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Abstract. Detailed 3-D structures of Trans-Pacific Asian
dust transport occurring during 5–15 May 2007 were in-
vestigated using the NASA/CALIOP vertical-resolved mea-
surements and a three-dimensional aerosol model (SPRINT-
ARS). Both CALIOP and SPRINTARS dust extinctions
showed a good agreement along the way of the transport
from the dust source regions across North Pacific into North
America. A vertically two-layered dust distribution was ob-
served over the northeastern Pacific and North America. The
lower dust layer originated from a dust storm generated in
the Gobi Desert on 5 May. It was transported at an altitude of
around 4 km MSL and has mixed with Asian anthropogenic
air pollutants during the course of transport. The upper dust
layer mainly originated from a dust storm that occurred in the
Taklimakan Desert 2–3 days after the Gobi dust storm gen-
eration. The upper dust cloud was transported in higher alti-
tudes above the major clouds layer during the Trans-Pacific
transport. It therefore has remained unmixed with the Asian
air pollutants and almost unaffected by wet removal. The
decay of its concentration level was small (only one-half
after its long-distance transport crossing the Pacific). Our
dust budget analysis revealed that the Asian dust flux pass-
ing through the longitude plane of 140◦ E was 2.1 Tg, and
one third of that arrived North America. The cases analyzed
in this study revealed that, while the Gobi Desert is an impor-
tant source that can contribute to the long-range dust trans-
port, the Taklimakan Desert appears to be another important
source that can contribute to the dust transport occurring par-
ticularly at high altitudes.
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1 Introduction

Trans-Pacific transport of mineral dust and air pollutants
originating from Asia to North America is well known, based
on ground-based and satellite measurements and dust trans-
port model analyses. The average traveling time from Asia
to the west coast of North America is approximately 7–10
days. Both mineral dust and air pollutants can be transported
simultaneously (e.g. Uematsu et al., 1983; Jaffe et al., 1999;
Uno et al., 2001; Takemura et al., 2002a). Results of a multi-
year MODIS aerosol optical thickness (AOT) study indicate
that 25% of aerosols that outflowed from the Asian continent
reached the west coast of North America and its efficiency is
the largest in spring (Yu et al., 2008). The effects of Asian
dust on Pacific cloud systems and the associated radiative
forcing play a critical role in the climate change. This indi-
rect effect of Asian dust on the climate and its changes has
remained unexplored.

Satellite measurements such as the TOMS (OMI) Aerosol
Index (AI) and the RGB image sensing provide useful in-
formation for elucidating the dust horizontal distribution
and day-by-day transport evolution. However, these passive
satellite measurements have difficulty in providing dust ver-
tical profiles, information necessary for an accurate evalua-
tion of dust radiative forcing. The Intercontinental Chemical
Transport Experiment (INTEX)-B was conducted for a 10-
week period of 1 March–15 May 2006. The second phase of
the INTEX-B campaign specifically examined Asian pollu-
tion outflow. McKendry et al. (2008) reported some obser-
vational results of Trans-Pacific dust transport together with
lidar measurements at Mt. Whistler in British Columbia,
Canada. More recently, the PACific Dust EXperiment
(PACDEX) 2007 (http://www.eol.ucar.edu/projects/pacdex/)
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was conducted for a pilot study using Lagrangian sampling
of aerosol physical and chemical characteristics on board the
NSF/NCAR Gulfstream-V research aircraft (G-V). The data
was sampled from the lower troposphere to the upper tropo-
sphere within dust plumes found over Eurasian, Pacific, and
North America. However, the exact transport height and 3D
structure of the Asian dust Trans-Pacific transport have not
been investigated well.

