Questions Referee #1:

Question 1: A minor question - given that the mixing ratios of these gases are so low, it
seems unlikely that they are normally distributed. Is there any evidence that they are? |
could imagine that the atmospheric levels over the oceans represent a dilution of the
emissions with "zero air" from above. In that case, wouldn’t a log-normal distribution
better describe the data? If so, then a geometric mean (and variance) might be more
appropriate.

Reply: This objection is justified. The mixing m@gialong the cruise track in the West Pacific
are not normally distributed, which is due to timewen distribution of sources and sinks. So,
the use of arithmetic mean and standard deviadi®spuitable for a normal distribution, is
problematic in this case. As you expected, thenognal distribution does fit these data
better. We will list the measures (mean and vagabased on a log-normal distribution in
table 2. For the subset "open ocean" the use thinaetic means is justified.

The section starting on page 22207, line 15 isedds follows: “In table 2 a summary for the
datasets from the IAU Frankfurt is shown. Due ® tineven distributions of sources and
sinks along the track in the West Pacific the ngxiatio data tend to be better described by a
log-normal rather than a normal distribution. Thihg, geometric values of mean and standard
deviation were calculated for the overall summdrihs data set. (The differences between
geometric and arithmetic means are very small, torlCHBr3 a significantly higher
arithmetic mean (+13%) was determined.) For thessubf open ocean samples discussed
below, arithmetic means are given, as these haweeprto be more appropriate for this case.
CHBr$_3$ shows an overall mean mixing ratio of Gqo@1, with a range between 0.44 and
2.16 ppt. As noted above, the higher values wetectid for samples with coastal influence,
while the open ocean mixing ratios were considgriiwer. When excluding all samples

with trajectories passing through regions with éariglands, we find an average of only 0.62
ppt for CHBr$_3$. Considering the whole data sétdC2$Br$_2$ exhibits an average of
0.92 ppt and a range between 0.69 and 1.21 ppthEdimited set of samples without coastal
influence we obtain an average of 0.83 ppt for shisstance. Thus, above the open ocean
CH$ 23$Br$ 2% had somewhat higher concentrations @4Br$_33$, which can be explained
by the combination of its relatively longer lifetnand the absence of significant emissions.
The three polyhalogenated compounds show averagegmatios of 0.10, 0.20 and 0.14 ppt
(for CH$_23$BrClI, CHBrCI$_2$ and CHBr$_23$Cl respeely). The corresponding open
ocean values of 0.09, 0.17 and 0.11 ppt (in the@lboder) are also lower compared to those
with coastal influence.”

In table 2 on page 22227 the values have been etaaagordingly.

Question 2Another issue relates to the importance of coastal emissions. I see from the
data that levels are higher over coastal regions so [ agree that the emissions must be
higher. However, it is not clear to me that that means coastal emissions are important to
the stratosphere. Is it not just as likely that coastal emissions are not important because
the oceanic levels are lower? The coastal regions are very small in extent, so there needs
to be some other argument made to show coastal fluxes are quantitatively important
(perhaps based on modeling).

Reply: This is shown in former studies, e.g. Quact Wallace, 2003 (based on available
data from surface water and MBL air measuremeftss study attributes 23% of total
emissions to the narrow nearshore areas, 48% tmeatal shelf and the remaining 29% to



the open oceans. In our study we rely on thesetgative findings. Furthermore, our
measurements support these results qualitativelyaBy quantitative investigations on this
issue are beyond the scope of this paper.

Concerning the comments on the use of the Englispuage: While the reviewer, in
agreement with reviewer #4, is correct in pointing that the wording is sometimes overly
complicated, we believe that the criticism is exagted and that this is a not reason to reject
this paper. The paper has been re-edited by aensppwaker to correct for grammatical errors
and in order to ensure a better readability. This leen done in a way not to change any
statements or discussion presented in the orignaaluscript.

