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Do aerosols affect precipitation?

Process studies: Climate simulations:
ACPC, IGAC CMIP, AirChemMIP, AeroCom
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The GEWEX Aerosol Precipitation (GAP) initiative

Goals:

1. Enhance our understanding of aerosol-precipitation interactions
on a regional to global scale with a focus on energy and water
budget constraints

2. Facilitate connections between all GEWEX cloud-aerosol-
precipitation related activities

3. Interface with process-focused initiatives, such as the Aerosols,
Clouds, Precipitation and Climate (ACPC) initiative with focus on
aerosol and cloud processes from a local to cloud system scale
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The GEWEX Aerosol Precipitation (GAP) initiative

The plan

1. Series of small expert workshops:
i) Aerosol effects on precipitation (2017)
ii) Observational evidence for aerosol effects on precipitation (2019)

2. Develop whitepaper and present to GEWEX community
3. GAP initiative for global aerosol effects on precipitation
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Aerosol Effects on Precipitation

Do aerosols affect precipitation and if, how?

From the left: Sue van den Heever, Philip Stier, Graham Feingold, Graeme Stephens, Ralph Kahn, Tristan L'Ecuyer,
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Aerosol effects on precipitation

CMIP6 DAMIP effects of anthropogenic aerosols on precipitation:

CMIP6 multi-model mean
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Aerosol effects on precipitation
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Aerosol effects on precipitation

Radiative effects
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Direct and indirect aerosol effects via: surface energy budget, atmospheric diabatic heating, semi-direct
effects, regional scale precipitation and monsoon dynamics, sea surface temperature patterns, and
hemispheric asymmetry in aerosol radiative effects.
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Aerosol effects on precipitation

Microphysical effects
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Aerosol cloud interactions via CCN and INP: on stratiform clouds, shallow convection and deep convection
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Aerosol effects on precipitation

Energetic perspective
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4+ — Stier et al. (in review)

dt Dagan et al. (GRL, 2019a,b)

Aerosol absorption
Aerosol cloud interactions
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Diabatic

heating heating
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Energy

dry static energy storage

Dagan et al. (npjClimAtm, 2020)
Dagan et al. (JGR, 2021)
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Aerosol effects on precipitation

CMIP6 DAMIP effects of anthropogenic aerosols on precipitation:

Assessment:

A: strong evidence /
broad consensus

B: some evidence /
limited consensus

C: hypotheses /
no consensus

Hemispheric
asymmetry
ITCZ shifts (

CMIP6 multi-model mean

Regional
scale and
monsoon

Microphysical effects via
ice nucleation (C)
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i !

4 esa

GEWEX Aerosol Precipitation (GAP) initiative
- (Stier, van den Heever et al, in review)

g .

World Climate

40

N
o

Precipitation change [%]

|
N
o

-40

Research Programme



Observational evidence for aerosol effects on precipitation

What is the obség n prdcipitation?
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Observational evidence for aerosol effects on precipitation

Regime based analysis of observational constraints:
a)

Ci: 0.27 (fmax =0.60) As: O 15 (fm ax = 0.30) Ac: 0.11 (fnax = 0.25) St: 0.02 (fmax = 0.05)

Cloud regime in the
2B-CLDCLASS-LIDAR
CloudSat product
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Unique opportunities provided by the advent of global cloud-resolving models
NextGEMS ICON simulation with 5km resolution:
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‘ P ICON CRM simulations over the Amazon (3000 x 2000 km, 1500 m resolution):

- [dealised microphysic>' nd radiative aerosol perturbation using MACv2-SP

\

Build on our experience with large-domain regional CRM simulations
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Anthropogenic CDNC perturbation using modified MACV2-SP (Herbert et al., 2021)
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