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3. Example of Ground-based observation at several Japan sites. - A wed Fappani, 053

We started the long-term monitoring of aerosol oplical properiies by using a sky radiometer since 18990°s. The sky radiomeder is an awlomatic nstrument that takes
chservations only in daytime under the clear sky condition without cloud. Observation of direct and diffuse solar intensity of interval was made every ten or five minutes by
once {direct measuremeant avary one minute). Ship-borme type, GRS provides the position with longitude and latibude and heading direction of the vessel, and azimuth and
adevalion angle of sun. Horizon sensor provides rolling and pilching angles. We usad seven wavelangths (00315, 0.4, 0.5, 00675, 0.87. 0.94, 1.02 pm). The tao wavelengths
{0,315 and 0,94 pm) can be used o estimate total ozone amount and precipitable water.  There wers used to analysis direct solar imadiance and diffuse sodar radiance ai
fifth wawelangth (0.4, 0.5, 0.675, 0.87, 1.02 pm) by aerosol channel. The asroscl optical characieristics were computed using the SKYRAD pack version 4.2 developed by
Makajima et al. (1995).
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Simulation of the Laki volcano in 1783 based upon analogs of
winds; analysis using historical data of reported fog and deaths

Y. Balkanski, L. Menut, S. Jourdain, E. Garnier, C. Eschstruth, M. Vrac, R. Vautard, P. Yiou

od (Yiou et al.; 2013, 2014)

- Reconstruction of the period 1781 to 1785 taking the closest 5-day period
analog from the ERAI (from 1979 to 2013) with a resolution of 1.125°%1.125°

- Fields of 20 analogues consist of moving windows of 5 days with shifted
increments of 2 days
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Historical archive of fogs and of additional deaths following the eruption

Day in June when the first manifestation of the Laki volcanoe was reported over Europe
B do° 3 & 0 4c°
June 1783

June 8th:
South of Iceland

June 10th;

the
Coast of Norway June 26t

St Petersburg

|| June 17, 18t
A France, italy

June 26™:
Lisbon,Portugal

Thondarson and Self, 2003

Abnormal death rate (in green) from June to Sept. 1783 when

compared with the average of 1774 to 1789

Armospheric and sanitary effects of the voleano Laki in France (summer 1783)

St‘Malo
20006-21167
+33,7%/

Ruillé le Gravelais  Naveil Lolma
* 17/06-déb. juillet  17/06-7 ®
@45% %
@® qqﬂﬂlﬂ Mulhouse @
706-2007 1020

20/06-déb. Tullet

@  Siteof chaervation
23/06-19/07 Period of observation of the fog

+25%  Abnormally Ingh death rate mn.S?Embe[
l?lmmyﬁmemplﬂq» 789

Climate and Health Data Rescue and Modeling (CHEDAR) project

CarnierE., Pitel W, Desarthe J., Prijet ANR Chadar 2012
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Diversity of Aerosol Simulations in the NASA GEOS-5 Model

Impacts of Meteorology and Spatial Resolution (i.e., my own private AeroCom)
Peter Colarco, NASA GSFC

Baseline Global Mean Difference v. Baseline
Replay 1 _~ Replay 2 Free
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GEOS-5 model with GOCART aerosols can be run in numerous configurations
- different spatial resolutions, time steps, replay meteorology vs. free-running, etc.
Simulations with same emissions result in global AOT differences < 10%,
but regional variability



Diversity of Aerosol Simulations in the NASA GEOS-5 Model

Impacts of Meteorology and Spatial Resolution (i.e., y own private AeroCom)
Peter Colarco, NASA GSFC

Baseline Global Mean Difference v. Baseline
Replay 1 _~ Replay 2 Free
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GEOS-5 model with GOCART aerosols can be run in numerous configurations

- different spatial resolutions, time steps, replay meteorology vs. free-running, etc.

with same emissions: global AOT differences < 10%, but regional variability

diff in cloud and aerosol distributions: differences in aerosol forcing ~0.3 W m-2
How sensitive are our models to configuration choices?



DE LEEUW



Retrieval of Aerosol and Cloud Properties
from ATSR using ADV/ASV sy

Gerrit de Leeuw!2 Larisa Sogacheval, Pekka Kolmonent, =~ EUMETSAT
Timo H. Virtanen?!, Giulia Saponaro! and Alexander Kokhanovsky?
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ADVLWP  15-06-2005
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IFS-GLOMAP

Sandip Dhomse, Graham Mann et al.,
(University of Leeds)

Black Carbon {ug m—2) Organic Carbon (ug m—2)

st0 BC 90N - st0
200 =5 TR ; e 200 Oc
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Sea Salt (ug m-2) Dust (ug m-2)

E0W 0
sC4 (ug m-2)

GlobalBurden in various simulations
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i
2 Reference (2003) 0.58
No-DMS (2003) 0.54 0.21 2.65 6.05 135
Reference (2008) 0.70 0.13 1.47 5.92 13.7

C-IFs (2008) 0.11 0.11 1.80 5.93 22.76
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G RASP Generalized Retrieval of Aerosol and Surface Properties

NO ASSUMPTIONS on aerosol and surface All calculation on the fly

Dubovik et al. 2011, 2014
Open Source

Retrieved parameters: Surface reflectance, aerosol: AOD, SSA, aerosol height, size

information, refractive index, aerosol type, etc.

Expected practical advantages: accurate even over bright surfaces, even for high AOD, and

for extended set of parameters

GRASP/PARASOL AOD443 29/09/2008
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GRASP: towards aerosol classification

Desert Dust
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Confronting AeroCom Models with Particle Size
Distribution Data from Surface In Situ Stations,
Episode 2 (AeroCom project INSITU PNSD)

Markus Fiebig, Stephen Platt
Norwegian Institute for Air Research
Michael Schulz
Norwegian Meteorological Institute
Graham Mann
School of Earth and Environment, University of Leeds



Motivation

Particle size distribution probably most fundamental aerosol property relevant for
any interaction of particles, e.g. direct and indirect climate effects.

Surface in situ particle number size distribution (PNSD) data are of high accuracy,
meterologically traceable — comparison, will improve models.

Continue /update Graham Mann’s work during phase Il.

Objectives

Update PNSD comparison to AeroCom Phase lll

Compare not only sectional particle concentration, also particle size (modal
median particle diameter).

Extend comparison from fine (D, < 1 um) to coarse size range (D, < 1 um) by using
proxies (scattering Angstrom coefficient, particle mass size distribution)

Compare model-by-model to find reasons for agreement and disagreement.



e 49 stations with fine-range PNSD

e 23 stations measuring spectral
scattering coefficient in addition.

e 15 stations measuring PM2.5 /
PM10 mass conc. in addition.

Become Involved!

* Request for targeted model output (PNSD and particle mass size distribution at
surface and station location).

e See post on aerocom mailing list, aerocom Wiki, or poster for more information.
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MISR High-Resolution Retrievals Over Korea from AERONET-DRAGON Asia 2012

R o V22 Best Estimate AOD V22b24-51+1 Best Estimate AOD

Green Band ADD

V22 Best Estimate AOD

MISR 4.4 km Operational
Retrieval

(COMING SOON!)

e 4.4 km algorithm nearly
identical to 17.6 km (\ersion
22) algorithm you know and
love!

Green Band AQD Green Band ADD .
V22 Best Estimate V22b24-51+1 Best Estimate

» 4.4 km retrievals reported over
both land and water! #17.6 km 2 4.4 km

1.0 1.0 &

» Improved spatial coverage,
better agreement with | o e,
AERONET AODs, better able to N4 i

hod
[

MISR AOD
MISR AOD
-
L

e
]
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H H H . N =110 i N =183
resolve spatial gradients in g ST gy M
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Global Maps (July 2007)

V22b24-51+1 (Matched)

0.0 0.1

Clear Flag
Fraction V22b24-51+1

0.3

0.4

0.5

0.6

Green Band AOD

0.0 0.1 0.2 0.3 0.4 0.5 0 6
Clear Flag Fraction

0.7

0.8

0.9

1.0

0.7 0.8 0.9 1.0

MISR 4.4 km Operational Retrieval
(NOW WITH ADDITIONAL FIELDS!)
Latitude/longitude/time for each retrieval!
Easier to understand content!

Retrieval quality assessment for every
retrieval!

New fields to help diagnose performance!
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Constraining Cloud-Aerosol Interactions in Climate Models
Steven Ghan, Pacific Northwest National Laboratory
Minghuai Wang, Nanjing University

dinN, dinCCN AnE Ifi?::)t:srf Ié)huadnge
JdInCCN  dInE

R: “clean-sky” shortwave cloud forcing (Ghan, ACP, 2013)
AR: ERFaci

|X: cloud optical depth N4: cloud droplet number
CCN: CCN at 1 km (0.1% supersaturation)

E: anthropogenic emission

L: liquid water path r.. droplet effective radius

dlnt, Jlnt, dlnr, Bln’c dinL
dinN, dlnr, dInN, alnL dlnN,

dinr  dInL L
= — — + _ T.0C—
dInN, dInN, ©
albedo lifetime

effect effect
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MODIS
Total

AOD and CF in observations and

global models
Edward Gryspeerdt

INAOD-CF sensitivity INAOD-CDNC-CF sensitivity
e —— - — s — i ——
-30.0 -15.0 0.0 15.0 30.0 -10.0 -5.0 0.0 5.0 10.0




what

about
AeroCom
models?

CF change PD-PI (%)

CF change PD-PI (%)
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RETRIEVAL OF AEROSOL OPTICAL
PROPERTIES OVER LAND AND OCEAN é EUMETSAT
USING PMAP

@ - Michael Grzegorski,



Retrieval of aerosol optical properties
over land and ocean using PMAp |

e PMAp: Polar Multi-sensor
Aerosol product

» AOD over ocean, aerosol type
classification (volcanic ash)

» Delivered as a GOME product
(PMD resolution)

» Fully operational product
quality status since October
14th 2014

» major update at January 20t
2015

» Distributed by EUMETCast in
netcdf4

Video:
Volcanic ash eruption April 2015

2310412015
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Retrieval of aerosol optical properties
over land and ocean using PMAp I

e Q1/2016: Implementation of PMAp Release 2 including
retrieval over land on the core ground segment (expected)

. AOD (PMAp — METOP A & B)

| Ocean = operational retrieval
| Land = test retrieval in development

J | N

o] 04 0.2 03 0.4 0.5 08 o7 08 0.9 1
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Emissions (Gg SO,)

How does European aerosol emissions affect

the Arctic climate?

