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Abstract

The water mass assembly of Nares Strait is variable, owing to fluctuating wind forcings over the Arctic Basins, and irregular

northward flows from the West Greenland Current (WGC) in Baffin Bay. Here we characterize the physico-chemical properties

of the water masses entering Nares Strait in August 2014, and we employ an extended optimum multi-parameter (OMP)

water mass analysis to estimate the mixing fractions of predefined source water masses, and to distinguish the role of physical

and biological processes in governing the distribution of dissolved inorganic carbon (DIC) in Nares Strait. We show the first

documented evidence of Siberian shelf waters in Nares Strait, along with a diluted upper halocline layer of partial Pacific-origin.

These mixed-origin water masses appear to play an important role in driving a modest phytoplankton bloom in Kane Basin,

leading to decreased surface pCO2 concentrations in Nares Strait. Although inorganic nitrogen was already limited in the

surface mixed layer in northern Nares Strait, the unique properties of mixed Atlantic-Pacific water facilitated upwelling and

nutrient supply to the surface. These observations suggest that the positioning of the Transpolar Drift, and hence the balance

of Atlantic and Pacific water delivered to Nares Strait, is likely to play an important role in regional biological productivity

and carbon uptake from the atmosphere. We also observed water masses from the WGC transported as far north as Kane

Basin, contributing to relatively high pCO2 and low pH in the intermediate and deep water column of southern Nares Strait

and northern Baffin Bay.
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Key Points:

• Siberian shelf waters are identifiable in Nares Strait, in the high Canadian
Arctic Archipelago

• The position of the Transpolar Drift determines surface water properties
in Nares Strait, affecting regional productivity and CO2 uptake

• Primary production is limited in Nares Strait due to nutrient-limited sur-
face waters, but plays an important role in lowering surface pCO2

Abstract

The water mass assembly of Nares Strait is variable, owing to fluctuating wind
forcings over the Arctic Basins, and irregular northward flows from the West
Greenland Current (WGC) in Baffin Bay. Here we characterize the physico-
chemical properties of the water masses entering Nares Strait in August 2014,
and we employ an extended optimum multi-parameter (OMP) water mass anal-
ysis to estimate the mixing fractions of predefined source water masses, and
to distinguish the role of physical and biological processes in governing the dis-
tribution of dissolved inorganic carbon (DIC) in Nares Strait. We show the
first documented evidence of Siberian shelf waters in Nares Strait, along with
a diluted upper halocline layer of partial Pacific-origin. These mixed-origin
water masses appear to play an important role in driving a modest phytoplank-
ton bloom in Kane Basin, leading to decreased surface pCO2 concentrations in
Nares Strait. Although inorganic nitrogen was already limited in the surface
mixed layer in northern Nares Strait, the unique properties of mixed Atlantic-
Pacific water facilitated upwelling and nutrient supply to the surface. These
observations suggest that the positioning of the Transpolar Drift, and hence the
balance of Atlantic and Pacific water delivered to Nares Strait, is likely to play
an important role in regional biological productivity and carbon uptake from
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the atmosphere. We also observed water masses from the WGC transported as
far north as Kane Basin, contributing to relatively high pCO2 and low pH in
the intermediate and deep water column of southern Nares Strait and northern
Baffin Bay.

Plain Language Summary

Nares Strait is the northernmost outflow channel of the Arctic Ocean, located
between Ellesmere Island and northern Greenland. The physical and chemical
properties of the waters exiting the Arctic Ocean through Nares Strait play an
important role in freshwater transport, carbon dynamics, and in supplying nu-
trients to marine ecosystems downstream, including delivery to the historically
productive North Water polynya region. The water masses transported through
Nares Strait are known to change depending on the predominant wind patterns
over the Arctic Ocean. Here we document the export of surface waters that
originated from the Siberian shelf seas, on the other side of the Arctic Ocean,
carrying with them a strong river water signal. We also capture the north-
ward transport of water from eastern Baffin Bay into Nares Strait. This study
demonstrates that the carbon dynamics in Nares Strait are largely dictated by
mixing of water masses from the north and south, although local biology plays
an important role in facilitating CO2 drawdown in Nares Strait and further
downstream.

1 Introduction

The many channels of the Canadian Arctic Archipelago (CAA) represent an
important export pathway for Arctic outflow waters and the transport of fresh-
water to the North Atlantic (Carmack et al., 2016). Located between Ellesmere
Island and Greenland, Nares Strait is the northernmost outflow gateway of the
Arctic Ocean, and one of two main passages through the CAA (Figure 1). Nares
Strait connects the Lincoln Sea, an ice-covered continental shelf sea, with north-
ern Baffin Bay, which harbors the ecologically significant North Water (NOW)
polynya, or Pikialasorsuaq in Greenlandic (Eegeesiak et al., 2017). Nares Strait
is largely a flow-through system, transporting Arctic waters southwards through
a series of channels and basins, which from north to south are: Robeson Chan-
nel, Hall Basin, Kennedy Channel, Kane Basin, and finally Smith Sound (Figure
1a). The net southward volume transport through Nares Strait is estimated to
be 0.8 ± 0.3 Sv, approximately equal to the net volume flux of Pacific water
into the Arctic Ocean via Bering Strait (Münchow et al., 2006). In Kane Basin
the seafloor shallows to a minimum sill depth of 220 m, allowing only a portion
of deep Atlantic-origin waters to be exported from the Arctic Ocean.

Previous studies have shown that the region north of the Lincoln Sea acts as
a switchyard, directing either Pacific- or Atlantic-origin surface waters towards
the Lincoln Sea and Nares Strait depending on the predominant atmospheric
circulation patterns and the location of the Transpolar Drift (TPD; Jackson et
al., 2014; Newton & Sotirin, 1997; Steele et al., 2004; de Steur et al., 2013).
The TPD is a surface current of water and sea ice that forms at the intersec-
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tion of two gyres in the central Arctic Ocean: the anticyclonic Beaufort Gyre
that dominates the surface circulation of the Amerasian Basin; and the cyclonic
circulation over the Eurasian Basin (Figure 1b). The position of the TPD has
been found to vary, from being roughly aligned with the Lomonosov Ridge dur-
ing periods of predominantly anticyclonic circulation (an expanded Beaufort
Gyre; negative Arctic Oscillation index), to beginning closer to the Chukchi
shelf, spreading along the Mendeleyev Ridge during periods of predominantly
cyclonic circulation (a contracted Beaufort Gyre; positive Arctic Oscillation in-
dex) (Morison et al., 2012; Steele et al., 2004). The spread of Pacific waters into
the central Arctic Ocean is dependent on the expansion versus the contraction
of the Beaufort Gyre, and thus the orientation of the TPD also largely deter-
mines the location of the Pacific/Atlantic front (Alkire et al., 2021). Steele et al.
(2004) reported a connection between the onset of a positive Arctic Oscillation
(AO) index in the early 1990’s and the arrival of relatively warm (temperature of
−1.2 °C) summer Pacific waters in the Lincoln Sea, following an approximately
3-year time lag. Later deSteur et al. (2013) reinforced these findings, also not-
ing large freshwater anomalies in the Lincoln Sea coinciding with the arrival of
summer Pacific waters, but found the time lag could vary from zero to 3 years.
Other recent studies in the Lincoln Sea and Nares Strait have documented signif-
icant interannual variability in the water mass assembly, with inputs from both
the Amerasian (Pacific-influenced) and Eurasian (Atlantic-influenced) basins
(Alkire et al., 2010; Hamilton et al., 2021; Jackson et al., 2014; Münchow et
al., 2007). Depending on the configuration of the TPD, in any particular year
the Lincoln Sea (and Nares Strait) may receive surface waters from the west
Siberian shelves (Atlantic-origin) or the Chukchi shelf (Pacific-origin). The in-
fluence of this “switchyard effect” (the changing positioning of the TPD) on the
waters transported through Nares Strait has not been studied, and may have
implications for the export budgets of freshwater and carbon from the Arctic
Ocean.

The Lincoln Sea is also the location of the Last Ice Area, the region where
multiyear sea ice is expected to persist longest in the face of climate change
(Moore et al., 2019). Historically, the formation of an ice arch at Smith Sound
has contributed to both the longevity of the Last Ice Area and the formation
of the NOW polynya. However, since the 1990s the timing and location of
the ice arch has become increasingly variable, with the ice arch forming later,
breaking up earlier, and occasionally forming farther north, at the boundary
between Nares Strait and the Lincoln Sea (Figure 1a; Vincent, 2019). When
the ice arch is not present the southerly flow of sea ice through Nares Strait
can substantially decrease downstream salinity in the Labrador Sea (Barber et
al., 2018; Kwok et al., 2010) and increases the export of multiyear sea ice from
the Last Ice Area (Moore et al., 2019; Ryan & Münchow, 2017). This can also
have negative consequences for annual primary production in the NOW polynya
region, as thick multiyear sea-ice floes shade the upper water column, limiting
light availability for phytoplankton (Blais et al., 2017; Marchese et al., 2017).

The NOW polynya region in northern Baffin Bay has its own unique water
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column characteristics, governed by the convergence of Arctic outflow waters
from Nares Strait with a separate water mass assembly transported northwards
by the West Greenland Current (WGC) from the subpolar North Atlantic (Bâcle
et al., 2002; Lobb et al., 2003; Melling et al., 2001; Mortensen et al., 2022;
Rysgaard et al., 2020). At the front where these two water mass assemblies
meet, cross-frontal gradients in temperature and salinity have been found to be
largely density compensating, leading to a high degree of isopycnal interleaving
(Lobb et al., 2003). The complex bathymetry of the NOW region plays a key
role in directing the interaction of these water mass assemblies, as the majority
of WGC waters follow the 600 m isobath westwards across northern Baffin Bay
without entering the NOW polynya region. A smaller portion of the WGC
follows the 400 m isobath entering the NOW region from the southeast, and
has been observed as far north as Smith Sound where it is forced southwards
again by the shoaling bathymetry (Melling et al., 2001). Sporadic net northerly
flows have been documented across Smith Sound, but the frequency of these
events is not regular and the forcings that drive them are only just beginning to
be understood (Melling et al., 2001; Münchow et al., 2015; Myers et al., 2021).
For example, Myers et al. (2021) recently linked a month-long net transport
reversal in Baffin Bay and Nares Strait to an anomalous wind pattern along
West Greenland.

