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Fig. 9. Model profiles in approximate SP2 BC campaign locations in the tropics and midlatitudes, averaged over the points in the map
(bottom). Observations (black curves) are average for the respective campaigns, with standard deviations where available. The Houston
campaign has two profiles measured two different days. Mean (solid) and median (dashed) observed profiles are provided for (d). The
markers in the map inset denote the location of model profiles in these comparisons with the aircraft measurements that are detailed in
Table 7.

unusually heavy biomass burning. The models used climato-
logical biomass burning and would not have included these
particular fire conditions. Nevertheless, overall the datasets
show remarkably consistent mid-tropospheric mean BC lev-
els of about 0.5–5 ng kg in the tropics and midlatitudes. With
the exception of the CARB campaign, the models generally
exceed the upper limit of the standard deviation of the data.
For CARB, most models are within the data standard devi-
ations up to about 500mb (Fig. 9d), while about half ex-
ceed the upper limit of the observed standard deviation above
500mb.
The spring-time Arctic campaigns observed maximum BC

above the surface (Fig. 10a–c), which may occur from two
mechanisms. First, background “Arctic haze” pollution is
thought to originate at lower latitudes, and is transported to
the Arctic by meridionally lofting along isentropic surfaces
(Iversen, 1984; Stohl et al., 2006). Most of the observed

profiles and the model results would reflect those conditions.
Alternatively, BC could be injected into the mid-troposphere
near its source by agricultural or forest fires and then ad-
vected into the Arctic. This is apparently the case for the
ARCPAC measurements (Fig. 10c) that probed Russian fire
smoke (Warneke et al., 2009). In both cases, the pollution
levels aloft during springtime are substantial and compara-
ble to those levels observed in the polluted boundary layer at
midlatitudes. Thus at the lower latitudes BC decreases with
altitude, whereas at these higher latitudes it increases toward
the middle troposphere during springtime. Model profile di-
versity is especially great in the Arctic, as discussed in previ-
ous sections. Many of the models do have profile maximum
BC above the surface, but most of the springtime peak val-
ues are smaller in magnitude than the aircraft measurements.
The three spring campaign measurements have mean BC of
about 50–200 ng kg�1 at 500mb; 10 of the 17 models are

www.atmos-chem-phys.net/9/9001/2009/ Atmos. Chem. Phys., 9, 9001–9026, 2009

9016 D. Koch et al.: Evaluation of black carbon estimations in global aerosol models

50

100

200

500

1000

 

  
a

Spring ARCTAS
NASA DC-8

April

  
b

Spring ARCTAS
NASA P3-B

April

50

100

200

500

1000

P
(h

P
a)

  
c

ARCPAC
NOAA WP-3D

April

0.5 1 2 5 10 20 50 100 200 500

BC(ng/kg)

 
d

Summer ARCTAS
NASA DC-8

Jun-Jul

50

100

200

500

1000

 

0.5 1 2 5 10 20 50 100 200 500

 

  
e

Summer ARCTAS
NASA P3B

Jun-Jul

0

20

40

60

80

-180 -120 -60 0

 
Campaigns

(a) Spring ARCTAS
(b) Spring ARCTAS
(c) ARCPAC 
(d) Summer ARCTAS 
(e) Summer ARCTAS 

Models
ARQM
CAM
GISS
GOCART
SPRINTARS 
LOA
LSCE
MATCH

MOZART
MPI
MIRAGE 
UIO CTM
UIO GCM (dash)
ULAQ (dash)
UMI (dash)
TM5 (dash)
DLR (dash)

Fig. 10. Like Fig. 9 but for high latitude profiles. Mean (solid) and median (dashed) observed profiles are provided except for (c) the
ARCPAC campaign has distinct profiles for the mean of the 4 flights that probed long-range biomass burning plumes (dashed) and mean for
the 1 flight that sampled aged Arctic air (solid).