Acosta Navarro, J. C.& Varma, V, Riipinen, |., Seland, @., Kirkevag, A., Struthers, H.,
lversen, T., Hansson, H.-C., Ekman, A. M. L.

Global Anthropogenic SO, Emissions

European Air Quality
Regulation started
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NorESM says

o The changes in AOD, CDNC and TOA show
oon clearly main forcing is over Europe!
BUT temperature effect in the Arctic!!!!

180 150W120W 90W B0W 30W 0 30E 60E 90E 120E 150E 180 90N

-0.18 -0.12 -0.06 0 0.06 0.12 0.18

BON o

30N

0
) 180 150W120W 90W 60W 30W 0 30E 60E 90E 120E 150E 180

B[ ([T
-1 -06 -0.2 6 1

0.2 0.

Why is the effect in the Arctic when the forcing is in Europe?
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Holuhraun eruption 2014
The tropospheric equivalent of Pinatubo

Jim Haywood?'?, Andy Jones?, Florent Malavelle?, ...

Nicolas Bellouin3, Olivier Boucher?*, Sophie Bauduin®, Ken Carslaw®, Lieven Clarisse®, Hugh Coe’, Mohit Dalvil
Sandip Dhomse®, Andrew Gettelmann®, Dan Grosvenor®, Margaret Hartley®, Ben Johnson?, Colin Johnson?, Jeff
Knight?, Jon-Egill Kristiansen'?, Graham Mann>, Fiona O’Connor?, Steve Platnick!?}, Jens Redemann??, Anja
Schmidt® Graeme Stephens?3

IMet Office Hadley Centre, UK. ?University of Exeter, UK. 3University of Reading, UK. LMD, Jussieu, France.
>University of Leeds. UK ®ULB, Belgium. “University of Manchester, UK. 8NCAR, Boulder, USA. °University of Leeds,
UK. 19CICERO, Norway. 1INASA GSFC, USA. 2NASA Ames, USA. 13JPL, USA

Holuhraun 19 Sept 2014
Gro B.M. Pedersen,
University of Iceland, Reykjavik.

Aerosol plume 11 Sept 2014
MODIS visible image, NASA

SO2 column 1-7 Sept 2014
IASI retrieval and HadGEM3 simulation




impact on cloud effective radius

| MOD08.C51 September 2014
Average: -10.31 %

MODO08.C51 October 2014
Average; -12.46 %

,"-

A

| HadGEMS3 October 2014
Average: -11.33%

| HadGEMS3 September 2014
Average: -10.20 %
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MAC climatology

e MAC = Max-Planck Aerosol Climatology
merging AERONET/MAN on AEROCOM ensemble backgrd

- AO D aerosol properties at 550nm
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MAC

rad. forcing
(climate impact)

application

e focus on
forcing
patterns
— ... dSd

function
of time
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Quantifying global aerosol effects on convection
using the Convective Cloud Field Model (CCFM)

e Zak Kipling, Laurent Labbouz, Philip Stier and Till Wagner AT
OXFORD - . European Research Council

Atmospheric, Oceanic and Planetary Physics, Department of Physics, University of Oxford. Contact: zak.kipling@physics.ox.ac.uk  Established by the European Commission

Convective Cloud Field Model Baseline evaluation
Precipitation Cloud cover Monthly Taylor
vs GPCP vs CALIPSO-GOCCP diagrams
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Quantifying global aerosol effects on convection

using the Convective Cloud Field Model (CCFM)

Zak Kipling, Laurent Labbouz, Philip Stier and Till Wagner
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Preliminary estimates of Aerosol Effective Radiative
Forcing in CAM5-Oslo/NorESM2

A. Kirkevag, K. Alterskjeer, A. Grini, T. Iversen, D. Olivié, M. Schulz' and @. Seland

AQOD avg = 0.1235

-
e AOD at
|~y 1L 550 nm
| |
0.02 0.03 0.05 0.1 0.15 0.2 0.25 0.3 0.5 1

CDNC col. {CDNCINT*CLDTOT) avg = 0.99 (10° cm™) cDNC col. (CDNUMC) avg = 0.55 (10° cm™)
CDNC
(cm?)

CAM5-Oslo is a version of CAM5 where schemes for aerosol chemistry, physics and interaction with
clouds originally developed for CAM4-Oslo/NorESML1 exist alongside the modal aerosol modules of
CAMS5 (e.g. MAM7). Present basis is CAMS5.3, but will be updated as new CAMS5 versions are released.

Sea-salt emissions has been updated and SOA and explicit nucleation is new since CAM4-Oslo. EVA
Work on b.b POM, interactive DMS and marine biog. POM etc. not final = only preliminary results_%




CAM4-Oslo
SW Direct radiative forcing at TOA

Aerosol RF and ERF

avg = -0.100 W m® SW Direct radiative forcing at TOA

CAMS5-Oslo
avg = -0,058 Wm™®

SW direct RF

SW ERF ARI

-2 -1 0.5 -0.25 -0.1

SW cloud radiative forcing at TOA

avg = -0.908 Wm™® SW cloud radiative forcing at TOA

0 0.1 025 05 1 2

avg =-1.821 Wm?

SWindirect RF

SWERFACI

SW Effective RF (ERF) may be split (according to Ghan, 2013) into

- a direct forcing term:

Direct RF = A(F — Fclean)

- a term for indirect and semi-direct effects:

- aresidual term:

Cloud RF = A(Fclean - Fclear-sky,clean)

Surface albedo RF = AFclear-sky,clean

Other models

CAMS (SW ERF ARI)

Global Mean = —0.03 W m™2
(from Zelinka et al., 2013)

CAMS (SW ERF ACI)

Global Mean = -2.07 W m™>
(from Zelinka et al., 2013)

(SW ARI)

(SW ACI)
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Progress of the NASA Aerosol/Cloud/Ecosystems (ACE) Mission
Polarimeter Working Group instrument inter-comparison

Kirk Knobelspiesse, Qian Tan, Jens Redemann NASA ER-2 (aka U-

NASA Ames Research Center - 2) high altitude
aircraft

Airborne polarimeters relevant to NASA
ACE, PACE missions:

AirMSPI, NASA/JPL

PACS, UMBC

RSP, NASA GISS

overall mission goal: develop / inter-compare polarimeter aerosol / cloud retrievals
Our (subset) goal: confirm level 1 (geolocated radiance/polarization) agree within uncertainties

Channel center wavelength {nm)
A imate polarimetri # view Nadir ground total # obs.
roxima arimetric
Method Imager? ac::raq @r eﬂp:ctance=0 ) aneles resolution for ER-2  pixel
) & altitude perp
Photoelastic 1%: Step & Stare; 0.5%: sweep; 7m footprint, 9m alon
AirMSPI _ Yes P P 11t031 P & up to 420
modulation 0.25%: averaged to RSP resolution track 'smear’
PACS I_)h'hps pnsr_ns * Yes uncharacterized Up to 37m footprint, smear? up to 1170
linear polarizers ~65
. 277m footprint, 277m
RSP | Wollaston Prisms No 0.075% ~152 ~4100
along track 'smear’

1,2,3 indicates polarimetric comparison channels



Level 1 instrument pixel to pixel intercomparison
Only available for AirMSPI, RSP in 3 channels (470, 660/670, 865nm)
Level 1 = calibrated, geolocated observables (Reflectance, R, Degree of Linear Polarization, DoLP)
Previous results: Reflectances OK, Polarimetric comparisons larger than measurement uncertainty
New RSP data has improvements to geolocation — available in version 2 data
New AirMSPI data has improvements to calibration — but not yet publically available
New comparison is better than before, but polarimetric biases are still too large
Upcoming work: more scenes (currently pixel N~280), investigate view angle differences

below: percentage of AirMSPI/RSP biases larger than 2x the joint uncertainty
For realistic uncertainty estimates, this should be less than 5%

Main message: polarimeters agree better than before, problems/work remains

40%

o W old AirMSPI Id RSP .
35% Ol ARV 0 If uncertainty

30% B old AirMSPI vs new RSP estimates
259 B new AirMSPI vs old RSP are correct,
new AirMSPI vs new RSP ShOUId be IeSS
20% than 5%
15%
10%
0%

R(470) R(670) R(865)  DoLP(470) DolP(670) DoLP(865)

% beyond 2x uncertainty
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Contribution of water to modeled
aerosol direct effect

H. Kokkola, T. Laaksoviita, A. Kirkevag, T. Kiihn, S. Romakkaniemi, A. Arola

Aerosol optical depth is the most used parameters in model evaluation

The contribution of water to AOD differs significantly between models

GOCART ECHAM-HAMMOZ
0.113 Total AOD 0.115 Total AOD

0.049 Water AOD 0.076 Water AOD

S

| i e e -

1.0e03 b1E-D2 12e01 1801 2.4E0L 3.0e01 1.08-03 B.1E02

Aerosol Water ADD@S50nm (1) Aerosol Water AOD@550nm (1)
4EEEE _—— 14 <4 |
1.2E-01 1.BEQL 2.4E01 3.0e-01

=3gignificantly different dry aerosol => different aerosol 18t indirect effeét



Contribution of water to modeled
aerosol direct effect

H. Kokkola, T. Laaksoviita, A. Kirkevag, T. Kiihn, S. Romakkaniemi, A. Arola

In this study, we investigate how much uncertainty comes from modelled

relative humidity ECHAM vs AIRS: Extinction, 1000 hPa, 2006, clear sky
aerosol number size distributio | .. Sremiiny . 1T
aerosol comp / hygroscopicity s o~ Blomss L Mt

B .5 MGNET o

Fltn
comparison between - ! ' S e

-'_:-'{3¢ : -"T:-." P ok XYY e s &
models P
satellite date (AIRS) B |

Extinction difference, ECHAM - AIRS (km™)

reanalysis data (NCEP-DOE) - T

. . . |
—0.045 —0.035 —0.025 -0.015 —0.005 0.005 0.015 0.025 0.035 0.045

10/16/2015 95
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° . V
o ... REgional Climate Impacts of é

FINNISH METEOROLOGICAL INSTITU JTE

anthropogenic Aerosols (RECIA)

=

—_

Hannele Korhonen, Finnish Meteorological Institute

overall objective: improve the understanding on
how the regional climates respond to changes
in anthropogenic aerosol emissions locally and
via teleconnections

approach: Unified aerosol and CCN
climatologies; model experiments from highly
idealized to more realistic

currently 3 models: MPI-ESM, EC-Earth, NorESM

We welcome other modelling groups to
participate!
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Aerosol Absorption over the global ocean:

comparing PARASOL retrievals with AeroCom models estimates

Carlo Lacagnina and Otto P. Hasekamp et al.

a) PARASOL b) AeroCom SSAgss
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PARASOL provides new information about aerosol absorption over ocean

Spatial distribution of SSA simulated by AeroCom models is rather uniform
and higher, compared to PARASOL
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School of Earth and Environment

PinatubO Emulation in Multiple Models (POEMs): planned
co-ordinated experiments for the SPARC Stratospheric
Sulphur and
it’s Role in Climate initiative (SSiRC)

Lindsay Lee

l.a.lee@leeds.ac.uk
Graham Mann, K. S. Carslaw, M. Toohey, V. Aquila, C. Timmreck, J.
M. English, R. R. Neely Il

NATURAL
ENVIRONMENT
RESEARCH COUNCIL

The Leverhulme Trust
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Inter-model diversity exists

Larger inter-model differences in predicted extinction, both peak magnitude and decay timescale.

