5% on average 
[23].  If anthropogenic Ca2+ is sampled, the sampled concen-
trations will be different from the simulated concentrations of 
Ca2+ calculated from dust concentrations alone.  Second, the 
Ca2+ mass fraction in dust particles and its dissolution per-
centage vary by a magnitude of two depending on the source  
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Fig. 2. The sampled and modeled (a) dry and (b) wet deposition flux of 

Ca2+ (mg m-2 day-1) in dust particles at Taipei, Taiwan from Feb-
ruary to May 2008.  Observed PM10 concentrations (µg m-3) and 
rainfall amount (mm/day) are included in the dry and wet depo-
sition plots, respectively. 

 
 

location of dust and the dissolution condition.  These varia-
tions can contribute to the discrepancy when comparing against 
the model simulation, which applies an average value obtained 
from previous measurements [14, 36].  Moreover, the model 
resolution can contribute to the discrepancy if dust is not 
homogeneously distributed over the model domain.  Both the 
meteorological and chemical simulation can also have some 
biases and were discussed in previous studies [20, 35].  There- 
fore, the comparison of deposition flux between the model and 
measurements is more challenging than the comparison of 
dust concentration in the air between them, which has been 
demonstrated to be consistent in previous studies [34].  Nev-
ertheless, the results demonstrate that the model has well cap-
tured the dry deposition of these dust events. 

In addition to dry deposition, Fig. 2 also shows the meas-
ured wet deposition flux of Ca2+ and the rainfall amount at 
Taipei in spring 2008, compared with the model simulation.  
The observed wet deposition flux is elevated during February, 
mid-March, and early April, with a maximum of about 5 mg 
m-2 day-1.  Although the model simulation is mostly consistent 
with measurements during these periods, there is insufficient 
measurement from late April to May, when Ca2+ measurement 
is not available.  To compensate for the insufficient meas-
urement, observed rainfall amount from the nearby EPA station 
is added for comparison.  Fig. 2(b) shows that the calculated 
wet deposition of Ca2+ peaks during some rainfall events  
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Fig. 3. Monthly averaged dust concentrations (µg m-3) in the air over 

East Asia during the months of northeasterly monsoon in 2008. 

 
 

and reached a maximum of 28 mg m-2 day-1 on May 19.  The 
simulated maximum wet deposition occurs between the dust 
events on May 13 to18 and May 20 to 23, within which rainfall 
is also observed, resulting in an enhanced wet deposition flux 
of Ca2+.  During other period, the wet deposition sometimes 
peak although rainfall is modest, because wet deposition also 
strongly depend on dust concentration.  The result shows that 
the calculated wet removal of Ca2+ is reasonable when com-
paring with the observations of rainfall and dust event. 

To estimate the impact of Asian dust on the East Asian 
marginal sea, including the East and South China Seas, the 
atmospheric dust concentration, and the dry and wet deposi-
tions of dust and iron, are simulated during the months of 
northeasterly monsoon, when Asian dust events are transported 
downwind.  Fig. 3 shows the simulated monthly averaged dust 
concentration in the air on February-May and Novem-
ber-December 2008.  The enhanced dust concentrations are 
mainly located over the deserts, including the Taklimakan 
Desert, Gobi Desert and Loess Plateau (also see Fig. 1).  Higher 
concentrations are observed from March to May when dust 
events are active, similar to results in previously studies [23].  
The maximum concentration of these months reaches more 
than 1300 µg m-3, and decreases to less than 300 µg m-3 to 800 
µg m-3 during the other months.  In May, when dust events are 
active during the year (http://baike.baidu.com/view/3381041. 
htm), dust concentrations can reach approximately 100 µg m-3 
over the northeastern coast and the marginal sea of China. 
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Fig. 4. Monthly averaged dry deposition flux of dust (mg m-2 day-1) over 

East Asia during the months of northeasterly monsoon in 2008. 
 
 
Fig. 4 shows the simulated monthly averaged dry deposi-

tion flux of dust over East Asia.  The dry deposition flux of 
dust is calculated from the surface concentrations of dust and 
deposition velocity, and thus the distribution pattern of the dry 
deposition flux is somewhat similar to that of the dust con-
centration.  The deposition flux reaches a maximum in May, 
because of the higher dust concentration than in other months 
(Fig. 3).  The maximum flux of over 1000 mg m-2 day-1 is 
calculated over the desert areas in China.  During this month, 
more than 30 mg m-2 day-1 of deposition flux is also observed 
over the eastern coast and the marginal sea. 

In addition to dry deposition, wet deposition also contrib-
utes to dust deposition to the sea surface.  The wet deposition 
of dust is attributed to both precipitation and dust concentra-
tion.  Although dust is most concentrated over deserts, pre-
cipitation occurs more frequently over the coastal regions  
(Fig. 5).  As a result, wet deposition of dust is observed over 
both the continent and the marginal seas, with a maximum 
deposition flux of over 300 mg m-2 day-1 over northern China 
in May (Fig. 6).  The deposition flux reaches approximately  
50 mg m-2 day-1 over the northern marginal sea of East Asia  
in the same month. 

