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Summary

A detailed analysis where BC concentrations measured at
the Pallas, northern Finland and Baranova, Arctic Russia
station was combined with transport modelling has been
performed. The ECLIPSE inventory and GFED biomass
burning emissions have been used to obtain source specific
BC concentrations at the receptor. Overall, the levels of
the observed and measured BC match very well at Pallas
and are slightly underestimated at Baranova (Tab. 1). The
latter could be explained by the underestimated emission
source contributions from Siberia, as has been suggested in
earlier studies.

There is, however, seasonal variability. At Pallas during
summertime the BC concentration is overestimated, while
in wintertime it is underestimated by the model. Our
analysis shows that the most important sources for BC in
Pallas are biomass burning, domestic heating, transport,
and industry. BC from biomass burning is only occurring
in summer, while domestic heating gets an important share

during wintertime.

At Pallas pollution with a high fraction of domestic
burning contribution is overestimated by the model, while
events with dominated biomass burning contribution is
underestimated.

Table 1. Average observed and modelled BC concentration in
Pallas and Baranova during period 2019-2020.

Observed Modelled
Pallas 44 ng/m? 45 ng/m?
Baranova 54 ng/m? 48 ng/m?
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Background

To accurately predict the future climate of the Arctic, a
comprehensive understanding of Arctic black carbon (BC)
concentrations and their sources is essential. Transport
modeling serves as an effective tool for the spatial
estimation of the impact of various sources, such as flaring,
biomass burning, energy production, and traffic, along with
their seasonal variations. However, for these estimates to be
trustworthy, the models require validation and refinement
through actual measurement data. Presently, there are very
few long-term BC datasets available from the Arctic region
(EU-funded Action on Black Carbon in the Arctic, 2019).

At the ABC-iCAP workshop, held at the Pallas station in
Finnish Lapland, a key observation was made: “Pallas
stands out in the modeling of Arctic BC concentrations, as
indicated by results from both Sabine (FLEXPART) and
Naga (MRI-ESM2). These models tend to overestimate

Ahti Ovaskainen

The Finnish Meteorological Institute’s Pallas research station

surface BC concentration, and the underlying reasons for
this discrepancy remain unclear.”

A pivotal topic of discussion at the workshop revolved
around the varying definitions of BC. It was noted that BC
mass, Elemental Carbon (EC) mass, and BC absorption
represent distinct metrics, and a range of techniques should
be concurrently evaluated and applied in atmospheric
monitoring. This multi-faceted approach is necessary to
meet the diverse needs of the scientific community.

This report aims to address these concerns by presenting
model-derived, source-specific BC mass concentration data
for three Arctic measurement stations: Pallas and Baranova.
It delves into the relative importance of different BC sources,
as well as their seasonal and spatial variations in the Arctic.
The report also compares novel BC data collected at these
stations with model predictions, discussing any observed
discrepancies and their possible drivers.




BC sources at Arctic stations
calculated by FLEXPART

For investigating in the source regions of the BC measured
at the stations, we used the Lagrangian transport model
FLEXPART (Pisso et al., 2019). In previous studies it has
been shown that it can model well the BC conenctration
close to sources (Evangeliou et al., 2018), but also in the
Arctic (Eckhardt et al., 2015). FLEXPART simulates the
source-receptor relationship for aerosol tracer arriving at the
3 stations of interest. The aerosol tracer which experiences
scavenging (Grythe et al., 2017) is kept in the model for
30 days. FLEXPART simulates advection by mean wind,
turbulent processes and convection based on input data
from the ECMWF reanalysis project ERA-5. The windfields
are available hourly on a 0.5 degree resolution, spanning
over 138 levels, capturing the whole atmospheric column up
to 40km. The transport simulations where then combined
with BC emissions obtained from ECLIPSEv6 (Klimont
et al., 2017). The emissions are seperated for different
source categories: DOM BC: Modelled contribution to
surface black carbon (BC) from residential and commercial
sector plotted on a map (three projections). DOM includes
emissions from combustion in heating and cooking stoves
and boilers in households and public and commercial
buildings (Klimont et al., 2017).

