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1_- INTRODUCTION

The objectives of this Lnvestigation are 2o map the various thermal
gradients in the coasial zones of France with regard 2o natural phenomena
and man-made theamal edfluents : 2o study and map the mesoscale thewmal
geatured in the English Channel, the Bay of Biscay and the Nonth Western
Mediternanean Sea ; o study and map the evelution of the thermal gradients
genenated by the main estuanies of the french coastal zones ; and to con-
Tubute Lo the modelling of diurnal heating of the sea surnface and Lts
indluence on tne oceanic surface Layers .

The émjuugazéon 44 conducted by the followdings : Di P.Y., DESCHAMPS
(Prinedpal Tnvestigator] and pn M, CREPON, Mr J.M. MONGET and Professor
F. VERGER (Lo-Investigatons!.

Appendix A give related organizations and addresses.

This progress nepont L8 the Last one bedore §inal report of the
investigations., Results have been emphasized, whife methods and problLems
have not been discussed.

2 - RESULTS

2.1. Resddual {Low throuagh the Dover Sthait

Time sequence of HCMM scenes allowed ws Zo outline the {nfluence of
meteohological conditions on the resddual current whizh glows to zhe N.E.,
gnom the British Channel into the North Sea, through the Dover Strait..
S.W. winds enhance this resdidual flow, and, as a result, the thermal
effluent of the Rhine River 4is kept to the Dutch coast in a very nanrow
coastal band. N.E. winds contrany the resddual §Low which {8 sLown down
and deviated 2o the English coast : then the Rhine themmal efgluent pro-
pagates offshore at a distance o4 up to 25 nautieal miles. A close corre-
Lation exists between wind speed direction and the ogdshore width of the
e luent.
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2.2, Upwelling at the continental sheld break Lin the Bay of Biscay

HCMM data condinm the existence of a peamanent upwelling at the con-
Linental sheld break in the Bay of Biscay. The upwelling 48 outlined by
the appearance of cofd water in summeaiime. This was previously mentionned
gnom VHRR data. From HCMM scenes, a more complete deseription and inteapre-
tation of the upwelling has been obtained.

(1) The upwelling L4 maba.&y peamanent, but {4 enhanced by up-
welled colden waten in summentime when a seasonal thermocline Ls gonmed. On one
occasdon, fanuarny 16, 1979, warmer waten appeared 4n winteatime at the
shelf break (HCMM scene n® 265 - 1090) : this waten &4 probally a "mediter-
fw‘zwz"mztm, warmen and salted, glowing out of the mediterranean 4ea,
grom the Gibraltar Strait, into the Atlantic, at a dept-n 04 several hun-
dred metens.

(2) Upwelling 4is enhanced after spring tides, which suggests
that the basic mechanism §or the upwelling L8 a tidal one. On fwo occasions
agien spuing tides, augusi 25 and september 21, 1978, HCMM scenes
(1D n® A-A0121 - 13260 and A-A0148 - 13320) show very similan pattens of
cold waten at the shelf break, with a maximum {ntensity bmeen 48N-8E and
46.30N-5E whene the tidal cunnents are at a maximum.

2.3. Mesoscale variabifity of the SST fiefd.

Using VHRR and HCMR infraned digital data, a siatistical two-dimensional

analysls of the mesoscale variability of the SST gield has been performed <in
order 20 characterisiize the random properties of this gield. The power Law

: e.xponent. H, 0§ the spatial variance density spectrum, E(k)n R & is wave-

rumber), 44 deduced grom the computation of the structure junction of the

SST. The study was §inst stanted on VHRR/NOAA-5 in the nange of scales 40«

100 km. HCMR data allowed us 0 extend the siudy down o0 a M.aia of 3 km. In
the range o4 scales 3-100 km, n was gound 2o vary gaom 1.5 2o 2.3, with a meuan
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value of 1.8, over a siudy of 11 VHRR and 9 HCMM scenes. Tnese values o4 n
are 04 the ordex of the predicted values by the Buo-dimensional turdbulence
theories. However a discrepancy exists and we need further advanced theorlies
Lo explain this experimenial detenmination of the mesoscale SST variablliiy.

The feasability of the spectral analysis in the range o4 scales 3-30 hm
was made possible by the only Low nodse Level of the HCMR data. A detaiied

manusenipt L& given as Appendice B.

2.4, pwirnadl heating

Dayztime HCMR data occasionnaly exhibit warmer dea surface areas which
extend over 10 to 100 km, The warming &8 04 several °C and 48 easdly detected
on’ photographic products because the warmer areas have woually smooth boun-
davies and cannot be condused with the sharpen oceanic theamal boundaries.
T These warmer areas are inteapreiated as a Large diutnal heating o
the upper surface fayer unden Zow wind speed conditions, Evidence of thazt L&
supporied by several arguments,

(1) Meteorological observations and analysis show that warmer areas are addo-

edated with Low wind dpeed conditions - L.e. anticyclonic conditions or coasial

breeze efgects.

(2) GLitten - L.e. direct solarn nadiation reglected by the wavy sea surgace
Zowards the senaor - has been used 2o derdve an equivalent wind speed §rom
the HCMR visible channel, where feasdible (observation musi be close tu the
specular reflection of a §Lat seal-Warmen areas are always associatel with
changes <in the glitter patterns and decreading wind spoeds.

{3) Warmer areas disappear on conseceiuve nighitime HCMR data.

Under these Low wind speed conditions, turbulence Lnduced in the sur-
gace Layer by the wind siresd L8 strongly neduced, and most of the solar ra-
diation absorbed {4 dored: without dowmwards propagation. Theoretical sdimu~

"Lations using a radiative and heat transfer model have been pergonmed and

predict Lange heating aates in the upper meter, and a maximum heating o4

severnal °C 4in zhe uppen Layer which {8 congirmed by a few inesitu measurements.

Large heating only occuwws in a jew Zend of em and 48 very aapidly destroged
by the nightime cooling.
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HCMR data allowed us o discover that a diurnal heating of moae than 1° C
cowld affect Large areas. Frequencies of occurence are aelativély high in the
Western Mediterrancan Sea where more Zhan 10 § of mardine surgace are aggec-

Zed one day or an other, while a large diunal heating {8 very unbikely <n

Zhe Nonth Sea (only one scene). In such strongly agfected areas, daytime datel-
Lite data could condequently give meaningless SST 4ields, and observations
dhould be resiricted 2o nightime, on early in the moaning when the surface
Layer L4 the mhszt homogeneous, A detailed manuseript L& given as Appendice C.

3 - CONCLUSTONS

Duning the reponting pendod, HCMM photographic products proved to be
very usegul :

(1) to interpret the ingluence of wind direction on the mean residual gLow
through the Dover Straii,

(2) to understand the upwelling occurning at the continental shel{ break in
the Bay of Biscay, and its nelation with tidal currents.