Questions Referee #3:

Question 1: List data: While I assume that further analyses of the West Pacific
observations onboard Sonne will follow in forthcoming publications, the List data set
will probably not discussed in more detail elsewhere? In this respect it may be
appropriate to discuss the conditions during this campaign and the results of this
campaign in somewhat greater detail. The current manuscript contains essentially only
one paragraph on the results of this campaign. The most intriguing feature of the
measurements is the increase of most of the bromocarbons by about a factor of 3 during
one event on 25 June. This is explained by "a change in catchment area from the North
Sea to the Baltic". To me this raises a number of questions: (a) how much are the
measurements influenced by local emissions from the nearby tidal flats versus transport
from more remote source regions? (b) why are bromocarbon mixing ratios so similar
between the beginning and the end of the campaign although trajectories initially come
from the North Sea and later from the Baltic? I would have expected this to be very
different environments. (c) Why does the change on 25 June lead to enhanced
bromocarbon mixing ratios? Is this related to increased wind speed? While you probably
cannot answer all these issues, it would be useful to provide more information here.

Reply: These are valuable remarks and questioissiritleed necessary to provide more
information here. On page 22206 at line 10 a nesticgewill be added:

“The similar levels of short-lived bromocarbons ev&d for air transported from both the
North Sea and the Baltic Sea lead to two importantlusions. First, the mean emission
fluxes of these species in the two environmentaepyly do not differ significantly. Second,
we conclude that local sources of brominated VSieSohminor importance, since local wind
directions changing from West (open sea) to Eafl(flats) have no noticeable impact on
the observed mixing ratios. This latter findinglso supported by the comparison of local
wind speeds and bromocarbon mixing ratios. A cati@h between these measures was
observed in former studies for regions with straegrby sources (Zhou et al., 2008), but
such correlation is not found for our data fromtLihe elevated concentrations detected on
25 June suggest that the sampled air masses hesedrextended areas of coastal regimes in
the transition zone between the North Sea anddB&éa. This would be consistent with the
importance of bromocarbon emissions in coastalrenments.”

Question 2Emission ratios: There are a number of assumptions and inherent
uncertainties in the estimated emission ratios. It would therefore be helpful if you could



give some quantitative uncertainty for the estimated emission ratios. One point that did
not come out so clear for me was if you have clear indications that the emission ratios
are universal in the sense that you expect to find the same ratios in different regions and
under different conditions, or if they represent only something like an average ratio with
individual emissions differing?

Reply: Due to the limited number (and limited cltaeaistics) of our measurements we can
just give very rough estimates of these valueghérirst step we derive lower bounds of the
emission ratios. For this we indeed have to asshate¢he emission ratios are more or less
universal. This assumption is justifiable considgrihat the results of our correlation
analyses, the two- and the three-component analysksate no significant discrepancies of
these emission ratios in the different regions. @l exception is CHBr2Cl, for which we
find several data points in the West Pacific tr@at'tlagree with the ratio values indicated by
the other data. The determination of an uncertaihtiiese lower bounds (based on
measurement precision and calibration scale unoges) would be possible, but given the
missing knowledge about natural variations, thaltohcertainty cannot be well estimated. In
the second step we compare our findings with thelt® from former studies and find the
value of 9 for CHBr3/CH2Br2 in a rough agreemerttwhe overall information from our
data. Based on this value and our observationseterdine an estimate for the
corresponding emission ratio of CHBr2CIl/ CH2Br2.

The passage starting at page 22214, line 17 igyelbaas follows: “To estimate emission
ratios from a broad database containing samplagafige of characteristics (in terms of
dilution and chemical decay processes), we comuimedatasets from the two source
regions under the assumption of (1) similar re@gwmission strengths and (2) similar lifetime
ratios in both regions. (1) is supported by thevatiindings of the two-component analyses.
(2) is also justified, given that only the ratidstee lifetimes must be similar. Hossaini et al.
(2010) found altitude dependant ratios of the laagdical lifetimes for CHBr3 and the
CH2Br2 ranging from 0.31 (16days/52days) near thfase to 0.09 (21days/237 days) in the
upper troposphere (500-200 hPa region). For thelddmposphere (1000-500 hPa) Hossaini
et al. (2010) report a ratio of 0.26 (17days:65s)ayhis compares rather well with the ratio
of local lifetimes of 0.22 (26days/120days) givgnko and Poulet (2003) for average
tropospheric conditions at about 5 km altitude. M/tiiis thus true that tropospheric local
lifetime ratios vary significantly, it seems thhetaltitude variations are much stronger than
the latitudinal variations.”

page 22200, line 13: sentence edited:

“Using a combined dataset from the two campaigmsaacomparison with the results from
two former studies, rough estimates of the molaission ratios between the correlated
substances were: 9/1/0.35/0.35 for CHBr$_3%$/CH$ r@$Bs/CHBrCI$_2$/CHBr$_2$CL”

Question 3: page 22202, line T'8:ee grass area": free of what? More generally it would
be useful to provide more information on the local environment: [ assume this is close to
tidal flats? Do you see a signature of the tides in the bromocarbon data? This could
provide some indications to discriminate local from remote emissions.

