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1. Motivation

1. Troposphere

* Observations of 10, BrO, etc. in polar and coastal areas

* Presence of 10 and BrO confirmed over the open oceans
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Halogen chemistry has a significant and extensive influence
on photochemical ozone loss in the tropical Atlantic Ocean
boundary layer (Read et al., Nature, 2008).
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10 and BrO at ppt levels
(Saiz-Lopez et al., ACP, 2012)

Scientific questions:
* Impact of halogens on the O; budget
* Impact on HO,, NO,, methane lifetime
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1. Motivation

2. Stratosphere

“On the role of iodine in ozone depletion”, Solomon et al., JGR, 1994

Since then:
50°N December
sow T T T -n--mw * New kinetic information on iodine available
R i\\'\ / L
= L \ S~cio+Bro . | * Attempts to detect reactive iodine in the UTLS
3 \ ! / Wennberg et al., JGR,1997 Pundt et al., JAC, 1998
.:'_3 - f HO, + Bro // 7 Wittrock et al., GRL, 2000 Berthet et al., JGR, 2003
E 3ol '," LAl Cl, Reactions_| Bosch et al., JGR, 2003 Butz et al., ACP, 2009
] \
E ]
» /
S 20 Most recent analyses:
<
* <0.1 pptv 10, OIO in lower stratosphere

10

16" 10" 16" 16"® 5 10 10

12 -1 -0 (in northern high and mid-latitudes, and tropics)

Rate of O, Destruction ( mixing ratio/sec)

* Estimated total inorganic iodine: l,~ 0.2 pptv

Solomon et al., JGR, 1994 (Photochemical 1-D model)
Gilles et al., JPC-A, 1997

Sci. Assessment of Ozone Depletion (WMO, 2011):

Unlikely that iodine plays a significant role in the
photochemistry of stratospheric ozone



2. Implementation

of VSL sources

CAM-Chem

 Fixed SST and ice (monthly climatology)
* 1.9° (lat) x 2.5° (lon) horizontal resolution
* 26 vertical levels (surface to ~ 4 hPa)

* Tropospheric and stratospheric chemistry
(Emmons et al., 2010; Kinnison et al., 2007)

VSL Halogen Chemistry

* Implementation of VSL (t < 6 months)
halogenated sources from the ocean

Very short-lived (VSL)
halogenated sources

Local
S(;l;rsce Li{ﬁﬂge Main loss
2010)
CH,BrCl 137days OH, hv
CH,Br, 123days OH, hv
CHBrCl, 78 days OH, hv
CHBr,Cl 59 days hv, OH
CHBrg 24 days hv, OH
CH,l 7 days hv, OH (Bell et al., 2002)
CH,ICI ~2-3h hv
CH,IBr ~1h hv
CH,l, ~ 5 min hv
l, ~ Secs hv



2. Implementation of VSL sources

CAM-Chem

 Fixed SST and ice (monthly climatology)
* 1.9° (lat) x 2.5° (lon) horizontal resolution
* 26 vertical levels (surface to ~ 4 hPa)
* Tropospheric and stratospheric chemistry
(Emmons et al., 2010; Kinnison et al., 2007) VSL halogen sources in CAM-Chem

VSL Halogen Chemistry

» Implementation of VSL (t < 6 months)
halogenated sources from the ocean

CHBr3 flux in July

-2 -1
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—1 1.60e+07
» Emissions following Chl-a over tropics

» Top-down approach (following Warwick et al.,
JGR, 2006; Liang et al., ACP, 2010)

=T 1.20e+07

=T 6.00e+06

* Photochemistry SRR N Y

* Dry / wet deposition i Sy F 1.00e—09

 Catalytic release from sea-salt '
—-150-120-90 —80 -30 0 30 60 90 120 150

Ordodiez et al.,, ACP, 2012 - Description and evaluation of VSL sources



3. Results: Daytime bromine profiles over the tropical oceans

Teresina (Dorf et al., ACP, 2008) CAM-Chem_bromine (23° N —23°Y9)
% | [Teresinazooss ~ T " T T T T T el [T T T Twulfer, 35T L L
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Bromine [ppt] Bramine (ppt Br)
Notes: Notes CAM-Chem:
* SLIMCAT run with CH3Br (9.6 ppt), halons (6.8 ppt), - Halons =H-1211 + H-1301 (i.e. CF,CIBr + CF;Br)
and VSLS (4 ppt as CH,Br,) plus PGs (1 ppt as HBr). -VSLS =3 CHBr; + 2 CH,Br, + CH,BrCl + 2 CHBr,Cl + CHBrCI,

- Total Br, = Br + BrO + HBr + BrONO, + BrCl + HOBr
» Photochemical breakdown only in stratosphere.



lodine profiles over tropical oceans (no photolysis of 1,0,)

Daytime i i
profiles 30 -
in tropics . ]
B ~0.1 ppt |, enters [OMO
25 L the stratoéphere H ]
= - ~0.20 ppt I, Heh ] 0
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lodine [(ppt) Temperature (K)

l,=1+10 + OIO + IONO, + HI + HOI

Butz et al. (2009): Upper limits of |10, OO ~ 0.1 ppt



lodine partitioning in LMS (thermal tropopause — 400 K isentrope)
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4. Halogen-driven ozone loss in the tropics (VSL minus no VSL)