Variability in the water mass assembly and sea-ice cover in Nares Strait have
implications for freshwater and nutrient budgets, and for biogeochemical pro-
cesses such as air-sea CO2 exchange, primary production, and ocean acidifi-
cation. This water mass variability impacts not only the biogeochemistry of
Nares Strait, but also that of ecologically important downstream regions such
as the NOW polynya. Despite the importance of Nares Strait as a conduit
connecting the greater Arctic Ocean to northern Baffin Bay and ultimately the
North Atlantic, very little is known about the biogeochemical processes occur-
ring within these waters, nor about the transport and distribution of dissolved
carbon. A former study, using a portion of the data presented here, identified
relatively high surface CO2 partial pressure (pCO2) coinciding with a strong
riverine signal in Nares Strait in August 2014 (Burgers et al., 2017). This study
builds on those initial findings by investigating the water mass assembly that
was present in Nares Strait at that time. Here we employ an extended opti-
mum multi-parameter (eOMP) analysis to characterize and trace the various
water masses transiting through Nares Strait, and to distinguish the impacts of
physical (water mass transport) and biological processes on the observed distri-
bution of dissolved inorganic carbon (DIC). The objectives of this study were
to investigate: (1) the origins of the water masses observed in Nares Strait,
(2) the carbonate chemistry and nutrient concentrations of these water masses,
and (3) the biogeochemical processes occurring within Nares Strait that affect
the observed water column distribution of DIC. Finally, we will put our results
in context by describing the possible variability in the water mass assembly of
Nares Strait that may affect the future carbon dynamics and primary production
in this region.
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2 Data and Methods

2.1 Setting

Sampling for this study was conducted during the 2014 ArcticNet scientific
cruise onboard the Canadian icebreaker CCGS Amundsen, starting with an east-
to-west transect of stations across the NOW region from 30 July to 1 August
(stations 115 to 101, Figure 1a). The Amundsen then transited north in Nares
Strait before completing a north-to-south series of stations from the northern
end of Kennedy Channel (station Ken1) on 3 August back into the NOW region
of northern Baffin Bay (station 120) on 6 August (see Table S1 for sampling
times and exact locations). At the time of sampling the NOW polynya ice
arch remained present at the northern end of Kennedy Channel, causing sea ice
concentrations to remain above 90% north of 81.5 °N, with mainly open waters
southwards where our sampling was conducted (Figure 1a).

Figure 1: (a) Map of the study area, with water column sampling stations indi-
cated as coloured dots, and the Nares Strait transect referred to throughout the
text indicated by a red outline. Stations plotted as blue dots indicate the north-
ern source region, while stations plotted as red triangles indicate the southern
source region, relevant to our eOMP analysis (see section 2.4), stations plotted
as grey dots represent the mixing region between the two source regions. Areas
where sea-ice concentrations were >90% at the time of sampling are shaded
white, based on weekly ice charts from the Canadian Ice Service. (b) Map of
the Arctic Ocean with major surface circulation features (arrows), including the
Transpolar Drift (TPD; red arrows). Solid and dotted lines indicate the position
of these features during a negative and positive Arctic Oscillation index, respec-
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tively. Outflow locations of major Arctic rivers are shown in cyan, with the
current study area outlined in white. Abbrevations: Baffin Bay (BB), Laptev
Sea (LS), East Siberian Sea (ESS), Chukchi Sea (CS), Lomonosov Ridge (LR),
Mendeleyev Ridge (MR), Transpolar Drift (TPD). Maps created using Ocean
Data View software (Schlitzer, 2020).

2.2 Sampling and sample analyses

At each sampling station seawater was collected with 12L Niskin-type bottles
mounted on a rosette system equipped with a SeaBird 911plus CTD, as well as
sensors for chlorophyll fluorescence (SeaPoint), dissolved oxygen (Seabird SBE-
43), and fluorescent colored dissolved organic matter (fCDOM, WetLabs ECO).
 Salinity is reported using the practical salinity scale 1978 (PSU). The oxygen
sensor was calibrated onboard against Winkler titrations, and the chlorophyll
concentrations from the fluorescence probe were calibrated from extracted Chl
a (Amundsen Science Data Collection, 2018). The fCDOM units are relative
from factory calibrations. Discrete water samples were collected for the analysis
of nutrients (including nitrate, nitrite, ammonium, phosphate, and silicate),
and the inorganic carbon system (dissolved inorganic carbon [DIC] and total
alkalinity [TA]). Discrete samples were collected at standard depths of: 2, 10,
20, 30, 40, 50, 60, 70, 80, 100, 125, 150, 175, 200, 250, and 300 m with any
depths greater than 300 m being sampled at 100 m intervals to a maximum
depth of 10 m above the sea floor. If required an additional sampling depth
was added at the chl-a maximum. At some stations DIC/TA samples were only
collected at the surface and 10 m depth; stations with full DIC/TA profiles are
indicated in Table S1.

Nutrient samples were collected directly from the Niskin-type bottles with sy-
ringes, filtered in-line (Swinnex-mounted, Whatman GF/F), and captured in
acid-cleaned polyethylene tubes. Nutrient concentrations for nitrate+nitrite,
ammonium, phosphate, and silicate were measured colorimetrically with a Bran
and Luebbe AutoAnalyzer III (Hansen & Koroleff, 1999) within a few hours of
collection onboard the ship.  Analytical detection limits were 0.03 µM for nitrate,
0.02 µM for nitrite, 0.05 µM for phosphate, and 0.1 µM for silicate. Ammonium
concentrations were measured using the method of Holmes et al. (1999) with a
detection limit of 0.02 �M.

Seawater samples for analysis of the carbon dioxide system were collected and
analyzed following standard protocols (Dickson et al., 2007). Samples were col-
lected in 250-mL glass bottles, preserved with 100 µ L of saturated mercuric
chloride solution, capped with ground glass stoppers greased with Apiezon M,
and sealed with electrical tape. Replicates were collected from at least one
Niskin-type bottle per rosette cast. Samples were then stored in the dark at 4℃
until arrival and analysis at the Institute for Ocean Sciences in Sidney, British
Columbia, within 10 months of collection. The coulometric DIC analysis uti-
lized either a SOMMA or VINDTA 3D (MARIANDA) extraction system. Mea-
surements of TA used open-cell potentiometric titrations with nonlinear least
squares end-point determination. Both of these measurements were calibrated
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against certified reference materials (CRM batches 88, 115, and 133, provided
by Andrew Dickson, Scripps Institute of Oceanography). Analyses of duplicate
DIC and TA samples indicate a precision of ± 1 µmol kg-1 and ± 3 µmol kg-1,
respectively. Following the determination of DIC and TA, we calculated in-situ
pH on the total scale (pHT), the partial pressure of CO2 (pCO2), aragonite
saturation state (ΩAr), and calcite saturation state (ΩCa) using the MATLAB
CO2Sys program of van Heuven et al. (2011) with the uncertainty propagation
routine of Orr et al. (2018). Within CO2Sys we applied the carbonic acid dis-
sociation constants of Lueker et al. (2000), the HSO4

- dissociation constants of
Dickson (1990), and the total boron concentration from Lee et al. (2010).

Additionally, continuous sea surface measurements of pCO2 were collected using
an underway system (General Oceanics model 8050; Pierrot et al., 2009), which
sampled from a seawater intake line at a nominal depth of 7 m. The system’s
infrared gas analyzer (LI-COR LI-7000) was calibrated twice daily against three
certified gas standards traceable to World Meteorological Organization (WMO)
standards. The relative uncertainty of the resulting pCO2 measurements is
estimated to be 2%; see Burgers et al. (2017) for further information about the
underway pCO2 system and data processing.

2.3 Geochemical tracers

Due to active sedimentary denitrification over the Chukchi shelf, inflowing
Pacific-source waters to the Arctic Ocean exhibit a lower nitrogen-phosphate
(N-P) ratio compared to inflowing Atlantic waters from Fram Strait and the
Barents Sea. Following Newton et al. (2013), we calculated the “Arctic N-P”
tracer (ANP) which exploits this difference in N-P ratio to estimate the amount
of Pacific-source water contained in a sample. In calculating ANP we applied
the N-P regression lines of Pacific and Atlantic waters from Yamamoto-Kawai
et al. (2008) to our measurements of total inorganic nitrogen (TIN = NO3

-

+ NO2
-, + NH4

+) and phosphate (PO4
3-). The regression lines of Yamamoto-

Kawai et al. were defined using measurements of TIN, like ours, instead of solely
nitrate concentrations (e.g. Jones et al., 1998). If ANP=0, the TIN-P pair falls
along the Atlantic water regression line, whereas if ANP=1, the TIN-P pair falls
along the Pacific water line. However, the Chukchi shelf is not the only shelf
sea of the Arctic Ocean where denitrification can occur. Denitrification has also
been documented in the shelf sediments of the East Siberian and Laptev Seas
(Bauch et al., 2011; Nitishinsky et al., 2007). Hence, ANP values greater than 0
do not definitively indicate Pacific source waters, as Atlantic source waters may
also undergo denitrification in the Siberian shelf seas. Alkire et al. (2019, 2021)
have proposed using the NO parameter as a qualitative tracer for distinguishing
waters from the Chukchi and Siberian shelf seas. NO is a quasi-conservative
tracer, defined as:  NO = 9[NO3

−]+ [O2] (Broecker, 1974), that can be used
to trace water masses at depths below the surface mixed layer. Since nitrate
and oxygen concentrations are generally higher in the Chukchi Sea compared
to the Siberian shelf seas, NO is generally higher in waters originating from the
Chukchi (> 400 µmol kg-1) compared to the Siberian shelf seas (< 400 µmol
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kg-1; Alkire et al., 2021). Hence, NO can be a useful tool in distinguishing these
two shelf waters, both of which may ventilate the upper halocline layer within
the Amerasian basin of the Arctic Ocean.

2.4 eOMP analysis

In this investigation we utilize the extended optimum multiparameter (eOMP)
analysis of Dinauer & Mucci (2018), which estimates both the mixing fractions
of predefined source water masses, and the impact of biological processes (pho-
tosynthesis/respiration) that best reproduce the observed tracer measurements.
The base MATLAB code for the eOMP analysis was provided by Ashley Dinauer
(Universität Bern), and is described in detail in Dinauer & Mucci (2018). We
have also made some modifications to the method of Dinauer & Mucci, which
will be outlined later in this section. Briefly, OMP analysis is a weighted, non-
negative, linear inverse mixing model that optimizes the information contained
in a hydrographic dataset. OMP analysis calculates the best fitting fractions
(f ) of (n+1) source water masses that contribute to the (n) observed tracer
measurements in a parcel of water by solving an over-determined system of lin-
ear equations that minimizes residual error (Tomczak & Large, 1989; Tomczak,
1981). The extended OMP (eOMP) method employed here also includes a bi-
ological term which estimates tracer concentration changes due to the impact
of net photosynthesis or net respiration within the water column. The eOMP
method of Dinauer & Mucci employs the measure of apparent oxygen utilization
(AOU) to predict the biogeochemical regime (either net photosynthesis or net
respiration), at any given measurement point. When AOU > 0 we assume that
community respiration exceeds photosynthesis (net respiration), releasing DIC
and nutrients into the water column while consuming oxygen. When AOU < 0
we assume that the rate of photosynthesis exceeds community respiration, with
phytoplankton consuming DIC and nutrients while releasing oxygen. Therefore,
whether AOU is positive or negative at any given measurement point determines
the sign of the Redfield ratios in equation 1 (below).