The space-based two-wavelength, polarization-sensitive
backscatter lidar, the Cloud-Aerosol Lidar with Orthogo-
nal Polarization (CALIOP) onboard the Cloud-Aerosol Li-
dar and Infrared Pathfinder Satellite Observations satellite
(CALIPSO) provides continuous global measurements of
aerosol and cloud vertical distributions with very high spa-
tial resolution (Winker et al., 2007). Based on CALIPSO ob-
servations, Huang et al. (2008) indicated that non-spherical
aerosols float up to an altitude of 9 km around the Asian dust
source region, and implied the long-range transport of Asian
dust through the upper troposphere. CALIOP is a useful re-
mote sensing tool to provide the detailed dust structure on
a global scale. However, the North Pacific Ocean has a high
coverage of low clouds during spring seasons. Consequently,
CALIOP has difficulty in observing the dust profile beneath
thick cloud layers because of the large attenuation of dense
clouds to the laser beam. It is usually difficult to capture the
daily variation and track the transport of Asian dust using the
CALIOP measurement alone.

Very recently, Uno et al. (2008) have demonstrated the ca-
pability of an integrated analysis of the CALIOP measure-
ment and a dust transport model to explore the 3-D structure
of Asian dust transport from the Chinese desert sources to
Japan. In the present study, we have extended this integrated
analysis technique to investigation of the structure of dust
during the entire course of the Trans-Pacific transport. In
this paper, we will present our analysis results and demon-
strate an important meteorological phenomenon of the simul-
taneous transport of Asian dust and anthropogenic pollutants
from Asia to North America.

2 Observation data and model description

We used the CALIOP Level 1B data products (ver. 2.01),
containing the total attenuated backscatter coefficient at
532/1064 m and the volume depolarization ratio at 532 m, in
our integrated analysis. In the analysis, the CALIOP data
are first averaged to a horizontal resolution of 5 km. We
used the depolarization ratio of 0.2 or larger in order to dis-
criminate non-spherical particle from spherical one based on
the analysis results of Shimizu et al. (2004). Dust extinc-
tion coefficients are then derived from the 5-km lidar data
using Fernald’s inversion method (Fernald, 1984) by setting
the lidar ratio to S1=35 sr, as described in detail by Shimizu
et al. (2004). The lidar signal inversion is started from an
altitude of 14 km down to the ground surface. The cloud-

aerosol discrimination (CAD) score, which is an indicator
that enables discrimination between cloud (positive value)
and aerosol (negative value) data, is used to help screen out
profiles containing cloud signals. We mainly used the night-
time CALIOP measurements and excluded data with low
signal-to-noise ratio (SNR). The analytical methods used in
this study are identical to those described by Uno et al. (2008)
and Yumimoto et al. (2008a).

We used the Spectral Radiation-Transport Model
for Aerosol Species (SPRINTARS, Takemura et
al., 2000, 2002b, 2005) driven by an atmospheric gen-
eral circulation model (AGCM, ver. 5.7b), that was jointly
developed by the Center for Climate System Research
(CCSR)/University of Tokyo, National Institute for Envi-
ronmental Studies (NIES), and Frontier Research Center
for Global Change (FRCGC) (Numaguti et al. 1995). This
model simultaneously treats the major tropospheric aerosol
components, i.e. carbonaceous (organic and black carbons),
sulfate, soil dust, and sea salt. In this study, the horizontal
resolution of triangular truncation is set to T106 and ver-
tically 56 layers up to the sigma level of 0.001 (ca. 1 hPa)
are gridded. The emission inventory based on an estimate
for year 2000 predicted for the Intergovernmental Panel
on Climate Change (IPCC) Special Reports on Emission
Scenarios (SRES) A2 scenario is used as input for the
anthropogenic air pollutants. Meteorological boundary
conditions are taken from the NCEP/NCAR reanalysis data
with 2.5◦

×2.5◦ resolution at 6-h intervals. Model simulation
is performed for a time period of 1 January–31 May 2007
with zero initial aerosol concentration. Three-hour averaged
model extinction coefficients for each of aerosol species are
used in our analyses.

