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Climate and environmental effects
Black carbon 1s considered as both short lived climate force and environmental

pollutant:

1) direct absorption of solar radiation,

2) cloud pollution, which leads to both absorption of solar radiation and
warming of clouds

3) indirect effect - albedo reduction (from about 98% to 90-97%). Thus the
absorption increases from 2 to 3-10% (1.5 - 5 times) - The most important
effect for Arctic region.

The total effect of black carbon particles on the radiation balance as a result of

direct absorption of solar radiation, interaction with clouds and their heating, as

well as changes in snow and ice albedo is estimated from 0.64 W m-2 (IPCC,

2013)to 1.1 (0.17-2.1) W m-2 (Bond et al., 2013).

Short-lived climate forces, in contrast with global forces, such as GHGs, has

mostly regional effects and therefore are important for most vulnerable regions,

such as Arctic region.

The estimation of black carbon emissions is subject to great uncertainty, also

due to the fact that there is no clear definition of black carbon



Black carbon characteristics
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Estimated Forcing (W/m?)

Characteristics Black carbon

Atmospheric life-time
Absorption

Radiation forcing

Input to global warming

From few days to few weeks
Absorption of solar radiation across the spectrum

+0.34-1 Wt m2 - direct effect
+ 0.05 Wt m*2 - indirect albedo effect
+/-? — clouds effect

Considered as 3™ important force after CO2 n CHa, but
with high uncertanities
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Average BC emissions (t/year) from forest fires in Russia in 2007 — 2012 rr.
A — total average annual emissions; B — crowning fires

(IGCE data)



The aim of this work was to estimate the probability of transportation of black carbon
originated from simulated forest fires in Russian boreal taiga to Arctic region and its
deposition to ice surface and contribution to shortwave radiative forcing.

The experiments were made for three regions in the boreal taiga (Komi, Krasnoyarsk
and Yakutia) with the greatest probability of extreme forest fires according to the
statistical data from 2000 to 2015.
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Total BC emissions in 2019 is 118 t



Simulating fires
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BC emission
intensity
t/day
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Most typica

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# trajs passing through grid sq./# trajectories (%) 0 mand 99999 m
Integrated from 0600 12 Jul to 1800 16 Aug 19 (UTC)

Freq Release started at 0000 00 00 (UTC)

from 1500 m

Source = 66.000 N 124.000 E

| situation

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# endpts per grid sq./# trajectories (%) 0 m and 99999 m
Integrated from 0600 11 Jul to 1800 15 Aug 19 (UTC)

0%
>70 %
=60 %

50 %

0%

=30 %

=20 %

10 %
1%

I8

from 1500 m

Sourcex 65.866 N 123.552 E

Freq Release started at 0000 00 00 (UTC)
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METEOROLOGICAL DATA

METEOROLOGICAL DATA

Job 1D: 154466 Job Star: Wed Apr 22 08:23:34 UTC 2020
Source 1 lal.: 66463889  lon.: 124 465000  height: 1500 m AGL
Initial trajectory staned: 600Z 12 Jul 19

Direction of trajectores: Forward  Trajectory Duration: 120 hrs
Frequency grid resolution: 1.0 x 1.0 degrees

Endpaint cutput frequency: 60 per hour

Number of used for this

Meteorsogy: 00002 8 Jul 2019 - GDAS1

Job 1D: 154504 Job Stari: Wed Apr 22 08:32:11 UTC 2020
Source 1 lat: 65866111 lon.: 123551944  height: 1500 m AGL
Initial trajectory staned: 600Z 11 Jul 19

Direction of trajectores: Forward  Trajectory Duration: 120 hrs
Frequency grid resolution: 1.0 x 1.0 degrees

Endpaint cutput frequency: 60 per hour

Number of used for this

Meteorsogy: 00002 8 Jul 2019 - GDAS1
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from 1500 m

situation for drift into the Arctic

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES

# trajs passing through grid sq./# trajectories (%)

0 mand 99999 m

Integrated from 0600 08 Jun to 1800 02 Jul 19 (UTC)

Freq Release started at 0000 00 00 (UTC)

Source = 69.000 N 134.000 E

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES

# endpts per grid sq./# trajectories (%)

0 m and 99999 m

Integrated from 0600 25 Jun to 0300 06 Jul 19 (UTC)

Freq Release started at 0000 00

00 (UTC)
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METEOROLOGICAL DATA

METEOROLOGICAL DATA

Job 1D: 125059 Job Star: Thu Apr 23 08:12:28 UTC 2020
Source 1 lat.: 69.188889  lon.: 134.391111  height: 1500 m AGL
Initial trajectory staned: 600Z 08 Jun 19