We will change this passage as follows:
“The sampling was carried out about 100 m fromehstern coast of Sylt Island. This eastern
coastline is characterized by tidal flats, while thestern coast is oriented to the open sea.”



Concerning the signature of the tides: We dond ach a relationship (now mentioned in
text, see reply to question 1 by the same refehesfead, there seems to be a signature of the
diurnal cycle during the last three days, whichlddae associated with the diurnal change of
the vertical extension of the MBL. We have decitietbave out a discussion on this issue in
the paper.

Question 4: page 22205, line 10: “Possible tempuits...were not considered”: What will
this mean for the uncertainty?

Reply: We will add the following sentence on page@s, line 10:
“An estimate of this potential error is given ircgen 5.1.”

Question 5: page 22207, line 7: “our measurememdJ:only?

Reply: “our measurements” changed to: “the IAU noeasients”

Question 6: page 22207, line 25: Is this reallydhsence of emissions?

Reply: “absence of emissions” changed to: “absefsgynificant emissions”

Question 7: page 22209, line 15: What is the mepairthe phrase “typical quantitative
ratios”?

Reply: This means that the molar emission rateketorrelated species have to show similar
ratios. “typical quantitative ratios” changed tsirhilar ratios”

Question 8: page 22211, line 20'm having some difficulties with the concept of an
"initial concentration”. To me this is a continuous process where in steady-state
emission is balanced by in-mixing (and photochemical decay). Are these only two points
of view leading to the same conclusions, or are there further assumptions involved that
justify the concept of an initial concentration?

Reply: The relationships we derive for two speewh constant emission ratios are based on
the assumption of an air parcel that is photochaliyiaging or continuously mixed with
background air of certain conditions. Other proessmixing with non-background air (air
parcels with relatively high bromocarbon mixingima) and new emissions along the pathway
are not considered. This latter scenario of comtiustemissions is theoretically described in
Carpenter et al. (2003). It is shown for this déwse the slopes of the resulting regression lines
are approximately equal to the ratios of the erarssates. Our data clearly indicate that the
scenario of measurements in some distance to threesois the most likely, with the
consequence of slopes that can deviate from theseémiratios. We need to introduce this
“Iinitial concentration” for the derivation of thbeoretical two-component relationships

(while the absolute values are not relevant forabreclusions with respect to emission ratios,
as these are derived from the slopes). But evdntilied concept of an “initial concentration
ratio” is important, as this value can never besexied in theory, no matter if continuous
emissions along the trajectory occur or not.



Question 9: page 22217, line 20: | don’t understiedeasoning for the relatively low
potential temperature. Please elaborate or jusbvem

sentence removed

Question 10: page 22218, line 15: “Given are thdrdaoutions of the different source gases to
a virtual mixing ratio of bromine atomsWouldn't it be okay just to write "the mixing
ratio of bromine atoms"?

This sentence has been deleted. Instead we plsdskosvs:

“In Table 7 the budget of organic bromine for tiresample near the LZRH is listed. For
molecules with multiple bromine atoms the initialugsce gas mixing ratio is multiplied with
the number of bromine atoms in order to derivel totamine.”

Question 11: page 22218, line 26: How reasonahtdasassume a linear drift versus an
exponential decay? How would this change the rg8do you have any possibility to
estimate this?