We employ the eOMP framework with nine physicochemical tracers: potential
temperature (�), salinity (S), dissolved oxygen (DO), phosphate (P), total in-
organic nitrogen (TIN), silicate (Si), total alkalinity (TA), dissolved inorganic
carbon (DIC), and fluorescent colored dissolved organic matter (fCDOM). The
equations applied in this eOMP framework are:
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𝑓1𝜃1 + … + 𝑓𝑛𝜃𝑛 + 0 = 𝜃obs + 𝑅𝜃
𝑓1𝑆1 + … + 𝑓𝑛𝑆𝑛 + 0 = 𝑆obs + 𝑅𝑆
𝑓1DO1 + … + 𝑓𝑛DO𝑛 ± 𝑟𝐷𝑂/𝑃 �𝑃 =
DOobs + 𝑅DO
𝑓1𝑃1+…+𝑓𝑛𝑃𝑛± 𝑟𝑃/𝑃 �𝑃 = 𝑃obs+𝑅𝑃
𝑓1TIN1 + … + 𝑓𝑛TIN𝑛 ± 𝑟𝑁/𝑃 �𝑃 =
TINobs + 𝑅TIN
𝑓1Si1 + … + 𝑓𝑛Si𝑛 ± 𝑟𝑆𝑖/𝑃 �𝑃 =
Siobs + 𝑅Si
𝑓1TA1 + … + 𝑓𝑛TA𝑛 ± 𝑟𝑁/𝑃 �𝑃 =
TAobs + 𝑅TA
𝑓1DIC1 + … + 𝑓𝑛DIC𝑛 ± 𝑟𝐶/𝑃 �𝑃 =
DICobs + 𝑅DIC
𝑓1CDOM1 + … + 𝑓𝑛CDOM𝑛 + 0 =
CDOMobs + 𝑅CDOM
𝑓1 + … + 𝑓𝑛 + 0 = 1 + 𝑅mass

(1)

where f indicates the calculated mixing fractions of n source water masses, which
compose the observed tracer fields through conservative mixing. Subscripts on
variable names (e.g., Sn, TINn, etc.) indicate the defined source water mass con-
centrations (see Table 1). On the right-hand side of the equations, obs terms
represent observed tracer concentrations, and R are residual terms of each tracer.
For the biological change term we employ Redfield-type ratios relative to phos-
phate (rtracer/P). The eOMP model calculates the term ΔP, representing the
change in phosphate concentration due to biological processes. The multipli-
cation of ΔP by the appropriate Redfield ratio for each tracer estimates the
concentration change of that tracer due to biological activity. Following Din-
auer & Mucci (2018) we applied the traditional C:-O2 Redfield ratio of 106:-138,
whereas we estimated the local TIN:P and Si:P ratios for Nares Strait. To do
this we utilized linear regressions of nutrient data throughout the upper water
column (S � 33.2) at our two most northerly stations, where surface waters had
just emerged from under thick ice cover, and measurements of chlorophyll-a
fluorescence were less than 1 mg m-3 (see Figure S1 for linear regressions). The
TIN:P ratio from this analysis was 11:1, which is somewhat lower than the clas-
sical Redfield ratio, but this is typical of Arctic surface waters (Tremblay et al.,
2015), and the Si:P ratio was 20:1, which also agrees well with ratios previously
reported in Canadian Arctic waters (Tremblay et al., 2002, 2015).

The first step in our eOMP analysis is to define the source water masses that
contribute to the water mass assembly in Nares Strait and the NOW region.
For biogeochemical OMP studies it is important that each source water mass
be defined at the location where it enters the region of interest. This allows for
the assumption that observed tracer concentrations “downstream” result from
the mixing and biological processes occurring within the study region. Nares
Strait and the NOW region are influenced by two water mass assemblies, one
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arriving from the Arctic Ocean and flowing southwards through Nares Strait,
and a second entering from the southeast NOW region and flowing northwards
with a branch of the WGC. Following this, two “source regions” were desig-
nated where water masses may enter the study region: (1) the northern source
region which encompasses our four most northerly stations in Kennedy Channel
(represented by the blue stations in Figure 1a); and (2) the southern source
region, which includes the four easternmost stations across the NOW region of
northern Baffin Bay (red stations in Figure 1a). Water masses in each source
region were identified by their unique physicochemical characteristics (e.g., tem-
perature minimum, nutrient maximum,…). We identified three water masses
arriving from the northern source region: Polar Mode water (PMW), Upper
Halocline water (UHW), and Canada Basin Atlantic water (CBAW); and an-
other two source water masses arriving from the southern source region: Baffin
Bay Polar water (BBPW) and Subpolar Mode water (SPMW) (Mortensen et al.,
2022; Rysgaard et al., 2020). The specific properties and origins of each source
water mass is described in section 3.1. We additionally included two freshwater
sources in our eOMP analysis, river runoff (RR) and sea ice melt (SIM), with
their definitions derived from literature values (see Table 1 for all source water
mass definitions). Tracer concentrations for the RR definition were taken from
Charette et al. (2020), who reported linear regression relationships between
meteoric water fractions and tracer concentrations in the surface waters of the
TPD. Since the major Siberian rivers exert a stronger influence on the TPD
than North American rivers (Bauch et al., 2011; Morison et al., 2012), our RR
definition is representative of discharge weighted average concentrations from
Siberian rivers (Charette et al., 2020). In some cases where tracer concentrations
could not be extrapolated to 100% meteoric water without high uncertainty, we
utilized tracer concentrations at 20% meteoric water, representing an effective
shelf end-member concentration at the point of origin to the TPD (Charette et
al. 2020).

Table 1: Defined properties of source water masses employed in eOMP analysisa.
Source water masses include Polar Mode water (PMW), Upper Halocline wa-
ter (UHW), Canada Basin Atlantic water (CBAW), Baffin Bay Polar Water
(BBPW), and Subpolar Mode water (SPMW). Freshwater sources include sea-
ice melt (SIM) and river runoff (RR).

Source water masses Freshwater sources
Property PMW UHW CBAW BBPW SPMWb SIM RR
Temp (°C) -1.6 ± 0.04 -1.3 ± 0.02 0.36 ± 0.03 -1.2 ± 0.2 2.0 0 to 3 0 to 3
Salinity 31.4 ± 0.3 33.2 ± 0.1 34.8 ± 0.1 33.5 ± 0.1 34.3 4 ± 1c 0
DO (µmol kg-1) 360 ± 2 290 ± 2 270 ± 5 310 ± 23 220 100 ± 30d 380 ± 20
P (µmol kg-1) 0.70 ± 0.04 1.10 ± 0.05 0.88 ± 0.01 0.78 ± 0.07 1.10 0e 0.69 ± 0.05h

TIN (µmol kg-1) 3.5 ± 0.3 9.6 ± 0.3 13 ± 1 7.9 ± 0.6 14 0e 0.04 ± 0.4h

Si (µmol kg-1) 9.2 ± 0.7 17 ± 1 8.0 ± 0.2 7.7 ± 0.9 17 0e 12 ± 1h

DIC (µmol kg-1) 2130 ± 6 2190 ± 9 2170 ± 10 2130 ± 6 2190 330 ± 30f 1100 ± 100g

TA (µmol kg-1) 2230 ± 10 2260 ± 10 2300 ± 6 2230 ± 20 2260 420 ± 40f 1000 ± 100g
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Source water masses Freshwater sources
fCDOM (mg m-3) 11 ± 0.3 8.2 ± 0.2 4.5 ± 0.1 4.4 ± 0.4 4.9 0 16 ± 0.1h

a The defined properties of each source water mass (average ± one standard
deviation) were derived from our dataset, and freshwater properties were defined
from literature values, see the following footnotes.
b SPMW properties are defined at the subsurface temperature maximum of
station 115 (Figure 1a)
c Östlund & Hut (1984)
d Rysgaard et al. (2008)
e Mundy et al. (2011)
f Rysgaard et al. (2007); Miller et al. (2011)
g Concentrations extrapolated to 100% meteoric water from Charette et al.
(2020)
h Concentrations at 20% meteoric water in the surface TPD from Charette et
al. (2020)

Within the eOMP framework the applied tracers are normalized and weighted
to allow comparison of otherwise incommensurable parameters, and to account
for environmental variability and measurement errors. In this study we have
chosen to apply separate weighting schemes in the upper (S < 33.2) and deep
(S � 33.2) water column, following Lansard et al. (2012). This allows the flexibil-
ity to apply lower weights to temperature-sensitive or non-conservative tracers
(e.g., �, DO, TIN) within the upper water column, where they may be affected
by non-conservative processes such as primary production and atmospheric in-
teraction, but increase their weighting at depth where these tracers approach
more conservative behaviour. Weights were chosen for the upper and lower
water column somewhat objectively, with consideration of the range and pre-
cision of each tracer, as well as how conservatively they behave (see Table 2
for assigned weights). In surface waters S was assigned the highest weighting
because it is both conservative and precise. The lowest weightings were applied
to � and DO as they are influenced by large temperature swings by solar in-
solation near the surface, as well as influences by biological processes for DO.
TIN and P were also assigned low weightings due to their biologically-influenced
non-conservative behavior. DIC, Si, and fCDOM were assigned intermediate
weights, as they are non-conservative in surface waters (fCDOM photochemi-
cally degrades, and DIC and Si are biologically impacted), but they have a high
range-to-precision ratio and are powerful tracers for distinguishing water masses
in the upper water column. TA was also assigned an intermediate weighting in
surface waters as it is a near-conservative parameter, and has a lower analytical
precision. Weightings applied in the deep water column increased for �, DO, Si,
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DIC, TA, and fCDOM, as these tracers approach more conservative behaviour
away from the atmosphere-ocean interface.

Table 2: Weights applied to each tracer used in the eOMP analysis, as well as
the analytical precision of each tracer measurement, and the median residual
term of each tracer after running the eOMP analysis.

Weights in OMP analysis
Parameters Analytical precision Surface (S < 33.2) Deep (S � 33.2) Median eOMP residual term*
Temperature (°C) 0.01 1 25 0.08
Salinity 0.01 25 25 0.03
Oxygen (µmol kg-1) 1 1 2 0.5
Phosphate (µmol kg-1) 0.05 2 2 0.01
TIN (µmol kg-1) 0.03 2 2 0.4
Silicate (µmol kg-1) 0.1 10 20 0.3
DIC (µmol kg-1) 1 7 10 8.0
TA (µmol kg-1) 3 10 15 16.7
fCDOM (ppb) 0.09 7 10 0.12

*Values in this column represent the median residual term, Rtracer, for each
tracer from equation (1)

The base MATLAB code of Dinauer and Mucci (2018) was also modified to per-
form separate eOMP runs for the surface and deep water column, only taking
into consideration certain source water masses in each domain. This was neces-
sary since not all tracers were sampled at all depths, leading to constraints on
the number of source water mass fractions that could be solved for at each sam-
pling depth. Within the surface domain deep and saline (S > 34) source water
masses were excluded (i.e., CBAW and SPMW in Table 1). In the deep eOMP
run, the freshwater inputs were excluded along with the shallow and fresh (S <
32) PMW (Table 1) source water mass, which is confined to the upper 100 m of
the water column. Taking this approach still produces realistic results because
of the strong salinity stratification in this region, which limits mixing between
the upper and lower water column, and certain water masses that are present
at the interface between these two domains (e.g. UHW and BBPW) are still
calculated for in both the surface and deep domains.

