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Application of the CAPRAM Halogen Module 2. 0 in mixed urban and
maritime coastal areas

Member of the

]
o3
[/
e
e
.
iy
e
O-.“.
4]
> I°
%!
.
"‘
'."
'
[ )
'.
ol
3 A
N
?"
‘l
;k
5%-
e
\
o
-
e
N
4
*a
u
I
ST
. .‘“‘ZH ';.r"f"%“i
T

Peter Brauer, Erik Hoffmann, Andreas Tilgner, Ralf Wolke, and Hartmut Herrmann
Leibniz Institute for Tropospheric Research (TROPQOS), Permoserstr. 15, D-04318 Leipzig, Germany

¥lbraeuer@tropos.de

LelanZ Instltute for Leibniz Association g;--.;:
Tropospheric Research .

Introduction and Motivation Model Description

It is well known that halogen multiphase chemistry plays an essential role in the marine » Application of the CAPRAM Halogen Module 2.0 together with the multiphase chemical ( T YRS '
boundary layer. In coastal regions, which cover ~20% of the earth‘s surface, they di- mechanism RACM-MIM2ext/CAPRAM 3.0n [2]. S 800, a‘”’i“‘*' ’
rectly influence mankind as about one half of the world‘s population lives in these regi- % 850 iy = - ¢
ons and 75% of the megacities are located here alongside with important transits and » Two different scenarios modelled for summer conditions with the box model S A M
industrial locations[1]. SPACCIM [3]: é T T T

In contrast to the marine chemistry, which is a low NO, regime with short-chaind orga- 1. Maritime air mass moves over urban area: scenario Coastal — Urban (C_U) s Erissions Emissions T
nic compounds, the urban area is a high NO, regime with high emissions of various or- 2. Urban air mass moves over coastal ocean area: scenario Urban — Coastal (U_C) W T

ganics. Halogens have a high reactivity towards NO, and organic compounds, which
can even exceed the OH reactivity. A mixing of maritime and urban air masses leads to
different reaction pathways, which influence, for example, the air quality, cloud conden-
sation nuclei radii and thus the global radiation budget, the chemical composition of
aerosols and the ozone concentration levels. Therefore, it is of great interest to under-
stand the interactions of maritime and continental urban influenced air masses in coas-
tal regions.

» Different initial aerosols and concentrations and emissions of trace gases
»Both scenarios include non-permanent clouds with 8 cloud passages of the air parcel

(see Fig. 1) _

»Constant relative humidity of 90% between the cloud periods

13901200112 00:00 110012001300 230 00 190

»Performance of sensitivity runs to investigate estimated iodine emissions in the sc. U_C e 1 UTC
Fig. 1: Scheme of the modelled scenarios C_U and U_C.

