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Abstract: A method for identifying the released region and time
of Asian dust using the long-range inverse trangport model thet
traces the wind fidd in the backward diredtion from positions
where Asian dust was observed is described. Initid conditions
for theinversetrangport simulation wereobtained fromthetime
varidion of the dengity distribution of the suspended particulate
meatter (SPM) in the air measured a various places in Jepan.
Based on a concentration of trgectories of the ar mass
computed by the inverse trangport mode!, the source region of
Asian dust clouds observed a meteorologica stations in Japan
on March 17 to 18, 2002 weas edimated. As a reault, it wes
found that dust particles were rdeased at about 6h on March 15
in the neighborhood of Inner Mongolian AutonomousRegion.
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1. INTRODUCTION

The Adan dust (cdled “Kosd' in Jgpan) trangported from
desart areas in the northern part of China often covers over East
Asainthelaewinter and spring. However, itisnot asyet clear
when and where sand dugt particles were released and through
which paths they were transported to other areas. In this study,
we describe a method for identifying the released region and
time of Asan dust using thelong-rangeinverse transport model.
Theinverse trangport model means thet the trgjectories of an ar
mass are computed by tracing the wind field in the backward
direction from postions where Asan dust was observed.
Kuska, et. d. [1] hasreported that theinversetrangport modd is
useful to identify the area where the strong sandstorm occurred
at dry regionsin the northern part of China.

“Kosg phenomena were observed at meteorologica gationsin
Tohoku and Hokkaido digtricts, Jgpan on March 17, 2002. However,
the observation of Asan dust clouds is made by means of the
visihility measurement. On the other hand, the concentration of
the suspended particulate metter (SPM) in the ar is measured
every one hour a many ground stationsin Japan. Therefore, we
can obtainthetimewhen Asian dust reached Japan and thetime
intervd during which “Kosd phenomena continued by
andyzing the time variation of SPM data a various places in
Japan.

We firg andyze the time variation of SPM data to determine

initia conditions in the inverse trangoort smulation of Asian
dust. After that, we estimate the source region of dust particles
transported to Japan on March 17, 2003.

2. ANALYSIS OF SPM DATA

The concentration of the SPM is measure a more than 2000
measurement stations in Japan. SPM data at ten stations which
locate at the side of the Sea of Japan and away from the urban
area were acquired. Figure 1 shows te concentration of the
SPM at the selected measurement stations on March 17 to 18.
We can see from Figure 1 that the vaues of the SPM become
high on March 17 to 18 when Asan dust was recognized in
Japan. However, it is a difficult task to determine how much
Asan dugt paticles are contained in the SPM when Asian dust
was observed, because the SPM contains air pollutants. We
determined thethreshold vauefor the concentration of the SPM
by the statistical analysis of SPM data as follows:

1) We acquired SPM data (no-KosaSPM) for 5 days when
Asian dust was not observed at the measurement dations in
Ishikawa Pref. from March to April, 2002 and SPM data (Kosa
SPM) at al dates when Asian dust was recognized there from
March to April, 2002.

2) We computed the average vaues and andard deviations for
no-KosaSPM and KosaSPM data, respectively. Figure 2
shows two norma digtributions of no-KosaSPM and Kosa
SPM data.

3) We adopted the SPM value &t the intersection between two
normal distributions as the threshold value (TS).
Asaresult, it wasfound thatthevalueof TSwas37(u /n?).
We picked out the dates when the concentration of SPM
exceedsthevaueof TSindl thesdected measurement ations.
Tade 1 shows time intervals during which Kosa phenomena
continued at each measurement station.

3. INVERSE TRANSPORT SIMURATION

The inverse trangport Smulation is a process thet traces the
wind field in the backward direction dong the streamline from
the observation point. We used the wind velocity given by the
ECMWEF in the smulation. The details of the inverse trangport



smulation are discussed in [1). Initial parameters needed in the
inverse trangport smulation are the darting time, sarting
coordinate and time intervas for the smulaion. The xy
coordinate at sStating podtions, the stating time and time
intervals are given in Table 1. It is however, difficult to
determine the starting dtitude, but we estimated the dtitude
digribution from the Lidar observation data The Lidar
obsarvetion was mede a a meteorologica station in Tohoku
digtrict, Japan on March 17, 2002 [2]. The results of the Lidar
observation show that the dtitude digtribution of the observed
Asian dug is less than 2000m.Therefore, we chose the dtitudes
of 500m, 1000, 1500, 2000m as starting heights.

