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ACCORD aerosols

G Where to take the aerosols from? -
Aerosol climatology has been used for years
for radiation parametrizations. Now we can import
near-real-time aerosols from global chemical transport models

like CAMS/IFS-chem, also for cloud parametrizations.
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How to parametrize the direct and indirect radiation effects?

Improvement of aerosol radiation transfer
IS ongoing in the framework of several radiation schemes:
default IFS, acraneb2, hiradia, ecRAD.
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How to handle the aerosols in cloud microphysics?
Studies related to liquid and solid cloud particles and precipitation
are ongoing within two microphysics shemes: default ice3 and LIMA
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cy43h2_

Aerosol input rontu_aerad

Aerosol mass mixing ratios (MMRs)
- from CAMS reanalysis via m-climate files (2D)
- CAMS near-real-time (n.r.t.) data imported via
boundary files (3D)

- MMRs converted to Tegen AOD550 for the default IFS radiation
- Run-time optical properties of aerosol mixture derived from
MMRs and AIOPs for the single-band acraneb2 and hiradia

Cloud microphysics

- cloud droplet generation for default rain-ice scheme
from condensation nuclei based on n.r.t. MMRs

- possible use of number of condensation nuclel in

IFS radiation for droplet size parametrization



experiment on

pre-CY46hl
nrtaer

Aerosol input

Aerosol mass mixing ratios (MMRs)

- CAMS near-real-time (n.r.t.) data imported via
boundary files (3D)

- MMRs converted to Tegen AOD550 for the default IFS radiation
- Run-time optical properties of aerosol mixture derived from
MMRs and AIOPs for the single-band acraneb2

Cloud microphysics

- cloud droplet and ice generation for default rain-ice
scheme from condensation nuclei based on n.r.t. MMRs
- possible use of cloud droplet number in IFS
radiation for droplet size parametrization



Introduction

Dust from Sahara, February 2021

Clean and clear air, April 2021

Concluding remarks



bﬁ . Murcia 19 Feb 2021 towards south. Photo Jakob Lodjquist

Helsinki sea ice on 23 Feb 2021 10 UTC
Photo Laura Rontu

Helsinki sea ice on 15 UTC 25 Feb 2021 Photo Laura Rontu



ALADIN-DUST forecasts from ONM Algeria
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Weather maps for February 2021 Helsrnk| case
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10 metre southwestern Wln over beherd
up to 15 m/s at 12UTC 20210221
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Total dust AQD for particles with diameter 0.01-30 um [unitless] B 09 UTC 2 3 Fe b ru a ry 2 O 2 1
Saharan dust arrived in Finland

Dust total column optical depth
at 550 nm [unitless]
according to SILAM (left)

Aerosol total column optical depth at 550 nm according to CAMS/IFS-chem,
dust particle sizes from 0.03 to 20 mkm (left) and all aerosols (right)



SILAM model - Harmaja
dust 0.01-1um
dust 1-2.5um

dust 2.5-10 um
dust 10-30um

SILAM
(Helsinki sea ice)
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SILAM model
dust 0.01-1um
dust 1-2.5um
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(max. location)

2e-05 4e-05
Dust optical density (1/m)

Alt[m a.gl]

CAMS/IFS-chem - Harmaja

— dust 0.03-0.55 um
— dust 0.55-0.9 um
= dust 0.9-20 um

CAMS/IFS-chem
(Helsinki sea ice)
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Vertical
distribution of dust
aerosol optical
density [1/m] on
23 February 2021

according to
SILAM (left for
Harmaja
lighthouse, middle
for Tampere)
and CAMS (right
for Harmaja)



Altitude, km

Altitude

I
Lat 81.76 80.10
Lon 101.65 62.89

N/A = not applicable 1 = marine

532 nm Total Attenuated Backscatter, km™ sr”
30

. Cloud-Aerosol Lidar with Orthogonal Polarization
25 (CALIOP) on CALIPSO

https://www-calipso.larc.nasa.gov/products/lidar/browse_images/
show_v411 detail.php?s=production&v=V4-11&browse_date=2021-02-
20 23&orbit_time=01-44-16&page=1&granule_name=CAL _LID L1-
Standard-V4-11.2021-02-23T01-44-16ZN.hdf
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Total column optical depth of aerosol mixture over 16 LW (left) and 14 SW (right)
spectral bands, derived from CAMS/IFS-chem in HARMONIE-AROME experiment.
This can be used by acraneb and hiradia schemes for radiation calculations.
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ﬂiomparisons on 23 Feb 2021 06 UTC+03h \

Which variables to use as indicators?
What exactly is the reason of differences?
Introducing more complicated parametrizations and data
- Introducing more uncertainties and interactions

Precipitation Type, , at 09Z Tue 23 Feb '306+003_aerefe46hl.grib 144 0 22306+003_aerjan46hl.grib_144_0
MEPS mbr0: 2021022306+3h0min, cy40h1.1, 2.5 km - - -
}
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Detailed studies needed -
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MUSC as a tool for
experimenting
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MUSC is the single-column version
of the ACCORD forecast model

- climatological aerosol optical depth
- reanalysis-based aerosol mass mixing ratios
- near-real time mixing ratios
- No aerosols at all

- different radiation schemes and options
- different microphysics schemes and options
- different ways to use aerosol data



Example of MUSC sensitivity experiments on 23 February 2021.
CAMS aerosols were used as input for different cloud microphysics
parametrization options. MUSC was run for 3 hours from initial time.

