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Precipitating Stratiform Cloud Event in the Qilian Mountains of

the Northeastern Tibetan Plateau
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Abstract: Located in the northeastern Tibetan Plateau, the Qilian Mountains (QM) are the main
source of several important rivers including the Shiyang, Heihe and Shule rivers. The cloud
microphysical properties have a critical role in understanding the precipitation formation.
However, the aircraft measurements on the cloud microphysical properties over the QM are few.
By using the aircraft measurement data of KingAir-350 of the Weather Modification Office of
Qinghai Province, the cloud microphysical properties of a precipitating stratiform cloud event
over the QM was investigated. The results show that the formation of the precipitating stratiform
event was primarily produced by the terrain lifting of nearly southerly airflow from the low
topographic valley area to high mountain area. The maximum supercooled liquid water content in
the orographic precipitating stratiform cloud was 1.13 g m?. The liquid water content was
relatively high in low-altitude areas due to the existence of more water vapor. The formation and
growth processes of ice particles varied at different altitudes in mountainous areas. At the level of
5600 m (-5.1 C), the formation and growth processes of ice particles primarily depended on
deposition and aggregation processes with weak riming process; at the level of 6560 m (-9.9 C),
a large number of aggregated ice particles were observed and the spectrum broadening was
obvious, indicating that the dominant formation and growth process for ice particles were
deposition and aggregation processes; at 7850 m (-17.0 ‘C), there were almost ice phase particles
with abundant aggregated dendritic ice particles, indicating that the deposition and aggregation
processes were dominant at this high altitude.

Keywords: cloud microphysical properties, aircraft measurements, the Qilian Mountains, the
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Fig. 1 Distribution of temperature (shaded), geopotential height (black contour line), and wind

vector at 500 hPa at 11:00, on 21 August 2020. The black box shows the observation area.
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Fig. 4 (a) Time evolution of aircraft flight altitude (solid line) and corresponding air temperature
(blue dashed line). DE, FG and HI represent vertical observations; BC, JK, LE, and FM represent
horizontal observations at different heights; (b) Horizontal flight path (black lines) and
corresponding radar composite reflectivity (color shaded) and terrain height distribution
(background color shaded). DE, FG and HI are areas for vertical observations, and BC is
horizontal observation. Red dot is the location of Xi’ning C-band radar and blue dot is the location
of airport; ¢) Vertical aircraft flight path (black line) and corresponding radar reflectivity (color
shaded) and terrain height distribution (gray shaded). Red lines are horizontal observations in Fig.

4a, and black dotted line is the level of 0 C.
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Fig. 5 (a) Aircraft flight path and cross section of radar reflectivity during the horizontal
observation at the altitude of 6890 m (BC segment in Fig.4) and time series of (b) Temperature
(blue line) and terrain (black line); (¢) liquid water content (LWC) observed by King Hot-Wire
probe (Blue line) and calculated by CAS (orange line); (d) particle number concentration (N) from
CIP (red line) and from PIP (green line); (e) CIP instantaneous spectrum (the first two bins
removed, i.e., spectrum of particles diameter from 75 pm to 1550 pum); (f) PIP instantaneous
spectrum (the first two bins removed, i.e., spectrum of particles diameter from 300 pm to 6200 pm)
at the height of 6890 m (the BC segment in Fig.4) from 0911-0924 on 16 August 2020. The
corresponding ice particles images from PIP probe are listed on the bottom of the figure. from

0911-0924 on 16 August 2020. The low-level gray shadow is terrain distribution.
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Fig. 6 Same as in Fig. 5, but for the flight height of 5600 m (mean temperature is -5.1 ‘C, and the

LE segment in Fig. 4) and flight time is 0953-0956.
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Fig. 7 Same as in Fig. 5, but for the flight height of 6560m (mean temperature is -9.9 “C, and the

JK segment in Fig. 4) and flight time is 0936-0940.
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Fig. 8 Same as in Fig. 5, but for the flight height at 7850 m (mean temperature is -17.0 ‘C, and the

FM segment in Fig.4) and flight time is from 1036-1038.
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Fig. 9 Vertical flight path (black thick line) of the aircraft in DE segment (Fig. 4) and cross section

of radar reflectivity along the flight path and typical particle images during 0932-0956 on 16

August 2020
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Fig. 10 Cloud physical quantities distribute with height during vertical detection in DE area from
0932 - 0956 on 16 August 2020: (a) temperature (‘C), (b) liquid water content (g m?), (c) particle
number concentrations (L), (d) size distributions of particles (L' um") measured by CIP, and (e)

size distributions of particles(L"' pm') measured by PIP.
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Fig. 11 Same as in Fig. 9, but for vertical flight at the time of 1035-1114 and FG segment (FG

segment in Fig.4)
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Fig. 12 Same as in Fig. 10, but for vertical flight time of 1035-1114, and flight segment of FG
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Fig. 13 Same as in Fig.5a, but for the flight height of 6.2~4.6 km (the HI segment in Fig. 4).
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