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Analysis of a Strong Sandstorm Process in Ulangab City

Biyun LI" , Yu XUE, Yanni SONG
Ulangab Meteorological Bureau, Ulangab 012000, China

Abstract Based on NCEP reanalysis data, EDAS data and ground observation data, the causes of a strong sandstorm process in Ulanqab City from

March 14 to 15, 2021 were analyzed. The analysis shows that "3.15" sandstorm, a sandstorm process accompanied by northwest gale behind the front,

was caused by strong cold air in the north. In the early stage, the Mongolian cyclone resulted in the increase of temperature and decrease of pressure on

the ground. When a strong surface cold high pressure at the rear of the cyclone invaded the city, a strong pressure gradient between high and low pressure

provided dynamic conditions for the sandstorm outbreak. The transit of the surface cold front was the sign of the sandstorm outbreak, and the downward

transmission of momentum at high altitudes increased the wind speed near the surface.
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Sandstorm refers to a disastrous weather phenomenon, mean-
ing that strong winds sweep up a large amount of sand and dust
from the ground to make horizontal visibility less than 1 000 m,
which will bring great harm to social production and life as well as
life and property safety. Located in the middle of Inner Mongolia,
Ulangab City has a semi-arid continental monsoon climate in the
middle temperate zone. The annual precipitation is small, and has
high variability. The frequency of sandstorm has decreased in re-
cent years. On March 14, 2021, a large-scale sandstorm appeared
in Mongolia, entered Inner Mongolia on the night of March 14,
and moved rapidly eastward and southward, bringing a large-scale
sandstorm weather phenomenon affecting northern China. The
sandstorm weather was strong in intensity, wide in scope, long in
duration and great in impact, and most parts of Ulangab City suf-
fered strong sandstorm, among which the lowest visibility was only
89 m. It was the strongest dust weather process in Ulangab City in

nearly 20 years.

1 Actual situation of the weather

1.1 Visibility On the night of March 14, sandstorm broke out
in Ulangab City. To 23:00 on March 14, the visibility of Siziwang
Banner observation station dropped quickly from nearly 10 000 m
to less than 500 m in less than an hour, and then sandstorm be-
came strong from the northwest to the southeast in most areas of
the city. At 01:00 on March 15, the minimum visibility of Xinghe
County was only 89 m. The process was accompanied by force
5 —6 northwest wind, and the force of instantaneous wind was up
to 8 —=10. To 11:00 on March 15, the visibility of the city rose to
more than 1 000 m, and it changed into blowing sand weather.
The main body of sand dust moved southeastwards with the north-

west wind, affecting Shanxi, Beijing and other places. On the
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night of March 15, the visibility in Ulanqab rose to more than
10 000 m, and the dust weather process ended in Ulanqab City.
1.2 Temperature Before the invasion of the sandstorm, Ulan-
qab was controlled by a warm ridge, and the ground was abnor-
mally warm. The daily average temperature was 5.1 - 11. 4 C
higher than that of the normal year. The warming and depressur-
ization in the early stage and the clear and dry atmosphere were
conducive to the development of the surface cyclone, and also ac-
cumulated heat energy for the formation of the sandstorm. In the
early morning of March 15, the sandstorm weather entered Ulan-
qab, and the temperature dropped sharply, with a drop of 1.7 —
9.7 °C in 3 h. The surface pressure increased rapidly, and it was
under the control of high pressure.

1.3  Wind direction and speed Before the passage of the cold
front, the wind force decreased, and the surface wind direction
changed from southwest to northwest. Afterwards, the wind force
quickly increased. In Siziwang Banner, at 23.00 on March 14,
strong sandstorm weather appeared, so that the visibility plumme-
ted to less than 500 m. Meanwhile, the wind speed first dropped
and then rose, and the wind direction changed from southwest to
northwest. The maximum wind speed reached 16.1 m/s, indica-

ting that there was a front crossing during this time (Fig.1).
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Fig.1 Changes in hourly wind direction and speed in Siziwang
Banner from 09:00 on March 14 to 20:00 on March 15
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2 Movement paths of dust

