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Convective cloud radiative effect
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Aerosol fects onh convective clouds
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Global aerosol modelling in CMIP6

Aerosol ERF and adjustments in CMIP6 models — does not include aerosol effects on convection:

Aerosols
(a) ERF (-1.01Wm™3) (b) Surface temperaturs (+0.05Wm™2)  (c) Tropospheric temperature (+0.03 W mi 2 )
T T T T T T I T T T T |
ERFari
Net ERFari+aci
-0.23
LW ERFari+aci
ERFari
SW ERFari+aci
-0.35
Absorption
SW ERFari
0.28
Absorption
SW ERFaci
-0.01
1 1 L 1 1 1 | L 1 1 1 |
0.0 0.5 1.0

‘l T T T -
-10.0 -6.0 -4.0 -2.0 -1.0 -0.5 -01 0.1 0.5 1.0 20 4.0 6.0 10.0
Top-of-atmosphere radiative flux difference, W m2

"

al aerbsol modelling

seioio A o mith ét aI;-ACP 2020)




Global aerosol modelling in CMIP6

Traditional CMIP climate models...

>

Parameterised fractional cloud cover

Large scale mean in-cloud liquid-,
ice-water (or sub-grid scale pdf)

Mean up- and down-drafts,
compensating subsidence

No explicit convective updraft microphysics,
no explicit coupling of convection to aerosols




Houstan deep convection cloud resolving modelling case study:

Model intercomparison:

* 6 state-of-the-art CRMs:
WRF (3x), RAMS, COSMO, UM

* Identical simulation setup

» High frequency output and detailed
microphysical process rates

+ Simulation length 27h to capture
impacts of CCN on diurnal cycle.

Aerosol perturbations

* Idealised low (CN;q9nm=500 cm-3) and high
(CN100nm =4000 cm-3) aerosol profiles
based on observations
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Aerosol-Convection Interactions

Houston deep convection cloud resolving modelling case study:

12 (a) Cloud Number (b) Cloud Mass (c) Cloud Diameter
Model intercomparison: ‘ _ ‘ — High Aero

== |ow-Aero

w COSMO
e |CON
m— MesoNH
w— RAMS
— UM
s NU-WRF
w— \WRF-Morr
WRF-SBM

* 6 state-of-the-art CRMs:
WRF (3x), RAMS, COSMO, UM

Altitude (km)

* Identical simulation setup

» High frequency output and detailed

microphysical process rates
(f) High-Aero - Low-Aero

* Idealised low (CN4q9nm=500 cm3) and high

(CN100nm =4000 cm-3) aerosol profiles | | , , | | - ,
' 0 1000 2000 0 200 400 -50 =25 0 25
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+ Simulation length 27h to capture
impacts of CCN on diurnal cycle.

Aerosol perturbations

Altitude (km)




Aerosol-Convection Interactions

Houston deep convection cloud resolving modelling case study:

T (a) Ice Mass (Domain Mean) ", (b) Ice Mass (In-Cloud Mean)

Model intercomparison: 14 14 = i
12 12
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From HAM to HAM-lite

ECHAM-HAM (Stier et al., 2005; Zhang et al., 2012; Tegen et al., 2019) & ICON-HAM (Salzmann et al., 2022)

« Aerosol compounds:

Sulfate Black Organic Sea Salt Mineral Dust
Carbon Carbon

* Resolve aerosol size-distribution by 7 log-normal modes

+ Mode size, mixing state, composition predicted by microphysical aerosol module M7 (Vignati et al., 2004)

MODES IN M7 Hydrophilic Hydrophobic
NUCLEATION |1 N, M,

(r <0.005 pm) :

AITKEN

ACCUMULATION | 5\ ‘mc,,. MY Mog, Mss, Moy
(0.05 ym < r < 0.5 ym)

(0.5um<r)
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From HAM to HAM-lite

ICON-HAM-lite (Weiss, Herbert, Stier, GMD, 2025)
* Aerosol compounds:

Sulfate Black Organic Sea Salt Mineral Dust
Carbon Carbon

* Prescribe aerosol size-distribution by n log-normal modes

 Mode size, mixing state, and composition prescribed

wooes [ Hyarophil
o

(0.005 um <r < 0.05 um) . Anthropogenic % voleanic (AV)
ACCUMULATION

+ Sea sl (59

. . * Dust (DU

COARSE (DU)

(0.5um<r)

_ al km-scale ICON-HAM-lite
o 4 W$ERE - (weiss, Herbert, Stier, GMD, 2025)