On average, the simulated dry deposition flux of dust is 15 
and 2 mg m-2 day-1 over the East and South China Seas, re-
spectively, during the northeasterly monsoon, slightly lower 
than the wet deposition flux of dust (18 and 5 mg m-2 day-1, 
respectively).  Both the deposition flux over the South China  
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Fig. 5. Monthly averaged rainfall amount (mm) over East Asia during 
the months of northeasterly monsoon in 2008. 

 
 

Sea is 5 to 10 times lower than that in the East China Sea.  The 
averaged dry deposition flux of dust over the East China sea is 
similar to those extrapolated from measurements by Hsu et  
al. [13], while the simulated wet deposition flux in the current 
study is lower than in their study (38 mg m-2 day-1).  On the 
other hand, Gao et al. [9] also estimated an almost equivalent 
value between the dry and wet deposition fluxes of dust, al-
though their values (about 35 mg m-2 day-1) are both greater, 
because they are measured over the northern East China Sea 
instead of the entire East China Sea.  If the almost equivalent 
value between the dry and wet deposition fluxes of dust ob-
tained from Gao et al. [9] is applied to our studies, the aver-
aged wet deposition flux will be close to the result we obtained.  
Comparing to these studies, we found that our simulated wet 
deposition flux is in the reasonable range. 

Monthly averaged deposition of iron over the marginal sea, 
including the East China Sea and South China Sea, is calcu-
lated from the dust deposition by assuming that iron accounts 
for 4% of the mass of dust particles, according to previous 
measurements [36].  Fig. 7 shows that the simulated dry depo- 
sition flux of iron ranges from less than 0.05 mg m-2 day-1 to 1 
mg m-2 day-1 over East China Sea during the months of the 
northeasterly monsoon.  The maximum flux over the East 
China Sea occurs in March, when the dry deposition flux is 
about 1 mg m-2 day-1.  Since the major dust events of the year 
occurred in early March and dust was transported southeast-
ward (see dry deposition from Taiwan in Fig. 2(a)), the dry  
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Fig. 6. Monthly averaged wet deposition flux of dust (mg m-2 day-1) over 

East Asia during the months of northeasterly monsoon in 2008. 

 
 

deposition flux of iron peaked in that month.  The minimum 
deposition flux over the East China Sea occurs from Novem-
ber to December, when the flux is mostly below 0.25 mg m-2 
day-1.  For all months, the dry deposition flux decreases with 
distance away from the continent. 

Similarly, the wet deposition of iron over the East China 
Sea is calculated from the wet deposition of dust.  Fig. 8 shows 
the spatial distribution of the wet deposition flux of iron  
during the months of the northeasterly monsoon.  The wet 
deposition of iron reaches a maximum in March-April when 
the dust concentration and precipitation are greater (also see 
Fig. 2).  The maximum wet deposition flux is over 2.5 mg m-2 
day-1 over the East China Sea, which is greater than the 
maximum value of dry deposition flux (1 mg m-2 day-1) over 
the area.  The deposition decreases when precipitation and 
dust activity is less, and reaches a minimum on November, 
when the deposition flux is mainly below 0.25 mg m-2 day-1 

over the East China Sea.  Unlike its dry deposition, the wet 
deposition of iron demonstrates an uneven distribution over 
the East China Sea. 

Over the South China Sea, the dry deposition of iron de-
creases with distance from the Asian continent due to the 
deposition of dust during southward transport (Fig. 9).  The 
deposition flux reaches a maximum in May, when the flux is 
mainly greater than 0.05 mg m-2 day-1 over the northern South 
China Sea, but decrease rapidly southward to below 0.05 over 
the southern South China Sea.  The minimum deposition flux  



 F. Tsai: Asian Dust and Iron Depositions Over Seas 465 

 

32N

30N

28N

26N

24N

32N

30N

28N

26N

24N

32N

30N

28N

26N

24N

32N

30N

28N

26N

24N

32N

30N

28N

26N

24N

32N

30N

28N

26N

24N

118E 120E 122E 124E 126E 128E 130E
0.05 0.1 0.25 0.5 1.25 2.5 50.01

118E 120E 122E 124E 126E 128E 130E
0.05 0.1 0.25 0.5 1.25 2.5 50.01

118E 120E 122E 124E 126E 128E 130E
0.05 0.1 0.25 0.5 1.25 2.5 50.01

118E 120E 122E 124E 126E 128E 130E
0.05 0.1 0.25 0.5 1.25 2.5 50.01

118E 120E 122E 124E 126E 128E 130E
0.05 0.1 0.25 0.5 1.25 2.5 50.01

118E 120E 122E 124E 126E 128E 130E
0.05 0.1 0.25 0.5 1.25 2.5 50.01

Feb May

Mar Nov

Apr Dec

 
Fig. 7. Monthly averaged dry deposition flux of iron (mg m-2 day-1) over 

East China Sea during the months of northeasterly monsoon in 
2008.  

 
occurs in November, when the deposition flux is mainly below 
0.1 mg m-2 day-1 over the whole area. 