Several factors may be important here:

e differences in the way the models inject the SO2 (injection height-range, latitude-spread)
e treatment of the chemical conversion of SO2 to H2SO4 may affect aerosol evolution

e evolution of the aerosol size distribution following growth processes and sedimentation

o different stratospheric circulation and strat-trop exchange

el -
Entinction (km™)

Extinction (km™) =

Extinclion (km™) -

T 4yt
18991 18983 1985 19897 1989 2001 2003

Extinction (km™)

L L L 1 L L L L L 1 L L 1
1881 1983 1885 1907 1988 2001 2003
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1.02 parm Extinction, 45°N, 20 km
T T T T
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FIGURE 4: The intermodel diversity for a range
of simulated outputs
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MMPPE Proposal

Experts have chosen 8 uncertain parame-
ters to be perturbed (3 eruption, 5 model
processes) to understand the uncertainty in
the chosen model outputs and their diversity
across models:

o Mass of SO, emitted

o Injection height-range

o Injection latitude-spread

o Sedimentation velocity scaling
o Oxidation of SO, to H,SQOy

o Nucleation rate scaling

o SUb-grid particle formation

o Coagulation rate scaling

The uncertain parameters were chosen
based on the need to better understand the
aerosol optical depth (AOD) and effective ra-
diative forcing (r.s) response to the Pinatubo
eruption.

When model capability does not allow pertur-
pation of all 8 parameters a subset will be de-
signed to allow comparability across models.

We will investigate how each output responds
to the uncertain parameters and how this
compares across models.
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. Whole-atmosphere aerosol microphysics simulations
b Sl of the Mt. Pinatubo eruption: Part 2: Quantifying the

i

NATURAL ENVIRONMENT RESEARCH COUNCIL - - - - - - - U N IVE RSITY OF LEEDS
direct and indirect (dynamical) radiative forcings
G. W. Mann (NCAS-Climate, Univ. Leeds, U.K.), S.S. Dhomse, K. S. Carslaw, M. P. Chipperfield, L. A. Lee (Univ. Leeds, U.K.), K. M. Emmerson (CSIRO, Aspendale. Australia)

L. Abraham, P. Telford, J. A. Pyle (Univ. Cambridge, U.K.), P. Braesicke (KIT, Karlsruhe, Germany) , N. Bellouin (Univ. Reading, U.K.), M. Dalvi, C. E. Johnson (Met Office, Exeter, U.K.)

3.The 1991 Mount Pinatubo eruption

&zj [z B A‘ . 0

fo l‘»: A t_l. e . . . . . .
ToHS 503| ", o 9. Radiative coupling: impact on dispersic
06/19/91 ¢ 'l Guo et al. b) sAOD Mean (double call) 10Tg aerosol not b) sAOD Mean (double call) 14Tg

i) . 4 f{(GGG' 2004.) . radiatively
T B S o o . coupled
: ("
b
e
Satellite measurements indicate 14 to 23 Tg of SO, (7 to 11.5 TgS) OCT AN  APR XL OCT AN WL OCT AN APR ML OCT AN
1992 1993 1992 1993

was present in the tropical stratosphere shortly after the eruption. -
a) sAOD Mean (singal call) 10Tg aerosol is a) sAOD Mean (singal call) 14Tg
—

radiatively

The stratospheric aerosol loading peaked several months later in the o
couple

range 19-26 Tg (Lambert et al., 1993). Assuming 59 to 77% sulphuric
acid (Grainger et al., 1993) gives a range of 3.7 t0o 6.7 TgS.

Investigate the eruption’s impact on the stratospheric aerosol in UKCA
with runs which inject 10 & 20 Tg of SO, into the tropical stratosphere

HadGEM-UKCA N48L60 CheS+GLOMAP.

g T LN B L B LA L B B R B B B R
- A : 3x 14Tg e-QBO enserble members
- -
| | Black: trop & strat aerosol “S” | ]
6 : 5 - 0.2
| .| Increased tropical upwelling lifts | |
g aerosol higher - longer lifetime
e ; o e
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s | HIRS derived i [ 1991 1992 1993 0.05 0. 0.5 02 025 03 04 06 08 1
1 . I .
& strat-S burden : A v7.3 CheS+GLOMAP N48L60: sAOD evolution vs SAGE-Il sAOD & AVHRR anomaly
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. I I I i
I 1 I
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e 9 .

40
. months,si .
Stratospheric aerosol sulphur burden in fﬁ\nﬂﬁc}s_&hmnmu_mnsmgk green)

v7.3 CheS+GLOMAP N48L60 | Mann etal,, in preparation |




| |. Radiative heating vs ERA-interim T-anomaly

Mean dTemp [20S—20N] 10Tg

pressure |hPa)

pressure [ HFa]
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dTemp [205-20N] (K) ERA—Int (1990-1997)
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pressure [hFa)
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10Tg simulatons match shape of ERBE anomaly

10 94— — Blue-dashed-line is
' 8 = At 50 hPa — ERA-interim, with
=~ 6 4 (30s-30N) - model-imposed
© 4 _5 - warming too strong
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o — — ———
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from Driscoll et al. (2012)

AN
1992
d03 7 (singal call) 10Tg

1990
CMIP5 models with prescribed volcanic
forcings over-predict strat-warming.

Partly due to models not having cooling effect frorr =
easterly QBO phase. But also

prescribed volcanic forcings may not capture
coarse mode aerosol and models missing cooling
from dynamical reduction in stratospheric ozone.

With 10 Tg injection, UM-UKCA captures

stratospheric warming with 14 Tg too high.
v7.3 CheS+GLOMAP N48L60

All-sky TOA LW radiative forcing timeseries from UM-UKCA

All-sky TOA SW radiative forcing timeseries from UM-UKCA

SW i
forcing =
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[ Blacksolid = ERBE TOA SW anomaly relative to 1985-1989
. [ Black dashed = ERBE TOA SW anomaly relative to 1995-1957
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: The SSiIRC Historical Eruption SO2 Emissions
Poahoric Scion Assessment (HErSEA): intercomparison for

Atmospheric Science

NATURAL ENVIRONMENT RESEARCH COUNCIL U N IVE RSITY O F LEE DS

interactive stratospheric aerosol models
Graham Mann, Sandip Dhomse (Univ. Leeds, U.K.), Jianxiong Sheng (Harvard Univ., U.S.A.), Mike Mills (NCAR, U.S.A.)

4. SSIiRC model intercomparison to assess and evaluate global
models with interactive stratospheric aerosol schemes

&

Background (BG) Stratospheric sulphur Time-slice year-2000 Year-2000 emissions 1 10 10 Chemistry, aerosol and dynamical processes affecting
budget (quiescent) monthly-varying (Granier et al, 2011) quiescent stratospheric aerosol conditions.

Transient Aerosol Evaluate strat-aerosol Transient 1998-2011 1998-2011 emissions Upto 3 (volc 14 14to  Understand drivers and mechanisms for observed

Record (MiTAR) properties 1998-2011 monthly-varying (Granier et al, 2011)  S0O,) 42 stratospheric aerosol increase since 2000

Historical Eruption Perturbation to strat- Transient for each Time-varying from 6 for each 5 270 Assess how injected SO, for historical eruptions

S0, Emissions aerosol for min/max SO, historical eruption Granier et al., 2011)  (ctrl, mid & perturbs stratospheric aerosol properties and radiative

Assessment for Pinatubo, El Chichon period (1991-1995, or RETRO for 1960s  hiflo, deep/ forcings in different complexity global strat-aerosol

(HErSEA) & Agung 1982-1986, 1963-1967) (Schuliz et al., 2008) shallow models

Pinatubo Emulation  Perturbed parameter Transient for Pinatubo-  1991-1995 emissions Vary 3/5/7 of 5 105, Quantify sensitivity of simulated Pinatubo ERF to

in Multiple Models ensemble of runs to perturbed period (Granier et al, 2011) 8 parameters 175 or uncertainties in injection parameters (SO, amount,

(PoEMS) quantify uncertainty in (1991-1995) with 7 values 245 injection height and latitude-spread) and to uncertainties
each model'ssimulated / parameter (3,5 in model processes (e.g. coagulation-rate-scaling,
radiative forcings 21, 35 or 49. or7) sedimentation-rate-scaling, SO,-oxidation-rate-scaling).

v Paper will be submitted to Geoscientific Model Development (Timmreck et al., 2015) describing the rationale, observations and experimental specifications
for the co-ordinated intercomparison. Timeline for the experiments --- models to begin submit BG, MITAR & HErSEA later in 2015 & 16. POEMS in 2016/7.

