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• Aerosol forecasting contest with the 10th AeroCom anniversary.
• AeroCom Phase II Experiment and next steps.
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AeroCom since 2003
http://aerocom.met.no/

AeroCom WorkshopsAeroCom WorkshopsAeroCom WorkshopsAeroCom WorkshopsAeroCom Workshops
Locations Dates Hosts Participants

1 Paris, France Jun. 2–3, 2003 Schulz, M. (LSCE/CNES) 32
2 Ispra, Italy Mar. 10–12, 2004 Dentener, F. (JRC) 36
3 New York, USA Dec. 1–3, 2004 Koch, D. (NASA/GISS) 50
4 Oslo, Norway Jun. 15–17, 2005 Kristjannson, J. E./Iversen. T (Univ. Oslo) 28
5 Virginia Beach, USA Oct. 17–19, 2006 Ferrare, R. (NASA/LaRC/GSFC) 57
6 Lille, France Oct. 25–26, 2007 Tanre, D. (LOA) with A-Train Symposium 42

7 Reykjavik, Iceland Oct. 25–26, 2008 Kristjannson, J. E./Björnsson, H.
(Icelandic Meteorological Institute) 35

8 Princeton, USA Oct. 5–7, 2009 Ginoux, P. (NOAA/GFDL) ~ 70
9 Oxford, UK Sep. 27–30, 2010 Stier P. (Univ. Oxford) 89

10 Fukuoka, Japan Oct. 3–6, 2011 Takemura, T. (Kyushu Univ.) 55
11 Seattle, USA Sep. 10–13, 2012 Ghan, S./Ackerman, T. (Univ. Washington) ~ 70
12 Hamburg, Germany Sep. 23–26, 2013 Kinne, S. (Max-Plank Institute for Meteorology) 119

13 Steamboat Springs, 
CO, USA Sep. 29–Oct. 2, 2014 Hallar, G., McCubbin, I, and Ogren, J. 

(Desert Research Laboratory and NOAA)

http://aerocom.met.no
http://aerocom.met.no
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AeroCom aerosol forecasting contest
• Guess the aerosol optical depth of AERONET Level 1.5 at 500nm for September 

24, 2013 local noon (or closest between 10:00 and 14:00) at 11 sites where are 
closest to the previous AeroCom Workshop places without specified forecasting 
methods.

• Submission deadline: 9:00 CET on September 23 (starting time of 12th Workshop)
➡ 18 participants
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AERONET on September 24, 2013 and climatology

Sites Lon. / Lat. AERONET Level 1.5
at noon Sep. 24 AERONET PI

Climatological 
median

from MAC-v1*

Palaiseau, France 48˚N / 2˚E 0.120 Goloub, P. 0.1294

Ispra, Italy 45˚N / 8˚E 0.350 Zibordi, G. 0.1810

CCNY, USA 40˚N / 73˚W Level 1 only Gross, B. 0.1172

Birkenes, Norway 58˚N / 8˚E 0.032 Stebel, K. 0.0436

LaRC, USA 37˚N / 76˚W 0.058 Omar, A. H. 0.2317

Lille, France 50˚N / 3˚E 0.126 Goloub, P. 0.1685

Ittoqqortoormiit, 
Greenland 70˚N / 21˚W clouds Holben, B. 0.0287

GSFC, USA 38˚N / 76˚W 0.033 Holben, B. 0.1142

Wytham Woods, UK 51˚N / 1˚W Level 1 only George, C. 
Taylor, M. 0.1290

Fukuoka, Japan 33˚N / 130˚E 0.265 Holben, B. 0.2079

Hamburg, Germany 53˚N / 9˚E raining Kinne, S. 0.1498

* Kinne et al. (2013, doi:10.1002/jame.20035)within 30–70% range of MAC-v1
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Ranking of AeroCom aerosol forecasting contest
• Ranked by sum of ranks for the nearest AODs at each site.

