
TOPOGRAPHIC MIXING    
IN THE ARCTIC

Rippeth et al. (2015), as told by Channing Prend



PRELUDE

Igesund (2013)

Warm Atlantic Water (AW) enters 
the Arctic Ocean through Fram 
Strait at intermediate depths 
(40-200 m). The Arctic has very 
little mixing, so the AW 
thermocline bars upward heat flux. 

Does internal wave-driven mixing 
play a major role in transporting 
heat from AW at intermediate 
depths to the surface (where it can 
melt sea ice)?



INTERNAL WAVE-DRIVEN MIXING

The winds and tides supply the energy for much of the turbulent mixing 
in the ocean. Which of these processes are important in mixing AW 
water up to the surface in the Arctic?
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WIND MIXING?

Rainville and Woodgate (2009)

In the absence of sea ice, winds 
transfer momentum to the ocean 
and drive strong inertial currents. 
But does this increase mixing?

Strong wind events (marked by 
red arrows) correspond to 
strong inertial currents during 
the summer (i.e. ice-free 
season) that propagate down.



MIXING NOT RELATED TO SEA ICE COVER

Guthrie et al. (2013)

Internal wave energy varies significantly in the Arctic. These 
measurements suggest that increased momentum input from the wind 
during ice-free times does not translate to increased mixing. Why? See 
also Lincoln et al. (2016) and Fer (2014).  



OVERVIEW

Rippeth et al. (2015)

Observational evidence for 
the control of AW mixing 
rates by the interaction of the 
tides with rough topography.

Importance of tidal flow over 
topography to internal wave 
mixing and the Arctic heat 
budget was suggested in Melling 
et al. (1984), Padman and Dillon 
(1987), D’Asaro and Morison 
(1992) among others.  



MIXING ACROSS THE AW THERMOCLINE

Rippeth et al. (2015)

Average dissipation rate across the 
AW thermocline (εAW) varies 
significantly with bathymetry. In the 
central Arctic (>2000 m), values are 
uniformly low. These low levels seem 
insensitive to sea-ice cover.

εAW is enhanced by up to 2 orders of 
magnitude where the continental 
slope is large.



MATHEMATICAL INTERLUDE

Average the individual profile-
integrated dissipation rates 
across a continental slope 
transect.

Balance between the work rate by the 
tide-generating forces W, and the 
tidal energy flux P.

Transect-mean Dissipation Tidal Energy Dissipation Rate 



MIXING DRIVEN BY TIDES

Rippeth et al. (2015)

Transect-mean dissipation is correlated with tidal energy dissipation 
rate (and accounts for 12% of the total tidal energy dissipation rate) 
Tidal energy supports the enhanced dissipation over the continental 
slope.



CRITICAL LATITUDE EFFECTS

Rippeth et al. (2017)

Rippeth et al. (2017) presents a mechanism for tidal energy conversion 
poleward of the critical latitude: supercritical tidal flows transfer energy 
to short length-scale internal lee waves that are generated over steep 
topography as a result of nonlinear advection.

Most of the Arctic basin is 
north of the critical latitude 
for M2 tide. Shouldn’t this 
limit the spread of internal 
wave energy generated by 
the interaction of barotropic 
tides with bathymetry?



HEAT FLUXES

For the continental slope poleward of Svalbard, the average heat flux 
across the AW thermocline is 22 ± 2 W/m2. This is over 2 orders of 
magnitude greater than those reported for the central Arctic Ocean (but 
operating over a small region).

AW heat fluxes are very localized. What are the implications of 
this in a changing climate? Spatial inhomogeneity in heat transfer 
and thus response of Arctic sea ice?



MODELING IMPLICATIONS

Luneva et al. (2015) runs two 30-year NEMO simulations of the Arctic: 
one that explicitly resolves tides and one without any tidal dynamics. 
Tides lead to ~15% reduction in the volume of sea ice. 

Luneva et al. (2015)

Tidal mixing is of leading order 
importance to the Arctic Ocean heat 
budget but is not resolved in many 
models!



MEASURING DIFFUSIVITY IN THE ARCTIC

Scheifele et al. (2018)

Aside: Measuring the diffusivity in the Arctic is difficult since mixing 
is so low that values are close to the instrument noise floor.



• Observations support the paradigm of a predominantly double-
diffusive central Arctic with weak mixing, and more turbulent 
continental slope regions where mixing is controlled by the tides 
interacting with steep topography.  

• Mixing rates of AW thermocline water do not seem to be related to 
sea ice cover. In the absence of sea ice, there is evidence that winds 
transfer momentum to the ocean and excite strong inertial currents. 
Why doesn’t this translate to more mixing? 

• What does the localized nature of AW heat fluxes mean for the Arctic 
heat budget in a changing climate? How important is it for models to 
resolve tidal processes in order to project changes in Arctic water 
properties, transport, sea ice, etc? 

CONCLUSIONS