6. Satellite record since 1980s: stratospheric AOD and extinction profile
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7. Balloon-borne optical particle counter

record of size- resolved particle concentratlor
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9. Potential for improved

volcanic forcings by

constraining new models

with observations.
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werpmiebanatl Oy HOAGEM-UKCA & TOMCAT-GLOMAPMoOde uNIVERSITY OF LEEDS

Graham Mann, Jo Browse, Nicolas Bellouin, Colin Johnson, Mohit Dalvi, Luke Abraham, Ken Carslaw, Philip Stier,
J. Rae, D. V. Spracklen, P. Telford, J. A. Pyle, F. O' Connor, G. Carver, K. J. Pringle, M. T. Woodhouse, Z. Kipling, R. West

@ Nati Evaluation of tropospheric aerosol properties simulated
ational Centre for

Field campaigns

I

Observations ‘

6. AeroCom CTM & UKCA runs [ sesacm T
Compare GLOMAP-mode simulated aerosol in HadGEM-UKCA against . T T o T o
' i 2 .,
established TOMCAT-GLOMAP framework and observations. Sectional (bin) aerosol Unified Mode! [ [ QUEST Earth
% o . System Model
TOMCAToffox T42L31 with 6-hrly monthly-mean oxidant fields (TOMCAT | Giouarmode || | o oooiee
--- GLOMAP-mode v6 with revised modal settings as Mann et al . (2012) | aerosol module T"|icLomaP-mode | | GLOMAP-mode 1
--- AOD & forcings can be alculated offline based on monthly fields. i Modal asrosal _______: tESlosol modde ... i|| L eresel odule 1
--- use AEROCOM phase 1 emissions (Dentener et al., 2006) ECMWE
ECMWF-IFS —
UKCA_NRTroplsop : N96L63 v7.3 HadGEM3-A-r2.0 Troplsop w FAST-J »| i GloMARmode P Theraor!
--- GLOMAP-mode v6 with revised modal settings as Mann et al . (2012) Sttt Y. :

--- diagnose AOD & aerosol direct & indirect radiative effects online every , , . .
radiation timestep using double-call to radiation scheme (RADAERV2) g%ﬁige;;fgoigwﬁ% C;ﬁr;i;glrggvgi‘;vﬁjgde
--- use AEROCOM phase 2 emissions (Diehl et al., 2012) g ) ’

Emission of gas
phase precursors

UKCA_BEStdTrop : N96L38 v7.3 HadGEM3-A-prelim StdTrop w 2D-phot nalroxidetion  Emission of pritary pamc,es Uptake to clouds
--- GLOMAP-mode v5 with original modal settings as Mann et al . (2010) Low volatiity | ~/ \\/ ~
--- diagnose AOD & aerosol direct & indirect radiative effects online every gas phase oxidation o . In-cloud oxmanoﬁ

radiation timestep using double-call to radiation scheme (RADAERV1) products \Condensatlon 1 | Activation
--- use AEROCOM phase 2 emissions (Diehl et al., 2012) NudeLmn e ‘.
b — Q "‘
¢ Coagulatlon cloud \
processing W
Dry D\éposition Wet Deposition

) ~MLE9m Particle Size ~50.E-6 m



Cape Grim CCN at 5=0.23% (Ayers et al 1997)
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Eruption source parameters controlling the

climatic effects of volcanism  unwversiTy oF LeeDs

E-mail: eelrm@leeds.ac.uk

Summer hemisphere Tropical pipe Surf zone Polar vortex

Parameter space

* Amount of SO, injected
* Injection altitude

* Location
* Season
E
Series of modelling 3
experiments based <

A

on regions in the <mmi) = 380 K="

atmosphere where —_—

there are different

dynamical and
chemical regimes Troposphere

Lowermaost
Stratosphere

10

60 30 EQ 30 &0 90° N

Latitude

SO, injections of 10,20,40,80,160,320 Tg

90°s8

A\ = eruption height and latitude

Lauren Marshall?, Anja Schmidt!, Graham W. Mann’?, Kenneth S. Carslaw?, Jim Haywood3#, Andy Jones?

1. School of Earth and Environment, University of Leeds, UK 2. National Centre for Atmospheric Science, University of Leeds, UK 3. Earth System and Mitigation Science, Met Office Hadley Centre, Exeter, UK 4.
College of Engineering, Maths and Physical Science, University of Exeter, UK




Eruption source parameters controlling the

climatic effects of volcanism  unwversiTy oF LeeDs

E-mail: eelrm@leeds.ac.uk

Non-linear responses as we increase injection magnitude

50

w
o

Global SO, /H, SO, burden (Tg of Sulfur)

=
o

Global SO, /H, SO, burdens (Tg of Sulfur) for different SO, injection
(solid lines = H, S0, , dashed lines = SO, )

B
=)
T

N
o
T

Control
5Tg
10 Tg
20Tg

100 Tg

40Tg |

W~ ’ * =
e, alll Vo . i

= ; =
T Year

15t June 1991

‘Pinatubo-like’ eruption,
except different SO, injection.

15 °N

One day eruption
Plume 19-29 km
Easterly QBO

Lauren Marshall?, Anja Schmidt!, Graham W. Mann’?, Kenneth S. Carslaw?, Jim Haywood3#, Andy Jones?

1. School of Earth and Environment, University of Leeds, UK 2. National Centre for Atmospheric Science, University of Leeds, UK 3. Earth System and Mitigation Science, Met Office Hadley Centre, Exeter, UK 4.

College of Engineering, Maths and Physical Science, University of Exeter, UK
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Evaluation of microphysical conve
rain in the MIROC-SPRI

sion, Accretion)
cture, SW/LW Radiation
n and Future Work (PROG-RAIN in MIROC)

List of autoconversion schemes examined in this study

Schemes Autoconversion rate (kgm—>s7!) Models
3.5 x 102 L2

Berry [1968] N MIROC5; NICAM-SPRINTARS

0.12+1.0 x 10-12 —°

L

0.104 g E., _

Tripoli and Cotton [1980] iq/SLZ/S N; 1/3 H(qe — qerit) HadGEM2; GFDL CM3
1 o

Beheng [1994] 6.0 x 102517 (L, x 1073)7 (N, x 10-5)33 ECHAM5
Khairoutdinov and Kogan [2000] 1350 L%47 (N, x 1076)71.7 =147 ECHAM5-HAM; PNNL MMF

2
3
Liu and Daum [2004] (47rp ) ko B8 L2 NS H(Rg — Ree) CSIRO Mark3




Model Potentia meﬁ“m

"' CERES (=-35)
YA\ e
: " ISCCP o Be94%E _70; .
— 80 AN T KKO0O (r=-_73)
0\0 .E - LDO4 (r=.75) —e— -
[ 'E 20 .
e 70 = z
Q L T
O o d
- 60 O O 40 | -
= [0
o = z
O 50 w -70 - | -
i —60 I~ -1
80 - & CERES 7
40 v b o b s by v by _90 PRI N T TR NI T NN N A
90 60 -30 0 30 60 90 90 60 -30 0 30 60 90 -80 . e . N
Latitude Latitude 10 100 1000

LWP Jgm™]

Berry (1968) Tripoli+Cotton (1980) Beheng (1994) Khairoutdinov+Kogan (2000) Liu+Daum (2004)
H [Brief Summary]
1. The Acc/Aut ratio is sensitive depending on the schemes.
2. There are critical biases in the vertical cloud macrophysical structure.
— too few too blight low-cloud problem in MIROC as well
3. SWCREF Is overestimated due to smaller cloud droplet radius in low-cloud.

B [Future Work]
Need more fundamental improvements in addition to microphysical processes
— PROG-RAIN scheme with drizzle in MIROC (ongoing)

Acknowledgements: This study was supported by the Environment Research and Technology Development Fund (S-12-3) of the Ministry of the Environment, Japan.
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TACTICI: an aerosol climatology
for CNRM-CM CMIP6 simulations

oThis poster presents TACTICI (Tropospheric Aerosols for ClimaTe In CNRM-

CM) aerosol climatology for use in CMIP6 type simulations of the AOGCM CNRM
climate model CNRM-CM6

O

oThe motivation for this work was the growing number of AOGCM/ESM with
either inferactive or semi-interactive aerosols

O

Version 1 of the prognostic aerosol module included in CNRM-CM modified to
correct some drawbacks, a 1850-2019 simulation performed with prognostic
aerosols, and a monthly climatology of the AOD of 5 aerosol types, TACTICI,
derived from this simulation

= modifications of the aerosol scheme, specificities of the 1850-
2019 simulation, characteristics of the TACTIC1 AOD climatology,
and first results from simulations with interactive versus semi-
interactive aerosols



Interest in discussing

[1The choice of sea salt parameterization / indirect effect
parameterization

[1Some characteristics/drawbacks of the aerosol emissions we used /
future aerosols emissions

[1Possible use of our TACTIC simulation outputs in the aerosol forcing field
project for CMIP6

[ 1Interactive versus semi-interactive aerosols in climate simulations
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% FINNISH METEOROLOGICAL INSTITUTE

Does Increasing Temperature Increase Carbonaceous
Aerosol Direct Radiative Effect (over Boreal Forests)?

e Tero Mielonen et al.

- estimate the effect of increasing temperatures on ’ /A\
the aerosol direct radiative effect

- investigate the causes of the positive correlation

between AOD and LST using remote sensing data

(AATSR) and a climate model ECHAM-HAMMOZ
- over the Southeastern US 0.08————— e 4o
- over boreal regions S Lo

0.04}

-estimate the significance of the negative feedback
caused by a warming-induced increase in the aerosol

0.02}
0.4

trop anomaly

AOD Anomaly

. . . 0.00} 0.0
direct radiative effect g
~0.02} SEUS R2 P 049

.’zopaf’/ -0.8

—0.04 .

@ 2003 7 e’ -1.2

First results: 005 -7

AATSR products show a clear AOD-LST 00 e o o5 T 15 20 20

LST Anomaly

dependency over SE US
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Constraining aerosol optical
properties in HAdGEM3-UKCA
using AERONET

James Mollard, Nicolas Bellouin, Ellie Highwood, Ben Johnson

4 3
10 10
= HadGEM3 ACD = 0.15 = HadGEM3 AQD = 0.15
= HadGEM3 ACD = 0.3 = HadGEM3 AOD = 0.3
HadGEM3 AOD = 0.45 HadGEM3 AOD = 0.45
© .3 AERONET AOD = 0.45 ° AERONET AOD = 0.45
S 107} = HadGEM3 AOD = 0.6 3] = HadGEM3 AOD = 0.6
g «=: AERONET AOD = 0.6 g 102|| " AERONET A0D = 06
| — HadGEM3 AQD = 0.75 5 — HadGEM3 AOD = 0.75
S ==+ AERONET AOD = 0.75 S ==+ AERONET AOD =
=] =]
2
€10 S
S =
2 =
I e 2 £ 10!
g & 10
=10 &
...... .
100 - \‘ L ol -.“ K 05 1 0 > .: Ah
0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 cb.() 0.5 1.0 1.5 2.0 2.5
Single Scattering Albedo Angstrom Exponent

- The variability of SSA and Angstrom Exponent decrease as AOD
increases
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Constraining aerosol optical
properties in HAdGEM3-UKCA
using AERONET

,~
=~

Met Office

- Compare models with AERONET in SSA/AOD and SSA/AE space

- , , - 1.00
1.00 | . ‘ | | |
| o

-0.95 % 50.95 ;

b @

2 2

= <

2 £

£0.90 £0.90

g 3

3 $ — HadGEM3-UKCA

E £ = OsloCTM2

#0.85 %0.85 = SPRINTARS-v384
— GOCART-v4
— TM5-V3

Europe

North East USA AERONET Iv2 Observations

0880 01 02 03 04 05 06 07 08 09 980 01 0z 03 04 05 06 07 08 09
Aerosol Optical Depth Aerosol Optical Depth

- From analysing AEROCOM differences, we use it as a method to
evaluate a sensitivity study on carbonaceous aerosol refractive indices.
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SC ieNCE THE DEEP SOUTH E ﬁg%ita 0
Challenges |

Improving the Modelling of Clouds & Aerosols in the
Southern Ocean Region

O. Morgenstern?, A.
McDonald?, M. Harveys,
R. Davies*

INIWA, Lauder, New Zealand

2U. Canterbury, Christchurch, New Zealand _80 B0 40 30 =20 -10 -5 5 10 15 20 30 40
3 i 7

le}'J)WérbV.\é%E CI g'C'S%aé}dprOblem Cloud-radiative forcing bias in DJF (W/m?) in the
iH'rﬁHaﬁlﬂMg @%W@?élﬁnqemisphere NIWA-UKCA chemistry-climate model, relative to

climate. a satellite climatology (CERES-EBAF).



