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Objectives 

1.  Quantify role of halogens (bromine, iodine, and chlorine) in the 

     the photochemical of tropospheric ozone 

2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

2b. Close the bromine budget by assessing balance of loss of organics with 

appearance of inorganics 

3. Conduct dawn / dusk flights to: 

   Quantify role of VSL chlorocarbons via obs of nighttime BrCl 

   Provide sensitivity to inorganic bromine under low O3 conditions 

                  via obs of nightime BrCl & HOBr 

   Test coupling of BrO & BrONO2 via obs. of BrO, NO2, etc vs SZA 
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Saiz-Lopez et al., ACP, 2012 

Key obs: IO, BrO 

   BrCl to constrain ClO 

   H2O, CH4, CO, VOCs etc used to constrain HO2 

    Halocarbons 

     1. Role of halogens in the photochemical of tropospheric ozone 
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Saiz-Lopez et al., ACP, 2012 

Key obs: IO, BrO 

   BrCl to constrain ClO 

   H2O, CH4, CO, VOCs etc used to constrain HO2 

    Halocarbons such as CH3I, CH2I2, CH2IBr, and CH2ICL 

     1. Role of halogens in the photochemical of tropospheric ozone 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 

WMO / UNEP 2010 Ozone Assessment Report (Green Book) 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 

We’d like to help reduce this large range of uncertainty 

WMO / UNEP 2010 Ozone Assessment Report (Green Book) 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 

Bromine supplied by VSL bromocarbons leads to: 

      Enhanced ozone depletion due mainly to BrO+ClO cycle 

      BrO+HO2 catalytic cycle becomes very significant sink below 16 km 

WMO Bry VSL Bry = 8 ppt 

Salawitch et al., GRL, 2005 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 
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VSL=0 ppt VSL=5 ppt VSL=10 ppt 

OMI Total Column O3 Tropopause Pres. OMI Col. BrO 

Salawitch et al., GRL, 2010 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 Prior obs: PGI (product gas injection) of Bry could be 5 to 7 ppt 

  these obs obtained over Costa Rica; PGI could be a lot larger in TWP 

Salawitch et al., GRL, 2010 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 Prior obs: PGI (product gas injection) of Bry could be 5 to 7 ppt 

     these obs obtained over Costa Rica; PGI could be a lot larger in TWP 

Calculated distributions, CAM-CHEM, for January at  200 hPa. 

Concentric ovals indicate range of GV aircraft for a 6 hr flight and 8 hr flight, respectively. 
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We expect to quantify effect of “OH hole” on halocarbons 

                   even though OH will not be observed 

                     OH           J     Total                                                                                           

                                                   (275 K, 5 km) 

CHBr3 Bromoform    100          36      26 

 

CH2Br2 Dibromomethane  120      5000    120 

CH2BrCl Bromochloromethane    150    15000    150 

 

C3H7Br n-propyl bromide     13    >1200      13 
 

CHBr2Cl  Dibromochloromethane      120       161        69 

 

C2H4Br2 Ethylene dibromide            58          –    58 

Expect to see [CHBr3]/[CH2Br2], 

[CHBr3]/[CH2BrCl], & [CHBr3]/[C2H7Br]  

drop in air masses recently lofted 

from MBL to region of low O3 

(and presumably low OH) 

because photolytic loss will 

continue while OH loss will decline: 

we can (and will) calculate OH 

based on obs O3, H2O, CH4, etc 

but developing an empirical means 

to infer ambient OH will be an 

important compliment to modeled OH 

   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 



12 

   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

   2b. Close the bromine budget 

Prior theory: SGI (source gas injection) of Bry highly uncertain: depends on 

    efficiency of aerosol uptake and washout versus het chem release of labile bromine 

SInnhuber and Folkins, ACP, 2006 
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Daytime: 

     Key obs: CBry species, BrO, Br*, O3, HCHO 

     Key sampling strategies: target specific O3 mixing ratios 

                                                conduct nighttime flights to target HOBr, BrCl, & Br2 

Huge challenge: Bry partitions to Br under low O3 during daytime 

Br*: experimental method for quantifying 

       atomic Br by exposing air to propene 

       (C3H6) and NO, which produces 

       stable bromine compounds that can 

       be analyzed by the WAS 
    

         e.g.,  Impey et al., JGR, 1997 

Br + HCHO is route out of Br-reservoir 

   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

   2b. Close the bromine budget 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 

If ~100 ppt of chlorine gets through, this is very important for 

lowerstratospheric O3 

WMO / UNEP 2010 Ozone Assessment Report (Green Book) 
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Tilmes et al., ACP, 2012 

   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 
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   2a. Quantify delivery of halogens to the LMS via VSL halocarbons 

    Primary focus bromine but iodine & chlorine will also be observed 

 

If ~100 ppt of chlorine gets through, this is very important for 

lowerstratospheric O3 

WMO / UNEP 2010 Ozone Assessment Report (Green Book) 