Results and Discussion

= Chlorine chemistry m lodine chemistry |
7.0 e e PTiOd
The scenario Coastal — Urban The scenario Urban — Coastal The scenario Coastal — Urban [IOwith, ——
6.0L withoutl, — /\_
»Modelled concentrations for CINO, over the urban area  »Modelled CI concentrations in both sensitivity studies »The reactions of 10 with NO, species form the largest sour- | /\ /\
show a good agreement with measurements, e.g. of Phil- (withl, and withoutl,) show a good agreement with inferred ces for gaseous | atoms. £ 5.0 }
lips et al. [4], with maximum concentrations of 2-10% measurements from Pzenny et al. [5], who measured 2.2 — »Cloud periods suppress the iodine production. % . 0'
molecules cm3. 5.6-10* molecules cm= (see Fig. 3). E
»Over the urban area photolysis of CINO, is the main  >Main source for Cl is the photolysis of ICl, which is produ- The scenario Urban — Coastal = a0l
source for reactive chlorine (see Fig. 2). ced in the particle phase. Clouds suppress chlorine atom o |
»Cl concentrations are not significantly decreased during formation due to different cycles. »Modelled concentrations of 1O are in better agreement with 2.0}
the cloud period in contrast to the scenario U_C. » The influence of the urban air mass is identified on the first measurements in scenario without |, emission than with I, ;
>Increased production of Cl atoms during night-time  model day. emissions (see Fig. 4), but concentrations of OIO coincide 19}
clouds due to NO; chemistry in clouds. better with the scenario with |, emission. 0 03 4 N
» The influence of the urban air mass is identified on the first 0 12 24 3 48 60 72 84 96 108
a) cloudperiod Q) cloudperiod model day. Model time / hours
} L | | | | | | | | | | - | | | | | | | | | | | | > After the f_'rSt day, clouds decrgase the concentration of ga Fig. 5: Modelled concentrations of gaseous IO radicals over
© 1.2 w1 seous iodine and accumulate iodate in the aqueous phase. the whole simulation time for the scenario U _C with
5 0.9 i 5 (withl,) and without (withoutl,) iodine emissions.
8 $ 12
£ 0.6 £
S ! 2 0.6 m Interactions with organics Tab. 1: Relative contributions of important oxidants (listed in the head-
Z03r = line) to the gas phase oxidation of selcected organic compounds
S ool o 00 »In urban areas, VOC degradation by OH is do- averaged over the whole simulation time of the scenario C_U.
= | < minat; degradation by NO, and halogens is OH  NO, Cl Br _ Further sinks
£-03F = - mostly unimportant (see Tab. 1). Methane 99.0% - 1.0% - -
2_0_6 § | »Over the coastal ocean, the importance of CI  Ethane 87.9% - 12.1% - -
5 5 - atoms in the VOC oxidation process rises and  Cau alkanes 96.6:A> - 3.42@ - -
€097 e can even exceed the oxidation by OH. I, emissi- 57 alkanes AL it ] ]
| the chlorine reaction channel (see C-g alkanes .16 A 2.3 /0 A '
127 1 sl | Alriglineiste sie Ethylene 76.7% 0.0% 05% 0.0% 22.8% (O3)
-1.5 1 1 1, 1 o 1 o 1 o, 1 o, 1 o 1 o 1 . 1 T T T T T e e T e Tab' 2)' Acetylene 998% = 02% OO% =
O 4 8 12 16 20 24 28 32 36 40 44 48 0O 4 8 12 16 20 24 28 32 36 40 44 48 »Bromine shows slightly higher turnovers in the Formaldehyde 200% 0.0% 01% 0.0% 79.9% (upt.)
time / h time / h VOC oxidation process in the scenario U_C  Acetaldehyde 9M7% 02% 02% 01%  7.8% (hv)
EC - Cl ICI (+ hv) — | + Cl EC - Cl ICI (+ hu) — | + Cl than NO.,. Higher Aldehydes 91.9% 02% 02% 0.1% 7.6% (hv)
S CINO, (+ ho) = C1 + NO, S Gl + HC3 — HCl + HE3P + O, WS CINO, (+ hvo) > CI+NO, W Cl+CH, —HCI+MO, + O, Methylglyoxal 259% 0.1% 0.0% : 74.0% (hv)
EEE HCI+HO - CI+H,0 Cl + HC5 — HCI + HC5P + O, B CINO, (+ hu) — Cl + NO, B Cl + HC3 — HCI + HC3P + O, Toluene 99 6% _ 0.4% _
BN CIO + NO — CI + NO, BN C| + HC8 — HCI + HC8P + O, B CIO + NO — CI + NO, Cl + HC5 — HCI + HC5P + O, —= — =
Bl C| + ETE — CICH2CH202 + O, Il Further sources B C| + ETH — HCI + ETHP + O, Il Further sources . o . . . . . L .
Cl+0,—ClO+0, B Further sinks Cl+0. — ClO + 0O ° B Eurther sinks Tab. 2: Relative contributions of important oxidants (listed in the headline) to the gas phase oxidation of selected organic com-
i i pounds averaged over the whole simulation time of the scenario U_C with (w |,) and without (wo |,) emissions.
b)5 . . b) OH NO; Cl Br Further sinks
-'I(;I.II;.III..III..III.IIIII.III...' | 7'0_'(:|"r;|""""""""""'"""""_ W|2 W0|2 W|2 WO|2 W|2 WO|2 W|2 W0|2 W|2 WO|2
i ] ! ithl, —— ]
Lo - - o HClwithoutl,— ] Methane 443% 57.7% - - 557% 423% - : : :
401 1'%« ; : Ethane 49%  8.0% - - 95.1% 92.0% - - - -
“':% : © ""g 5.0 ' C,,4 alkanes 18.7% 27.3% - - 81.3% 72.7% : : : :
S 30l Jiz e FE Cs.7 alkanes 27.8% 382% - . 722% 61.8% - . : .
g | 1 = 2 *or Css alkanes 355% 456% - - 645% 544% - : : -
o | 1 = 2 3oL Ethylene 42.0% 452% 01% 01% 259% 16.3% 06% 04% 31.4% (0;) 38.0% (Os)
=20r 1%¢ ¢ 5 | Acetylene 772% 841% - - 227% 159% 0.1% 0.1% - -
_ \ _ S 2.0 Formaldehyde 76% 86% 01% 01% 28% 1.6% 02% 0.1% 89.3% (upt.) 89.6% (upt.)
1.0 | 0.4 1 0: Acetaldehyde 491% 53.1% 09% 1.2% 222% 149% 62% 4.4% 21.6% (hv) 26.4% (hv)
[ ' T Higher Aldehydes 52.8% 58.7% 1.0% 1.2% 204% 13.0% 53% 35% 20.5% (hv) 23.6% (hv)
0ol AL AN\ MM o, ool N W N WL N ) UL Methylglyoxal 14.3% 16.3% 03% 04% 14% 0.9% - - 84.0% (hv) 82.4% (hv)
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 9% 108 Toluene 66.4% 77.0% - - 33.6% 23.0% - - - -

