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Aerosols as climate forcing
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Cloud Condensation
1 Nuclei (CCN)

Aerosols scatter and/or absorb
the incoming solar radiation,
directly affecting the planet’s

energy balance.

J

Aerosols, by acting as CCNs affect the cloud
properties, thus indirectly affecting the
planet’s energy balance.
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Coupled Chemistry-Meteorology Models (CCMM)
for NWP, AQ and Climate applications:
key scientific questions

AN Rt Mo 2248

What are the advantages of integrating meteorological and GHetRapent
chemical/aerosol processes in coupled models? aatisn on it

How important are the two-way feedbacks and chains of
feedbacks for meteorology, climate, and air guality simulations?

What are the effects of climate/meteorology on the abundance R laA TRl amoralaay

and properties (chemical, microphysical, and radiative) of aerosols Climate Modelling (CCMM): status and
. relevance for numerical weather

on urban/regional/global scales? eCiion st heie pollation and

¥ . . . climate research
What is our current understanding of cloud-aerosol interactions

and how well are radiative feedbacks represented in NWP/climate l
i

Caneya, Swit oarlard, 23-2% Februsry 2015

models?

What is the relative importance of the direct and indirect f @) G- WS WCRPS ot
effects of aerosol as well as of gas-aerosol interactions for —

different applications (e.g., for NWP, air quality, climate)? https://library.wmo.int/doc_num.php?explnum_id=7938

What are the key uncertainties associated with model predictions
of feedback effects? IH Bﬂx

How to realize chemical data assimilation in integrated models for
improving NWP and air quality simulations?

How the simulated feedbacks can be verified with available A b e s . -
observations/datasets? What are the requirementsgor observations

from the three modelling communities? Paper:
Cou l’tE,S}!' A https://doi.org/10.1175/BAMS-D-15-00166.1

Baklanov
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WGNE Aerosol project goals

* Understand the role of aerosols for the predictability of the atmosphere
at short, medium-range and subseasonal time scales

 Identify and quantify the predictability of aerosols, especially
on subseasonal time scale and the value of aerosol forecasts for
applications

* Understand the level of complexity needed to represent positive effects of
atmospheric composition and to provide skillful meterorological and
aerosol forecasts

Update the knowledge about the current capabilities of
modelling groups to simulate the impact of aerosols on short-
range and subseasonal time scales
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From: Progress in subseasonal to seasonal prediction through a joint weather and climate community effort

The S2S Prediction Gap
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Mariotti, A., Ruti, P.M. & Rixen, M. npj Clim Atmos Sci 1, 4 (2018).

Adapted from: iri.columbia.edu/news/qga-subseasonal-prediction-project
https://doi.org/10.1038/s41612-018-0014-z
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From: Progress in subseasonal to seasonal prediction through a joint weather and climate community effort

The S2S Prediction Gap
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vl WGNE Aeroso |
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@ objective: Improving Initiative of
2 model capabilities
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Lower
hours 2 weeks 1 month 3 months 12 months
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Mariotti, A., Ruti, P.M. & Rixen, M. npj Clim Atmos Sci 1, 4 (2018). Adapted from: iri.columbia.edu/news/qa-subseasonal-prediction-project

https://doi.org/10.1038/s41612-018-0014-z
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Experiments - Direct effect

WRF/ARW/IAASARS 36h-forecast
Short-range differences - 27/10/2010 at 12:00 UTC

Regional domains 2 INT - NOINT
Period of simulations: 2017-2019
(2016 optional)
N
Forecast lenght: 72h from 00:00 UTC
Time resolution: 3h o

S. America — mean AQOD fct
08/2019 at 00:00 UTC

Configuration: according with rrsdS3 g B )
modelling groups capability o N B
Aerosols:

Focus on different aerosol species

according with region of interest
Climatological vs interactive
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%
BOW 7OW BOW 50W 40W 30W



S2S Re-forecast Experiments

Aerosol events to be analyzed

Dust B Biomass Burning Smoke

Direct
effect

(indirect
effect
optional)

s - i . ._‘ o ‘
NASA’s Terra satellite captured the smoke-
27,2010, NASA engulfed state on Aug. 24, 2020

