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Brine Rgection and Its Effect on the Arctic Halocline
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1. Introduction: 3. Setup:

* The Upper Arctic Ocean: = Brine Rejection Parameterization: Fig.5: calt : Normalized s(z)
Sbera | | R S—— T 0-50m: Mixed Layer » Sea-ice retains 33% of salt Ve e R STt 0
i 8 O elodine N\ Y 50-200m: Halocline » 67% of salt rejected back to the ocean function s(z). For ¢ ¢,
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: i v = otential Temperature (°C) Salinity depth Compared to
FIg.l: (a) Location of data and (b) data O, Z‘ > ‘D‘ at the surface. 1
averaged vertical temperature and salinity )
profiles in the Canadian Basin in the Arctic. » Model (1992_2006):
_ » Ocean: > Sea-ice:

» The Halocline: — 18 km horizontal resolution, 50 vertical levels | |
> ~ 50-200m, near freezing (-1.7°C), high salinity gradient — ECMWF / ERA-40 Forcings — 2-category zero-layer thermodynamics [Hibler, 1980]
» Shields Atlantic Water heat from melting surface sea-ice — K-profile parameterization (KPP) vertical — Viscous plastic dynamics [Hibler, 1979]
» Controls sea-ice mass balance and sea-ice / ocean mixing scheme [Large et al., 1994]

SEgy SHTIEgE = Assessment:

= Sensitivity Experiments: |
» Data (Fig.1):

= State-of-the-Art coupled

» Three experiments are performed (Table.1):

Ocean/Sea-ice Models: M AO: Baseline, brine rejection off. Condgcti\{it_y-Temperatgre-Depth (CTD) profiles:
A RS W~ ; Al: Baseline, brine rejection on, n=5 a) Scientific Ice Expeditions 1995-2000 [sCICEX].
A2 A1 with alower KPP backg’round b) Beaufort Gyre Exploration Project 2003-2004 (wHoi] 8§
E—IaIOCIme JLSEE diffusivity v value which we have » Measure of Improvements:
found to improve the results. Improvements are measured in reduction of

sum-of-squares (SSQ) of model minus data:

Table.1: List of sensitivity experiments (SmAO iy S$A[l 2])

Experiment |Brine Rejection|v(m?/s) | =

FIg.2: Model results (black lines)

showing the missing halocline when

compared to climatology (red line). j|  Models
Figure is taken from [Holloway, 2007].
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A0 off 10° S,

| >0 when SSQp(; 5 < SSQp = Solution A[1,2] is better
| <O when SSQ,(; 5 > SSQp = Solution A[1,2] Is worse

* The Problems:

Salt (brine) rejection during sea-ice formation + low model
horizontal resolution (~20km-100km):

- Large scale vertical mixing of salt in the mixed layer

- Deepening the mixed layer

—> Destruction of the Halocline

A1 on 10-°
A2 on 107

4. Results

» Results for 1995-2004 are summarized iIn
‘2. Aggroach: [sub-grid-scale brine rejection } Table.2
_ _ » Sub-grid-scale brine rejection produces more
Motivation: realistic mixed layer depth (Fig.6)

a) Observations [morison and McPhee, 1998 » Model maintains halocline over 14-year

.« Sea-ice forms > salt rejected back into the ocean > duration (Fig.7)
does not mix uniformly in the mixed layer > sinks to » Brine rejection gives improvements from

base of mixed layer > makes mixed layer shallower and ~10-30% In the early years to ~40-70% _
more stratified. toward the end of the model-run (Table.2) FIg.6. Mixed layer depth

» Combination of brine rejection and smaller i) &t medel e die
KPP background diffusivity produces best Jan 1992 (a), and final time

b) Previous Laboratory Experiments [Heirich, 1994): results, with 80-120% improvements of Feb 2006 for solution A0 (b)

mis-fits at the end of the model-run (Table.2) and A2 (c). Without sub-
grid-scale brine rejection §

(b), the mixed layer is too
deep, and the halocline is
destroyed (see also Fig. 7).

Parameters:

F, =V, g /)ap— Po [FOZ initial buoyancy

NZ: buoyancy frequency

f: Coriolis frequency
Table.2: relative Improvements | (%) for experiments Al
and A2 with respect to AO for the years 1995-2004.

—_— AQ Data
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°> -1 0 30 32 | Experiment | 1995 1996 1997 1998 1999 2000 | 2003 2004

o A0 0 0 0 0 0 0 0 0
Temperature(°C) Salinity A1 27 16 39 12 28 9 62 68

A2 -15 6 45 27 30 11 118 79

5. Summary

» Current State-of-the-Art coupled Ocean/Sea-ice models can
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Flg3 Laboratory result of salt rejected into a density-stratified fluid.

The salt plume of horizontal extent b reaches the neutral buoyancy
depth z before spreading out horizontally. Figure is taken from [Helfrich, 1994].
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150 not reproduce the halocine, a cold high salinity-gradient layer
_ _ _ . that stabilizes the upper Arctic Ocean
c) Previous Numerical Experiments: (sminawmorison. 1006} (b) 28 30 Salinit > Excessive grid-scale numerical vertical mixing is one of the
_ Y major contributing factors to the failure
FIQ.7. Vertical Temperature and Salinity > Brine rejection = moves salt from surface and distributes it to
profiles (a) and T/S diagram (b) of the Canadian greater depth 2 maintains the salinity-gradient in the halocline

SEEI [ WS RS [ AURUEE A0V, UGS EETEL > A halocline is successfully reproduced and maintained.
CTD data are shown as thin gray lines in (a),

with data mean shown as dashed black lines. » A combination of brine rejection scheme which distributes
The halocline is destroyed in solution A0 but is most of the salt to the bottom of the mixed layer and small
sustained for the duration of the model run in KPP background diffusivity produces the best fits to

Al and A2 (only A2 is shown here). Temperature/Salinity data in the Canadian Basin.

» Detalled results are in [Nguyen et al., 2008]

Distance (m)

Flg4 Numerical result of salt rejected into a density-stratified fluid.

The salt plume of horizontal extent b reaches the neutral buoyancy
depth z before spreading out horizontally. Figure is taken from [Smith, 1998].
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