National

SC iQNCE THE DEEP SOUTH E *T‘g;';ta 2
Challenges |

The Clouds & Aerosols project

e Part of the Deep South National Science Challenge

e Focusses on improving the modelling of clouds in the
Southern Ocean region

e Likely this will involve improved modelling of natural
aerosols

e Target: Deliver an improved cloud/aerosol scheme,
produce improved climate simulations
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Towards UKESM1:

Implementation and evaluation of the
GLOMAP-Mode aerosol scheme

P. Mulcahy?, J. Browse? C. Johnson?, B. Johnsonl, G.W. Mann23, A. Jones!,
A. Sellarl, M. Dalvil, K.S. Carslaw3, C. Jones1?

1 Met Office Hadley Centre, Exeter, Devon, UK
2 National Centre for Atmospheric Science, University of Leeds, Leeds, UK

3 Institute for Climate and Atmospheric Science, School of Earth and Environment, University of Leeds,
Leeds, UK



Evaluation of aerosol simulation in
UKESM

Aerosol optical properties

Annual mean AQD (550nm) 2002-2008 ah615 Annual mean AOD (550nm)
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Evaluation of the CNRM-CM aerosol scheme P Naloat = M.Michou &S eci
in the regional climate model CNRM-RCSM  Mallet ", L.Watson “and D.Saint-Martin

1 Météo-France / CNRM-GAME ?Laboratoire d'Aérologie

- The global (CNRM-CM) and regional (CNRM-RCSM) climate models of CNRM share the same numerical code

=> taking benefit of the finer resolution in CNRM-RCSM, an evaluation of the aerosol scheme is performed with CNRM-

RCSM Prognostic aerosol scheme Evaluation
- - AOD (against satellite data and AERONET data)

Total MOoDIS

(Michou et al., 2015 ;
Nabat et al., 2015)

0 0.01 0.02 0.05 0.1 0.15 0.2 0.25 03 0.4 05 0.6 0.7
Lecce—university

Lecce_University
Te-12 1e-11 1e-10 12-09 1008 (KQ/m?2/s) 40.3°N / 18.1°E ecce._University
Emissions 0.60 1.8 4
0.50 1.5 4
- Adapted from the GEMS/MACC scheme (Morcrette et al., 2009) 0.40 o]
0.30 L o9
- 5 aerosol types : 0.20
Dynamic emissions for dust/sea-salt 0.10 “
ACCMIP inventaries for sulfate / BC / organic matter 00 AMAM J J ASOND s ws ae & 12 15 18
- Simplified scheme to keep a low numerical cost (multi- - Aarnenluartical and ejze djetrihntinn 2000
annual climate simulations 0000 L E L
) o || omamennste oo | ATR42 flight
Black carbon E E + CNRM_

‘Organic matter

—Desert dust -
—Sea salt

- T T T T T T 10" ] T T T T T T
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Extinction coefficient (km™) FRANC E
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Aerosol-cloud interactions in
ECHAMG6-HAM2 and the (A)ATSR dataset

D. Neubauer?, U. Lohmann?!, M. Christensen?, C. Poulsen?
1ETH Zurich, 2RAL Space

. . : o
. Statistical relations to infer &
aerosol-cloud interactions 5
. Level 2 AerOSOI CCI and 180 150W 120W 90W 60W 30W O 30E 60E 90E 120E 150E
Cloud CCl data dIn(L_W!;)l.dl;l(AI“); 0:35»,/- o.1.7°c,;,,, ov.29+./- 0.39, .6
. o a0 30N & - T Favat B
. Analysis done on 1°x1° or ' . HP T T
W Vi 1% =h
. o LT ‘ ; P N .o b —_—
1.9°x1.9° spatial scale ok “ : =
. . ®
308 Q.

. Impact of relative humidity

ETH

Eidgendssische Technische Hochschule Ziirich RAL Space _

Swiss Federal Institute of Technology Zurich

180 150W 120W 90W 60W 30W 0 30E B0E 90E 120E 150E
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Aerosol-cloud interactions in
ECHAMG6-HAM2 and the (A)ATSR dataset

D. Neubauer?, U. Lohmann!, M. Christensen?, C. Poulsen?
1ETH Zurich, 2RAL Space

ACl. - dInCOD
. cob —
. Model / satellite data dInAl " ECHAWG.
comparison = (A)ATSR
non-raining(NR)/dry(D)/unstable(US)
. . ® MODIS
. Environmental regime raining(RY/dry(D)/unstable(US)
composites: N
non-raining(NR)/dry(D)/stable(S)
— precipitation state raining(R)/dry(D)/stable(S)
— free tropospheric rel. non-raining(NR)/moist(M)/unstable(US)
humidity (RH;)

raining(R)/moist(M)/unstable(US)
— lower tropospheric stability
(LTS)

non-raining(NR)/moist(M)/stable(S)

raining(R)/moist(M)/stable(S)

. Radiative forcing estimate

-0.1 0 01 02 03 04 05
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SLCP emission reduction : how to simultaneously
improve air-quality and limit climate change?

D. Olivié, L.H. Baker, R. Cherian, W. Collins, @. Hodnebrog, G. Myhre, J. Quaas, M. Schulz, R.B. Skeie, and A. Stohl

Motivation
1) Difficulties in reducing LLGHGs emissions
2) Impact of some short-lived species both on climate and air-quality

Experiment with 4 AOGCMs for 2005-2050 period

1) Reference emission scenario (Current legislation)

2) Optimization scenario : new air-quality measures only implemented if they
have a cooling effect according to GTP20 emission metric.

ECLIPSE project
Evaluating the Climate and Air Quality Impacts of Short-lived Pollutants

Results + sensitivity analysis

See the poster ...
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Impact of black carbon aging on its
spatial distribution and radiative effect
using a MRI global aerosol model

Naga Oshima

Meteorological Research Institute, Japan Meteorological Agency, Japan.

15c below 800hPa (days) Hydrophobic BC  Hydrophilic BC
| @ ¢o—> © o

15¢ (BC aging timescale)
[Oshima and Koike, 2013, GMD]

Apply our new parameterization of
BC aging to a MRI global model.
. Spatial and temporal variations of
Tge, NOt constant (24-36 hours).

180 120w 6OW ] 60E 120E 180 EaSt ASIa TBC < 1 day
| S — —— — — — Arctic : tgc = 1 week




Spatial Distribution of BC

|Surface, Barrow, U.S. | —e— Observation

Barrow in 2008-2009

—0— Param. ss=0.1% '

—8— Param. ss=0.2%
—8— Param. ss=0.3% |
—e— Const. 7
All hydrophilic

JFMAMIJJASONDJIJFMAMIJIASOND

2008

Aircraft,
East Asia

Altitude (km)

Use of the
parameterization
improves the
seasonal variations of
BC over the Arctic.

Run 1: Param. Slower (base*1/4)

Run 3: Param. Faster (base *2.2)

2009 2010

10 T 0. Observation
il ) 1.
N 2. Run 2: Param. Baseline

i . 3.
o ‘ 4. Run 4: Const. (15c = 1.2 days)
2_ —
O—Té"' TR

- E
o

BC (ng m° sTP)

vy
@

100 10000 We also estimate direct radiative forcing by BC.
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Comparison of GFED3, QFED2 and FEER1
Biomass Burning Emissions Datasets in a Global Model

Xiaohua Pan "12, Charles Ichoku 2, Huisheng Bian 32, Mian Chin 2, Luke Ellison #2, Arlindo da Silva 2, Anton Darmenov 2
“xiaohua.pan@nasa.gov ; UMD ESSIC; 2 NASA Goddard Space Flight Center; * UMBC JCET; 4 SSAl

Global Fire Map




Comparison of GFED3, QFED2 and FEER1
Biomass Burning Emissions Datasets in a Global Model

Xiaohua Pan "12, Charles Ichoku 2, Huisheng Bian 32, Mian Chin 2, Luke Ellison #2, Arlindo da Silva 2, Anton Darmenov 2
"yiaohua.pan@nasa.gov ; UMD ESSIC; 2 NASA Goddard Space Flight Center; * UMBC JCET;  SSAl

Refer to Van der Werf et al. 2010
| [
savanna woodland  deforestation forest agriculture peat
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Nitrate Aerosol: Implications for European
Hannah Pearce u.versi of Leeds Air Quality and Climate

Graham Mann, Steve Arnold, Fiona O’Connor, Steve Rumbold, Francois Benduhn and Kirsty Pringle

_____________________________________________________________________________________________________________________________________

“Motivation

. » Observed dominant contribution of nitrate aerosol to European PM.
 Projected increase in relative importance of nitrate aerosol

'« Recent model development (new ‘hybrid’ dissolution scheme in UKCA)

_____________________________________________________________________________________________________________________________________

% change In nitrate aerosol surface conc.