Il DOM M ENE M FLR M IND M SHP [ WST TRA BB

Figure 1. Modelled relative contibution of BC source categories
for the Pallas station during the years 2019-2020, based on
FLEXPART simulations.

¢ ENE BC: Modelled contribution to surface black carbon
(BC) from energy production sector plotted onamap (three
projections). ENE includes emissions from combustion
processes in power plants and generators (ECLIPSEV6,
Klimont et al., https://doi.org/10.5194/acp-17-8681-2017).

¢ IND BC: Modelled contribution to surface black carbon
(BC) from industrial combustion plotted on a map (three
projections). IND includes emissions from industrial
boilers and industrial production processes (ECLIPSEV6,
Klimont et al., https://doi.org/10.5194/acp-17-8681-2017).

¢ FLRBC: Modelled contribution to surface black carbon (BC)
from gas flaring plotted on a map (three projections). FLR
includes emissions from oil and gas facilities (ECLIPSEV6,
Klimont et al., https://doi.org/10.5194/acp-17-8681-2017).

¢ SHP BC: Modelled contribution to surface black carbon
(BC) from shipping activities in in-land waters plotted
on a map (three projections) (ECLIPSEv6, Klimont et al.,
https://doi.org/10.5194/acp-17-8681-2017).

« WST BC: Modelled contribution to surface black carbon
(BC) from waste treatment and disposal sector plotted
on a map (three projections). WST resembles emissions
from waste incineration and treatment (ECLIPSEVG6,
Klimont et al., https://doi.org/10.5194/acp-17-8681-2017).

¢ TRA BC: Modelled contribution to surface black carbon
(BC) from transportation sector plotted on a map (three
projections). TRA includes emissions from all land-based
transport of goods, animals and persons on road networks
and off-road activities (ECLIPSEv6, Klimont et al., https://
doi.org/10.5194/acp-17-8681-2017).

¢ Fire BC: Modelled contribution to surface black carbon
(BC) from open biomass burning (excluding agricultural
fires) plotted on a map (three projections) (GFEDv4,
Giglio et al., https://doi.org/10.1002/jgrg.20042).

Figure 1 shows the importance of the different BC emission
sources for the Pallas station. The domestic burning
contribution is, with 43%, the most important one all
over the year, and during wintertime the domestic sector
counts for even 50%. The transport sector is the second
most important one with 25%, followed by biomass burning,
flaring and industry.



Model-measurement
inter-comparison at Pallas

BC concentrations at Pallas have been measured since year
2005 (Hyvirinen et al., 2011). The BC data from Pallas
is open, the concentration levels have been extensively
compared with the other Arctic monitoring stations (e.g.
Schmale et al., 2022) and with model results (e.g. Eckhardt
et al., 2015). Currently, several advanced techniques are
used simultaneously in Pallas to obtain reliable BC mass and
aerosol absorption concentrations (Asmi et al., 2021).

During the concurrent measurements in years 2019 and
2020, the overall average BC mass concentration at Pallas
was 44 ng / m3, in comparison to the modeled 45 ng /m3.
Despite the overall good agreement, there are some evident
discrepancies observed at day-to-day intercomparison

(Fig 2).

Our conclusions from the model-measurement inter-
comparison for Pallas at 3h time resolution are:

BC mass, ng/m?
10001
9001

800+

model
underestimate

model

700+

600

5004

400+

e —

model
underestimate

.Hﬂ

l|
300 H
100 i

Jan Mar May Jul

Il DOM M ENE

overestimate

Jan Mar May Jul Sep

[ FLR W IND W SHP M WwST M TRA M BB

Model tends to overestimate BC when station is inside
the cloud or when main source is domestic burning during

wintertime, when an inversion situation is present. The
aerosol measured at the Pallas station has an average age
of <11 days in winter.

e Model tends to underestimate BC in particular during
summertime biomass burning events. In contrary to
winter, the BC in Pallas in summer is more aged with an
average age of about 14 days.