3 Results and discussion

3.1 Transport of Asian dust cloud over North Pacific

We examined the daily change of the Asian dust cloud trans-
port from the source region to North America occurring
during 5–15 May 2007. Figure 1 shows the day-by-day
evolution of the dust transport. This figure includes dust
aerosol optical thickness (AOT) simulated using SPRINT-
ARS (color), AGCM simulated cloud cover (gray scale),
NCEP/NCAR 500 hPa level wind fields (blue vectors) at
00:00 UTC, CALIPSO orbit paths (red and dark blue lines),
NOAA/HYSPLIT trajectories (magenta lines; details are de-
scribed later) along with its positions at 00:00 UTC of each
day (marks on the line). Figure 1a–f correspond to every
other day of 5–15 May. Positions of major high and low-
pressure systems on 00:00 UTC of each day are also indi-
cated respectively by characters “H” and “L” in Fig. 1 be-
cause dust transport is closely related to these large-scale
pressure systems.
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Fig. 1. CALIPSO orbit paths (dark blue and red lines), SPRINTARS dust AOT, AGCM cloud cover and location of major high pressure
and low-pressure systems at 00:00 UTC. Vectors indicate the wind field at 500 hPa. Light blue shades represent the region in which the
contribution of the upper troposphere (above 8 km) to the total dust AOT is greater than 60%. Numbers at the bottom of figure show the
CALIPSO path time (MM-DD HHMMSS). The three trajectory lines are described in the text.

As presented in Fig. 1, the CALIPSO satellite passed over
the Pacific Ocean approximately five times for the nighttime
portion of each day. However, the northern Pacific Ocean,
especially the northeastern part, was mostly covered by low
clouds during our target period. For this reason, the cloud
free CALIOP observations are limited. We selected four
CALIPSO orbits to depict the evolution of the dust trans-
port with the help of the aerosol transport model simulation.
Figure 2 shows extinction coefficients and depolarization ra-
tios derived from the CALIOP measurements for 5, 9, 13,
and 15 May, corresponding to the orbits by the red line in
Fig. 1a, c, e, and f. Overlaid on the extinction image plots
(left column) are the SPRINTARS simulated dust extinction
coefficient (blue solid contours) and potential temperature
(black broken lines). The contours of the SPRINTARS dust
extinction coefficient are also over plotted on the depolariza-
tion ratio images (middle column). The CAD scores from
the CALIOP Level 2 products are plotted in the profile plots
(right column).

A severe dust storm occurred on 5 May 2007 in southern
Mongolia, as shown in Fig. 1a. A high dust AOT area is seen
near the China-Mongolia border on 5 May 2007 (Fig. 1a)
and it then moves eastward (Fig. 1b). In the extinction im-
age plot of CALIPSO path 05-05T190734 (Fig. 2a), both the

CALIOP observation and the SPRINTARS simulation show
a dense dust layer (from the ground to∼2 km). The hor-
izontal scale is about 1000 km derived from the SPRINT-
ARS dust extinction coefficient. Over the dust source re-
gion, the CALIOP extinction coefficient is on the order of
0.1 km−1 near the ground surface. The depolarization ratio is
large (0.2–0.3). Therefore, this aerosol layer consists mostly
of non-spherical particles. This dense dust layer is located
at a potential temperature level of 310 K, which is consis-
tent with the previous results obtained by Uno et al. (2008)
based on the analysis of the CALIOP measurement and a
four-dimensional variational data assimilation version of a
regional dust transport model.

