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Are	  Model	  Es+mates	  of	  AAOD	  too	  Low?	  
Bounding	  BC	  Assessment	  
(Bond	  et	  al.,	  JGR,	  2013)	  

– BC	  assessed	  as	  #2	  global-‐
average	  warming	  species	  (+1.1	  
W	  m-‐2,	  90%	  bounds	  +0.17	  to	  
+2.1	  W	  m-‐2)	  

–  “The	  AeroCom	  BC-‐AAOD	  
values	  do	  not	  agree	  with	  the	  
AERONET	  retrievals,	  so	  the	  BC-‐
AAOD	  distribu?on	  from	  
AeroCom	  is	  scaled	  to	  agree	  
with	  the	  AERONET	  retrievals”	  	  
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Annual	  average	  scaling	  factor	  

– Global-‐average	  scaling	  factor	  was	  2.5,	  varied	  by	  region	  

How	  do	  the	  AERONET	  AAOD	  retrievals	  compare	  with	  
in-‐situ	  measurements?	  
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Measurement	  Methods	  and	  Data	  
AERONET	  

•  CIMEL	  sun/sky	  radiometer	  at	  
Bondville	  (BND)	  and	  Southern	  
Great	  Plains	  (SGP)	  

•  Level	  1.5	  retrievals	  of	  single-‐
sca_ering	  albedo	  were	  
combined	  with	  Level	  2.0	  
retrievals	  of	  AOD	  to	  derive	  
AAOD	  (same	  procedure	  as	  
used	  in	  Bond	  et	  al.,	  2013)	  

•  Measurement	  wavelengths	  ca.	  
440	  and	  670	  nm	  

In-‐situ	  

•  Cessna	  206	  airplane	  sampled	  
par+cles	  with	  D<7µm	  

•  401	  flights	  at	  BND	  (2006-‐2009),	  
302	  at	  SGP	  (2005-‐2007)	  

•  Par+cle-‐Soot	  Absorp+on	  
Photometer	  measured	  light	  
absorp+on	  coefficient	  at	  low	  RH	  

•  Integra+ng	  nephelometer	  
measured	  light	  sca_ering,	  
adjusted	  to	  ambient	  RH	  	  

•  Measurement	  wavelengths	  467	  
and	  660	  nm	  (PSAP)	  and	  450	  and	  
700	  nm	  (Neph),	  adjusted	  to	  440	  
and	  670	  nm	  
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Flight Profile 

SURFACE	  SITE	   AIRPORT	  
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How	  close	  do	  measurement	  +mes	  need	  to	  be?	  

•  Lag-‐autocorrela+on	  analysis	  of	  surface	  measurements	  determines	  +me	  
window	  	  

•  Sca_ering	  well	  correlated	  (r(k)>0.8)	  out	  to	  4-‐5	  hr	  lag	  
•  Absorp+on	  less	  correlated	  than	  sca_ering.	  
•  AERONET	  vs.	  in-‐situ	  comparison	  +me	  window	  chosen	  as	  3-‐hr	  based	  on	  

this	  analysis	  
	  



12th	  Interna+onal	  AeroCom	  Workshop	  
Hamburg,	  Germany,	  September	  23-‐26,	  2013	   Slide	  6	  of	  16	  

AOD	  Comparison	  

•  Similar	  results	  for	  red	  and	  blue	  wavelengths	  
•  Good	  agreement	  (ca.	  10%)	  between	  AERONET	  and	  

in-‐situ	  measurements	  of	  aerosol	  ex0nc0on	  

BND	  
n=29	  

SGP	  
n=27	  
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AAOD	  Comparison	  

•  Similar	  results	  for	  red	  and	  blue	  wavelengths	  
•  AERONET	  results	  significantly	  greater	  than	  in-‐situ	  
•  Poorer	  correla0on	  than	  for	  AOD,	  especially	  at	  BND	  

BND	  
n=29	  

SGP	  
n=14	  
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Dependence	  of	  SSA	  on	  AOD	  (670	  nm)	  

Comparisons	  show	  similar	  pa^erns,	  except	  
•  AERONET	  SSA	  values	  are	  lower	  
•  AERONET	  SSA	  values	  at	  the	  lowest	  AOD	  values	  diverge	  

•  Problem	  with	  retrievals	  in	  cleanest	  condi+ons?	  

BND	   SGP	  
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Sca_ering-‐related	  pa_erns	  are	  
similar,	  but	  in-‐situ	  AOD	  is	  lower	  
than	  AERONET.	  	  SSA	  and	  AAOD	  
show	  different	  pa_erns	  for	  
AERONET	  vs.	  in-‐situ	  and	  model.	  
All	  points,	  not	  just	  match-‐ups.	  