Data and model are not intercomparable during “cloud
events”, i.e. when the station is inside a cloud (see Fig. 2).
For this reason, these data are not used in further analysis,
yet a similar effect of over/underestimation is still observed

(Fig. 3).

The next question is, if the observed occasional
discrepancies between model and observations are derived

Pallas 2019-2020

nice
correlation

model
overestimate

N

|
J |

kil

— Alldata * No clouds

Figure 2. Modeled BC concentration from different source contributions (colors) and measured BC concentration, black line (all

data) and red dots (only data with no clouds at site) at Pallas site.
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Figure 3. Modeled BC concentrations [ng / m3] (y-axis) as a function of measured BC concentration [ng / m3] (x-axis), for
different BB (left) and DOM (right) mass source contribution fractions and 1:1 line for Pallas. Periods when station was inside a
cloud are omitted from this intercomparison.

from the source characteristic emissions, aerosol processing ~ measured BC concentration (Fig 4b). The model seems to
during transport or BC aerosol physical properties, such ~ underestimate the BC particularly at higher concentrations,
as the aerosol age. Aging has a drastic impact on the BC vice versa, overestimate when BC concentration is low.
aerosol light-absorption and could therefore impact on the

) We analyzed the model-to-measured BC ratio and its’
measured mass concentration. The dependence of model- . .

. ) dependence on the BC concentration further by separating

to-measurement ratio on air mass modelled average age, . L .

) ) different source contributions and seasons with colors

however, does not present a clear correlation (Fig 4).

in Figure 5. Based on this, the impact of the source or
The biomass burning aerosol in Pallas is more aged than  the season is minor in comparison to the impact of the
other types of BC aerosol. When BB contribution to BC is concentration, which remains as the determinant factor for
>70%, the average age of the BC is >17days (Fig 4a). Model-  the model-measurement discrepancy.

to-measured BC additionally has a distinct dependency on
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Figure 4. Ratio of model-to-measured BC (y-axis) as a function of air mass age (x-axis), colored with a) BB fraction and b) measured
BC concentration for Pallas.
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Figure 5. Ratio of model-to-measured BC (y-axis) as a function of measured BC mass, colored with emission % from a) domestic

burning, b) biomass burning, ¢) traffic and d) month, at Pallas.



Case studies in Pallas

To get further insight on the model-measurement
comparability during different types of BC transport
episodes, two very different cases from Pallas were selected
for a closer examination. First, in summer 2019, when
measured BC concentration was about twice as high as
modelled (Fig. 6). The main sources based on model were
domestic burning, traffic and biomass burning. Second
selected period was episode in winter 2019, when the
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measured BC concentration was only about 10% of the
modelled (Fig. 7). The main sources based on model were
domestic burning and traffic. Figure 8 shows the emission
sensitivity maps for the two time periods. The emission
source areas during both periods are in eastern and northern
Europe, and over the Atlantic. Likely, the summer wildfires
in Eastern Europe, and the cold trapping inversion in winter,
have a major influence on the increasing BC levels in Pallas.
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Figure 6. A week in the end of August, 2019 in Pallas when measured BC was clearly higher than modelled. BC sources were BB,

DOM and TRA.
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Figure 7. A two weeks period in the end of November 2019 in Pallas when measured BC was clearly lower than modelled. BC sources

were DOM and TRA, also IND and FLR.



Case studies in Pallas
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Figure 8: Emission sensitivities for the two time periods presented in Figs 6 and 7.



Model-measurement discrepancies
at different stations
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Figure 9. Location of station Cape Baranova is marked within the network of Arctic stations with a red star: Cape Baranova, Bolshevik

island, North Land (N79°16.824’, E101°37.053).