After passing over Japan, the dust plume is trapped in a
dry slot of a low-pressure system over Kamchatka Peninsula
on 9 May (Fig. 1c). Along the CALIPSO orbit path of 05-
09T152526 (Fig. 2b), a thick aerosol layer is centered around
40◦ N, 160◦ E, extending vertically from 1 km to 5 km above
mean sea level (MSL) and horizontally 35◦–43◦ N. Judging
from the depolarization ratio measurement (middle column
in Fig. 2b), this aerosol layer comprises dominantly spher-
ical aerosols for the lower part and dust for the mid-upper
part. Judging from CAD value, there are high thick clouds
on both sides of the aerosol layer (shaded by light blue on
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Fig. 2. Vertical cross-section of the CALIPSO observed total extinction coefficients (left column) and particle depolarization ratios at
532 nm (middle column) for 5 May(a), 9 (b), 13 (c), and 15(d), overlaid with contours of the SPRINTARS dust extinction coefficient (dark
blue lines; interval 0.003, 0.006, 0.01, 0.02, 0.03 km−1) and potential temperature (dashed black lines). Light blue regions indicate cloud
layers indentified by the CALIOP CAD index (CAD>95). Presented in the right column are averaged vertical profiles of the extinction
coefficients simulated by SPRINTARS for dust (red solid line) and all aerosol components excluding sea salt (dashed red line), the CALIOP
measurements of extinction coefficient (dark blue dots) and particulate depolarization ratio (black symbols). The gray tone regions indicate
CAD near the core part of dust clouds. Average region is shown by rectangular box in the left column of figure.

right column of Fig. 2b). The northern one is associated with
a low-pressure system located on Kamchatka Peninsula; the
southern one is associated with the cold front accompany-
ing this low-pressure system. It is consistent with the mod-
eled cloud distribution (Fig. 1c gray scale) and the location of
the low-pressure system (indicated as symbol “L” near 50 N,
160 E on Fig. 1c). The dust plume is transported on the dry-
slot behind the synoptic cold front. The HYSPLIT trajec-

tory analysis is used to examine the origin and fate of this air
mass. Both forward and backward trajectories starting from
the center of this dust layer are depicted in Fig. 1c by the ma-
genta line (hereinafter, we call these trajectories Traj-A). We
discuss more details of this dust along Traj-A in Sect. 3.2.

The dust cloud continues its transport eastward. On
13 May, its front part has passed over the international date-
line to near North America (Fig. 1d–e). Two dust layers
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are seen on the 05-13T132208 CALIPSO path shown in
Fig. 2c. The SPRINTARS dust extinction coefficient shows
two peaks along the path at around 33◦ N and 3 km MSL and
33◦ N and 12 km MSL (Fig. 2c). Although the separation be-
tween aerosol layers in the CALIOP extinction coefficient is
not as clear as simulated by SPRINTARS, the aerosol distri-
butions from SPRINTARS and CALIOP are seen to be fairly
consistent. North of 42◦ N, a thick aerosol layer exists aloft,
which is not seen in the SPRINTARS simulated dust AOT.
The depolarization ratio of this layer is small. Therefore, this
aerosol layer is inferred to be composed mostly of spherical
aerosols (pollution aerosol). The HYSPLIT backward trajec-
tory starting from this spherical aerosol layer (50◦ N, 195◦ E
5500 m MSL at 13:00 UTC on 13 May) is shown also in
Fig. 1e indicated by the magenta line (Traj-B). It passes over
the Russia-northeast China border on 5 May, where active
biomass burning events were revealed by the MODIS RGB
images. Therefore, the aerosol layer shown in the northern
part of CALIPSO path 05-13T132208 is most likely an origin
of the biomass burning activity in Siberia and northeastern
China. The CALIOP measured 1064-nm/532-nm attenuated
backscatter ratio (though not shown in this paper) for this part
of the aerosol layer shows a strong wavelength dependence,
which is a typical characteristic of smoke dominant aerosols
as observed by CALIOP (Liu et al., 2008), reinforcing the
back trajectory analysis.