We performed a sensitivity analysis of this eOMP framework, to assess how ro-
bust the calculated water mass fractions are with regards to: (1) the applied
weightings for each tracer; and (2) the natural variability of each source water
mass definition. We did this by completing multiple eOMP runs while varying
the applied tracer weights by +/- 10 (up to a maximum of 25, or down to a min-
imum of 1), and by varying the source water mass definitions by one standard
deviation (see Table 1 for source water mass definitions). The results of these
sensitivity analyses are presented in Figures S2 to S4 in the supplemental ma-
terials and demonstrate that the results of our eOMP analysis are quite stable.
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Generally, changes in calculated water mass fractions were under 0.1 (or 10%).
The one exception where we found higher sensitivity is in calculated fractions
of PMW and BBPW (up to 50%) within the surface domain (Figure S2). The
eOMP framework has trouble discriminating these two water masses near the
surface when certain tracer weightings are altered, specifically non-conservative
tracers such as DO, P, TIN, Si, and CDOM. Therefore, we find that calculated
fractions of PMW and BBPW within the surface domain are affected by the
highest uncertainties. A more detailed discussion of our sensitivity analysis is
included in the supplementary information (Text S1). Another indicator of the
uncertainty associated with our eOMP analysis is shown by the calculated resid-
ual terms (R) of each tracer. Table 2 includes the median residual terms for each
applied tracer, with the median mass conservation residual being 0.3% (total
range of 0.1% to 4.5%). Since multiple sources of error exist in the application of
eOMP (e.g., source water mass definition error, measurement errors), the mass
conservation residual will never be zero, but the fact that our mass conservation
residuals do not exceed 5% indicates that the source water masses considered in
our model replicate the observed water mass properties well (Dinauer & Mucci,
2018).

2.5 Inorganic carbon budget

The combined effects of water mass mixing, biological activity, and air-sea gas
exchange on the observed DIC field are summarized by the following budget:

DICobs = DICmix + �DICbio + �𝐷𝐼𝐶gas (2)

where DICobs is the observed value, DICmix is the DIC concentration result-
ing from water mass mixing, ΔDICbio is the change in DIC concentration due
to either net photosynthesis or respiration, and ΔDICgas represents either the
addition or loss of DIC due to CO2 gas exchange with the atmosphere. The
DICmix and ΔDICbio terms in this budget are derived from our eOMP model
output, as:

DICmix = 𝑓1DIC1 + … + 𝑓𝑛DIC𝑛
�𝐷𝐼𝐶bio = ±𝑟𝐶/𝑃 �𝑃

(3)
(4)

However, the �DICgas term is not directly accounted for within the eOMP frame-
work. This term is more difficult to accurately estimate, as biological processes
and mixing are likely to have a larger influence over relatively short timescales.
At the time of our sampling in Nares Strait an ice-arch remained present north
of Kennedy Channel, meaning surface waters had only recently come into con-
tact with the atmosphere after emerging from a consolidated sea ice cover. We
take advantage of this unique setting to calculate the �DICgas term as the time-
integrated flux of carbon into the surface mixed layer for each of the eleven
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sampling stations in the Nares Strait transect (see Figure 1a for transect lo-
cation) since the estimated time that sampled parcel of water emerged from
under the ice-arch in northern Kennedy Channel. We assume that the surface
flow in Nares Strait is predominantly southwards, until arriving in the NOW
polynya region, which is known to be strongly influenced by waters from the
WGC (Melling et al., 2001; this will also be demonstrated in section 3.2) and
would have a longer history of atmospheric interaction. Therefore, we do not
calculate the �DICgas term for stations in our southern source region (see Figure
1a).

We calculate the �DICgas term by utilizing underway pCO2 measurements, and
wind speeds from the North American Regional Reanalysis (NARR), to calcu-
late a time-integrated flux of carbon into the surface mixed layer for each of the
sampling stations in our Nares Strait transect. We assume that the observed
spatial pattern in surface water pCO2 would remain roughly constant through-
out the summer season, and that surface waters in Nares Strait travelled at an
average southward speed of 15 cm s-1 (Münchow, 2016). Assuming this con-
stant current speed, we can estimate the date and time at which a water parcel
emerged from the northern ice arch, before arriving at its sampled station lo-
cation downstream. Following this procedure, the DICgas term is calculated
as:

�DICgas = ∫𝑡2
𝑡1

−𝐹gas

MLD•𝜌MLD
(5)

Where Fgas is the air-sea CO2 flux (µmol C m-2 day-1; positive upward, from
ocean to atmosphere) associated with each underway pCO2 measurement, t1
is the estimated time that a sampled water parcel departed the ice arch, and
t2 is the time it was sampled downstream. MLD is the mean surface mixed
layer depth (10 m in Nares Strait during our study), and �MLD is the mean sur-
face mixed layer density at each station. Briefly, Fgas was calculated from the
gas transfer velocity (k) parameterized following Wanninkhof (2014) employing
NARR wind speeds, the CO2 solubility (�) at in-situ temperature and salinity
(Weiss, 1974), and the difference in the CO2 partial pressures between the sur-
face water and atmosphere (ΔpCO2 = pCO2sw – pCO2atm). Atmospheric CO2
measurements were collected using a  closed-path infrared gas analyzer (LI-COR
model LI-7000) with an intake located at a height of 13 m above sea level on a
meteorological tower on the ship’s foredeck. Fgas was calculated as:

𝐹gas = 𝛼𝑘(�𝑝CO2), (6)

When calculating �DICgas we integrated the negative of Fgas over time, so that
positive �DICgas values represent oceanic uptake of CO2 from the atmosphere,
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and negative �DICgas values indicate CO2 loss to the atmosphere. Further de-
tails on the calculation of �DICgas are provided in Text S2. We estimate the
relative uncertainty of the �DICgas term to be 20 – 30% based on the propa-
gation of uncertainties associated with the gas transfer velocity (approximately
20% relative uncertainty; Wanninkhof, 2014), and the uncertainty of our under-
way pCO2 measurements (approximately 2% relative uncertainty; Burgers et
al., 2017).

3 Results and Discussion

3.1 Source water mass characteristics and origins

Vertical section plots of tracer concentrations along the Nares Strait transect
are shown in Figure 2 (refer to Figure 1a for the transect location). Additionally,
Figure 3 displays salinity-property plots for all tracers and stations employed in
the eOMP analysis, with source water mass definitions shown as large symbols.

In the northern source region in (Kennedy Channel; blue stations in Figure 1a)
we identify three source water masses entering the study region (Figure 3). The
shallowest of these water masses is characterized by a sub-surface temperature
minimum near the freezing point (-1.7 °C) located at �50 m depth, coinciding
with a maximum in fCDOM. We refer to this as Polar Mode Water (PMW), as
it represents a winter mode water formed by repeated convection from cooling
and brine release. PMW is also commonly referred to as the polar mixed layer
in the literature of the Amerasian basin of the Arctic Ocean (Peralta-Ferriz &
Woodgate, 2015; Rudels et al., 2004). In summer, PMW is altered due to the
addition of freshwater from SIM or RR which re-stratifies the surface waters,
forming a shallower and warmer surface mixed layer (SML) which is underlain
by the temperature minimum of the previous winter’s PMW. We observe this
transformation beginning to occur downstream in Kane Basin (Figure 2a). We
defined the characteristics of PMW by averaging all tracer measurements at the
temperature minimum of each station in the northern source region. Our defined
properties of PMW overlap in salinity, temperature, and depth with previously
described East Siberian cold shelf water (Wang et al., 2021), with the high
fCDOM observed in this layer also pointing to its origins on the Siberian shelves,
where significant inputs of river runoff and extensive seasonal sea-ice formation
in winter contribute to the near-freezing temperature and high fCDOM (Bauch
et al., 2011; Stedmon et al., 2021). The average ANP value of PMW is 0.46,
signalling that this layer represents a mixture of Atlantic and Pacific-origin
surface waters. The East Siberian Sea is a location where Atlantic and Pacific
waters meet, from the easterly coastal flow in the Laptev Sea and the westerly
flow of Pacific waters from the Chukchi Sea (Alkire et al., 2021; Semiletov et
al., 2005). Further, the Siberian shelves are the source region for waters feeding
the Transpolar Drift stream (Charette et al., 2020), which transports them
across the Arctic basins towards northern Greenland, and from there into either
Nares Strait or Fram Strait. PMW with a strong riverine signal has previously
been documented exiting the Arctic region via Fram Strait (Dodd et al., 2012;
Gonçalves-Araujo et al., 2016; Granskog et al., 2012), but to our knowledge this
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dataset provides the first observational evidence of its passage through Nares
Strait.

Below the PMW, a second water mass at intermediate depths (centered around
100 m, about 60 m thick) is characterized by a maximum in dissolved nutrients
(e.g., Si, P, DIC; Figure 3). This water mass was defined by fitting a smoothing
spline curve through the salinity-silicate measurements of the northern source
region (blue stations and data points in Figure 3) and extracting the peak
silicate concentration of this curve (17.4 µmol kg-1) and its associated salinity
(S = 33.2). For all other tracers we similarly fit a smoothing spline curve through
the salinity-tracer relationship of the northern source region and extracted the
tracer value corresponding to S = 33.2. We identify this source water mass as
Upper Halocline Water (UHW), sometimes also referred to as Pacific Winter
Water in the literature (Brown et al., 2016; Steele et al., 2004). We find our
peak silicate concentration of UHW to be low compared to previous reports
of UHW in the Canada Basin, where the silicate maximum has been observed
to range from 35 to 45 µmol kg-1 (Alkire et al., 2021; Jones & Anderson, 1986;
McLaughlin et al., 1996). The average ANP value of UHW in Kennedy Channel
is 0.5 (Figure 2c), suggesting that this water mass also represents a mixture
of Pacific-source water with Atlantic contributions from the Siberian shelves.
Indeed, the NO parameter indicates this as well, displaying relatively low values
(368 to 375 µmol kg-1; Figure 2d) compared to those typically associated with
UHW in the Chukchi Sea and Canada Basin (420 to 430 µmol kg-1 and S = 33.1;
Alkire et al., 2021). Recent studies have documented waters in the East Siberian
Sea that could ventilate the UHW of the deep Arctic basins, and are similarly
characterized by a silicate maximum and denitrification signal (Anderson et al.,
2013, 2017; Nishino et al., 2013; Wang et al., 2021), but can be distinguished
by a decrease in the NO parameter (Alkire et al., 2021). We hypothesize that
the UHW observed in Kennedy Channel was likely transported beneath the
TPD from the East Siberian Sea across the Makarov Basin towards Nares Strait,
roughly aligned with the Pacific-Atlantic front through the central Arctic Ocean.
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Figure 2: Section plots of (a) temperature, (b) salinity, the (c) ANP, and (d)
NO parameters (section 2.3), (e) silicate, and (f) CDOM fluorescence (fCDOM)
in Nares Strait (see section outline plotted in red in Figure 1a). Approximate
locations of Kennedy Channel, Kane Basin, Smith Sound, and northern Baffin
Bay are shown below panel f. Figure created using Ocean Data View software
(Schlitzer, 2020).