- s LA = 3

Minimal global configuration
with just 4 modes/tracers:

» Biomass burning (BB)




ICON-HAM-lite global aerosol cycle - .,
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burning

Coupling to two-moment (Seifert & Beheng, 2006) cloud microphysics

0.0

« . : 1.0
Implementation of in-droplet-and-ice-crystal tracer for each aerosol mode

Explicit in-cloud activation of aerosols (Gordon et. al., 2020)

Updraft correction due to sub-grid scale turbulent fluctuations
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TRACER Campaign Simulations

« Regional ICON-HAM-lite

simulation at 600m resolution

30.3°N

30°N
29.7°N
29.4°N
29.1°N

28.5°N [~

« Sea breeze case 17 June 2022 ..
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TRACER Campaign Simulations

* Regional ICON-HAM-lite bl _ € — ref
simulation at 600m resolution ool m—asy | ] =
L
« Sea breeze case 17 June 2022 T
- Baseline simulation plus 0.3- g 4007 f -
and 3-times aerosol © !
perturbation runs 2 600 _
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ORCESTRA Campaign Simulations

« 20-day regional ICON-HAM-lite simulation at 5km, analysed last 10 days
* Present day (PD): ERA/CAMS boundary conditions
* Pre-industrial (Pl): anthropogenic and biomass burning reduced by factor of 3
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ORCESTRA Campaign Simulations
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ORCESTRA Campaign Simulations

Aerosol perturbation:
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ORCESTRA Campaign Simulations

Updraft cloud water
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ORCESTRA Campaign Simulations

Anthropogenic perturbations to anvil cloud radiative effects

ALWCRE (PD - PI) (W m~?) lel ASWCRE (PD - PI) (W m~2) S
18°N [ S _' .
15°N 2 o
12°N _ —
9°N — "W, 0 0
6°N ~\\ . & ,
3°N N e .5 -5
0° £ _ . SRR T
50°W 40°W 30°W 20°W 10°W 50°W 40°W 30°wW 20°W 10°W

ACRELW = 14 W m-2
ACREg
ACRE, .,

T
s o
© N
z =
3 3




ORCESTRA Campaign Simulations

Significant anthropogenic radiative effect from aerosol effects on
convection simulated by ICON-HAM-lite — but is it real?




Constraining the anvil response — cloud tracking

SEVIRI 2021-07-01T04:00:00
? ﬁ; 4 N

tobac flow (Jones et al., AMT, 2023):

* Detection and tracking of convective cores from cloud top
cooling rates in a Lagrangian framework.

* Tracking of associated thin and thick anvils.

Consistent tracking in km-scale ICON model and SEVIRI
geostationary satellite data through SynSat forward modelling
of satellite radiances from ICON output using RTTOV.

Novel process-based constraints of convective cloud
processes in km-scale climate models.

Tracked features:
200 225 250 275 300 —— Thin anvil —— Growing core
10.8um BT [K] ——— Thick anvil

: — . Cloud t[acking
sioio IR R (Will Jones & Fabian Senf) ":-’" -




Constraining the anvil response — cloud tracking

SEVIRI

2021-07-01T04:00:00
? ”‘!— S

tobac flow (Jones et al., AMT, 2023):
* Comparison of tracked convective cores

(a) SEVIRI 2021 cores (b) SynSat 2021 cores (c) SynSat 2033 cores
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Tracked features:
200 225 250 275 300 —— Thin anvil —— Growing core
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4 | ' Cloud tracking
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Constraining the anvil response — cloud tracking

SEVIRI 2021-07-01T04:00:00
? ;ﬁ_-" P~ f’ -
F 4
£
tobac flow (Jones et al., AMT, 2023):
* Comparison of tracked convective anvils
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Constraining the anvil response — cloud tracking

Defining the convective lifecycle:

Definition of lifecycle stages

- 220 - ——— Thick anvil mean BT
= 230 - —— Thin anvil méan Bf
N —— Core minimum BT
© 240 A 1
£
5 250 -
<

260 A

Growing Maturing Dissipating

1000 1 — Thick anvil area

T 8004 — Thinanvil area
= —— Core area
5 6001 ©
s
— 400 -
z
<< 200 -
0 u

11:00:00 11:30:00 12:00:00 12:30:00 13:00:00 13:30:00
Time of observation [UTC]

(Futyan & del Genio, 2007)




Constraining the anvil response — cloud tracking

Defining the convective lifecycle:

220 1

Anvil mean BT [K]

