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METEQPOAOT'IA.— On the Etesians Over the Aegean, by C. C. Re-
papis, C.S. Zerefos, B. Tritakis*. °Avexowddn dno tod ’Axadn-
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The Aegean basin extends some 600 km in the north-south direction,
with a narrow waist at the latitude of Athens that is less than 200 km
wide. The lowest layer of the atmosphere is confined to this channel by
the mountains of Greece and Anatolia, which form an effective barrier
almost 1 km in height. The north-south channeling of the flow in the
surface layers of the atmosphere above the Aegean channel is shown by
the prevalence of northerly or southerly winds in the wind roses at
all the observing stations within the Aegean (Mariolopoulos, 1938,
Katsoulis, 1970).

In Figure la are drawn isohypses of the 1 km in height, which form
the before mentioned effective barrier in the Aegean channel. In the
same figure the plotted arrows correspond to the prevailling wind vector
direction at most of the observing stations in the Aegean basin.
Perhaps it was this characteristic channeling of the winds in the Aegean
that led Aristotle to the mistaken generalization that winds blow predo-
minantly from northerly or southerly directions (Lee, 1962).

In the summer months a vast heat low forms over the valley in
central Iraq which, like the heat low in south Asia further to the east,
is contained by a high mountain chain to the north. The pressure distri-
bution in July at sea level, covering the area from the longitude of Azo-
res eastward to Iran and bounded by the latitude circles 20°N and 60°N
is shown in Figure 2. The analysis was done by using monthly mean
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sea level pressure data in the period 1951 -1960 from all reporting
stations at altitudes less than 200 meters published in «World Weather
Records».

The pressure distribution at sea level shown in Figure 2 sets up
a monsoon-like circulation in the eastern Mediterrenean which in the
Aegean, where it is confined to a more restricted channel, results in
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a northerly wind that is remarkable for its persistence and intensity.
These annually recurring winds were called Etesians?! by the ancient
Greeks (Mariolopoulos, 1972) which in the Greek language is translated
as annually recurrent.

A further unusual characteristic of the Etesians in the Aegean, and
one which causes some confusion in terminology, are the periods of
enhanced Etesians. Within the narrow waist of the Aegean, periods of
gale winds (> 6B) are relatively frequent and when reference is made
to the Etesians it is often not clear whether the author intends the term
to mean the general monsoon background or whether it is to be used
in the more restricted sence to the periods of unusually high north
winds. The present study attempts to provide a quantitatively statistical
description of the Etesians to clarify the question of the variation of
the monsoon background and its relation to the spatial and temporal
variation of the conditions of enhanced Etesians.

Data: We have reviewed and compiled data on the Etesians from a
number of sources most prominent among these are the studies by Mario-
lopoulos (1938), Karapiperis (1954), Metaxas (1970) and Katsoulis (1970).
The detailed statistical study, however, is limited to the decade (1961 -
1970 and to the wind observations at three Aegean stations namely, Na-
x0s, Skyros and Limnos as well as at Athens observatory by using data
tabulations of the National Meteorological Service. Athens itself does not
lie within the main Aegean basin but only taps the northerly flow by
way of a narrow channel between mount Parnis and mountain complex
of Penteli and Hymetos. Athens observatory was considered here not
only for its data reliability but for reasons which are to be discussed
later in the text.

VECTOR WIND STATISTICS APPLIED TO SUMMER WINDS
IN THE AEGEAN BASIN

The advantage in using vector wind statistics instead of con-
ventional wind roses has been stressed in a series of papers by Crutcher

1. The term «Etesians» comes from the Greek «Etesiae» (Liddel- Scott,
Dictionary for Greek Language). Modernizations such as <Etesian» or «Etesian
day» e.t.c. are not used in this report.
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(1956, 1957) and Crutcher and Baer (1962). In the case of surface winds,
their distributions may be quite distorted as to pattern and it is doubtful
if a single wind rose would adequately describe the distributions. More
specifically as far as the monsoon-type Etesians are concerned, their
non-circular distribution is better understood through vector wind sta-
tistics which in addition reflect details of the local topography at the
stations considered.

In the following a detailed bivariate statistical analysis on the Ete-
sians was restricted, however, to the wind observations at three Aegean
island stations (Naxos, Skyros, Limnos) and at Athens observatory.
These three islands were selected because of their data reliability and
their location in the channel of the Etesians. Athens observatory was
considered here to check for previous definition on a «Day of Etesians»
at Athens, which, according to Karapiperis (1948) is defined as the day
during which northerly winds overwhelm the local sea breeze at Athens
observatory (note the north-south channeling imposed by the local topo-
graphy at Athens in Figure 1b).