less than 20 ng kg�1 yet most of them are within the lower
limit of the observed standard deviation. Overall, most mod-
els are underestimating poleward transport, are removing the
BC too efficiently, or are not confining pollution sufficiently
to the lowest model levels due to excessive vertical diffusion.
The high-latitude summer ARCTAS campaigns encoun-

tered heavy smoke plumes for part of their campaign, so the
mean (Fig. 10 d-e, solid black) values are less characteristic
of typical conditions than the median (dashed). Most models
are within the observed standard deviation for the summer-
time data however overestimate relative to median BC above
500mb. Many of the models have little change in estimates
between spring and summer (e.g. compare Fig. 10b and d),

while the observed background conditions are less polluted
in summer. Similar to the lower latitudes, the models gener-
ally overestimate BC in the upper troposphere (Fig. 10a and
d) in the Arctic. On the other hand, the UTLS measurements
in the Arctic region are sparse and may not be statistically
significant.
The ratio of model to observed BC over the profiles for

Fig. 9 (south) and Fig. 10 (north), excluding the bottom 2 lay-
ers of each model, are given in Table 8; we use median
observed values for campaigns that encountered significant
biomass burning (Figs. 9d, 10d and e) and for the ARCPAC
spring (Fig. 10c) we use the background profile. The av-
erage model ratio is 7.9 in the south and 0.41 in the north.
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Fig. 9. Model profiles in approximate SP2 BC campaign locations in the tropics and midlatitudes, averaged over the points in the map
(bottom). Observations (black curves) are average for the respective campaigns, with standard deviations where available. The Houston
campaign has two profiles measured two different days. Mean (solid) and median (dashed) observed profiles are provided for (d). The
markers in the map inset denote the location of model profiles in these comparisons with the aircraft measurements that are detailed in
Table 7.

unusually heavy biomass burning. The models used climato-
logical biomass burning and would not have included these
particular fire conditions. Nevertheless, overall the datasets
show remarkably consistent mid-tropospheric mean BC lev-
els of about 0.5–5 ng kg in the tropics and midlatitudes. With
the exception of the CARB campaign, the models generally
exceed the upper limit of the standard deviation of the data.
For CARB, most models are within the data standard devi-
ations up to about 500mb (Fig. 9d), while about half ex-
ceed the upper limit of the observed standard deviation above
500mb.
The spring-time Arctic campaigns observed maximum BC

above the surface (Fig. 10a–c), which may occur from two
mechanisms. First, background “Arctic haze” pollution is
thought to originate at lower latitudes, and is transported to
the Arctic by meridionally lofting along isentropic surfaces
(Iversen, 1984; Stohl et al., 2006). Most of the observed

profiles and the model results would reflect those conditions.
Alternatively, BC could be injected into the mid-troposphere
near its source by agricultural or forest fires and then ad-
vected into the Arctic. This is apparently the case for the
ARCPAC measurements (Fig. 10c) that probed Russian fire
smoke (Warneke et al., 2009). In both cases, the pollution
levels aloft during springtime are substantial and compara-
ble to those levels observed in the polluted boundary layer at
midlatitudes. Thus at the lower latitudes BC decreases with
altitude, whereas at these higher latitudes it increases toward
the middle troposphere during springtime. Model profile di-
versity is especially great in the Arctic, as discussed in previ-
ous sections. Many of the models do have profile maximum
BC above the surface, but most of the springtime peak val-
ues are smaller in magnitude than the aircraft measurements.
The three spring campaign measurements have mean BC of
about 50–200 ng kg�1 at 500mb; 10 of the 17 models are
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Fig. 10. Like Fig. 9 but for high latitude profiles. Mean (solid) and median (dashed) observed profiles are provided except for (c) the
ARCPAC campaign has distinct profiles for the mean of the 4 flights that probed long-range biomass burning plumes (dashed) and mean for
the 1 flight that sampled aged Arctic air (solid).