The dust plume arrived North America on 14–15 May
(Fig. 1e–f). Dust was observed by CALIOP over the Rocky
Mountains during the CALIPSO path of 05-15T095203
(Fig. 2d). The dust is divided vertically into two layers.
The lower layer stretches from 41◦–53◦ N; its southern part
almost attaches to the top of the Rocky Mountains, while
its northern part is elevated up to about 6 km MSL. Judg-
ing from the relatively low values of the CALIOP observed
particle depolarization ratio, the northern part of this lower
aerosol layer can be considered as a mixture of dust and pol-
lution. The upper dust layer is located at 32◦–45◦ N and 6–
12 km MSL. It is optically thinner than the lower layer. This
two-layered dust distribution has been simulated correctly by
SPRINTARS.

The SPRINTARS simulated and the CALIPSO observed
extinction coefficients (right column in Fig. 2) show a good
agreement, except for cloud layers (having large positive
CAD values), from the dust source region to the northeast-
ern Pacific. However, for the CALIPSO path of 05-15T0952
over North America, SPRINTARS underestimates the ex-
tinction coefficient by approximately one order smaller than
that observed by CALIOP. The exact reason for this underes-
timation by SPRINTARS remains unclear.

The HYSPLIT back trajectory starting from the center
of the upper dust layer observed by the CALIPSO path of
05-15T095203 is depicted by the magenta line in Fig. 1f
(i.e. Traj-C). This trajectory goes back to the Taklimakan
Desert on 8 May. The light blue shade on Fig. 1 repre-
sents the region in which the contribution of the upper tro-
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Fig. 3. (a)Vertical longitudinal cross-section of dust extinction co-
efficient simulated by SPRINTARS for a dust cloud transported in
lower altitudes along Traj-A shown in Fig. 1c. The over plotted
bold red line is the day-by-day trajectory path height (numbers rep-
resent the date of May). Also shown are the SPRINTARS poten-
tial temperature (black contour lines) and extinction coefficient of
sulfate and carbonaceous contents (light blue contour lines of in-
terval 0.003, 0.01, 0.05, 0.1 km−1). The black shaded regions rep-
resent the AGCM simulated clouds (cloud water/ice mass content
>10−6 kg/m3). (b) Variations of aerosol optical thicknesses sim-
ulated by the SPRINTARS along the Traj-A. The red line is total
dust AOT; the green line is the dust AOT between the surface and
8 km height. The blue line is the total AOT for dust, sulfate, and
carbonaceous aerosols. The fraction of dust AOT to total AOT is
shown on the bottom.

posphere (>8 km) to the total dust AOT is greater than 60%.
On 11 May, the light blue shaded region appears over Japan;
it moves eastward further along Traj-C, and finally catches
up the dust plume generated in the Gobi Desert on 5 May
(i.e. Traj-A). It is interesting that the two large dust clouds
emitted from two different sources (i.e. the Gobi and Tak-
limakan Deserts) were transported simultaneously from the
Northeastern Pacific to North America. More detailed anal-
yses will be presented in Sect. 3.2.

3.2 Lagrangian analysis of dust cloud

Figure 3 shows a vertical cross-section of the SPRINTARS
simulated dust extinction coefficient for the lower level dust
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Fig. 4. As in Fig. 3a, except for Traj-C.

cloud along Traj-A, day-by-day trajectory (red bold line),
and potential temperature (black line). The light blue con-
tours depict the extinction coefficient of sulfate and carbona-
ceous contents from SPRINTARS; the black shaded regions
portray the AGCM simulated clouds (cloud water/ice mass
content>10−6 kg/m3).

Lower panel of Fig. 3 presents variations of the aerosol
optical thicknesses simulated by SPRINTARS along Traj-A.
The red line is the dust AOT for the whole column of the
atmosphere, the green line is the dust AOT below 8 km, and
the blue line represents the total AOT including dust, sulfate
and carbonaceous aerosols. The AOT integrated from the
averaged CALIOP total extinction coefficient (right column
in Fig. 2) is also indicated by blue symbols in Fig. 3b. The
fraction of the dust AOT to the total AOT is shown in the
bottom panel.