Although the statistical analysis on vector winds has been exten-
sively discussed by Crutcher (1956, 1957) for the sake of clarity we briefly
summarize here the statistical parameters which are used throughout
this report. Thus a set of winds is treated as a set of vectors defined by
their orientation and x and y components. Actually air motion is three-
dimentional but the vertical wind component is small and for purposes
served here it may be ignored. The mean vector wind is represented
by V (the bar above a letter denotes an averaging process, while the
thick letter means a vector quantity) and the standard vector deviation
o, which is defined as follows :

[ -]
n

which is analogous to:

ZVZ . vz]
n

where o is the conventional standard deviation of wind speeds, n the
number of observations, Zv? the sum of the squares of the speeds and v
the mean wind speed.
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In the event of normal parent distributions of the winds their actual
distribution about the mean vector wind may either form the pattern of
an ellipse or in its limiting case a circle. The decision on ellipticity or
circularity of the wind distribution stands on Mauchly’s criterion which
determines the ellipticity of the distribution by knowing the standard
deviations (ox and oy) of the wind components (vy and vy) along the x
and y directions as well as the correlation coefficient p between vy and
vy (Crutcher, 1957). If p equals zero and o: = oy the distribution is cir-
cular; in all other cases the distribution is elliptical. In the case of an
elliptical distribution, the angle of rotation ¥ between the coordinates
and the ellipse axes is given by the equation:

tan2¥ = 2poy oy [ (o2 — 03).

An important parameter in vector wind statistics is the constancy
of the wind represented by q. The constancy is defined by the ratio of
the vector mean wind speed (V) to the scalar mean wind speed (V) mult-
iplied by 100. It is evident that the constancy is a measure of persistence
in wind direction.

Table 1 summarizes the monthly vector wind statistical results
obtained at the three island stations from May through September at
14:00 I,.T. i.e. near the time of maximum wind speed.

From Table 1 it appears that non circularity in the wind distribu-
tion is evident at all months in all three stations at 14:00 L.T. From
July to September, the constancy q reaches remarkably high values and
it is interesting to note that q increases with north-south distance as we
move from Limnos to Skyros and Naxos. This is an important result
because at those high q-values, even a small difference in q is important.
Limnos is located at the top and the broader part of the channel and
this may explain the relatively lower constancy found at Limnos. The
broad scale channeling in the Aegean basin results to an increase in the
speed (and constancy) of the Etesians as we move from Limnos to Sky-
ros and Naxos; at Naxos an additional local topographic channeling
enhances more the Etesians and this topography is also responsible for
the remarkably high q-values at Naxos (see also Fig. la).

Table 2 summarizes the vector wind statistical results at Athens
observatory. The calculations of Table 2 were based on daily average
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wind speed and direction, instead of wind observations at 14:00 L. T.,
because these data were readily available to us.

Figure 3 shows the elliptical wind distributions at all four stations
calculated from the data of Tables 1 and 2. The effect of local topog-
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raphy on the monthly mean vector wind at Naxos and at Athens can be
seen at a glance from the ellipses of Figure 3 which are to be compared
with the local channels shown in Figure la. At Athens and Naxos, oy is
consistently lower than o, and the angle of rotation W has at all months
the same sign. The local topographic effects on the wind distributions
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at these two stations are also seen by the alignment between V and the

major axis of each ellipse.

Local topographic effects are not clear at Skyros and Limnos where
ox is not so different than oy and in addition, especially at Skyros, the
orientation of the major axes of the ellipses is not consistently the same

in all months.

DIURNAL AND SEASONAL VARIATION OF THE ETESIANS

The calculations of the various vector wind statistics shown in
Table 1 (14:00 L.T".) were repeated to include observations at 08:00 L.."T".
and 20:00 L.T. These results at the three islands in question are plotted
altogether in Figure 4 (a) so that we can get a preliminary idea on both
the diurnal and seasonal buildup of the Etesians.

From Figure 4 (a) it appears that the seasonal buildup of the north
wind component, being rather abrupt from May to July, it remains approx-
imately on the same level from July through September at all hours.
However, at the northern edge of the Aegean channel (Limnos) the Ete-
sians start to decline as early as late August (see also Figure 8). Thus,
one may expect that local breezes will be more clearly seen when the
background of the Etesians is still in the process of development. Indeed
this is evident in the months of May and June at Limnos, where the
wind direction veers from east at 08:00 L.T'. to west at 14:00 L.T. and
becomes east again at 20:00 L..T. Such a diurnal change in wind direc-
tion may be attributed to a sea breeze effect. This is not, however, the
case at Skyros and Naxos where no change in wind direction appears
between 08:00 L.T. and 14:00 L.T'. in May and June.