For this report, new BC data were obtained from a Baranova
station, located in high-Arctic Russia (Fig 9).

According to the source inventories and FLEXPART, the main
BC sources at Baranova are different from those at Pallas,
where the highest relative contribution is flaring (40%),
biomass burning (22%), and domestic combustion (16%)
(Fig 10).

Again, good agreement between measurements and model
was obtained (Fig 11). During the concurrent measurements
in years 2019 and 2020, the overall average BC mass
concentration at Baranova was 54 ng / m3, in comparison
to the modeled 48 ng /m3. The minor difference might be
explained by some unaccounted sources near Baranova, such
as Siberian fires, as suggested earlier by Eckhardt et al., 2015.
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Figure 10. Modelled relative contribution of the different
emission sources of BC in Baranova during years 2019-2020,
based on FLEXPART.
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Figure 11. Modeled BC concentration from different source contributions (colors) and measured BC concentration (black line) at
Baranova 2019-2020. In addition, we could conclude that in Baranova

e Wintertime BC concentrations are elevated due to flaring and domestic burning. Model and measurements coincide well here.

¢ Summertime concentrations occasionally elevated due to biomass burning.
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Figure 12. Modeled BC concentrations [ng / m3] (y-axis) as a function of measured BC concentration [ng / m3] (x-axis), for
different BB (left) and FLA (right) mass source contribution fractions and 1:1 line for Baranova.

Biomass burning sources are closer to Baranova station than
to Pallas and consequently, the model-to-measurement

ratio is different in Baranova than in Pallas for BB aerosols.

FLEXPART shows a higher BC source contribution from
biomass burning than measurements actually detect (Fig
12a). For flaring model-to-measurement discrepancy is not
as clear (Fig 12b).

In Baranova, contrary to Pallas, both flaring and biomass
plumes can have various atmospheric ages (Fig 13). We
performed an analysis for the model observation fit
depending on the average age of the aerosol. The age is

mainly between 2 and 12 days and as shown above this
varies with the dominating source sector. Fig. 13 shows, that
for short travel distances the model underestimates, while
for longer travel distances, which corresponds to an higher
age the model overestimates.

In Baranova, the BC concentration is clearly over the
instrument detection limit (30 min value: < 20 ng/m?
BC) during winter haze season, when main sources are
anthropogenic. Then the model tends to underestimate
the surface BC concentration, similar to Pallas when
concentration is high (Figs 14 and 15).
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Figure 13. Ratio of model-to-measured BC (y-axis) as a function of air mass age (x-axis), colored with a) biomass burning (BB)
fraction and b) flaring (FLA) fraction at Baranova during years 2019-2020.
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Figure 14. Ratio of model-to-measured BC as a function of air mass age (x-axis), colored with a) month of the year (color) and b)

measured BC mass at Baranova 2019-2020.
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Figure 15. Ratio of model-to-measured BC as a function of measured BC mass, colored with emission % from a) flaring, b) biomass

burning, ¢) domestic burning and d) month, at Baranova.
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Conclusions

» BC sources and age vary with location in the Arctic

e Annual average BC concentrations are well captured
by model.

e Median ratios Model-to-Measured BC were 1.33 (Pallas)
and 1.18 (Baranova).

e No clear sign that Pallas BC would be particularly
overestimated.

» BC overestimated especially when BC concentration is low
(i.e. summertime in Baranova, all year round in Pallas).

e Further investigation needed to better understand the
discrepancies.
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Annex 1. Data description

The new data products to be made available in NILU/EBAS,
Homeless data portal or FMI Open Data:

1. BCin Finland, real-time data: https://www.
ilmatieteenlaitos.fi/ilmanlaatu

2. Ice Cape Base Baranova, Russia, BC data 2015-2020
3. Pallas BC data from COSMOS (2019-2020)

4. Pallas BC data from 4\-PAAS (2019-2020)
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