The deepest water mass entering Nares Strait from the north is characterized by
temperatures above 0°C at depths below 200 m, with a maximum temperature
of 0.36 °C observed at 500 m depth in Kennedy Channel. This is identified as
Canada Basin Atlantic Water (CBAW), as the observed temperature maximum
does not exceed 0.5 °C, compared to the warmer temperature maxima of Atlantic
water observed in the Amundsen (�1 °C) and Nansen (� 1.5 – 2 °C) basins (Rudels,
2009).
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Figure 3: Salinity versus (a) temperature, (b) CDOM fluorescence, (c) dissolved
oxygen, (d) phosphate, (e) total inorganic nitrogen (TIN = NO3

- + NO2
-, +

NH4
+), (f) silicate, (g) dissolved inorganic carbon, and (h) total alkalinity for

all stations in Nares Strait and the NOW polynya region of northern Baffin
Bay. Data from stations designated as the northern source region are plot-
ted in blue in each panel, stations designated as the southern source region
are plotted in red, with stations in between the two source regions plotted in
grey. Source water mass definitions are plotted as open symbols: circle, polar
mode water (PMW); upward triangle, upper halocline water (UHW); square,
Canada Basin Atlantic water (CBAW); inverted triangle, Baffin Bay Polar Wa-
ter (BBPW); diamond, sub-polar mode water (SPMW). Tracer measurements
from the northern source region were used to define properties of the PMW,
UHW, and CBAW, whereas measurements from the southern source region were
used to define BBPW and SPMW properties (see text in section 3.1 for details).
Figure created using Ocean Data View software (Schlitzer, 2020).
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From the southern source region (red stations in Figure 1a) we identify two more
source water masses entering the study region. The uppermost water mass is
characterized by a temperature minimum that is observed as a characteristic
“knee” in the TS diagram (Figure 3a). This is identified as Baffin Bay Polar
Water (BBPW; Mortensen et al., 2022; Rysgaard et al., 2020), a winter mode
water previously documented along the West Greenland continental slope from
Disko Bay to the NOW region (Bâcle et al., 2002; Lobb et al., 2003; Myers et
al., 2009; Rysgaard et al., 2020; Tang et al., 2004). The exact formation site
of BBPW currently remains unknown (Mortensen et al., 2022). In the litera-
ture BBPW is characterized by a temperature minimum near the freezing point
(around -1.8 °C) and salinity of 33.6 (Rysgaard et al., 2020). The BBPW we
observe in the southeastern NOW is characterized by an average temperature
minimum of -1.15 °C and a salinity of 33.5, suggesting it has been somewhat di-
luted from its original characteristics at its point of origin. Our defined BBPW
properties were calculated by averaging all tracer measurements at the temper-
ature minimum of each station in the southern source region.

A second relatively deep and warm water mass is observed entering the southern
source region at 300 m depth. This water mass is characterized by a temperature
maximum of 2 °C at a salinity of 34.3, as well as a pronounced DO minimum
and maximum in nutrient concentrations of TIN, P, Si, and DIC (Figure 3). We
identify this as Subpolar Mode Water (SPMW), which originates in the subpolar
North Atlantic as a winter mode water before being transported around Cape
Farewell by the Irminger Current and continuing northwards into Baffin Bay
with the WGC (Rysgaard et al., 2020). This water mass has also formerly
been referred to in the literature as Irminger Water, West Greenland Irminger
Water, or winter Atlantic water (Azetsu-Scott et al., 2012; Curry et al., 2014;
Myers et al., 2009; Randelhoff et al., 2019). Our definition of SPMW (Table
1) represents the properties observed at the deep temperature maximum at
station 115. Rysgaard et al. (2020) distinguish between upper and deep SPMW
in their classification of water masses over the West Greenland shelf and slope.
Our observations represent a modified version of their deep SPMW (i.e., T =
4 °C, S = 34.7), due to cooling and mixing with relatively fresh water masses
as it progresses northwards (Rysgaard et al., 2020). The high nutrient and low
DO concentrations of SPMW are likely the result of strong remineralization of
organic matter, exported to depth from the highly productive surface waters of
the West Greenland shelf in southeastern Baffin Bay (Burgers et al., 2020).

Many previous investigations of water mass properties in northern Baffin Bay
have relied solely on temperature and salinity measurements. Our additional
geochemical tracers reveal that the water mass assembly from our southern
source region (influenced by the WGC) can be distinguished from the northern
water mass assembly (Arctic outflow waters) by very different salinity-tracer
relationships (Figure 3).

3.2 Modeled source water mass distributions

Figure 4 shows vertical sections of the eOMP-calculated mixing fractions of
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source water masses along the Nares Strait transect. From north to south
in Nares Strait the water mass assembly transitions from being dominated by
PMW, UHW, and CBAW in Kennedy Channel, to being significantly influenced
by intrusions of BBPW and SPMW in northern Baffin Bay. Within the upper 50
m we observe a slow north-to-south dilution of the PMW layer due to increasing
fractions of RR (2 to 9%) and SIM (2 to 7%), as well as intrusions of BBPW (20
– 60%) south of Smith Sound. At station 120 (77.3 °N) an intrusion of BBPW
at 40 m depth is also associated with fractions of SIM up to 5%. This intrusion
likely represents surface waters from the WGC interleaving with Arctic outflow
waters at the appropriate density horizon.

Below the upper 50 m of the Nares Strait transect, fractions of UHW and CBAW
also undergo a similar north-to-south dilution due to northward intrusions of
BBPW and SPMW. The complex bathymetry in the region also plays an impor-
tant role in directing this interaction. As Arctic-sourced UHW and CBAW enter
Kane Basin they encounter a rapidly shoaling bathymetry, leading to slight up-
welling of these layers. In the surface waters (upper 20 m) of Kane Basin some
UHW fractions between 30 – 60% are observed, possibly due to upwelling and
some upward mixing by strong tidal motions (Münchow, 2016). We speculate
that these surface UHW fractions may be overestimated, as they are not sup-
ported by a matching increase in nutrient concentrations (e.g., Si, DIC, TIN)
at the surface (see Figure 2). Within Kane Basin maximum fractions of UHW
decreased to approximately 50%, being mixed with BBPW fractions up to 45%.
A pulse of SPMW with fractions up to 15% also interleaves between layers of
UHW and CBAW at approximately 120 m depth in Kane Basin. South of the
Kane Basin sill, the remaining UHW and CBAW layers sink down to greater
depths, with CBAW fractions dominating the water column below 200 m. At
station 127 (78.3 °N) we observe UHW fractions between 20 –
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Figure 4: Calculated source water mass fractions along the Nares Strait transect
(transect location shown in bottom left map). Freshwater sources are sea-ice
melt (SIM) and river runoff (RR), note the depth scale is reduced to the upper
60 m for freshwater panels. Source water masses are: Baffin Bay Polar water
(BBPW), Subpolar Mode water (SPMW), Polar Mode water (PMW), Upper
Halocline water (UHW), and Canada Basin Atlantic water (CBAW). Note the
different colour scales on all panels. Figure was created using Ocean Data View
software ( Schlitzer, 2020).
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30% mixed into the CBAW layer below 200 m. At station 120 (77.3 °N) fractions
of BBPW (less than 20%) are mixed with CBAW below 300 m. Station 101 (at
the southern end of the Nares Strait transect) is located at the site of a large
hollow in the seafloor, isolated on all sides by banks of 100 – 200 m in depth.
Here we find the water column below 200 m to contain SPMW fractions (up to
56%), mixed with 20 to 40% BBPW above 300 m, and 20 to 25% CBAW below
300 m. The upper water column at station 101 contains mostly PMW (up to
75%) at depths above 60 m, with a mixture of BBPW (40 to 65%) and UHW
(25 to 45%) between 60 m and 200 m depth.

Figure 5 displays vertical sections of mixing fractions across the east-west NOW
transect in northern Baffin Bay. At station 115 (easternmost station of the
transect) the surface mixed layer is composed of mainly BBPW fractions (above
90%) with fractions of SIM from 7 to 9%. This surface layer spreads from east to
west across the NOW region, retaining BBPW fractions above 80% and low SIM
fractions (above 2%) until reaching station 101 in the east where the PMW from
the Arctic dominates the surface waters associated with RR fractions between 2
and 5%. Also at station 115 in the east we can see the entrance of SPMW into
the region at 300 m depth. Since low fractions of SPMW are seen at station
111 (immediately west of station 115), we assume SPMW transits northwards
from station 115 following a deep (> 400 m) trough around the east side of the
Carey Islands (Figure 1a). This flow path might also explain why our eOMP
fractions do not indicate significant SPMW fractions at stations 120 and 127 in
northern Baffin Bay, but do show small fractions (up to 15%) arriving in Kane
Basin (Figure 4). It is possible that our sampling stations 120 and 127 were
located west of the northward moving SPMW fractions. Results at station 111
indicate that the western side of the deep trough through the NOW region plays
an important role transporting a mixture of UHW and CBAW southwards into
northern Baffin Bay at depths below 150 m. At stations 108, 105, and 101 (west
of 74 °W) we observe the southward return of SPMW from its northern detour
to Kane Basin. At all stations across the NOW transect we observe a mixture of
mostly CBAW (50 – 60%) and some UHW (20 – 30%) flowing southwards below
the layer dominated by SPMW. These results fit well with previous observations
by Lobb et al. (2003) of “a near-bottom intrusion of relatively cold water” within
the WGC-dominated area of warm SPMW in the eastern NOW region. Our
water mass distributions also match the results of Melling et al. (2001) who
documented the cyclonic flow of warm SPMW throughout the NOW region,
noting that SPMW “transits northwards following the eastern edge of a deep
channel that is 600 m in depth extending northward as far as Smith Sound”
before joining with the Arctic outflow flowing southwards out of Nares Strait.
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Figure 5: Calculated source water mass fractions across the NOW transect
(transect location shown in bottom left map). Freshwater sources and source
water masses are the same as shown in Figure 4. Note the different colour scales
and shorter depth scale of the top two freshwater panels. Figure was created
using Ocean Data View software ( Schlitzer, 2020).