After the background of the Etesians is established (July though
September) the diurnal variation of the vy wind component is still
evident with maximum values around 14:00 L.T. (Katsoulis, 1970, Meta-
xas, 1970) and with amplitude of the order of 2 m/s. This can not,
however, be attributed to a sea breeze effect (due to the land mass of
the island) since the wind direction at 08:00 L.T. and 14:00 L.T. is

about the same.
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The diurnal and seasonal variation of the mean vector wind (V) its
direction and constancy at the three islands in question are shown in
Figure 5. Evidently the values of q in that Figure display the north-
south variation of q versus time. From Figure 5 it appears that over
the central and northern Aegean basin there is a pronounced seasonal
variation of the Etesians ranging from low values in May to high values
from July through September. Another point of interest is the N -S gra-
dient in q clearly seen at 14:00 L.T. and 20:00 L.T.; as mentioned
earlier q has lower values at Limnos and maximum values at Naxos of

MEAN VECTOR WINDS AND ISOLINES OF CONSTANCY ") [1961-1970]
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comparable magnitude to the constancy in the Trade Wind region. The
north-south gradient in q is not evident at 08:00 L.T. because of the
already discussed land breeze effect at Limnos which, being in the same
direction with the Etesians, helps in keeping high persistence in wind
direction at this time of the day (see also the wind direction in May and
June in Fig. b).

By definition, q must be proportional to the wind component which
better describes a monsoonal situation as for example vy in the case of

LIMNOS (14:00 L.T.) NAXOS (14:00LT.)

SKYROS (14:'00L.T) ATHENS OBS. (DAILY AVG.)
8n 6
NortH
4 -
o] L]
” .
5 o e
o5 PRI
pey & -
> ‘; x »
L o S ) e i R R T ) (e |
10 » 50. % 100
. Souty| G—=2s
L5/ i G| e (RN N e | ~2=
0 10 50 100
qQ—=2/e
May=. Jun=x July = o Aug = m Sept = ©o
Fig. 6.

the Etesians. This is clearly seen in Figure 6 which shows the scatter
diagram of mean monthly values of vy versus q. From that Figure we
can see that q is related to v, for vy <(5H.5b m/s. In all cases the correla-
tion coefficient between vy and q (for vy,<(5.5b m/s) are very high
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(r=20.93) and the least square lines follow approximately the same
equation (q=a +bvy, with 9<a<19 and 12<b< 15 at all three islands).
For mean monthly vy - values greater than 5.5 m/s (very rare at Limnos)
q tends to become independent on vy .

From the previous discussion we conclude that the background of
the Etesians (see also Fig. 2) strengthens from May through June and is
well established from July to September. This monsoon type of circula-
tion results to unusual northerly surface winds which reach maximum
speeds in the narrow waist of central Aegean (NNE at I.imnos, NNW at
Skyros and N at Naxos). An objective measure of the background of the
Etesians in the central Aegean may reasonably be the mean geostrophic
wind (Vg) calculated, for example, at a central Aegean island. Island
Naxos has been chosen to calculate mean monthly values of Vg by using
monthly mean sea level pressure data at a triangle of stations surround-
ing Naxos (Hellinikon airport, Samos island and Herakleion in Crete).
The seasonal variation of the geostrophic north wind component at Naxos
is shown in Figure 4(b). It may be seen from that Figure that Vg, or
the broadscale average vy (averaged over Limnos, Skyros and Naxos)
both describe fairly well the seasonal buildup of the Etesians and in the
following paragraph we shall try to do a number of comparisons between
Vg, and vy at the different stations under study.

MONTHIY AND SEASONAL COMPARISONS BETWEEN NORTH WIND
COMPONENTS OVER THE AEGEAN IN SUMMER

Table 3 shows the correlation coefficients obtained between north
wind components based on monthly values in the decade 1961 -1970.
Two sets of correlations are shown in that Table: one set is obtained
by using monthly mean data from May through September (M -S) while
the other set is based on data from July through September (J-S).
Monthly mean vy- values at Athens observatory were calculated from
daily averages. Monthly mean v, data at the three islands were calcu-
lated from wind observations at 14:00 L. T.

All correlation coefficients reported in T'able 3 are statistically dif-
ferent from zero at a better than the .01 confidence level. From Table 3
it appears that the seasonal buildup of the Etesians from May to July
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™A B'L'E 3

i ‘ | |
| Athens | Naxos | Skyros 1 Limnos |Vgy Naxos
| |
|
1 0.80 (M-S) | 0.79 (M-S) | 0.83 (M-S) | 0.83 (M- S)
Athens 1 ‘
| 0.60 (J -8) | 0.7 (J -S) | 0.70 (J-S)!0.69 (J-9S)
\ 0.86 (M-S) | 0.88 (M-S) | 0.88 (M- S)
Naxos |
% | 060 (J -9S) 0.69(]-5)10.65(_]-3)
e e e R s e g o . ‘ .
WVR ‘ g 0.89 (M- S) | 0.85 (M- S)
0.82 (J -S) | 0.60 (J -S)
, ! | 0.88 (M- S)
lenos‘ J ;:0.71(]-S)

is larger than their intraseasonal variation, because (M-S) correlations
are higher than corresponding (J-S) correlations. Another point to
mention is that a single station at a given month is not going to be as
good a measure of the broad scale intensity of the Etesians in that month,
since the correlation coefficients between stations (J - S) although statis-
tically significant, they are not all too high. On the other hand, the
average vy at two stations, one located near the top and broader part of
the channel (Limnos) the other being located at the center and narrower
part of that channel (Naxos) must be considered as representing better
the broadscale intensity of the Etesians than one single station. Obviously
the same is true if one considers the average vy at three stations
(Limnos, Skyros and Naxos). Table 4 shows the correlation coefficients
obtained between the average vys at two or three stations and the diffe-
rent north wind components by using monthly mean data from July,
August and September.