A multitemporal analysis of HCMM digital products 48 on progress

{1) 2o obtain a mean value of diunnal heatingd observed in the Western
Mediterranean Sea, durning summer months, .

(2) 2o obtain a quantitative assessment of the intensdity of the shelf
break upwelling in the Bay of Biscay as function of tidal conditions.
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ABSTRACT 1
%

Satellite infrared dats htve been used to investigate the mesoscale |
variability of the SST (Sea Surface Temperature) field. A statistical two= |
éimensional analysis of the 3ST f£ield has been performed by means of the i

structure function. Results give the equivalent power law exponent, n, of

RS S S

the spatial variance density speciirum, E(k) & k™", n war found to vary from
1.5 to 2.3 with a mean value ¢f 1,8 in the range of scales 3-100 km, in .

agreement with .previous one-dimensional analysis from shipborne and airbogne

measurements. These cbserved values of n are discussed and compared to the

values predicted by turbulence theories,
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1, Introduction

The present capability of satellite infrarsd radiometers permits the
determinadion of the mesoscale SST (Sea Surface Temperature) field on an

operational basis thanks to their improved radiometric performances, which

are typically a few tenths of (°C) for a nadir resolution of 1 knz. This

gives a potential tool for a systematic investigation of mesoscale thermal
features such as thermal fronts and gradients which have already been detected
and studied by means of infrared imageries or derived SST maps.Besides these
cbhservaisls features, a part of thc SST field must be considered as random

and containing some other information which can only be retrieved by a sta-

tistical analysis =~ e.g. the spectral density gf variance.

Attempts to compute the spatial specfirum of the SST have been
previously made by Mc Leish (197C), Saunders (1972 a) and Holladay and
O'Brien (1975), from airborne infrared measurements along the aircraft
track. Examples of mesoscale spectra have alsc been given f£rom shipbcrne
measurements (Voorhis and Perkins, 196é; Fleux et al., 1978), but more fre-
quently for time series than for spatial variations. On the other hand, the
satellite observations give the unique opportunity of investigating the me-
soscale variability of the SST field, in the two-dimensions, down to scales
of | km, at any given time, with a frequency which is limited only by the cloud
cover, In this study; we intend to demonstrate the feasability of using sa-

tellite data to obtain statistical parameters of the mesoscale SST £isid.

2. Statistical analysis of the SST field

tudies of the variability of the temperature (or any scalar) field
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usually make an extensive use of spectral methods - i.e. the computation of
the spectrum of the density of the scalar variance by means of Fourier trans-
form or autocorrelation function , to obtain a typical power law which
characterizes the variability of the temperature field and which con be
referred to turbulence theories. In the present study, the structure function
has been preferably used to determinate more accurately the powar law exponent.

in the presence of the large noise level of satellite infrared data.

2.1 = Structure function

The SST field is considered as an isotropic¢ random process with homo~
geneous increments (locally homeogeneous) for which the structure function

can be Guiguted as :

3 "y 2
Dmr(h> -5 E {T(x+h) - T(x))} (1)

where T{x) = temperature at x,
h = scale, k = h™* = wavenumber,

E & average operator,

The main advantage of the structure function, D(h) when compared to the
spectrum of the variance density, E(k), or the autocorrelation function,
B(h), is that the experimental determination of the structure function is
more accurate and much less affected by random variations because only incre-
ments are taken into account (Panchev, 1971). An example is given in Fig. 1
where both En(k) and DTT(h) have been computed and are shown for the same

sample of the SST field, measured by the AVHRR (Advanced Very High Resolution

. . P .'-l 1o “
Radiometer) experiment on board the TIROS=N satellite. '"his example shows “‘“ti;

*
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clearly that the structure funrtion is more regular than the spectrum, allowing

an easier decermination of the characteristic parameters - e.g. the

power law exponent given by the slope when using logarithmic coordinates.

.

2.7 -Interpretation of the structure function

The structure function D(h) statistically represents the influence of
a point upon the h-distant pointi. For an homogeneous and isotropic random
process, D(h) and B(h) are linked by the following relationship :

D(h) = B(o) = B(h) (2)

As B(h) and E(k) are the Fourier transformgof each other, D(h) may thus be

related tec E(k) (Panchev, 1971)

[

D(h) = 2 (I-Jo(khn E(k) dk (2~dimension. field) (3a)
)

D(h) = 4 (1 = Siihkh) E(k) dk (3-dimension field) (3b)
o

where Jo(kh) is the zero order Bessel function of the first kind.
In geophysics, the spectrum is usually expressed in the following way
E(k) =B k " | (4)

and then;, from (3a), (3b), the structure function may be written as :

D(h) = & h' . | . (5)
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where A and B are constants,

n and p are exponents, which may be deduced from each other by :

n=p+1 . (6)

sc that the exponent, n, of the spectrum can be altarnately determined from the

structure function, using (6), as far as the field under study is homogensous.

Jgwo kinds of error wmay affect the determination of the SST field

obtained from satellite : instrumental data noise, atmospheric effect, .

Although the structure function has the advantage of being much more
regular than the spectrum, the study of the structure function and of its shape
is generally limited by the noise level at the smallest scales. This effect
is illustrated in Fig. lb, where the observed slope giving the power law ex-
ponent of the structure func¢tion decreases from about 1 at larger scales, to
O at smaller scales. This is due to the fact that the structure function of
the instrumental noise adds to the SST one . As far as this noise {s white,
its strucpure function is a constant (p=o) and its addition restricts the sta-
tistical analysis at smaller scales. This effect can be reduced by spatial )

smcothing with a corresponding degradation of the ground resolution.

Smoothing also introduces a bias in the determination of the structure
function. If DF(h) is the structure function of the smoothed field, and Q is
the convclution sguare of the smoothing function F, it pay be shown (Matheroh,

1670) that :

DF(h) =D ®»Q~A (7)
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where s means convolution and A is a constant,:

$

A= D(u) Q(u) du ‘ (8)

-

In the particular case where F is the spatial average inﬁsquare»&nd where the
structure function D(h) ~ hF,with 0.5¢p<1,5, the influence of smoothing on
the amplitude of the structure function D(h) increaseswith p but decreases
rapidly when h increases,and is less than 10 &% when h is equal to 5 times the
dimension of the smoothing square. The influence of sputial smoothing was thus
neglected in the present study.

As far as the variations of the atmosphere can be neglected within the
mesoscale oceanic range, the observed satellite variations of the SST field
are reduced by the atwospheric infrared transmittance, T (Deschamps and

Phulpin, 1980)

T(x+h) = T(x) = T(T  (x+h) = T_(x)) (9)

where Ts is the actual ssT,
T is the measured SST from space.

