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INTRODUCTION & MOTIVATION OBJECTIVE & METHODOLOGY

* Aerosol Cloud Interaction (ACI) remains one of the biggest uncertainties in our|| « stydy the effect of aerosol activation on the cloud microphysics.
models. Ambient aerosol is highly heterogeneous spatially and temporally.

. o * |dedlized cloud-resolving simulations inifialized with the sounding profile from
e AEROSOL ACTIVATION to form cloud droplets near the cloud base is the first in the SOLAPUR (17.68°N, 75.92°E, 457m), a rain shadow region at 05:45 UTC.

chain of processes determining ACI.
e Examine the individual effect of different aerosol mode -Aitken, accumulation,

 Bulk microphysics schemes employ a broad classification of aerosols as marine and coarse aerosol (Varghese & Prabhakaran, 2025) on cloud formation.
or continental with emphasis on the accumulation mode. Some schemes, such as
the Morrison double moment, use a constant droplet concentration (CDNC) at
cloud base.

 Examine the sensitivity of cloud microphysics to the different aerosol parameters
like number concentration, mode diameter, hygroscopicity,
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« Control run - rainout is quick, suggesting accelerated droplet growth, hence the short lifetime.

« Aerosol activation runs - delayed rain, more ice phase hydrometeors, longer lifetime