Fine mode Coarse mode
nitrate aerosol nitrate aerosol
. r v ) N. Europe
| N+ W | 60-100%
Europe — W. + Central
' 120-60% i % e Europe

| 40-80%




Nitrate Aerosol: Implications for European
Hannah Pearce u.versi of Leeds Air Quality and Climate

Graham Mann, Steve Arnold, Fiona O’Connor, Steve Rumbold, Francois Benduhn and Kirsty Pringle

- Ongoing Work
To continue model-observation comparison

~ EUCAARI Project

(European Integrated Project on Aerosol Cloud
Climate and Air Quality Interactions)

Future Work

C) Focus on changing role of nitrate in
influencing particulate matter exceedances
and aerosol radiative forcings

* Post-1980 (Air Quality era)
* Future
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Aerosol measurements at Birkenes, Norway
S. M. Plattl, K.E. Yttri’, M. Fiebig?, W. Aas*

IDepartment of atmosphere and climate, Norwegian Institute for Air Research (NILU), 2007 Kjeller, Norway

Birkenes is a rural background
site in southern Norway

The Birkenes Observatory is
situated downwind of major
anthropogenic emission
regions in Europe, and is thus
well suited to monitor the
outflow of air pollution from
continental Europe

Here we present an overview
of aerosol measurements and
preliminary ME?2 source

ggportionment at Birkenes

walls
NILU

Aerocom, Frascatti, October 2015. s



Preliminary results

We present an overview of
many of the newer
measurements being
performed at Birkenes
including from:

Aerosol composition from
an aerosol chemical
speciation monitor (ACSM)
and ME2 analysis (see e.g.
right)

Size distribution
measurements (see also
the poster from Markus
Fiebig)

Quantification of PM10
Measurement of equivalent
black carbon,
determination of fossil and
wood burning fractions

Aerosol composition from
offline filters

”

NILU

Equivalent black carbon [ug ‘s]

0.1+
k L‘
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01.07 2014
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Aerocom, Frascatti, October 2015.
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lrnpeact oy bicmass burning eeresel emn

Ameizen plelnt preelietigy
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Photosynthesis'is more efficient under diffuse:light UNIVERSITY OF LEEDS



Results

A PM 2.5 [%] due to 1xBBA
b) Dry: 88.3 c) Aug:186.9

* Amazon-basin Net Primary Productivity
(NPP) enhancement due to diffuse
radiation fertilisation from biomass burning
estimated at 78-156 TgC a™*

* Remaining forests respond to changes

in diffuse radiation by absorbing additional

. carbon

' » this offset 33—-65% of the original
carbon emission from fires

h)  Dry:1.3 )  Aug: 2.8  represents 8-16% of the
- o 2 o observed carbon sink across
mature Amazonian forests

 Fertilization from diffuse radiation
mitigates a substantial fraction (40-50%)
of the observed moisture-generated
decline in NPP in drought years

A NPP [%] due to 1xBBA
) Wet:0.2 k)  Dry:2.5 )  Aug:5.4

0O 05 10 20 30 50 70 10 15 20 30 40 50
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Aerosol evaluation with the
Earth System Model eValuation Tool (ESMValTool)

M. Righi, V. Eyring, J. Hendricks, J. C. Kaiser, and A. Lauer

DLR — Institut fur Physik der Atmosphare, Oberpfaffenhofen (Germany)

Namelists v'Wide scope
list XYZ.xml ———> .
s Interface scripts v'Well-established
alTool main driver . . —
tetvties | approach
Model data 2 v'Standardized model
S o Input/Output ]
= evaluation
derive var.ncl R reformat_default / . .
Calculate derived variable : iiigiﬁ:ﬁ:ﬁ?ﬁi Qua ntitative
) Check/reformat the input [ ®) reiormat—ECEARTH eéva I uation
: . according to CF/CMOR E r:fzr::t_c')};; \/ o .
variable defs/ EStcrmats Integration in
§ Reformat routines .
cfg_XYZ/ 5 modelling workflows
! g L OutputiNewon v'High flexibility
diag_scrz:.pts/*.typ g > Plots (ps, eps, png, pdf) /Mu'ti-'anguage
Lot _Bctipta tyb it Call diagnostic scripts m
Different languages (typ) Wl L LO8file (references) support
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Introduction

Ammonium nitrate aerosol is of increasing importance in climate simulations both
in terms of radiative forcing and air quality. A modal ammonium nitrate aerosol
scheme is being incorporated into the UK Earth System model version 1 (UKESM1) .

 Topics covered...

o Importance of nitrate aerosol
o Nitrate extension to standard GLOMAP
« Incorporating code in UKESM

o Strategy for nitrate radiative coupling

° Code Speed and Optlmlsatlon o Current surface mmr results
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Aerosols at the Poles

Maria Sand®P and Bjgrn H. Samset?
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Arctic direct radiative forcing
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The multi-sensor Deep Blue
aerosol project: recent updates

A. M. Sayer’2, N. C. Hsu?, C. Bettenhausen®3, J. Leel#
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3: Science Systems & Applications, Inc. Lanham, MD, USA 4: Earth System Science Interdisciplinary Center (ESSIC), University of Maryland, College Park, MD, USA
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deepblue.gsfc.nasa.gov

Climate &RAdiation Laboratory -

Deep Blue

Multi-Sensor Aerosol Project
arch this

Documentation ContacfUs

Welcome to the Deep Blue aerosol project webpage

Deep Blue uses measurements made by satellite instruments orbiting the Earth to determine the amount of aerosols in the atmosphere,
and the properties of those aerosols. 'Aerosols' is a catch-all term covering particles suspended in the atmosphere, including but not
limited fo desert dust, smoke, volcanic ash, industrial smog, and sea spray. Improving our understanding of aerosols is impartant for
reasons related to Earth's climate. human health, and ecology. as well as many others.

This website is designed to act as a single portal to provide information to both new and experienced data users about our data sets, as
well as give an overview of what we do and why we do it to non-specialists. Please use the links across the top of the page to navigate,
and feel free to contact us with any questions.

Recent news relating to Deep Blue, such as new data versions or publications, are listed below. You can also subscribe to our RSS
feed for updates.

Paper about MODIS Collection 6 Deep Blue, Dark
Target, and 'merged’ data sets

Example of the merging process for a MODIS Aqua granule over the
Sahel. (a) A true-color image and (b) the algorithms selected for each
individual retrieval . (c—e) Deep Blue (DB), Dark Target (DT) land/ocean,
and merged AOD, respectively. Regions in grey lack valid AGD retrievals.

Read more

Last updated: Aug. 19, 2015 - Earth Observatory - Contact Us
MNASA Official: N. Christina Hsu - Sciences & Exploration - Site Map
‘Webmaster: Susannah Pearce - Laboratory of Aimospheres - Privacy Policy & Notices

Curator: Andrew Sayer - Login
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Will a perfect model agree with
perfect observations?

N.A.J. Schutgens
E. Gryspeerdt
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P. Stier

Y [km]

ext600aer_|7 (W-Europe) 2008-05-01, 00H

=7 Aerosol extinction

1200 at an altitude of
[ ~ 2km
I
1000 A
800| / =
600 L 7
400
200
0
0 200 400 600 800 1000 1200
X [km]
0.00 0.05 0.10 0.15 0.20 0.25




surface BC conc. [ug/m3]

—
o

—_
o

o
o

o
o

R

Global model

In-situ observation

——

10

Time [days]

15

20

30



A day is defined
as the 24 hours
surrounding a
MOQODIS overpass
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Community Intercomparison Suite
N.A.J. Schutgens, D. Watson-Parris, Z. Kipling, P. Kershaw, P. Stier
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ECHAM-HAM

AERONET

ECHAM-HAM AOT 675nm

Evaluation of ECHAM-HAM with AERONET AOT

1 year of 3-hourly global AOT output (2007)
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BC Vertical Profiles and AeroCom - A Romance

J. P. Schwarz, B. Weinzierl, B. Samset
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* Very effective

longitudinal
mixing

Order of
magnitude
difference
observed on
global scales
between two
periods

AeroCom UT
bias largely
longitude
independent.
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AeroCom 2015, Frascati Italy

Effect of Cloud-Scale Vertical Velocity

on the Contribution of Homogeneous

Nucleation to Cirrus Cloud Formation
and Climate Forcing

Xiangjun Shit2, Xiaohong Liut

Univercity of Wyoming, Atmospheric Seciece Department
Hebei Meteorological bureau, Climate Center



Which is the dominant mechanism for cirrus cloud
formation? homogeneous or heterogeneous freezing
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The vertical velocity during ice nucleation process
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General circulation models : ice nucleation parameterizations are derived from a
rising air parcel. Updraft velocity is is assumed to be constant.

Actually: Cloud parcel model shows vertical fluctuations play an important role in
cirrus formation.
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Climate Effects of Aerosol-Cloud Interaction over East Asia

Sungbo Shim, Yoo-Rim Jung, Kyung-On Boo, Younghwa Byun and ChunHo Cho
Korea Meteorological Administration, National Institute of Meteorological Research, Jeju, Republic of Korea

INTRODUCTION EXPERIMENTS DESIGN

+» East Asia is densely populated region over 60 percentile of the world’s population and economically rapid development <+ The simulations were conducted with the coupled ocean-atmosphere model
accompanies heaviest aerosol-burden as well, exceeding the emission levels of Western Europe and Eastern United States. developed by UK Met office, referred to as HadGEM2-AO. It has been run from the
< Unlike the long-live GHGs, which are distributed uniformly over the globe, aerosols show different lifetime and regionally year of 1860 until 2005.

different distribution of concentration [Ramanathan et al., 2001]. The Physical properties and chemical composition of aerosol % We perform some simulations to understand effect of anthropogenic forcing on
differ considerably form region to region. climate change during the 20th century over East Asia.

% Many studies have investigated the climate effects of aerosol over East Asia from a GCM or RCM [Zhang et al., 2012; Guo “ Singe forcing experiments of aerosol and GHGs are compared with historical
et al, 2013; Jiang et al, 2013]. In spite of a variety of preceding studies, the uncertainty of quantitative estimation of simulation considered total forcings.

radiative forcing from aerosol-cloud interaction processes. Therefore, aerosol-cloud interaction and its effect of on the climate

system are investigated In this studes. (e | Dmign

CONT Na forcing EXP, fixed pre-industrial (1860 year) condition
HIST Total forcing (GHGs, Aerosol, Natural, Land use change)
AERO Aerosol-only forcing, other forcings are given as fixed values
AEROSOL'SU NLIG HT INTERACTION GHGS Greenhouse gas-only forcing, other forcings are given as fixed value
030 HIST
Ex“' Em;‘m “ To evaluate the model performance of the aerosol direct effect over East Asia, aerosol optical depth(AOD) at 550nm
0z [EFosell fusl organic carbon E retrieved by MODIS satellite was compared to the results simulated by the HadGEM2-AO climate model. Simulated AOD
0z Wsaao E are similar to the observed in spatial distribution and seasonal difference. In both observation and simulation, the value
H of AOD is higher in summer (1JA) than in winter (DJF). It is mentioned in Ju and Han [2011] that radiative forcing was
E s ] strongest among the four seasons in summer (1JA). In DJF, simulated AOD is lower than the observed. This
5 underestimation is consistent with Bellouin et al [2011] shown that HadGEM2 has the tendency of simulating the sulfate
010 E aerosol number concentration low in winter at the high latitude of northern hemisphere.
008 E <+ Aerosol emissions over East Asia increase rapidly in the second half of the 20% century. In the early 20% century, total
AOD is mostly attributed to natural particles such as sea-salt. Later, the increase of AOD due to anthropogenic aerosol

1900 190 1020 1990 140 1950 1980 10 1080 1900 3000 such as sulfate was substantial as a result of the industrialization. As previous studies have interest on the sulfate effect
as the main component of anthropogenic aerosols [Jiang et al 2013, Liu et al 2009], consistent result are confirmed.