Reply: The degradation of the samples occurs masterf at low sample pressures. It is
therefore likely that the drift is not exponentjas would be expected for a first-order
process) but depends on time and pressure in sokmown way. We have therefore chosen
the linear decrease as the simplest possible assumphis is supported by the outcomes of
the four consecutive analyses on the two instrus@nithin five weeks) very soon after the
sampling, in which no significant decay of the $Hwed bromocarbons was observed. Thus,
a calculation using an exponential decay would teaal strong overestimation of this error.
The sentences on page 22219, lines 1-6 are editfadl@vs:

“These values are assumed to represent best estimiahe maximum error caused by
sample instabilities. The very high pressure (otiad 30 bar) has certainly stabilised the
conditions in the canisters prior to the first mgasents, so that the presumption of an
exponential decay (as indicated by the investigatmf the two-liter canisters in section 2.2)
would lead to a strong overestimation of this erfidris assumption of relatively stable
conditions at the beginning is supported by the@uies of the four consecutive analyses on
the two instruments (conducted within five weekststg about one month after the
sampling. During these measurements no signifidaoay of the brominated VSLS was
observed.”

page 22203, line 29: sentence edited:

“The laboratory analyses were conducted in July/Aungust of the same year on the Agilent-
7890 GC-MSD system and another GC-MSD system (&mnshtl) using both detector modes
El and NCI for each system.”

Question 12: page 22219, line Zan you make at least a rough order of magnitude
estimate by how much the 8 months storage time could have reduced bromocarbon
measurements?

We will edit the sentence as follows:
“Nevertheless, in the specific case of the 200%3iea samples, we expect a considerable
decay of the VSLS in the BONBON canisters duriryagge times of 8 months between



sampling and measurements. Considering the reldd@geeases as observed between initial
and repeated measurement for Teresina 2008, thleedfSLS budget 2005 is expected to be
underestimated by up to 0.3 ppt.”

Questions Referee #4-:

Question 1: The authors attempt to determine correlations and universal ratios between
the different short-lived species that can then be used to assess emissions if only one or
two of these gases is actually measured. Why should these ratios be constant? Also,
given the differences in degradation rates in and out of the water as well as the need to
cross the air-sea boundary, why should atmospheric concentration ratios relate to
production or emission ratios? Production ratios may differ in coastal and open ocean
waters. Degradation in the surface waters in coastal areas is important for bromoform,
but it may not be in a different region. The exchange between the surface water and the
atmosphere may impart changes in the ratios of the gases after production in the surface
water and thus impact their atmospheric concentration ratios. While I think the data are
important and these gases are significant sources of bromine to the stratosphere in
regions with rapid transport, I don’t think that the concentration ratios are ever going to
be suitable for using one of the VSLS gases as a proxy for another VSLS gas.

Reply: Many previous studies have found good correlations (with common regression
slopes) between the mixing ratios of, for example, CHBr3 and CH2Br2. These
observations clearly indicate the presence of typical relative emission strengths. The
estimates we give for the emission ratios are values for the fluxes into the atmosphere.
With our measurements we can, of course, make no statements for the emission fluxes
into the seawater. Differential degradation in the surface water leads to additional
variations in the emission fluxes to the atmosphere. Nevertheless, the determination of
mean emission ratios is reasonable and useful, if significant correlations are found and
the results are comparable with other observations. In the case of CHBr2Cl, our
measurements indicate inconsistencies (in the form of several outliers) leading to
limitations of the use of this approach.

The following phrases have been edited to make the above remarks clearer in the text:

page 22216, line 20 and 22221, line 11: "initial concentration ratio" -> "initial
atmospheric concentration ratio"

page 22216, line 23: "global flux estimates"” -> "global sea-to-air flux estimates”

page 22216, line 24: sentence added: "As noted above, higher global fluxes of CHBr2Cl
are likely considering the observation of several inconsistently high values near the
coastlines of the West Pacific."

page 22209, line 14: passage changed as follows:

“The presence of high correlations implies thatrélated species are emitted from the same
sources or source regions in relatively consisaadtconstant ratios. The determination of
these emission ratios can help to predict theidigions of the related species, if the
atmospheric levels of one substance are well ctarsed. It should be pointed out that only
emission fluxes into the atmosphere are relevatitisostudy. During the initial emission



from the algae species into the ocean water daegiatlues are expected, due to differential
degradation in the surface water prior to the eimmsthrough the sea surface. This however is
not of relevance to our study as we only consid@sgions into the atmosphere and make no
assumptions or conclusions about the initial emissirom the biological processes”



