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Abstract
A severe sandstorm formed on 19 March 2010 over the Gobi Desert. This sandstorm not only
affected the northeastern part of China, Korea and Japan, it also reached as far south as the coastal
areas of southern China. On 21 March, the local visibility deteriorated while sand and dust
weather started to affect Hong Kong. The Hong Kong International Airport and Waglan Island
recorded a minimum visibility of around 2000 m on 22 March.
This paper explored the application of a particle dispersion model, namely the Flexible Particle
Dispersion Model (FLEXPART), in simulating the transportation and dispersion processes of
sand and dust in this event. The temporal and spatial variations as well as the magnitude of
PM10 concentrations at various locations were verified against the observed data. Besides, the
simulation results were also compared with those from the Regional Air Quality Model System
(RAQMS) and WRF-Chem in other studies as well as the HYbrid Single-Particle Lagrangian
Integrated Trajectory (HYSPLIT) model. Despite various assumptions and limitations in
different models, the study shows that the results of FLEXPART serve as a good reference for
forecasters in analyzing and forecasting the trend of sand-dust evolution.
*Corresponding author email: wclai@hko.gov.hk
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1. Introduction
Sandstorm or dust storm (collectively referred as SDS hereafter) are rather common
meteorological phenomena in arid and semi-arid regions. Topographic lows in deserts are the
predominant sources of atmospheric mineral dust because, in these regions, fine particles that
have been transported by water after rainfall are easily eroded and transported by wind during
the dry season (WMO 2013). Taklimakan Desert and Gobi Desert in northwestern China are
two major sources of sand-dust (Qian et al. 2002; Shao and Dong 2006). In East Asia, SDS
usually occurs during spring and autumn, where sand/dust (SD) weather is generally initiated by
strong winds associated with passing cold fronts, mid-latitude cyclones, or cold air outbreaks
(Shao and Dong 2006). The suspended SD is then transported to long distances by large-scale
winds and affects downstream regions.
SDS is one of the common hazards to cities over northern China. The SDS originated from
Gobi Desert mainly travels eastward. Even if it travels southward, most SD will be deposited
due to gravity and washout by wet processes (Zhang et al. 2010). However, there were past
events that SD travelled thousands of kilometers from the source area and affected southern
China and its vicinity (Lee et al. 2010; Tan et al. 2012; Fan et al. 2013). In fact, the SDS that
affected East Asia during 19-23 March 2010 was one of these significant events (Lau & Choi
2011; Li et al. 2011; Wang et al. 2011; Lin et al. 2012).
Several observational or model simulation studies of the March 2010 SDS event had been
conducted by other researchers.
With the use of Moderate Resolution Imaging
Spectroradiometer (MODIS) and Cloud Aerosol LIdar with Orthogonal Polarization (CALIOP),
Guo et al. (2013) showed that the dust source for this event was mainly from the Gobi Desert
and the SD was emitted on 19 March 2010. The contribution from the Taklimakan Desert
appeared to be negligible. However, as surface observations were normally not dense enough
to easily identify the SD source regions and the transport pathways, Guo et al. (2013) also
performed a backward trajectory simulation using the HYbrid Single-Particle Lagrangian
Integrated Trajectory (HYSPLIT) model of the U.S. National Oceanic and Atmospheric
Administration (NOAA) to support his observations that the SDS was originated from the Gobi
Desert on 19 March 2010. The results were basically consistent with an earlier study by Guang
et al. (2011) using China’s geostationary meteorological satellite FY-2D, MODIS, and HYSPLIT
backward trajectory.
This major SDS also generated interest among the scientific community in evaluating the
capability of different models in simulating this rare yet significant event. Li et al. (2011) used
Regional Air Quality Model System (RAQMS) to simulate the event with inputs of aerosol
inventories from NASA’s Intercontinental Chemical Transport Experiment Phase B project, and
meteorological initial and boundary conditions from the National Center for Atmospheric
Research (NCEP) reanalysis and the fifth generation mesoscale model (MM5) of the National
Center for Environmental Prediction (NCAR). The RAQMS is a 3D Eulerian model, with a
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horizontal resolution of 0.5º x 0.5º. Twelve vertical layers are stretched unequally from ground
to about 10 km with the lowest six layers being 50 m above ground. Besides, Lin et al. (2012)
and Chow et al. (2014) used WRF-Chem of version 3.2.1 to study and evaluate the spatial,
temporal patterns and magnitude of SD concentrations. WRF-Chem is a meteorological and dust
transport coupled model, with a horizontal resolution of 0.25º x 0.25º. There are 27 vertical levels
up to about 50 hPa with the lowest level at around 20 m above ground. The results of these
studies showed that while the spatial evolution of the SD plume could generally be well captured,
yet the simulated magnitudes were significantly underestimated as compared with the observed
magnitudes at various stations over central and southern China.
Past studies using Flexible Particle Dispersion Model, namely FLEXPART (Stohl et al. 1998)
were found to be mostly used in the simulation for the transport of a point source, such as volcanic
ash, aerosols, pollutants, or radioactive species from a nuclear power plant accident. It is of
interest to study the capability of FLEXPART in simulating the March 2010 SDS in this paper.
An overview of the methodology and models setup is given in Section 2. The synoptic
background and observations of the March 2010 SDS event are described in Section 3. The
model outputs from FLEXPART were compared with the observed data, the WRF-Chem (Chow
et al. 2014), RAQMS (Li et al. 2011) outputs, and also briefly with the Real-Time Environmental
Applications and Display System (READY), a web-based system of HYSPLIT (Stein et al. 2015)
in Section 4. Concluding remarks and potential application of FLEXPART in operational
forecasting of SDS are given in Section 5.