Comparison	  with	  AeroCom	  (BND)	  
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Sca_ering-‐related	  pa_erns	  
are	  generally	  similar,	  but	  
absorp+on	  pa_erns	  are	  
different.	  	  AERONET	  SSA	  is	  
low,	  which	  affects	  AAOD.	  

Comparison	  with	  AeroCom	  (SGP)	  
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In-‐situ	  vs.	  modelled	  EBC	  at	  surface	  6816 R. B. Skeie et al.: Black carbon in the atmosphere and snow
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Figure 3: Scatter plots of monthly averaged concentration of EBC or EC from ob-
servations at various sites and corresponding model results of BC concentrations
for the same months and years. The solid line shows a one-to-one correspondence.
The dotted lines show a factor of 2 difference and the dashed lines a factor 10 dif-
ference between the observations and model results. The comparison is shown for
Zeppelin (a), Barrow (b), Southern Great Plains (c), Trinidad Head (d), Mauna
Loa (e), Bondville (f), Birkenes (g), Melpitz (h) and Montseny (i).

Fig. 3. Scatter plots of monthly averaged concentration of EBC or EC from observations at various sites and corresponding model results
of BC concentrations for the same months and years. The solid line shows a one-to-one correspondence. The dotted lines show a factor of
2 difference and the dashed lines a factor 10 difference between the observations and model results. The comparison is shown for Zeppelin
(a), Barrow (b), Southern Great Plains (c), Trinidad Head (d), Mauna Loa (e), Bondville (f), Birkenes (g), Melpitz (h) and Montseny (i).

(Fig. 3f), and no clear seasonal cycle is seen in the observed
concentrations. The spread in the observations is larger than
in the model, which may be attributed to the location of the
site in a grid box with large emissions. This would lead to
large gradients in BC concentrations both horizontally within
the grid box not resolved by the model and between the sur-
face layer and the model layers above.
At Birkenes, the model overestimates the concentration

compared to the observations for all seasons by up to a factor
of 2 (Fig. 3g). Birkenes is an EMEP (European Monitoring
and Evaluation Programme) station located in a rural area of
southern Norway, approximately 20 km from the Skagerrak
coast, well suited for monitoring the outflow of air pollu-
tion from the European continent (EMEP, 2010). A regional
EMEP model study (Tsyro et al., 2007) also overestimated
the EC concentration at this station and suggested that local
emission from residential combustion may be overestimated.
The model under-predicts the BC concentration compared to
the observations (Fig. 3h) at the Melpitz EMEP station. Mel-
pitz is a rural polluted site in an agricultural region about

40 km north east of Leipzig, Germany. However, the separa-
tion of OC/EC for the measurement at this station, does not
take into account charring of OC, and is therefore known to
greatly overestimate the EC concentration (EMEP, 2010). A
third EMEP station is Montseny, which is a mountain station
in a National Park in Spain. Montseny is located far from
any local source of pollution and the air is representative of
the regional background. The model reproduces the data rea-
sonably well, although the model underestimates during high
concentration episodes.
At Bondville and Southern Great Plains, routine measure-

ments of light absorption have been made from small aircraft
several times a week during daytime. Light absorption was
measured by a PSAP and converted to EBC concentration by
multiplying with a mass absorption efficiency of 9.7m2 g�1

(Bond and Bergstrom, 2006), as was used for the surface
data. Description of the flight measurements can be found
in (Andrews et al., 2004, 2011). The measurements are for
the years 2006–2008 at Bondville (BND) and 2001 to 2007
at Southern Great Plains (SGP). The comparisons between

Atmos. Chem. Phys., 11, 6809–6836, 2011 www.atmos-chem-phys.net/11/6809/2011/

•  Oslo	  CTM2	  model	  
(Skeie	  et	  al.,	  2011)	  

•  Model	  does	  not	  show	  
a	  pronounced	  low	  bias	  
when	  compared	  to	  in-‐
situ	  measurements	  

•  Model	  shows	  much	  
lower	  range	  of	  values	  

•  Note	  the	  log-‐scales	  

BND	  

SGP	  

Skeie	  et	  al,	  ACP,	  2011	  
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Need	  to	  repeat	  for	  other	  sites/models	  

NIES	  (Canada)	  model	  	  	  ⇒	  
reproduces	  long-‐term,	  
winter+me-‐average	  trend	  
at	  Barrow	  

