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Abstract: Using cloud profile radar (CPR/CloudSat) data from 2007 to 2009, the horizontal distributions
of non-precipitating warm clouds over global oceans were examined and the vertical variation characteristics
of LWC (liquid water content) were analyzed for four major warm cloud types, i. e. , cumulus (Cu),
stratus (St), stratocumulus (Sc) and altocumulus (Ac). It was found that among all oceanic non-
precipitating warm clouds, the proportion of each type is stratocumulus (76. 46 %), stratus (12.48%),
cumulus (7.45%) and altocumulus (3. 61%). Stratocumulus plays a dominant role in the total coverage
area of non-precipitating warm clouds over oceans. After the global normalization of the sample volume,
there are also large differences in the spatial distribution patterns among the four types. Stratocumulus and
stratus are mainly concentrated in coastal waters near the west of North and South American continents,
while cumulus and altocumulus clouds are widely distributed on the Pacific Ocean, Atlantic Ocean and
Indian Ocean, and high occurrences generally appear in the central part of each ocean. In spite of distinct
formation regimes and morphologies, the vertical structures of LWC show similar patterns among the four
types. From the cloud bottom up to cloud top, LWC was found to increase first and then decrease. The
approximately linearly increasing structure in the lower and middle part of the cloud column reflects the
quasi-adiabatic growth characteristics of LWC. The upward decreasing structure near the upper part and
near cloud top clearly reflects that cloud top is generally strongly affected by the intrusion of overhead dry
air. The resulting evaporation of cloud water attenuates heavily downward from the cloud top. The LWC
vertical structure was found to be affected by cloud top height and cloud thickness. As cloud thickness
increases, the upward increasing part becomes thicker, while the upward decreasing part becomes thinner.
Clouds with the same thickness but different cloud top heights also have different LWC structures. This
indicates that for a particular type of the clouds, there are differences in the LWC structures corresponding
to different periods during the cloud’s generation and development process.
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Tab.1 The sample volume of all warm clouds

Cloud Type Ci As Ac St Sc Cu Ns Dc
Single layer 0 89 244203 1024391 6249439 575187 6960 10
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Sum 1 94 298067 1029752 6308424 614503 7325 11
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Tab.2 The sample volume of four major types of

warm clouds (Ac, St, Sc, Cuw)

Cloud Type Ac St Sc Cu
Sample 298067 1029752 6308424 614503
Volume  (3.61%) (12.48%) (76.46%) (7.45%)
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Fig. 2 Global distribution of the four types of warm clouds
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Tab.3 The sample volume of four types of warm clouds in terms of geometric thickness
Category Bin Thickness /km Ac St Se Cu
1 1-bin 0.25 43960 326792 1090402 200257
Il 2-bin 0.5 43743 339703 1415161 110230
1l 3-bin 0.75 51741 216886 1420660 93016
v 4-bin 1 42413 97860 1101769 67769
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clouds in terms of geometric thickness
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Fig. 4 The frequency of four types of warm clouds in terms of cloud top height
F4 NEBZTREEANEL LWC HE (B A . mg/m’)
Tab.4 The columnar mean of LWC for each type of warm cloud profile
Cloud Type
Category
11 111 \% V1 Vil
Ac 139. 47 178.77 221.89 296. 41 337.08 354.83
St 173. 45 196.03 237.04 303. 46
Sc 169. 01 209. 08 256.51 333.32
Cu 161.73 199. 80 225.57 284.93 354.93 389.58

mIEEWE M s LWC 4540, i3 4 Fion.,
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K5 s, 2o M J5E B A8 R, 2 iE# LWC 3820, i
137 mg/m® /0K 102 mg/m®, = HH LWC A
YeFFAE 2 200 mg/m®. = WHA (L E LWC B i 1
s Phz W LWC e KE R 2 o B W, i 147
mg/m® $H K 623 mg/m®. HH. K5 R T EH
B ZIE LT LWC 388 1 45 4 L 338 v 45 74 1 J52
JE DL R 36 U 455+ R LW C R ] s o VB R A Ak R ) e
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Tab.5 The thickness and changing rate of increasing

and decreasing structure of LWC in Ac

Increasing Increasing rate Decreasing Decreasing rate

Ac

thickness /(mg/m*) thickness /(mg/m*)

11 1.00 4.77 0. 00

111 0.50 115. 46 0. 50 84. 36
v 0.67 189.72 0. 33 286. 66
\% 0.57 427.99 0.43 429. 43
VI 0.73 500. 24 0.27 1023. 85
VII 0. 80 650. 65 0. 20 2094. 65
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Tab. 6 The thickness and changing rate of increasing

and decreasing structure of LWC in Cu

Increasing Increasing rate Decreasing Decreasing rate

Cu

thickness /(mg/m*) thickness /(mg/m*)
11 0. 00 1. 00 13. 86
111 0. 50 40. 58 0. 50 89. 50
v 0.67 87.95 0.33 214. 21
\% 0.57 283.55 0.43 332.27
VI 0.73 534. 14 0.27 1142.17
VII 0. 80 802.12 0. 20 2645, 84
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Tab.7 The thickness and changing rate of increasing

and decreasing structure of LWC in St

Increasing Increasing rate Decreasing Decreasing rate

St thickness  /(mg/m?) thickness  /(mg/m®)
11 0. 00 1. 00 35. 83
111 0. 50 36. 74 0. 50 124. 89
v 0.33 215.56 0.67 168. 69
\% 0.43 469. 86 0.57 382.83
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Tab.8 The thickness and changing rate of increasing

and decreasing structure of LWC in Sc

Increasing Increasing rate Decreasing Decreasing rate

thickness  /(mg/m®) thickness  /(mg/m®)
11 0. 00 1. 00 28.05
111 0. 50 40. 58 0. 50 129.77
v 0.33 262. 81 0.67 171. 85
\% 0.43 548. 38 0. 57 412. 86
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