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Motivation:
The challenging nature of logistics in the Arctic Ocean have made it 
di�cult to perform intensive microstructure experiments.   The low 
levels of turbulence found away from the boundaries and topogra-
phy and the prevalance of non-mechanical mixing regimes like 
double di�usion compound this issue.

Previous experiments, Padman and Dillon [1987], Rainville and Winsor 
[2008], Sirevaag and Fer [2012] have favored the calculation of ε, and 
because of this, pro�led their instruments at speeds approaching 1 
m/s.  This has forced them, when calculating χ, to rely on �tting their 
data to theoretical turbulence spectra to resolve all of the variance, 
since ε is typically below the noise of level of most instruments 
below the pycnocline. 

Meanwhile, our best estimates of the vertical heat �ux from the At-
lantic Water layer throughout the majority of the basin rely on labo-
ratory derived �ux laws.  A parameterization can be applied any-
where a di�usive convective thermohaline staircase is present.  
While recent numerical studies have a�rmed the laboratory �ux 
laws, observational e�orts are needed to attempt to verify these pa-
rameterizations in an oceanic regime.

This poster shows some preliminary results attempting 
to validate the 4/3rd laboratory �ux law with heat �ux 
calculated from temperature microstructure across 
double di�usive interfaces in an Eurasian Basin ther-
mohaline staircase.

Data and Methodology:
As part of the NSF funded North Pole Environmental Observatory 
Project, a short temperature microstructure experiment was per-
formed from the drifting Russian Ice Camp Barneo in April 2013.

An SBE 19+ CTD was a�xed to an RSI Microrider and lowered 
through a hole in the sea ice.  The Microrider had 2 shear probes and 
2 FP07s but no microconductivity. The instrument package was low-
ered at a speed of between 20-25 cm/s in an attempt to capture all 
of the temperature gradient variance.  From 4/11 - 4/19 a total of 42 
casts down to 350 m were made.   Interfaces were chosen visually 
and for two main criteria: thickness greater than 10 cm and free from 
other structures.  Only 146 interfaces met this criteria as most were 
thinner or contained other structures.  Heat �ux is calculated three 
ways:

(1) 4/3rd Laboratory Flux Law

(2) χ from FP07 temperature gradient spectra

(3) From molecular di�usivity 

Thermistor Comparison:
Unfortunately, acceptable data from both FP07s was only available in a hand-
ful of casts due to issues with the second themistor channel.  Typically, two tur-
bulence probes are used in the calculation of quantities.  

Spectra - Interface vs. Layer:
χ values in the interfaces are an order of magnitude or more greater than χ in 
the layers.  The interface/layer pair shown below were chosen at random.  The 
interface is �t better with Kraichnan spectra while the layer is �t better with 
Batchelor spectra although there is deviation at low wavenumber.

Flux Law vs. Observations:

“mean” Interface Properties:

Conclusions:
Heat �ux calculated from temperature gradient microstructure measurements 
agrees reasonably well with the laboratory �ux laws.

“Eddy” di�usivity calculated across the interfaces appears only slightly (10-
20%) higher than molecular di�usivity.

The magnitude of our heat �ux values agree well with the Flanagan et al. 
[2013] formulation of the �ux law for higher density ratios although both for-
mulations are well correlated.
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Fig. 1: Bathymetry map showing the location 
of the experiment drift in the Arctic Ocean.

Fig. 2: Temperature pro�le from Cast #14.  Insets are an ex-
ample of two interfaces.  The leftmost is included in the analy-
sis while the rightmost is not.

Fig. 4: Comparison of layer and interface spectra from Cast #21.  
Dotted lines are theoretical spectral �ts.
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Fig. 3: (a) Comparison of Temperature Gradient Spectra from 
di�erent thermistors across 9 interfaces from Cast #14. (b) Plot 
of χ calculated from the spectra in 3(a) for both thermistors.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Molecular Heat Flux vs. Kelley [1990]

Molecular Heat Flux (W/m2)

K1
99

0 
Fl

ux
 L

aw
 H

ea
t F

lu
x 

(W
/m

2
)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Molecular Heat Flux vs. Flanagan et al. [2013]

Molecular Heat Flux (W/m2)

F2
01

3 
Fl

ux
 L

aw
 H

ea
t F

lu
x 

(W
/m

2
)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Turbulent Heat Flux vs. Kelley [1990]

Turbulent Heat Flux (W/m2 )

K1
99

0 
Fl

ux
 L

aw
 H

ea
t F

lu
x 

(W
/m

2
)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Turbulent Heat Flux vs. Flanagan et al. [2013]

Turbulent Heat Flux (W/m2)

F2
01

3 
Fl

ux
 L

aw
 H

ea
t F

lu
x 

(W
/m

2
)

Correlation: .72
Slope: .89

Correlation: .74
Slope: 1.15

Correlation: .67
Slope: 1.5

Correlation: .69
Slope: 1.98

0 0.1 0.2 0.3 0.4 0.5 0.6
0

0.1

0.2

0.3

0.4

0.5

Turbulent Heat Flux vs. Lab Flux Laws for R
ρ
 > 4

Turbulent Heat Flux (W/m 2 )

La
b

 L
aw

 H
ea

t F
lu

x 
(W

/m
2

)

 

 
Flanagan et al. 2013
Kelley 1990

Correlation: .79
Slope: .94

Correlation: .78
Slope: .6

Fig. 5: Scatter Plots of Turbulent and Molecular Heat Flux vs. 
Laboratory Flux Laws with Correlations and Slopes. (a) Turbu-
lent vs. Kelley [1990]. (b) Turbulent vs. Flanagan et al. [2013]. (c) 
Molecular vs. Kelley [1990]. (d) Molecular vs. Flanagan et al. 
[2013]. (e) All comparisons using only interfaces with density 
ratio greater than 4.

a) b)

c) d)

e)

2
2013_

2
90_

2
_

2
_

1

128

127

23.

17.

12.

16.

5.3
22./

1028.2

1073.1

−

−

−

−

−

−−

−−

=

=

=

=

=
°=

°×=

×=

WmF

WmF

WmF

WmF

R
Cmdzdt

sC
smK

FH

KH

MolH

TurbH

T

ρ

χ

Acknowledgements:
This work was funded through NSF ARC-0909408.  Logistical support was provided through the North 
Pole Enivronmental Observatory, the Research Council of Norway and the University of Bergen.


