Turbulent Mixing and Exchange With

Interior Waters on Sloping Boundaries

Eric Kunze, APL-U of Washington, Erika McPhee-Shaw, Katie Morrice, Moss Landing;
James, Girton, Samantha Brody, APL-U Washingtorn.

» fine- and microstructure profile time-series along the axis of Monterey.
Canyon during 18-30 AUG 2008 (spring tide 21 AUG) address
(i? turbulence above a sloping| bottoms, (i) near-boettom mixing
efficiency vy and (lii) exchange with the interior.

previous work (Petruncio et a/. 1998; Kunze er a/. 2002; Carter and
Greg? 2002) revealed upcanyon semidiurnal internal tide energy-fluxes
with flux-convergence consistent with elevated near-bottom turbulent
dissipation rates € along the axis.

as found on other slopes, stratified turbulent layers are an order of
magnitude thicker than well-mixed bottom boundary: layers.

» upslope flow convergences driven by nonuniform mixing drive
exchange with the interior.

Kunze, et al. (JPO submitted)




Sampling

> seven stations with 12-h of
7 CTD/LADCP/OBS finescale

) Buttrtly Bow profiling plus 12-h of CID and
N g | Soaua Saven microstructure profiling and
~ g microstructure profiles (- );

=) five 12-h CTD-only stations

(=387 = ( ) along the axes of
Monterey and Soquel Canyons
in water depths off 370-1200 m.

sampled within 30 £ 60 m of
bottom.

1200-m station (/) sampled
over 3 different days.
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Shallow Menterey (500 & 700 m)

Monterey 2008 stn 7 26 AUG Monterey 2008 stn 12 27 AUG

1031041051061070810911011 38 39 40 41424344 4546 47 48 49 112113114115116 117 118 119120121122123 50 51 52 53 54 55 56 57
= v - - ¥ T -

semidiurnal
iIsopycnal
displace-
ments

I A I T O | PR e I P g gt By LBty b Bty B 8y o o3ty g
1200 1500 1800 2100 2400 0900 1200 1500 1800 2100 2400
t (h) t (h)




» average dissipation
rates €, buoyancy
freqguencies //and
Inferred upaxis
transports U.

‘alkaad » turbulent layer 200-
" 300 m thick (/2.) as

deep as 1200 m on

canyon axis with ¢ =
10-8-10-7 W/kg.




Stratified Turbulent Layer (STL)

MONTEREY08 AUG 2008 Monterey Canyon

200-mab (solid circles)
average dissipation rate
and buoyancy frequency:

» 300-400 mab (open
triangles).

nearly identical in
stratified turbulent layer as

Immediately above
(3.5/4.5).

above STL,

in STL,

(K=16 % 107% m2/s,
Ly < 5 M.




Bottom Boundary Mixed-Layer
Thickness /71,

50% (90%) well-mixed
bottom boundary: layer

thicknesses /1, less
than 5 (30) m (based

on V< 107> rad/s), an
order of magnitude
thinner than the
stratified turbulent
layer thickness /7..




Mixing EfflClency
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1990) Garrett (1991), Garrett et a/. (1993) and Garrett (2001)
argued that mixing on slopes inefficient because BBL well-mixed.

In canyons, continental slopes (Nash et a/. 2004, 2007), seamounts
(Toole et a/1997) and ridges, stratified turbulent layers are often
much thicker than well-mixed boundary layers gh >> /1) SO /10 reason
for low mixing efficiency. This will hold where Iow/topography

interactions produce unstable internal waves, but not weak
Interactions.




Energetics

AAPE to mix bottom 200-300 m

= Wh2/12 = 10-30 J m kg.
time to mix £ = AAPE/(ye/.) = 2-5 months
for mixing efficiency y = 0.2, implying the
need for restratification processes to
maintain stratification.




Buoeyancy Conservation 1

» Steady buoyancy conservation
(UB+<ub>)t |[ox + o[(WB+<wDb>)t [oz= 0,
where £ is the canyon width.




Buoeyancy Conservation 2

reduce to a 1-D vertical advection/flux-divergence balance taking
canyon hYpsometw 7, into account (Stigebrandt and Aure 19895;
McDougall 1989)

WL, = = d({ <wb>)[oz
by neglecting (i) mean upcanyon advective buoyancy-flux because
mean' isopycnals flat and (ii) perturbation upcanyon buoyancy-flux
divergence (i.e., bolus exchange between turbulent layer and interior)
without justification.

Substituting <wb> = —y<e> (Osborn 1980) and canyon width 7, = 4/
where /1= z — z, Is height above canyon axis bottom

W= (y<e>)/(Mh) and U= (y<e>)/(NhS)
to satisfy the bottom boundary condition of no normal flow.




Upcanyon Transports

- to satisfy no mean flow through bottom, upcanyon flow U = /s where
thalweg slope s = 0.04.

upcanyon transport |, ~ 4y<e>Ah/(S<N>) ~ 3-15 m3/s
inferred upcanyon transports NOT uniform (Fig.).

- divergences and convergences around station 22 (r= 32 km) imply:
exchange between the stratified turbulent layer and interior.




Intermediate Nepheloild Layers
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Intermeadiate Nepheloid LLayers

BEAM ATTENUATION COEFFICIENT (1/m)

comparison of the
coarse turbulence-
driven predictions ofi
the depths of turbid
vs. clear water with
observed INLs
downcanyon.




sSummary Cartoon

stratified turbulent layer /1. an order of magnitude thicker
than well-mixed BBL /3, (a3 and upslolge flow' convergence
U, will drive 2-D flow: Jor ¢ and exchange with interior
(bS, invalidating 1-D balance.




Conclusions

o 200-300 m thick turbulent stratified layers with <> =4 x 10° W/kg
arllwc{ diffusivities A= 16 *x 10~ m?/s at 300-1200-m water depth along
thalweg.

e mixing efficiencies should be high: because well-mixed bottom boundary.
Iallyers only 0-30 m; thick (/7, ~ 0.1/2.), as commonly observed on
slopes.

o timescale to mix the stratified turbulent layer ~2-5 months.

o inferred turbulence-driven upcanyon; flow. Uﬂ' ranges from 50 m dag—1
(0.05cm s?) at /= 30 mab to 10 m day ' at top of stratified turbulent
layer (/. = 300 mab)

e globally, canyons may contribute 2-3' times as much diapycnal mixing as
basin-average K= 0.1 X 10~ m2 s-! in the ocean interior.

o inferred turbulence-driven upcanyon divergences and convergences
consistent with observed depths of clear water and intermediate
nepheloid layers, respectively.

o internal wave, turbulence and exchange dynamics on slopes carnot be
described by 1-D models.




Future Work

e OUr measurements only allowed
guantification of one term in the steady
buoyancy: conservation with others not
measurable by conventional means.




Internal Semldlurnal Energy-Fques
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comparison of (Jachec et al. 2006; Carter 2010) and (Kunze et
al. 2002) vertically-integrated semidiurnal internal wave energy-fluxes.




Sampling Majp

Mooring

EM-APEX

CTD Timeseries

VMP Timeseries

CTD Profiles
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Soguel (Spring 370 & 600 m)

Monterey 2008 stn 19 23 AUG

18 19 20 21 22 23 24 25 26 132 134 136 138 140 142 144

Monterey 2008 stn 17 28 AUG
58 59 60 61 6263 646566 67 6869 70 131 133 135 137 139 141 143 145
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