VSL minus base run VSL bromine minus base run lodine minus base run

Change in tropical tropospheric ozone column:

AO, =-2.6 DU (10.5 %) AO, =-0.8 DU (3.2%) AO, =-1.8 DU (7.3%)
Yang et al., JGR, 2005: Parrella et al., ACPD, 2012:
4-6% trop. O, loss 6.5 % trop. O; loss

(due to bromine) (due to bromine)



Annual average difference in radiation fluxes at tropopause
Saiz-Lopez et al., ACP, 2012

VSL - base run
Average for tropics (20° S — 20° N)

0.00[ T T T T T T T
all—sky LW+SW | ]
clear—sky: LW+SW |
o 3 ] Longwave flux (W m-2) Net flux (W m-)
N'E i §
; 70.107 : - —_——————— 3
= : All-sky -0.104 i 0103 I
> ! Lo o o o -
= 7o,w5: | Clear-sky -O.1PM7 -0.122
Y S N B
—40 -20 o 20
Latitude (°)
Sensitivity under all-skyconditions:

'0.10 W m'2i/ 25DU=0.04Wm2/DU =0042 W m=2/DU

---------- (Ramaswamy et al., IPCC, 2001)

Is our:-0.100 Wm-2 significant?

LWRE from tropospheric ozone: ~ 0.33 W m2 (all-sky)
(Worden et al., 2010) ~ 0.50 W m-2 (clear-sky)

This negative contribution is ~ 30% of the positive contribution to the
TOA radiation flux associated with infrared ozone absorption



Sensitivity runs: photolysis of 1,0,

Tropical profiles
High levels of I,0,, 1,05, 1,0,
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Ozone depletion efficiency by iodine enhanced if I,0, photolysis is included.
However significant uncertainties:
* 1,0, absorption cross sections

e Possible mechanism for iodine loss (e.g. uptake by stratospheric aerosols)



5. Summary & ongoing work

= VVSL oceanic sources and chemistry of bromine/iodine implemented in CAM-Chem
3.6.x = Current work: Implementation in CESM 1.1

= Jodine partitioning: high 1/10 ratio in tropical UTLS

= Jodine-mediated ozone depletion, compared to bromine, dominates throughout
the tropical troposphere (impact on TOA radiation flux), but small in tropical LMS.

" Experimental work on 1,0, (and other iodine species) is key to further determine
the role of iodine in ozone depletion in the UTLS






2. Motivation to include VSLS

2. Stratosphere

Since then:
50°N December

5o—|-T| T Ty, ....qun-nm * New kinetic information on iodine available
- N W, / i
£ ol "\'\' C10+Bro ya « Attempts to detect reactive iodine in the UTLS
e . /
.g - f HO, + BrO // 7
L] ) A—All Cly Reactions_ Sci. Assessment of Ozone Depletion (WMO, 2011):
] \
g * Unlikely that iodine plays a significant role in the photochem.
a 20 of stratospheric ozone
<

10 » VSLS contribute to stratospheric bromine ~1-8 ppt.

10" 16" 16" 16" 16" 16" 16" o o _
Rate of O, Destruction (mixing ratio/sec)  Uncertainties in quantifying the impact of Cl- and Br-

containing VSLS on stratospheric ozone

Solomon et al., JGR, 1994

 Contribution of VSLS to stratosphere could be altered under a
changed climate

3. CESM framework

Feedbacks among the different elements in the climate system



1. Motivation. Why to include VSL halogens in a CCM?

Very short-lived halogens
(t < 6 months, WMO)

Local
Source Lifetime Main loss
gas (WMO,

2010)

CH,BrCl 137days OH, hv
CH,Br, 123days OH, hv
CHBrCl, 78 days OH, hv
CHBr,Cl 59 days hv, OH
CHBry 24 days hv, OH

CHal 7 days hv, OH
CH,ICI ~2-3h hv
CH,IBr ~1h hv



1. Motivation. Why to include VSL halogens in a CCM?

Very short-lived halogens
(t < 6 months, WMO)

Local
Source Lifetime Main loss
gas (WMO,
2010)
CH,BrCl 137days OH, hv
CH,Br, 123days OH,hv
CHBICl, 78days  OH, hv
CHBr,CI 59days  hv, OH
CHBry  24days  hv, OH
CHl 7days  hv, OH
CH,ICI  ~2-3h hv
CH,IBr ~1h hv
CH,, ~5 min hv

X0

hu

OH

X=Cl, Brorl



1. Motivation. Why to include VSL halogens in a CCM?

Very short-lived halogens
(t < 6 months, WMO)

Local NO,
Source  Lifetime  y.in joss % >XONO,
gas (WMO,
— "0, HOX —. OH+X

CH,BrCl 137days OH, hv

CH,Br, 123days OH, hv XO (X = Br. I, Cl)