Then :

2 .8
DTT<h) = 7 DTT(h> (10)

where D;T is the actual structure function, T depends on the atmospheric water

vapor content and ranges between typical values of 0.9 to 0.3 for the 10.5 -

12.5 um channel mostly used on satellites. This atmospheric effect will affect
the determination of the amplitude of the structure function, but not the
determination of the power law exponent,‘p. Because the atmospheric transmit-

tance cannot be accurately determined over the oceans, only one parameter of
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the structure function can bpe determined £rom satellite, and this is the

power law exponent, p, obtiained from the slope of the curve in a log~log plot.

The hypothesis of the homogeneity of the random field must be verifiad,
otherwise erroneous determinations of the exponent could be obtained. For
example, a frontal zone would have a spectrum ET(k) v k-z and a structure
function DTTuu nh, while 2 non-removed trend would also give ET(k) " k-z,
but DTT(h)‘N k2. Because these exponents are ¢lose to the values physically
expected, it is necessary to check carefully the homogeneity of the SST field

and to remove the existing trend when necessary,

"3, Results

The results of two independent but complementary studies are hereby
presented. The firsﬁ one deals with data obtainéd from the VHRR (Very High
Resolution Radiometer) on board NOAA-5 and the study was limited to the range
of scales 40~-100 km becauszs of the large level of instrumental noiue. The
improved radiometric performances of the HCMM (Heat Capacity Mapping Mission)
data, - i.e. a nadir resclution of 0.5 km and NEDT = 0,3° K(see Table i) =

allowed us to extend the study down to scales of 3 km.

Cloudfree satellite data were selected in homogenecus study areas,
Northeastern Atlantic Ocean and Mediterranean Sea. lLocations are shown in
Fig. 2 ‘and dates are given in Table 2. At each one of these locations, the
unidimensional structure functions were computed in four directions, ©=o (across
the satellite track =~ i.e. approximatly east to west), 7/4, w/2 (along the

satellite track) and 37/4. More details on the processing of the data may be

P s S I
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found in Frouin (1980) and Wald (1980). Examples of the computed structure
functions are given in Fig. 3 for VHRR/NOAA-S5 and in Fig. 4 for HCMM. The
results generally show that the SST field is not exactly isotropic. Nether-
theless, the structure functions, if not equal, are roughly parallel on a

log-log plot, so that the anisotropy is confined in the amplitude, A(O) :
D_(6,h) = A(®) hP 11
m(,)-() (11)
but the slope p remains very isotropic.

Values of p from 0.5 to 1.3 have been observed in this study with an
estimated accuracy of about 0.1. Using VHRR/NOAA-5 data,6 44 estimations of p
were made in the range of scales 40-100:km, and 37 estimations in the range
of scales 3-30 km with HCMM data. The corresponding histograms of the ocbser-
ved p are given in Fig.5a and Fig.Sb. The most frequent values are 0.9-1.0
and the mean values are 0.8 (3~30 km) and 0.9 (40-100 km) with a standard
deviation of about 0.2. About 90 % of the observed values are distributed
between 0.5 and 1.1. The results correspond to a mean value of the power law

exponent of the spectrum; n, of 1.8 in the wavenumber range 0.01-0.3 km-l.

2 (.0)2

1

The amplitude of the structure functions varied from 10 - to 10

at h = 40 km. Even after spatialsmooﬁﬁlng,it was noted that the noise level
had a slight tendancy of reducing the estimated of values of p becausé,the
stzudture function of the noise is a constant (p=o). This is particularly

3 ("c.)2 for the HCMM data, 3..:tco'f2<“(:.)2

effective when the noise level (5.10
for the VHRR/NOAA-5 after smoothings) is of the same order as . the structure
function (see Fig. 1). Whenever possible, the estimates of p were corrected

for this effect, but the effect could partly explain the lowest values of p.
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On the other hand, a wean horizontal thermal gradient would give
D(h) ~ hz. The areas studied were carefully selected to avoid the existence
of auch thermal gradients which would increase the estimate of p towards
larger values ; but here again some influence on the data could remain. Both
these two effects, noise level and horizontal thermal gradients; could par-
tly but not totally explain the spread of the results around the mean vzlue,
between 0.5 and 1.3, which remains significant. There is no evidence of cor-
relation between the estimates of p and the corresponding geographical loca-’
tions or seasons, but nevertheless, we would guess that it is probably necessary

*

to involve physical processes in the explanation of the observed p values.

4. Discussion

Using Eq. 6 and the result from this structure function analysis, we
obtain 1.5<n < 2.3 for the power exponent of the spectrum. This‘agrees
fairly well with the previous results reported by several autho&s-either
from shipborne measurements | (Fieux et al, 1978),
or from airborne infrared measurements (Saunders, 1972a), for the one-dimen-
sional temperature spectra (see Table 3 J. Holladay and O'Brien (1975) also
made an attempt to reconstruct fhe two dimensional SST field from the tracks
of the aircraft survey and found n = 3 for the isotropic part of the two-di-

mensional spectrum, a value which is probably overestimated because of the -

smoothing of high wavenumbers produced by the SST mapping procedure.

It would be interesting to relate the computed values of n to those
given by turbulence theories in geophysics. All these theories assume the
existence of an inertial range, i.e. the considere§7§§%3§ar from the energy
sink and source scales. It is not evident that the range of scales 3-100 km

in the ocean is an inertial one. The upper limit of the dissipation scale

B
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is of the order of 500 m and can be related to the wavelength of surface

and internal waves via breaking processes. This scale is about cne decade
smaller than the lower limit of the studied range and we consider that there
is no interaction between these two scales. The scales cof imput of kinetic
energy and of temperature variance remain puzzling. Input of kinetic energy
related to the wind is found at :caleé of the order of the wind waves

(100 m) and at scales ¢f the meteorological systems (1000 km or more). Energy
inflow due to thermodynamic forcing is found at even larger scales. All
these scales are one or two order of magnitude smailer or greater than those
studied. At some locatioﬁ, interior processes such as baroclinic eddies or
baroclinic instability may alsc play an important role in converting energy
through non-linear mechanisms. The scales of these phenomena are of the same or-
der as the internal radi@s of deformation or two to six times greater, depen-
ding on initial conditions. This radius is&gbout 50 km in the open ocean and
10 km in the Mediterranean'sea.lf thesephysical processes are of importance
in the area studied, the range 3-100 km is not an inertial one. In fact, we
cannot precisely determine this from . our observations : by looking at
Fig. 3 and 4, one can notice that the structure functions do not exhibit any
peak characterxz¥ng a very?gggfgtig the range we deal with, but this may

only mean that the energy inputs are outside the studied range.