Based on the SPRINTARS simulation, the lower level dust
clouds are transported between the potential temperatures of
300 K and 310 K and the center of the transport height is
at approximately 4 km. Over the North Pacific Ocean east
of 150◦ E, a thick low cloud exists from the sea surface
to 1–2 km height. The dust cloud is transported above this
low cloud, which is consistent with the CALIOP observation
(Fig. 2).

The maximum dust AOT is located over the desert source
region near 110◦ E. The maximum total AOT is located near
130◦ E after the injection of large amounts of anthropogenic
pollutants in China. The dust AOT level decreases to one-
tenth of the peak value after crossing the Pacific (estimated
from the decay of the peak value from the SPRINTARS dust
extinction coefficient between 140◦ E and 230◦ E). This dust
AOT decay is consistent with the values calculated by Take-
mura et al. (2002a), who estimated that 10–20% of dust AOT
over Japan reaches North America. In the present study, the
contribution of dust AOT to total AOT is approximately 30%
between 120–220◦ E. It then increases to 70% at 230◦ E. Pos-
sible reasons for the increase in the dust contribution over the
Northeastern Pacific can be the following. As indicated in
the Fig. 3a, the main transport height of air pollutants (about

2 km) is less than that of dust (about 4 km) over the East-
ern Pacific. Wind fields of these heights differ from each
other. The height of Trajectory-A corresponds approximately
to main transport height of dust. So the air pollutants goes
different path from Traj-A. The increase in the dust AOT
likely indicates a decrease in the pollutant AOT along the
dust transport path.

Contributions of dust from the lower troposphere below
8 km to the total column dust AOT decrease east of 190◦ E.
This is because the upper dust cloud generated few days later
in the Taklimakan Desert is transported faster and catches up
the lower dust cloud, as mentioned earlier in Sect. 3.1.

Figure 4 presents the SPRINTARS dust extinction coef-
ficient and potential temperature along the trajectory Traj-C
(same as in Fig. 3a). A low-pressure system passed from the
Taklimakan Desert to the Gobi Desert during 8–10 May and
produced a severe dust storm in the Taklimakan Desert. In
the Tarim Basin, springtime dust storms are mainly generated
by a mesoscale cold wind system induced by a synoptic-scale
cold air mass behind a cold front. Aoki et al. (2005) classified
the course of introduction of the mesoscale cold wind into the
basin into three patterns. The dust event that occurred during
8–10 May 2007 belongs to their first pattern. This pattern
is characterized by the easterly mesoscale cold wind, which
separates from the synoptic-scale cold westerly and turns its
direction westward after going around the eastern side of the
Tian Shan Mountains. A large dust storm occurs within the
Tarim Basin before the main cold front descends to the basin.
Dust particles are then highly lifted up by strong wind and
then injected into the warm sector of the low-pressure sys-
tem, which can carry dust particles to the upper troposphere.
This can be one mechanism for the formation of the highly
elevated Taklimakan dust layer as observed by CALIOP.

This highly elevated Taklimakan dust plume outflows east-
ward. Over the Pacific Ocean, the core of this dust layer is
at a potential temperature of approximately 330 K and grad-
ually ascends from 9 km at 140◦ E to 12 km at 240◦ E as it
moves eastward. The top of the dust layer almost reaches
the tropopause. It is important to note that, because this up-
per level dust is transported in the high troposphere over the
polluted eastern coastal region of Asia, this dust cloud is con-
sidered to have remained unpolluted during the transport over
the land and the Pacific. This is verified by the high values
of depolarization ratio measured by CALIOP for this upper
dust cloud. Because it is transported at high altitudes above
most clouds, this dust cloud is also considered to have re-
mained almost unaffected by the wet removal process. In ad-
dition, the vertical gradient of potential temperature around
the transport height is large (about 10 K/km) so that the dust
is well confined vertically at a nearly unchanged high level.
Yumimoto et al. (2008b) presented another similar case of
Taklimakan dust transport in the high troposphere. Aoki et
al. (2005) analyzed major dust storms on the Tarim Basin
over the period of March to May from 1998 to 2001 and as-
signed six in the thirty events to the pattern of the same as
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Fig. 5. Horizontal dust transport flux and dust budget simulated by SPRINTARS for a time period of 5–15 May 2007.

our current study. So that Taklimakan dust events similar
to which indicated in our study seem to occur several times
during the springtime.