⇐ Oslo	  CTM2	  model	  is	  
biased	  low	  and	  has	  less	  
variability	  than	  
observa+ons	  (monthly	  
averages,	  2001-‐2008)	  

6816 R. B. Skeie et al.: Black carbon in the atmosphere and snow
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Figure 3: Scatter plots of monthly averaged concentration of EBC or EC from ob-
servations at various sites and corresponding model results of BC concentrations
for the same months and years. The solid line shows a one-to-one correspondence.
The dotted lines show a factor of 2 difference and the dashed lines a factor 10 dif-
ference between the observations and model results. The comparison is shown for
Zeppelin (a), Barrow (b), Southern Great Plains (c), Trinidad Head (d), Mauna
Loa (e), Bondville (f), Birkenes (g), Melpitz (h) and Montseny (i).

Fig. 3. Scatter plots of monthly averaged concentration of EBC or EC from observations at various sites and corresponding model results
of BC concentrations for the same months and years. The solid line shows a one-to-one correspondence. The dotted lines show a factor of
2 difference and the dashed lines a factor 10 difference between the observations and model results. The comparison is shown for Zeppelin
(a), Barrow (b), Southern Great Plains (c), Trinidad Head (d), Mauna Loa (e), Bondville (f), Birkenes (g), Melpitz (h) and Montseny (i).

(Fig. 3f), and no clear seasonal cycle is seen in the observed
concentrations. The spread in the observations is larger than
in the model, which may be attributed to the location of the
site in a grid box with large emissions. This would lead to
large gradients in BC concentrations both horizontally within
the grid box not resolved by the model and between the sur-
face layer and the model layers above.
At Birkenes, the model overestimates the concentration

compared to the observations for all seasons by up to a factor
of 2 (Fig. 3g). Birkenes is an EMEP (European Monitoring
and Evaluation Programme) station located in a rural area of
southern Norway, approximately 20 km from the Skagerrak
coast, well suited for monitoring the outflow of air pollu-
tion from the European continent (EMEP, 2010). A regional
EMEP model study (Tsyro et al., 2007) also overestimated
the EC concentration at this station and suggested that local
emission from residential combustion may be overestimated.
The model under-predicts the BC concentration compared to
the observations (Fig. 3h) at the Melpitz EMEP station. Mel-
pitz is a rural polluted site in an agricultural region about

40 km north east of Leipzig, Germany. However, the separa-
tion of OC/EC for the measurement at this station, does not
take into account charring of OC, and is therefore known to
greatly overestimate the EC concentration (EMEP, 2010). A
third EMEP station is Montseny, which is a mountain station
in a National Park in Spain. Montseny is located far from
any local source of pollution and the air is representative of
the regional background. The model reproduces the data rea-
sonably well, although the model underestimates during high
concentration episodes.
At Bondville and Southern Great Plains, routine measure-

ments of light absorption have been made from small aircraft
several times a week during daytime. Light absorption was
measured by a PSAP and converted to EBC concentration by
multiplying with a mass absorption efficiency of 9.7m2 g�1

(Bond and Bergstrom, 2006), as was used for the surface
data. Description of the flight measurements can be found
in (Andrews et al., 2004, 2011). The measurements are for
the years 2006–2008 at Bondville (BND) and 2001 to 2007
at Southern Great Plains (SGP). The comparisons between

Atmos. Chem. Phys., 11, 6809–6836, 2011 www.atmos-chem-phys.net/11/6809/2011/

Skeie	  et	  al,	  ACP,	  2011	  

Sharma	  et	  al,	  JGR,	  2013	  
Barrow	  
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Surface	  EBC	  Monitoring	  Sites	  

Sites	  shown	  are	  listed	  in	  GAWSIS	  as	  measuring	  “black	  
carbon”	  or	  light	  absorp0on	  coefficient	  
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Surface	  EBC	  Data	  Providers	  

Sites	  shown	  are	  listed	  in	  WDCA	  as	  submicng	  “black	  
carbon”	  or	  light	  absorp0on	  coefficient	  data	  (pre-‐2012)	  
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Conclusions	  

•  In-‐situ	  measurements	  do	  not	  provide	  support	  for	  
up-‐scaling	  of	  modelled	  aerosol	  absorp0on	  op0cal	  
depth	  to	  agree	  with	  AERONET	  measurements	  at	  
two	  U.S.	  con0nental	  sites	  

•  Surface	  measurements	  of	  equivalent	  black	  carbon	  
provide	  an	  independent	  data	  set	  for	  evalua0ng	  
whether	  the	  AEROCOM	  models	  systema0cally	  
underes0mate	  black	  carbon	  
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