Model time / hours

Model time / hours
Fig. 2: Time-resolved sink and source fluxes to the budget Fig. 3: Time resolved sink and source fluxes to the budget of

of Cl atoms in the gas phase on the first two model Cl atoms in the gas phase on the first two model days
days (a) and modeled concentrations of chlorine of the scenario with |, emission (a) and modeled con- Su mmary and OUtIOOk

atoms and CINO? over the whole simulation time centrations of chiorine atoms over the whole simulati- Box model studies with a detailed multiphase chemistry mechanism (RACM-MIN2ext/CAPRAM 3.0n + HM2) have
(b) for the scenario C_U. on time (b) for the scenario U_C. , _ _ ) _ _
been performed to investigate the complex chemistry of halogens in coastal areas. Two scenarios have been applied
with an urban polluted air mass moving over the coastal ocean and a marine air mass moving over a coastal city.
B . h ist The simulations have shown that the influence of the air mass origin is most important on the first day. Thereafter, the
= bromine chemistry cloudperiod emissions of the new environment dictate the multiphase chemistry. The scenario C_U showed the influence of halo-

3.0 ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | ! | . . . . . . . c c .
! gen multiphase chemistry on NO, species. The production of Cl is mainly triggered by CINO,, which is formed during

the night and acts as a temporary reservoir for gaseous Cl and NO,. The production of iodine and bromine is mainly
triggered by the reactions of 10/BrO with NO,. Because of the highly polluted air, chlorine prefers VOCs as reaction
partners over ozone.

The sensitivity study of the scenario U_C demonstrated the importance of the emission strength of |, for the troposphe-
ric oxidation capacity. A higher emission leads to increased HOI concentration levels, which trigger both halogen activa-
tion and HO, chemistry. The increased halogen levels lead to decreased ozone concentrations. The additional source
of OH radicals by HOI photolysis superimposes the decreased OH production from ozone photolysis and leads to an
overall increase of the tropospheric oxidation capacity, which can be seen by the decreased VOC concentrations.
Cloud periods have a significant influence on the concentrations of halogen species in contrast to the scenario C_U.
After cloud periods, halogens show decreased concentration levels due to IO scavenging by cloud droplets and subse-

The scenario Coastal — Urban )

»The reactions of Br and BrO with NO, species form the 18]
largest sources for gaseous Br atoms.

1.2
»Cloud periods suppress the bromine production.

0.6
The scenario Urban — Coastal

0.0

.« »Modelled concentrations of bromine species do not 5 0°

Lo 0 agree very well with measurements.
*  »The influence of the urban air mass is identified on the

-1.2

-1.8

sink and source fluxes / 10" molec cm=3 s™

s .0 first model day:. quent iodate formation.
e ,:' »>Clouds decrease concentrations of bromine species sig- L4l | Besides further modelling studies comparing the HM2 to measurements from field campaigns, further mechanism de-
o ' nificantly due to decreased IO concentration levels (see PR N A velopment is p_Ianned. A mpdule desqublng the multiphase ch_emlstry of DMS and its ox!datl_on products is currently
IR Fig. 4 and Fig. 5). Yo 4 8 12 16 20 24 98 32 36 40 42 a8 under constuction. Mechanism reduction of the overall mechanism for 2D- and 3D-modelling is planned.
" g}'.o » A peak in several bromine species is caused by the pho- NG . time / h o 0.0
. . ... : : : _ Il BrO + NO — Br + NO, Br+O,—BrO+0,
‘i tolysis pf released IBr upon cloqd evaporathn. IBr IS pro s BrNO, — Br + NO, B Further sources Refe rences
"l duced in the cloud via the reaction of HOI with Br-. M 10 + BrO — OIO + Br + | + O, W Further sinks
Y S : W BrO — Br+ O, 1] Gelpke, N., and Visbeck, M. (2010), World Ocean Review 2010 - Living with the Oceans, Mare, Bremen, 54-74.
¢ .",'{’;1 Fig. 4: Time resolved sink and source fluxes to the budget of 2] Brauer, P. et al. (2013), Journal of Athmospheric Chemistry, doi:10.1007/s10874-013-9249-6
) 3},:.".-5 Br atoms in the gas phase on the first two model days 3] Wolke, R. (2005), Athmospheric Environment 39 (23-24), 4375-4388, doi:10.1016/j.atmosenv.2005.02.038.
N .'.,"‘?: of the scenario U_C with |, emission. 4] Phillips, G. J. et al. (2012), Geophysical Research Letters, 39, (L10811), doi:10.1029/2012GL051912.
p}_::_';'; : 5] Pszenny, A. A. P. et al. (2007), Journal of Geophysical Research - Atmospheres, 112, (D10S13), doi:10.1029/2006JD007725.
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