An Artificial Neural Network Approach for Simulating Tropospheric BrO over the Arctic (P3.5.2)
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1. Introduction & Motivation

* Air temperature in the Arctic increases twice the rate of the worldwide mean. This phenomenon is called Arctic Amplification [1]. 20032011  30.032011  31.032011 01042011  02.04.2011  03.04.2011

* During polar spring, bromine is released from young sea ice, blowing snow & frost flowers, and through an autocatalytic chemical cycle known as bromine explosion (Fig. 1), depletes Vi
ozone, changing the oxidizing capacity of the atmosphere.

* A consistent long-term tropospheric BrO satellite dataset was developed, showing that the spatial patterns of Arctic BrO plumes have been changing over the recent years [3]. ke ik 2k

* Our goal is to train an artificial neural network with the long-term BrO dataset in order to simulate tropospheric BrO, assess the ozone loss and reveal the relationship of tropospheric | © \ B&_ ” -
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Fig. 1: The bromine explosion [2] Fig. 2: A BrO explosion event, as seen by GOME-2A [4]

2. Presentation of Artificial Neural Network & Importance of each Input Parameter 3. Daily Case Studies and Long-term Simulations of Tropospheric BrO VCDs

* The inputs of the neural network are sea ice age [5] and meteorological parameters [6], while the output is tropospheric BrO VCD [3]. * Both successful and unsuccessful daily simulations of bromine explosion cases appear throughout the 22-year dataset.
2007 achieved the best correlation between measurements and outputs of tropospheric BrO, and is selected as the training dataset. TOPOEHEIE DO rogmgre TOPESPSIOBOOTOAZ0T  roponure | ETOTO TOREspherc 50004201 e Sl Ago 0104201

>~

,f

<4
A /
. / 2m Air Mean S i Bounda 10m Win i i ; i
' Tem leraturemeam Sedluovel Fress e 01:042011 Level Pressure BotnaRyLaver Helght daaa il Layer H;yi ht Speed il Mean Sea Level Pressure 08.04.2017 Mean Sea Boundary Layer Height 08.04.2017 ~ Boundary 10m Wind Speed 08.04.2017 10 Wind
( p | 2 Y 9 P Temperature Level Pressure Layer Height Speed
i\ Kelvin] 7l [kPa] _ ; [km] A [m/s] i = &2 2l
Q) ) =~ ‘ [ e ‘ ; prs : . Lo e ~ s [Kelvin] ‘ [kPa] : , km] ‘ [mis]
N ‘/1 . <« o | 4 : » ‘ . ; /4 : / : 271.00 , ' 103.00 . L 1.00 ? 16.00
\ / : ‘ | S - v \ \ B \ VRS
Y, /' .\ J‘ 275.00 4 101.45 A L B 1.09 4 ' ey 14.50 ‘< _ » 4P - - . A ; 0.9 ¢ Ot M 1450
B 4 b - = { I~/ 8 . \ 4 ¥ 4 N (
'\ N . 272.00 " 101.10 ST s 0.97 \ ! 1158 13.00 \ - L A\ 102.40 S .. 0.80 »e 2. 13.00
A l / i e > gl »® gl 3 " [ 2 7 | R “ | g A | SR N\ ) N - | e
X / ‘ !r.., @ /3 A 5 g - N Ee \ N . G L ‘. Z . ! 2y ~< R .; N\ R e ¥/ X &y b \ 2y -

. 269.00 100.75 g 0.84 < 11.50 / 50 : % y 5 y N
'/ ’ ‘ TrOpOSpherlc | l * | I | I 1 I I | I l | I l | SIS ‘ 266.00 S5E 100.40 5 SR 0.73 S 3‘ 10.00 SN Z:Zo S 1:;2 5% % ¢ - ZZZ ‘ 10.00
‘) / BrO 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 e G AR e ol s e o | CAREIERS s - [ > {8 | e (S S 3 SS8 1| o o 050
[ ]
[ ]
[ ]

Tropospheric BrO 08.04.2017 . Tropospheric BrO 08.04.2017 . Error of Tropospheric BrO 08.04.2017 Sea lce Age 08.04.2017
Observations) gt (Simulations) ;rr%p%pher'c (Observations-Simulations)/Observations Eﬁrgf fiiage ,‘ —
& 5 B o [102 molec/cm?] A ? . [10'2 molec/cm?)