2. Methodologies and model setup
FLEXPART is a Lagrangian particle dispersion model that simulates long-range and mesoscale
transport, diffusion, dry and wet deposition, and radioactive decay tracers released from point,
line, area, or volume sources. The European Centre for Medium-Range Weather Forecasts
(ECMWF) model level analysis data at 6-hourly intervals were used as meteorological input data,
with a horizontal resolution of 0.125º x 0.125º and 60 vertical levels. There are approximately 14
model levels below 1500 m and 23 below 5000 m. The input parameters included horizontal
and vertical wind components, temperature, specific humidity, surface pressure, total cloud cover,
10-m horizontal wind components, 2-m temperature and dew point temperature, precipitation
and sensible heat flux as well as surface stress.
The species and parameters of the released source were specified in terms of its density (𝜌), mean
diameter (d), diameter variation in percentage (𝜎), scavenging coefficient (A), and dependency
on precipitation rate (B) similar to those in other studies (e.g. Stohl et al. 2010) in the control run.
In this SDS study, version 9.02 of the FLEXPART was used. PM10 concentration was adopted
as the proxy for detecting SD weather (WMO 2013) and the specification of the parameters
related to the SD source is given in Table 1 (McMahon et al 1979; Escudero et al. 2006; Lee et
al. 2010; Li et al. 2011; Chow et al. 2014). Sensitivity analysis has been done by changing the
values of A, B, and the mass emitted (M). The number of particle release was set to the
maximum allowed by the model in all runs.
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Table 1. Specification of the source parameters used in the FLEXPART model simulation
Density of PM10
1.35 × 103 kg/m3
Mean diameter of PM10
6.25 × 10−6 m
Diameter variation in percentage
0.3
Scavenging coefficient (A)
4 × 10−5 s-1
Dependency on precipitation rate (B)
0.8
Number of particle release
50,000
Mass emitted (M)
1.104 × 1011 kg
Location of source
39-45°N, 95-110°E
Release period
00-23 UTC 19 March 2010

Table 2. Conversion between API and PM10 concentration
API
0
50
100
200
3
0
50
150
350
PM10 (µg/m )

300
420

400
500

500
600

The spatial and temporal distribution of PM10 concentrations in the model outputs were compared
with the observed data from the Hong Kong Environmental Protection Department (EPD), the
China National Environmental Monitoring Centre (EMC) and the Taiwan Environmental
Protection Agency. Only daily mean Air Pollution Index (API) capped at 500 could be obtained
from EMC. Following Li et al. (2011), the conversion between API and PM10 concentration is
listed in Table 2. For values of API not listed in Table 2, the corresponding PM10 concentration
is deduced as follows:
𝐶=

