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Satellite-sensed 
turbulent ocean structure 

RECENTLY Gower et al. 1 have reported 
interesting results concerning the 
concentration of phytoplankton as 
measured by the Landsat multispectral 
scanner on 19 June 1976 in a region south 
of Iceland. The observed concentration 
fluctuation spectra is found to follow 
approximately a k-2 92 law, close to the 
k-3 law proposed by Charney2 for the 
energy spectrum of quasi-geostrophic 
flows. They conclude that this result is 
consistent with the hypothesis that 
phytoplankton behaves like a passive 
scalar convected by ocean currents. 

The quasi-geostrophic theory of Char
ney2 predicts k-3 laws for both horizontal 
kinetic energy and temperature variance, 
however, temperature is not a passive 
scalar, but the vertical derivative of the 
horizontal stream function. It is the con
straints of total (kinetic plus available 
potential) energy conservation and 
potential enstrophy conservation 

together with the assumption of statistical 
isotropy, which yields for any of the 
derivatives I{,., I{,,, I{,, a power spectrum 
following a k-3 law in the potential 
enstrophy cascading range. 

Now, if we consider a passive scalar 
convected by the quasi-geostrophic 
motion, as we may expect phytoplankton 
is, the situation must be quite different. 
For simplicity we neglect baroclinic 
effects: for pure two-dimensional turbu
lence, it can be shown3 using either 
phenomenological arguments or statisti
cal closures, that the spectrum of a passive 
scalar is proportional to the spectrum of 
the quantity which cascades. Therefore in 
the ens trophy cascading inertial range, the 
spectrum of a passive scalar should follow 
a k- 1 law, like the enstrophy (and not the 
energy) spectrum. There seems to be no 
reason why this result could not be 
extended to quasi-geostrophic turbulence 
which follows a similar phenomenology. 
A k-3 energy spectrum for the ocean cur
rents would then imply a k- 1 law for the 
passive scalar; conversely, a k-3 spectrum 
for the passive scalar variance of the type 
reported by Gower et al. 1 would imply a 
much steeper slope (k- 5

) for the current 
kinetic energy. 

Such steep slopes have been found in 
fact in numerical simulations of forced 
two-dimensional turbulence4; the con
sequent discrepancy with the Kolmo-
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gorov-Kraichnan-Leith theory5 which 
predicts a k - 3 law is still an open question. 
For instance, the presence of intermit
tency effects would yield a steepening of 
the energy spectrum4; but still, neither 
kinetic energy spectra nor temperature 
variance spectra steeper than k-3 have yet 
been observed experimentally. 

The quasi-geostrophic theory of Char
ney2 neglects the influence of upper and 
lower boundaries; it is therefore likely to 
be valid in the deep ocean rather than near 
the surface. Near the surface the dynamics 
is likely to involve the occurrence of fron
tal systems, and one should refer to the 
quasi-geostrophic theory of Blumen6 

rather than to that of Charney2. In Blu
men 's6 theory potential vorticity is 
assumed to vanish 

inside the fluid, and the two invariants are 
the total energy of the fluid, and the 
available potential energy at the surface, 
which both reduce to integrals taken over 
the surface only: 

d 2 
dt(l{,,)=O 

:t (if,;,)= 0 

The quantity which cascades to smaller 
scales is the available potential energy at 
the surface, which therefore exhibits a 
k- 513 law characteristic of frontal systems. 
If we follow this theory, which looks more 
appropriate than the first one in the case of 
surface dynamics, we end up with a k-5

l
3 

law of the passive scalar variance. This is 
again quite far from what has been obser
ved for phytoplankton, although again the 
presence of intermittency could yield a 
steeper slope. 

It seems, therefore, difficult to infer 
anything conclusive from the measure
ments reported by Gower et al. 1 concern
ing a possible behaviour of phytoplankton 
as a passive scalar. Also, some caution 
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should be observed regarding regression 
estimates for spectral slopes. The concept 
of an inertial range is only asymptotically 
valid, and the data used by Gower et al. 1 

may be close to the internal radius of 
deformation to yield any sensible approx
imation to the actual behaviour of the 
inertial range. Apparently a regression 
calculated on the range 1-10 km would 
yield much lower values of the slope. 

A secondary point concerns the 
assumptions in Gower et al. 1 that radiance 
upwelling is a linear function of phyto
plankton concentration. The only 
assumption needed to investigate the 
passive scalar character of phytoplankton 
is that radiance upwelling is a function of 
phytoplankton concentration only, 
because any function of a convected 
quantity is a convected quantity, exhibi
ting therefore the same spectral 
behaviour. 
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GOWER ET AL. REPL Y-ln our recent 
paper1, the -2.92 slope found for the 
spectrum of near-surface phytoplankton 
variance is not consistent with theories of 
a passive scalar in a quasi-geostrophic 
turbulent fluid. The reasoning is based on 
a subsequent paper by Lesieur et af.2. 

However, we do not feel that a further 
search for physical explanations for our 
spectrum is warranted: phytoplankton are 
not always a conserved passive scalar. 
Rather, as microscopic plants in the sea, 
they grow, at times at rates capable of 
doubling their weight each day; and they 
die or are eaten, often at rates comparable 
with their growth rates. These time scales 
are short compared with typical time 
scales for quasi-geostrophic eddies (10 
days). Even in the absence of turbulent 
motion, biological processes can result in 
similar negative power Jaw spectra 3. Still it 
is feasible that areas of abundant phyto
plankton may correlate with fluctuations 
of a dynamic variable, such as upwards 
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