In the range of scales 3-100 km, horizontal scales are larger compared
to vertical ones and the observed vaziability‘may be considered as being a qua-
si two-dimensional process. Therefore the cobservations can be related to the
n=-values predicted by»the'theories of bidimensional turbulence (Kraichan, 1971)
and of geostrophic turbulence in the atmosphere (Charney, 1971). These theories
take into account either the conservation of energy and the conservation of
enstrophy (half of the mean square of the vorticity) in the case of Kraichnan's
theory or the pseudc-potenﬁial enstrophy (Charney). Both these theories agree

when predicting the power law of the kinetic energy spectrum : Ex(k) ~ k-3.

i
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But the relatinns between current and temperature are not obvious and the
different mechanisms involved lead to drastically different theoretical power
laws for the temperature variance spectrum. In Kraichnan's theory, consi-
dering that temperature is a passive contaminant implies that Em(k) only
depends upon k and upon the dissipation rates of enstrophy and temperature
variance. Then from a dimensional analysis, ET(k)-mu-t follow a k'i power

law. Charney made use of the perfect QAﬁhaw‘and of the hydrostatic relation to
compute a relation between the temparature and the stream function and .he

found the saue law for Ep(k) as for E (k) - i.e ET(R) v Ex(k) v k'B. Purther-

&

»

more, assuming also Ex(k) v k-3, Saunders (1972b) exhibited a temperature

5, by the use of the thermal wind equation. These

variance spectrum E (k) " k-
examples show that the results may be very different according to various
authors. In this study, the mean observed value of 1.8 for n is far from the
assessment (n=5) made by Seuniers but falls between the Kraichnan and Charney
predictions (nzl and 3). This discrepancy may be due to the fact that the
theories Bypothesises have not been respectedﬁm.paxticular the hypothesis that

the range studied is not an inertial one.

Some three-dimensional theories of turbulence (Kolmogorov, 1941,
Bolgiano, 1962) or space-time variability theories of internal waves (Garrett
and Munk, 1972, 1975) report values of n close to those found in our )

study (respectively 1.7, 1.4 and 2), but their physical basic hypothesis can

hardly be extended in the mesoscale range.

We may also notice that several studies of atmospheric temperature
f£ields mention values ©of n in agreement with our study at similar range of
scales (100-1000 km). One may refer to the reviews by Gage (1979) and

Parichev (1971), some of these results are obtained by using spectral analisis
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on time-series data and equivalent wavenumbers are computed by using Taylor's
* relation, As the validity of this relation is dubious for such scales, these
time-series results must be considered carefully. But as for the oceanographic

cbservations, there is no atmospheric theory to explain the observed results.

In summary, the power law exponent n of the spectral temperature variance
cbserved in the range of ﬁcalcs 3-100 kx is nearly 2, A large discrepancy exists
with the predicted values from the 2 - dimensional turbulence theories which
are widely spread around this valuesand we need further advanced theories

to explain the experimental determination of the mesoscale SST variability.

5. Conclusion

In this study, it has been proved feasible to estimate the random pro-
perties of the SST field in the mesoscale range 3-100 km from satellite in-
! frared data. Compared to previous l-dimension analysis f£rom shipborne and

airborne ocbservations, the use of satellite data allowed us to perform a 2 =~
5 dimensional analysis. Using the structure function, the power law exponent,
n, of the spectrum of the variance density of the SST £field can be retrieved
within a good accuracy (+ O.1). A mean value of 1.8 and a standard deviation
of 0.2 have been found in the range 3-100 km, and extreme values of 1.5 and

2.3 have been observed.

N

; The results givg_rise to several questions : (i) Is the range 3-100 km
. an iné;gz;u.bne ? (ii) If yes, is there any turbulence theory to explain the

spectrum power law obsérved ? (iii) If not,at which scales are the inputs of
energy and to which processes are they related ? At the present time, further

investigations, both theoretical and experimental, are needed to interpretate
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the physical mechanisms and parameters involved in the mesoscale variability

of the SST field.

ACKNOWLEDGEMENTS

The authors are indebted to the receiving station of the "Meteorologie
Nationale”" at Lannion, France, for pzovidinq them the infrared data £rom
meteorclogical satellites. HCMM datz have been received from NASA as a .
support to HCMM investigation number 15. They wish also to acknowledge the
helpful advices of J.M. Monget and the fruitful suggestions of M. Crepon,
Supports for this work have been provided by the following french agencies :
CNRS (Centre National de la Recherche Scientifique), CNES (Centre Naticnal

d'Etudes Spatiales) and CNFXO (Centre National pour l'Exploitation des Océans).

R e S S T I T T




- e e TR TR TR T

REFERENCES

BOLGIANO, R., 1962 : Structure of turbulence in stratified media. J. Geophys.

Res., 67, 8, 3015-3023,
CHARNEY J.G., 1971:Gecdtrophic turbulence. J. Atmos. Sci., 28, 1087-109S,

DESCHAMPS, P.Y. and T, PHULPIN, 1980 : Atmbspheric correction of infrared
measurements of sea furface temporature using channels at 3.7,
11 and 12 um. Boundary~-Layer Metmorol., 18, 131-143.

FIEUX, M., S. GARZOLI and J. GONELLA, 1978 : Contribution 4 la connaissance
de la structure spatiale des courants superficiels au large
du golfe du Lion. J. Rech. Oceanogr., 3,4.

FROUIN, R., 1980 : Contribution apportée par 1'expérience spatiale HCMM & la

télédétection de la température de surface de la mer. Thése de

3e cycle, Université de Lille I.

GAGE, K.S., 1979 : Evidence for a k-5/3 law.inertial range in mesoscale two
' dimensional turbulence. J. Atmos. Sci., 36, 1950-1954.
GARRETT, C. and W. MUNK, 1972 : Space time scales of internal waves.
Geophys. Fluid Dynamics, 3, 225-264.
GARRETT, C. and W. MUNK, 1975 : Space time of internal waves : a progress
ceport. J. Geophys. Res., 80, 3, 291-297.
HOLLADAY, C.G. and J.J. O'BRIEN, 1975 : Mesoscale variability of sea surface
temperature. J. Phys. Oceanogr.; 5, 761-772,
KOLMOGOROV, A.N., 1941 : The local structure of turbulence in incompres:-
sible viscous fluid for very large Reynolds numbers.
Dokl. Akad. Nauk. SSSR, 30, 301-305.
KRAICHEAN, R.H., 1971 : Inertial-range transfer in two-and three-

dimensional turbulence. J. Fluid Mech., 47,3, 525-535.

N AT S S R ST - lﬁl




o= 16 -

KRAICHNAN R.H., 1974 : Convaction of a passive scalar by a quasi-uniform
random straining field. J. Fluid Mech., 64, 4, 737-762.

Mc LEISH, W., 1Y70 : Spatial spectra of ocean surface temperature. J,
Geophyr. Res, 75, 6872~-6877.

MATHERON G., 1970 : La théorie des variables régionalisées et ses appli-
cations. Cahiers ¢u Centre de Morphologic Mathdmatiques
de Fontainebleau. Ecole des Mines de Paris, Editors.

PANCHEV, S., 1971 : Random functions and turbulence. Pergamon Press, 444 p.