Sites AERONET
1st place1st place 2nd place2nd place 3rd place3rd place 3rd place3rd place

Sites AERONET
AOD Rank AOD Rank AOD Rank AOD Rank

Palaiseau, France 0.120 0.111 1 0.1517 5 0.05 12 0.1294 1

Ispra, Italy 0.350 0.119 11 0.0433 16 0.10 13 0.1810 8

Birkenes, Norway 0.032 0.260 17 0.0433 2 0.03 1 0.0436 4

LaRC, USA 0.058 0.048 3 0.0511 2 0.08 4 0.2317 11

Lille, France 0.126 0.125 1 0.1034 5 0.07 9 0.1685 7

GSFC, USA 0.033 0.041 1 0.0504 2 0.07 3 0.1142 6

Fukuoka, Japan 0.265 0.213 5 0.2034 9 0.30 3 0.2079 8

Sum of ranks 39 41 45 45

Sources AERONET on 
Sep. 20

AERONET on 
Sep. 20

SPRINTARS 
forecasting 

system

SPRINTARS 
forecasting 

system

GEOS-5 
forecasting 

system

GEOS-5 
forecasting 

system
MAC-v1 

climatology
MAC-v1 

climatology
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Global aerosol forecasting system

Get forecasted meteorological field and semi-realtime biomass burning data.
• Daily sea surface temperature and 3-hourly horizontal wind speed and temperature of 

NCEP Global Forecast System (GFS).
• Daily MODIS hotspot data from Fire Information for Resource Management System 

(FIRMS) of University of Maryland/NASA GSFC.
➡ conversion to BC, OC, and SO2 emissions using climatological GFEDv2 data.

Simulate global aerosol distributions and its radiative forcing by SPRINTARS.
• Resolution: T213 (~ 0.56˚ x 0.56˚); L20
• 8-day integration from the day before the starting time of forecast.
• Initial values from the simulation the day before.
• Nudged by the GFS wind and temperature.

Make figure and HTML files.

* automatically operated once a day. 

RIAM NEC SX-9F 4PE / front-end server

SPRINTARS web server (http://sprintars.net/)

upload around 7:30JST (22:30UTC) every day.

http://sprintars.net
http://sprintars.net
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SPRINTARS aerosol weekly forecasting system

http://sprintars.net/forecastj.html

http://sprintars.net/forecastj.html
http://sprintars.net/forecastj.html
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Award for AeroCom aerosol forecasting contest

http://ispex.nl/en/

© iSPEX

http://ispex.nl/en/
http://ispex.nl/en/
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AeroCom recent papers
• Quaas, J., et al., 2009, Atmos. Chem. Phys., 9, 8697–8717.

Aerosol indirect effects — general circulation model intercomparison and evaluation with 
satellite data.

• Koch, D., et al., 2009, Atmos. Chem. Phys., 9, 9001–9026.
Evaluation of black carbon estimations in global aerosol models.

• Koch, D., et al., 2011, Atmos. Chem. Phys., 11, 1051–1064.
Soot microphysical effects on liquid clouds, a multi-model investigation.

• Huneeus, N., et al., 2011, Atmos. Chem. Phys., 11, 7781–7816.
Global dust model intercomparison in AeroCom phase I.

• Koffi, B., et al., 2012, J. Geophys. Res., 117, D10201.
Application of the CALIOP layer product to evaluate the vertical distribution of aerosols 
estimated by global models: AeroCom phase I results.

• Myhre, G., et al., 2013, Atmos. Chem. Phys., 13, 1853–1877.
Radiative forcing of the direct aerosol effect from AeroCom Phase II simulations.

• Samset, B. H., et al., 2013, Atmos. Chem. Phys., 13, 2423–2434.
Black carbon vertical profiles strongly affect its radiative forcing uncertainty.

• Stier, P., et al., 2013, Atmos. Chem. Phys., 13, 3245–3270.
Host model uncertainties in aerosol radiative forcing estimates: Results from the 
AeroCom prescribed intercomparison study.

• Randles, C. A., et al., 2013, Atmos. Chem. Phys., 13, 2347–2379.
Intercomparison of shortwave radiative transfer schemes in global aerosol modeling: 
results from the AeroCom Radiative Transfer Experiment.
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Aerosol-radiation interaction in AeroCom Phase II

Global mean radiative forcing of the direct effect 
due to anthropogenic aerosols for each 
component and total from AeroCom Phase II 
experiment. Solid lines inside the boxes show the 
model mean, dashed lines show the median. The 
boxes indicate one standard deviation, while the 
whiskers indicate the max and min of the 
distribution (Myhre et al., ACP, 2013).