As for the variation of dust transport height, recently Gen-
eroso et al. (2008) indicated that the top altitudes of the Saha-
ran dust layers over the Atlantic vary seasonally from 4 km
in winter to 8 km in summer. Meanwhile our study shows
that Asian dust layers have multi transport heights from 4 km
to 10 km during the springtime and those heights depend on
the topography of the dust source regions. Table 1 presents a
summary of dust cloud characteristics along Traj-A and Traj-
C.

3.2.1 Dust transport flux and budget analysis

Uematsu et al. (2003) reported that the outflow of mineral
dust particles generated in the Asian continent and trans-
ported from 120◦ E to 165◦ E occurs mainly at 25◦ N–55◦ N.
Dust inflow to this domain is 320 Tg/yr. Approximately
60% of this amount is transported further eastward, cross-
ing longitude 165◦ E in the free troposphere. Similarly, Yu
et al. (2008) estimated that about 18 Tg/yr pollution aerosol
is exported from eastern Asia to the northwestern Pacific
Ocean, of which about 25% reaches the west coast of North
America, based on the MODIS observations of fine-mode
and coarse-mode aerosol optical thicknesses. Although our
current study is focused on a short time period of approx-
imately 10 days in May and the meteorological conditions
are different from the mentioned other studies, it is useful to
examine the dust budgets for this time period considered in
our analysis for a comparison with the pervious studies.

Figure 5 shows vertical latitudinal distributions of hori-
zontal dust transport flux at longitudes of 90◦ E, 140◦ E
and 230◦ E and dust budget simulated by the SPRINTARS
for a time period of 5–15 May, 2007. In this budget anal-
ysis, the northern boundary is set at 70◦ N; the southern

boundary is set at 0◦ N. During the simulated 11-day pe-
riod, the total amount of dust emitted between 90◦ E–140◦ E
(mainly from the Gobi Desert) and dust transported through
the longitudinal cross-plane at 90◦ E (mainly emitted from
the Taklimakan Desert) is approximately 34.1 Tg. Most of
this amount of dust (29.4 Tg) deposits onto the ground of the
region between 90–140◦ E. The dust mass horizontally pass-
ing through the longitudinal plane at 140◦ E, mainly occur-
ring at latitudes of 25◦ N–55◦ N, is 2.1 Tg. Our study also
revealed that 0.66 Tg,∼30% of the exported dust at 140◦ E,
is transported eastward across 230◦ E and arrives in North
America. Because of the two-layered dust structure at the
west coast of North America, the transported dust mass flux
also shows a two-layer structure. About 60% of the dust mass
flux (approximately 0.4 Tg) is transported at high altitudes
above 8 km. Our estimation of the exported mass flux ratio
is quite consistent with that reported by Yu et al. (2008).

With the information of dust vertical distribution provided
by the CALIOP measurements, together with the dust trans-
port model, our study has verified that, while the Gobi Desert
mainly contribute to the dust cloud transported in the lower
troposphere, the Taklimakan Desert contributed to the dust
cloud transported in the higher troposphere. A previous study
by Liu et al. (2008) based on the first year of the CALIOP
measurement revealed that the Taklimakan Desert is a more
persistent and prolific dust source compared with the Gobi
Desert. The present study implies that the Taklimakan Desert
may also play an important role in the long-range dust trans-
port particularly occurring at high altitudes.

4 Conclusions

We presented a 3-D analysis of Asian dust transport pro-
cesses over the Northern Pacific Ocean occurring dur-
ing 5–15 May 2007, based on the vertical-resolved dust
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Table 1. Summary of dust clouds for two different transport passes.