T a1 02 03 04 OB 08 o7 o8

[Spatial distribution of total AOD at 550 nm cbserved by the MODIS [Changes in decadal mean ACD at 550 nm of six aerosols over East
satellite instruments from 2000 to 2005 year, and simulated by Asia for total forcing (HIST) experiment]
HadGEM2-AQ climate model]

AEROSOL-CLOUD INTERACTION
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[Spatial distribution of climatological JJA mean of (a) observed and (b} simulated cloud fraction (unit: %) for each cloud
type from the ISCCP cloud dassification for years of 1984-2005] [JJA mean change (1980-2000 minus 1900-1920) in distributions of doud types (units: %) based on the ISCCP dassification methed for (a) HIST, {b) AERO, and (c) GHG experimen]

< To find out the performance of climate model, clouds were classified to 9 cloud types in accordance with optical depth and top altitude based on the ISCCP cloud classification. According to the observation data, Cirrus
(CI) and Stratocumulus (SC) are main cloud types in summer of East Asia. Tang and Chen (2006) also showed the ISCCP cloud type frequently observed in summer of the East Asian monsoon area is SC.

<+ In the late 20t century, cloud optical depth was thickened by aerosol forcing, main cloud type (SC, ST) increases in East Asia. Duan and Wu [2006] and Warren et al [2007] reported the observed trend of increasing low-
level cloud in the late 20% century in East Asia. On the other hand, GHGs forcing experiment could not find distinct change in spatial distribution for each cloud type.



Climate Effects of Aerosol-Cloud Interaction over East Asia
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% In AERO, the indirect radiative effect is estimated to -2.4 Wm2 due to aerosol-cloud interaction process, larger than - - e —'@E . ———— :
1H0E

1.5 Wm2 for direct radiative effect. CRF effect of aerosol occupies 62% of the total aerosol effect in JJA. In the late 20% 1500-1920 19802000 both period

century, negative radiative flux at the top of atmosphere (all-sky) is shown over China, extending eastward, which is
coincident with the spatial pattern of the summer (1JA) total AOD increased largely in HIST. Likewise, negative change in
the net radiative flux at the top of the atmosphere under clear-sky condition is exhibited over land by the direct aerosol
forcing. Under cloudy-sky condition, positive radiative effect appeared exceptionally in southeast china, the Korean
Peninsula, and Japan. This can be explained by the feedback phenomenon that change of the atmospheric drculation and
monsoon precipitation by aerosol and GHGs forcing.

< The aerosol forcing changes thermal structure of atmosphere and affects circulation and transportation of vapor. The
East Asian summer monsoon system is generally governed by the atmospheric pressure difference between the high
pressure in the South China Sea, Morthwest Pacific and the low pressure in the East Asian continent [Ding, 1994]. The
surface pressure increased substantially over land due to surface cooling, whereas surface pressure in the South China Sea
was decreased, thus leading to the weakening of the land-sea gradient of surface pressure. These caused the weakening
of the moisture transport as well as the weakening of the ascending motion, and consequently the East Asian summer
monsoon precipitation is weakened in the late 20t century.

mensoon domain in the early (late) 207 century. Blue shading shows monsoon domain in both periods]

investigated for the same period.

measure the monsoon precipitation amount per unit area.

140E

[Simulated monsoon domain over East Asia based on the method suggested by Wang et al [2011]. Yellow (Green) shading shows

% The distribution of aerosol-induced precipitation changes was consistent with the results
reported by Liu et al [2009] which investigated the direct radiative forcing effect of sulfate on
precipitation changes of the East Asian summer monsoon area. Main properties of monsoon
system such as the monsoon area, monsoon total precipitation, and monsoon intensity were

% Based on the method suggested by Wang et al [2011], the region where the annual range
of precipitation exceeds 2.5 mm/day was defined as monsoon area, and the Mov. to Mar,
average precipitation. Following Hsu et al [2013], the monsoon total precipitation is defined
as the mean of summer rainfall in the monsoon area, and the monsoon intensity is defined to

% Decreasing of monsoon area was clearly shown over land in China, indicating precipitation

units: % (land only) | HIsT | _____ARRO | ____GHes |

band in the summer monsoon area could not shift north and stay in the south of China in the

Monscon Area 2.0(638) -16(-35) 13(22) late 20t century. Changes in monsoon area accompany changes in total precipitation amount
Monsoon total precipitation 2.4(12.9) -7.0(-9.6) 6.1(1.6) and precipitation intensity. As monsoon area was reduced in AERO, total precipitation amount
Monsoon precipitation intensity 45(-62) 5.4(-63) 4.7(39) decreases with weak intensity. The opposite pattern in GHGS.

This research has been supported by project NIMR-2012-B-2 of the National Institute of Meteorological Research in Korea Meteorological Administration.
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Cloud post-processing for ADV/ASV AATSR
aerosol retrieval: reg. aspects e vecooogcansie

2 University of Helsinki

Larisa Sogacheva!, Pekka Kolmonent, Timo H. Virtanen?, Larisa.Sogacheva@fmif
Edith Rodriguez!, Giulia Saponaro!, Anu-Maija Sundstréom?, Gerrit de Leeuw??

“Old” method “New” method

Alls o oo s srocsing For high AOD areas a ”"plume” detection
Vi ) ) algorithm has been developed. “Plume” is
A detected if in a 5°x5° area the number of

® X o | o pixels with AOD =[0 0.6] is below 40%
If a plume is detected, only Nlim=3 (for

” s 3 = : |
_‘ ;-,-' A“\:& : g“:i{ff\ g : _‘?‘ ,? ‘J‘;”‘gi-’f’
e 3x3 pixels area) test is applied
edge and discarded

Cloud post-processing

Applied to each retrieved pixel (10x10km?) Siga »
9 closest pixels are checked h

7y
1. Cloud edge test | 2. AOD standard deviation ¢ 7 &
test

- inlow AOD For non-plume areas, both Nlim=3 and
loading AQDstd<0.2 tests (for 3x3 pixels area)
conditions the
method works ————=5= N arg agpl&ias C.é)’l{d post mssm .
well " g = l .

- in high AOD
loading "
conditions too ”
many “good”
pixels are i
discarded i




Globe

Europe

China

All pixs retrierved

Npix =0
AODstd: o limit

Npix =00

AODsid: no limit

Npix =0

AODstd: no limit

after cloud post-processing

OLD

4
¥ =-001+086x
N=u12

=09
300002
s =0.09

Npix =3
AODsid = 0.1

Npix =3
AODstd = 0.1

0 1 H 3

Npir =3
AODstd = 0.1
2 3

l'.‘.

Tt i &

1 2 3 4

L05+1.01x% o4

NEW o

AOD

Npix =3 I 1 | i 1 |
AODsid =02 v 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
{applied for plume-free area) Year

2 3

03
Npix =3
AODstd = 0.2
{appled for plume- e area)
1 2 3 4 028

L 1
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

0 L
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
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Suitability of AOD as proxy for CCN

North America

Aerosol Extinction Coefficient

Europe

Aerosol Extinction Coefficient
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Climate Processes Group
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Integrated assessment on effects of short-
lived climate pollutants (SLCPs) in Asia

Toshihiko Takemura
Research Institute for Applied Mechanics, Kyushu University, Japan

Kengo Sudo, Kayo Ueda, Yuji Masutomi, Shingo Watanabe, Makiko
Nakata, Hiroshi G. Takahashi, Daisuke Goto, Teruyuki Nakajima

apanese research project on SLCPs

H H Theme 1: Regional air quality Theme 2: Integrated model Theme 3: SLCP impacts on
ACt IVE eva I u at I O n Of S I—C P { (Analysis of its change event) w {and upscaling ] { climate and environments
1 1 Improved EI Upscaling regional mitigation
impacts and seeking the — % — _

Regional emission Asia-Pacific Climate/

H Inventories (El), CTMs & Integrated environmental
0) pt Ima I p at h Way inversed modeling U Model (AIM) U models

. . . Regional emission scenario Impact evaluation
L4 M N ISt ry Of th e E nvironme nt Of Integrated an; Iy s of AQ Technology selection Global impact assessment of

. change sia Socio-economical scenario global warming and air pollution
Japan’s S-12 Project

F'ﬁ =
Theme 4: Integrated operation system and development of NICAM-Chem
® FY20 14—20 18 Theme 5: Evaluation of environmental impacts and promotion of climate change measures

== .
e Pl: Teruyuki Nakajima (JAXA) m stratoqy

Model improvement System use ~_ Cool earth messages Ti
L Ex eriment setup . )
(" Datageneration ) (  CGAC,UNFCG, IPGC, EANET MDG SDG - Future Earth Global
~__ Metric definitions _

strategy



Quantitative assessment of effects of SLCPs on climate, hydrological cycle, health,
and agriculture with climate-air quality coupled models.

= Contribution to scientific bases for suitable reductions of SLCPs/WMGHGs.

,[A‘Ssusk;sg:s;iso}‘ S:‘fze]cts of SLCPs SLIBHINETES D £ 5 [SULSHIEMES &S]

_ _ . Assessment of changes in Assessment of impacts
on climate with Fl'mate' hydrological cycles by SLCPs ‘on health and
aerosol-chemistry models with climate models agriculture by SLCPs

(SPRINTARS/CHASER)

_ MIROCarwm-SPRINTARS: T213/T106 L56, w/ & w/o nudging

(2010STD — 1980CHN)/2010STD (2010STD — 1980ASIA)/2010STD
___aerosol-radiation  aerosol-cloud aerosol-radiation aerosol-cloud

-~ m— T I —
VA —17 —G8 —o I 2

MIROCarvi—ocn-SPRINTARS Emission scenarios from 1950 to 2050 based on
_ ATM-OCN SSPs and new REAS

® Developers of both SPRINTARS and MIROC. Acknowledgements

® Supercomputer system of the National Institute for Environmental Studies, Japan.
® Environ Research and Techn Developm Fund (S-12-3) of the Ministry of the Environ Japan.