260

1000 1
800
600 -
400 A
200 1
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~ Earth gg ;

Definition of lifecycle stages
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Constraining the anvil response — cloud tracking

Comparison of tracked deep convection in SEVIRI observations vs synthetic satellite
observations from ICON NextGEMS cycle 4 simulations:

SEVIRI ICON SynSat
(b)

o ' i
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3 180 200 220 240 o0
S, | . | : . :
(-n < ia
prd Core minimum BT [K]
S
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Lifetime [hours] those in observations
[ Growing [ Thick anvil maturing [0 Thin anvil maturing
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Constraining the anvil response

Tracking of deep convective clouds using extended tobac cloud tracking
framework (Heikenfeld et al., GMD, 2019; Sokolowsky et al., GMD, 2024):

(1) Defines features (2) Searches predicted area for the next centre point (3a) Erode ice clouds

q; > Se-6 kg/kg
X

’0
X
>
C
y
Some features get lost when features split/merge
UPDRAFTS ERODED
ONLY ICE CLOUDS

(5) Define the anvil base height (4) Collect the tracks and keep DCCs only (3b) Check for overlap
(as the minima in cloud di

z
<&)Mn‘u start with ¢
w’-( an updraft

(|
‘\Deﬁnilcly aDCC,
| '
x

keep all times




Constraining the anvil response

Tracking of deep convective clouds using extended tobac cloud tracking
framework (Heikenfeld et al., GMD, 2019; Sokolowsky et al., GMD, 2024):

(a) 13:00 (AMT) (b) 14:30 (AMT) (c) 16:00 (AMT) (d) 17:30 (AMT) (e) 19:00 (AMT)
0.0005

0.0004 =

o 0.0003 2
L
5 k]
@ %)
e 0.0002 ¢
o
a
0.0001 ¥
5
-
_ 225
£ z
' B
© s
2 3
2g
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Constraining the anvil response

Tracking of deep convective clouds using extended tobac cloud tracking
framework (Heikenfeld et al., GMD, 2019; Sokolowsky et al., GMD, 2024):

1e9
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Constraining the anvil response

Tracking of deep convective clouds using extended tobac cloud tracking
framework (Heikenfeld et al., GMD, 2019; Sokolowsky et al., GMD, 2024):
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Constraining the anvil response

27 Sep 2024 00:12 UTC
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EarthCARE for ORCESTRA (William Jones 2026)




EarthCARE / ORCESTRA Model Intercomparison Project
Aerosol Experiment (ECOMIP-Aerosol)

Significant anthropogenic radiative effect from aerosol effects on
convection simulated by ICON-HAM-lite — but is it real?




EarthCARE / ORCESTRA Aerosol Model IntercomparisondBroject & Cesa

(ECOMIP-Aerosol) (Peter Hill, Yuhi Nakamura, Sadhitro De) 7 A

Frames 01193D & 01193E; 13-08-2024; 15:26 - 15:50
IFS-COMPO vs EarthCARE AOD

Frames 01193D & 01193E; 202/08/13 (a) Multispectral Iager chanls 1-3 RGB
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EarthCARE / ORCESTRA Aerosol Model IntercomparisondBroject & Cesa

(ECOMIP-Aerosol) (Peter Hill, Yuhi Nakamura, Sadhitro De) 7 A

Frames 01194D & 01194E; 13-08-2024; 16:59 - 17:22

IFS-COMPO vs EarthCARE AOD

Frames 01193D & 01193E; 2024/08/13 (a) Multispectral Imager channels 1-3 RGB
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EarthCARE / ORCESTRA Aerosol Model IntercomparisondProject & Cesa

(ECOMIP-Aerosol) (Peter Hill, Yuhi Nakamura, Sadhith De) - G whmbii

IFS-COMPO vs EarthCARE AOD
Frames 01193D & 01193E; 2024/08/13
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Conclusions

* km-scale aerosol modelling allows us to study
aerosol-convection interactions

* The uncertainties are large but as we go to km-scale
climate modelling, effects cannot be ignored....

We perform anthropogenic aerosol perturbation experiments with
ICON-HAM-lite for TRACER & ECOMIP-Aerosol in the tropical Atlantic

For ECOMIP-Aerosol, anthropogenic aerosol increases updraft cloud water and
anvil ice with a net radiative effect of - 4.8 W m-?

First, intercomparison of km-scale aerosol models for ECOMIP-Aerosol shows
encouraging results — lots of work to do!

Need to exploit EarthCARE constraints along the full process chain
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