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2.3 Air Mass Trajectory Analysis

As discussed in Sect. 2.3, the NOAA HYSPLIT air mass trajectory model was used to
estimate the spatial scales of ODEs and some meteorological parameters (i.e. temperature and
wind speed). In obtaining the back trajectories, the time lengths for which the back trajectories
were run were determined by the temporal lengths of the ODEs themselves. This time length
was defined as the time between the ODE start time and the Os-decrease stop time. A
distribution of the time scale for each ODE is presented in Fig. S1. Though there is a large level
of uncertainty associated with using a back trajectory model for longer than more than a few
days (Kahl, 1993), we see the majority of events occur on a timescale of less than 4 days.
2.4 Monte Carlo Experiment

Two versions of a Monte Carlo experiments were performed to determine the statistical
probability of overlap of Os-depleted air masses with O-Buoys locations. In the first, 17
different sized, circular air masses, determined by the spatial scale estimations of ODEs
determined by O-Buoys placed in the Arctic Ocean (O-Buoysl and 2; Fig. S2) were randomly
placed in an area defined by the bounds of the sea ice in the Arctic Ocean.
3.1 Ozone Depletion Timescale

The amount of MAX-DOAS data available during the 2009 deployment of O-Buoyl in
Barrow was limited by the amount of solar radiation present. The solar elevation angle remained
low enough such that there can exist substantial gaps between subsequent periods of BrO
measurements. In spite of these gaps, the average BrO mole fractions during three ODEs were
comparable to the calculated BrO required for the observed ozone depletion timescale (Table

S1), and are discussed below.
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In the events starting 30 Mar 2009 (Fig. S3a) and 12 Apr 2009 (Fig. S3b), O; levels can
be seen to decrease as BrO begins to rise before the several hour BrO data gaps. As can be seen
from Table S1, the average BrO observed during this period was 8.5 pmol mol™ and 13.0 pmol
mol” for 30 Mar and 12 Apr, respectively, while the observed rate of O; depletion was
calculated to require 9.6 pmol mol” and 4.2 pmol mol”, respectively. The 30 Mar event
occurred with relatively steady winds (between 6 and 8 m s™), while the 12 Apr event wind
speeds gradually fell from 10 m s”'. Both events occurred under fairly steady temperatures. The
third event (02 May 2009) required 16.1 pmol mol™ BrO, while the observed BrO was 13.1 pmol
mol”. This event also occurred under steadily decreasing temperatures and calm winds (<5 m s
': Fig. S3c). While there are no BrO data at the onset of O depletion, there was a noticeable
increase in BrO levels in the mid afternoon. Forty-eight hour HYSPLIT backward trajectories
(Draxler, 1999) were computed every 2 hours during the period of O3 decrease, starting from the
O; decrease stop time (Fig. S3d,e, f). For the 30 Mar and 12 Apr events, the trajectories agreed
that the air masses travel near the coast of the Canadian archipelago, an area for which satellites
have observed enhanced BrO (Choi et al., 2012; Koo et al., 2012; Richter et al., 1998; Salawitch
et al., 2010). The trajectories during the 02 May O3 decrease showed that air had traveled from
across the sea ice in the Beaufort and Chuckchi Seas.

It would be expected that Barrow, a coastal location, would observe ODEs primarily due
to the advection of O3 depleted air, given the evolution of the solar elevation angle during polar
spring and findings from previous studies (Bottenheim and Chan, 2006; Koo et al., 2012;
Oltmans et al., 2012). The observations here are not inconsistent with these ODEs initiating
locally relative to the O-Buoy given the presence of BrO; in the absence of Os, the lifetime of

BrO is controlled by its photolysis, which is about 100 seconds (Lehrer et al., 2004; Simpson et
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al., 2007), and thus observations of local BrO in the boundary layer should be indicative of
active Os destruction chemistry. However, the gaps in the BrO data prevent us from making any
further conclusions.
3.2 ODE spatial scales

To estimate how many buoys would be required for consistent overlap of ODE sizes with
the site of O-Buoys, we repeated the Monte Carlo experiments with two additional observation
points at potential sites of future O-Buoys for a total of three observation sites. The first is near
the North Pole (86°N, 54°W), an area that has been previously shown to feature deep, long-term
depletions of O3 (Bottenheim et al., 2009). The second is in the East Siberian Sea (75°N, 170°E),
which is in an area that back trajectory studies have shown Os-poor air to originate. Figure S4
shows that, with the three simultaneously observation points, the mode of the frequency vs.
number of overlaps plot shift to 5, instead of 0 using just one observation site (Fig. 9a).
Additionally, there are no instances of the experiment in which the 17 ODEs sizes from the
distribution did not overlap with an O-Buoy.
3.3 Temperature and wind speed during ODEs

To determine whether the wind speeds observed during ODEs had some relation to
ODEs, we also examined the wind speeds during times when ozone was not depleted (non-
ODEs). In the case of wind speeds observed by the O-Buoys, the majority of wind speeds are
between 1-4 m s™' during non-ODEs (Fig. S5a) with a clear mode at 3.5 m s (median ~3.9 m s~
1. As a comparison, the wind speeds during the ODE cases typically range between 2-5 m s
with a mode of 3.5 m s™ and median of ~3.6 m s™ (Fig 12a). To determine whether wind speeds
upwind were different than those measured at the buoy, we calculated average wind speeds for

each non-ODE from the HYSPLIT backward air mass trajectories (Draxler and Hess, 1997,
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1998; Draxler, 1999) by dividing the length of each trajectory by the time span of the ODE
(ODE start time — ODE end time). The HYSPLIT analysis for the non-ODE cases showed a
mode comparable to the ODE case at 3.5 m s (median 5 m s™') with 21 of 33 cases between 5
and 6 m s (Fig. S5b). These results do not show a clear difference between wind speeds

occurring during ODEs and those occurring during non-ODEs.
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Table S1: Average BrO mole fractions during periods of Oz decrease from O-Buoyl at Barrow,

AK, MAX-DOAS, the corresponding propagated errors, and the estimated BrO required for the

observed Oj; depletion timescales based on Eq. 5 (Sect. 3.1 of the main text).

Estimated BrO
Average Measurement required from
ODE start time 0; decrease Observed  observed BrO uncertainty observed To,
(UTC) stop time (UTC) To, (hours)  (pmolmol™)  (pmol mol™) (pmol mol™)
30 Mar 2009 20:06 31 Mar 2009 19:20 243 8.5 32 9.6
12 Apr 2009 06:18 14 Apr2009 11:22  71.7 13.0 3.2 42
02 May 2009 05:51 02 May 2009 23:00 18.7 13.1 3.0 16.1
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