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Appearance of Convective Clouds Explained by

Radiative-Convective Equilibrium
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Abstract: This paper shows cloud pictures taken from satellites and aircrafts, trying to link the appearance
of the clouds with the three dimensional structure, motion and physical processes that possible exist in the
atmosphere by radiative-convective equilibrium theory. In undisturbed atmosphere prevailing horizontal
motion, stratus clouds are more or less few and scattered. They spread separately in different layers drif-
ting with the prevailing winds of the layers. On the other hand, deep convection clouds roll in which air
flow in different layers are twisted and linked. Although convections happen only in relative small area,
they must exist and take important actions in energy balance in the troposphere. The upward energy trans-
portation by convective clouds compensates the heat release by the long wave radiation in the troposphere,
and maintains the energy balance in the troposphere.
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Fig. 1 Visible image animation of FY-2C meteorological
satellite at 1600 BT 27 April 2015
(Animation was shown on the webside:
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Fig. 2 Visible image animation of FY-2C meteorological
satellite at 06:30 BT August 2012
(Animation was shown on the webside:

http: // qxgk. nmc. en/html/2021/1/20210101. html)
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Fig. 3 Global and annual average radiative energy flow diagram for Earth
and its atmosphere (unit; W+ m %)
(Kiehl and Trenberth, 1997)
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Fig. 4 Idealized midlatitude temperature,
pressure, density, and ozone profiles, for
the lowest 70 km of the atmosphere
[Randall,2015; the temperature, pressure,
and density profiles are based on NOAA (1976) ;
the ozone profile based on Krueger and Minzner (1976) ]
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Fig. 5 Visible image of FY-4 meteorological

satellite before Typhoon Hato’s
landing at 00:00 BT 23 August 2017
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Fig. 6 Typical tropical clear-sky radiative

cooling rate based on a standard tropical

sounding (Randall,2015)
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Fig. 7 Schematic diagram on the action of the

convective clouds at maintaining heat balance
in the troposphere

[Randall (2015), adapted from Schubert et al (1995) ]
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Fig. 8 Ocean cumulus
(Photo was taken at the aircraft from Vanuatu
to Sydney at 16:00 LST 6 November 2011)
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Fig. 9 Dry environmental air entrained into the
cumulus with the bottom part of the cloud evaporated

(Photo was taken at the aircraft from Beijing
to Shanghai at 18:00 BT 9 August 2018)
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Fig. 10 Environmental air with some humidity

entrained into the cumulus and the bottom
part of the cloud partly reserved
(Photo was taken at the aircraft from

Shanghai to Beijing at 16.:00 BT 28 July 2018)
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Fig. 11 Environmental humid air entrained into

the cumulus, and the bottom part of the cloud
totally reserved, making the cumulus
appear as a column

(Photo was taken at the aircraft from Shanghai
to Beijing at 16:00 BT 28 July 2018)
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Fig. 12 Cumulus with column shape ascending

through the middle part of troposphere
(Photo was taken at the aircraft from

Hangzhou to Beijing at 13:00 BT 24 May 2018)
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Fig. 13 An whole side view (a) and
a close local side view (b) for
an isolated cumulonimbus
(Photo was taken at the aircraft from
Shanghai to Beijing at 17:00 BT 23 July 2016,
and the cumulonimbus was at Wugiao and Dezhou

along the border between Hebei and Shandong)
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Fig. 14 Visible image of FY-2G meteorological

satellite showing an isolate cumulonimbus (circle) at
Wugiao and Dezhou along the border between
Hebei and Shandong at 17:00 BT 23 July 2016
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Fig. 15 Visible image animation of GF-4 satellite (a)
and visible image of FY-2G meteorological
satellite (b) at 14:00 BT 27 May 2016
(Circles in Fig. 15 show the over shooting
cloud top and wake-like cloud system,

animation was shown on the webside:

http: // qxgk. nmc. en/html/2021/1/20210101. html)
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