According to EDAS data, the backward trajectory of sand-
storm in the city was analyzed. As shown in Fig. 2, there were
representative airflow paths at an altitude of 500 and 3 000 m
above the ground respectively. From 22 .00 on March 14 to 08 .00
on March 15, the track of the air flowing through Ulangabu at
500 m was reversed hour by hour. It is obvious that there was
southwest wind before 01: 00 on March 15, and it suddenly
changed to the northwest wind at 01:00 on March 15, which was

time of dust outbreak, indicating that the low-altitude path
represented by a height of 500 m was the main transmission path of
dust.
was mainly from central and eastern Mongolia. The track of the air
flowing through Ulangab City at a height of 3 000 m from 22 .00 on
March 14 to 08:00 on March 15 was reversed hour by hour,

and the air path gradually changed from west to northwest. Com-

It can be seen that the dust of this sandstorm weather

pared with the jet stream zone and cold advection below, it can be
seen that this path was the development path of high-altitude cold

consistent with the change of the surface wind direction and the air.
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Fig.2 Backward trajectory analysis at 500 (a) and 3 000 m (b) from 22:00 on March 14 to 08:00 on March 15

3 Circulation pattern
3.1 Middle troposphere

tudes of Eurasia were controlled by the meridional circulation, and

In the early stage, the middle lati-

the circulation was flat. The Ural Mountains and eastern Asia were
controlled by a long-wave high ridge, and there was a northeast —
southwest long-wave trough in West Siberia. The central and east-
ern Inner Mongolia were controlled by a warm ridge, with clear
weather and high temperature. At high latitudes, the polar vortex
tended to the Eurasian continent, and formed a deep cold trough to
the east of Novaya Zemlya. On March 14, the transverse trough in
West Siberia moved eastward, moving more than 20° in 24 h, and
the two westerly wind troughs in middle and high latitudes joined
together into a deep East Asian trough. The high pressure ridge
over the Ural Mountains strengthened, and the circulation pattern
of Eurasia changed into a trough and a ridge. Due to the strong
pressure gradient in the trough, the northerly air behind the trough
was guided southwards'".

3.2 Lower troposphere The contour lines in front of the cold
trough diverged, and the temperature trough laged behind the
height trough. The baroclinic structure was obvious. With the de-
crease of height and the eastward movement of cold trough, the in-
tersection angle between the temperature and pressure fields in-
creased, and the cold advection increased. In the early morning of
March 15, a closed cold vortex formed in the middle and lower
troposphere, and there was a closed high pressure center at the
rear of the cold vortex. Isobaric lines between high and low pres-

sure were dense, and the intersection angle with the isotherm was

greater than 45°. The cold advection was strong ( Fig. 1a).
3.3 Ground
developed and moved eastwards. By 20:00 on March 14, the cen-
tral intensity reached 985 hPa. The cold high pressure behind the

cyclone rapidly moved eastwards and developed. The high-pressure

In the early stage, the cyclone over Lake Baikal

center rapidly moved eastwards from the north of Xinjiang to the
west of Lake Baikal, and the central intensity reached 1 037.5
hPa'>’. Due to the development of surface cyclones and cold high
pressure, the isobars between high and low pressure transition
increased

zones became denser and

(Fig. 1b).

the pressure gradient

4 Analysis of physical quantity field

4.1 High- and low-air jet stream zone From March 13 to 15,
a continuous jet stream zone appeared from the west of Mongolia to
the central and eastern parts of Inner Mongolia in the middle and
lower troposphere. The central wind speed of the upper jet stream
zone was more than 40 m/s at 500 hPa and over 20 m/s at 700
hPa. At 20.00 on March 14, the wind direction changed from a
flat westerly air flow to a northwest air flow at 700 hPa, and the
wind speed in the jet stream zone changed from southwest to north-
west at 850 hPa. The jet stream zone covered the central part of
Inner Mongolia to Ulanqab City.

4.2 Temperature advection On March 14, the high- and low-
air cold advection over Mongolia developed strongly from west to
east. At 20:00, it developed southeastwards, and entered China

from the central and eastern part of Inner Mongolia to develop to-
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wards North China.

