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Abstract In order to better understand the three-dimensional structure and microphysical characteristics of clouds and precipitation
at the entrance of the water vapor transport channel in Yarlung Zangbo Grand Canyon, the Chinese Academy of Meteorological
Sciences established a field campaign base in Motuo in 2019 under the support of the Second Tibetan Plateau Scientific Expedition
and Research Program and the National (Key) Basic Research and Development Program of China. Motuo is located at the
southeastern Tibet Plateau (TP). Advanced X-band dual polarization phased array radars, Ka band cloud radars, K band micro radars,
precipitation phenomenometers, and microwave radiometers are used to carry out comprehensive observations of water vapor, clouds
and precipitation. One of the specific scientific goals of the campaign is to obtain a better understanding of cloud and precipitation
microphysical processes and improve the parameterization scheme of the cloud-precipitation microphysical processes in numerical
models. Based on cloud radar data collected for the period from January to December 2019 and precipitation phenomenometer data
for the period from June 2019 to June 2020, the macroscopic characteristics of clouds and raindrop spectrum characteristics are
statistically analyzed. The macroscopic characteristics of clouds indicate that the occurrence frequency of clouds in this area is
relatively high, accounting for 67% of cloud radar profiles in 2019, and precipitation clouds account for 45% of the cloud cover.
Occurrence frequency of cloud base height (CBHs) in both dry and rainy seasons experienced two peaks corresponding to heights of
0-1 km and 2-3 km, respectively. One striking feature is that more than 40% of the CBHs are lower than 1 km probably due to high
occurrence frequency of precipitation clouds. Nearly 60% of the cloud top heights (CTHs) are between 4 and 7 km. In general, the
vertical frequency distributions of CBHs and CTHs indicate that low- and mid-level clouds prevailed in Motuo during the
observational period. Clouds tended to form most frequently from the afternoon to the evening and slowly dissipate from the morning
to the noon time. In terms of the raindrop spectrum characteristics, the average raindrop spectral width and number concentration of
large drops increased with rainfall intensity. The combination of small- and mid-size drops dominated precipitation in Motuo, and
their contributions exceeded 99% of the number concentration. Convective precipitation in Motuo is identified to be maritime-like
precipitation and characterized by a large normalized intercept parameter 1gN,, = 3.6-4.5 (with a mean value of 4.01) and small mass-

weighted mean diameter D, = 1.0—1.6 mm (with a mean value of 1.38 mm). Furthermore, the characteristic bimodality of 1gN,, was
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observed in Motuo, corresponding to convective and stratiform precipitation.
Key words Tibetan Plateau, Radar observation, Macroscopic characteristics, Raindrop spectrum distribution, Maritime-like

convective precipitation
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Fig. 1 Location of the Motuo observational site (black solid dot) and topography (shaded, unit: m) of the Tibetan Plateau,

which is superimposed with mean vertical integral of water vapor flux in July 2019 (black arrows, unit: kg/(m-s))
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Fig. 2 Time-height cross sections of CR-observed radar reflectivity before (a) and after (b) quality control superimposed
by KaCR-derived CBHs (solid triangles) and KaCR- (solid circles) and FY-4A-derived CTH (hollow circles)
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Fig. 7 Average raindrop size distributions for the five
levels of rainfall rate in Motuo (The corresponding integral

rain parameters and fitted gamma model parameters obtained

from the average DSDs are listed in Table 3)
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Table 3 Integral rain parameters obtained from the average raindrop size distributions for the five levels
of precipitation rate and the total data
254 (mm/h) Np(m™) w(g/m?) Z(dBz) Dy, (mm) 1gN,, u A(mm™)
<1 103.3 0.015 14.2 0.846 3.369 2.155 7.272
1—3 311.8 0.089 25.6 1.104 3.688 1.701 5.162
3—10 5323 0.225 31.5 1.262 3.860 1.270 4.175
10—20 824.6 0.602 38.1 1.511 3.973 1.475 3.622
=20 1054.9 1.224 443 1.955 3.835 2.179 3.162
Gt 151.2 0.035 22.0 1.087 3.312 0.227 3.888
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Fig. 8 Relative contributions of each size class to the rain 104 . . . . .
rate R (solid black line) and total drop contribution Nt 0 1 2 3 4 5 6
(gray histogram) in Motuo D (mm)
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al, 2003; Chen, et al, 2017; Wu, et al, 2017) ., #HiE
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7 120498 F1 1299 min,
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Fig. 9 Average raindrop size spectra for stratiform (gray
line) and convective (black line) precipitation in Motuo
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Fig. 10 Histograms of occurrence frequencies of D, (a)
and 1gN,, (b) for stratiform (green) and convective (red)
precipitation and (c) scatter plot of IgN,, vs D, (The blue/
red symbols represent stratiform/convective precipitation. The

outlined black rectangles correspond to maritime and continental

convective clusters reported by Bringi et al. (2003 ) , and the
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proposed by Bringi et al. (2003 ) and Thompson
etal. (2015), respectively)
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