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Radiative Forcing Experiments 
The old…"

AeroCom Phase II radiative forcing (Myhre et al., 2013): !
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Radiative Forcing Experiments 
The old…"

AeroCom sensitivity of BC forcing to height (Samset et al., 2013): !
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BC mass fraction > 5km 

BC forcing fraction > 5km 



Radiative Forcing Experiments 
The old…"

AeroCom offline radiative transfer experiment (Randles et al., 2013): !
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Attribution of inter-model forcing variability to host model effects!

AeroCom Prescribed: constant aerosol radiative properties (Stier et al., 2013)"

16 Stier et al.: Host model uncertainties in aerosol forcing estimates

3.3 Attribution of forcing differences to host model ef-
fects395

In this section we focus on the attribution of the simulated
forcing differences to the underlying differences in the host
model configurations.

As a first step, the total effects of clouds on aerosol ra-
diative forcing is quantified through the difference of all-sky400

minus clear-sky radiative forcings, shown for the scattering
case FIX2-FIX0 as multi-model mean and standard devia-
tion in Fig. 17. In the global mean, clouds shield the pre-
scribed scattering aerosol layer from radiation and make the
TOA radiative forcing more positive by 2.65 Wm�2. As405

expected, positive all�clear sky TOA forcing perturbations
as well as its standard deviation are largest in areas of high
cloud-fractions.

For the case with scattering & absorption (FIX3-FIX0)
shown in Fig. 18, the additional effect of absorption enhance-410

ment for absorbing aerosol above low-level clouds enhances
the forcing perturbation of clouds to 2.81 Wm�2. The inter-
model variability is largest for the stratocumulus decks off
the west coasts of the Americas and Africa, that are highly
variable across models. Note that even for the case with ab-415

sorption, the dominant contribution to the positive forcing
perturbation of clouds stems from the reduction of the nega-
tive high-latitude forcings over dark ocean surfaces.

While the preceding analysis provides valuable insight
into the overall effects of clouds on aerosol radiative forc-420

ing, it does not provide an answer to a key question in the
assessment of aerosol radiative forcing uncertainties: how
much does the inter-model spread in host-model properties,
including cloud properties, affect aerosol radiative forcing?

To investigate this question in the absence of experiments425

with prescribed changes in cloud or surface properties, we
explore the sensitivity of TOA SW forcing to local variations
in surface or cloudy albedo across the models.

Cloudy albedo is defined here as the TOA albedo due to
clouds:430
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where arrows indicate down and upwelling radiative fluxes
(F ), defined at TOA and all- or clear-skies, as indicated.
Likewise, surface albedo is defined as the ratio of up- to
down-welling flux at the surface.435

Seeking to separate the influence of surface albedo and
clouds, we decompose the host model error �RF all

TOA as to-
tal differential, which allows us to compare the relative mag-
nitude of the individual host model effects:
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Fig. 17. Annual multi-model mean and standard deviation dif-
ference between all-sky and clear-sky top-of-atmosphere radia-
tive forcing between experiments FIX2 and FIX0 with AOD=0.2
and AOD=0.0 distributed over the lowest two kilometers, holding
SSA=1.0 and ANG=1.0 constant. Model fields have been remapped
to a resolution of 1.875�x 1.875�.

where � indicate the inter-model variabilities, RF all
TOA is

the TOA all-sky radiative forcing, Asur the surface albedo
and Acld the cloudy albedo, as defined above.

For this analysis, the models have been remapped to a
common Gaussian grid with 1.875�x 1.875�resolution. Var-445

ious interpolation schemes were considered (e.g. nearest
neighbour, linear or distance-weighted) but the choice did
not significantly alter our findings. As ECHAM5-HAM2
does not provide clear-sky TOA upward radiative fluxes it
has been excluded from this analysis.450

We define sensitivity as in Eq. (2) as the slope of a re-
gression of TOA SW forcing against either cloud or surface
albedo (Fig. 19), with each data pair representing a differ-
ent model. Depending on the grid point under consideration,
such regression either makes sense (as there is a clear lin-455

ear relation), or not (as the data are too scattered) so we also
assess the reliability of this sensitivity. This was done by
repeating the regression several times, but with one model

Radiative Forcing Experiments 
The old…"
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AeroCom Prescribed: Attribution to Host Model Effects"

16 Stier et al.: Host model uncertainties in aerosol forcing estimates
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model configurations.
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assessment of aerosol radiative forcing uncertainties: how
much does the inter-model spread in host-model properties,
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Likewise, surface albedo is defined as the ratio of up- to
down-welling flux at the surface.435
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Fig. 17. Annual multi-model mean and standard deviation dif-
ference between all-sky and clear-sky top-of-atmosphere radia-
tive forcing between experiments FIX2 and FIX0 with AOD=0.2
and AOD=0.0 distributed over the lowest two kilometers, holding
SSA=1.0 and ANG=1.0 constant. Model fields have been remapped
to a resolution of 1.875�x 1.875�.

where � indicate the inter-model variabilities, RF all
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the TOA all-sky radiative forcing, Asur the surface albedo
and Acld the cloudy albedo, as defined above.
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ious interpolation schemes were considered (e.g. nearest
neighbour, linear or distance-weighted) but the choice did
not significantly alter our findings. As ECHAM5-HAM2
does not provide clear-sky TOA upward radiative fluxes it
has been excluded from this analysis.450

