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= Macrophysical and microphysical
properties of storm anvils affect
cloud-radiative forcing and

feedbacks
radiative
clear-sky mass cooling
g, convergence
q”'o,)

==l = Macrophysical anvil properties

Large-scale

{} = Anvil extent, height, thickness,
lifetime, albedo

feedbacks
on circulation

= Microphysical anvil properties

* |ce number, size, mass, shape/habit,
fall speeds
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TOA cloud radiative effects

> Gasparini et al. (2023)
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= Anvils affect cloud-radiative forcing and
feedbacks

Cloud Radiative Effect
Warming Cooling 50

= [hin and thick anvils have opposite et o
radiative impacts (warming / cooling)’ 50

Thin anvil cirrus
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Thick anvil cirrus Thickness:
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= Microphysical properties of anvil ice

Ilce Aggregation-Temperature Relationship

TN

LINCUS

affects cloud-radiative forcing and
feedbacks

= Many unknowns in ice processes

= Uncertainty on the efficiency of ice
self-aggregation

“ @ o®
(
4 *
oS O
Many Stick Some Stick
....................................................... >
0 °C Temperature [C] -

Few Stick

= How efficiently ice sticks together

" |lce crystal aggregation decreases
as temperature decreases

Aggregation Mechanisms
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=lce CryStaI aggregation decreases Lab-Grown Ice Aggregates: T =-(43+1)°C

as temperature decreases (S N /e

s O ‘}.‘fw,” rimary linear chains

* What is the temperature limit where g~ - Qg:u; f&, - and heavily branched
aggregation stops? e B ?@
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= |[ce crystal aggregation decreases as
temperature decreases j

= Aggregation process rates are difficult [ confidence interval

[ ¥-MLE
to measure and depend on complex o ---HOSWMWM :
environmental factors LT Mol RO, ) |

Aggregation-Temperature Parameterization

= Two approaches for representation in

models

= Don’t consider T a E,

= Parameterize into a simple T a E, 4 relationship

= Large spread in E,,, based on 5 A
observations T(C)

T < _300C ?7 Connolly et al. (2012)
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How do ice aggregation rates at
low temperatures affect tropical
anvil properties and cloud
radiative feedbacks?




= Mini-Ensemble of 5 Regional Atmospheric
Modeling System? (RAMS) simulations from the
INCUS LES Database
= Case studies of (sub)tropical convection
= Diverse environments & storm morphologies
= 3 nested grids (dx,dy = 1.6 km, 400m, 100m)

= 230 vertical levels

:,7 " INCUS LES Database

|

|

RAMS-GComplete-- In-Progress Future

1Cofton et al., 2003; Saleeby and van den Heever, 2013 . - ‘—_—mk‘“ﬁu
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= Mini-Ensemble of 5 Regional Atmospheric
Modeling System? (RAMS) simulations from the
INCUS LES Database

= Case studies of (sub)tropical convection
= Diverse environments & storm morphologies

* 3 nested grids (dx,dy = 1.6 km, 400m, 100

* RAMS double-moment microphysics
= Split into discrete hydrometeor species

Integrated Total Condensate (mm)

" INCUS LES Database 7
S =
RAMS Complete--; In-Progress Future
1Cofton et al., 2003; Saleeby and van den Heever, 2013 e - T———
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= Mini-Ensemble of 5 RAMS simulations ., Tested Agg-Temp Rela;ciion,ships_

= Perturb ice aggregation efficiencies (E,) —:gg Ir:‘?gf Dendritic
for-202T2-30 -C ED'E — AGG HIGH S
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@ "Connolly et al. (2012); Mitchell et al. (2006); Phillips et al. (2015)
Neat?
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= Mini-Ensemble of 5 RAMS simulations

= Perturb ice aggregation efficiencies (E,)
for-20=2T =2 -50 -C

= Within the uncertainty range from
observations’

ageg

T(°C)
( )Conno//y etal. (2012)

"Connolly et al. (2012); Mitchell et al. (2006); Phillips et al. (2015)
\
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= Mini-Ensemble of 5 RAMS simulations Tested Agg-Temp Relationships

0.7 r
= Perturb ice aggregation efficiencies (E,) — AGG LOW
ST> >.0.6 ——AGGMID
for-20=T =-50 -C o —— AGG HIGH
L . <
= Within the uncertainty range from G 0.5
observations’ T
. . . 0.4
= All ice-ice collision species perturbed §
= Pristine ice, snow, aggregates, graupel, halil :-;:.0.3
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@ "Connolly et al. (2012); Mitchell et al. (2006); Phillips et al. (2015)
Neat?
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= Mini-Ensemble of 5 RAMS

: : 20 -
simulations -
* Perturb ice aggregation efficiencies 19+ -

(Eaqq) for-202T 2-50 -C = 1 250
= Run CRTM and track anvils in the '°/ | ' | ..

simulations using T, .