3 3

9.00 100.00

Sea Ice Age
’J_ [ - [years]
N\ [/ F 16.00

(Observations) BrO (Simulations) . (Observations-Simulations)/Observations g, ) Sea Ice Age
_An 7 ‘ [10" molec/cm?] e (10" molec/cm?] 7 e (%) et | L lyears)

11.00 c ’ £ 11.00 AL . 2 100.00 \ f 11.00

0.75 : e §
! f ] : : : 10.00 4 : 10.00 £ etk T 80.00 4 E 10.00

& - (oW S 5\ AN 1 /. & oA O QRO
durin traitin AN 5 ) : . ) g ; ; P\ Bl ; / \ s B 8.20 4 . B2 80.00 N /
9 9 ) L e 900 ) : 9.00 V5 ~ ¢ 50:00 L ; 8.00 o SR MR 7.4 b it “» 7.40 k ; 3 60.00 " 13.00
\ B o~ 41 o ] H e A \ , 8t § .
8.00 { & 8.00 B e Y &S 40.00 { S 8.00 Po ’ 28 : , & - g & - { . 11.50

14.50

8 LR e - oo &
7.00 5 7.00 5 g 20.00 S 7.00 B S, = 56556 524 10.00
Cie? . ) - o

A
6.00 Syt w2 6.00 Qe V.. e i 0.00 BINI 8 _"; 5.00 500 = - rjs; e 2 565 ) N L 8.50
5.00 ! Ji & \ 5.00 Y X ; S -20.00 2 — A 5.00 4.20 A R © ’ -20.00 — - - 7.00
4.00 e \s -4 4.0 o7 4 T g 40:00 d) " 4.00 3.40 . 7. e AN -40.00 8 . 5.50
3.00 % ( . : 3.00 g+ N ; -60.00 3 :.‘" al 4 3.00 2,60 : e \ -60.00 - . 4.00
2,00 R 2.00 4 o -80.00 2.00 i ; j 1.80 ‘ -80.00 YA 250
1.00 : 1.00 — -100.00 100 e : T~ 1.00 s -100.00 st 1.00

Correlation Coefficient

s r vy, " <o g La A 3 y E 4 = y " S L7 4
260.00 e [ |\ s 99.70 b AN ! 0.48 Yy o 7.00 256.00 7 : 101.20 P = T X 0.40 PIT L\ O\ 7.00

T 1 T 1 T T 1 T z, A { AR L\ > 78 WL W ’ 4 ) L\ \ R ) N ol
257.00 5 . 99.35 al W, b 0.37 > <. Wea o 5.50 253.50 " » I Al o3 o6 z ¢ 1\ < S
Y 2 ‘ R ] S A £ >, @ | S 7 e &
| 1 \ (7 [ N7
25400 \ 90:00 i | AEAR 0.25 & 4.00 251.00 ? 100.60 o 0.20 g 4.00
aw : 4 A

251100 S 98.65 013 / 220 248.50 _ 100.30 ar . 0.10 ‘ 2.50

N
4‘3 1 I I I
%,
/ * Long-term comparison of polar spring (MAM) average maps between observations and simulations of tropospheric BrO show a
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Fig. 3: A schematic of the neural network Fig. 4: Top: Sensitivity tests to assess the best training dataset. Bottom: Evaluation of the neural
//ﬂvl / 8 > s Lk_‘ e _'i,:_‘\ » f‘ 'l ; /‘

< < <
248.00 98.30 0.01 1.00 246.00 < 100.00 L 0.00 1.00

©
[0)]
~J
&)

Fig. 7: Successful spatial reproduction of the enhanced tropospheric BrO Fig. 8: Unsuccessful spatial reproduction of the enhanced tropospheric BrO
plume (01.04.2011). plume (08.04.2017).
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network trained with data from 2007. Metrics are between measurements and simulations

* 2m air temperature and mean sea level pressure dominate the performance of the neural network and the formation of enhanced B ol (55 | 55
tropospheric BrO plumes.
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Fig. 5: The impact of each input parameter on the performance Fig. 6: The effect of each input parameter on the magnitude of simulated tropospheric BrO
of the training of the neural network (2007 as training dataset) (varying one input parameter and keeping others at the 2007 MAM mean)

. Fig. 9: Arctic MAM map comparisons between observations and simulations
4. Summary & Conclusions

* A novel machine learning approach using an artificial neural network to model tropospheric BrO plumes was developed
* The simulated tropospheric BrO VCDs show satisfactory agreement (correlation coefficients of 0.5 and errors of 33%) to the observations
e 2m air temperature and mean sea level pressure are the most important parameters for the development of simulated tropospheric BrO 1
* Daily maps where the tropospheric BrO plume is related to the surface parameters can be spatially reproduced g
Days where the tropospheric BrO plume is potentially forming higher in the troposphere cannot be reproduced 4
5
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The positive trend reported in [3] cannot be reproduced by the neural network
*** Trend may not exclusively be driven by the input parameters selected
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