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CONVECTION DEPTH IN THE OCEAN 

G.A. DALU - R. PURINI 

ISTITUTO DI FISICA DELL'ATMOSFERA, ROMA 

ABSTRACT 

The contribution of the convection to the behaviour of the mixed layer 

in the ocean and the diurnal variation of the convective depth is exa

mined in this paper. 

Results shows: 

- the importance of the absorption coefficient for the short wave ra

diation; 

- in the ocean the convective layer var1es from 2 meters during the 

night under fair weather conditions, while when the cooling exceeds 
. 2 

B = 300 watt/m , the convection reaches the seasonal thermocline; 

- the behaviour of the short therm climatic active layer of the oce~n 

depends on its previous history. 

INTRODUCTION 

The diurnal evolution of the temperature of the convective surface la

yer of the ocean is due to the surface diabatic cooling B and to the 

solar heating ; the latter is released directly in the fluid and 

therefore the positive buoyancy produced by the solar heating not only 

balances the negative buoyant water produced on the surface by the heat 

loss B but also increases the positive buoyancy below the convective 

layer. This fact makes the climatic active layer of the ocean dependent 

by its time evolution. 

THE THERMAL COMPENSATION LEVEL 

The level d at which occurs the balance between B and ¢ as defined 

by the thermal compensation depth (Kraus and Turner, 1967) 

1) if> (o) - ~ (d.) = B 

cannot be assumed as the minimum convective depth D. In fact, if the 

absorption of the short wave radiation is exponential: 

Rapp. Comm. int. Mer Medit., 27, 6 (1981). 

155 



 

                               2 / 4

0· 

Depth. 
lm l 

10. 

I 
20· 

30· 

0 12 24 . . . . 12 • 2.t.. 12 t I h9urs l 21. 

- ~ .. ---.::.:... 

,.,.--=---- ... -..... ~ -/ ,,.------...... ------------ . / , ... ------- ... 

- ----~- -· --- ::-.::.:. ..:.---

/ .JIIIIf""'·-·---- ........ ~ ~ .-·--..... ......... ----------.J' / ·-·--- ...... 
I .r ........... , ·-..... -..._._ I /........... ·-..._, .... .., . I /. .......... ·-..... .. ... .. '!'· ,•' ······ ........... ......, '!' ,.•' ······ ............ .. ... .. I • .•·· ....... ......... -....,. . . 

I / ••••• ' .._ .._ -. I / •••••• ., ._ .. .., . I ;.: ••••• ............ ., .. '.., 
I • ! ··., "· ._ -.J • _: '•, • ._.., ...J • :' •••• ' .., ... 
I I : ··.. ' I: ·· .. ~ "· I : ··.. ., 
I. f ·· •• , ., • i •·... ' • f \, '-. 
1: ·. . 1: ·. . /·: ·. '\. 

: ·. \ : ·. \ : \ '\ 

it \ . F \ . ( \ \ 
·l \ \ jf B = 100 Watt/m2 \ \ ·f \ \ 
1! \ \ if----~- B = 200 Watt/m2 \ \ !t \ · 
~ \ \ ji -·-· B = 300 Watt/m2 \ \ !1 \ \ 
~ \ · \ f .............. B = 400 WaH/m2 \ \ ~ \ \ 

i \ \f \ \i \ \ 
I. . \· li \ if \ i 

I • • • • • 

i ~ il \ il ~ I 

Fig. 1 - 'rhe diurnal behaviour of convective layer for different cooling B. 

cp = ¢(o) exp(-~ z) sin w-t \·There W = 211'/ 24hr, ~ z = 10 em and bt = 60 sec. 
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2) tP ( z) = ~ ( 0) exp (-~ z) , 

from Eqs. 1) and 2) follows: 

3) d =.f\og( 1 + B/¢(o) ). 

However, the Eq. 3) defines a statically unstable solution because, if 

the sea is initially homogeneous down to the seasonal thermocline H 

deep, the temperature variations are: 

C) T' /CJ t = 0 for 0 ~ z ~ d 

v T I ';) t =_,¢(z))O for d < z ~ H c q p 
so that instability occurs as soon as t > 0, from below at z = d. 

THE MINIMUM CONVECTIVE DEPTH 

The correct definition of the depth through which acts the convection 

is defined as follows. If the ocean is initially homogeneous down to 

the seasonal thermocline H deep: 

T ( z, t) = T 0 , ~ ( O) = 0 , B = 0 for t < 0 and 0 ~ z ~ H, 

when O~t~l2 hr, B = 0 and <j> (z,t) = ¢> (0) exp(-~ z) sinc.Ut. 

Finally, 4J ( z, t) = 0, B = 0 for t > 12 hr, where <.J = 2 Tt./ 24 hr, 
~ 2 -1 r (0) = 900 watt/m and ~ = 3 meters (Denman and Miyake, 1973). 

The corresponding temperature profile is, for t > 0: 
t' . 

,.J - ( q, ( 0 't I ) - cJ> ( D ( t I ) 't I ) - B dt I 
T(z,t) -To+) c D{tl) 

0 pj 
4) for 0 ~ z~ D 

where D 1s defined by: 
#OJ 

5 ) lim T ( D + £" z , t ) = T ( z , t ) a-: all t ime s . sl .... o 
The temperature T and the convective depth D, solutions of Eqs. 4) and 

5) depend from the history of the convective layer D and since is not 

possible to give analitical solutions, the integration is carried out 

following a numerical technique (Dalu, 1978). 

Fig. 1 shows the evolution during 3 days of D for different cooling ra

te B and the resulting main features are: 

-with gentle cooling (B = 100 watt/m2 ), Dis about 2 meters deep at 

noon, while for intense cooling (B = 400 watt/m2 ) this depth at noon 1s 

about 5 meters; 
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- the evolution is not symmetric around noon because the heat stored 

during the sunny hours stabilizes the water below the convective layer; 

-during the night, for gentle cooling, the convection does not reach 

the seasonal thermocline, while foT intense cooling, this depth 1s rea-

ched. 

CONCLUSIONS 

The effect of convection is parameterized in the literature by the the

rmal compensation level d (Kraus and Turner, 1967) which is, however, 

unrealistic because it results statically unstable. The stability con

ditions, which defines correctly the depth at which convection acts, 

gives temperature variation one order of magnitude different. 

Moreover, the climatological active layer results less deep of the sea

sonal thermocline for gentle cooling and only under extreme cooling 

conditions (B >300 watt/m2), the climatic active layer is deep as 

the seasonal thermocline. When the sun inclination above the horizon 

is taken into account, the convective depth is of the same order but 

occurs before noon (Dalu and Purini, 1980). 
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