
Black Carbon in the Arctic, how well is it captured by models?
S. Eckhardt1, B. Quennehen2*, D.J.L. Olivié3, T.K. Berntsen4, R. Cherian5, J. H. Christensen6, W. Collins7,8, S. Crepinsek9,10, N. Daskalakis11, M. Flanner12, A. Herber13, C. Heyes14, Ø. Hodnebrog4,  

L. Huang15, M. Kanakidou11, Z. Klimont14, J. Langner16, K.S. Law2, A. Massling6, S. Myriokefalitakis11, I. E. Nielsen6, J. K. Nøjgaard6, J. Quaas5, P. K. Quinn17, J.-C. Raut2, S. T. Rumbold7,8, M. Schulz3, 
R.B. Skeie4, H. Skov6, M. T. Lund4, T. Uttal10, K. von Salzen18, R. Mahmood19,20 and A. Stohl1

[1] {NILU – Norwegian Institute for Air Research, Kjeller, Norway} [2]{Sorbonne Universités, UPMC Univ. Paris 06 ; Université Versailles St-Quentin ; CNRS/INSU ; LATMOS-IPSL, UMR 8190, Paris, France} [3]{Norwegian Meteorological Institute, Oslo, Norway} [4]{Center for International Climate and Environmental Research – Oslo (CICERO), Oslo, Norway} [5]{Institute for Meteorology, Universität Leipzig, Germany} [6]{ENVS Department of Environmental 
Science, Aarhus University, Roskilde, Denmark} [7]{Met Office Hadley Centre, Exeter, UK} [8]{University of Reading, Reading, UK} [9] {Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, Colorado, USA} [10]. NOAA Earth System Research Laboratory Physical Sciences Division / Polar Observations & Processes. Boulder, Colorado, USA} [11]{Environmental Chemical Processes Laboratory, Department of Chemistry, 
University of Crete, Heraklion, Crete, and ICE-HT/FORTH, Patras, Greece} [12]{Department of Atmospheric, Oceanic, and Space Sciences, University of Michigan, Ann Arbor, MI, USA} [13]{Alfred Wegener Institut, Helmholtz Centre for Polar- and Marine Research, Bremerhaven, Germany} [14]{International Institute for Applied Systems Analysis (IIASA), Laxenburg, Austria} [15] {Climate Research Division, Atmospheric Sci. & Tech. Directorate, S & T, 
Environment Canada Toronto, Ontario, Canada} [16]{Swedish Meteorological and Hydrological Institute (SMHI), SE-60176 Norrköping, Sweden} [17] {National Oceanic and Atmospheric Administration Pacific Marine Environmental Laboratory, Seattle, WA, USA} [18]{Canadian Centre for Climate Modelling and Analysis, Environment Canada, Victoria, British Columbia, Canada} [19]{School of Earth and Ocean Sciences, University of Victoria, Victoria, British 
Columbia, Canada} [20]{Department of Meteorology, COMSATS Institute of Information Technology, Islamabad, Pakistan} * – now at Univ. Grenoble Alpes/CNRS, Laboratoire de Glaciologie et Géophysique de l’Environnement (LGGE), 38041 Grenoble, France

Summary
The concentrations of black carbon (BC) and other aerosols in the 
Arctic are characterized by high values in late winter and spring (so-
called Arctic Haze) and low values in summer. Models have long been 
struggling to capture this seasonality and especially the high concen-
trations associated with Arctic Haze. We evaluate BC concentrations 
from eleven different models driven with the same emission invento-
ry against a comprehensive pan-Arctic measurement data set over a 
time period of two years (2008-2009). The set of models consisted of 
one Lagrangian particle dispersion model, four chemistry-transport 
models (CTMs), one atmospheric chemistry-weather forecast model 
and five chemistry-climate models (CCMs), of which two were nudged 
to meteorological analyses and three were running freely. The meas-
urement data set consisted of surface measurements of equivalent 
BC (eBC) from five stations (Alert, Barrow, Pallas, Tiksi and Zeppe-
lin), elemental carbon (EC) from Station Nord and Alert and aircraft 
measurements of refractory BC (rBC) from six different campaigns. 
We find that the models generally captured the measured eBC/rBC 
concentrations quite well, compared to past comparisons. However, 
the aerosol seasonality at the surface is still too weak in most models. 
Concentrations of eBC averaged over three surface sites are under-
estimated in winter/spring in all but one model, whereas concentra-
tions in summer are overestimated in the model mean (by 88% and 
44% for July-September), but with over- as well as underestimates 
present in individual models. The most pronounced eBC underesti-
mates, not included in the above multi-site average, are found for the 
station Tiksi in Siberia where the measured annual mean eBC con-
centration is three times higher than the average annual mean for all 
other stations. This suggests an underestimate of BC sources in Russia 
in the emission inventory used. Based on the campaign data, biomass 
burning was identified as another cause of the modelling problems. 

Motivation
Aerosols such as black carbon (BC) are likely to increase climate 
warming. In addition to atmospheric radiative forcing, deposition of 
absorbing aerosols on snow or ice reduces the albedo and can thus 
induce faster melting and efficient surface warming. The highly re-
flective surfaces of snow and ice as well as strong feedback processes 
make the Arctic a region of particular interest for aerosol research.
 Models have for a long time struggled to capture the distribution 
of aerosols in the Arctic (Shindell et al., 2008; Koch et al., 2009). The 

concentrations of BC during the Arctic Haze season in particular were 
underestimated, in some cases by more than an order of magnitude 
(Shindell et al., 2008), whereas summer concentrations were some-
times overestimated. The simulated aerosol seasonality is strongly 
dependent on the model treatment of aerosol removal processes. 
For instance, changes in the calculation of aerosol microphysical 
properties, size distribution and removal can change simulated con-
centrations by more than an order of magnitude in remote regions 
such as the Arctic and the calculated Arctic BC mass concentrations 
are very sensitive to parameterizations of BC aging (conversion from 
hydrophobic to hydrophilic properties) and wet scavenging.

