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How to detect cold pool in observations? Consistency with LES simulations
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The mesoscale aggregation of shallow convection in LES February 2 - a case study for studying the mesoscale aggregation of shallow
convection during EUREC4A

— |n cold pools
- out of cold pools

« Seifert and Heus (2013
ifer us ( ) During EUREC4A, on February 2,

we could see a cold pool
progressively growing below a
“flower” (following the
classification introduced in Stevens
et al. 2019) in the area where
HALO was flying. This flower lasted
until after 10 pm (LT) despite the
presence of a persistent cold pool
below, first observed before noon.

On a relatively small domain (25 km)?, with a horizontal grid spacing of 100 m, Seifert
and Heus found that without rain evaporation in the subcloud layer (and therefore
without cold pools), their simulation shows no sign of organization. On the contrary,
cold pools were associated with the formation of mesoscale arcs.

=
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N

These results led them to claim that the formation of cold pools by evaporation of rain
in the sub-cloud layer is a dominant feedback for the organization of trade wind
cumulus.
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 Bretherton and Blossey (2017)
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> V/ 4 To test the sensitivity of self-aggregation to local radiative feedbacks, Bretherton

and Blossey (2017) perform a sensitivity study in which they homogeneize

200 km horizontally radiative heating rate. Under these conditions, their simulations also

Adapted from Bretherton and Blossey (2017)
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To explain the aggregation of shallow convection, Bretherton and Blossey propose the § Eggzienggatg%ezu;nn;g[ﬁazlgxlgétﬁzlCh suggests a positive feedback of local radiative
conceptual model above. In the moist.patch &?t the center of t_he diagr_am, cumulus 52 For February 2, we plotted (figu.re on the left) the difference between the mean
gggrzfrfsir::;)cfethlgsfnvbeﬂg%annﬁg é? "I?rr:gallz?tneqrmetntr;lenac’lcuT*Zfleai\elglp(i);am/eesecocoImgI’ ssoclcghslg E radiative profile in cold pools and in their environment (using the radiative code rte-
P yer: umuiu u = rrtmgp). In average, the extra radiative cooling above cold pools is positive, acting

induce mesoscale upward motion within the moist patch, thus horizontal convergence
in the lower part of the boundary layer and divergence at the inversion base.

Due to the decrease of the MSE profile with height in these regions, these circulations
tend to transport MSE into moist columns, thus promoting the self-aggregation of =2
shallow cumuli.

=

therefore as an MSE source. Moreover, the anomalous radiative cooling in the

inversion layer compared to the boundary layer stimulates more cumulus
5 convection in moist columns, thus promoting the circulations exposed previously.
AQraq (K/day) Consistent with Bretherton and Blossey (2017), these results suggest a positive
feedback of radiation on self-aggregation.
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Summary

« This preliminary work introduced a novel method to detect cold pools from soundings over
tropical oceans, using the height of the mixed layer in the virtual potential temperature to
distinguish cold pools and their environment.

 Due to the isotropical spreading of cold pools, we showed that the vertical vorticity near the
surface of the zonal wind (respectively the meridional wind) could be used to distinguish
circulations on the eastern and western parts (respectively the northern and southern
parts) of precipitating clouds.

« Using February 2 as a case-study, we showed that circulations around “flowers” (following
the classification introduced in Stevens et al. 2019) were consistent with LES simulations of
self-aggregation from Bretherton and Blossey (2017). Local radiative effects were also
briefly studied as potential feedbacks on self-aggregation.

‘ i 8 ‘ 3
S o -

e 4
g =
2 -

|

A picture of a “flower” taken from the Barbados Cloud Observatory on February 2. Photo credit: M. Ringel
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