= Use T, channel difference image 230

processing approach (Jones et al., 2023)
to separate and track thin and thick 1o 220
anvils
= Domain average over last 6 hours 15y 210
Thick Anvil Extent ar oo 200
i i PHI1.1-
Thin Anvil Extent CRTM GEO-RT, 19

115 116 117 118 119 120 121 122 123

@ "Connolly et al. (2012); Mitchell et al. (2006); Phillips et al. (2015)
Neat?
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High aggregation > more ice sticks together Thick Anvil / Thin Anvil
AGG PROCESS LOW AGG PROCESS MID AGG PROCESS HIGH
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Mean T, = 257 [K]

Optically opaque thick clouds
OLR dominated by cloud top temp.
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High aggregation > more ice sticks together Thick Anvil / Thin Anvil
AGG PROCESS LOW AGG PROCESS MID AGG PROCESS HIGH
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Mean T, " 057 K] Mean = 260 T, [K]

Optically opaque thick clouds
OLR dominated by cloud top temp.
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High aggregation > more ice sticks together Thick Anvil / Thin Anvil
AGG PROCESS LOW AGG PROCESS MID AGG PROCESS HIGH
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OLR dominated by cloud top temp. OLR mixed signal of clouds+surface
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Change in Dom_aln Anvil Fraction Thick Anvil / Thin Anvil
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Thick anvil extent is highly sensitive to ice aggregation

Thin anvil extent is less sensitive to ice aggregation

Difference between thick and thin extent increases as
agqgreqgation increases

Fraction of Domain Covered by Anvil
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High aggregation > more ice sticks together

Change in Pristine Ice

o0 . .Mass . Number
GG LOW AGG PROCESS LOW  AGG PROCESS HIGH
—— AGG MID IR e R
—— AGG HIGH - s
- 15
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Pristine Ice MR [g/kg]  Pristine Ice [#/kg * 10°]
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High aggregation > more ice sticks together

o0 Mass 55 Number.

AGG LOW ] AGG PROCESS LOW AGG PROCESS HIGH
—— AGG MID AR [ T, - | CREETIN

— AGG HIGH

LOTS of small ice FEW pristine ice

Particles grow, but  Aggregates are (100)

not large enough to large, fall out (too)
fall out quickly

INCREASED lifetime DECREASED lifetime

oL - - -
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= AGG PROCESS LOW has more Radiative Cloud Radiative Cloud

widespread anvil cover o Cooling ~  Warming
= More opportunity for cloud radiative effects - AGG LOW ~ AGG LOW
—— AGG MID —— AGG MID
AGG PROCESS LOW  AGG PROCESS HIGH T AGG HIGH e
| 5 %es |- ' e _15 15
= More
_%} Warming
W w8 i mE tm owo @ o s s s we me w0 @ 2w L 10 10 q |
MORE radiative LESS radiative | A\ 20°C 1 NN
cooling at cloud top  cooling at cloud top More
Cooling
5 ...... 1 . . 5 P T —
MORE LW cloud LESS LW cloud 500 300 o 100 200

emission warming emission warming LWUP [W/m?] LWDN [W/m?]
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For LW Radiative Effects:

D0 gy e
Cooling . further from Cloud cooling and OLR is more
i zero line = affected by aggregation than
15} - more sensitive

cloud warming

" difference in Thick anvils are more sensitive
profile heights to changes in aggregation and
contribute most to the sensitivity

Warming of cloud cooling

0
=100 560 ©
LW Total Diff. [W/m?
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= |ce aggregation processes are complex ’“—’Agg'Te""P.RE’“”".”S"'f’P
= Uncertainty in parameterizing E,, at T<-20-C ..ck.. ‘. e
= Increasing aggregation decreases anvil extent

Ice Agg Process Low  Ice Agg Process High

* Increasing aggregation rates leads to less small ice, -
more large aggregates P
= Small ice in AGG PROCESS LOW too small to fall out

= Unrealistically large extent and lifetime

= Large ice in AGG PROCESS HIGH falls out too fast

Ice Agg Impacts on Cloud Radiation

= Aggregation changes cloud radiative budget Radatve Cloud Radiaive Cloud
» ?o ing 55 Warming
* Increasing aggregation decreases cloud cooling —nsam | —Adawp

o
(&)

How can we improve representation and
understanding of ice aggregation?
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