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» Cloud-borne aerosols: aerosols that are
attached to cloud droplets

»In current E3SM, cloud-borne aerosols are
carried as prognostic variables in pbuf, with
aerosol activation, aqueous chemistry,
aerosol deposition, and convective/turbulent
transport, but without large-scale transport
(resolved transport)

» The impact of resolved transport may be
small for coarse-resolution simulations. At
convection-permitting resolution, however,
the impact is expected to become important
and nonnegligible.
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Simple diagram for illustrating cloud-borne aerosols
and their related processes (Hoose et al. 2008)

» Objective: to transport the cloud-borne aerosol in E3SM and assess its impacts.
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 Simulations with and without cloud-borne aerosol advection
= NOADV: default E3SM v1, without cloud-borne aerosol advection
= ADV: new simulation with cloud-borne aerosol advection

* Ne30 (1-degree) resolution for 15 months, nudging winds to MERRA data,
discarding the first 3 months.
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Aerosol mass (Tg). Diff = (ADV — NOADV)/NOADV

ADV Diff ADV Diff
BC a1 0.114 4% BC c1 0.001 -26%
POA a1 0.901 4% POA c1 0.009 -23%
SOA a1 2.240 4% SOA c1 0.023 -24%
SO4 af 0.489 2% SO4 c1 0.013 -22%
DST af 1.523 -1% DST c1 0.017 -26%
NCL a1 0.438 2% NCL c1 0.022 -16%
MOM a1 0.096 4% MOM c1 0.007 -12%
Column-integrated aerosol and cloud droplet number (#/m?2)

ADV Diff ADV Diff
NUM a1 1.41x1012 6% NUM c1 1.00x1010 -16%

CCN (S=0.1%) 2.64x1011 3% CDNC 1.34x1010 -3%
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Zonal-average Distribution of CCN and CDNC

CCN CDNC

ADV .

ADV - NOADV

ADV @..

ADV - NOADV

200 200 PR | 200 200 S
140 l 10 20 | 10
o 400 o | [ 6 ~ 400 5 | ! ;
@) 400 - — O 400 B
Q ] 100 i | g A 2 ] I 1
> 80 - 1= CL 0.5
O ann . y 05 + O goo Sy 0.2
S 600 1 60 800 | _0.5 E 5 600 0.2 600 - — 0.9
7} 40 § I -1 @ 0.1 -
7)) | . n M 3 -0.5
L . 20 ] i f PO 0.05 ] ¥
0 800 — 10 800 - _ﬁ E (Al 800 0.02 800 - : L -2
| 5 i Tip 0.005 |. ] ~10
1000 ~ 1000 ik 2 : 1000 1000 4= =T !—
905 805 308 O 30N 60N 90N 905 6pg 3pg 0 30N 60N 90N 90S 60S 30S 0 30N 60N 90N 90S 60S 30S O 30N 60N 90N
NOADV 4 o3 (ADV — NOADV)/ N OADV§ (ADV — NOADV)/ N OADV
200 200 | I : 200 200 —“—t—ii | -
140 100 20 ﬂ ”' i l - 100
80 10 80
1 120 P &80
/a 400 - 400 | 60 . /6\ 400 5 60
al | 1 (\'(" | 40 - 0 2 4‘0
20 < 1 20
~—r 1 1‘0 ~— 1!0
N 0.5
O gan 5 O aap 5
600 i . 600 - :
L:; | 600 ' [ -5 5 0.2 ' » -5
@ -10 0 0.1 ! -10
o 20 o 0.05 | 20
0o 800 + 2800 - -40 o 800 0.02 o —40
1E IE
— 8 N 00 L —al
! ~100 0005 | | - 100
1000 T o - . . T T T T T 1o0o I . . . 1000 - T T - T - T T
90S  60S 30S 0 30N 60N 90N 90S  60S  30S 0 30N BON 90N g0s 605 30S 0 30N 60N  SON 90S  60S  30S 0 30N 60N 90N
Latitude Latitude Latitude Latitude



o

Pacific

Northwest  Summary and Future Work

* The advection of cloud-borne aerosol is implemented successfully in E3SM
= Store cloud-borne aerosols in state%q
= Couple state%q with aerosol processes

* The implementation has nonnegligible impacts on simulated aerosols and
clouds

= +5% of global-averaged interstitial aerosols and -20% of cloud-borne aerosols
= 20% of cloud droplet number in some regions

* Next step: to run high-resolution simulations, examine the aerosol radiative
effects, assess the resolution sensitivity to cloud-borne-aerosol advection