1862 G. Myhre et al.: Radiative forcing of the direct aerosol effect

Fig. 5. Model total RFs. Black bars show the bare modelled forc-
ing, the colored bars show the forcing modified for untreated com-
ponents (see text for details). The yellow bar shows the AeroCom
mean of the total RF of DAE. Solid lines inside the boxes show the
model mean, dashed lines show the median. The boxes indicate one
standard deviation, while the whiskers indicate the max and min of
the distribution. The yellow shaded bar shows the AeroCom mean
when aerosol component adjustment is made for missing aerosol
components.

Fig. 6. Correlation between anthropogenic absorption AOD and
atmospheric absorption. Numbers show ratio AtmAbs/AAOD, the
lines indicate the mean and one standard deviation of this ratio.
R

2 = 0.73

Fig. 7. Component and total RF. Total RF has been modified for
missing components in individual models. Solid lines inside the
boxes show the model mean, dashed lines show the median. The
boxes indicate one standard deviation, while the whiskers indicate
the max and min of the distribution.

at short wavelengths, while the absorption is much weaker
at 550 nm which is the reported wavelength for absorption
AOD. This leads to the strongest normalized atmospheric ab-
sorption of 935Wm�2 for IMPACT. The mean of the anthro-
pogenic fraction of AOD (Table 3) is 24%, slightly smaller
than in Schulz et al. (2006), where a different preindustrial
year (here 1850 instead of 1750) is one contributor to this
reduction. Half of the models are close to the mean anthro-
pogenic fraction, whereas two of the models have quite low
anthropogenic fractions of 12–14% and one has 35%.
Figure 7 summarizes the component and aerosol com-

ponent modified total RFs and their intermodel variability.
Model means are shown as solid lines in the middle of the
boxes, median values as dashed lines. The boxes indicate one
standard deviation, and the bars show the maximum and min-
imum single values.
In the following sections we discuss the individual aerosol

components in detail, highlighting model results that deviate
significantly from the mean.

3.2 RF of sulphate

The RF of the direct aerosol effect of sulphate is shown
in Fig. 4 for all models. In addition Figure 7 shows the
mean, median, standard deviation and the range for sulphate
aerosols and for other aerosol components. Table 4 summa-
rizes the aerosol burden, mass extinction coefficient (MEC)
(550 nm), AOD (550 nm), RF, and NRF with respect to both
burden and AOD. The mean RF of sulphate from the Ae-
roCom Phase II models of �0.32Wm�2 is weaker than the
mean of AeroCom Phase I models of�0.35Wm�2 in Schulz
et al. (2006). The range in RF is very similar in the two Aero-
Com DAE experiments. The global mean MEC is calculated
as the ratio of global mean AOD to global mean burden. The

Atmos. Chem. Phys., 13, 1853–1877, 2013 www.atmos-chem-phys.net/13/1853/2013/
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in Fig. 4 for all models. In addition Figure 7 shows the
mean, median, standard deviation and the range for sulphate
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(550 nm), AOD (550 nm), RF, and NRF with respect to both
burden and AOD. The mean RF of sulphate from the Ae-
roCom Phase II models of �0.32Wm�2 is weaker than the
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Atmos. Chem. Phys., 13, 1853–1877, 2013 www.atmos-chem-phys.net/13/1853/2013/

Global and annual mean radiative forcing of the direct 
effect by anthropogenic aerosols for each participant in 
AeroCom Phase II. Black bars show the bare forcing, 
and the colored bars show the forcing modified for 
untreated components. Solid lines inside the yellow 
boxes show the model mean, and dashed lines show 
the median. The boxes indicate one standard deviation, 
while the whiskers indicate the max and min of the 
distribution. (Myhre et al., ACP, 2013)
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Aerosol-cloud interaction in AeroComJ. Quaas et al.: Aerosol indirect effects – general circulation model intercomparison 8701
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Fig. 2. Sensitivities of (a) Nd , (b) L, (c) fcld, (d) Ttop, (e) ↵ and (f ) OLR (defined positive upwards) to ⌧a perturbations as obtained from
the linear regressions. Results are shown for MODIS (CERES for radiation) on Terra and Aqua, for ATSR-2, and for the ten GCMs as the
weighted mean for land (red) and ocean (blue) areas with the error bars showing the standard deviations of the slopes for the land/ocean areas
and the four seasons. The data are also listed in Table 2.
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Fig. 2. Sensitivities of (a) Nd , (b) L, (c) fcld, (d) Ttop, (e) ↵ and (f ) OLR (defined positive upwards) to ⌧a perturbations as obtained from
the linear regressions. Results are shown for MODIS (CERES for radiation) on Terra and Aqua, for ATSR-2, and for the ten GCMs as the
weighted mean for land (red) and ocean (blue) areas with the error bars showing the standard deviations of the slopes for the land/ocean areas
and the four seasons. The data are also listed in Table 2.

