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AD-Net, the Asian dust and aerosol lidar observation network
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Long-range transport of dust from Africa and
Middle East to East Asia

Background

« Tanaka, T. Y., Y. Kurosaki, M. Chiba, T. Matsumura, T. Nagai A. Yamajaki, A. Uchiyama, N.
Tsunematsu, and K. Kai, 2005: Possible transcontinental dust transport from North Africa and the
Middle East to East Asia, Atmos. Environ., 39, 3901-3909. (...Analysis of a dust event in 2003.)

» Tazaki, K., R., Wakimoto, Y. Minami, M. Yamamoto, K. Miyata, K. Sato, |. Saji, S. K. Chaerun, G.
Zhou, and T. Morishita, 2004: Transport of carbon-bearing dusts from Iraq to Japan during Iraqg’s
War, Atmos. Environ., 38, 2091-2109. (...Polluted carbon particle from oil field burning.)

* Park, C.-B. N. Sugimoto, I. Matsui, A. Shimizu, B. Tatarov, A. Kamei, C.-H. Lee, I|. Uno, T.
Takemura, D. L. Westphal, Long-Range Transport of Saharan Dust to East Asia Observed with
Lidars SOLA 1, 121 (2005). (...Lidar observations and analysis of a Sahara dust event in 2005.)

Motivation of this work:

» Central Asian DUst Conference (CADUC) 8-12 April 2019, Dushanbe,
Tajikistan (organized by TROPQOS)

« CADEX (Central Asian Dust EXperiment) (2015-2016) and recently started
continuous observation in Dushanbe by TROPOS.

* It would be interesting if we could observe the same air mass along the transport
path to study the change in optical characteristics of dust.

» Recent studies of bioaerosols (microbes attached to dust particles) suggest such
long-range transport might be important even if the density of the transported
dust is low.



Method

We used the archived NAAPS results to find possible long-range-
transported dust cases to East Asia.

We then searched corresponding plumes in AD-Net data.

When we found the corresponding dust plume, we performed
backward trajectory analysis using NOAA HYSPLIT.

We confirmed dust transport using the CALIPSO browse data
when available.

We studied the dust source areas for the observed plumes using
MASINGAR-mk2 calculated separately for different dust source
areas.



March 2018

Sahara dust, stained snow
In Sochi into orange,
reached Sapporo 4 days
later.

A skiing ground in Sochi, March 23, 2018.
(from National Geographic www page)

Lidar Observation in Sapporo
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Source » at 43.07N 141.34 E

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 1500 UTC 26 Mar 18
GDAS Meteorological Data
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MRI MASINGAR-mk2 global aerosol transport model

Resolution TL479 ~ 40 km, for 2018
(Resolution TL159 ~ 110 km, for 2015)

Dust from the four source areas (Sahara, Middle East, Taklamakan,
and Gobi) were calculated separately.

A
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MASINGAR-mk2

Dust in Sapporo, March 2018
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Sunday 25 March 2018 00UTC ICAP Forecast t+018
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2018-03-25 Version: 4.10 Standard Nighttime Orbit Locations
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Sahara dust observed in Sapporo

Dust Particle
Extinction Depolarization
Dust Coefficient Ratio
Extinction O ;g
coefficient ] ]
at 532 nm 1 .
(/km) ' '
008 £ | ]
! ~X 6 1
N’ 1 4
-0.06 = ] 1
s k=2 ] i}
QO ] ]
-0.04 T 3 ]
0= -t
o) 0.050 0.3

Time (UTC i
( ) Sahara Gobi

Concentration of the Sahara dust above Sapporo was about
50 yg/m?3 at the maximum on 26 March 2018. AOD was
about 0.2.
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Sahara dust case in April 2017

Lidar Observation in Ula bcmt
a aatar

Attenuoted baockscatter coefficient (532nm Limssr)

