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o o o MAGIC 20-25 June 2013 LA-to-HI transect (Leg 15A)
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-Entrainment velocity estimates from MAGIC are highly variable and exhibit no g 1F kL YT i :
pronounced diurnal cycle nor dependence on longitude. oo MR TV A 20 ' /
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-Large-scale vertical motion is highly variable and includes periods of ascent. e AL
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These results suggest that mechanistic evaluation of low-cloud behavior in \ jila ’,gl' _
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Solar radiation doesn’t shut down entrainment. Even in the presence of sub- 33 i1 R Y "
stantial afternoon solar heating, entrainment fluxes remain active , 1| )
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-Thin clouds demonstrate unexpected resiliency. As the short-wave flux de- Conesnd O MPRWR 0 o.oEl” : N P
creases later in the afternoon, the relative contribution of long-wave cool- 0D N6 R0 140 <138 <136 <134 <132 <130 -128 -126 -124 -122 120 -118
ing often becomes large enough to offset entrainment warming/drying and - - - Longitude ()

" _ " (top) Longitude-height profiles of the KAZR-reported Terms of the mass budget equation and uncertainty es-
resultin a reversal of cloud-base (and cloud thICkneSS) tendency raqlarreﬂectivity, ceilometgr—reported first c[o_ud base timates for Leg 15A. Black bars at top of plot indicate
-Estimates of entrainment rate must be bound with uncertainties and a descrip- t‘;;%?ﬂ%’;ifﬁ;]?2%%%51(&3\,‘:,'?2&252[;5 visible reflec- nighttime conditions.
tion of method.
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Entrainment rates were retrieved as a residual from boundary-layer mass ol g \I/I !
budgets from observations made on board a moving marine platform: g S | | . .
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ECMWF rongttude O Ar(gkg™)
Proﬁlmg cloud radar GOES satellite reanalysis Longitude plot of terms in the mass budget equation Entrainment (w ) and large-scale vertical air motion (w))
calculated over 7 ship legs. binned by strength of boundary-layer inversion in terms
of jump in (a) potential temperature and (b) mixing ratio
h = Bou ndary—layer depth across the inversion.
uv = Wlﬂd?] N th? boundary Iayer Iiocadl change in ngizontal Large-scale vertical o
— ' ' cloud top advection air motion at ntrainment
LV(;hi d ‘is ’ ntrg |r:ﬁ1\éifrca:?e/ Start date height (mm/s) (mm/s) cloud top (mm/s) rate (mm/s)
e X . (YYYYMMDD) Mean Std Mean Std Mean Std Mean Std
w_ = Large-scale vertical motion
S 20121104 9.74 2.14 —1.07 1.97 —1.21 3.35 10.24 4.04
20130609 2.81 4.79 4.01 9.05 —1.98 2.23 9.60 5.24
Factors governlng thlnnlng and recovery of 20130708 8.44 4.65 -5.13 5.83 —4.38 2.60 7.64 4.49
) g 20130717 ~2.69 6.50 2.52 5.20 ~5.69 1.77 5.25 3.55
thin marine stratocumulus 20130720 6.37 3.24 ~0.17 2.83 045 3.81 6.94 4.87
e — 20130730 ~3.80 3.57 2.78 3.81 —4.14 2.13 2.58 1.84
. R N G 20130804 9.62 4.97 0.66 2.21 ~2.17 1.74 12.41 5.39
All 4.99 6.44 0.18 5.44 —2.56 3.31 7.83 5.23

Thin (LWP<100 g m™), transient stratocumulus during midday

SAM LES, setup based on CIRPAS Twin Otter profiles, and large-scale models
(ECMWF, NOGAPS)

.20+ sensitivity simulations to determine what factors most strongly govern
entrainment rate

Analyze LES output in mixed-layer model (MLM) framework to identify gov-
erning mechanisms
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Budget terms for control simulation
over two simulation periods: .
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Use a mixed-layer model (MLM) framework to develop a budget for
cloud-base height evolution and apply to LES output (extended from - Egga;ivr;;nrﬁirr\]g drying . '
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Wood (JAS, 2007), Van der Dussen (JAS, 2014) and Ghonima et al. (2015): 5 strong, even during Shortwave absorption leads ° . .
> daytime hours to rising of cloud base ML LES
c
azcb aﬂ §
ot c 0 ——-—_—_
aqr I Y
A | | 2
| | ATsfcflux i
dz., R T., { Ly,Rg4 ~1 (WeAqr + p*L, Py 3 4L >_4 Hr Mean Longwave cooling is always _
. = T 1 r v-V,qr & active, so long as cloud is
t gqr Cp vich j \ 4-6 Hr Mean present
EntrainQT LHF MoistureLoss MoistAdv
3 2 EntraflinQT EntrlainSI LI!IF SI!IF S:N L{N MoisltAdv Tem;)Adv Nlet Moldel
0 i
aZSCb ot
I l { : \ Ghate, V. P, D. B. Mechem, M. P. Cadeddu, E. W. Eloranta, M. P. Jensen, M. L. Nordeen, and W. L. Smith, Jr., 2019: En-
S trainment in closed cellular marine stratocumulus clouds from the MAGIC field campaign. Quart. J. Roy. Meteor. Soc.,
{ \ Isfcflux Rh R : .
1 R, T -1 [ W AS; + — e L. L, P, 1-14, https://doi.org/10.1002qj.3514.
+ — (1 g~ - ) £ £ £ v- VS5 McMichael, L. A., D. B. Mechem, S. Wang, Q. Wang, Y. L. Kogan, and J. Teixeira, 2018: Assessing the mechanisms gov-
9 RaL, h erning the daytime evolution of marine stratocumulus using large-eddy simulation. Quart. J. Roy. Meteor. Soc., 145,
\ 845-866.
EntrainSL RadFluxDiv DiabHeat TempAdy

This research is supported through the Department of Energy Office of Science grant DE-SC0016522.