www.atmos-chem-phys.net/9/8697/2009/ Atmos. Chem. Phys., 9, 8697–8717, 2009

Sensitivities of (a) cloud droplet number concentration and (b) liquid water path to aerosol 
optical thickness perturbation as obtained from the linear regressions with the error bars 
showing the standard deviations for land (red) and ocean (blue) (Quaas et al., ACP, 2009).
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Fig. 6.Annual mean short-wave all-sky top-of-atmosphere radiative
forcing (RF) between experiments with AOD=0.2 and AOD=0.0
distributed over the lowest two kilometers, holding SSA= 1.0 and
ANG=1.0 constant (FIX2-FIX0).

These results point to structural host model differences in
the radiative transfer schemes. Results from the AeroCom
Radiative Transfer Intercomparison (Randles et al., 2013)
provide further insights: in this study, line-by-line benchmark
models show stronger atmospheric absorption in the purely
scattering case than most schemes used in GCMs and CTMs,
except Oslo-DISTORT used in Oslo-CTM2, which supports
the higher values reported by some models here. The second
highest absorption enhancement in the scattering case of the
AeroCom Radiative Transfer study is simulated by another
multi-stream model GSFC-FL, highlighting potential struc-
tural limitations of radiative transfer schemes used in GCMs.
As the aerosol extinction is generally low in spectral regions
of strong water vapour absorption, differences in the treat-
ment of ozone could be a contributor to these differences.
This could in turn be affected by the spectral resolution of
the models.
This absorption enhancement for the scattering case in

LMDZ and OsloCTM2 is also discernible in the all-sky
absorption, however, cloud shielding reduces the effect by
about a factor of two (not shown).

3.2.2 Absorbing Case: FIX3-FIX0

Replacing the purely scattering aerosol layer in FIX2 by
a partially absorbing layer with the same AOD=0.2 but
SSA= 0.8, shifts the clear-sky forcing over areas with high
surface albedos to positive values, and reduces the nega-
tive forcings over the low-albedo oceans (Fig. 8). The global
mean clear-sky radiative forcing is reduced to �1.63Wm�2

while the standard deviation increases to 0.70Wm�2, corre-
sponding to a RSD increase to 43%.
The importance of clouds for radiative forcing becomes

apparent in the all-sky radiative forcing fields, shown in
Fig. 9. Except over high albedo surfaces where overlaying
clouds reduce some of the absorption and positive forcings
from the clear-sky case, forcings are generally more posi-
tive. The absorption enhancement is particularly pronounced
in the storm tracks and areas with low-level clouds. Re-
gional forcing differences across the models are significantly
affected by differences in model clouds. For example, the
strong forcing variability west of the coast of the Ameri-
cas and Africa across models directly reflects the differences
in the representation of low-level stratocumulus clouds (see
Fig. 2).
Some of the diversity in the simulated top-of-atmosphere

radiative forcings for the absorbing case will depend on dif-
ferences in the calculated atmospheric radiative forcing (ab-
sorption), shown in Figs. 10 and 11.
The clear-sky atmospheric radiative forcing is a function

of incoming solar radiation and surface albedo, which will
act to enhance path-length and consequently absorption. The
overall global distribution shows a background field decrease
towards higher latitudes (reflecting incoming solar radiation)
with enhancements of absorption over high albedo surfaces.

Atmos. Chem. Phys., 13, 3245–3270, 2013 www.atmos-chem-phys.net/13/3245/2013/
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Fig. 9. Annual mean short-wave all-sky top-of-atmosphere radia-
tive forcing between experiments with AOD=0.2 and AOD=0.0
distributed over the lowest two kilometers, holding SSA= 0.8 and
ANG=1.0 constant (FIX3-FIX0).