Dust Storm over Egypt and Libya, May

Pollution in Asia is included as an
additional and optional experiment
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Protocol S2S Re-

Minimum 5-member ensemble

forecast Experiments

At least 32-day long simulations from 00:00 UTC

Time resolution: 6 hours

Climatological aerosols vs prognostic aerosols (prescribed obs emissions for BBS)

Initialized by own analysis/re-analysis

 Experiment 1: Dust
Starting dates 1st April /

 Experiment 2: Biomass

1st May|/ 1st Jun 2003-2019

Burnin

Starting dates 1st Aug /

1st Sepl/ 1st Oct 2003-2019

 Experiment 3 (optional)

- Pollution in Asia

Starting dates 1st Dec /

1st Jan |/ 1st Feb 2003-2019
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Progress

S2S Regional
Participants | _ Status__|_Delivery | _Contact |l Participants | _Status | Delivery | Contact |

ECMWEF Completed  In progress Angela ECMWF Completed  Completed Johannes
. Bdene-dfﬂl . (S. America) Flemming
rederic vita INPE *Completed Completed Ariane
NOAA In progress In progress Georg Grell, (S. America) Frassoni
Shan Sun
NASA T E Completed Zhao Li NOA/IAASARS Com_pleted Completed Christos
(Mediterrane Spyrou
Andrea Molod
an)
ECC In progress  In progress Kg\;lltzgcr)]n JMA T_I?;‘I:_:;LI’(:-
Paul Makar
CMA In progress In progress  Junchen Yao Leibniz RO'_?md
Tongwen Wu  TROPOS Schrodner
JMA Yuhei Takaya CMA Xiao-Ye Zhang
/ Wang Hong

* Planning a new run

S2S Deadline to deliver model data —to be extended to
early-December 2021
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NOAA - Lessons learned with WGNE |

FIRLIS 32 arszke aftect

W 10milevisibility CSI Storm scale short range RAP/HRRR-Smoke
WITH SMOKE 6h forecasts (future RRFS)
NO SMOKE o _ _
3 a0 Shows some significant improvements in storm-
@ . scale metrics (T2m, visibility) even with
0 extremely simple 2 variable approach
- DX ~ 3km
. Jul 32 Jul 35 Aug 5 L 12
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o
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0 Mean = 78.02 impacts on radiation
. .. -—slight positive
ioo
T CavaL FUA_CCo%. G 34 n . Marspae 80 <o n < -3, HET, vt 500 P, .l 1k, vk S o, A N 168hr height anomaly correlation impact appears
5 ¢ apparent in ACC
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=]
Y oen Mean = 75.99 With feedback
50 Mean = 75.70 — Mo fesdback
030 2021 Time
Courtesy: Grell et al., 2021
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WGNE Aerosol project: covers the 1-30 September
2020 wildfire period: evaluating the impact of aerosols
on weather (and AQ) prediction with RAP-Chem

Mean daytime difference in 2m temperature (K) and PBL height (m)

Temperature
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Modest changes in temperature and atmospheric structure when the direct
effect on radiation is included
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RMSE — Northern Brazil 09/2016

HEédia em: [Previsies iniciadas entre 81/5et/2816 a 38/5et/2016] e Hédia en: [PFrevisies iniciadaz entre 81/5et/2816 a 36/5et/2016] e
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RMSE - Southeastern Brazil 09/2016

Hédia en: [Previstes iniciadas entre 01/5et/2016 a 30/5et/2016]1 e Hédia em: [Previstes iniciadas entre 81/5et/2016 a 30/5et/2016] e
[Sudeste: 33 HETAR + GB SYNOPF + 1686 PCDs do INHET] [Sudeste: 33 HETAR + 66 SYNOP + 186 PCOs do INHET]
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Extreme events — Heat waves
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Next steps

Apply stat. significance tests for the results

Progress with verification against ERAS

Perform AQ quantitative verification

Perform S2S verification after model data delivery — prob. Dec-Jan
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Thanks for your attention!



