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Clouds are not just visual expressions of the state of the atmosphere, or a collection of small 
droplets that produce considerable rainfall, rather, they are a crucial component of the 
dynamics of the atmosphere as a whole Stevens (2005)



New Features
• Precipitating (often intensely) 

• Updraft velocities can reach 50 m s-1 

• Updrafts and downdrafts (evaporation of condensate) 
important 

• Development of anvils 

• Severe weather (pluvials, hail, tornadoes …) 

• Can be more organized (squall lines, mesoscale 
convective systems, supercells…)



Cumulonimbus lifecycle  ““AirAir--MassMass”” Showers:Showers: AirAir MassMass Showers:Showers:  

1

Credit: K. Emanuel, MIT



Microbursts
• Intense downdraft hits ground, 

spreads radially 
• Dry microburst: high cloud 

base, light rain evaporates into 
downdraft, accelerating it 

• Wet microburst: weight of 
suspended rain in wet 
conditions accelerates 
downdraft

Credit:Wikipedia



After sinking through the trade inversion, the air is subjected to friction. This causes its 
angular momentum to decrease. As it flows back equatorward, near-surface easterlies result. 

Figure 6.12: Representative observed soundings for Denver, Colorado, and Barrow, Alaska, for July and 
January. The curves plotted show the dry static energy, the moist static energy, and the saturation moist 
static energy. The panels on the right cover both the troposphere and lower stratosphere, while those on 
the right zoom in on the lower troposphere to show more detail. Values are divided by cp to give units in 
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Credit: D. Randall

Conditional Instability

Kelvin

moist static energy (h)                      saturation moist static energy (h*)

               dry static energy (s)



CAPE

(from LFC to LNB)

Gives upper bound on  
updraft vertical velocity



CIN

(from ground to LFC)



Land vs. Ocean

• 2-3 stronger over land (TP) than over oceans (GATE) 
• Often more CAPE over land (but upper bound from CAPE 

not reached because of entrainment)



Entrainment dilution
Observations @ 10N, 95W CRM (colors: vertical mass flux)

Credit: C. Bretherton, UW



value of b was set from fits for the most common T̂
(270–273 K) for the western Pacific and then held con-
stant for all T̂ and basins. It is consistent with the value
of b determined from radar data in Peters et al. (2009).
The double logarithmic inset in Fig. 2a shows that a
single value of the exponent b fits well at each tem-
perature. The values of wc for the eastern Pacific de-
termined from this fit, for T̂ 5 268–274 K, are 56.2, 58.6,
60.9, 63.1, 66.4, 68.2, and 70.1 mm, respectively. Figure
1b shows that the pickup in precipitation occurs simi-
larly when either dqsat

LT or dqsat is used as a measure of
tropospheric temperature instead of T̂, as will be further
discussed in section 3c.

Figure 2a shows the east Pacific data binned by T̂ (as
in Fig. 1a) but displayed as a function of the rescaled
column water vapor w/wc. The precipitation is also re-
scaled by the amplitude factor a from (2), but this varies
by less than 65%, so the collapse is primarily due to the
rescaling of w. The T̂ 5 268 K curve deviates slightly
from the others below critical, and 268 and 274 K have

higher scatter because of fewer data counts at high w,
but otherwise the curves conform closely to a single
dependence in w/wc. Similar data for the Atlantic
(Fig. 2b) illustrate repeatability for other basins. For the
Atlantic, there are no occurrences of w high enough to
reach the pickup for T̂ 5 274 K. The quality of the
collapse suggests that wc plays a significant role in the
dynamics of the system and that the rescaled variable
w/wc can yield substantial economy in analyzing related
statistics. It also indicates that the estimation procedure
for wc works reasonably well for the large datasets here.
For smaller datasets, where few counts above criticality
prevent fitting the power law, one could still seek such
a collapse as a means of obtaining some information
regarding wc.

Comparison with the earlier TMI dataset using the
Wentz and Spencer (1998) algorithm shows consider-
able differences in the amplitude a, which also differ in
TRMM radar (Peters et al. 2009), but other features
including the shape of the pickup and wc have only
modest differences for particular temperatures, sug-
gesting overall robustness of these aspects. The initial
part of the pickup has been verified with rain gauge and

FIG. 1. (a) Pickup of ensemble average precipitation hPi, con-
ditionally averaged by 0.3-mm bins of column water vapor w for
1-K bins of the vertically averaged tropospheric temperature T̂, for
the eastern Pacific. Lines show power-law fits above the critical
point of the form (2). (b) As in (a), but for 2-mm bins of the lower-
troposphere integrated saturation value dqsat

LT for the eastern Pa-
cific. Inset: As in (a), but for 5-mm bins of the vertically integrated
saturation value dqsat.

FIG. 2. (a) Eastern Pacific ensemble average precipitation
hP (w/wc)i showing the collapse of the curves for all T̂ when col-
umn water vapor is rescaled by the critical value wc for each T̂.
Inset: Log–log plot of hPi vs (w 2 wc)/wc (for w . wc), offset
vertically for clarity; straight lines show the fit of (2) for b 5 0.23.
(b) As in (a) but for the Atlantic.
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w/wc

Neelin et al. 2009

Transition to strong 
convection