From T'able 4 we see that the correlation coefficients are higher
than those shown in T'able 3 for the same months (J-S). We see also
that the 3-station average vy is highly correlated with the vy at each
individual station. Monthly averages of Vg, at Naxos can not explain
more than 55 % of the total variance of the broadscale background. From
the same Table it appears also that vy, averages at any two out of the
three islands considered here, explain about 60 % of the variance of the
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T"ABL E" 4

| Average ‘ Average ’ Average
north wind | north wind north wind
‘ components ‘ components components
‘ at Naxos w at Naxos at 8 island
and Limnos ‘ and Skyros stations
A [
ng mn
Central Aegean | Wi wdi ‘ i
vy Limnos | 0.83 | 0.93
vy Skyros 0.717 0.88
1 \
vy Naxos ‘ | | 0.86
- \ 1
vy Athens | | | 0.74
| |

north wind component at the third island. Thus, the first tentative
conclusion is drawn on the geostrophic wind at Naxos: Monthly Vgy data
in the central Aegean can represent the broadscale background for no
more than about 60 %.

The statistically significant correlations between Vg, and vy at
all islands (Table 3) implies that there is an approximate geostrophic
balance in the north-south wind components, while there is no such
balance in the east-west direction, since all correlation coefficients

between Vg, and vis are very low.

ENHANCED ETESIANS AND THE BACKGROUND WINDS

As mentioned in the introduction an unusual characteristic of the
Etesians in the Aegean and one that causes some confusion in terminol-
ogy are the periods of enhanced Etesians. It is interesting to investigate
separately the cases of enhanced Etesians (referred to in the following
as gale Etesians) and compare them with the background winds.

In the synoptic nomenclature a wind is classified as gale wind when
its force is greater than 6 Beaufort (between 11m/s and 13m/s). Asa
ITAA 1977
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consequence, it seemed reasonable to objectively define at the first place
the gale Etesians to be the summer Aegean winds with force greater
than 6 B.

During the main period of the Etesians, from July through Septem-
ber, when their broadscale background is well established, the correlation
coefficients obtained between the monthly number of gale Etesians at
all three islands and the monthly Vg, -values at Naxos are very low
(r =0.2). This indicates that the variance of the background as meas-
ured by the Vg, in the central Aegean, can not explain the variance of
the gale Etesians. On the other hand, the monthly number of gales at
each island explains a fair percentage of the total variance of vy at the
same island (r = 0.55). In view that monthly vy - values at individual
islands are explained by nomore than 509, of the variations of the
broadscale background, one may think that a high portion of the
remaining 50% of the unexplained variance may be attributed to
the gale Etesians. Thus, a month with high vy value is expected to
have an appreciable number of gales and vice versa. We should also note
that the monthly number of gales at one island does not explain more
than 10% of the variance of gale Etesians at another island, i.e. the
monthly number of gale Etesians is more a local phenomenon at each
island not necessarily related to sudden enhancements of the broadscale
background.

COMPARISON BETWEEN THE ETESIANS IN THE AEGEAN
AND WIND MEASUREMENTS AT ATHENS

Athens basin does not lie within the main Aegean basin but only
taps the northerly flow by way of a narrow channel between mount Par-
nis and mountain complex of Penteli and Hymetos. From the previous
discussion we recall that surface winds at Athens observatory are deter-
mined by the local topography having a pronounced north-south orienta-
tion. As a result, sea breeze is in opposition to the northerly winds at
Athens and its development is often strong enough to produce a southerly
or a southwesterly wind during the day (Met. Office, 1962). These local
features led Karapiperis (1948) to define a day as characteristic of the
Etesians as the day during which uninterrupted northerly winds con-
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stantly blow at Athens observatory. The observatory is located at a hill
(h = 107 m) near the southern-central part of the Athens basin.

Karapiperis compiled a list of dates baptized «Days of Etesians»
which fulfilled the before mentioned criterion by using wind records
from the Dines anemograph installed at Athens observatory. The number
of days in each month, taken from Karapiperis’ list will be referred to
in the following as parameter « I, ». This parameter averaged over the
warmer part of the year (May - October) was found to approximatelly
parallel, on longer time scales, the course of different solar activity
indices (Karapiperis, 1948, Xanthakis, 1976). A question now arises: how
good is the correlation between this parameter and the background of
the Etesians? Or, wind measurements at Athens are suitable for meas-
urements of the intensity of the Etesians in the Aegean?