The wet deposition of iron over the South China Sea is also 
greater than the dry deposition of iron over the area (Fig. 10).  
The maximum wet deposition flux occurs in May, when the 
flux is predominately greater than 0.1 mg m-2 day-1 over the 
northern South China Sea.  On the other hand, the uneven 
distribution of the wet deposition flux extends far south to the 
southern South China Sea in March, primarily because of the 
southeastward transport of the major dust event in early March. 

Simulated dry and wet deposition fluxes of iron over the 
East and South China Seas are summarized in Fig. 11.  Over 
the East China Sea, the monthly averaged dry deposition flux 
ranges from less than 0.1 mg m-2 day-1 in November to 1.1 mg 
m-2 day-1 in March (Fig. 11(a)).  The wet deposition flux is 
greater than the dry deposition flux in nearly every month, 
with values ranging from 0.15 mg m-2 day-1 in November to 
1.4 mg m-2 day-1 in April.  The mean wet deposition flux of 
iron over the East China Sea, during the northeasterly mon-
soon season is about 0.7 mg m-2 day-1, about 1.2 times greater 
than the dry deposition flux (0.6 mg m-2 day-1).  The total 
deposition flux of iron over the East China Sea is about 1.3 mg 
m-2 day-1.  This value is lower than the value (3.1 mg m-2 day-1)  
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Fig. 8. Monthly averaged wet deposition flux of iron (mg m-2 day-1) over 

East China Sea during the months of northeasterly monsoon in 
2008.  

 
estimated by Hsu et al. averaged from 2002 to 2006 [12], 
which are also moderate dust activity years.  The lower value 
is attributed to the fraction of Fe (4%) in dust particles as-
sumed in the current study is lower than that in their study 
(about 5.5%).  In addition, the wet deposition flux of dust, and 
thus iron, calculated in our study is also lower than in their 
study, as discussed previously. 

Both simulated deposition fluxes are lower over the South 
China Sea due to the decrease in dust concentration during 
their southward transport (Fig. 11(b)).  The dry deposition flux 
ranges from 0.04 mg m-2 day-1 in November to 0.2 mg m-2 
day-1 in May over the South China Sea.  The mean dry depo-
sition flux of 0.1 mg m-2 day-1 is only one-sixth of the value 
over the East China Sea.  The wet deposition flux over the 
South China Sea is slightly larger than that of the dry deposi-
tion flux.  The mean value of the wet deposition flux of 0.15 
mg m-2 day-1 over the South China Sea is only one-fifth of the 
value over the East China Sea and the maximum deposition 
flux of 0.25 mg m-2 day-1 occurs in March. 

IV. CONCLUSION 

The TAQM-Dust model, with incorporated dust module is  
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Fig. 9. Monthly averaged dry deposition flux of iron (mg m-2 day-1) over 

South China Sea during the months of northeasterly monsoon in 
2008.  

 
applied to investigate dust and iron deposition over the East 
Asian marginal sea during the months of the northeasterly 
monsoon, when dust events are often observed.  The results of 
dry and wet deposition of dust are compared with the meas-
urements obtained from Taipei, Taiwan.  The comparison of 
dissolved Ca2+ concentrations from the dry and wet deposi-
tions of dust particles demonstrates that the model results are 
fairly reasonable in 2008 when measurements are available.  
The dry and wet depositions of dust and iron are then calcu-
lated over the East Asian marginal sea, including the East 
China Sea and the South China Sea. 

The results demonstrate that high concentrations of dust in 
the air are observed from March to May, resulting in high dry 
and wet deposition fluxes of dust and iron calculated within  
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Fig. 10. Monthly averaged wet deposition flux of iron (mg m-2 day-1) over 

South China Sea during the months of northeasterly monsoon in 
2008.  

 
these months over the East Asian marginal sea.  The dry 
depositions of dust and iron are concentrated over the deserts 
of China, and decrease with distance downwind from the 
continent.  In comparison, the wet deposition of dust and iron 
shows an uneven distribution over East Asia and the marginal 
sea due to the combined contributions from precipitation and 
dust concentration. 

By assuming that iron accounts for 4% of mass in dust 
particle, model results suggest that the averaged dry deposi-
tion of dust is about 15 mg m-2 day-1, while the averaged wet 
deposition flux of dust is about 18 mg m-2 day-1 over the East 
China Sea.  For iron, the averaged dry and wet deposition flux 
are 0.6 mg m-2 day-1 and 0.7 mg m-2 day-1, respectively, over 
East China Sea.  Both deposition fluxes over South China Sea  
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Fig. 11. Monthly averaged dry and wet depositions flux of iron over (a) 

East China Sea and (b) South China Sea. 
 
 

are five to six times lower than those over the East China Sea 
due to the distance away from the source area, and are only 
about 0.1 mg m-2 day-1 and 0.15 mg m-2 day-1 on average 
during the months of the northeasterly monsoon respectively. 

In this study, the impact of Asian dust deposition over the 
marginal sea of East Asia in 2008 is simulated.  The results 
represent the dust effects in a regular year, when dust activity 
is moderate.  The deposition of iron and other crustal nutrients 
of dust particle are important to marine biogeochemistry in the 
East Asian marginal sea.  The results of these deposition im-
pacts require further assessment. 
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