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Turbulence is generated / sustained by

Driving forces:   Wind effects, shear stress τ, u*w = (τ/ρw)1/2;  τ=Cd.ρa.U10.|U10|

Buoyancy flux (losses of buoyancy, ocean cooling) Jb or Bo (m2.s-3)

Surface effects (waves, langmuir cells)

Internal waves, submesoscale and mesoscale instabilities

Concern

Ocean depth mixed layer Hmd, few meters to 2000 m;   δρ <0.01 kg/m3   one among many 
criteria

Special attention when Hmd> Ze

Mixing layer depth (active) against Mixed layer depth ?

Questions

Cycling time of water parcel?  Tconv = H/w;  w?   u*?

Recall
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NE Atlantic,    40°N, 18°W,    1st-2nd March 2001, 13 casts   2 days
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Start (1081 cast):  180 m mixed layer, Fluo Homogeneous

Depth of euphotic layer: ca 60-70 m

Rains after 1082 ? + Low Jb losses                    Stratification

Turbulence (convection) limited to 40 m upper layer

Doubling Biomass for 2 days

Biomass did not change in 40-180 m layer

Production was limited by turbulence for 1081-1082 casts
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Increasing C for 2 days in the 50 m upper layer (mixing layer)
µ.C. Hmg > Kz. δC/δz |-Hmg Kz < (µ. Hmg . δz). C/ δC

0.5*50*20*1

Kz <  500 m2d-1

But same kind of calculation inside the mixing layer  Hmg

No gradient in C, same µ
C/ δC > 10  on  25 m (Hmg and δz )      Kmg >0.5 *25*25*10

Kmg > 3125 m2d-1

However K formulation non relevant  in mixing layer   
(Ex  Hmg > 50 m;   Kmg > 12500 m2.d-1; not realistic, 
upper limit: 2500 m2.d-1 ; towards 3D  )



C – profiles are very sensitive to  Hmg and Kmg or W

What about time fluctuation ?

Jb time scale,  u* time scale?

Jb same dimension as u*3/Hmd and epsilon    m2s-3

Epsilon  :coefficient of eddy kinetic energy dissipation

involved in mixing length estimation

also in size estimation of the largest eddy

Lo = (ε 1/2.N -3/2)  Ozmidov length; N2=-g/ρ dρ/dz



♦Surface Buoyancy flux ; >0 if 
stratifying

QeSoLv
gQnetCpo

gJb ..... ρβαρ +−≡ (-u*3/Hmd)(m2.s-3) ou (w.kg-1)

Qnet Net surface fluw of heat towards Ocean

Qe Heat losses by zvaporation as estimate of  the 

amount water losses (change in S)

α and β thermal and haline expansion coefficient of 
seawater

♦How  do Jb, Qe, Qnet vary?

♦Example from Pomme  
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Strong variations of Jb along a day and between successive days
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DSR 1995

Mixed layer, mixing layer, remnant layer
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W ~= 8*(ε.LT)1/3

W ~= 8cm/s

W ~= 2cm:s



Brainerd and Gregg , DSR  Sept. 1995:   

mixed layer  rather shallow (60 to 100 meters)

observations of LT, epsilon 

W mg  ~=  2 to 8 cm/s;  Tconv ca 30 min

Close to estimation by Denman L&0 1983 from scaling 
arguments

Now observation by Lagriangian 3D floats,  

Deep mixed layer

Steffen and d’Asaro JPO  Feb 2002









Fit : w= a*wnonrot +b* wrot      a=0.5 ; 
b = 0.05, 13 floats, skill (75%)

wnonrot= (Jb*Hmd)1/3 ; 

wrot = (Jb/f )1/2

wnonrot predominant here



MODELS ?



d’Asaro , Winters and Lien     JGR    May 2002       
Lagrangian simulation in a 2D model (x, z, t)



150 m

0 m

T/Tconv5 30

Tconv = 50000s           S: Surface cooling     P: warming Plume 

T cooling water Plume  

U an D   upwelling and downwelling between plumes

E entrainement below plume

Inside the mixing layer : equal probabilty for a par cel to occupy any depth

for t> 25 Tconv. But for t = a few Tconv ?



X-Z view at

tv=14 TConv

+ marks end of 
trajectories for 

½ Tconv before tv







From the surface to the bottom of the mixed layer under strong forcing , we succesively have

- thin (?) Surface Boundary Layer

(few meters to 50 meters) strongly variable in time and depth

- Uprigth convection

- Rotational convection

- Remant layer

Was all ?

Haine and Marshall   JPO 1997, 3d model constant buoyancy forcing,

take into account the horizontal gradient of  density (weak but sufficient to hor;gradient of U)

- Gravitational instability (« upright » convection)

- Symmetric instabilty convection with non zero vertical gradient but  zero potential vorticity

- further:  barocilic instability;  time sacle of these processes are given.

Result in intermittence  of turbulence and trajectories of parcel water!



Yaxis across the channel

After 
instability

Case of symetric instabilty
Trajectories are slanting along isopycnals

Residual (weak ) stratification appears

Time of occurrence of this instability?

Dependent of (ζ/f- 1/Ri)f2 <0      10/T2

ζ= f-δu/δy   

Ri  Richardson number N2f2/M4

N2=-g/ρ. δρ/δz ; M2=| -g/ρ. δρ/δy|



Day 3   
upright 
convection

Day 6  symetric 
instability ?

Day 9  baroclinic 
instability



Cycling time in mixing layer (depth is strongly variable in time)      more 
than 1 cycle per day wathever the  mixing layer depth 

In the mixing layer each cell of phytoplancton receives the same 
irradiation for 2, 3, 4 days ( Is an relevant hypothesis ?)

What are the influence of the intermittence of ligth on growth cell?

We observed in February 1997 inside a 200km diameter anticyclonic 
eddy at 49°N 45 ° W (Caniaux, et al, GRL 2001) homogoneous
concentration of phytoplancton down to 750 m !!!

Qe –700 w.m-2  for 15 days ;  SST 13 °C

Integrated biomass was circa 45 mg.m-2 Chla , in Winter with low Chla
concentration

Production inside thick mixed layer could be significative . Why?
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