From Tables 3 and 4 we can see that vy, at Athens explains about
half of the total variance of the Etesians at individual islands and the
same percentage of the variance of the broadscale background. As with
the islands, (M - S) correlation coefficients between vy at Athens and the
islands are higher than (J-S) correlations, which means that a rather
abrupt seasonal buildup from May to July is also evident at Athens.

TABLE 5

vy Athens Vy Limnos

T
Vgy ‘ Vy 3 stat, Vy Naxos

|
i

| os | om | om 0.60
|

|

Table 5 summarizes the correlation coefficients obtained between
the parameter I, and various north wind components in the Aegean.
From T'able 5 we conclude that parameter I, is also a good predictor of
the Etesians explaining about half of the variance of their background.
By definition parameter L is expected to be sensitive to the extremes of
the background which, however, are not related to the local gales as
mentioned in the previous paragraph. It is thus expected that L will
not be related to the local gales and indeed this is the case (r = 0.4).
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From the above discussion it follows that either one of vy or L at
Athens is a good measure of the Etesians explaining about half of the
total variance of their background. This is also true when the above
correlations were repeated with mean seasonal (J - S) data, i.e. half of
the overall variability of the Etesians from season to season may be
represented by wind measurements at Athens.

VARIANCE SPECTRUM ANALYSIS OF THE ETESIANS

Before discussing the power spectra of the north wind components
in the Aegean, it is usefull to get first an idea on the total variability
of the Etesians at different time scales. Table 6 shows the variance of

TABLE 6
Total variance (m?/s?) at 14:00 L.T.

Naxos Skyros Limnos Number. -

observations
Daily values AT 12.25 14.17 920
Monthly values 180 1.82 1.82 30
Seasonal values 0.98 0.59 1.16 10

vy (in m?/s?) calculated from July through September by using daily,
monthly and seasonal values. As it appears from that Table the day to
day variability is very large compared with the variability from month
to month or from season to season. Even the variance in the steady
months July and August in 1967 (0® ~6.25 m?/s?) is at least three times
the variance from month to month, i.e. most of the day to day wind
variance occurs with travelling disturbances. From Table 6 we also con-
clude that it is difficult to judge a season as being a «high season» of
Etesians because in all stations seasonal values vary little (especially
at Skyros).

Our next task is to examine the variance contributed by the seaso-
nal buildup of the broadscale background. This is done by comparing the
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zero lag spectral estimates between power spectra of v, from May
through September and from July through September. For a given year,
this difference (denoted as Asg) will be proportional to the intensity of
the seasonal buildup of the Etesians.

Figure 7 shows the course of Asy at Naxos and Limnos during the
decade from 1961 to 1970. As it appears from Fig. 7 the variance due to

Uy 14:00 LT.
NAXOS o——0

LIMNOS »x— —X
5_

T
1961 1965

Fig. 7.

the seasonal buildup is approximately the same at both stations, although
the shape of the intraseasonal variability from month to month is not so
similar at these two stations. Indeed, the intraseasonal change of the
background at Naxos or Skyros (central Aegean) can be approximated
by an ascending straight line which levels- of by July, while at Limnos
(north Aegean) the background starts braking down as early as in late
August (see also Figure 8).

The two types of seasonal variation one at the central and narrower
part of the Aegean, the other at the top and broader part of the channel
shown in Fig. 8 are verified not only by the observations but as well by

comparing for each year the value of Asy with the quantity :
[VJ S Ver _1_(_)_
2 24
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which is obtained by integrating the variance of two straight lines
knowing their mean (vy and vy are monthly means of v, in July and
May). One may thus expect that As, would fit better the integrated
variance of the two straight lines at Naxos than at Limnos. Indeed this
is seen by the higher correlation existing between them at Naxos
(r = 0.88) as compared to their correlation at Limnos (r = 0.75).

From the above short outline is follows that the stronger the seaso-
nal buildup is (Asy) the higher the background during the main season of

6
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E\”‘5 AEGEAN
o)
= x
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o %
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2
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| M I J I J [ x I S 1

Fig. 8.

Etesians will be. Indeed the correlation between As, at Naxos or Limnos
is highly correlated with the Vg, at Naxos (r = 0.80). On the other hand,
while As, explains about 509% of the variance of vy (J-S) at Naxos,
only 209 of the variance of vy (J-S) at Limnos is explained by the
strength of the seasonal buildup, perhaps because of the different patterns
of seasonal change at these two stations shown in Fig. 8. Another point
to mention is that As, at Naxos or Limnos is not related to the seasonal
number of gale days (J -S) at these islands (r<0.5).