SAUNDERS, P.M., 1972 a : Space and ‘:ime variability of temperature in the
upper ocean. Deep-Sea Res., 19, 467-480,

SAUNDERS, P.M., 1972 b : Comments orn "Wavenumber-frequency spectra of tempe-

rature in the free atmosphere". J. Atmos. Sci., 29, 197-19%8,

VOOREIS, A.D. and PERKINS H.T., 1964 . The spatial spectrum of short-wave

fluctuations in the near surface thermocline . Deep-Sea Res.,

13, 641-654,

WALD, L., 1980 : Utilisation du satellite NOAA-5 & la connaissance de la dy-
namique océanique. Etude de ses variations saisonniéresen ;

Mer DLigure et de ses variations spatiales en Méditerranée.

Thése de 3e cycle, Université de Paris VI.




A : R ; o B |

2-17-

I"0 i N-SOMIL/J4dHAY
£°0 SC°0 HWDH/4HOH
8°0 I S-VVON/YYHA
©e) L w) | |
BDUIADIFTP 2anjexadws] juateaynbs asyon AFPEU Je UoTINTOS8T punois) Juamyzadxe a3 ¥{Ia3es

-Apnys syy3 uy pasn sjusutiadxs 93Tyre3es aYyy Jo ssouenroyzad Tojsworpey | oyrqelr

. L 3

a L et [ T S e L asee . o i L - Y



T e

2
maﬁla 2, Summary of the different areas studied T
Area pate Location Experiment

Eastern Mediterranean Sea 19 Mar.,1978 33°00'N=-28°00'E VHRR

" 05 May ,1978 34°00'N=-15°00'E "

i 08 May ,1978 33°00'N~-29°00'E "

" 14 May ,1978 33°30'N~-28°30'E "

" 17 May ,1978 33°30'N=-26°00'E "
Western Maditerranean Sea 29 Sep.,1977 41°00'N~04°00'E "

" 29 May ,1978 35°05'N=07°15'E HCMM

" 29 May ,1978 40°05'N=06°55'E "

" 11 Jul.,1978 38°55'N=04°50"'E "

" i1 Jul.,1978 41°55'N-06°55'E "

" 26 Jul,.,1978 39°20'N=06°15"'E "

" 28 Jul., 1978 38°15'N=03°45'E "

" 28 Jul.,197é .38°35'N-05°05’E "

" 28 Jul,,1978 37°40'N=07°25'E "

" 14 Aug.,1978 38°30'N=03°00'E VHRR

" 14 Sep.,1978 40°25'N=-06°30"E HCM

" 1. Sep,,1978 40°35'N=11°55"'E "

" 14 Sep.,1978 41°40'N=06°45"'E "
Northeastern Atlantic Ocean 11 Sep.,1977 46°00'N=06°30'W VHERR

" 14 Sep.,1977 45°00'N=07°00"'W "

" 06 Jan.,1978 46°30'N=09°00'W "

" 10 May ,1978 46°00 'N=08°00'W "

" 11 May ,1978 45°15'N=04°40'W HCMM

" 11 May ,1978 38°35'N-11°45'W "

" 18 Jun.,1978 46°00'N=-08°35'W "
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CAPTIONS

Figure | - Comparison between the density of temperature variance qr(k) {a)

Figure

Figure

Figure

Figure

and the structure function DTT(h) (b), computed from AVHRR data,
July 17, 1979, over the Bay of Biscay (45° 30' N - &° 30' W).

The dashed line indicates the radiometer noise level.

Geographical locations of the different study areas for HCMM

data (v), and VHRR data ().

Example of structure functions computed £rom VHRR data.

Example of structure functions computed from HCMM data.
Histogramsof the observed values of the power law exponent p of

the structure function in the range of scales 40 - 100 km (a)

and in the range of scales 3-30 km (b).
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APPENDIX C

LARGE DIURNAL HEATING OF THE SEA SURFACE OBSERVED

’ BY THE HCMM EXPERIEMENT

P.Y. DESCHAMPS AND R. FROUIN

Laboratoire d'Optigque Atmosphérique,
Equipe Associde au CNRS n° 466,
. : Université des Sciences et Technigues de Lille,
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ABETRACT

Day-night surface temperature differences have been measured in the
infrared (10.5 - 12.5 um channel) by the HCMM satellite experiment, which
show large diurnal heating (sevgral °C) of the upper layer of the ocean,
very frequently during summer months in the Mediterranean Sea, when the wind

speed is low. When observed in the 0.5 - 1.1 um channel, glitter reflectance -

i.e, direct solar radiation specularly reflected towards the sensor - correlates ‘

whith diurnal heating. Glitter reflectance has been modelized to retrieve an
equivalent wind speed , and observed diurnal heatings, AT, rapidly decrease with *

the wind speed, U, from a maximum value of about 5° C. An empirical law is

. -3
given : AT(°1<) # 3.5.10 Q(w.m 2) / (0.7 +V )} where Q is the irradiance

(M.s—1)
at sea level. A mean diurnal heating of nearly 1° C is calculated for the

marine coastal areas of the south France, in summer time. During this period,
satellite observations should be restricted to night and early morning times,

1

and to the only high wind speed (U > 5 m.5 ) .u at noon and during the

afternoon..
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1 - INTRODUCTION

A daily variation of the temperature in the surfacs layer of the oceans
is known to be produced by the diurnal heating of the absorbed solar radiation.
The amplitude of the daily temperature is usually small because of the large
turbulent mixing which usually prevails over the molecular thermal diffusivity.
A snlar irradiance of 1000 w.m-2 when absorbed ini a mixed layer of 10 m would
only give a heating rate of 0.1° C per hour, and a daily variation of less
than 0.5° C. While if the turbulent mixing is reduced and the mixed layer
thickness is restricted to less than 1 m, a heating rate of 1° C per hour
may be expected and daily variations of several °C should be observed. With
the exception of very shallow waters, large diurnal heatings in open oceans
thus correspond to the case of lower wind speeds as far as turbulence in the

upper surface layer is mostly locally in-.duced by the surface wind stress.

From a theoretical simulation of radiative and heat transfer
har
in the upper ocean layer, HASSE (1971) has preticted the deviation of the sea

surface temperature (SST) To from the bulk temperature T o taken at 10 meter-

1
depth should vary as :

-1
To " Tio® 00 (1)
where Q is the solar irradiance, U, the wind speed, and cz.z 3.5 1<>"3 when
Hnrse
Q is expressed in W.mnz, U in m.s‘l. According to . ' ' Eq.(;/is only

-1, but the evidencs that the SST diurnal variations incre-

valid fer U 3 2m.s
ases when U decreases is supported by several observations : ROMER (1968),
STOMMEL et al (1970) where large diurnal variations of more than 1° C are

occasionaly found at very low wind speeds - i.e. for U < 2m.s-1. These obser-

49,




vations are nethertheless restricted to a single location and limited time

occasions.