1.00 km -cloud base

™ I
N E ’
10°F
e gt omany mas I s « Mean LWC profile decreases with altifude| o i |
—— Accumulation ] “_mean —— Accumulation . . . . . (e )
;E‘oa_rsel': | np e ] LG when the activation IS on; vice versa with 10 < i 10|
——Equivalen —— Ait & Acc =
—— Ait & Acc (¥ ot R R I | L = = =——CDNC = 250cm’ 1 o I 0
2 —CI;NC=250cm'3 =1 RWC In cloud [ | 5
AlO C 7 O E I é 10 ;
N — - | c
15 & e . |2 ° | ]
S sl L] * Supercooled droplets found above 7 km in| 7 i hon ooy | w| [ Mean DSD of cloudy
= = cases with deeper clouds O | points withw> 1ms" | points with w > 1ms™
ol 4t ) 2 | I 0% T 50" " &
: e _ 10 50 60 Diameter D (uzm)
g | |+ SATURATION ADJUSTMENT I|eads to overly e |
. . . 1. m —-Cclou ase I
L Y L | uniform cloud water despite varying aerosol YOS _ i
Time (hours) O iy S condifions (Lebsock ef al. 2011; Lebo ef al.,| - - (f:”' T S
| 2012; Seifert et al. 2012) eI \ i
=0 percentile :gict;?rr;ulation OE § 10° — 3 E
E lmed B LRSI « DSD at cloud cores (updraft > Ims') <& S (‘:’5:7;5'“““1 N
eSzm e et N reconstructed using I distribution 5=1.6, \ Mean DSD of cloudy
i X | € =0.25 \ | points with w > 1ms-
E[ : e Control - w > Ims! near cloud base absent “’211 T e T T 0 e T a0 0 e
%ﬁ - - . . cC He — : 1. :
g of of due to quick rainout O i ..o==mm=- | R |
at ar o o E o - i R E
Aitken & Accumulation - Large number off 5 = ===l |
i 2 small droplets formed, competition effect. g E | E i
i | | I , | , , o Liiisd (HER (iR iR (U L o i & i § i i o 1 : % :
10° 10 10% 107 10 10° 10! i h p . o« . o e 1 Mean DSD of cloud
T dmetour T ey Cwees - \cCoarse — _Inefficient Collision Coalescence ) & 8, 1 T i withw> Tms”
K=0U. 1 ]
S e n S 1t 1V 1t y A n a'-Ly S 1 S 10‘21 Diameter Dllc;pm) 5.0 o ” 21 Diameter I;I(;,u,m) 50 o
TTTT ’IJI-‘II_I_,”L_III_I['.I‘;,;;.I i\llllll\l T TTT 1000 km _ClOUd blase | i 1 098 km I | I BE i'
"l Y ] oL ' ] . . 10} i 10%f i
o | =Ehiie e i |1. Aerosol activation affects the ACI, | ——20hr |
E T Accumulation S E T | °re . . . — — '
> e 12 | ® ] specifically the cloud lifetfime and vertical | % . i FECE S— i
3 2 2 - . . . . 2 P 2 4.0 hr
- - - growth. However, unlike bin microphysics, g"-‘g ****** ey : T ——45hr | MeanDSD of clpudy ||
i i ° ° ° ° ) 0 ! — ! | | & 0 — i i -1 |
T Ly e bulk  microphysics with  saturation |53 No2°m 3 T2 [pointswithw>yimsT
N¢ (# cm™3) 02 o KO'G o8 H0 d' 1, 1, k i'h Io od h f o H m =1 Hm, 1 € i —50 hr |
e e — . agjusiment makes ithe liquid phase o ol ©=2, ' | o1l ——65hr '
*4—4 — pmean My ——t—9 ° oge 0 ] g —
: i ] @‘ - clouds insensitive to aerosols K=0.1 | . ——7.0hr =
7 iy : (\6 >l : AN\ | 7S & |
g ----- Accumulation 583 ‘ g g I | ) 107 - .‘ T 50 60 10%) - '_ 1o 50 60
g gy i Coase % 0—7 X ————— [ TR T S— — % P S S S T - g S S —— 2. AccumUIOhon mOde hOS ‘I‘he Odvqn'l'oges Diameter D (zm) Diameter D (zm)
" ' 1(\ A A | of size, number concentration, and
e mwﬁo“*”* T5 16 17 15 15 20 71 27 07 o0& G5 o8 10 hygroscopicity, enabling verfical growth T |
EsmmEe————— | EeTENETE - by pushing small supercooled droplets |f_____ «
~ 0 i " “ ~ 0§ \ /‘\‘ s ~ 10()% . . s 5 Vs ,. S
LT /\ 'E,w-l;/ L ] b above the freezing level, which appears Sup | Supply of supercooled droplets
Yo = , i 2 0% Bl ; S0 A to be essential for the Iice phase by in-clouc dropletactivation
Sek A Y0 bt 10 hydrometeors to form. L e Y | .
Py v\ /:./- r*» S 10t I P ¥ oplet ~ Supercooled droplet
TSI /s B0 S SOUN I vy AT R e ot BN Lo e . . aloft after rain wiFRs
10 10 Nt(#ca?ﬁ) 10 10 - 10 1.5 16 1.7 1.8091.9 20 21 22 0.2 04 KO.G 0.8 1.0 3. An eqUIVGIent Unlmodql qerosol _________________ AT & - S 4_'_. z&m(o_g_____«d__‘. . .
REFERENCES representation cannot replace the droplet growthdela
 Lebo, Z. J., H. Morrison, and J. H. Seinfeld, 2012: Are simulated aerosol-induced effects on deep mUHIm.OdCII aerosol represenia’rlon In 4
convective clouds strongly dependent on saturation adjustment?, Atmos. Chem. Phys., 12, 9941 numerical models '

9964, https://doi.org/10.5194/acp-12-9941-2012,
« Glotfelty, T., K. Alapaty, J. He, P. Hawbecker, X. Song, and G. Zhang, 2019: The Weather Research . .
and Forecasting Model with Aerosol-Cloud Interactions (WRF-ACI): Development, Evaluation, and 4. The mechanism Iec:dlng fo the
Initial Application. Mon. Wea. Rev., 147, 1491-1511, https://doi.org/10.1175/MWR-D-18-0267.1. invigorq’rion Is hot well understood, as the
» Varghese, M., and T. Prabhakraan, 2025: Reconciling observed and predicted droplet concentration |  ~rA~ace rvdtac vwaras n~t ~~hviv e~ 1 ---= -
at the Indian summer monsoon cloud base, Sci. Total Environ., 973, 79077, PR rates were not Gnolyzed
https://doi.org/10.1016/j.scitotenv.2025.179077 /

Aitken aerosol Accumulation aerosol



https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1175/MWR-D-18-0267.1
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077
https://doi.org/10.1016/j.scitotenv.2025.179077

	Slide 1: Sensitivity of Monsoon Cloud Microphysics to Aerosol Activation  and Modal Characteristics in CRM Simulations

