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Abstract

This paper uses real-time observational data and 1° x 1° resolution FNL reanalysis data provided
by NCEP to diagnose and analyze the causes of the strong cold wave weather process in the Altay
region of Xinjiang from November 25th to 28th, 2022. The results show that this cold wave weath-
er process is extremely intense, with explosive and severe characteristics, low minimum temper-
atures, wide range of impacts, heavy snowfall, and strong winds. A total of 60% of the meteorolog-
ical stations in the entire region reached the criteria for a strong cold wave, with minimum tem-
peratures generally dropping below -30°C and the temperature center reaching -48.6°C. Blizzard
conditions occurred along the Altai Mountains, and the snow depth in Altay City surpassed the
historical extreme value for November. On the 26th, the winds shifted rapidly from the east to the
west, with wind speeds reaching above 11 on the Beaufort scale at 5 stations. Initially, Altay was
under the control of a warm ridge, with strong warm advection, and surface temperatures contin-
ued to rise to 0°C. Cold air accumulated in the Siberian region, with the intensity of the cold vortex
center reaching —-48°C and the intensities of the 700 hPa and 850 hPa cold centers reaching -36°C
and -32°C, respectively. As the European ridge expanded eastward, the transverse trough in the
Siberian trough shifted vertically eastward. The cold high-pressure center of 1062.5 hPa along the
northward path descended southward into the northern border of Altay, where the -50 x 10-5°C-s1
cold advection center entered, resulting in a severe temperature drop. The radiative cooling effect
of the snow surface exceeding 20 centimeters further enhanced the cooling magnitude. The pres-
sure gradient between the surface cold high-pressure system and the weak low-pressure center in
southern Xinjiang reached 50 hPa, resulting in a strong pressure gradient force. Within 24 hours
of the arrival of the cold air, the pressure change at Altay exceeded 20 hPa, resulting in a north-
west wind at the surface. The acceleration of the sinking of the cold air and the effect of the terrain
both amplified the intensity of the strong winds. The maximum wind speed in the mid-level wes-
terly jet exceeded 60 m/s, and the effect of advection and divergence was strong. The Siberian
trough at 500 hPa was replenished by the cold air guided by the north wind belt ahead of the Eu-
ropean ridge, and it merged with the Caspian Sea trough, continuously increasing in intensity. The
southwest jet in the front of the upper and lower-level trough was strong, and it converged with
the eastward jet in the lower levels, causing moisture convergence in the Altay region. Additional-
ly, the uplift of the front and the significant forced uplift of the Altai Mountain terrain led to bliz-
zard conditions along the windward slope of the Altai Mountains.
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Figure 1. Fact sheet of hourly minimum temperature in Tuerhong Township, Fuyun County, Altay Region, November
25~28, 2022 (unit: °C)
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Table 1. Comparison of the lowest temperature in Altay with the same period of last year and previous years (unit: °C) from
27" to 28" November, 2022

%2 1.2022 % 11 B 27~28 HW#hHX RRKRIESEE. HERMASLL(ERA: C)

B() 27~28 HRILIR LK 11 A BRSR LK 11 HHEA
(ETIES -35.1 -40.8 3
HARTY -28.9 -38.8 4
I BT -29.6 -37.8 7
AR -31.4 -35.0 2
Yt -28.4 -33.2 4
=1 -34.9 —46.3 7
H -42.1 —42.9 2
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Figure 2. Geopotential height field (contour, unit: dagpm) and jet flow area with wind speed greater than 40 m/s at 200 hPa
(color, unit: m/s, “-” is the location of Altay area) at (a) 08:00 25™: (b) 20:00 26™; (c) 20:00 27'"; (d) 20:00 28" on Novem-

ber, 2022
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Figure 3. Geopotential height field (contour, unit: dagpm) and jet flow area with wind speed greater than 20 m/s at 500 hPa
(color, unit: m/s, “” is the location of Altay area) at (a) 08:00 24™: (b) 20:00 24™: (c) 08:00 25'; (d) 08:00 26 on Novem-
ber, 2022
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Figure 4. Geopotential height field (contour, unit: dagpm) and jet flow area with wind speed greater than 15 m/s at 850 hPa
(color, unit: m/s, “-” is the location of Altay area) at (a) 14:00 25™: (b) 08:00 26™; (c) 20:00 26'; (d) 20:00 27" on Novem-
ber, 2022
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Figure 5. Sea level pressure field (unit: hPa, “-” is the location of Altay area) at (a) 08:00 26™; (b) 20:00 26™; (c) 08:00 28™;
(d) 20:00 28" on November, 2022
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Figure 6. Temperature advection field (shaded, unit: 107°°C-s™) at (a) 02:00 26"; (b) 20:00 26™ on November, 2022, along
88.14°E, and the black shadow represents the altitude
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(@) (b)
Figure 7. Water vapor flux field and water vapor flux divergence field at 850 hPa (unit: 107 kg-m2-s™%, “.” represents the
location of Altay area) at (a) 14:00 25™; (b) 02:00 26" on November, 2022

& 7. 2022 ££ 11 A(a) 25 H 14 BF; (b) 26 B 02 B 850 hPa AGKBEB U RASBEEE (BGI: 107 kg/m®s, “7 K
FENsR XU E)

(b)

Figure 8. Vertical velocity field (shaded, unit: Pa/s) and divergence field (contour, unit: 107 s™) at (a) 02:00 26"; (b) 08:00
27"on November, 2022, along 88.14°E, and the black shadow represents the altitude
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