Trajectory A Trajectory C
Dust origin and period 5 May from Gobi Region 8–9 May from Taklimakan Region

Main transport height and transport
mechanism

4–6 km
Dry Slot of Cold Front

8–11 km
Highly lifted up by strong wind and elevated by
updraft accompanied with mesoscale warm sector
and then transported by prevailing westerlies

Potential temperature level 300–320 K 320–350 K
Horizontal transport speed 1400 km /day 2000 km /day
Horizontal dust scalea 1000 km 1500 km
Mixing with anthropogenic Pollutants Yes No
Typical decay ratio of dust extinction
coefficient during Trans-Pacific Transport

0.1
(0.1→0.01 km−1)b

0.5
(0.01→0.005 km−1)b

a Horizontal dust scale was determined from the contour level of 3×10−3 km−1 of dust extinction level by the SPRINTARS (this is an
e-folding level of dust level by SPRINATS over the Pacific Ocean).
b Estimated from the decay of the peak value from the SPRINTARS dust extinction coefficient between 140◦ E and 230◦ E.

measurements provided by the NASA/CALIOP onboard the
CALIPSO satellite, together with the global aerosol climate
model, SPRINTARS. The analysis results showed a good
agreement between the CALIOP observed and SPRINTARS
simulated large-scale dust transport processes and structures,
which validated the CALIOP measurement and the SPRINT-
ARS simulation each other. The analysis demonstrated
the complicity of dust transport processes and multi-layered
structure.

Two different Asian dust storms occurred, respectively,
in the Gobi Desert on 5 May 2007 and in the Taklimakan
Desert few days later. In the following days two dust clouds
emitted from these two dust storms were transported across
the North Pacific. Over the eastern North Pacific the dust
cloud originating in the Taklimakan Desert caught up the dust
cloud generated few days earlier in the Gobi Desert and both
were transported simultaneously into North America. A two-
layered dust structure therefore formed and was observed
over the Rocky Mountains. The dust cloud mainly originat-
ing from the Gobi Desert was transported at lower altitudes
of 4–6 km MSL crossing the Pacific to North America. The
transport took about 10 days and has remained trapped within
the potential temperature zone of 300–310 K. This dust cloud
has also mixed with Asian anthropogenic air pollutants dur-
ing its travel over land. The AOT ratio of dust to the total (in-
cluding dust, sulfate, and carbonaceous) was about 0.3 over
the North Pacific and increased when arriving the coastal re-
gion of North America. The AOT level of this lower dust
layer decayed to one-tenth of the peak value when arriving
North America.

The dust cloud transported in higher altitudes originated
in the Taklimakan Desert where dust particles were lifted up
by a low-pressure system to the high troposphere reaching
the tropopause level. The height of the core part of this dust
cloud is at the potential temperature of 330 K, corresponding

to an altitude of about 10 km (MSL) during its Trans-Pacific
transport. Because of the high altitude of the transport, this
dust cloud has remained uncontaminated with Asian air pol-
lutants and almost unaffected by wet removal. The decay of
its concentration level is relatively small (only one-half dur-
ing its long-distance transport across the Pacific).

Our dust budget analysis showed that Asian dust flux pass-
ing through the longitude plane of 140◦ E was 2.1 Tg, of
which one-third crossed over 230◦ E and arrived at North
America during the time period of 5–15 May 2007 simulated
in our analysis.

Extinction coefficients by SPRINTARS are underes-
timated during the long-range transport compared with
CALIOP observations. There seems to be relatively large
uncertainties on a dust emission from the Tarim Basin and
dust deposition processes. There is room for improvement
on these points.

With the vertical-resolved dust measurements provided by
CALIOP, together with 3-D dust transport model simula-
tions, our study has implied that, the Taklimakan Desert is
not only a persistent and prolific dust source but also a source
that can contribute to the long-range dust transport to North
America.
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