We define sensitivity as in Eq. (2) as the slope of a re-
gression of TOA SW forcing against either cloud or surface
albedo (Fig. 19), with each data pair representing a differ-
ent model. Depending on the grid point under consideration,
such regression either makes sense (as there is a clear lin-455

ear relation), or not (as the data are too scattered) so we also
assess the reliability of this sensitivity. This was done by
repeating the regression several times, but with one model
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Radiative Forcing Experiments 
The new…"
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 Ongoing and proposed work on radiative forcing: "

•  Semi-direct effects (Nicolas Bellouin)"

•  Black carbon forcing efficiency from HIPPO1-5 (Bjorn Samset)"

•  Effect of RH on sulfate radiative forcing (Bjorn Samset)"



Fast adjustments to aerosol-
radiation interactions 
(semi-direct effect) 

•  Previous estimates as residual: ERF – RFari – RFaci 
•  But the signal is small compared to internal variability. 

Nicolas Bellouin 

Ghan et al. (2012). White areas are 
not significant at the 95% confidence 
level.   

Bauer and Menon (2012) 
Global average, green 
bar is for all aerosol 
sources, error bars 
indicate interannual 
variability  

+0.6 

–0.6 

Wm-2 



Fast adjustments to aerosol-
radiation interactions 
(semi-direct effect) 

•  Proposition: Dedicated GCM simulations 
•  Short simulations 

–  Spin up model to 1 September to produce initial  
 aerosols/clouds. 

–  Then run for 15 days with: 
•  1. Control aerosols; 
•  2. Aerosol scattering and absorption efficiencies set to zero; 
•  3. Aerosol single-scattering albedo set to 1. 

•  Diagnostics focused on the fast response 
–  Diagnostics on radiation timesteps; 
–  Vertical distributions of thermodynamics, aerosols, clouds. 

•  Allow comparison against LES/CR modelling, and aircraft observations 
of biomass-burning aerosols overlying stratocumulus (2015: ORACLES, 
ONFIRE, CLARIFY) 

Nicolas Bellouin 



Bjørn	
  H.	
  Samset	
  |	
  b.h.samset@cicero.uio.no	
  |	
  kollokvium.no	
  

Comparison of industrial and remote region BC 
RF between AeroCom and flight campaigns  

•  HIPPO1-­‐5	
  
•  A-­‐FORCE	
  
•  ARCTAS	
  
•  PAM-­‐ARCMIP	
  

Ongoing	
  study	
  (see	
  talk	
  by	
  B.	
  Samset	
  Thursday):	
  Schwarz	
  et	
  al.	
  2010	
  showed	
  that	
  AeroCom	
  
Phase	
  1	
  overesQmates	
  the	
  HIPPO1	
  BC	
  MMR	
  Pacific	
  dataset.	
  A	
  submiSed	
  paper	
  updates	
  this	
  to	
  
AeroCom	
  Phase	
  2	
  and	
  HIPPO1-­‐5.	
  In	
  this	
  study	
  we	
  use	
  BC	
  forcing	
  efficiency	
  profiles	
  to	
  	
  
esQmate	
  BC	
  RF	
  from	
  four	
  flight	
  campaigns	
  in	
  both	
  industrial	
  and	
  remote	
  regions,	
  and	
  	
  
evaluate	
  both	
  the	
  absolute	
  burden	
  and	
  RF	
  representaQon	
  and	
  their	
  verQcal	
  profiles.	
  

Example:	
  
Japan,	
  BC	
  RF,	
  
A-­‐FORCE	
  vs	
  
AeroCom	
  P2	
  



Bjørn	
  H.	
  Samset	
  |	
  b.h.samset@cicero.uio.no	
  |	
  kollokvium.no	
  

Effect of model variability in 
relative humidity on sulphate RF 

Ongoing	
  study:	
  What	
  drives	
  the	
  mulQmodel	
  variability	
  in	
  sulphate	
  RF?	
  (a,	
  from	
  Myhre	
  
et	
  al,	
  ACP,	
  2013)	
  AeroCom	
  models	
  have	
  significant	
  differences	
  in	
  relaQve	
  humidity	
  (b),	
  
which	
  can	
  influence	
  the	
  forcing	
  efficiency	
  of	
  sulphate	
  (c),	
  significantly	
  increasing	
  the	
  
impacts	
  of	
  burden	
  variaQons.	
  	
  
We	
  aim	
  to	
  quanQfy	
  this	
  effect,	
  using	
  methods	
  similar	
  to	
  those	
  employed	
  for	
  BC	
  in	
  	
  
Samset	
  et	
  al.,	
  ACP,	
  2013.	
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Discussion"

•  Will we learn from the past?  
Low(er) hanging fruit: surface albedo !

•  Views on new experiments?  
General feedback and suggested timelines!

•  We may want to consider to merge experiments  
At least consider common baseline!

•  The AeroCom Phase II data is underexplored  
Potential for many follow up studies"
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Radiative Forcing Experiments 
The new…"