Returning to Figure 7 we see that the year 1968 have had a negli-
gible seasonal buildup (Asy:~0.0 m?/s?) at both stations. Indeed that year
was very peculiar at all stations with minimum values of vy, q, number
of gales etc. This does not, however, imply that a year with low or high
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seasonal buildup of the Etesians will necessarily have extremes in the
summer wind statistics. For example, year 1963, having almost average
Asy in that decade, have had high values of vy, q, Nr of gales at both
stations.

We now come to compare the total variance ¢* in each season (day
to day variability from July through September) with some of the pre-
viously discussed predictors of the Etesians such as Asy, Vgy, q, etc.
As we saw before, the stronger the seasonal buildup is, the stronger the
background in July-September will be and the lower the day to day
variability since the correlations between ¢® and Vgy or As, are negative
(r=—0.60 and r = — 0.45 respectively). The higher the background is
the higher the persistence in wind direction will be (high q) and the
lower the day to day variability from Julv through September, or in
other words the background sets in and it does not fluctuate too much
(correlation coefficient between q and ¢ is — 0.36).

All the above correlations were based on Naxos’ data. Although
the results obtained by using data at I.imnos are approximately the same,
in general corresponding correlation coefficients are lower at Limnos
than at Naxos. Different results are, however, found between ¢® and q
at Limnos which are uncorrelated implying that persistence in wind
direction at Limnos is independent on local short term fluctuatious of
the north wind component. It is also interesting to note that at Limnos
the seasonal number of gale days is highly correlated with ¢* in the
months July, August and September (r = 0.70) which means that half of
the wind variance at Limnos is produced by the local gales. This final
result is not true at Naxos, perhaps because strong winds are much more
frequent at Naxos than at Limnos.

Next the seasonal spectra were calculated, based on daily vy data
at Naxos and Limnos which were used to calculate the average spectrum
for each station obtained by averaging the spectral estimates pertaining
to the same harmonic. T'wo kinds of spectra are shown in Fig. 9, one
group refers to the months from May through September (histograms)
while the other group correspond to the main period of the Etesians from
July through September (continuous curves). Individual spectra (not
shown here) all show that there are periods with more than one day above
normal north wind speeds in the Aegean.
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The comparison of the average spectra at Naxos and Limnos implies
that at Naxos, there are more pronounced sequences of enhanced Ete-
sians lasting for three days, than they are at Limnos (6-day period in
Naxos’ spectrum). In Fig. 9 we can see again the similarity between the
average As, at the two stations. At the moment we may tentatively
conclude that at periods of a few days with above normal Etesians, there
is a different pattern of day to day variability over the central and
north Aegean.

When looking at individual seasonal spectra we can see that,
although they are quite different as to pattern, when suitably grouped
they give us some interesting information on the distribution of variance
with frequency. Two kinds of groupings were considered here: The first
grouping of spectral estimates included the years of above normal Ete-
sians (1961, 1963, 1965 and 1970 at Naxos; 1962, 1963 and 1967 at
Limnos). The second grouping of the spectral estimates includes below
normal or normal seasons of Etesians (1962, 1964, 1966, 1967 and 1969 at
Naxos; 1965, 1966, 1969 and 1970 at Limmnos). The year 1968 is studied
separately since it has been the weakest year in the decade 1961 - 1970.
The before mentioned spectral groupings are shown in Figure 10 with
frequency, on a logarithmic scale and the ordinate is spectral demnsity
times freqnency, so that equal areas represent equal variance. From the
comparison between the spectra in Fig. 10 the following tentative gene-
ralizations can be made:

At both stations most of the wind variance is found at periods less
than 15 days or in other words, most of the north wind variance is
contributed by Etesians blowing at sequences from 2 days up to about
one week. Also shown in that Figure is the percentage of the variance
(area) contributed by each spectral region. These regions are :

First Spectral Region (Includes sequences of KEtesians
lasting for less than 3 days): High variability blurred by the noise or
the background continuum at both stations. No significant difference
in relative variance between high or low seasons.

Second Spectral Region (Includessequences of Etesians
with duration between 3 days and one week): Higher variability at
Naxos than at Limnos. Also higher variance in the high season as



596 IPAKTIKA THE AKAAHMIAY A@HNON

HARMONIC
;| 2 3 4 56 78910 20 30
L [ I S N [
10
8- LIMNOS HIGH SEASON
6 (1962 ,1963 ,1967 )
= 2
o= 152 m/Sa
4_
2a
0

LIMNOS LOW SEASON
(1965 ,1966 ,1969 ,1970)

2
o'~ 121 m/sz

N
e
<o
o NAXOS HIGH SEASON
5 (1961 ,1963 ,1965,1970)
2 m2/ 2
4 2-
2 2 2
P2 5 17 %2 6.6 MA? 5 7”‘/5a
»
w
;1[10-1
= 8
9l 6 NAXOS LOW SEASON
E (1962 196 4,1966,1967,1969)
34 2
, o157 G2
] 2 ’
- 344" 472
<«—— PERIOD (DAYS) 7 2
s o Py ] :1”’/52
30 20 15 10 654 3 2 .

