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Halogens destroy tropospheric ozone, and thus OH
How relevant is halogen chemistry?
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Oxidation of long-lived gases by OH is mostly in tropics

monthly methane oxidation (GEOS-Chem)
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BrO comparison: GOME-2 with GEOS-Chem, p-TOMCAT

Satellite:

(Chance et al., 1998; Wagner et al., 2001; Richter et
al., 2002; Van Roozendael et al., 2002; Theys et al.,
2011)

Ground :

(Hendrick et al., 2007; Theys et al., 2007; Coburn et al.,
2011; Coburn et al., 2014, in prep.)

Balloon:

(Pundt et al., 2002; Schofield et al., 2004, 2006;

Dorf et al., 2008)
o GOME-2 observations
- GEQOS-Chem

Troonospheric BrO Column (10 cm™)

. = with air mass factor correction
MOdeIS' == without HBr+HOBr
(Saiz Lopez et al., 2012; Parrella et al., 2012) = p-TOMCAT
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—in the tropics

Theys et al. [2011]

Halogens deplete the O; column by ~10% in the tropics (Saiz-Lopez et al., 2012)
Parrella et al. [2012]



Trace Organic Gas Analyzer (TOGA)

VOCs: NMHCs (C3-C10), OVOCs (C2-C9), HVOCs

High selectivity GC/MS
2 minute continuous analyses of 50 VOCs

Semi-autonomous operation up to 50,000 ft
TORERO, DC3

TOGA on GV aircraft

Eric Apel

Alan Hills

Becky Hornbrook

Dan Riemer (U Miami)
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Instrument designed to
have very low limits of
detection (low — sub pptv)

CU AMAX - DOAS

Volkamer group

Parameters Detection limit* /
measured by Accuracy

CU AMAX-DOAS

BrO 0.3 ppt **

10 0.05 ppt

HCHO 100 ppt
CHOCHO 3 ppt

H,0 5 ppm (590nm)
NO, 10 ppt

0OcClo 0.7 ppt

HONO 12 ppt

Aerosol extinction 0.01-0.03 kmt
from O, at 360, 477,

and 577nm

* 30 sec; ** 60 sec integration time

Forward S B 1
NADIR + 2x slant down (not Shown)




CU-AMAX-DOAS instrument aboard NSF/NCAR GV

University of Colorado Airborne Multi-AXis Telescope pylon
Differential Optical Absorption Spectroscopy
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Altitude (km)
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BrO and IO detection SH tropical troposphere
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* NH/SH tropics:
SH sub-tropics:
SH mid-latitudes:




Double tropopause & tropical flights

SH mid-latitudes SH subtropics
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Vertical profiles & comparison with models
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 GEOS-Chem: underestimates BrO by a factor 2-4
 Box-model (organohalogens, aerosol SA) -> even less BrO
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Observatory, Hawaii
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Robustness of the BrO dSCD retrievals

RF05

3-band analysis
—e—RMS -—-e-BrOOD

Aliwell et al settings
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Altitude (km) BrO dSCD with HCHO (10" molec cm”)

* References: consistent dSCD offset between different geometries
« MBL limb, zenith, -10EA reference contain variable amount of Ring
e BrO in MBL: no evidence in our spectra (upper limit ~ 0.5 pptv)

* BroO fit settings: 3-band analysis; BrO is conservatively bound

* Including/excluding HCHO has no effect on BrO dSCDs



Decouplmg the stratosphere & RTM
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Sources from multiphase chemistry, organo halogens
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ABrO (unexplained BrQO) — correlations

Tropospheric air
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Unexplained BrO in the upper tropical FT:

— correlates with uFT exposure, decreasing H,0/0; ratios (stratospheric tracer)

— Is anticorrelated with aerosol SA
— BrO in the lower stratosphere seems further to be underestimated




Influences from mid-latitude lower stratosphere

on the tropical upper free troposphere?
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UTLS evidence for persistent forcing of mid-latitude lower
stratopsheric air into the upper tropical troposphere

05 January 2010
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Figure 8: GFS model analysis of potential vorticity (orange filled contours) and wind
speed (blue contours, 30 and 40 m/s) at 150 hPa on 5 January 2010 at 12 Z. Dashed lines
indicate the locations of the cross sections shown mn Figures 6 and 7.

Waugh and Polvani, 2000, GRL
Munchak & Pan, 2014, JGR in press



Relevance for O, loss rates
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Relevance for HO, and mercury

Measured BrO === Obs vs Box-model 1
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* Halogen chemistry: reduction in O, is ~8 times stronger than
secondary OH source = CH, lifetime?

* Our measurements constrain the mercury lifetime, and
suggest mercury is oxidized faster, than
current models suggest



Conclusions

* BrO is detected reqularly above 2-4 km; BrO and 10 are
abundant throughout the air column
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Consistent with the GOME-2 satellite, ground-based MAX-
DOAS data (Theys etal., 2011)

~8 times higher than direct-sun profiles (Dorf et al.)
~2-4 times more than predicted by models

BrO in the lower stratosphere seems slightly higher than
predicted
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