CHBrCl, 78 days OH, hv X0 >0XO+X
CHBr,Cl 59 days hv, OH 10
CHBr, 24days hv, OH 0, ' " 1,0,
CHal 7 days hv, OH
CH,ICI  ~2-3h hv X X=Cl,Brorl
CH,IBr ~1h hv

CHJl,  ~5min hv hu| OH



1. Motivation. Why to include VSL halogens in a CCM?

Very short-lived halogens
(t < 6 months, WMO)

Local NO,
Source  Lifetime  y.in joss % >XONO,
gas (WMO,
— "0, HOX —. OH+X

CH,BrCl 137days OH, hv

CH,Br, 123days OH, hv XO (X = Br. I, Cl)

CHBrCl, 78 days OH, hv X0 >0XO+X
CHBr,Cl 59 days hv, OH 10
CHBr, 24days hv, OH 0, ' " 1,0,
CHal 7 days hv, OH
CH,ICI  ~2-3h hv X X=Cl,Brorl
CH,IBr ~1h hv

CHJl,  ~5min hv hu| OH



1. Motivation. Why to include VSL halogens in a CCM?

Very short-lived halogens
(t < 6 months, WMO)

Local
Source Lifetime Main loss
gas (WMO,
2010)
CH,BrCl 137days OH, hv
CH,Br, 123days OH,hv
CHBICl, 78days  OH, hv
CHBr,CI 59days  hv, OH
CHBry  24days  hv, OH
CHl 7days  hv, OH
CH,ICI  ~2-3h hv
CH,IBr ~1h hv
CH,, ~5 min hv

X0

aerosols

~XONO,

h
" | HOX —=» OH + X
XOX=8rLC) v 4 X
10
' ’ IZOZ

X1 X=Cl, Brorl

hu




1. Motivation. Why to include VSL halogens in a CCM?

Introductory conclusion: Oxidizing capacity and O, radiative impact

Very short-lived halogens
(t < 6 months, WMO)

Local
Source Lifetime Main loss
gas (WMO,
2010)
CH,BrCl 137days OH, hv
CH,Br, 123days OH,hv
CHBICl, 78days  OH, hv
CHBr,CI 59days  hv, OH
CHBry  24days  hv, OH
CHl 7days  hv, OH
CH,ICI  ~2-3h hv
CH,IBr ~1h hv
CH,, ~5 min hv

X0

»

~XONO,

>

XO (X = Br, I, Cl)

<

X1 X=Cl, Brorl

aerosols

HOX —a(OT% X

»0OX0O + X

hu
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Comparison with aircraft observations (1996 — 2008)
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For more on:
- Evaluation of VSLS (Orddnez et al., ACP, 2012)
- Impact of VSLS on the Earth’s radiative balance through
their effect on tropospheric O3 (Saiz-Lopez et al., ACP, 2012)



4. Halogen-driven ozone loss in troposphere (VSL minus no VSL)

Yang et al., JGR, 2005:
4-6% trop. O, loss
(due to bromine)

Parrella et al., ACPD, 2012:
6.5 % trop. O, loss
(due to bromine)

0, celumn difference (200 hPa surface) (DU} (halogens — no halogens)

3 —1m —a
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i!: =2.500
2.750

=3.000

Troposphere (200 hPa — surface):

max mean min
-5.0 -3.0 -1.0 DU
v

~ 9% of trop. column




4. Halogen-driven ozone loss in troposphere (VSL minus no VSL)

0, celumn difference (200 hPa surface) (DU} (halogens — no halogens)
DU

= Troposphere (200 hPa — surface):

=0.250

0.500

Yang et al., JGR, 2005:
4-6% trop. O, loss
(due to bromine)

0.750
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Parrella et al., ACPD, 2012: e ~ 9% of trop. column

6.5 % trop. O, loss
(due to bromine)
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Ozone loss: Br / | contribution to trop. column - Global

Cl+Br+1

Tot




Ozone loss: Br / | contribution to trop. column - Global
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Ozone loss: Br /| contribution to trop. column - Global
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Ozone loss: Br / | contribution to trop. column - Global
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Ozone loss: Br /| contribution to trop. column - Tropics
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Ozone loss: Br / | contribution to LMS

0, column difference (tropepause + 2 km above) (DU) (halogens — no halogens})

DU

Up to ~1.7 DU O, loss

0.000

Annually-globally integrated
O, column difference D
(tropopause + 2 km above)

3H —0.250
—0.500
=0.750

e Avg. O, loss by VSLS:

—1.250

1500 3.5% (range 2-8 %)
VSL mInUS no VSL § —2:000

—2.750

—3.000

e Globally, additional O3 loss from Br and I:

VSL Br contrib. to O, loss: ~65%

| contrib. to O loss: ~34%  (but | contributes more than
Br over the tropics)



VSL minus base run




VSL bromine minus base run lodine minus base run

O,change (%) (lodine_31 — lodine_38) / (ledine36) — 2007 0change (%) (iadine_3& — iodine_36) / (jodine_36) — 2001




(VSL + IONO2 uptake) minus base run (VSL + IONO2 uptake + 120y photol)




120y photol
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