Height (km)
a0

[
o
[
2]
7]
=
[

[ 0.3
E N
= B
E L
= L
[
T n
[ 0.0
2
- 10%”] &r)
E n
= C
E n
2 L
5
T L
L a
2

Apr S|
QOP,] . (TS ¥

C1=7.565e—17{17050123),C2= 0.B141606L333
MARMHEM S HIES elhrPﬂgﬁ-d T 1= M(::I\r LRt = Tt Thr R T n i |

Lidar Observation in Saim5§alnﬁisha

Attenuated backscatter coefficient {532nm
% [ T

Height (km)

T

28 29 30 1
(UTZ) Moy

b2

Height (km)
{in]
|

Depolarization ratio (532nm]

30
(UTS) hery

)

Attenuated backscatter coefficient (1064nm)

X
|

Height (km)
. S
1 | | | 11 I
i

L)

10

-
||||||||||||;

s b " o

A??
QGp‘lr?

MARMHEM S HIES

28 29 30 1
(UTC) May 33

C1=2. 35?6—1?(1?050123}-?[:2 5.485(1 3'990123] C3

Mrarmtaedrs Tiiae Maswe

o.

.

nd

G%m &r)

o]

3

a

g/ er)

1.751
N7 I=T



Source » at 44.88N 110.12 E

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 28 Apr 17
GDAS Meteorologic;gl Data
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Job ID: 148566 Job Start: Mon Jan 28 01:33:15 UTC 2019
Source 1 lat.: 44.880000 lon.: 110.120000 hgts: 2000, 3000, 4000 m AGL

Trajectory Direction: Backward ~ Duration: 168 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 22 Apr 2017 - GDAS1
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Middle East dust case in April 2015 observed in Dushanbe
J. Hofer et al.: Lidar observations during CADEX

14566
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Figure 5. Case 1: a lofted layer of Middle Eastern dust is shown. (a) Same as Fig. 4a, b, ¢, buton 12 April 2015, 18:00 UTC - 13 &pril 2015,
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Source » at 38.54N 68.76 E

Meters AGL

NOAA HYSPLIT MODEL
Forward trajectories starting at 1000 UTC 13 Apr 15
GDAS Meteorological Data
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Height (km)

Nagasaki2: Attenuated Backscatter Coefficient (532 nm)
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Source » at 32.94N 129.98 E

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 1500 UTC 17 Apr 15
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Major long-range transported dust events
observed with AD-Net

2005.03.07-08 Suwon; Jeju; Tsukuba € Sahara (Park et al., 2005)

2015.04.17 Nagasaki € Dushanbe, Tajikistan < Middle East
2015.04.27 Sendai € Sahara

2016.03.29 Sainshand € Sahara

2017.04.27-28 Sainshand; Ulaanbaatar € Sahara

(A portion of the transported dust was taken into the boundary layer in Mongolia)

2018.03.26-27 Sapporo; Fukue € Sochi, Russia € Sahara
2018.03.30-31 Sapporo € Sahara

2019.03.15 Sainshand € Sahara



Summary

- Dust from Africa and Middle East are transported to East Asia every
year in the springtime (mostly in March and April).

- In seasons other than spring, no significant long-range-transported dust
cases have been observed, so far.

- The transport path arriving in East Asia often passes through
Kazakhstan and Russia.

- Dust transported across the high mountain in the west of the
Taklamakan desert was also observed.

- Long-range-transported dust is often mixed with the dust from the
Taklamakan and the Gobi. Analysis using global dust transport models
with source identification tags is useful.



Concluding remarks

- Vertical profile measurements are essential for understanding the
mixing of dust from different source regions.

- Further observational studies using multi-parameter lidars, sky
radiometers and modeling studies are required. We still do not
understand, for example, the changes in size distribution and optical
characteristics during transport.

- Mongolia is an important location not only as the source area of Gobi
dust but also for studying the characteristics of long-range-transported
dust from Africa and Middle East. We are thinking of improving one of
the AD-Net lidars in Mongolia to a multi-wavelength Raman lidar or
HSRL. Also, it will be useful if we have observation sites in
Kazakhstan.
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