Modeling Transport, Fate and Lifetime of Riverine DOC in the Arctic Ocean
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INTRODUCTION

The physical and biogeochemical properties of the Arctic
Ocean are greatly influenced by the presence of rivers
entering the basin from both eastern Eurasian and western
North American side.

Arctic Rivers represent a crucial link between terrestrial and
marine carbon cycles through the runoff of Dissolved Organic
Carbon (DOC).

Transport, Fate , and Life Time of riverine DOC have been
estimated by observations although sparse in space and not
fully continuous in time. With this modeling study we aim to
shed light on the interaction of multiple processes
(circulation, mixing & decay) determining DOC distribution
in the Arctic Ocean.

REGIONAL ARCTIC MODEL

For this study we use a regional set-up of MITgem :

[1] Ocean-Sea-Ice Model : 3-D ocean general circulation
model (MITgem) based on primitive equations. The model is
eddy-resolving (~20 Km of horizontal resolution) and has 50
vertical levels. It is forced by re-analyzed forcing fields
(NCEP) such as wind stress, solar heat and freshwater fluxes
for present climate and it is coupled to a thermodynamical and
dynamical sea-ice model. This regional Arctic ocean model
has been developed in the framework of the ECCO2 project
(visit ecco2.org for further details).

[2] Idealized Tracer Model : We aim to assess the decay time
scale of riverine DOC entering the Arctic basin from rivers. We
implement a climatological seasonal cycle of major rivers
DOC discharge as tracer source for the Arctic basin (Fig. 1).

With this tracer model we can set different time scales of
remineralization (T) of our DOC-like tracer (C) to compare
with estimates from field data (Hansell et. al., 2004, Fig. 2) :
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We carry out three simulations where 7 is set equal to zero,
1 year, and 10 years applying the same circulation fields for
each numerical experiment.

PRELIMINARY RESULTS
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Field data (Hansell et al., 2004) suggest that there is a robust 29 30 31 32 33 34 35

relationship between DOC and Salinity in the Arctic Ocean
(Fig. 2). They also imply that this relationship can be used to
distinguish between different sources of DOC coming from

different rivers entering the Arctic basin.
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DOC River Discharge Climatology

Discharge of DOC in the Arctic Ocean is strongly influenced

by the marked seasonal cycle of discharge of freshwater from
land (Fig. 1). We constructed a climatological seasonal cycle
for the major Arctic rivers combining direct [DOC]

measurements at the mouth of the rivers and modeled
freshwater fluxes due to river runoff (Lammers et al., 2001).
Results from multi-year numerical simulations, carried out
with climatological circulation fields, shown here use for each
year the same climatological seasonal cycle of DOC river
discharge shown in Fig. 1.

Figure 2 - DOC-Salinity relationship in
the Western Arctic Ocean (figure from

Hansell et al., 2004). Black dots refer to
eastern Arctic and open dots to western
Arctic.

DOC-Salinity Relationship in the Arctic model
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Passive Tracer

The passive tracer is considered to have a salinity-like behaviour
and the decaying tracer represents riverine DOC. Results refer to
19" simulated year. Each figure represents modeled tracer values
sampled at the surface of the ocean model in areas comparable to
those of study of Hansell et al., 2004.

Preliminary results indicate the sensitivity of the relationship

between passive and decaying tracer in the Western and Eastern

Figure 3 - Decaying tracer-passive
tracer relationships in the Arctic
Ocean simulated by MITgem.
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Arctic basins, analogous to the relationship between salinity and
DOC presented by Hansell et al., 2004. The model has been
sampled at approximately the same locations. With T = 1 year (Fig.
3a), little riverine DOC reaches the sampling locations. With T = 10
years (Fig. 3b), the tracer-tracer relationship is more comparable

with the observations with a DOC-rich eastern basin.

Decaying Tracer

Western Arctic ‘:
Passive Tracer side .

In this last case, the Western basin has two trends indicating two
water mass contributions, one with the Alaskan Current reflecting
upstream conditions of the Bering Strait and the other rich in
decaying tracer coming form the Eastern basin. This suggests that
an intermediate value of T (consistent with Hansell et al. estimate
~7 years) would be appropriate to see elevated [DOC] in the eastern
sector but not long lived enough to be transported to the western

HIGHLIGHTS

Results from this study show that :

[1] the decay time-scale of DOC in the Arctic Ocean can
approximately be between 1 and 10 years as also inferred by
using field data.

[2] a realistic representation of surface ocean circulation is
crucial for representing the observed DOC supply from the
eastern to the western Arctic Ocean as suggested by field data.

[3] this regional set-up of MITgem has the potential for
addressing questions on the physical and biogeochemical
processes occurring in the Arctic Ocean at basin scale.

TRANSPORT & DECAY INTERPLAY
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Figure 4 - Snapshots of

surface [C] distribution

after 19 years with
different decay time-
scale (1) values. Last
simulated month of 19"
year is shown.

Figure 4 shows the drastic effect of a variable t on tracer
supply from the eastern to the western side of the Arctic basin.
The observed DOC-S relationship (Fig. 2) is the result of the
interplay between ocean circulation transporting DOC
from the Eurasian to the North-American side and the
concomitant process of decay occurring during the
physical transport.

With unchanged circulation fields for all these numerical
experiments, we highlight the crucial role of the decay time-
scale T of our tracer to explain the observed DOC
distribution. In fact , with the value of t set to 1 year the
patterns of tracer distribution, likely to represent the observed
DOC distribution in the Western Arctic, tend to disappear also
confirming the results shown in Fig. 3.
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