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Abstract. Unusual satellite images of the Aegean Sea, in both the visible and infrared ranges, are discussed.
Alternating bright and dark features downwind of islands suggest the presence of atmospheric lee waves.
However, close examination of these features indicates that the observed signal is likely the signature of
the influence of the lee waves on the sea surface rather than the signature of the lee waves themselves through
atmospheric effects.

1. Satellite Observations on April 7 and 8, 1981

Satellite observations of the Aegean Sea were obtained from NOAA 6 on April 7, 1981,
at 0651 GMT and on April 8, 0636 GMT, in both the infrared and visible channels. An
infrared image from NOAA 6 was also available on April 7, 1817 GMT.

In Figures 1 and 2 are presented the infrared (Figure 1) and the visible (Figure 2)
! images obtained on the morning of April 7. The infrared image of April 7, 1817 GMT,
is shown in Figure 3. In these photographs, the clearer the shade, the colder the

3 temperature (Figures | and 3) and the greater the albedo (Figure 2).

The AVHRR sensor aboard NOAA 6 has five channels ranging from visible (chan-
nel 1) to thermal infrared (channel 5). The first three channels give similar results
(Figure 2), a measure of the energy reflected by the surface of the sea, and consequently
an indication of sea state roughness.

In all channels, one can see the alternating clear and dark bands behind the Cyclades
and Sporades Islands (Figure 4). This pattern is very regular and is quite stationary over
24 hr. The mean distance between two consecutive bands is 9.5 km, with a rms of 4 km,
and the length of these bands is about 30-40 km.

Such a pattern is very characteristic of lee waves (Cruette, 1973). Existence of winds
of 8—10 m s ~ ! blowing from the NNW against the rocky islands during these two days
supports this idea. The structure and the shape of the wave may vary critically, depend-
ing upon the vertical profiles of wind velocity, air temperature and air humidity (Fércht-
gott, 1949; Kuettner, 1958; WMO, 1960).
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Fig. I. Infrared image of the Aegean Sca from NOAA 6, taken on April 7, 1981, at 0651 GMT. The brighter
the shade, the lower the temperature.

Fig. 2. Same as Figure 1, but for visible range. The brighter the shade, the higher the albedo.
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Fig. 3. Same as Figure 1, but for April 7, at 1817 GMT.

Cruette (1976) points out that leewaves are generally associated with the presence of
a stable atmospheric layer at intermediate height, and favorable wind speed, direction
and profile. Soundings of the atmosphere are only available for Athens and Heraklion
(Crete). While aware of the great variability of the wind over the Aegean Sea induced
by the numerous rocky islands, the authors expect the bulk features observed in these
soundings to be applicable to this Sea. The wind was blowing from the NN'W (320-360°
in Heraklion), perpendicular to the islands under concern, with increasing wind speed
from the surface (8-10 m s ~ ') to the height 10 km. These soundings also show that the
atmosphere was stable. All these features are very favorable to the existence of lee waves,
which can be depicted as a regular sinusoid downwind of the island (Figure 5).

[thas been established that the wavelength must increase linearly with the mean speed
in the troposphere but recent work (Cruette, 1976) suggests that the coefficients of the
relationship may vary from case to case. However, this relationship is of the form:

A=aV+b

where 1 is the wavelength expressed in km and ¥ is the mean wind speed in ms !
Based on the pressure charts of the German Meteorological Office, the mean wind speed
is assumed to be 15 m s~ ', so that the computed wavelength is, for the different values
of @ and b:

(Corby, 1957) a=0.587; b= -2.8; A= 6.0km

(Georgii, 1967)a = 0.67; b= 0.0: 1=10.0km

(Cruette, 1976)a = 0.49; b= 19; 1= 94km.
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Fig. 5. Schematic diagram of mountain wave flow. After Kuettner (1938).

These values are in agreement with the observed wavelength (9.5 km).

The crests of the lee wave are usually surrounded by clouds or mist of high reflectance
and thus one can observe patterns of low and high albedo. The crests are often colder
than the sea temperature, but at times, in case of a temperature inversion in the lower
atmosphere, the mist can be warmer than the sea. These are common features (Cruette,
1976) and the existence of atmospheric lee waves in this region is well known and is
not the point of the present note.

These particular images display some unusual features which suggest that the observ-
ed signal does not come from the atmospheric layer but rather from the sea surface
influenced by the lee wave. These features are now presented.

First of all, the pattern of clear and dark stripes never crosses an island, which may
indicate that the signal is not of atmospheric origin.

According to Figure 5, a trough is found downwind and close to the island. If the
signal were of atmospheric origin, one would expect a low albedo. But one observes a
high albedo.

Examination of both atmosphere soundings and satellite imagery made by D. Cruette
and A. Noyalet (personal communications) reveals that the existence of clouds during
these days was highly unprobable; even if they occurred, the temperature of the cloud
tops would be less than 5 °C and thus would be detected by infrared imagery (Figure 1)
whereas the temperature change between cold and warm stripes is of order of 0.4 °C,
the mean temperature being 14 °C.

From the above remarks, one can conclude that the observed signal from the lee wave
is not the expected one. Thereis no cloud or mist, so that the signal is not of atmospheric
origin. The authors suggest that the discrepancy can be explained in the following way.
The signal comes from the sca surface itself and expresses the influence of the lee wave
upon the sea surface.
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2. Discussion

In the images taken on the morning (0830 and 0815 True Solar Time) of April 7 and
8, dark strips occur in the same place in both visible and infrared ranges. According Lo
the computations of Wald and Monget (1983) about glitter reflectance as a function of
sea state, sun and observer geometry, one concludes that in this case, the darker the
shade, the rougher the sea (Figure 2). These strips of rough sea occur below the crests
of the lee wave, under which vortex (rotors) are found and very severe turbulence occurs
(Figure 5).

Thus in the morning one observes a regular pattern of warm and rough sea (dark
strips) and cold and calm sea (bright strips). The thermal difference is of order of 0.4 “C.
However, in the infrared imagery obtained on April 7, 1817 GMT, one observes cold
strips where warm strips occurred in the morning and warm strips in place of the cold
strips (Figure 3). But the thermal difference is weaker, being less than 0.2 °C.

The authors suggest the following explanation. In the early morning, the sea surface
temperature is lower than the temperature at 1 m depth, because of night-time cooling,
the thermal difference being of order of a few tenths of a degree. Under the lee wave
crests, strong turbulence causes the mixing of the sea surface layer, leading to a local
heating of the skin of the sea, sensed by the satellite. Then the solar energy warms the
sea, but the heating of the calm strips is stronger than the heating of the rough strips
since for the latter, a greater depth is involved. Thus at the end of the day, the calm strips
are the warmest but the thermal difference is weak.

3. Conclusion

Observations of a lee wave have been presented in this note. Some unusual features
appearing in satellite imagery suggest that the satellite does not sense the atmospheric
effects usually accompanying a lee wave (clouds) but the sea surface. The sea surface
characteristics are modified by the lee wave, the influence of which is expressed in local
changes in both temperature and surface roughness.

Such an observation was recently reported by M. Champagne-Philippe (personnal
communication). During the ?Donde Va? experiment made in October 1983, while
flying over the Alboran Sea, her aircraft encountered a lee wave. She observed that while
on a crest of the wave (strong turbulence), the sea below the plane was rough; when
in a trough, on the other hand, the sea was quieter, in agreement with the observations
presented in this note.
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