SEQUENCES OF ABOVE NORMAL ETESIANS

I
MONTH WEEK ABOUT 2
DAYS

Fig. 10.




SYNEAPIA THE 10 NOEMBPIOY 1977 597

compared to the variance during a low season of Ktesians. At Limnos
this difference is much pronounced.

Third Spectral Region (Includes sequences of Etesians
lasting between one week and one month : At these long periods, the
contribution of the seasonal change is appreciable at Limnos (recall
Fig. 8) so there is not so much difference between the high and the low
season of Etesians. This is not, however, the casé at Naxos where the
high season has very small power at these long periods implying that a
high season of Etesians, once established, it does not fluctuate too much.
On the other hand a low season of Etesians at Naxos has more power at
these long periods.

Some characteristic spectra for three individual seasons are shown
in Figure 11. In that Figure continuous lines correspond to the spectra
at Naxos and dashed lines to those at Limnos. The years 1963 and 1968
were respectively the highest and the lowest year at both stations in
the decade 1961/70, while the year 1962 was selected as being higher at
Limnos and lower at Naxos, as compared to the normal.

The «high» season in 1963 has the same gross features to those
previously discussed in Fig. 10. It is seen, however, from the high
frequency spectral region, that the Etesians blow in a wave packet fashion
because their high frequency variance is symmetrically organized at
periods less than about 5 days. ‘T'he low season in 1968 has all typical
characteristics of low Etesians discussed in Fig. 10, the only exception
being that the noise is extended to relatively longer periods at Naxos.
The year 1962 was a high year of Etesians at Limnos, and the spectrum
resembles very much to the high season spectrum at Limnos seen in
Fig. 10. The same year was below average at Naxos, though mnot too
weak, resembling thus to its corresponding spectrum in Fig. 10, although
at each frequency the variance contributed lies between the two extreme
values of 1963 and 1968.

From the above discussion we conclude that there are summer
storms in the Aegean basin which have longer life times than typical
winter storms since, above normal sequences of Etesians are found at a
wide range of periods from a few days up to about one week or more,
It must be pointed out that there is a tendency in the spectra to be
grouped according to the strenght of the seasonal mean statistics of the
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Etesians, so that each summer is organized by the background and/or
the sequences of strong or weak north winds in the Aegean channel.

BROADSCALE PRESSURE SYSTEMS RELEVANT TO THE ETESIANS

It has long been recognized that in the summer months the
prevailling northerly winds over the Aegean are associated with the
continental depression over southwest Asia and its extension over Asia
Minor and maintained by the relatively high pressures over southern
Europe at this time of the year (Mariolopoulos, 1938, Karapiperis, 1954,
Met. Office, 1962). Konstantakopoulos (1959) pointed out that the heat
low over Iraq, combined with the high pressures prevailling over the
northern Balkans in summer play the major role in the seasonal buildup
of the Etesians.

More recently, Metaxas (1977) examined the anomalies from the
long-term average of the mean monthly pressure field at months of «high»
and «low» Etesians, selected, correspondingly, from high or low monthly
L-values. We should notice that, as mentioned earlier, parameter I, is
by definition an index sensitive to the extremes and it approximately
explains half of the total variability of the background of the Etesians
in the Aegean. Metaxas® analysis showed that at high L-values in July
and August, the regions with persistent and statistically significant
possitive pressure anomalies are centered over the northern Balkans,
while negative pressure anomalies at the surface do not seem to be
statistically significant over the valley of Iraq. On the other hand, at
low L-values, as was to be expected, negative surface pressure anomalies
are found over the northern Balkans and positive surface pressure anom-
alies (significant in July) are found near the valley in central Iraq.
In all cases, high or low L, statistically significant surface pressure ano-
malies are found over the northeast Atlantic (except for the high Julys).

Although the above analysis throws some light to the identification
of certain significant pressure areas at months of high or low L-values,
it does not, however, give information on the relation between the major
pressure centers seen in Figure 2 with the broadscale background of the
Etesians as measured for example by the average v, at three Aegean
stations. This problem can be tentatively and partly investigated in the
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decade 1961/70 by comparing the background of the northerly flow in the
Aegean (average vy at three stations) with the departures from the
mean of the decade of the monthly m.s.l. pressures averaged over two
distinct geographical areas, namely, the northern Balkans and the valley
in central Iraq. The following low altitude stations (elevation less than
200 m) were considered in these computations which were restricted to
the months July, August and September :

Northern Balkans: Beograd 44°48'N, 20°28’ E), Split
(43°31'N, 16°26’E), Zagreb (45°49°N, 15°59"E), Budapest (47°31’N,
19°01’ E), Szeged (46°15’N, 20°09’E), and Miskolc (48°08' N, 20°48’E).

Valley of Iraq: Baghdad (33°20°N, 44°24’'E), Kut El Hai
(32°10" N, 46°02’E), Najaf (31°59’'N, 44°19’E), Nasirya (31°01'N,
46°14'E) and Basrah (30°34’N, 47°47’ E).