Satellite infrared radiometers offer the opportunity to investigate
more systematically such large diurnal variations of the SST. The first sa-
tellite experiment to provide adequate capability for this purpose was the

HCMR (Heat Capacity Mapping Radiometer) experiment launched in late

April 78 with an improved temperature resclution (0.3° C) and a nearly noon

overpass. Results from this experiment are hereby reported in order (i) to
investigate large diurnal SST variations at low wind speeds (ii) to give an
assessinent of the relation frequency of such an event and itg impact on the

determination of the SST field in such area <ok Mediterranean Sea where the

occurence of diurnal heating is rather large.

Il - OBSERVATIONS OF DIURNAL HEATING FROM HCMR SATELLITE DATA

II-] - The HCMR experiment

The basic objectives of the HCMR experiment are to measuﬁe diurnal
variations of the earth surface temperature for aprlications to earth re-
sources (geo}ogy,.hydrology...). For this purpose, the satellite*is sun-syn-
chronous anéjzrbitrwas chosen to cross the equator at about 2 a.m and 2 p.m
local time so that surface temperature data are obtained close to the minimum
and the maximum of the diurnal variation. Satellite altitude is 620 km, and
orbit inclinaison is 98.87° . The HCMR consists of a two=-channel scanning
radiometer, with a 0.5 - 1.1 um spectral bandwith in the visible and 10.5 -

12.5 ym in the thermal infrared. Similar channels have been used on previous

meteorolagical satellites, but the interests of the HCMR experiment are (i) a

Safiiiepoe- ity




laxge improvment of the radiometric performances in the thermal infrared
channel for which the temperature resolution is 0.3° C and the nadir ground
resolution is 500 m as compared to respectively 0.7° C and | km for the pre-
vious VHRR/NOAA satellite, (ii) the facility offered to the user to obtain
differential surface temperature maps between day and night at 12 or 36 hours
intervals. The HCMR experiment was originally designed to produce thermal
inertia data for soil and geclogy applications but the very good performances
of HCMR are suitable alsc for oceancgraphic studies. Data were received from
NASA (National Administration for Space Research) through an investigation

concerned with sea surface temperatures of the coastal zones of France.

Available HCMR data are photographic or digital products covering

a 700 x 700 km2 square scene. 'Eie following informations are displayed :
(1) surface diffuse albedo or reflectance in the visible channel (day only),
(2) surface temperature from the infrared channel, {3} surface temperature
difference between day and night, (4) thermal inertia, which was not used

in the present study. About 1000 scenes coverinu the coastal zones of France
were received for the period May 1978 - May 1979, Examples of the photographic
products are given for two areas in the Western Mediterranean Sea (Fig. 1f~;:

the North Sea (Fig. 2)) where large diurnal variations of the SST were ob-

served.

II-2 = Diurnal hegting and glitter (sun glint) patterns

A large number of the received daté from May to July 1978, over the
Mediterranean Sea exhibited very interesting and similar features in both
A

the visible and the infrared channels, as shown in Fig:ﬁ. between Corsica

Island and the south coast of France, and also close to the east coasts of

k.
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of Corsica and Sardinia Islands.,

Warmer areas in the thermal chanel are associated with changes cf

brightness in the visible.

The observed changes of brightness in the visible are identified
as glitter or sunglint patterns - i.e. specular reflexion of direct solar
radiation by the wavy sea surface. During the concerned period around the
summer scolstice, the cbservation angle of the HCMR imagery was allowed to
be very close to the specular reflection of direct soclar radiation, in the
wastern part of the scenes, which is favorablefor observations of glitter
patterns. Most of the time, the glitter increases from rough to calm seas,
when the wind decreases and the sea surface becomes more speculay, and exhi-
bits a maximum brightness when the cbservation angle is closéaﬁhe specular
reflexion of solar radiaticn : a homogeneous bright area is thus noted in the
south-west part of Fiy. ;Zf'aut for very calm seas, the surface reflexion
becomes nearly specular, and a decrease of the brightness may alsc be observed
because it is very unlikely that the observation angle is strictly towards
the specular reflexion. Such a darkening is observed in the northwest part
of Piga:gzi where the two processes are present with both bright and dark
areas corresponding respectively to weak and nul wind speeds. The fact that
smoothing of the surface could produce either an increase or a dec:e:ig of
the glitter brightness was previously mentionned by LA VIOLETTE affiﬂii;ﬂih
(1980) . A physical and detailed description is given in Appendix, to support
a further quantitative analysis of the data. The dark patterns in a mean bright
glitter can thus be clearly interpreted as nul wind and calm sea areas, which
obviously are favourable to a larger diurnal heating of the upper layer of

the oceari because the heat transfer to deeper ocean layers is limited by a

low turbulent mixing and thermal diffusivity.

L
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II-3 - Meteorological observations

Evidence of a large diurnal heating corresponding to low wind speed
conditions is also given by correlative meteorclogical observations. Surface
cbservations are presented in Fig. 15{ for the case in the Mediterranean Sea,
and in Fig. 2-;>£cr an other case found in the North Sea where, due to higher
latitudes, glitter is almost always uncbservable. On Fig. Z-ﬁ?; large warm
spot was detected by HCMR in the midfdle of the North Sea J&ch is coincident
with the center of high anticyclonic situation pressure whex nul wind speed

is reported. Warmer areas observed in the Mediterranean Sea on Fig. 1-b are

also coincident with low or nul wind speeds, but the observed wind field is

much more complicated because most of the reporting coastal weather stations
are affected by some breeze effectiwich surimpose to an anticyclonic circu-
lation. Cloudfree satellite SST observations are frequently acquired during
similar anticyclonis situations with moderate wind speeds. It must be out-
tined that satellite estimations of SST may thus be systematically affected
by diurnal heating, and a tentative statement of this is discussed in

section _)E - 4 .

II-4 = Day-Night observations

Heat loss during the night very rapidgly destroyi most of the diurnal
heating, at least in the upper layer, which was produced during day time.
Evidence of a diurnal heating may thus be found from & comparative analysis
of two successive day and night observations at 12 hours intervals., For the
two cases given in Fig. l=-c and 2-b, nightime cbservations show a much more

g
constant SST field and the noticeable daytime warmer features disaﬁear.

et
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Figure 1-d gives the result of the computed day-night temperature
differences after the proper calibration algorithms have been applied by NASA

. These differences present the advantage to be independent

of the mean mesoscale SST field and allow to enhance the diurnal heating, which
again closely correlate with glitter patterns in the visible channel. Day-night
temperature differences are used in the followings for a more quantitative ana-

lysis of diurnal heating.

III - DEPENDENCE OF DIURNAL HEATING ON SEA STATE AND WIND SPEED

The observed diurnal heatings were further quantitative~£§ analysed
to derive its relationship with the sea state and the wind speed. Day-night
temperature difference were correlated to the reflectance of the 0.5 - 1.1 um
channel. This reflectance, mostly due to sun glitter, is related to the sur-
face slope variance and to a2 mean wind speed using the statistical model from

COX and MUNK (1955).