less than 20 ng kg�1 yet most of them are within the lower
limit of the observed standard deviation. Overall, most mod-
els are underestimating poleward transport, are removing the
BC too efficiently, or are not confining pollution sufficiently
to the lowest model levels due to excessive vertical diffusion.
The high-latitude summer ARCTAS campaigns encoun-

tered heavy smoke plumes for part of their campaign, so the
mean (Fig. 10 d-e, solid black) values are less characteristic
of typical conditions than the median (dashed). Most models
are within the observed standard deviation for the summer-
time data however overestimate relative to median BC above
500mb. Many of the models have little change in estimates
between spring and summer (e.g. compare Fig. 10b and d),

while the observed background conditions are less polluted
in summer. Similar to the lower latitudes, the models gener-
ally overestimate BC in the upper troposphere (Fig. 10a and
d) in the Arctic. On the other hand, the UTLS measurements
in the Arctic region are sparse and may not be statistically
significant.
The ratio of model to observed BC over the profiles for

Fig. 9 (south) and Fig. 10 (north), excluding the bottom 2 lay-
ers of each model, are given in Table 8; we use median
observed values for campaigns that encountered significant
biomass burning (Figs. 9d, 10d and e) and for the ARCPAC
spring (Fig. 10c) we use the background profile. The av-
erage model ratio is 7.9 in the south and 0.41 in the north.
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Fig. 9. Model profiles in approximate SP2 BC campaign locations in the tropics and midlatitudes, averaged over the points in the map
(bottom). Observations (black curves) are average for the respective campaigns, with standard deviations where available. The Houston
campaign has two profiles measured two different days. Mean (solid) and median (dashed) observed profiles are provided for (d). The
markers in the map inset denote the location of model profiles in these comparisons with the aircraft measurements that are detailed in
Table 7.

unusually heavy biomass burning. The models used climato-
logical biomass burning and would not have included these
particular fire conditions. Nevertheless, overall the datasets
show remarkably consistent mid-tropospheric mean BC lev-
els of about 0.5–5 ng kg in the tropics and midlatitudes. With
the exception of the CARB campaign, the models generally
exceed the upper limit of the standard deviation of the data.
For CARB, most models are within the data standard devi-
ations up to about 500mb (Fig. 9d), while about half ex-
ceed the upper limit of the observed standard deviation above
500mb.
The spring-time Arctic campaigns observed maximum BC

above the surface (Fig. 10a–c), which may occur from two
mechanisms. First, background “Arctic haze” pollution is
thought to originate at lower latitudes, and is transported to
the Arctic by meridionally lofting along isentropic surfaces
(Iversen, 1984; Stohl et al., 2006). Most of the observed

profiles and the model results would reflect those conditions.
Alternatively, BC could be injected into the mid-troposphere
near its source by agricultural or forest fires and then ad-
vected into the Arctic. This is apparently the case for the
ARCPAC measurements (Fig. 10c) that probed Russian fire
smoke (Warneke et al., 2009). In both cases, the pollution
levels aloft during springtime are substantial and compara-
ble to those levels observed in the polluted boundary layer at
midlatitudes. Thus at the lower latitudes BC decreases with
altitude, whereas at these higher latitudes it increases toward
the middle troposphere during springtime. Model profile di-
versity is especially great in the Arctic, as discussed in previ-
ous sections. Many of the models do have profile maximum
BC above the surface, but most of the springtime peak val-
ues are smaller in magnitude than the aircraft measurements.
The three spring campaign measurements have mean BC of
about 50–200 ng kg�1 at 500mb; 10 of the 17 models are
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As	  compared	  to	  aircraS	  campaigns	  
•  Models	  underes=mate	  BC	  by	  a	  
factor	  of	  3-‐15	  in	  midla=tudes	  	  

•  They	  overes=mate	  BC	  by	  a	  factor	  
of	  2-‐10	  in	  northern	  la=tudes	  



HIPPO	  I	  Model	  Intercomparison	  
	  

Schwarz	  et	  al.,	  GRL,	  2010	  

•  Similar	  set	  of	  
AEROCOM	  models	  
to	  Koch	  study	  using	  
2000	  inventory	  
underes=mated	  
HIPPO	  I	  BC	  by	  a	  
factor	  of	  ~5.	  	  



