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Numerical Experiments on Artificial Seeding of Decreasing the Meiyu
Heavy Rainfall

SUN Jing, SHI Yueqin, LOU Xiaofeng, and HU Zhijin

Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract A case of heavy rainfall during the Meiyu period of 22 - 23 July 2002 is simulated using mesoscale model
MM5 coupled with the CAMS (Chinese Academy of Meteorological Sciences) microphysical scheme. Numerical ex-
periments of adding ice crystals are conducted to study if there is any possibility to decrease the heavy rainfall. Sev-
eral tests for different seeding times and different concentrations of seeding particles are designed. Results show that
overseeding in the mature stage results in the most reduction of rainfall. In the region of 3600 km®, rainfall is de-
creased by 14. 8%, which is 8. 29X10°t. The heavy rainfall area with precipitation over 50 mm decreases from 190
km? to 60 km®. After seeding with a large amount of ice crystals, graupel grows through the collection of ice crystal
with supercooled rain water. This causes that the number concentration of graupel becomes larger and the mean di-
ameter of graupel becomes smaller. The falling speed of graupel becomes smaller than the updraft and graupel can-
not fall to the warm region to melt. This is one of the main reasons of decreasing surface rainfall. While in the weak
updraft region around the decreasing rainfall center, graupel retained in the cold area grows gradually, and then

falls, which increases the rainfall in the weak precipitation region. The overseeding methods in this paper are able to
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be used technically in the practical field test, which is worthy to make further studies and tests.

Key words Meiyu heavy rainfall, artificial seeding of decreasing rainfall, numerical simulation
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Fig. 1 (a) Reflectivity at the height of 4 km observed by Yichang (30. 7°N, 111. 3°E) radar and (b) reflectivity and wind vector at 4 km

simulated in the domain with 3. 33-km grid space at 2300 LST 22 Jul 2002. Thick solid lines represent mesoscale convective echo trains
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Fig. 2 The vertical distribution of the mass content of cloud water (Qc), rain water (Qr), ice (Qi), snow (Qs), graupel (Qg) through the
center of simulated echo G on 22 Jul 2002; (a) 2120 LST; (b) 2130 LST; (¢) 2200 LST
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Fig. 3

Time evolutions of the differences of (a, b) accumulated 5 minutes precipitation and accumulated total precipitation averaged over ar-

ea (29.56°N-30. 10°N, 110. 42°E-111. 11°E) between the seeding and unseeding tests (units: 10t): (a, ¢) Single seeding tests; (b, d)

several times seeding tests
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The differences of accumulated 5 minutes precipitation (mm) between seeding test 8 and unseeding test: (a) 2220 LST; (b) 2240

LST; (o) 2300 LST; (d) 2320 LST. The rectangle depicts the seeding area
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Fig. 6 The accumulated 180 minutes precipitation in the un-
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Fig. 7 The cross sections of physical quantities in unseeding test (shaded) and the differences between seeding test 8 and unseeding test (i-

solines) along 29. 82°N at 2205 LST 22 Jul 2002: Mass content of (a) cloud water, (b) rain water, (c) ice, (d) snow, (e) graupel; () ver-

tical velocity (m/s); (g) temperature (°C ). The rectangle depicts the seeding area at 2200 LST, the dashed lines depict 0°C, —10°C,

—20°C, —40°C isotherms in unseeding test, the arrows depict the synthesis of zonal wind («) and vertical motion (=X 10) in unseeding test
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Fig. 8 Same as Fig. 7, but for the number concentration (L.™!) of (a) rain water, (b) ice, (¢) snow, and (d) graupel
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Fig. 11

The vertical profiles of physical quantities in unseeding test (n, dashed line) and seeding test 8 (s, solid line) at decreased rainfall

center (29. 85°N, 110. 8°E) at 2300 LST 22 Jul 2002; (a) Conversion rates of rain water sources, Cer; collection of cloud water by rain wa-

ter, Ceg: collection of cloud water by graupel in the warm region, Mgr: the melting of graupel; (b) the averaged diameters of graupel (Rg)

and rain water (Rr); (c¢) vertical velocity (W) and the fall speed of graupel (Vg) and rain water (Vr)
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graupel
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