Potential for enhanced halogen-catalyzed ozone loss in conditions of high water vapor and low temperature
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Introduction The Role of Bromine |. Reduce Impact of Oxygen
The impact that climate change will have on the processes that control In addition to the mechanism involving ClO alone, the link with One way to reduce the deleterious effects of oxygen on bromine sensitivity is
mid-latitude ozone is a primary concern. Most notable is the realization BrO significantly amplifies potential ozone losses through the to decrease the O, absorption pathlength by bringing thelamp and PMT close
that modest increases in water vapor concentration or small decreases in ClO + BrO - Cl + Br + O, rate-limiting step. together. This was the primary method employed in a preliminary attempt
temperature can trigger extremely rapid conversion of HCl and CIONO, to to improve bromine detection capability during the SOLVE mission.
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latitude ozone losses is a dominant issue. FRACTION FRACTION 8 03 (10 #/cc)
_ L , , , , An alternate, and more promising, method to minimize the deleterious im-
Dominant rate-limiting reactions controlling the photochemical loss of ozone in the lower . . .
) T T Total Ozone Adjusted for Seasonal, QBO, and Solar Effects (smoothed) stratosphere (Salawitch et al., 2005). An increase in BrO of only 8 ppt substantially elevates the role pact of oxXygen involves a pump-down teChnlque' Decr casing the pressure
o : of the bromine/chlorine catalytic step in lower stratospheric ozone loss. in the flight instrument duct significantly reduces both oxygen absorption
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| : o CIOOCl in flight. Increasing the amount of light from the bromine lamps can most effectively

be achieved by increasing the RF power, but a complete redesign of the lamp-
module system is required, and there are notable challenges:
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, * Electronics capable of generating high RF power for extended periods of time

Forcing of climate by increases in CO, and H,O that radiatively cool the * Prevention of RF interference with surrounding electronics at high power
lower stratosphere, along with increases in stratospheric water vapor, e Sufficient dissipation of the large heat generation in the lamp housing
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Observations of highly elevated water vapor convected into the cold
lower stratosphere are now recognized to be ubiquitous, and they raise . . . . . . . L
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the potentlal for amphfymg the destruction of ozone bY catalytlc loss. emission spectrum of a bromine RF lamp from 115 to 158 nm. Oxygen absorbs all signal from the mine lines and the 121.6 nm Lvman-a impuritv. we have pursued several
Examples of the mounting series of water vapor observations from recent bromine lines above ~132 nm and significantly reduces the signal of all other bromine lines below wvenues of flterin Our’ lam o}lflt It p Y p
. . . . 132 . .
NASA airborne missions are seen in NOVICE, AVE-WIFE, CRYSTAL- o 5 pOHP
FACE, and CWVCS. . . , * No suitable commercial filters exist for this wavelength region.
Significant progress has been made recently in our laboratory effort aimed . - < hed b
o
NV AVEIE 2005 Latiude = 2qN at improving the detection sensitivity for bromine. The laboratory work has ¢ 10T gas lillet oplions researchied, none are suitable.
, - . summer Latitude > . . . . . .
sgo T AT centered on three avenues of improving signal-to-noise. e Alkalihalide windows are effective — have very sharp transmission cutofls
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of ozone loss to high water and low temperatures at mid-latitudes. S §
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22 (PP limit for BrO in the lower stratosphere and troposphere relative to what
' has ﬂown before. Work iS on Oin to incor Orate these demonstrated 'The Combined eﬂ:eCtS Of ﬁltering a Br lamp Wlth MgF2 or SI'F2 WindOWS and d N2 or air gas fill in
Water vapor profiles observed by the Harvard Lyman-o. instrument on the NASA WB-57. : 1 the lab 5 g h ﬂph . the detection volume, as labeled. Using a SrF, window or CaF, window (not shown) is useful in
improvements in the laboratory into the flight instrument. eliminating the H atom impurity line at 121.6 nm.