The long-range inverse trangport smulation was performed
under initid conditions described above. We considered that if
an air masswasreleased for the specific time duration at various
places where Asan dust was observed, the concentrated
trgjectories of the air mass would be found in the limited time
and space. So, we devised how to evauate a concentration of
trgectories by using the results of the inverse trangort
smulation. The outline of the method for estimating the
concentration of trgectories is shown in Figure 3. Let apoint
P(u) be the position at the time 03/15/09 (month/ day/ hour) of
thetrgectory of an air mass released from a starting point (e.g.
Uchinadain Figure 3), where u isthe3dimentina coordinate of
the point P. Let apoint Q(v) be the position of thetrgectory of
an air mass released from other sarting point & the sametimeas
the point B where visthe coordinate vector of Q. If ju-v|<50km,
then the counter of the point P is increased by 1. This process
was done in dl the trgectories for al computation times. In
order to get the concentration of trgjectoriesinthewidearea, we
summed up the counter of dl trgectoriesinduded in agrid area
(longitude 0.5° x lditude 0.5° square degress). Figure 4
shows the shaded image of the concentration of trgjectories. In
Figure4, thethick red color represents the high concentration of
trgectories. Thisisthe case that the air mass was rleased a the
dtitude of 1500m from 10 initid places shown in Table 1linthe
timeinterval of 1 hour from 03/14/00 to 03/19/00. We can see
from Figure 4 that the concentration of trgectories shows the
high value at dry regionsin northern China.

4. DISCUSSIONS AND CONCLUSIONS

We computed the concentration of trgjectoriesof theair mass
released at dtitudes, 500m and 1000m in the same way asthe
cae of the dtitude 1500m.described in the previous section.
However, in these cases, no high concentration of trajectories
was shown in the northern part of China. This indicatesthat the
sand dugt carried upward by the sandstorm that occurred at the
high concentration area of trgectories in northern China was
transported at the altitude of 1500m over Japan.

The Fgure 5 shows the distribution of the surface wind
velocity larger than 4 nmvs, which is the threshold velodity &
which dugt particles soar. [3] The surface wind velocity was
obtained from the ECMWF surface data. The aress where the
high wind velocity area overlgps with the high concentration
areaof trgectories shown in the Figure 4 are regarded as the
sourceregionsof Asian dust observed in JapanonMarch 17 and
18. This area belongs to the dry regions of Inner Mongolian
Autonomous Region and is generdly considered as one of
source regions of Asian sand.

The Figure 6 shows the composite color image of MODIS
data (Richl, G:cd, B:ch3) taken on March 17, 2002. Dust
clouds are dearly visblein the MODIS image. We can see that
the high concentration belt of trgectories encircled by red curve
in Figure 4 amostcorrespondsto Asian dust clouds gppearedin
the MODIS image in Figure 6. Therefore, we can conclude that
the long-rangeinversetransport s mulation can bethe useful tool
for identifying the source region of Asian dust.
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Tablel Thecoordinateat starting positionsand timeintervals
during which Kosa phenomena were recognized at SPM
measurement stations on March 17 to 18

Time showing SPM value>TS
Point Latitude |longitude | onMar. 17 onMar. 18
Sendai 3.2 140.5 2 3,13 19
Nonodake 3.3 141.0 | 22 18
Niigata 3.6 139.0 J11 17
Nyuzen 3.6 137.316 10, 16 24
Uchinada 3.4 136.4 112 10,19 22
M ikuni .2 136.119 12,15 24
Maizuru 3.3 1.2 111 13
Mastue %3 1330)7 23 12 16
Kurashiki A4 133511 21 12 16
Qomuta 3.0 1303114 24 621
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Figure 1 The concentration of the SPM at the selected
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Figure 3 The diagram for estimating the concentration
of trajectories
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