𝐶𝑛 − 𝐶𝑚
(𝐼 − 𝐼𝑚 ) + 𝐶𝑚
𝐼𝑛 − 𝐼𝑚

where I is the API, which has a value between the lower and the upper values of a category, Im
and In as given in Table 2. For example, Im =50, In = 100, the corresponding PM10
concentrations, Cm and Cn, are then 50 and 150 respectively. C is the daily mean PM10
concentration corresponding to I. One should be cautious when interpreting the comparison
results between the model and actual PM10 concentrations, as PM10 concentrations at stations in
Mainland China are capped at 600 µg/m3 due to the upper limit of 500 for the API obtained from
EMC.
The Sand Dust (SD) module of HYSPLIT READY (Rolph et al. 2017) was also employed in the
model simulation of the March 2010 SDS event. A model for the emission of PM 10 dust has
been constructed (Draxler et al. 2001) using the concept of a threshold friction velocity which is
dependent on surface roughness. Surface roughness is correlated with geomorphology or soil
properties and a dust emission rate is computed where the local wind velocity exceeds the
threshold velocity for the soil characteristics of that emission cell. An area of ‘desert’ land-use
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grid cells was set over 39-45°N, 95-110°E, the same as that in the FLEXPART model simulation.
The release period was 24 hours starting from 00 UTC on 19 March 2010 with a 1-hr emission
cycle. The dry deposition rate was set to 0.1 cm/s, while the wet removal was set to zero for
the sake of simplicity. The dispersion simulation period was 96 hours. The default NCEP
reanalysis data with a horizontal resolution of 2.5º x 2.5º on 17 pressure levels from 1000 hPa to
10 hPa at 6-houly intervals were used in HYSPLIT READY model run. A summary of the
meteorological data inputs is given in Table 3.

Table 3. A comparison of the meteorological data input to the dispersion model
FLEXPART
WRF-Chem
RAQMS
HYSPLIT
READY
Meteorological
ECMWF model WRF based on
MM5 based on
NCEP reanalysis
input
analysis
NCEP reanalysis NCEP reanalysis
Horizonal
0.125º x 0.125º
0.25º x 0.25º
0.5º x 0.5º
2.5º x 2.5º
resolution
Number of
60
27
12
17
vertical levels

3. Synoptic background and observations of the SDS event
On 19 March 2010, the tight pressure gradient in between an area of high pressure and the low
pressure area brought about strong northwesterlies over Gobi Desert (Figure 1) and set the
favourable synoptic condition for the occurrence of SDS. A map showing the locations of the
places mentioned in this paper can be found in Figure 2. In fact, the daily mean wind speed
near Gobi Desert on that day showed a maximum of 16 m/s (Figure 3), much higher than the
threshold wind speed of 6 m/s for the emission of SD from Gobi Desert (Zhu & Zhang 2010).
The SD emission was also evident from the “Sand, Dust, Ash” product of the MTSAT-1R satellite
(Figure 4a).
As the high pressure area near the Gobi Desert advanced southeastward during 19-20 March
(Figure 1), the associated SD spread to eastern China and the East China Sea, which was evident
from the MODIS images (Figure 4b). On 20 March, a cold front developed over central China
and moved southeastward. The northeast monsoon associated with the cold front transported
SD further south along the coast of southeastern China, which then impacted Taiwan and the
south China coastal region including Hong Kong. The southward migration of SD through the
Taiwan Strait can be seen from the MODIS image on 21 March (Figure 4c).
Locally in Hong Kong, the arrival of SD associated with the northeast monsoon caused the PM10
concentration at Tap Mun, the eastern-most air monitoring station in Hong Kong, to rise abruptly
soon after the arrival of the easterlies at around 07 UTC on 21 March. Meanwhile, the visibility
at Waglan Island, an offshore island on the southeastern tip of the territory, fell from 8 km at 06
5

00 UTC 19 March
2010

12 UTC 19 March
2010

00 UTC 20 March
2010

12 UTC 20 March
2010

12 UTC 21 March
2010

00 UTC 21 March
2010

Figure 1.

Mean sea-level pressure (in units of Pa) of the NCEP reanalysis data for the period

between 00 UTC 19 March and 12 UTC 21 March 2010. High and low pressure systems
associated with the sand-dust transport are marked by H and L respectively.

UTC to around 2000 m at 09 UTC. The PM10 concentration at Tap Mun continued to increase
in the following hours to a record breaking 710 µg/m3, more than 17 times of its annual average.
A maximum daily PM10 concentration of 630 µg/m3 was recorded in Central, Hong Kong on 22
6

Figure 2. Geographical locations of the stations mentioned in this paper.
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Figure 3. Surface mean
(b) daily wind speed (in units of m/s) and wind direction (vectors) on 19
March 2010.