® JSPS KAKENHI Grant Number 15H01728 and 15K12190.
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Evaluation of SO, vertical distributions
Q. Tan, M. Chin, H. Bian, V. Aquila, G. Chen, A. Benson

. Campaign

SO2, an important aerosol -

H i ARCPAC
pre-cu.rsor shows significant -
variations temporally and
spatially. 10 sets SO, CalNex
measurement from 8 INTEX-A
aircraft campaigns are U200
compared to :\II\IET:(;(,-SBITCTZOM
GOCART/GMAO-GEOS-5

. . Texas AQS

simulations.

4 3
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NP3
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Time SO, Instrument Season
Mar-Apr, 2008 NOAA Spring
Mar-Apr CIMS Spring/Summer
Jun-Jul, 2008 (CIT/GATech)
May-Jun, 2010 NOAA Early Summer
Jul-Aug, 2004 CIMS (GATech) Summer
Mar-May, 2006 CIMS (CIT) /NOAA  Spring
Mar-May, 2006 CIMS (GATech) Spring
Jul-Aug, 2004 NOAA Summer
Sep-Oct, 2006 NOAA Autumn

6

- NEAQS-ITCT2004_P3 ;¥
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Evaluation or modelea >0, vertical
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3000 4000

2000 4000 6000 8000 o 1000 2000 3000
200 . —
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|2' e}
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Over all model captured most
SO, vertical variations.

GOCART Simulations

JtIOnS
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1072

ARCPAC_NP3
ARCPAC_NP3

ARCTAS_DC8
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o}
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107* 1072 10° 107 10*
AirCraft Meosuremen

Low [SO,]: instrument
detection limit vs small
numerical value in model.

Model underestimated SO, in
high latitude in spring time.
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Improved OMI Record of 388 and 500 nm Single Scattering Albedo

Omar Torres, Hiren Jethva, Changwoo Ahn
NASA-GSFC, GESTAR/USRA, SSAI

Main Algorithm Upgrades:

-Introduce non-spherical particle desert
dust aerosol model.

-Upgrade surface reflectance climatology

-Revisit UV-VIS spectral dependence of
aerosol absorption:

Carbonaceous aerosols:
Kirchstetter et al [JGR, 2004]

Desert dust aerosols
Syniuk et al [JGR, 2003]
Dubobik et al [JAS, 2002]

8-year SSA Summer Climatology
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OMI SSA 388/440
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SSA 500

OMI-AERONET SSA COMPARISON
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&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK

Organic aerosol volatility parameterizations
and their impact on atmospheric composition and climate

Kostas Tsigaridis

kostas.tsigaridis@columbia.edu

Volatility Emissions Chemistry
Primary Secondary Primary Secondary Primary | Secondary
— noSOA | Non-volatile | Non-volatile BB+Anthro @.15)*(Terp) Aging Aged
SOA | Non-volatile | Semi-volatile|  BB+Anthro ITerp+Isop Aging | Oxidation
VBS | Semi-volatile [ Semi-volatile (2.53(BB+Anthro) I Terp+lsop Oxidation | Oxidation
v
Aerosol parameterization Dentener et al., 2006
—>| OMA | One-moment aerosols (bulk) To take into account the intermediate volatility
— | MATRIX Aerosol microphysics organic compounds (IVOCs); Shrivastava et al., 2008.
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Example 1: Evaluation of NO3

NH,NO, - thermodynamic equlibrium MARS

NC_NO3 M ios M:2010 0:201 i : -
SCONC_NO3 Meon Bigs M:2010 0:2010 ~ SCONC_NO3 Mean Bias M:2010 O:2010

e "I o

OLD: HNO, ->coarse NO, .© I NEw:HNO,->coarseNo, T |
e . 9 | Il
with const. reaction rates condens. on sea salt S

for Rh</Rh>90% Sl (o (r=0.01) & dust (y=0.02); .
r‘“ l aerosol surf. = f(Rh) ‘ I_gg

Example 2: Evaluation of mineral dust

Background dust: AOD vs. AERONET and e
extinction profiles vs. EARLINET climatology | 1\

Dust episodes and sources: TR e L
intensive measurement period June-July 2012 & Jan-Feb 2013
Surface concentrations (EMEP) and extinction profules (EARLINET)

Granada, Spain (37.16N ; 3,61

Granada, Spain (37.16N ; 3.6
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# |
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% »
1y 14
E 12
i i 1
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s

Example 3: Effect of finer resolutio |
Some interim results for PM and AOD Moteomiogical

A Institute
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Aerosols in the EMEP/MSC-W model

Experiments and evaluation using integrated observations

Svetlana Tsyro, Michael Schulz and Jan Griesfeller

MODEL
O Ref: Simpson et al., ACP (2012); Open source http://emep.int

O Regional (on 50 km — 7km -> 0.1x0.1°) / Global (1x1° ; 0.5x0.5°)
O_Meteorology: 3h off-line from ECMWF-IFS / Chemistry: 130 species, 160 reactions

O Aerosols: SO, NO;, NH,, EC, OA (POA+BSOA+ASOA), sea salt, min.dust
Bulk mass: fine and coarse size fractions

O AOD and extinction profiles at multiple wavel lenghts

O Research version with MAFOR aerosol dynamics (16 sections: 1nm - 10um)

Observations
Air concentrations: EMEP monitoring and intensive periods, Airbase
AOD: AERONET, (satellite)
Extinction profiles: Earlinet, (CALIOP) Norwegian

Meteorological
A Institute


http://emep.int/

Example 1: Evaluation of NO3

NH,NO, - thermodynamic equlibrium MARS

NC_NO3 M ios M:2010 0:201 i : -
SCONC_NO3 Meon Bigs M:2010 0:2010 ~ SCONC_NO3 Mean Bias M:2010 O:2010

e "I o

OLD: HNO, ->coarse NO, .© I NEw:HNO,->coarseNo, T |
e . 9 | Il
with const. reaction rates condens. on sea salt S

for Rh</Rh>90% Sl (o (r=0.01) & dust (y=0.02); .
r‘“ l aerosol surf. = f(Rh) ‘ I_gg

Example 2: Evaluation of mineral dust

Background dust: AOD vs. AERONET and e
extinction profiles vs. EARLINET climatology | 1\

Dust episodes and sources: TR e L
intensive measurement period June-July 2012 & Jan-Feb 2013
Surface concentrations (EMEP) and extinction profules (EARLINET)

Granada, Spain (37.16N ; 3,61
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MPI-M and (IPCC 6) RF-MIP

Max-Planck for Met and IPCC Radiative forcing exercises

* the single plume concept SP

— prescribe aerosol optical properties as function of local
sources in x,y (horiz), z (vertical) and t (time)

e tropospheric anthropogenic
— fit ant AOD with ca 10 sources (associate SSA, ASY, Ang)

— translate ant AOD-fields in drop size reductions for low clouds
e Stephanie.Fiedler@mpimet.mpg.de (at this meeting, Wed talk)

e stratospheric volcanic
— fit AOD / reff distr. as function of eruption strength/location

e Matt.Twohey@mpimet.mpg.de (this summary, no poster)



mailto:Stephanie.Fiedler@mpimet.mpg.de
mailto:Matt.Twohey@mpimet.mpg.de

stratospheric volcanic aerosol

e approach: describe by 3 zonal mean “plumes”

3
EXT(t,0,2) = ) Mi(0) * Fi(plx, y])  74(2)
i=1

e

Satellite observations, Pinatubo, 4-year mean
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Royal Netherlands
Meteorological Institute

Aerosol Modelling with EC-Earth

Twan van Noije, Philippe Le Sager, and EC-Earth Partners

[ Atmospheric GCM + Land Surface

Ocean GCM + Sea Ice + Biogeochemistry
IFS cycle 36r4 (incl. H-TESSEL)

NEMO 3.6 (OPA + LIM3 + PISCES)

Coupling
OASIS-MCT

TM5

Atmospheric Composition
LPJ-GUESS

Dynamic Vegetation ]

Runoff Mapper
Cama-Flood




TM5 vs. MODIS Collection 6 (2006)

TM5 + GISS, JJA 0.1370 MODIS C6, JJA
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How well can we estimate the aerosol direct radiative effect?

#61 Dave Winker, Seiji Kato, Fred Rose
NASA Langley Res. Citr.

A”-Sky AGFOSO' SW DRE Ocean Clear- Global Global All-Sky
Sky Clear-Sky | Cloudy-Sky
\
C3M -3.94 -3.30 -1.93 | -2.34
Oikawa et al. (2013) -4.24 -3.79
. =5 S i, Matus & UEcuyer (2015) BY: 56 19
............... I Loeb & Smith (2005) -5.46 MODIS
_____ BT A 3.8 NOAA
min: -18.11 Yu et al. (2006) 55 |
T e -
-20 -15 -10 :5 1] 5 T
(Wwm?)

Impact on TOA DRE of adjusting smoke SSA to SAFARI

Merged CALIOP and A-train data used to:

» estimate clear-sky/all-sky aerosol DRE
from observations

e estimate impacts of uncertainties in
aerosol absorption and OD

min: -0.7
max: -1
- - e D ' ;3

6 5 4 3 2 141 0 1 2 3 4 5 6
(Wm?)



AOD

New CALIPSO Level 3 aerosol product
to be released October 14

e Replaces 3-version, many improvements

Cloud-free, Daytime * Now report clear-sky, above-cloud, and all-
sky extinction

* Now includes extinction profiles for

— Total aerosol
— Smoke, Dust, Polluted Dust

Regional monthly all-sky profiles
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Latilude

AOD Datasets

e http://www.icare.univ-lillel.fr/drupal/archive/?dir=CCl-Aerosols

.-.
LONDON

metropolitan §°

university o ®

— AATSR ADV.V1.42
— AATSR ORAC.V2.02
— AATSR SU.V4.2
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Comparisons of three AATSR AOD
products for mainland China in 2008
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Why and how we do this work?

1. Effective radiative forcing (ERF) was newly defined by IPCC AR5, because fast
adjustments in the troposphere and on land should be distinguished with
climate responses and added onto forcing in the application of predicting long-
term climate, especially for short-lived factors, e.g. aerosols.

2. Though the climatic effects of aerosols were studied in many specific regions, it
Is still valuable to study this problem from a global perspective.
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The effective radiative forcing of major anthropogenic aerosols (SF, BC, and OC)
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