3.3 Carbonate system

Figure 6 shows section plots of the CO2 system variables DIC, TA, pCO2, pHT,
ΩAr, and ΩCa along the Nares Strait transect. Both DIC and TA display consid-
erable variability throughout Nares Strait, with surface concentrations decreas-
ing by roughly 200 µmol kg-1 and 100 µmol kg-1, respectively, from north to
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south. Increasing freshwater inputs and biological DIC drawdown by a moderate
phytoplankton bloom in Kane Basin drive these decreases (biological impacts
will be further discussed in section 3.4). In Kennedy Channel, there is a slight
DIC maximum located at a depth of 100 m, coinciding with the silicate maxi-
mum of the UHW (see Figures 2e and 3f). However, the peak DIC concentration
observed in this layer (2194 µmol kg-1 at station Ken1) is not as high as DIC con-
centrations that have been observed in the UHW of the Canada Basin (2225 to
2260 µmol kg-1; Brown et al., 2016; Miller et al., 2014). The UHW in Kennedy
Channel also displays a maximum in pCO2 (490 ± 20 µatm), and minima in
pHT, ΩAr, and ΩCa (7.95 ± 0.03, 1.00 ± 0.05, and 1.60 ± 0.09, respectively).
Below the UHW layer in Kennedy Channel there is a modest decrease in DIC
with depth, indicating transition to CBAW. CBAW also displays relatively lower
pCO2 (350 ± 10 µatm) and relatively higher pHT (8.05 ± 0.03), ΩAr (1.30 ±
0.07), and ΩCa (2.10 ± 0.12), compared to the UHW layer above.

Figure 6: Section plots of carbonate chemistry measurements along the Nares
Strait transect (transect outline shown in red in Figure 1a). Figure created
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using Ocean Data View software (Schlitzer, 2020).

In Kane Basin the subsurface DIC maximum that was observed in Kennedy
Channel is eroded. At the same time TA concentrations in the intermediate
water column decrease between depths of 80 and 150 m, with salinities between
33.5 and 34.4. This coincides with the locations and salinities of BBPW and
SPMW intrusions in Kane Basin (Figure 4). Both BBPW and SPMW are char-
acterized by lower TA in comparison to UHW and CBAW of the northern water
mass assembly (Table 1). The TA decrease observed in Kane Basin compensates
for the erosion of the UHW DIC-maximum in maintaining a high pCO2 and low
pH and Ω layer throughout Kane Basin.

South of Kane Basin (at station 120; Figure 1a) we also note a TA decrease at
depths greater than 200 m, compared to conditions farther north (Figure 6b).
This represents the dilution of CBAW by mixing with UHW and intrusions
of BBPW and SPMW (Figure 4), all of which are characterized by lower TA
concentrations compared to CBAW (Table 1). This TA decrease at depth also
leads to a relative decrease in pHT, ΩAr, and ΩCa, and a relative increase in
pCO2 in the deep waters of the northern NOW region. The lowest observations
of pHT, ΩAr, and ΩCa, (and highest pCO2) throughout the Nares Strait transect
were observed below 100 m at the southern end of the transect at station 101,
coinciding with relatively high fractions of SPMW filling a deep hollow, and
high BBPW fractions (up to 65%) sitting above (Figure 4).

Figure 7 displays vertical section plots of the same the carbonate system vari-
ables across the NOW transect. Here we can see that SPMW entering the study
region at the eastern end of the transect (station 115 at 300 m depth) is char-
acterized by low pHT (7.9 ± 0.4), low ΩAr (0.94 ± 0.05), and high pCO2 (610
± 20 µatm). In fact, high SPMW fractions (> 40%) across the NOW transect
(Figure 5) show the lowest observed pHT, ΩAr and ΩCa throughout the study
region. Other characteristics of SPMW, such as high nutrient concentrations
(Figure 3) and high AOU (Figure S5) indicate that this water mass likely trans-
ports a strong remineralization signal due to the export of organic material from
the productive West Greenland shelf (Burgers et al., 2020). It is interesting to
note that the lowest pHT observation (7.8 ± 0.5) was observed at 150 m depth
at station 108 in the middle of the transect (Figure 1a), at the boundary be-
tween the BBPW and SPMW layers. This minimum value is possibly due to
a questionably low TA measurement at this location as it cannot be explained
by obvious chemical or biological processes (see Figure 7b). BBPW entering
the region at station 115 (Figure 5) also displayed relatively low pHT (8.0 ±
0.3), ΩAr near saturation (1.09 ± 0.06), and relatively high pCO2 (440 ± 20).
The upper 80 m of the central three stations (105, 108, and 111) of the NOW
transect displayed lower pCO2 (below 350 µatm), and higher pHT (> 8.05) and
ΩAr (> 1.4) due to the impact of a surface bloom (Figure S5) and inputs of SIM
(Figure 5).
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Figure 7: Section plots of carbonate chemistry measurements across the NOW
transect (transect outline shown in inset map of Figure 5). Figure created using
Ocean Data View software (Schlitzer, 2020).

3.4 Biological concentration changes (ΔDICbio)

The ΔDICbio term (Equation 4) estimates the cumulative change in DIC concen-
trations due to in-situ biological activity (photosynthesis, respiration) relative
to the concentration that would be expected due solely to water mass mixing
(DICmix) within the eOMP framework. Positive values of ΔDICbio indicate
DIC addition due to net respiration, while negative values represent DIC re-
moval due to net photosynthesis. Figure 8 shows section plots of ΔDICbio,
AOU, chlorophyll-a fluorescence, and TIN concentrations throughout the upper
100 m of the Nares Strait transect. We observe a clear divide between the sur-
face and deeper waters, with negative values of ΔDICbio extending from the
surface to depths of 40 m, and mostly near-zero (or slightly positive) values of
ΔDICbio in deeper waters.
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Figure 8: Section plots of biologically driven changes in DIC (ΔDICbio),
chlorophyll-a fluorescence, Apparent Oxygen Utilization (AOU), and total
inorganic nitrogen (TIN) throughout the upper 100m of the Nares Strait
transect (same transect as Figures 2, 4, and 6). Figure was created using Ocean
Data View software (Schlitzer, 2020).

Within the upper 40 m of the Nares Strait transect negative values of ΔDICbio in-
dicate a modest phytoplankton bloom, which progresses through multiple phases
as waters transit southwards from Kennedy Channel. Section plots of chloro-
phyll-a fluorescence and total inorganic nitrogen (TIN) concentrations in Figure
8 illustrate the different bloom stages and nutrient limitations that drive them.
The initial surface bloom in Kennedy Channel is weak, owing to the low initial
concentrations of TIN available in the surface mixed layer (less than 2 µmol
kg-1). Due to the nutrient depleted surface waters, a subsurface chlorophyll
maximum (SCM) develops at the entrance to Kane Basin (around 80 °N) at
35 m depth. Further into Kane Basin the shallowing bathymetry approaching
79 °N injects some UHW fractions and nutrients into the surface mixed layer
(Figure 4). This addition of nutrients spurred a second bloom in Kane Basin,
which is associated with the strongest ΔDICbio drawdown of -73 µmol kg-1 at
the surface (at approximately 79.5 °N). In Smith Sound (around 78.5 °N) the
bloom is still well developed but the SCM extends deeper owing to nutrient
drawdown at the surface. Here surface values of ΔDICbio slightly increase (de-
creasing photosynthesis) to around -50 µmol kg-1. By the time surface waters
exit Smith Sound into northern Baffin Bay (around 77.3 °N) the fluorescence
signal had decreased and ΔDICbio, which integrates the effects of upstream
processes, remained approximately the same as in Smith Sound. This sudden
cessation of any fluorescence signal may be associated with the northward in-
trusion of surface waters from the WGC (a mixture of BBPW and SIM mostly;
Figure 4) containing low nutrient concentrations (Table 1). We also suggest that
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enhanced air-sea gas exchange may have contributed to the increase in AOU and
slight decrease in ΔDICbio (see section 3.5), and the apparent increase in AOU
toward equilibrium with the atmosphere. Finally, at the southernmost station
of the Nares Strait transect an SCM is observed at 15 m depth, with surface
ΔDICbio decreasing slightly again to -66 µmol kg-1 (indicating increasing pri-
mary production) and AOU decreasing slightly as well.

We do not observe any significant net respiration signal (positive ΔDICbio) in
Nares Strait (see Figure S6 for a full vertical section of ΔDICbio along the
Nares Strait transect). Within Kennedy Channel there are some low positive
ΔDICbio values ranging from 3 to 12 µmol kg-1, coinciding with the location
of the UHW layer in the water column (Figure 8). However, these positive
ΔDICbio estimates are approximately equal to the residual DIC term from the
eOMP output (8 µmol kg-1; Table 2), indicating that these small net respiration
estimates may simply be the result of uncertainty within the eOMP framework.
In Kennedy Channel, it is likely manifested by some natural variability in the
observed peak nutrient concentrations at each station. These results suggest
that net respiration within the water column of Nares Strait is likely negligible.
Only at the southernmost station of the transect (station 101), in the relatively
isolated hollow dominated by SMPW (Figure 4) do we find a significant signal
of net respiration (Figure S6).

Across the east-west transect in the NOW region we do observe positive ΔDICbio
values (> 20 µmol kg-1) at depths below 300 m (see Figure S5). The greatest
positive ΔDICbio value of 32 µmol kg-1 was located in the deep hollow at station
101. We hypothesize that this results in part from the confined nature of the
water in the hollow, as well as remineralization of any exported organic material
that ends up in this isolated deep water. Positive ΔDICbio values up to 29 µmol
kg-1 are also observed below 300 m depth at station 115, at the eastern end of
the transect. We presume this is due to remineralization of organic material
transported with the waters of the WGC, seeing as the high ΔDICbio values do
not extend deeper (below 500 m depth) where significant CBAW fractions were
located (Figure 5).