(a)

(b)

(c)

(d)

Figure 4. (a) MTSAT-1R image at 0330 UTC 19 March 2010 showing sand and dust using IR
split channel technique; (b) MODIS true colour satellite images at 0250 UTC 20 March 2010; (c)
0510 UTC 21 March 2010; and (d) 0240 UTC 22 March 2010.

March (Figure 5a). The visibility at the Hong Kong International Airport recorded a minimum
of 2000 m (photo shown in Figure 5b). That morning, the PM10 concentration stayed in the
region of 600 μg/m3 during the daytime on 22 March while the visibility in Hong Kong generally
lingered between 2000 m and 3000 m. The visibility in Hong Kong did not improve until late
in the evening that day (Lau & Choi 2011).
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(µg/m3)
PM10 concentration

Figure 5.
(a) Daily PM10 concentration in Central, Hong Kong, from 19 to 23 March 2010;
(b) A photo taken by the weather observer at the Hong Kong International Airport at around 23
UTC on 21 March 2010.

4. Results of model simulations and discussions
4.1 Spatial dispersion pattern
Figure 6 shows the PM10 concentration in the model simulation by WRF-Chem in Chow et al.
(2014) study and the control run using FLEXPART in this study. In FLEXPART, the model
simulation started with a user-defined uniform SD source over an area with a high concentration
of PM10 over Gobi Desert at 00 UTC on 19 March, simulating the initial condition of WRF-Chem
where SD emission was triggered over the area under high wind condition that day. On 20
March, the SD started to disperse southeastward. The plume covered the Yellow Sea and
Shanghai in both models. An organized band of SD had also formed, extending from near Wuhan
to Japan. This was associated with a cold front which moved generally southward. The band of
SD continued to advance southward in both models on 21 March, reaching Taiwan, and then
Guangdong. The overall SD dispersion pattern of FLEXPART was similar to that of WRF-Chem.
The simulation result of FLEXPART was also compared with that of RAQMS (Li et al. 2011).
As only the daily mean PM10 concentration was shown in the latter study, the comparison was
made with this element in Figure 7. The PM10 concentration in RAQMS was found to be larger
over the coastal region of eastern China and its vicinity on 20 March. This is probably because
RAQMS contains other aerosol inventories that are also classified as PM 10 , such as
anthropogenic emissions and biomass burning from cities and factories, which were not
originated from the SDS. In FLEXPART, all regions were initially assumed to have no aerosols
apart from the defined SD source. On 21 March, the main SD plume in RAQMS moved
eastward and its pattern resembled that of the circulation of an extratropical cyclone centered
9

(a) WRF-Chem from Chow et al.
(2014)

06 UTC 19 March

18 UTC 20 March

18 UTC 19 March

06 UTC 21 March

06 UTC 20 March

18 UTC 21 March

(b) FLEXPART

06 UTC 19 March

18 UTC 19 March

18 UTC 20 March

06 UTC 21 March

06 UTC 20 March

18 UTC 21
March

Figure 6. Sandstorm simulation for 06 UTC 19 March to 18 UTC 21 March 2010, showing
PM10 concentrations (in units of µg/m3) of (a) WRF-Chem from Chow et al. (2014) in shades;
and (b) FLEXPART.

near Korea. Although the SD also dispersed eastward in FLEXPART, the swirling pattern was
not seen. The SD in FLEXPART spread southward along the coast of southeastern China and
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reached the northern part of Taiwan on the morning of 21 March. It later reached Hong Kong
at around the 61st forecast hour of model simulation, which was 13 UTC on 21 March and around
4 hours later than the observed. The southward spread of SD along the coast of southeastern
China was prominent in RAQMS later on 22 March. However, the plume has larger coverage
in FLEXPART, though overall with lower concentration.

