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1. Introduction
Dust storms occurred in Northern China caused
tremendousenvironmentahazards,especiallyin recent

years. This motivated a number of case studies (Véang

al. 1995; Takemi 1997; Tratt et al. 200i)cluding the
casestudy of the April 2001 dust storm presentedn
this paper.

2. Episodes of the April 2001 dust storm

On 6 April 2001, a duststorm wasinitiated in the
north of China and south of Mongolia due to high
winds and favorable thermodynamicconditions over
Gobi Desert- one of the major naturaldustsourcesn
East Asia. The storm reached its peak intensitpnil
8th, then moved further east and reachedthe Korean
Peninsula on the 10turing this period, wind—blown
and suspendingsands affected total 10" km? areas
between30 and50°)\, 70 and 140% in China and its
neighboring downwind countries. Three areas were
worstimpacted(Fig. 1). Satellite imagesshowedthat
the dust plume drafted along with the westerly across
the North Pacific Oceanin the subsequentays and
reached thélorth Americancontinenton 15 April. Air
samples taken by a NASA plane over Bould&slorado
revealeda dust plume about 6.4 km thick, stretching
from roughly 4,500 to 10,700 m above the Earth’s
surface. This dust plume arrived over thigantic Ocean
on 21 April and then traveledkearly a full cycle of the
Northern Hemisphere.

3. COAMPS and its aerosol model

The atmospheric component of the Navy's
operational Coupled Ocean/Atmospheric Mesoscale
Prediction System (COAMPS™) is usedto simulate
the duststorm with dataassimilation cycled every 12
hrs. The Navy’s global analysesand forecastsprovide
the initial fields and lateral boundacpnditions(updated
every 6 hrs). A mineral dust model, with dust
mobilization, transportand microphysics,is embedded
in COAMPS that uses exactly the model fietdfswind,
temperature and precipitation etceathtime step (Liu
and Westphal 2001). The dust souaceasare specified
basedon USGS 1-km land use database.The dust
productionis proportionalto the 4th power of surface
friction velocity [Nickling and Gillies 1993].

* Corresponding author address: Qin Xu, NSSL/NOAA,
1313 Halley Circle, Norman, OK 73069; e-mail:
Qin.Xu@nssl.noaa.gov.

Fig. 1. Dust storm affectedareas(shaded)and heavy
dust areas (dark shad) during 6-10 April 2001.

4. Numerical simulation and analyses

Both the COAMPS simulation and weather map
analysesshowedthat the high winds and favorable
thermodynamicconditions for dust lifting over Gobi
Desert(including Hexi Corridor) were producedfirst by
an east-moving Mongolian cyclonic depressaml then
enhancedoy a southeast-movingSiberian cold front.
The Mongolia cyclonic depressiorplayedan important
role in the early stage of the storm. the beginningof
this stage,the large-scalecirculation was characterized
by a short-wavetrough situatedat the bottom of the
wide trough over Lak@&aikal andthis trough developed
rapidly due to strong thermal advection. Consequeatly,
cyclonic depressionwas formed and deepenedat the
surface level over the Central Mongolia witie surface
pressurdow reached92.5 mb at 0OOUTC on 6 April.
As this systemmovedslowly eastwardand reachedits
maximum intensity with the surfacepressuredown to
977.5mb at 18UTC, a hugeamountof dustsandwas
lifted andformeda duststorm swiped most areasover
northeast China.

As the Mongolian depression movea Northeastern
China on 8 April (Fig. 2), the Siberian cold front
pushedinto the upstreamarea of the dust storm in
NorthwesternChina. High winds associatedwvith this
cold front generated strordust fluxes over Taklamakan
Desertin Talimu basin of Xinjiang. This greatly
extendedthe range of the dust storm to the west and
upstream side ahe storm generatedy the Mongolian
depression.

In addition to the above synoptic-scaepact of the
Siberiancold front, the frontal systemalso produceda
mesoscaldéow pressurecenteraheadof the cold front.
This mesolow became fully developed oAgril in the
middle andlow troposphergnot shown) over the dust



sourceareain the central Hexi Corridor of Gansu.lts

associatectyclonic flow producedvery strong surface
winds (28 m/s) over the dust source area. This

maximizedsurfacedustfluxes over the sourceareaand

further intensified the dust storm with the visibility

reduceddramaticallydown to 0 m over the mesoscale
areaswithin and immediately downstreamof the dust
source.
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Fig. 2. Model analyses of sea-level pressure at
08:00UTC of April 8 with grid resolution 81km.

5. Dust distribution and air quality

As revealedby the dust model outputs and verified
by surface observations, dust mass fluxes \gererated
mainly in southwesterrMongolia, Northern Xinjiang
andthe surroundingareasof Talimu basin of Xinjiang
in ChinabeforeApril 7th. After the 7th, the range of
dust fluxes extendedgradually eastwardfollowing the
east-movingMongolia depressionAt 06UTC the 7th,
dust fluxes showeda local maximum aroundthe area
betweensouthernMongolian and northern China. At
this time, the Siberiancold front movedinto Northern
Xinjiang and generatedheavy dust over Taklamakan
Desert. As the range of dust fluxies Xinjiang extended
following the southeast-movindront, high-flux areas
became connected from southeastern Xinjiang to
northwesterringhaiandto westernHexi Corridor of
Gansu. From 06 to 09UTQocal afternoon2-5PM) on
8 April, the surfacesensibleheatflux reacheda peak
value (more than 500W/nand the maximunaust flux
reached 30mg/nt over this area.The dust massload
(vertical integral of concentration)also reached the
maximum of 160-180Kg/m? on April 8 (Fig. 3). The
strong dust fluxes and heavy disadscausedcheavyair
pollution in 20 major cities oNorthernChina. Among
these 20 cities, 6 cities recorded highespaitution on
April 8th, and 5cities recordedhighestair pollution on
the 7th and 9th.

6. Conclusions
The results of this study suggest that $kiecession
of the east-moving Mongolian depressionand the

southeast-movingiberiancold front playeda key role
in generatingand subsequentlyintensifying the 7-9
April 2001 dust storm otthe synopticandlarge scales.
The mesolow producedin the central Hexi Corridor
during the successionof the above two synoptic
systems further intensified the dust storm on the
mesoscaleThe simulated dust fluxes showed close
connectiongo the wind andthermodynamicconditions
over the dust source areas, while the niead andtheir
spatial distributionshoweda strongdependencen the
three-dimensionalind field on the synoptic and large
scales.
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Fig. 3. Dust mass load of model simulation at
08:00UTC of April 8 in grid resolution 27 km.
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