IIt=-1 - Diurnal heating and glitter reflectance

Day-night temperature differences (Fig. 1-d) - i.e SST diurnal vari-
ations - show patterns similar to the glitter patterns (Fig. 1—;;, on June 3, *
1978, Fig. 3 gives the result of the correlation obtained when the diurnal he- .
ating, AT, is plotted as function of the glitter reflectance, p ; in a small
study area, east of Sazdzna Most evidently a clese correlat;on exists and AT
rapidly decreases when increases. To further interpret that fact, p. has

Ls ¢’

to be related to the wind speed, or more exactly to the statistics of éurface

slopes.
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Using the statistical distribution of surface slcpes from COX and
MUNK (1955), a model was developped to relate the glitter reflectance to the
wind speed. This model is detailed in Appendix. Results indicate that % could
either increase or decrezse with windvspeed * p presents a maximum value
for a given wind speed value which both of the;.depond on solar and observation
angles through en (tg Gn is the surface slope allowing specular reflection to-
ward the sensor). Fig. 4 give the relationship between pg and the wind speed,
v, for Qn = 8°, 10°, and 12°, which correspond to the area previously studied
for AT = f(pg). In this case pg increases rapidly at the lower wind
speeds and then is rather constant foyr U > 3 m.s-1 so that U can be estimated
with a good accuracy from Pgr only for U < 3 m.s'l. The study has thus to be
limited to this wind speed range. It should also be noted that pg is physically
linked to the surface slope varianc®, and only statistically to the wind speed.
Local anomalies may thus occur, in particular when the fetch of the wind over
the sea is variable. Keeping in mind these cautions, we may now transform

AT(pg) in AT(U) which is given in Fig. 5.

III=2 =~ Diurnal heating and the wind speed

The first point to be noted on Fig. 5 which gives the diurnal heating
as a function of the wind speed, is that AT rapidly decreases from several °C

to 1° C when U increases up to 2 m.s-l. The scatter of observations on Fig. S

is remarkably less i than on Fig. 3 for AT(pg), because the variations of

pg with changes of observation angles within the study area have heen : iminated.

A £fit of AT(U) on Fig. 5 would give :

AT = 0.4 U + 1.1 (2)

(in °C for U in m.s %)
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Some uncertainties related to the model pg(U) have been previously outlined. ‘
Additional errors may be due to atmospheric effects on the measured radiances. 1

? An aerosol atmospheric reflectancéegbout 0,02 was estimated from the minimum !

5 reflectance within the scene (pg = 0) and substracted in the 0.5 - 1.1 um

: channel, Day-night temperature differences have not been corrected for atmos- i

5 pheric emission in the infrared. This aéprximution would be valid only if the 1
atmosphere remains the same between the two satellite overpasses, but a bias |
duz to a change of atmospheric parameters - i.e temperature and water vapor * |

concentration - could have occur which would possibly explain the 1.1° C cons~

-

tant found in (2). Last, the observed AT are certainly underestimated by a

factor ¢, the atmospheric transmittance in the 10.5 - 12.5 ym, which is typical~

| ' ly 1= 0.7 for a midlatitude summer atmosphere,

The results may be compared to the predicted values from HASSE (1971).

| , -2
| , Using a mean solar irradiance at J4eéd level Q = 900 W.m = in (1), AT is found

LY

2D -
to vary like U ! (U in m.s 1) which fits the measured values in the wind |

v speed range 1-3.m.s-1, but overestimates AT for U < 1m.s"1. As pointed out by
HASSE, the results of the model given in (1) can not be applied to the lower
? wind speed range because the model used by HASSE refers to a steady state as-

sumption which is then not respected at scale. of a few hours.

III-3 - Limit value of the diurnal heating

oy

Fig. 5 and other HCMM scenes with large diurnal heatings indicate
that diurnal heating do not exceed about 5° C, and that a limit value should

exist at low wind speed. This value may be obtained by solving the heat transfer

egquation :
d e dT(z,t), . _4F{z,t) _ aT(z,t)
gz k=) a )t T a Pe T3¢ (3)
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for k(z) = km the thermal molecular diffusivity - i.e no turbulent diffusivity

at U = o, Eq. (3) was solved using the following i~onditions :
F(z,t) = Flo,t) g(z) = F (4)

where F(o,t) is the solar irradiance at see level, Fo the heat loss by the

surface, and
g(z) = ) a, exp(-k,z) (5)

where 2, ki are given in Table 1 and were obtained from a fit of g(z) accor-
ding to the work by PRUVOST (1976). g(z) is taken as independent of time

in (4) which is a rather good approximation since the underwater penetration

of the direct solar radiation is close to the nadir even at low solar elevation
angles. An homogeneous layer defined by F(o,t) g(zo) = Fo was set just below
the surface for which (%E)t o (zo is a few centimeters for Fo = 100 w.m'z,

F{o,t) = 1000 w.m_z). Under these conditions, AT was found to vary nearly

with the net heat budget of the surface :

t
o
ATmax = C {(F(o,t) = Fo) dt (6)
o)
GJWS
- - 2
with ¢ = 0.65.10 6 K.J ! m- . For the HCMM observations or , 1978,

o
(F(o,t)-Fo)4dt was estimated to about 600 w.m'2 during 4 hours (in fact

a maximum value of 900 w.xn-2 at noon at satellite overpass) and

ATmax = 5,6 °C (7)
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The Hasse's formula (1) may be simply accomodated to account for the

limit found in (6) by writing :

AT = 3.5 1077 @ / (U_{t) + U) (8)
vhere uoca wi  depend of the given hour during the day. In our case, Uy should
be about 0.7 m.s-1 and when plotted in Fig. 5, Eq. (8) fits pretty well the

observations. ¥

Il1-4 -~ Freguency of diurnal heating

From May 13 to August 28, 1978, 60 HCMM scenes taken over the Westermn
Mediterranean Sea ware examine%,of which about 34 scenes exhibited large diur-
nal (typically more than 1° C) hedting of particulaf areas of 10 to 100 km width.
Belative frequency of the event is rather largg,and is enhanced in some areas
gégzéted by a breeza effec:M;;;re the wind sfstematically beccmes nul at some
distance of the coast. Table 2 give relative frequencies of low wind speeds
(u < 3 m.s-l) at some statioiis along the Coast of;France during the summer
months (from DARCHEN (1974)). Frequency of nul wind allowing a diurnal heating
of more than 1° C are between 10 to 30 % .Frequency of low wind speed

(1 cU< 3 m.s-l) is from 20 tc 50 %, allowing a diurnal heating of about 1° C.

From these frequencies, N1 and N2, a mean diurnal heating AT was calculated as .