Emissions
All models made use of an identical emission dataset, the ECLIPSE 
(Evaluating the Climate and Air Quality Impacts of Short-Lived Pol-
lutants) emission inventory version V4. The ECLIPSE inventory was 
created using the GAINS (Greenhouse gas – Air pollution Interactions 
and Synergies) model, which provides emissions of long-lived green-
house gases and shorter-lived species in a consistent framework. The 
emission data can be downloaded at eclipse.nilu.no.

Models
We show results of 11 different models, whose main characteristics 
and references are summarized in Table 1. 

Observed and simulated BC seasonality at Arctic 
surface measurement stations 

where both eBC and EC data are available, EC values in summer are 
also somewhat higher than eBC values (although lower than the Sta-
tion Nord EC values), probably due to systematic differences in meas-
urement techniques.
 At the Tiksi station, which is closer to the main source regions 
of Arctic BC in high-latitude Eurasia (Hirdman et al., 2010), higher 
monthly median eBC values were measured (more than 100 ng /
m3 in winter/spring, about 20-40 ng /m3 in summer) and the annual 
mean (81 ng/m3) is 2.5 times higher than the average for the other 
stations (31 ng/m3). The seasonality of measured eBC is strongest at 
Alert where the summer concentrations are very low, but the winter/
spring concentrations are similar to the other sites in the western 
Arctic. 

Vertical Profiles
For spring 2008, the aggregate plots for BC (Fig. 3) show that nearly 
all models underestimate the measured rBC concentrations both at 
low and high altitudes. The measured median rBC mass concentra-
tions at low (high) altitudes were about a factor two (three) lower 
than for the spring 2008 campaigns. Most models also simulated low-
er median BC concentrations than a year earlier, but the modeled 
reductions were less pronounced than the measured ones and, thus, 
about half of the models under- and the other half overestimated the 
measured median values. The vertical gradient of measured BC was 
also different in 2008 and in 2009. While in spring 2008, the concen-
trations above 3 km were higher than those below, the opposite was 
true in spring 2009, likely because of the weaker biomass burning 
influence in 2009.The HIPPO campaign in fall 2009 was conducted 
about one month after the seasonal minimum at most surface sites 
and measured very low rBC mass concentrations, which is consistent 
with the surface observations. 

eBC [ng/m3] measured at the stations Zeppelin (Zep), Alert (Alt), and Bar-
row (Brw) (grey bars), EC measured at Alert and Station Nord (Nord) (green 
dots and bars) and rBC [ng/m3] measured by aircraft (Air).

Figure 1. Map showing the locations of the 
measurement stations (yellow circles) and 
the flight tracks north of 70°N of all aircraft 
campaigns used in this study. Aircraft data 
were from the HIPPO (winter 2009 and fall 
2009), ARCTAS (spring and summer 2008), 
ARCPAC (spring 2008) and PAMARCMiP 
(spring 2009) campaigns.

1Chemistry transport model (CTM), Lagrangian particle dispersion model (LPDM), chemistry climate 
model (CCM), aerosol chemistry model (ACM)

Figure 2 Monthly median observed eBC/EC and modeled BC concentrations for 
the stations (from top) Alert, Nord, Zeppelin, Tiksi, Barrow and Pallas, for late 
winter/spring (left column) and summer/fall (right column). The red dashed 
lines connect the observed median eBC values, The black dots are the EC 
concentrations.

The eBC mass concentrations at the three sites (Fig 1) in the western 
Arctic (Alert, Barrow, Pallas) are quite comparable to those at Zep-
pelin station, with monthly median values of about 20-80 ng/m3 in 
late winter/early spring and of less than 10 ng/m3 in summer/early 
fall (see Fig. 2). One exception is EC measured at Station Nord, which 
in summer is higher than eBC measured at the other sites. At Alert, 
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How consistent are the aircraft campaigns  
and the station measurements?

Conclusions
• The simulation of BC concentrations in the Arctic has im-

proved compared to earlier studies (e.g. Shindell et al., 
2008; Koch et al., 2009). For instance, our model-mean 
underestimate of Arctic eBC at Barrow and Alert is about a 
factor of 2, compared to one order of magnitude reported in 
Shindell et al. (2008). Nevertheless, the aerosol seasonality 
at the surface is still too weak in most models. 

•  For the aircraft campaigns, the models overestimated meas-
ured rBC during all seasons except for spring and throughout 
the depth of the troposphere. In spring 2009, no overesti-
mate was found, and in spring 2008 the models underesti-
mated both The largest eBC underestimates are found for 
the station Tiksi, which is closest to potential Russian source 
regions and where the annual mean eBC concentration is 
three times higher than the average annual mean for all oth-
er stations. This suggests an underestimate of BC sources 
in Russia in the emission inventory used, even though this 
inventory contains gas flaring as an important BC source 
there.

Figure 3: Median observed rBC and modeled BC mass concentrations for the 
winter 2009 HIPPO (a, b) spring 2009 PAMARCMiP (c-d) spring 2008 ARCTAS/
ARCPAC (e-f) summer 2008 ARCTAS (g-h) and the fall 2009 HIPPO (i-j) aircraft 
campaigns. The red bar and the red horizontal line show the observations, the 
other colored bars the various models, the grey line shows the mean value of 
all model medians. Results are shown separately for measurements below 3 km 
(left panels) and above 3 km (right panels).
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