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2. Data product and method

We use deep convective cloud objects derived from Moderate Resolution
Imaging Spectroradiometer (MODIS) observations collocated with Clouds and
the Earth’s Radiant Energy System (CERES) and CALIPSO and CloudSat
observations. Deep convective cloud objects are derived from Aqua MODIS for
regions between 2592S and 252N using daytime observation (Xu et al. 2005,
2016). Selection criteria for deep convective cloud objects are 1) cloud top
height higher than 10 km, 2) cloud optical thickness greater than 10, and 3)
overcast over a CERES footprint (approximately a 20 km diameter at nadir). We

Figure 3: (Top left) Mean cloud top height of deep convective clouds and (bottom left)
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mean difference between cloud top height and level of neutral buoyancy. (Right)
Difference between the level of neutral buoyancy and cloud top height derived from
CALIPSO and CloudSat as a function of cloud top height and CAPE.

use MERRA-2 temperature and humidity profiles collocated with cloud objects. 0.7 290
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Figure 4: Top) Top-of-atmosphere albedo (left) and upward longwave irradiance
(right) derived from CERES observations for ocean (blue line) and land (red line)
deep convective cloud objects. Error bars indicate maximum and minimum values
for the time period from July 2006 through June 2010. The rate of decreasing
upward longwave irradiance is 7.71+4.6 Wm= km- for ocean and 9.1+1.2 Wm~2
xm for land. The rate of decreasing upward longwave irradiance when cloud top
neight is below 16 km is 9.4+0.4 Wm=2 km- for ocean and 10.5+0.6 Wm= km- for
and and cloud top height above 16 km is 4.24+0.7 Wm-2 km-! for ocean and
8.715.7 Wm=2 km- for land.
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Figure 1: Skew-t diagram of MERRA-2 temperature (blue) and dew point (red) profiles.
The profiles fall within a deep convective cloud object are averaged. A parcel lifted from
surface raises adiabatically to the lifting condensation level (LCL). Green line is moist
adiabat computed from LCL to the level of neutral buoyancy (LNB). Convective available
potential energy (CAPE) is computed integrating the difference of virtual temperature
of the parcel and virtual temperature of environment multiplied by the dry air gas
constant from the level of free convection (LFC) to LNB, which is approximately the area
between the blue and green lines.

4. Summary
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Figure 2: Normalized frequency of occurrence of (left) convective available potential energy
(CAPE) and (right) cloud top height derived from CALIPSO and CloudSat observations for deep
convective cloud objects. Blue and red lines are for deep convective clouds present over ocean
and land, respectively. The mean difference (standard deviation) of cloud top height minus LNB is
0.46 km (1.17 km) over ocean and 0.68 km (1.32 km) over land. When both ocean and land deep
convective clouds are combined, 12% of the cloud top heights is within 0.2 km from the LNB.
The width of bins is 200 J kg™ for CAPE and 0.25 km for height. Blue and red thin lines are
cumulative distribution for ocean and land, respectively.
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