4.3 Horizontal divergence and downward transportation of
momentum On the night of March 14, the horizontal divergence
field over Ulangab City showed a form of high-altitude convergence
and low-altitude divergence, and there was a unified sinking move-

ment area from high altitude to the ground ( Fig.4a). It can also
be seen from the profile of wind speed that there was an obvious
downward bulge in the wind speed line on the night of March 14,
and upper-altitude momentum transmitted downward, so near-sur-
face wind speed increased™ (Fig. 4b).
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Fig.3 Circulation field at 700 hPa (a) and sea level pressure field (b) at 20:00 on March 14
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Fig.4 Divergence (a) and wind speed profiles (b) over Ulanqab City
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4.4 Vorticity Vorticity is a physical quantity that characterizes
the rotation characteristics of air mass. In the early stage, there
was a positive vorticity center and conversive upward motion in
both high and low altitudes over Ulangab City'*', which was con-
ducive to the development of surface Mongolian cyclones. In the
early morning of March 15, Wulangab City was in the same nega-
tive vorticity area, with downdraft, which was conducive to the de-

velopment of surface cold high pressure.

5 Influence systems

5.1 Mongolian Cyclone and Mongolian Cold High In the
early period, the Mongolian cyclone developed in Ulanqab City,
with high temperature and low pressure. Then, the surface cold
high pressure moved eastward and strengthened. During the devel-
opment of high and low pressure, the pressure gradient increased,
and the isobars were more dense; the gradient wind was strength-
ened, and the combination of high and low pressure guided the

northerly air flow between high and low pressure to move south-
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wards. Ulanqab City was in the transition zone of high and low
pressure; the pressure gradient was large, and the gradient wind
was strong, which was conducive to the increase of the surface
wind speed.

5.2 Polar vortex

ased to Eurasia, bringing polar cold air to Eurasia, so that high-

In the early stage, the polar vortex was bi-

latitude westerly trough deepened, and the cold air accumulated
behind the trough, forming a cold center. When it merged with the
mid-latitude westerly trough, the cold air slid down along the
northwest air behind the trough, bringing gale and cooling.

5.3 Cold front system

5.3.1 High-altitude frontal zone. The isotherms were dense, and
the temperature gradient was large; the front zone was strong and
developed strongly. The front zone was nearly vertical below 700
hPa at 02:00 on March 15, and was over Ulangab City.

5.3.2 Ground frontal zone. The isobaric lines were dense, and
the gradient wind was strong. The thermal wind accelerated and
strengthened the baroclinicity of the atmosphere, thus increasing
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the geostrophic deviation wind and aggravating the development of
strong sandstorms. A cold front moved southeastwards on the
ground. There was a large 3-h positive variation of pressure behind
the front, and the barotropic wind was strong.

6 Conclusions

(1) The dust weather was a cold front type strong sandstorm
process, and the main body of dust entered Ulanqgab City from the
central part of Inner Mongolia, and moved from the northwest to
the southeast, resulting in a large range of dust weather in the
north.

(2) The invasion of surface cold front was an important dy-
namic mechanism of sandstorm outbreak. When the visibility
plummeted, the wind direction changed from southwest to north-
west. The wind force first dropped and then rose, so the tempera-
ture plummeted. As the main body of cold high pressure affected
our city after the transit of cold front, the wind force declined, and
the dust weather basically ended.

(3) Downward transmission of upper-level wind momentum
was the main reason for the development of dust weather. In the
early stage, strong cold air accumulated in West Siberia. When
the transverse trough turned to be vertical, the cold air moved rap-
idly eastwards along the westerly jet with the cold trough or the
small trough in front of it. The subsidence motion combined with

high-altitude convergence and low-altitude divergence made the
high-altitude wind momentum pass down, and the near-surface
wind increased, forming a strong frontal zone with a lot of wind and
sand.

(4) Before the emergence of strong sandstorms, on the 500
hPa upper chart, there was a high-pressure ridge over the Ural
Mountains or its west side, while a deep cold trough was formed in
West Siberia, and a circulation pattern of a trough and ridge was
formed in the middle and high latitudes of Eurasia.
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