Cloud condensation
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Helsinki 19th of April 2021 case
represents clear and clean air conditions

Variables: DNI, GHI, DHI (diffuse!)
Observations (lines)

Operational Hirlam and MetCoOp Harmonie
(lines with dots)

In operational Harmonie GHI and DNI
seem to be underestimated and DHI
overestimated

7 global
s | G S MUSC experiments
DHI meas (vertical bars at 06 and 07 UTC)
—— DNI'meas REIE R SINESAIFS hiradia acraneb2
‘ diffuse | Aerosols: Tegen, cllrp. MMR,Ln.r.t. MMR, nge
| / | ~—-—opehar \ | | The largest DHI and smallest DNI are given
e il Toenr=\! by all radiation schemes when AOD550 (T)
o N | IS used. Differences in global radiation are
N o g s ey smaller between the different radiation

Date 2021 time UTC schemes and assumed aerosol sources.



Side comment on
global, direct, diffuse, direct normal irradiance

In the model:

Global radiation (GHI) at the surface
IS calculated in the atmospheric
column above. It is the primary
output variable of any radiation

scheme.

Direct and diffuse (DHI) at the surface
are derived diagnostically taking into
account clouds and aerosols.

Direct normal irradiance (DNI) in the
model is approximated by dividing
direct irradiance by the cosine of
solar zenith angle.

Observed:

7.5km 2.5km

ad \
[ |
c v |
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f | / \_\ .
ull / L -

1l

Observed DNI is a result of a point
measurement by an instrument
following sun.

W G1

It differs by definition from its
model counterpart!



acraneb2 and hlradia are able to use aerosol optical properties, derived for the
mixture of 11 CAMS aerosol species and applied to n.r.t. or climatological MMRs,
taking into account run-time humidity and averaging over SW and LW parts of
the spectrum

rad-jan am rad-jan an
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Time [h] from 6 UTC 19 April Time [h] from 6 UTC 19Apn|

Difference between AOD550-based and MMR—based aerosol optics in acraneb2:
net SW radiation flux by the new optics (jan) is larger than those by old optics (rad)
by up to 10 Wm=2 when climatological (am) and n.r.t. (an) MMRs are used
in the 19th April 2021 case when observed aerosol loads were small.



Introduction
Dust from Sahara, February 2021
Clean and clear air, April 2021

Concluding remarks




Aerosol input
Aerosol mass mixing ratios (MMRs)

- CAMS near-realtime (n.rf.) data i via
boundary files (3D)

- MMRs converted to Tegen AOD550 for the default IFS radiation
MMRs and AIOPs for the single-band acraneb2 ..

Cloud microphysics
scheme from condensation nuclei based on n.;t. MMRs
- possible use of cloud dropler number in IES
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Concluding remarks

There is research code with climatological and n.r.t.
aerosol MMRs + advanced optical properties for 3
radiation schemes. Impacts of n.r.t aerosol in
cloud/precipitation microphysics within ice3/ocnd have
been parametrized. CAMS n.r.t. and climatological
MMR data and IOPs can be introduced to experiments
within cy43h and cy46h.

MUSC and full model experiments have been run,
preliminary results obtained. Sensitivies, interactions
and differences are seen, further studies are needed to
shed light to open questions. Extended diagnostic
variables are needed to understand the impacts in 3D
and MUSC experiments.

Unification of all code and tools into the framework of
cy46t has been started according to the RWP task
PH6. Extensive testing, improvements, development
will be possible after that, leading to understanding
what of CAR would be needed for operational
applications.






Aerosols and weather

" In clear-sky cases, the global SW radiation at the surface
may reduce tens of W/m?due to direct radiation impact
of aerosol. Influence of dust on visible and near-infrared

. solar radiation can be significant. =

A &

tmospheric aerosols influence the evolution
of clouds, precipitation and fog.
Dust particles are insoluble, thus they
iInfluence in formation of cloud ice.

o 2

il .
Cloud droplet and crystal number concentration depend on

aerosol concentration and influences both precipitation and,

via cloud particle size, radiation transfer in clouds.
S 5
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Result of SILAM (https://silam.fmi.fi)

dust simulation experiment

for 09 UTC on 23 February 2021

Total-column mass of dust aerosol [g/m?] of
four size classes and their sum. The maximum
dust load over Helsinki sea ice was around

0.15 g/m?, over Tampere 0.25 g/m?