AT = 2.5 N1 + N2

and is given alsc in Table 2. The mean diurnal heating range from 0.5 to 1.5° C

along the south coast of France with a maximum on the French Riviera (Cap Ferrat).

A o
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IV = CONCLUSION

The present investigation, using SST satellite obsexvations from the
HCMM experiment has shown a high frequency of large diurnal heatings (more
than 1° C) of the sea surfice during summer months in such areas like the
Mediterraneas Sea where low wind speed are very frequent. This shows
that satellite observations at noon and during the ofternoon ihould be rejec-
ted, or at least checked to climinate those corresponding to low wind speed
(U< 3 m.s-i). If not, a systematic bias could be introduced in the SST ana-~

some

lysis of'sﬁne areas, particularly the marine coastal areas affected by a

e
sea-Yand breeze effect.

Using simultaneous observations of the glitter reflectance, the diur=-
nal heating was correlated to the wind speed. Diurnal heatings of about 1° C
were found for U = 2 m.spl, which fits the formulation given by HASSE (1971).
A maximum diurnal heating of 5° C is found for nul wind conditions, which is in
agreement to the value calculated from the radiative and heat

transfer, assuming the thermal diffusivity is only molecular.
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APPENDIX

. Glitter refers to direct solar radiation reflected

by the sea surface. This reflection is specular for a planar sur-

face. When there is wind, the surface is agitated and consists

of elements which are statistically distributed around the horizon-
tal plane. This produces a more or less bright spot of variable

dimensions which is commonly called glitter.

The radiance Lq reflected by the agitated sea surface

can be expressed (COX and MUNK, 1956)

Eg R (A=1)
Lg= =~ "3
4 Vi
and the equivalent reflectance Og will be expressed as
nLQ T R(w)
Pe*V.E. 2 ® (A=2)
s s 4 usuvun
where E is the direct solar radiation at sea level,
s
R(w) is the reflection coefficient of water at a given indicence u,
p is the probability of encountering a properly oriented surface
alement,
uv - cos@v ' us = cos%;,un = cos@n, respectively édefine the zeni-

thal angles of the observation direction, the direction of incidence,

and their bisector,




v is the angle between the planes of incidence and observacion :

u +y
u - —S-—-l (A"3)
n 2cosw
! 1
- . 2]5{ 2]2 (A=4)
cosw nsuv+[l g 1--uv cos ¥

From a study of aerial photographsg of glitter patterns, COX and
MUNK (1955) developped p in a Gram Charlier series which in a first
approximation is reduced to a gaussian distribution , with re-

volution symmetry :

y 2
(tg 9
Mo g
with 0% = 0,003 + 5,12.10 7y =1 % 0,004
4 ’ ' ’ um.s =S ) (A=86)

for 1<Ueid m.s~!

Figure 6 gives an exarple of thae glitter spot og
thus computed as a function of sclar zenithal angle for different

values of W, and for a nadir viewing (Gv = Q). In accordance with the
reciprocity principle, by permutation <es;ev). Fig.s alsc gives pg

as a function of observation angle for a sun at the zenith (Gs = Q).

For a given angle pq presents a Mmaximum, pqm' at a certain value of

dm which is related to wind speed. T andpgm are given by :

2 2 -2
o = & = -

m 970, = uy 1 (A=7)
Do Rl (A-8)
gm 2 ., =

4 usuvun (1 un )

sents the maximum glitter Pqm 3S defined by (A=8).
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N Table | -~ Coefficients 4, ki in {8) for solar irradiance underwater

penetration,

-

k, (@)

i=1 041

e — s S g

i =2 .139

|

| : L =3 131
| ‘

| L=4 .24

3365.9
201.18

13.05
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Relative frequencies of low wind speeds :

L,

N, ¢+ nul ; N, : Beaufort forces | and 2 (1 2 U< 3 m.s

during June, July and August in the french meditexxanean
(e 374)

coastal area from DARCHEN An estimate of the mean diurnal

heating AT is given in column (3).

Station N1 ] N2 % AT °C
Cap Bsar 16,0 26,9 0.67
Séte 9.5 42,3 ‘ 0,66
Pandégues 21.3 26.8 0.80
Cap Camarat i0.8 46.6 0.74
Cap Ferrat 35.1 50.4 1.38
Cap Corse 18.4 35.5 0.82
Pertusato 6.4 21.0 0.37

© 420 N-6E 7

7.6 / ‘ 0.5
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FIGURES CAPTIONS

Figure | = Diurnal heating in the Western Meditaerranean Sea :

{a) = HCMM scene A=pC038 = 12440 on June 3, 1978 at 12.40 TU, image

(b) -

{c) =

(d) =

center is at 40.54 N, 011.04 E, visible channel : darker tones
are is lower reflectances. Note the bright patterns East and
West of Corsica and Sardina.

Same as (a) but infrared channel : darker tones arqdfqldex

sea surface temperatures. Notea warmer waters Ea:;Jof~Cc:sica
and Sardina.

Day-night temperature differences between HCMM scenes obtained
on June 3, 1978 at 1.50 TU (night) and 12.40 TU (day) . Darker

tones are smaller diurnal heatings.

Meteorological situation, on June 3, 1978 at 12.00 TU.

Figure 2 ~ Diurnal heating in the North Sea :

(a) =

(b) =

(c) =

Day HCMM scene A-ACO34 - 13120, on May 30, 1978 at 13.10 TU.
Image center is at 54.27 N, 00,01E. Infrared channel : darker
tones are colder watars. Note the warm (bright) spot between
Scotland and the top right of the image where a tﬁermal front
is shown close to Norway.

Night HCMM scene A=-AOO35 ~ 02280, on May 31, 1978 at 2,30 TU.
Image ¢enter is at 56.13 - 03.00E. Infrared channel : darker
tones are colder waters. The warm spot disappeared during the
night.

Meteorological situation on May 30, 1978.
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+ Figure 3 ~ Day-night temperature difference vs glitter reflactance on June 3,

4 1978, for a4 study area Fast of Sardina,
; Figure 4 - Retrieved wind speed vs glitter reflectance for the study area.

Figure S - Day-night temperature difference vs retrieved wind spsed for the
§ : study araea. Dnlﬁid line is from HASSE (1971). Full line is (8) :
the HASSE's formula after modification to account for a low wind ) j

|

speed limit of AT.

Figure 6 ~ Glitter reflectance vs zenithal viewing angle, for a sun at zenith,

and saveral wind speeds from O to 15 m.s'l. Maximum glittar reflec~-

? tance is given by a dashed line.
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APPENDIX D

The §ollowing LLsting give zhe date, Ldentigication and Location 04
centen of Amage of HCMM scenes recelved §rom NASA by the Principal Invesi-

gator. The Last column "ETAT" give the 42atus of the conresponding digital
data :

- R : Aaecedlved
" - IR : necedlved but not readable
- C : xequested bui not recelved.
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