Vertical distribution of trace gases over

the Russian Arctic in September 2020
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Motivation

TheArcticis warmingmuch faster than other regionsof the globe In 2020 temperatureanomaliesin the
RussianArctic reachedunprecedentedhigh levels The atmosphericcompositionin this key region still
remainsinsufficientlystudiedthat makesdifficult predictingfuture climatechange
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Figure 1: ERAS near surface temperature (T2m) anomalies [°C ] for Jan-Jun 2020. Reference period.:
1981-2010. The rectangle represents the study region at 60-75°N, 60-180°E.



Flight pattern
The campaign lasted from"4o 17" September 2020
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Experimental: airborne measurement platform

CQ, CH, G, CO, NQ 11,18 PicarroG230tm, Thermo Mode#9C andModel 48C;Model 42i-TL

BC, Aerosols (in situ) 7,8 Aethalometer Nephelometer Grimm1.109, DPS, filter sampling
Aerosol profiling 13, 14, 15 Lidars LOSAA2, CIMELCE372, camera hatches

Navigation, DAQ 9,20,19 CompaNab.2, GPant., NI PXL042

Radiation 12 Spectral Evolution PSH OO =5

Powersupply 2,3,4,5 DC/Adnverters, UPS¢
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Vertical distribution of trace gases over
the Barents Sea: 4t September 2020
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Vertical distribution of trace gases over
the Kara Sea: 6t September 2020
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Vertical distribution of trace gases over
the Laptev Sea: 9t September 2020
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Vertical distribution of trace gases over
the Chukchi Sea: 15t September 2020
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Vertical distribution of trace gases over
the East Siberian Sea: 16t September 2020

Wind field
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Vertical distribution of trace gases over

the Bering Sea:

Wind field

16 September 2020

Point 3 ( 2020-09-16 03:43:47 UTC, |=100-1000,m} T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
= Y, median median median median median
L (AR shadow IQR shadow QR || shadow IQR shadow IQR shadow IQR
Tl A 8 a4
til) S
p A JL 1 L
N I
5 — ar ar B
£
X5 4 1+ -
S
S 4 aF _F 3
=
=
<3 1k i(B |
| | | | | ) . 1 | 1 1 P T T L . . 1 L 1 1 1 1 1 .
396 400 404 408 412 416 1900 1950 2000 2050 2100 60 70 80 90 100 110 120 130 20 30 40 50 60 70 04 0.6 0.8 1.0

CH, (ppb)
0.1-1.0 km

Point 1 ( 2020-09-16 03:38:45 UTC, EDGAR emissions)

CO, (ppm)

CO (ppb)
1.0-3.5 km

Point 1 ( 2020-09-16 03:38:45 UTC, EDGAR emissions)

Altitude (km)

O, (ppb)
3.58.0 km

Point 1 ( 2020-09-16 03:38:45 UTC, EDGAR, I=3500-8000,m)

=
-
P
o (e
-
N N ﬁ
=

170 180°F 170°E

Point 2 { 2020-09-16 03:53:16 UTC, EDGAR emissions)

180°E 170w

Point 2 { 2020-09-16 03:53:16 UTC, EDGAR

170 180°E

Point 2 { 2020-09-16 03:53:16 UTC, EDGAR, |=3500-8000,m)

70w 1607w 150w 1a0°W

S =N WA U

IMDAF

e DA

180°E 170w 170°E

Inverse Modeling and Dat

Point 3 { 2020-09-16 04:43:47 UTC, EDGAR emissions)

180°E 70w

Paint 3 ( 2020-09-16 04:43:47 UTC, EDGAR emissions)

180°E 170°W 160°W 150°W 1407w

Point 3 { 2020-09-16 04:43:47 UTC, EDGAR, |=3500-8000,m)

Assimilation Framework
by ICM&MG SB RAS

A VGochako\et al. 2018. IOP Conf. Ser.: Earth
Environ. Sci. 211 012050

60N

170°E 180°E 170w 160°W 170°E

180°E 170w 160°W

NO, (ppb)

sensitivity
Y
molfkm2sh
311
800 250
-
400
128
200
L Lo




Summary

V Major differences were observed in the lower troposphere.

from Northern Europe.
V Spatial distribution of trace gases in the troposphere over a vast area from the Laptev Sea
to Chukchi one above 1.0 km was relatively homogeneous.
V' NQ mixing ratios had a distinct longitudinal gradient: decreasing from western to eastern parts
of the Russian Arctic.

Median mixing ratios

[ UR A UR [ UR (J R [ UR

0.2-1.0 | 397.2(1.0) | 2026.1(20.1) | 89(22) | 25(4) |0.59(0.44)

1.0-3.5 | 409.0(3.5) | 1953.8(21.7) | 89(31) | 52(10) | 0.56 (0.26)

3.5-9.0 | 411.7(1.5) | 1929.4(9.0) | 95(23) | 54(6) |0.41(0.13)

0.2-1.0 | 406.0(3.0) | 2086.7 (20.8) | 111 (23) | 22(5) |0.43(0.16)

1.0-35 | 409.4 (2.1) | 1977.5(48.2) | 103 (30) | 48(7) |0.45(0.32)

3.5-9.0 . 94 (26) | 53(8) [0.31(0.17

0.2-1.0 | 408.5(2.8) | 2013.1(32.5) | 107 (25) | 30(11) | 0.20(0.05)

1.0-3.5 | 407.9(2.1) | 1953.8(28.9) | 92(22) | 51(7) |0.28(0.09)

3.5-9.0 | 410.9 (2.1) | 1941.2 (20.6) | 89(24) | 54(11) | 0.23(0.10)

0.2-1.0 | 409.2 (0.5) | 2012.6(4.1) | 106 (21) | 29(1) |0.27(0.10)
IR 1.0-35 | 407.3(1.3) | 1962.9(11.1) | 89(23) | 41(8) |0.27(0.07)
3.5-9.0 | 410.1(1.6) | 1942.2(17.9) | 89(22) | 54(13) | 0.25(0.10)

0.2-1.0 | 409.9 (3.9) | 2008.2 (28.2) | 97(19) | 30(7) |0.26(0.05)

Chukchi 1.0-3.5 | 407.0(1.8) | 1957.5(18.8) | 83(21) | 38(9) |0.24(0.08)
3.5-9.0 : 88(18) | 51(3) [0.29(0.15

0.2-1.0 | 411.1(1.1) | 2005.6(6.0) | 104 (27) | 22(3) |0.22(0.05)

Bering 1.0-3.5 | 409.8 (0.9) | 1958.7(32.9) | 78(23) | 25(4) |0.18(0.10)
3.5-9.0 | 410.5(2.4) | 1939.4 (16.6) | 89(24) | 51(18) | 0.16(0.12)
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