CONTRAST will observed a comprehensive suite of VSL chlorocarbons plus BrCl 
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   3. Dawn dusk flights 

BrCl expected to be primary nighttime reservoir of Bry in presence of  50 to 100 ppt of Cly  
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   3. Dawn dusk flights 

Ability to measure HOBr could be useful for constraining Bry (but only if Cly << 50 ppt) 
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d(BrO)/dt & d(NO2)/dt across evening terminator will provide constraint on 

      the partitioning of BrO & BrONO2 (unless ice drives rapid formation of HOBr) 

   3. Dawn dusk flights 
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d(BrO)/dt & d(NO2)/dt across evening terminator will provide constraint on 

      the partitioning of BrO & BrONO2 (unless ice drives rapid formation of HOBr) 

   3. Dawn dusk flights 

Kreycy et al., ACP, 2013: 
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d(BrO)/dt & d(NO2)/dt across evening terminator will provide constraint on 

      the partitioning of BrO & BrONO2 (unless ice drives rapid formation of HOBr) 

   3. Dawn dusk flights 

Thorn et al. 1993

& Sander et al. 1981

lab studies

Danis et al. 1990

lab study

IUPAC 2010

JPL 2010

Thorn et al. 1993

& Sander et al. 1981

lab studies

Danis et al. 1990

lab study

IUPAC 2010

JPL 2010

kBrO+NO2+M is also uncertain 

Reactions considered:
Br+HO2

Br+O3

BrO+NO

BrO+NO2

Br+H2CO

JBrNO3

JHOBr

Reactions considered:
Br+HO2

Br+O3

BrO+NO

BrO+NO2

Br+H2CO

JBrNO3

JHOBr

Uncertainty in kBrO+NO2+M largest contribution t 

uncertainty in BrO/Bry 
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d(BrO)/dt & d(NO2)/dt across evening terminator will provide constraint on 

      the partitioning of BrO & BrONO2 (unless ice drives rapid formation of HOBr) 

   3. Dawn dusk flights 

Sunset measurements of BrO, NO2, & O3, if executed properly, could add to 

the long legacy of evaluating atmospheric photochemical mechanisms: 

•  Salawitch et al. (GRL, 1994) for JO3O(1D) 

•  Stimple et al. (JGR, 1994) for JClONO2 

•  Lary et al. (JGR, 1996) for JHOBr  

•  Gao et al. (JGR, 2001) for JNO2 

•  Salawitch et al. (GRL, 2002) for near-IR photolysis of HO2NO2 

•  Stimpfle et al. (JGR, 2003) for JClOOCl 
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Observation  Instrument  Investigator Meas. Synergy 

O3 Fast O3 Weinheimer, Campos, Flocke GH, BAe 

H2O Vapor VCSEL RAF GH, BAe 

CO ACD (VUV) Campos GH, BAe 

CH4 ACD (Picarro) Flocke GH, BAe 

CO2 ACD (Picarro) Flocke GH, BAe 

NO, NO2 ACD (Chemiluminescence) Weinheimer, Campos, Flocke BAe 

BrO, HOBr, BrCl, Br2 (in situ) CIMS Huey BAe 

BrO, IO, H2CO (remote) CU-AMAX (DOAS) Volkamer GH 

NMHC, short lived tracers, HCFCs, halocarbons AWAS Atlas GH, BAe 

VOCs, NMHCs, OVOCs, halocarbons, etc # TOGA Apel, Riemer None 

Aerosol (number, size, distribution) UHSAS RAF or Dave Rodgers None 

Cloud detection (in situ) CDP, 2D-C RAF or Al Cooper GH (remote) 

Microwave Temperature Profiler MTP Haggerty GH 

Radiation (UV/VIS) HARP Hall GH, BAe 

#  TOGA is capable of measuring: 
Hydrocarbons: Propane, 1-Butene, i-Butene, Butane, i-Butane, Benzene, Tolouene, Ethyl Benzene, t-2-Butene, c-2-Butene, Pentane,  
   1,3-Butadiene, Limonene, Isoprene, t-2-Pentene, c-2-Pentene, i-Pentane, o-Xylene, m/p-Xylene, 1,3,5-Trimethylbenzene,  
   1,2,4-Trimethylbenzene, α-Pinene, β-Pinene, Camphene, Myrcene 

Oxygenates: Acetaldehyde, Propanal, Butanal, Pentanal, Methacrolein, Methyl Vinyl Ketone, Methyl Butenol, Methanol, Ethanol, Acetone,  
   Butanone, 2-Pentanone, 3-Pentanone, Methyl t-Butyl Ether 

Halocarbons:  CHCl3, CH2Cl2, CH3Cl, CH3Br, CH2Cl4, C2Cl4, CCl4, CFC-113, HCFC-141b, HCFC-134a, C2H4Cl2, CH3I 

N & S compounds: CH3CN, DMS 

CONTRAST GV Payload 
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CAST BAe-146 Payload 



26 

ATTREX GH Payload 