Direction of trajectores: Forward  Trajectory Duration: 120 hrs
Frequency grid resolution: 1.0 x 1.0 degrees

Endpaint cutput frequency: 60 per hour

Number of used for this

Mateorology: 00002 8 Jun 2019 - GDAS1

Job 1D: 161030 Job Star: Wed Apr 22 10:09:58 UTC 2020
Source 1 lat.: 67.345000 lon.: 137 228056  height: 1500 m AGL
Initial trajectory staned: 600Z 25 Jun 19

Direction of trajectores: Forward  Trajectory Duration: 120 hrs
Frequency grid resolution: 1.0 x 1.0 degrees

Endpaint cutput frequency: 60 per hour

Number of used for this

Mateorlogy: 0000Z 22 Jun 2019 - GDAS1




Short intensife fires

from 1500 m

Source= 64.017 N105.000 E

NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES NOAA HYSPLIT MODEL - TRAJECTORY FREQUENCIES
# endpts per grid sq./# trajectories (%) 0 m and 99999 m # endpts per grid sq./# trajectories (%) 0 m and 99999 m
Integrated from 0600 03 Jul to 0300 10 Jul 19 (UTC) Integrated from 0600 03 Jul to 0300 07 Jul 19 (UTC)
Freq Release started at 0000 00 00 (UTC) Freq Release started at 0000 00 00 (UTC)
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METEOROLOGICAL DATA METEOFIOLOG ICAL DATA
Joby ID: 160705 Job Start: Wed Apr 22 10:05:08 UTC 2020 Job [D: 159147 Job Start: Wed Apr 22 09:46:07 UTC 2020
Source 1 lat.: 64.016944  lon.: 105.000000  height: 1500 m AGL Source 1 lat.: 66613889 lon.: 100630000  height: 1500 m AGL
Initial trajectory staned: 600Z 03 Jul 19 Initial trajectory staned: 600Z 03 Jul 19
Direction of trajectores: Forward  Trajectory Duration: 120 hrs Direction of trajectories: Forward  Trajectory Duration: 48 hrs
Frequency grid resolution: 1.0 x 1.0 degrees Frequency grid resolution: 1.0 x 1.0 degrees
Endpaint cutput frequency: 60 per hour Endpaint cutput frequency: 60 per hour
MNumber of used for this 16 MNumber of used for this 16
Meteorology: 0000Z 1 Jul 2019 - GDAS1 Meteorology: 0000Z 1 Jul 2019 - GDAS1




The BC climatic effect from different forest fires scenarios on the Arctic was estimated
by the aerosol block of climate model developed by Institute of Numerical Mathematics

Global climate model INMCM5

Spatial resolution:
Atmosphere 2 x 1,5 degree, vertical resolution 21 level,
Ocean 1 x 0.5 degree, vertical resolution 40 levels.
Aerosol block consist of 10 components:
fine and coarse sea salt, fine and coarse continental dust, sulphur dioxide, sulphate aerosol,
hydrophobic and hydrophilic black carbon, hydrophobic and hydrophilic organic carbon
Accounting processes:
transport, diffusion, dry and wet deposition, dry and wet absorption by the surface.

INMCMS model parameters important for BC simulation

share, % dencity, kg/m* Dry particle Wet Dry
radius, MKM absorption absorption
velocity, m/s  velocity, m/s

Hydrophilic 20 1000.0 0.02 0.0002 0.0002
BC
Hydrophobic 80 1000.0 0.06 0.002 0.0002

BC



CMIP6E ANTHRO BC emission, 1jan1885-31dec2014, [mgmyr']
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Seasonal change of BC
emissions and deposition
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Black line - BC emissions used for climate modelling
BC emissions used for climate modelling + BC from fires 2019



Seasonal change of BC concentration
in air and optical depth

. BC load, Arctic, full BC aod, Arctic, full

o.021 G.0144

pad ST P dw
0.003 CLIM+SFE 0.0021 CLIM+SFE
%ﬂuréauhﬂmm.u.mc;stpohubvnm E&mmmmmumwmmm

Black line - BC emissions used for climate modelling
BC emissions used for climate modelling + BC from fires 2019



BC concentration and deposition
in July
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Black line - BC emissions used for climate modelling
BC emissions used for climate modelling + BC from fires 2019



BC concentration and deposition
in July
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Black line - BC emissions used for climate modelling
BC emissions used for climate modelling + BC from fires 2019



Thank you for your attention

veronika.ginzburg@gmail.com
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