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Numerical analysis of dust layers over Japan:
their origins and 3-dimensional transport structures

Shinsuke SATAKE and Itsushi UNO

YE-mail of corresponding author: satake@riam. kyushu-u.ac.jp

This study used a regional scale aerosol transport model (CFORS) to analyze the origin of
dust layers over Japan and their 3-dimensional transport structures. CFORS dust fields were
compared with NCAR-C130 airborne measurements, and captures many of the important observed
features. Back trajectories of observed high dust levels reveal that dense dust layers within the
boundary layer are transported mainly from the Gobi Desert and Loess Plateau, whereas those at
the upper level (3—6 km) originate in the Taklimakan Desert. Transport altitudes of Gobi and
Taklimakan dusts differed markedly. Further examination of dust transport using results of
sensitivity simulation with controlled dust emission showed that Taklimakan dust has a higher
transport altitude than Gobi dust because it is trapped in a higher potential temperature range when
it is uplifted. We found that Gobi dust is transported mainly within the boundary layer between
45°N-50°N, whereas Taklimakan dust tends to be transported at altitudes between 4 km and 6 km
centered at 40°N. Finally, we evaluated relative dust concentrations from sensitivity studies of total
dust concentration for each research flight. Model results show that Gobi dust has the strongest
fraction, which is mainly the contribution within the boundary layer.
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Fig. 1 a) Simulation domain and dust total emission intensity
(&/m%) and b) C-130 flight track (black line). This figure
shows two desert regions (Gobi and Taklimakan) used for
sensitivity simulations (section 3.2).
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Fig. 2 Mean concentrations of modeled dust (ug/m®) (line), and
observed Ca®" (ug/m® (dotted line) and coarse particle
concentrations (mg/m®) (circle and line) over each flight
period.
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Fig. 3 Flight tracks (black lines) for the RF05, RF06, RF(7,
RF10, and RF13 of NCAR-C-130 aircraft.
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Fig. 4 Time variation of CFORS dust (ug/m®) (line), observed Ca>* (ug/m’) (dotted line), observed coarse particle concentrations
(ug/m®) (circle and line), and observational height (km) (line) in a) RFOS5, b) RF06, ¢) RF07, d) RF10, and e) RF13.
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Fig. 5 Vertical profiles of CFORS dust (jig/m’) (triangle), observed Ca®* (ug/m’) (cross), and observed coarse particle (ug/m’) (circle).
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Fig. 6 Back trajectories from observed high concentration points in RF05, RF06, RF07, RF10, and RF13. a) Trajectories for observed
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Fig. 7 Horizontal distribution of dust AOT (color) and temperature at 500 hPa level (line) for a) 4/09, b) 4/10, and c) 4/11.

Time

variation of the vertical profile for dust concentration (ug/m®) (color) and potential temperature (K) (line) on d) the RF06 lower
and e) upper trajectories. In (2), (b), (c), (d), and (e), trajectories are represented with the green line. Green shaded circles on the
trajectory are inserted at 12-h intervals. The letter ‘L’ in the figure shows the low-pressure system. Dust concentrations from
sensitivity run Gobi and Tak are used in (d) and (e), respectively.
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Tablel: Relative contribution of mean dust concentrations from sensitivity studies to the total dust concentration.
RFall indicates the average over all research flight.

Sensitivity run

\Flight No. RF05(4/08) RF06(4/10) RF07(4/12) RF10(4/18) RF13(4/24) RFall
Tak 87% 26% 7% 57% 23% 34%
Gobi 6% 68% 72% 26% 2% 46%
Others 7% 6% 21% 17% 75% 20%
TENT, Table2: Relative contribution in each vertical level of
mean dust concentrations from sensitivity studies
to the total concentration during all research
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