As for the scattering case, the OsloCTM2, LMDZ and
LMDZ-39L models show the largest clear-sky atmospheric
radiative forcing (17.77, 17.92 and 17.72Wm�2, respec-
tively, compared to the 16.17Wm�2 mean of the other mod-
els). While this strong absorption leads to fairly positive
clear-sky TOA radiative forcings for the LMDZ models, in
OsloCTM2 it is more than balanced by strong scattering, re-
sulting in one of the most negative clear-sky forcings.
Clouds reduce the atmospheric radiative forcing in the

all-sky global mean by 12%. Regionally, low-level clouds
can also enhance atmospheric absorption through increase
of path-lengths, as evident in the atmospheric radiative forc-
ings in models with extended areas of stratocumulus clouds
in Fig. 11.
The relative standard deviation in atmospheric radiative

forcing across models is with 7% clear-sky and 7% all-sky
comparably small.
It should be re-iterated that the reduction of the single scat-

tering albedo to SSA= 0.8 in experiment FIX3 implies still
significant effects of scattering, as evident in the negative
TOA forcings over dark surface areas. Analysing the differ-
ence between experiments FIX3 and FIX2 provides a better
insight into the representation and effects of aerosol absorp-
tion across the models.
Subtraction of the scattering case isolates the effect of ab-

sorption and shifts clear-sky and all-sky radiative forcings
well into positive regimes (Figs. 12 and 13). Annual model
means are 5.48Wm�2 clear-sky and 5.51Wm�2 all-sky.
As expected, atmospheric radiative forcings are very sim-

ilar between the FIX3-FIX0 (scattering and absorption) and
FIX3-FIX2 (absorption) scenarios (Figs. 10, 11, 14, 15). A
notable exception is the reduction in atmospheric radiative
forcings for the models that showed considerable absorp-
tion in the scattering only experiment (LMDZ, LMDZ-39L,
OsloCTM2).
The results of AeroCom Prescribed for aerosol layers with

an optical depth of AOD=0.2 prescribed over the lowest
2 km are summarised for the three analysed scenarios, scat-
tering, scattering and absorption, absorption, in Fig. 16.
Even for the purely scattering case (Fig. 16a), significant

forcing diversity exists, with relative standard deviations of
7% clear-sky and 12% all sky.
The three models with significant enhancement of molecu-

lar scattering in the scattering scenario (LMDZ, LMDZ-39L,
OsloCTM2) also show the strongest atmospheric radiative
forcing in the two other scenarios including aerosol absorp-
tion.
For the case of scattering and absorption (Fig. 16b), the

positive forcing contributions from scattering and negative
contributions from absorption almost balance. The resulting
TOA radiative forcings are with�1.63Wm�2 small but neg-
ative for clear-sky and with 1.04Wm�2 small but positive
for all-sky conditions, with increased absolute standard devi-
ations of 0.70 and 1.01Wm�2 respectively, corresponding to

Atmos. Chem. Phys., 13, 3245–3270, 2013 www.atmos-chem-phys.net/13/3245/2013/

Annual mean shortwave 
radiative forcing of the 
aerosol direct effect at 
the top of the 
atmosphere under all-
sky condition defined as 
a difference in globally 
homogeneous aerosol 
optical thickness 
between 0.0 and 0.2 
(aerosols are distributed 
in altitude between 0 
and 2 km) for each 
participant in the 
prescribed aerosol 
property forcing 
experiment of AeroCom 
Phase II. Aerosol single 
scattering albedo is 
prescribed as (left) 1.0 
and (right) 0.8 with fixed 
Ångström exponent of 
1.0 and asymmetry 
factor of 0.7. 
Temperature and 
horizontal wind are 
nudged by reanalysis 
data in 2006. (Stier et 
al., ACP, 2013)
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Nest steps in AeroCom
• Cooperation with CMIP6.

• Harmonization between AeroCom and the HTAP new experiment.

• New experiments
‣Aerosol-cloud interaction: intercomparison of autoconversion and accretion.
‣Radiative forcing: Semi-direct effect, BC profile, and RH dependence for sulfate.
‣Nitrate: perturbed emissions of NH3, NOx, and SOx and temperature.
‣Biomass burning: emission intensity and injection height.
‣Etc.

• Publication on remaindered experiments of AeroCom Phase II.