https://silam.fmi.fi/

Result of SILAM (https://silam.fmi.fi) dust simulation experiment

Dust aerosol total-column optical depth for 09 UTC on 23 February 2021

Total dust AOD for particles with diameter 0.01- 1um [unitless] Total dust AOD for particles with diameter 1-2.5um [unitless]
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https://silam.fmi.fi/
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Saharan hiekkaa pyydettiin

lahettimaan tutkimukseen

Sid | Hiekkaa
tarvitaan kymmenid
grammoja jddydin-
okeita varten.

o Pellinen STT

MKIN jonkin verran naytreita
-an hiekasta saapuu postit-
1atieteen laitokselle alka-
fikol i
idisid ylipilvid eli cirrus-
sittelevid tutkimustyoti
ertoo laitoksen tieteelli-

fa Ari Laaksonen.
#si lauantaina Twite-
id suodattamaan lu-
-asta viime tiistain ja
paikkeilla tullutta
hettamadn sita lai-
sdenottoja oli sun-
iviiin mennessi
enen. Posti alkaa
a vasta vilkon-

"Sitten nihdadn, ertd kun tie
tynlaista hiukkasta pistetdd
sinne, missd limmossi
teudessa syntyy jidkiteiti.”

Jos ne ovat tehokkaita jai-
ytimid, jiitd muodostun Laak-
sosen mukaan jo silloin, kun
suhteellinen ilmankosteus on
juuri ja juurd sellainen, ettd it

kitaan. Toinen projekti on par
aikaa kynnissi.

*Tihin sattui nyt vihin tillai-
nen onnenkantamoinen, etta
Juuri sellaista tavaraa tuli tinne,
‘mistd olemme kiinnostuneet.”

Vaikka hiekka -
riittyd tarp keita
varten, saatuja niy

voisi ylipdatian

Laaksosen mukaan talla het-
kelli ymmiirretiin yllittivinkin
huonosti sité, millaisia hiukkasia
5-15 kilometrin korkeuksissa on
ja mitkd niist3 ovat tehokkaita
ytimi jadkiteille

SAHARASTA tulee tuulten muka-
na harvoin hiekkaa Suomeen,
mutta nyt ajoitus oli erinomai-
nen.

limatieteen laitoksella on
Laaksosen mukaan syksylli al

taan esi k
Jja muilla menetelmilld. Niista
joitakin tuloksia saadaan julki
ehki jo tulevina viikkoina.
"Nimi jadydinkokeet vievit
pidempiiin, mutta jos tavaraa
tulee tarpeeksi, joitakin tuloksia
meillé on parin kuukauden aika-
. Jos tulokset ovat kel
isia, ne julkaistaan jossain
vaiheessa tieteellisessi kirjalli-
suudessa. Sithen menee suurin
piirtein vuosi”, Laaksonen sa-
noo.

kertoi

kamassa Jossa
juuri timéinkalaisia asioita tut-

"™ Poiminta

npéi

uotaan yli seitsemiin
wometrin  korkeuteen, muo-
dostavatko ne tehokkaasti nii-
den ylapilvien jaakiteitd ympd-
rilleen. Koska jos muodestavat,
5illa on merkitysti siihen, millai-
sia niiden pilvien ilmastolliset

i
ma- N3in keradmiseen

voi osallistua

aiemmin Aamulehti.

® Keras lsikkien varjaamas
pintalunta ruokalusikalla noin
2 desilitraa. Sulata ja suodata
Iumi huoneenlammaossa kahvin

OHJEITA na: ovat
antaneet limatieteen laitoksen
tieteellinen johtaja Ari Laakso-
nen ja vanhempi tutkija Outi

ovat
saapuvan auringonvalon kan-
nalta”, Laaksonen kertoo.

® Saharasta Suomeen lentd-
neestd hiekasta voi yha yritts
kerta nytteits, silli hiekkaa

in 18pi. Lumen
voi myds sulattaa toisessa
astiassa ja kaataa veden suo-
dattimeen. Kadri kuivunut
suodatin folioon tai muovipus-
siin.

@ Suodattamisen sijaan voit
myés antaa 1 desilitran lunta

FMI requested people to collect a cup of snow with
Saharan dust, filter it by a coffee filter and send to

researchers for analysis and to be studied in
nucleation chamber. They got 525 citizen samples.
Studies are ongoing.

This case is interesting from the point of view of cloud
microphysics parametrizations. Unfortunately, it was too
cloudy and too little SW radiation to estimate accurately

the aerosol optical depth based on radiation measurements. .

Aerosol MMRs for cloud microphysics parametrizations

525 citizen samples of Saharan dust
deposition

5 Paterstury
Stockhaie
]

[ Estania

Samples

» Dusty snow samples in freezer

. §
* Dust particles on snow:

* filtered

" evaporated Snow deposited on snow

* decanted

| In filters, different loadings

. 7
decanted / evaporate j: Pl
. A

Courtésy of outi.meinnder@fmi.;‘i

Ceilometer Vaasa 23 Feb 2021

Time (UTC)
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