3.5 Gas exchange term (ΔDICgas)

Table 3 shows estimated ΔDICgas values at each sampling station of the Nares
Strait transect, with positive values indicating that the surface ocean acts as a
sink of atmospheric CO2. Due to the consistent undersaturation of surface water
pCO2 in Nares Strait, the whole study region was an atmospheric CO2 sink. As
expected, ΔDICgas estimates start off small in Kennedy Channel, where surface
waters had only recently emerged from under the ice arch. ΔDICgas estimates
slightly increased in Kane Basin, where biological drawdown of DIC and increas-
ing SIM fractions contribute to decreasing surface water pCO2 and surface mixed
layer depths. ΔDICgas increases substantially in Smith Sound (station 127) and
northern Baffin Bay (station 120 and 101), where wind speeds increased signif-
icantly (see Figure 5 of Burgers et al., 2017), and surface mixed layer depths
remained shallow. At station 127 the ΔDICgas term becomes comparable to
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the maximum ΔDICbio drawdown in Kane Basin (Figure 8). Further south at
station 120 the ΔDICgas term has surpassed the maximum ΔDICbio drawdown.
This is possibly also represented in our surface underway pCO2 measurements,
which increase south of station 127 (south of 78.3 °N, Figure 9a). The largest
spike in underway pCO2 around latitude 77.5 °N coincides with the highest wind
speed observations in this region, suggesting that enhanced air-sea gas exchange
may be responsible. This is also likely the reason why we observe an increase in
AOU in the surface mixed layer at station 120 in northern Baffin Bay (section
3.4; Figure 8), as gas exchange would have also led to uptake of atmospheric
O2.

Table 3: Summary of surface pCO2 measurements (underway and surface rosette
bottle) and ΔDICgas estimates within the surface mixed layer (SML) at each
station of the Nares Strait transect.

Underway Surface Bottle pCO2 difference Days since
Station Latitude SML pCO2 pCO2 (Underway - Bottle) ice arch ΔDICgas

(°N) (m) (µatm) (µatm) (µatm) (µmol kg-1)
Ken1 81.37 9.9 357.3 347.1 10.2 0.4 0.1± 0.0
Ken2 81.08 18.8 351.1 354.4 -3.2 2.1 1.4 ± 0.4
Ken3 80.80 14.8 312.1 320.9 -8.8 3.7 3.5 ± 0.9
Ken4 80.40 7.9 302.0 314.6 -12.7 5.8 6.5 ± 1.5
Kane1 80.00 8.9 295.6 299.4 -3.8 7.6 8.0 ± 1.8
Kane2 79.67 11.9 298.5 293.9 4.6 9.4 16.3 ± 3.5
Kane3 79.35 10.9 264.7 278.3 -13.6 11.0 20.1 ± 4.2
Kane5 79.00 10.9 251.0 243.0 8.0 12.7 18.7 ± 4.0
127 78.30 9.9 248.6 255.8 -7.2 16.0 53.3 ± 11.7
120 77.32 3.0 270.3 125.7 144.6 20.4 131.6 ± 27.5
101 76.38 7.9 273.6 318.3 -44.7 24.3 186.9 ± 38.4

3.6 DIC budget in Nares Strait

Table 4 presents average values of DICmix, ΔDICbio, and ΔDICgas in three
sub-regions of Nares Strait: (1) Kennedy Channel, (2) Kane Basin, and (3)
northern Baffin Bay. The northern Baffin Bay region includes stations 127,
120 and 101 (Figure 1a). The average DIC budget terms are also summarized
by depth intervals, between the surface mixed layer (see Table 3 for depths),
intermediate depths (50 – 150 m) and the deep water column (> 200 m).

Table 4: Regionally averaged DICmix (Eq. 3), ΔDICbio (Eq. 4), and ΔDICgas
(Eq. 5) in the surface mixed, intermediate (50 – 100 m), and deep (> 150 m)
layers of Kennedy Channel, Kane Basin, and northern Baffin Bay (including
Smith Sound) sub-regions of Nares Strait. All DIC budget values are in units
of µmol kg-1. Insignificant values are not included.
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Kennedy Channel Kane Basin Northern Baffin Bay
Surface mixed layer

DICmix 2086 ± 20 2057 ± 17 2040 ± 31
ΔDICbio -23 ± 6 -54 ± 14 -56 ± 10
ΔDICgas 3 ± 3 16 ± 5 123 ± 26

Intermediate (50 - 150 m)
DICmix 2184 ± 4 2172 ± 4 2158 ± 8
ΔDICbio 6 ± 5 5 ± 3 -

Deep (>200 m)
DICmix 2174 ± 5 2170 ± 7 2172 ± 4
ΔDICbio - - 8 ± 9

Predictably, we find that water mass mixing and transport (captured by the
DICmix term) is responsible for most of the DIC variability across the region.
Within the surface mixed layer DICmix estimates decreased from 2105 µmol
kg-1 at station Ken1 to 2026 µmol kg-1 at station 101 in northern Baffin Bay.
This decrease partially results from the intrusion of surface waters from the
WGC (a mixture of BBPW and SIM), which contain less DIC than the PMW
waters exiting the Arctic Ocean, and also partially from increasing freshwater
contributions (SIM and RR) in the surface mixed layer of Nares Strait (Figure
4). At intermediate depths we also find a decrease in DICmix from Kennedy
Channel towards northern Baffin Bay. This is due to the interaction of UHW
with BBPW (and some small fractions of SPMW) in Kane Basin, and even
higher BBPW fractions present at this depth range in northern Baffin Bay
(Figure 4). DICmix concentrations at depths below 200 m remained essentially
constant across Kennedy Channel, Kane Basin, and northern Baffin Bay despite
changes in source water mass fractions transitioning from mainly CBAW in the
north to a mixture of CBAW with UHW and BBPW contributions in northern
Baffin Bay.

Despite the fact that ΔDICbio represents a relatively small portion of the overall
DIC pool, we find it plays an important role in determining surface pCO2 con-
centrations. We investigated the contributions of water mass mixing and biology
to the observed pCO2 of the surface mixed layer pCO2(obs) from surface rosette
samples in Nares Strait (blue diamonds in Figure 9a), by comparison with hy-
pothetical values of pCO2(mix) and pCO2(mix+bio) derived from CO2 system
calculations in CO2Sys. The term pCO2(mix) represents the surface pCO2 due
solely to water mass mixing and was calculated from inputs of average DICmix,
TAmix, in-situ SP, and in-situ temperature within the surface mixed layer of
each station. The term pCO2(mix+bio), representing the surface pCO2 due to
water mass mixing and biology, is calculated from inputs of DICmix+ ΔDICbio,
TAmix+ ΔTAbio, in-situ SP, and in-situ temperature. Here we factor in a slight
increase in TA due to nitrate uptake during primary production, which can be
estimated as ΔTAbio = ( 11

106 )ΔDICbio = 6 µmol kg-1, assuming that one unit of
nitrate uptake increases TA by one unit, and applying our local Redfield ratios
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(11 TIN : 106 DIC).

Figure 9b displays the terms pCO2(mix), pCO2(mix+bio), and pCO2(obs) for
the surface mixed layer at each station along the Nares Strait transect. Here
we can see that biology plays a major role in lowering surface pCO2 in Nares
Strait, especially in Kane Basin where upwelling of UHW fractions increases the
pCO2(mix) term. The only station where biology does not fully account for the
difference between pCO2(mix) and pCO2(obs) is station 120. The rosette sam-
ples at this station indicate a very sharp gradient in surface pCO2 between the
surface and 10 m depth (Figure 9a). CTD profiles of temperature and salinity
at station 120 also show steep near-surface gradients with salinity decreasing
from 31.0 at 10 m to 28.4 at 2 m, and temperature increasing from 1.8 to 2.6
°C (not shown). Such steep gradients likely indicate strong surface freshwater
stratification, an occurrence that is known to cause considerable uncertainty
in the accurate quantification of surface pCO2, and air-sea CO2 flux estimates
in Arctic coastal waters (Ahmed et al., 2020; Dong et al., 2021; Miller et al.,
2019). Indeed, our eOMP calculated freshwater fractions indicate relatively high
fractions of both RR and SIM in the surface waters at station 120 (Figure 4).
However, the pCO2(mix) term at station 120 remains high (approximately 490
µatm) despite these freshwater contributions. We also note an unusually high
surface TA measurement at station 120 (at 2 m depth; TA = 2155 µmol kg-1),
despite very low salinity and DIC measurements at the same location (S = 28;
DIC = 1877 µmol kg-1). Therefore, it is also possible that a questionable sur-
face TA measurement is responsible for the abnormally low surface pCO2(obs)
at station 120. Underway pCO2 measurements at station 120 (270 µatm; Table
3; Figure 9a) are in closer agreement with the pCO2(mix+bio) term.
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Figure 9: Trends in surface pCO2 along the Nares Strait transect. (a) Surface
pCO2 measurements by the underway system, which sampled at 7 m depth
(black dots), and calculated from DIC and TA measured in the shallowest rosette
samples, at 2 m depth (blue diamonds). At station 120 the calculated pCO2 is
also shown for the rosette sample from 10 m depth. (b) eOMP modeled surface
pCO2 terms due to mixing (Mix, red dots), mixing and biology (Mix+Bio, green
dots), compared against observed pCO2 from surface rosette samples (blue dots,
same as blue diamonds in panel a).

Further CO2Sys calculations to also consider the impact of ΔDICgas estimates
on surface pCO2 (not shown) lead to consistent overestimates of surface pCO2
compared to observational values.

Especially large surface pCO2 overestimates result south of Smith Sound. This
suggests that our ΔDICgas values are likely overestimates of the actual surface
DIC increase due to air-sea gas exchange. There is a high relative uncertainty
associated with our ΔDICgas estimates (up to 30%), and our time-integrated
method of calculating ΔDICgas should be considered a maximum estimate, be-
cause the CO2 equilibration time between the atmosphere and the ocean (typi-
cally several months to a year; Sarmiento & Gruber, 2006) is much longer than
the residence time of surface waters transiting through Nares Strait (20 to 40
days; Münchow, 2016).

3.7 The broader picture of water mass variability in Nares Strait and the North
Water
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In this study we observed a water mass assembly in Kennedy Channel that re-
sembles characteristics of the TPD and the transition zone of the Pacific-Atlantic
front in the central Arctic basin. It is worth exploring how the characteristics,
and nutrient availability, of the waters entering Nares Strait via the Lincoln
Sea might change under a different atmospheric forcing pattern (a different Arc-
tic Oscillation Index; AO), and what implications this might have for carbon
dynamics in Nares Strait in a changing climate.

The upper ocean water masses that arrive in the Lincoln Sea vary inter-annually
depending on the predominant mode of atmospheric circulation over the Arctic
basin (Jackson et al., 2014; Steele et al., 2004; de Steur et al., 2013). These
modes of atmospheric winds can be described by the Arctic Oscillation index
(AO). To put our observations in context, during the 3 years preceding our
observations on the 2014 ArcticNet cruise, the winter season (JFM) average
AO was neutral to negative, and thus the TPD was likely aligned over the
Lomonosov Ridge, delivering western Siberian coastal waters to the Lincoln Sea
(solid red arrows, Figure 1b). We consider the winter season AO, because the
cold season commonly captures the largest AO variability throughout the year
(NOAA Climate Prediction Center: https://www.cpc.ncep.noaa.gov/products
/precip/CWlink/daily_ao_index/ao.shtml#publication) and the JFM indices
have been similarly employed in previous studies of surface water mass transport
across the Arctic Ocean (Steele et al., 2004; de Steur et al., 2013).