Seasonal	  evolu=on	  of	  BC	  during	  HIPPO	  
H1	  –	  January	  

	  



Seasonal	  evolu=on	  of	  BC	  during	  HIPPO	  
H3	  –	  April	  

	  



Seasonal	  evolu=on	  of	  BC	  during	  HIPPO	  
H4	  –	  June	  

	  



Seasonal	  evolu=on	  of	  BC	  during	  HIPPO	  
H5	  –	  August	  

	  



Seasonal	  evolu=on	  of	  BC	  during	  HIPPO	  
H2	  –	  November	  

	  



Southern	  hemisphere	  source:	  	  
Biomass	  burning?	  

	  

Torres	  et	  al.,	  ACP,	  2010	  



Northern	  hemisphere	  sources:	  	  
Seasonality	  of	  transport	  and	  biomass	  burning?	  

	  

Verma	  et	  al.,	  JGR,	  2011	  

Sukhinin	  et	  al.,	  Remote	  Sensing	  
of	  the	  Environment,	  2004	  



Seasonal	  varia=on	  of	  ver=cal	  profiles	  
>60N	  



Seasonal	  varia=on	  of	  ver=cal	  profiles	  
20N	  -‐	  60N	  



Seasonal	  varia=on	  of	  ver=cal	  profiles	  
20S	  –	  20N	  



Seasonal	  varia=on	  of	  ver=cal	  profiles	  
60S	  –	  20S	  



Seasonal	  varia=on	  of	  ver=cal	  profiles	  
<60S	  



Mass	  distribu=ons:	  
HIPPO	  IV	  

	  •  Very	  li_le	  geographic	  varia=on	  
•  Similar	  to	  remote	  distribu=on	  from	  

H1	  

160nm	   220nm	  
180nm	  

175nm	  



Mass	  distribu=ons:	  
HIPPO	  V	  

	  •  Some	  geographic	  varia=on	  
•  Slightly	  different	  distribu=ons	  than	  

found	  during	  H1	  

160nm	   220nm	  
180nm	  

180nm	  150nm	  



Case	  Study	  1:	  SH	  loadings	  during	  H5	  

•  Midlevel	  pollu=on	  
sampled	  during	  RF08	  
and	  RF10	  (5	  days	  
apart)	  

•  Compare	  par=cle	  size	  
and	  coa=ng	  state	  to	  
low-‐loading	  case	  from	  
H4	  

RF10	  



Case	  Study	  1:	  SH	  loadings	  during	  H5	  

•  Clear	  structure	  on	  RF8	  and	  
RF10	  

•  Par=cles	  in	  the	  pollu=on	  layer	  
were	  less	  coated	  

•  Par=cle	  mass	  distribu=ons	  were	  
similar	  between	  polluted	  and	  
clean	  condi=ons	  

•  Compare	  par=cle	  size	  and	  
coa=ng	  state	  to	  low-‐loading	  
case	  from	  H4	  



Case	  Study	  2:	  H4	  Western	  excursion	  

•  H4	  RF9	  and	  RF10	  can	  
be	  contrasted	  with	  
typical	  Anchorage	  à	  
Hawaii	  leg	  

•  Allows	  us	  to	  look	  at	  
evolu=on	  of	  Asian	  
pollu=on	  

	  



Case	  Study	  2:	  H4	  Western	  excursion	  

•  Ver=cal	  profile	  from	  eastern	  (AK	  -‐>	  HI)	  transect	  shows	  higher	  loadings	  
than	  the	  western	  transect.	  

•  Mass	  distribu=on	  is	  larger	  in	  the	  western	  transect	  (180nm)	  than	  in	  the	  
eastern	  (160nm)	  and	  more	  of	  the	  par=cles	  are	  coated	  (95%	  vs	  50%)	  

•  These	  measurements	  likely	  do	  not	  represent	  simple	  transport	  from	  
Asian	  emissions	  regions	  

	  



Conclusions	  

•  HIPPO	  BC	  curtain	  plots	  show	  significant	  seasonal	  
variability	  

•  La=tudinally	  averaged	  seasonal	  cycles	  have	  been	  
generated	  and	  will	  provide	  useful	  constraints	  for	  
global	  transport	  models	  

•  Varia=ons	  are	  observed	  in	  both	  coa=ng	  state	  and	  
par=cle	  size	  