(a) RAQMS from Li et al. (2011)

(b) FLEXPART

20 March 2010

21 March 2010

22 March 2010

23 March 2010

Figure 7. As in Figure 6, but for daily mean PM10 concentrations of (a) RAQMS from
Li et al. (2011); and (b) FLEXPART ending at 00 UTC on 20-23 March 2010.
Figure 8 shows the HYSPLIT SD module dispersion simulation results for the March 2010 SDS
event. A brief comparison of the dispersion pattern and PM10 concentration was made with
FLEXPART. The SD generally spread southeastward from 19 to 20 March in the model run
initialized at 00 UTC on 19 March. Some southward advancement of the PM 10 plume over the
East China Sea can be seen on 21 March (Figure 8d & e). On the morning of 22 March, the
southern edge of the PM10 plume reached the central part of Taiwan Strait with concentration
reaching over 1000 µg/m3 over isolated regions, while the major plume continued to disperse
eastward into the western North Pacific (Figure 8f). The PM10 plume apparently had no further
southward advancement thereafter, and did not reach Hong Kong at the end time of simulation
of 96 hours at 00 UTC on 23 March (Figure 8h). The relatively weak near-surface winds from
the coarse resolution of meteorological model data used in the HYSPLIT READY model run
might not be efficient enough to transport the HYSPLIT simulated SD front into closer alignment
with the observations in the downstream areas farther away from the source like Hong Kong in
its Eulerian grid computation of particle concentrations. However, the HYSPLIT Lagrangianbased forward trajectory ensemble simulation for 168 hours shows that some ensemble
11

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Figure 8. As in Figure 5, but for HYSPLIT READY simulation, showing PM10 concentrations
(in units of µg/m3) over the 96-hours simulation period.
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trajectories managed to reach southern China and even the northern part of the South China Sea
(Figure 9), though with some pathways going through central China instead of the coast of
southeastern China and the Taiwan Strait. The vertical profile indicates that the SD transport
was mainly below 3000 m altitude, generally consistent with that shown in Chow et al. (2014)
study using WRF-Chem, Li et al. (2011) study using RAQMS, and the observations from
CALIPSO as given in both studies.

Figure 9. HYSPLIT 168-hour ensemble forward trajectories for an emission source at 45 N,
105 E over Gobi desert for illustration purpose.

4.2 Temporal evolution of the plume concentration
Figure 10 shows the ground-level daily mean PM 10 concentrations in various cities for
FLEXPART control run (red), RAQMS (blue), WRF-Chem (green) as compared with the
observations (black). Figure 2 shows the geographical locations of the cities. Unavailable
data were not plotted. The results of two model runs selected from the sensitivity test of
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Figure 10. Time series of daily mean surface PM10 concentrations (µg/m3) of the stations over
the SD affected areas with their names, longitude and latitude. The observations are in black,
FLEXPART control run in red, RAQMS from Li et al. (2011) in blue, WRF-Chem from Chow
et al. (2014) in green, FLEXPART sensitivity runs 4M(DS11) in pink and 2M(DS14) in purple.
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FLEXPART with different mass emitted (M) and scavenging coefficient are also shown, one with
4M, labelled as 4M(DS11) in pink, and the other with 2M and A/4, labelled as 2M(DS14) in
purple (see M and A in Table 1).
In the FLEXPART control run, the timing of the peak concentration was well captured for most
stations, including Huhhot, Beijing, Wuhan, Nanchang, Shanghai, Hangzhou, Hong Kong and
Xiamen. The magnitudes were also generally well captured at stations which are closer to the
SD source. This is noticeable especially at the peak of the event on 20 March for Huhhot, and
on 21 March for Wuhan, Nanchang, Shanghai and Hangzhou. The magnitude was underestimated for Beijing, although it is close to the source, the magnitude was over-estimated for
Xi’an in both FLEXPART control run and RAQMS (concentration data not available from WRFChem). It might be because the SD plume has penetrated southward too soon on 19 March
(Figure 6b), whereas Li et al. (2011) explained that such relatively poor result was due to the fact
that Xi’an lies close to desert areas, and the grid size of their RAQMS was unable to distinguish
between urban and desert.
The skills in predicting the timing of the peaks and magnitudes of particle concentration generally
decrease with increasing distance from the source. This is evident from the simulation results for
Hong Kong, Linyuan, Yilan and Taoyuan. FLEXPART was able to capture the timing of the
peak concentration in Hong Kong occurring on 22 March, but the concentration was much lower
than the observed. This was also the case for WRF-Chem. In comparison, RAQMS better
captured the magnitude of PM10 concentration. FLEXPART forecast the peak of the SD event
for the three stations in Taiwan with a one-day lag and under-estimated magnitude for the whole
period of the event. WRF-Chem was able to forecast a good timing of the peak for Taoyuan,
but the magnitude was still under-estimated. In Linyuan, WRF-Chem forecast the peak of the
event one day earlier than the observed.
To understand how different parameters in FLEXPART impacted the simulation results, a
sensitivity test was carried out. In the model run with four times the mass emitted, i.e.
4M(DS11), the magnitude of the concentration increased dramatically by approximately a factor
of four for most of the peaks for almost all stations studied. However, the magnitudes did not
change much for stations far away from the source like Hong Kong and Linyuan. From Figure
6, the edge of the SD plume only barely reached Hong Kong. Most of the additional mass
associated with larger particles should have deposited in the upstream areas before the plume
reached Hong Kong. In the case of Linyuan which is located in the southern part of Taiwan,
the transportation of the plume in FLEXPART might have been blocked by the mountain range
of Taiwan. In fact, a local minimum was seen in the model simulation along the mountain range
of Taiwan on 21-22 March (Figure 6). In the 2M(DS14) run with two times the mass emitted
and one fourth of the scavenging coefficient, the peak concentrations of most stations closer to
the source were, again, sensitive to the increase in mass emitted. The overall effect of a decrease
in the scavenging coefficient seems to have a more rapid drop of concentration after the peak of
the SDS event.
In general, although the control run of FLEXPART could not accurately capture the magnitude
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which is probably due to overestimation of wet and dry deposition among other factors, it did
provide useful guidance on the trend forecast of the SDS event and some hint to the approximate
timing of the peak concentration. The simulated concentration was sensitive to M, mostly for
locations that were affected by the core of the plume, but M did not affect the timing of the
episode. RAQMS captured the timing of the peaks well, but concentrations for most stations,
especially those near the source, might be over-estimated. WRF-Chem had a tendency to underestimate the concentration, but it managed to capture the timing for most stations, though less
accurate for those stations located further away from the source.
There were past sensitivity studies on the model simulations of the transport and dispersion of
mineral aerosols using NCEP/NCAR and National Aeronautics and Space Administration Data
Assimilation Office (NASA DAO) reanalysis data sets showed that the model results with the
two data sets were fairly consistent but with some important differences, and differences between
simulated dust near Australia from the two models were likely due to differences in both source
parameterization and surface winds, while differences over East Asia were dominated by
differences in meteorology (Luo et al. 2003). In this study, differences in the performance of
various transport and dispersion models are likely related to the differences in meteorological
parameters, model resolutions, SD inventories (the source term) and the use of different
parameterization schemes in various physical processes such as SD emission and deposition.