Under a positive AO, characterized by a less expansive Beaufort Gyre, the TPD
tends to be aligned over the Mendeleyev Ridge, transporting a greater pro-
portion of Pacific-source waters from the Chukchi Sea directly towards Fram
Strait. Under this atmospheric forcing scenario, the Lincoln Sea and Nares
Strait are located firmly in the Pacific-sector of the Arctic Ocean, to the west
of the Pacific-Atlantic front (Figure 1b). Therefore, under this forcing scenario
we would expect the water mass assembly entering Nares Strait from the north
to be more representative of the Canada Basin (Newton & Sotirin, 1997; Steele
et al., 2004; de Steur et al., 2013). Upper water column stratification is much
stronger in the Canada Basin, due to the presence of relatively low-salinity
Pacific waters (both summer and winter varieties) and due to surface flow con-
vergence within the Beaufort Gyre which acts to retain freshwater from SIM
and RR in the surface mixed layer (Brown et al., 2020; Carmack et al., 2016).
The perennial stratification of the Canada Basin inhibits nutrient replenishment
by convective mixing with deeper water masses during the winter season (Ran-
delhoff et al., 2020), with the upper 50 m having nitrate concentrations below
1 µM even during winter (Brown et al., 2020). The UHW layer within the
Canada Basin is generally centered around 150 m depth (Alkire et al., 2021;
Brown et al., 2020), slightly deeper than the UHW layer we observed in 2014
in Kennedy Channel. The UHW of the Canada Basin is also characterized by
higher DIC and nutrient concentrations (DIC from 2225 to 2260 µmol kg-1, and
Si from 35 to 45 µmol kg-1) (e.g., Alkire et al., 2021; Brown et al., 2016; Miller
et al., 2014) and displays lower pH and ΩAr (7.82 ± 0.03 and 0.75 ± 0.16, re-
spectively) (Beaupré-Laperrière et al., 2020) than in the Eurasian Basin, due to
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the stronger remineralization signal downstream of the very productive Chukchi
shelf (Yamamoto-Kawai et al., 2013). Were this water mass assembly to arrive
in Nares Strait we would likely observe more nutrient-depleted surface waters
with a higher freshwater content, and strong stratification throughout the up-
per water column (Coupel et al., 2015; Randelhoff et al., 2020), which could
inhibit the nutrient replenishment by vertical mixing over the Kane Basin sill
(Figure 2c). Under this scenario primary production in Nares Strait would be
even more limited, and we could expect the waters to be more susceptible to
ocean acidification, with the UHW layer likely transporting a corrosive arago-
nite signal (ΩAr < 1) downstream into northern Baffin Bay (Azetsu-Scott et al.,
2010; Yamamoto-Kawai et al., 2013).

On the other hand, under a negative AO scenario (characterized by a more
expansive Beaufort Gyre with the TPD aligned over the Lomonosov Ridge) we
expect the surface signal of the TPD to arrive in Nares Strait (as observed
in this study), transporting with it high surface fCDOM from Siberian river
runoff (Stedmon et al., 2021) and moderate surface nutrient concentrations. Our
observations in Kennedy Channel show modest nitrate concentrations entering
from the north (up to 3.5 µmol kg-1 in PMW; Figure 3e). Charette et al. (2020)
found that nitrate concentrations in the upper 50 m of the TPD in the central
Arctic Ocean ranged from 0 to 8.4 µM during a similar period of neutral to
negative AO (their observations are from 2015). Although these surface nitrate
concentrations are still not high in comparison to those observed in the Eurasian
Basin, which can reach up to 11 µM (Randelhoff et al., 2020; Brown et al., 2020),
the fact remains that under a negative AO scenario Nares Strait likely receives
more surface nitrate than would arrive from the Canada Basin under a positive
AO. Also, under a negative AO forcing, any UHW (containing elevated nutrient
concentrations) will be located at slightly shallower depths in the water column.
Charette et al. (2020) observed the high-silicate UHW centered at �80 m depth
underneath the TPD in the central Arctic Ocean, whereas in this study it was
centered at �100 m depth in Kennedy Channel. The relatively shallow position of
the UHW layer and the decreased stratification in the Eurasian Basin, compared
to the Canada Basin, would make it easier for nutrients from deeper waters to
be entrained into the euphotic zone by upwelling and mixing over the Kane
Basin sill.

Much remains unknown about water mass transport from the WGC and vari-
ability in the NOW region (Mortensen et al., 2022). However, a number of
recent modeling studies align in predicting that the strength of the WGC, and
the amount of heat it transports around Baffin Bay in the SPMW layer, will
likely increase in the future (Buchart et al., 2022; Castro de la Guardia et al.,
2015; Gillard et al., 2020; Grivault et al., 2017). Recent paleoclimate studies of
the NOW polynya region also suggest that warm periods have historically been
associated with warming SPMW temperatures, further northward penetration
of SPMW, and decreased productivity (Jackson et al., 2021; Ribeiro et al., 2021).
In this study we observed SPMW with a temperature of 2 °C arriving in the
southeastern NOW region (at approximately 76 °N; Table 1), but temperatures
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of SPMW contributions farther north quickly decreased to temperatures below
0 °C as SPMW mixed with UHW and CBAW (Figures 2 and 4). More observa-
tional studies are needed to inform on the changing strength and heat content
of the WGC and its influence on the NOW region.

4 Summary and Conclusions

In this study, we have described the interaction of water masses entering Nares
Strait from the north (Kennedy Channel) and south (the North Water polynya
region of northern Baffin Bay) using a series of chemical tracers and an ex-
tended optimum multi-parameter (eOMP) analysis. Our tracer observations in
Kennedy Channel display a Polar Mode water (PMW) characterized by high
fCDOM, near freezing temperatures and low salinity (31.4), indicating the ar-
rival of Siberian shelf waters in Nares Strait. These surface waters were likely
transported across the Arctic basin by the Transpolar drift (TPD). Underneath
the PMW, we find a slightly diluted layer of Upper Halocline water (UHW) of
partial Pacific origin (as indicated by ANP values of �0.5; Newton et al., 2013),
displaying silicate concentrations up to 18 µmol kg-1, and centered at 100 m
depth. These upper water column characteristics indicate that our sampling
region in Kennedy Channel likely received waters influenced by the TPD and
the Pacific-Atlantic front. The deep water column in Kennedy Channel contains
Canada Basin Atlantic water (CBAW), with a relatively warm temperature (T
= 0.36 °C) compared to the other Arctic-outflow water masses.

Across the North Water polynya region of northern Baffin Bay we observe an
additional two water masses entering Nares Strait from the southeast. The
upper water column is dominated by Baffin Bay Polar water (BBPW), a winter
mode water formed somewhere in eastern Baffin Bay (Mortensen et al., 2022;
Rysgaard et al., 2020), characterized by a near-surface temperature minimum
close to the freezing point and a salinity of approximately 33.5. Centered at
300 m depth we also observe a relatively warm (T = 2 °C) and saline (SP =
34.3) Subpolar Mode Water (SPMW) layer transiting northwards. SPMW is
also characterized by high nutrient and low DO concentrations, suggesting a
history of organic matter remineralization, leading to the lowest observed pHT
and calcium carbonate saturation states (pHT = 7.85, ΩCa = 1.49, ΩAr = 0.94)
of any water mass in our study region.

The results of our eOMP analysis document the interaction of all these source
water masses throughout Nares Strait, and the effects of water mass mixing and
biological processes on the DIC budget of the region. We find a great degree of
mixing in Kane Basin, driven by the presence of a shallow sill (220 m depth),
which forces upwelling and vertical mixing between the UHW and CBAW layers
from the north, and the BBPW and SPMW layers from the south. Fractions of
BBPW up to 45% were observed in Kane Basin, along with relatively smaller
fractions of SPMW (up to 15%) The role of water mass mixing clearly dominates
the DIC budget of the region, although a modest phytoplankton bloom in Kane
Basin is found to play a key role in decreasing surface pCO2 concentrations
throughout Nares Strait. We do not observe any significant respiration signal
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at depth within Nares Strait, suggesting that there is either too little primary
production occurring to generate a detectable respiration signal from sinking
biomass, or the currents may be too fast in Nares Strait to allow enough time
for sinking particles to accumulate and remineralize within the strait (surface
waters only take 20 to 40 days to flow through Nares Strait; Münchow, 2016).
We do observe a respiration signal at depth in the NOW region (DICbio as
high as 30 µmol kg-1), associated with high SPMW fractions, implying that the
respiration signal is derived from organic matter transported with this water
mass from the West Greenland shelf. Air-sea gas exchange is found to play a
minor role in the surface carbon dynamics in this region, although atmospheric
CO2 uptake may be responsible for a slight increase in surface pCO2 south of
Smith Sound (at stations 120 and 101), where wind speeds were high and we
observed a coincident increase in AOU, suggesting the uptake of atmospheric
O2 as well.

These results represent only one snapshot in time of the water mass character-
istics in Nares Strait, a waterway that is subject to large interannual variability
in water mass fluxes from the Arctic Ocean (Jackson et al., 2014; de Steur et
al., 2013). As climate change affects the Arctic Ocean and Baffin Bay, it is
likely that greater freshwater inputs from melting sea ice, glaciers, and rivers
will further increase freshwater content in this area, leading to enhanced stratifi-
cation of the water column and further limiting nutrient availability for primary
production (Bergeron & Tremblay, 2014; Blais et al., 2017). Our observations
in Kennedy Channel show that there is already very limited nutrient availability
in surface waters from the TPD, and if a different surface water mass were to
arrive from the Canada Basin, nutrient availability would likely be even more
limited (Brown et al., 2020; Coupel et al., 2015; Randelhoff et al., 2020). At the
same time, the northward transport of water masses from the West Greenland
shelf may increase in the future with a strengthening of the WGC (Buchart
et al., 2022; Castro de la Guardia et al., 2015; Jackson et al., 2021), and will
perhaps become the dominant source of surface nutrients to the NOW region,
despite also being influenced by increasing freshwater inputs.

Data Availability

 All meteorological tower measurements 2014 can be found in the Polar
Data Catalogue (CCIN: 11872 and 12063), as well as chlorophyll a concen-
trations (CCIN: 11843 and 12028). All underway pCO2 data and bottle
measurements of DIC and TA are available through the National Centers
for Environmental Information (NCEI) Ocean Archive (NCEI Accession
0167322). NCEP NARR 8 times daily wind velocity measurements (U-
wind and V-wind individual observations at the 10 m level) are available
at https://psl.noaa.gov/data/gridded/data.narr.html. Some figures in this
paper were produced using Ocean Data View (Schlitzer, 2020). Some of the
data presented herein were collected by the Canadian research icebreaker
CCGS Amundsen and made available by the Amundsen Science program
(https://amundsenscience.com/data/data-access/), which was supported by
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