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Abstract The purpose of this paper is to analyze the structure of a stratiform cloud and physical processes of precip-
itation formation through the observational data of airborne particle measuring system (PMS), Doppler radar and
rainfall in situ on 5 July 2004 in Changchun, Jilin Province. A numerical simulation is also conducted using one
dimensional, time-dependent stratiform cloud model with detailed microphysical processes. The synoptic analysis
shows that this stratiform precipitation process is induced by the typhoon, Mindulle, when it evolves into a low-
pressure system. On the radar echo image, there is an obvious bright band. The observational PMS data indicate
that the average number concentration of ice crystal is 2. 6>X10'm * and the supercooled water content is abundant

above the 0°C level. Below the 0°C level, the water content is smaller. A one-dimensional cloud model is employed.
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The simulated results are well consistent with the observations. Koo Chen-Chao’s three-layer cloud conceptual mod-
el can interpret the structure of the stratiform cloud well. In the first layer, namely ice crystal layer, the main water
substance is ice crystal. The growth of ice crystals by deposition is very important. Besides this, the ice crystals
grow also by collision-aggregation process that induces some snow crystals. The key parameter of this layer is the
temperature of cloud top. In the second layer, namely supercooled water layer, there are composed by ice crystal,
snow, graupel, cloud droplet and raindrop. The ice crystals grow by diffusion of water vapor to their surface due to
the Bergeron process. The snow crystals grow by deposition. The snow crystals and graupels grow by collision and
aggregation, collection and riming with snow crystals, graupel particles, and ice crystals. In addition, the cloud
droplets transform to raindrops through autoconversion. The key parameters of the second layer are the content and
thickness of supercooled water. In the third layer, namely warm water layer, the main water substances are cloud
droplet, raindrop, and melting snow and graupel. The 50%- 60% of raindrops below the melting level come from
the melting snow crystals and graupel particles. The raindrops grow almost through gravitational collision. There-
fore, the thickness and water content of the warm layer are the determinate factors.

The three layers, ice crystal layer, supercooled water layer and warm water layer, contribute 7%, 54% and
39% to the surface precipitation, respectively. The first layer seeds ice crystals and a little snow crystals to the
feeder cloud (the second layer). And the second layer seeds snow crystals, graupel particles and raindrops to the

feeder cloud (the third layer). The extent of Bergeron process is very different at different times and layers, and

warm cloud process is crucial sometimes.
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Fig. 1 GOES-9 satellite infrared image at 1900 LST (Beijing time) 4 Jul 2004 (s stands for Changchun, Jilin Province)
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bR AL LRI A] Start time ZESIRHA] End time FELLT ] [ TR+ Rainfall F5% Rainfall

Station No. of precipitation of precipitation Duration/h amount/mm intensity/mm « h™!
1 05:23:12 12.01.25 6. 64 10. 5 1. 58
4 04:30:05 12.27.38 7.96 16. 3 2.05
6 04.:33:01 12:00.07 7.45 12.0 1. 61
8 04:55:27 12.:06:52 7.71 7.9 1. 02
9 05:44:56 11.29.04 5.73 6.0 1. 05
12 04:20:20 12:02.56 7.71 12.0 1. 56
13 04.:20.07 10:08.57 5.81 6.8 1.17
14 04:56:08 10.35:36 5. 66 6.3 1. 11
15 04:46:10 11.27.26 6. 69 5.0 0.75
16 08:49:34 08:55:00 0.09 0.3 3.31
17 05:09:35 11.05:36 5.93 3.4 0. 57
18 06:11:11 10:21.22 4. 17 2.6 0.62
19 05:25:23 11:42.42 6. 29 4.0 0. 63
20 04:13:30 10:41:26 6. 47 4.8 0. 74
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Table 2 Percentages of cloud water producing and consuming (%)

= /K= 4 Produce = 7K #E Consume of cloud water
B a] /43 of cloud water Acr CLes Cleg VDev
Time/min Cond MLic 1 11 111 1 111 1 11 111 1 11 111 1 11 111
180 99. 99 0. 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 99.99 99.99
240 99. 99 0. 00 0.0 5.1 0.2 0.0 67.1 8.2 0.0 0.0 0.0 0.0 7.9 0.0 0.0 19.9 12.2
360 99. 99 0. 00 0.0 0.0 0.0 0.0 53.8 0.0 23.7 0.0 0.0 76.1 0.0 0.0 0.0 35.2
480 99. 99 0. 00 0.0 0.0 0.0 0.0 41.3 82 27.9 0.0 0.0 70.4 0.0 87.7 0.7 47.2
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®3 REFEERNESE(%)
Table 3 Percentage of mass producing rate (%)
IFI8E] /4 VKt Ice crystal = Snow flake % Graupel Fi7K Rain drops
Time/min VDvi CLci HNUci Pci Ais VDvs CLes CLis CLeg Clsg CLrg CNsg VDvg Cler MLxr CLexr  Acr
180 86.4 13.6 0.0 0.0 822 9.9 7.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
240 52.5 47.4 0.0 0.1 39.1 16.5 44.4 0.0 89.1 0.0 6.1 1.3 2.8 92.0 3.4 1.5 3.1
360 92.1 7.5 0.0 0.4 0.3 71.2 28.4 0.0 553 356 0.0 4.8 2.8 358 56.9 7.3 0.0
480 84.7 4.1 11.1 0.1 2.2 55.3 42.2 0.3 54.2 17.1 0.0 25.1 3.0 31.9 59.4 8.6 0.0
600 87.5 3.4 9.0 0.1 0.7 55.2 44.0 0.1 45.9 29.9 0.0 21.2 2.9 31.2 53.9 14.8 0.0
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