Evidence that Palmer Station Antarctica seasonal O, and CO, ™\
cycles understate regional marine boundary layer means
(with significant implications for ocean model validation)
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ABSTRACT .
The Scripps O, Program has collected biweekly CO, and O, flasks samples from ) APO, a.k.a. Oceanic 02 [per meg] — 02 + (1 o /0.2094) * COZ
Palmer Station, Antarctica (PSA) since 1996. These data have served as an invaluable
representation of regional carbon cycle signals, and play an essential role in evaluating _ . . . .
how well ocean models capture Southern Ocean dynamics and surface productivity. 80’ CESM ?2 (and O”cean.lc O2) is .rep.)orted”m unl’Fs”of
Atmospheric CO, data reflect interfering oceanic solubility, upwelling and productivity o 60 s e ESM2G / per meg’, notionally similar to “per mil’, but a one
signals, and are buffered by carbonate chemistry. Because of this, atmospheric O,, ‘é’ 40 i 6 1y, part in a million deviation from a standard
and the rela.ted ”?tmospheric potgntial oxygen” (APO) quantity provide a much clgarer = 20 p— e reference gas. A change of 5 per meg in O is
representation o s.easonal oceanic carbon cycle processes than CO, alone. Thgre IS 2 o Hadaemzl 4 roughly equivalent to a ppm because it is relative
growing evidence in the oxygen measurement community, however, that Scripps . .
: : : O 20 to O, (~20.94% of atmosphere). Oceanic O, is
Palmer Station APO data may not accurately represent a regional marine boundary a - ) o
layer (MBL) mean, possibly because of wind direction sampling selection criteria that < .40 computed by “removing” the measured atm. CO;
tend to favor downslope flow from the glacier above the station, and mountains to the East. -60 associated with land photosynthesis/respiration
In-situ shipboard data takgn on t.h.e ASRV Laurence M. Gould betwgen 2012 and.201 6 near -- assuming a stochiometry of 1.1 mol O,:1 mol CO..
Palmer Station confirm this suspicion: a comparison of two-harmonic fits to station and
Gould datag suggests that the flasks understate the regional mean MBL seasonal cycle by Figure 1. cMiPs model atmospheric potential (oceanic) - S—
at least 15%. We present an observation- and modeling-based study of the differences in oxygen estimates from Nevison et al., 2016. All models I 0 NGO O 5
the two datasets, leveraging recent airborne data near Palmer Station from the ORCAS anticipate the timing of, and overstate the amplitude of the =
. . . . - seasonal cycle relative to observations at Palmer Station, pn
campaign on the NCAR Gulfstream V. We focus on addressing sampling bias, and reconciling Antarctica. =
prior measurements with current understanding so that scientists can better evaluate ocean 2 =
models with representative data. > 5
= 32
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FINDINGS AND CONCLUSIONS: S 120
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ASRV Gould data show significantly earlier oceanic oxygen peaks (~1 month), and = -
100 | | | | | | | | | | ° ° ° ° ° -
_____ ORCAS REO1. YDI5 . larger amplitudes (~15%) than Palmer Station flasks, with Gould values diverging sub- &
200k _*_gﬁff)gsl ﬁl)ngD“. \ ] stantially in austral summer (peak) times, but not during September (nadir) times. Wind S ) - wieoo, & rsaco, 83
— HIPPO2,YD315 ~ -.. domains for the two datasets at Palmer Station are very different, and HYSPLIT back tra- s s g e
300 —— HIPPO3, YD95 < "\ _ : : : " " :
HIPPO4. YD179 ) jectories suggest that sample air from the “Palmer” domain tends to descend over the
= a0 | PROS, YDA _ Antarctic Peninsula before reaching the station, while “Gould” domain air tends to o - wecom - esmoom | 2
E arrive at Palmer Station after traversing open ocean, largely marine boundary layer, 1y T
g 5007 l conditions. Accordingly, the two wind domains represent very different provenances, 9
g= . P po . . <
< ol | q with the “Palmer” domain representing roughly half boundary layer, and half free tropo- =
2 g sphere air. Analysis of interannually detrended vertical aircraft profiles sampled at the o8
& 700F < 1 same latitude in the HIPPO and ORCAS campaigns shows that the vertical gradient in )
ol = ’ | oceanic O, is steep at peak times, and virtually non-existent at the nadir, suggesting 0
, that a mixture of surface and deep troposphere air would be similar to surface values ”
L ey - near the seasonal nadir, but very different from surface at the seasonal peak. This sug- s | . S
“ gests that Palmer Station flask data do not represent marine boundary layer conditions e e st e
00 S0 40 30 20 -10 0 10 20 30 40 50 well, especially at the seasonal atmospheric peak. 2012 2013 2014 2015
APO [per meg] .

: i i i Figure 2. AsRv Gould in situ (LMG) and Palmer Station Flask dat
Figure 6. Vertical profiles of APO from HIPPO and ORCAS campaigns, showing Several rgcent studies .(e.g. Newso‘n etal. 2012, 2016, Rodgers et al. 2013) use oc?an|c (P sg) comgared RV.C gl:egi:g situ, (ata s())g;mh ofa5r6n§r(u ':F:;;" Flas da:\a?ust
that the boundary layer and free troposphere are quite different in value depending 02 to validate ocean blogeochemlstry results over the Southern Ocea N, as mentioned at Palmer Station (lower). Gould data show larger, earlier seasonal cycles
on time of year, with little expected offset from surface values at the nadir, but with : . : in both cases, with differences between records much more pronounced
large (~10+ per meg) offsets expected due to mixing of back-trajectory particles at peak. in the abstract. We suggest that future such studies rely on Gould observations as a in austral summer (January) than at the nadir (September).

representation of marine boundary layer conditions along the south edge of the Drake
Passage for now. However, we anticipate producing an averaging kernel to represent
the height spectrum of Palmer Station flask samples so that modelers can sample from
multiple atmospheric levels for future Palmer Station comparisons. 2-Harmonic Seasonal Amblitude
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Figure 3. 2-harmonic seasonal amplitude of Gould in situ data

Figure 5. Comparison of typical back-trajectories for Gould in situ (left) and Palmer Flask : . . . X
(right) wind domains, showing that the Antarctic Peninsula and Anvers Island Glacier strongly influence by 1-degree bins (circles), showing that shipboard data predicts

the origin of particles, causing Palmer flask samples to be representative of a rough average of the o . . . . i much larger seasonal amplitudes south of 57°S than Palmer
atmospheric column, while Gould samples represent almost exclusively marine boundary layer air. Flgure 4. Palmer Station and ASRV Gould acceptable sampling wind domains, and local spheres of influence. Station (circle with cross) shows.






