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Method Validation using NEMO

Application to Observations

The Overturning in the Subpolar North
Atlantic Program (OSNAP) aims to understand the circulation of the North
Atlantic Subpolar Gyre. We have developed a new Regional Thermohaline
Inverse Method (RTHIM) to obtain independent estimates of the transport
through the OSNAP array using ARGO
and other observations and validated it
using NEMO [1]. RTHIM diagnoses the
relative contributions of boundary processes and internal mixing to water
mass transformation within the region.

Figure 4: (top panel) Surface reference level velocity vref from an ensemble
of RTHIM solutions (red)
compared with the NEMO
model truth (black). The
initial condition constructed by adding noise
to the NEMO vref is shown
in blue. RTHIM solution
section velocities (middle
panel) are obtained by
adding the known model
shear to a solution vref.
RTHIM section velocities
from this solution are very
similar to those from
NEMO (bottom panel).

Following successful validation, we have applied RTHIM to observations
using θ and S from a 2008-2016 time-mean of the EN4 reanalysis [6]
and surface heat and freshwater fluxes from ERA-Interim [7]. An initial
surface vref was estimated using absolute dynamic topography from AVISO
[8]. A volume-bounding section was defined (dashed red line on Fig. 1)
which passes through the OSNAP mooring locations, and an ensemble
of RTHIM solutions obtained as before.

Groeskamp [2,3] and Zika [4] used a thermohaline coordinate system
to represent the global ocean circulation and diagnose mixing. Building on
these ideas, we apply a new inverse method to diagnose the circulation
and mixing for an Arctic control volume bounded to the south by a section at around 65°N (Fig. 1). The control volume is divided into elements
using contours of temperature θ and salinity S (Figs. 2 and 3). The flow
through the section between contours at a given temperature and salinity
is Iadv(θ,S). The change in volume of an element is due to this boundary advection, surface fluxes of heat and salt and interior mixing:
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Figure 1: Arctic control volume. Solid red line
indicates the section bounding the volume;
dashed red line the OSNAP section. Background shows NEMO surface heat fluxes.
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Introduction

MOC (Sv)
11.64 (11.53)
10.76 to 12.91
MHT (PW)
0.29 (0.29)
0.26 to 0.32

MFT (Sv)
-0.15 (-0.16)
-0.19 to –0.13

(1)
Figure 2: Temperature (colours)
and salinity
(white contours)
from part of the
section indicated
on Fig. 1. Red
polygon defines a
volume element
(Fig. 3).

Assuming a steady state, we
solve (1) at each θ and S, invoking a balance between
the flow through the section
Iadv and the divergence in
θ-S space of the implied
movement of θ and S surfaces, u = (uθ,uS), due to mixing
(ms and mθ) and surface fluxes (fθ and fs).

Figure 3: A volume element bounded by pairs of
isotherms and isohalines.

Figure 5: Streamfunctions calculated from the RTHIM solution section
transports binned in density (left), temperature (middle) and salinity
(right) coordinates. RTHIM ensemble solutions in red; NEMO truth in
black. Overlaid are the Meridional Overturning Circulation (MOC,
calculated as in Li et. [5] al rather than max(Ψσ)), Meridional Heat
Transport (MHT) and Meridional Freshwater Transport (MFT). For
each metric the top line gives the RTHIM ensemble mean with the NEMO
truth in brackets, and the second line gives the ensemble range.
Figure 6:
Contributions to the
volume budget from
each term in (1)
integrated through all
S and showing
cumulative integral in
θ (left), and
integrated through all
θ showing cumulative
integral in S (right).

Figure 7: Surface reference level (top panel) and section velocities
(bottom panel) from one solution of RTHIM applied to observations. Shear
is obtained from thermal wind using the section θ and S and added to vref.
Figure 8: Overturning
streamfunction from an
ensemble of RTHIM solutions (left panel, ensemble members in grey
and mean in red); and
from OSNAP array observations (right panel,
monthly means in grey
and 2-year mean in red).
RTHIM initial condition
from altimetry in blue.
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MOC: 15.33 Sv

Conclusion
RTHIM has been validated using NEMO model data. Solutions are robust to
various model parameters and initial conditions. The MOC, MHT and MFT
calculated from the RTHIM solutions are within 12%, 10% and 19%, respectively of the NEMO ‘truth’. When applied to observational reanalyses
(9 year mean) using a section following the OSNAP line, the MOC streamfunction derived from RTHIM has a similar structure when compared to
that from array observations (2 year mean), but weaker transports.
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