5. Concluding remarks
The spatial distributions and temporal evolution of PM10 concentration for the SDS event over
East Asia on 19-22 March 2010 were simulated using FLEXPART and HYSPLIT READY and
compared with observations from MODIS satellite images and other simulation studies using
WRF-Chem and RAQMS which were also used to help specify the SD source and emissions in
the model runs. FLEXPART was generally capable of capturing the evolution of the spatial
pattern of the SDS event during 19-22 March and the arrival of SD in Hong Kong later on 21
March (though with a time lag of around four hours at about the 61st forecast hour of model
simulation) as well as its peaking on 22 March. It also reasonably produced the temporal trend
of the surface PM10 concentrations in 8 out of 12 stations over the affected areas in China, in
particular at locations closer to the source. However, the model generally under-estimated the
magnitude of the SD episode in regions far away from the source like Hong Kong. The
simulation results from FLEXPART were basically consistent with those from WRF-Chem and
RAQMS, and were generally better than those from HYSPLIT READY. The simulated pattern
was closer to that of WRF-Chem at longer run time, in particular the dispersion following the
cold front on 21 March. It was not as good as RAQMS in capturing the magnitude of the plume
concentration. Increasing the mass emitted in FLEXPART increased the concentration at
downstream locations close to the source but not those far away like Hong Kong, which is
probably due to significant dry and wet deposition of the SD along its path.
In general, various models are more capable of simulating dispersion pattern than capturing the
concentration levels at a particular location. Despite various model constraints and assumptions,
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preliminary evaluation of FLEXPART performance in sand-dust simulation shows that it could
serve as a reference tool for operational forecasters to analyze and predict the trend of sand-dust
evolution. Version 10 of the FLEXPART with improved parametrization of dry and wet
deposition among others will be implemented in the future. Besides, modification of the input
of FLEXPART for using the aerosol and sand/dust inventory and incorporation of an algorithm
for triggering sand-dust emission for specification of source will also be considered in future
sand-dust modelling.
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