From the before mentioned correlation analysis it appears that 45%
of the total variance of the background of the Etesians is explained by
the monthly m.s.l. pressure departures from the mean of the decade
1961/70 averaged over northern Balkans (r = 0.66). There is also an
appreciable anticorrelation between the background the FEtesians
and the monthly m.s.l. pressure departures over the valley of Iraq
(r = —0.54). As it is to be expected higher correlations will exist between
background of the Etesians and the pressure differences between north-
ern Balkans and the valley of Iraq. (APs,1). A number of comparisons
were tried between APy and different parameters related to the Ete-
sians such as, Vg, at Naxos, y, averaged over three stations, the para-
meter L and the monthly number of gale Etesians at Naxos and Limnos,
all shown in Table 7.

From Table 7 we see that the pressure difference between northern
Balkans and the valley of Iraq explains a high percentage of the total
variance of the broadscale background of the Etesians in the Aegean.
This is not true, however, as far as the monthly number of gale Etesians
are concerned, the variance of which, can not be explained by the fluctua-
tions from month to month of the broadscale background of the Ete-
sians. Another point to mention is that the above correlations were
repeated by using monthly m.s.l. pressures averaged over Azores and
they were all found to bz statistically insignificant.
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TABINE %

Correlation coefficients between North Aegean winds and pressure
difference between North Balkans and the valley of Iraq (APg,;).
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Several other correlations were tried between the Etesians and
different m.s.l. pressures averaged over high or low surface pressure
areas, the more impotant of which are summarized in Figure 12. In that
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Fig. 12.

Figure numbers correspond to the squares of the correlation coefficients
(percentage of the total variance explained in each case). From the pre-
vious discussion and Figure 12 which speaks by itself, the following
tentative conclusions can be made :

1. Monthly m.s.l. pressures averaged over the northern Balkans
(high pressures) or over the valley of Iraq (low pressures) are correlated
with monthly values of the broadscale northerly winds in the Aegean.

2. More than half of the total variance of the broadscale background
of the Etesians in the Aegean is explained by the pressure difference
between northern Balkans and the valley of Iraq.
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3. The pressure difference between Azores and the valley of Iraq
does not seem to have any influence on the variability from month to
month of the broadscale background of the Etesians.

CONCL USTO NS

The results of the present report may be summarized as follows :

1. There is a north-south channeling of the flow in the surface
layers of the atmosphere above the Aegean basin created by the effective
barriers of 1 km in height which are formed by the mountains of Greece
and Anatolia. In the summer months a vast heat low which is formed
over the valley in central Iraq, combined with the high pressures over
northern Balkans, sets-up a momnsoon-like broadscale circulation which
in the Aegean, were it is restricted to a narrower channel, results to
northerly winds known as Etesians. More than half of the total variance
of the broadscale background of the Etesians in Aegean is explained by
fluctuations in the pressure difference between northern Balkans and
the valley of Iraq (see also Fig. 12).

2. The seasonal buildup of the Etesians is rather abrupt from May
to July and once established in early July it remains more or less constant
through September. However, at the northern and broader part of the
Aegean channel the seasonal decline of the background of the Etesians
may start as early as in late August. The stronger the background is in
the central Aegean the more constant it will remain from July through
September.

3. Vector wind distributions in summer at individual stations show
remarkably well the effect (if any) of the local topography on the sur-
face winds. Vector wind distributions in the summer months over the
Aegean are elliptical. There exists a north-south gradient in mean vector
wind speed and constancy in the northerly wind components which reach
maximum values in the narrow waist over central Aegean (Naxos).
For a given month the persistence in the mnortherly wind direction
(constancy) of the Etesians is remarkably high and may reach values as
high as 959%. There is a relation between the constancy and the monthly
mean wind speed ¥y, for values of ¥, less than 5.5 m/s. For greater val-
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ues the constancy of the Etesians tends to become independent on the
mean wind speed.

4. Iocal sea breeze effects are found at Limnos but not at Skyros
or Naxos. The diurnal variation of the north wind components in the
Aegean has amplitude of about 2 m/s with maximum values observed
around 14200 L. T.

5. Monthly Vg, data at Naxos (central Aegean) can represent the
broadscale background of the Etesians for no more than about 55 %.
Also the average of monthly vy, data at three stations, which form a
triangle located in the Aegean channel, are better measures of the
broadscale background of the Etesians explaining about 75 % of the total
variance of vy at individual stations. At all islands there is geostrophic
balance only in the north-south direction.

6. On a monthly basis the number of gale Etesians (see text) can
not be explained by fluctuations of the broadscale background. These
gales, however, explain a good percentage of the total variance of
daily vy’s at each station.

7. Wind measurements at Athens are good predictors of the Ete-
sians in the Aegean. Half of the total variability of the Etesians from
one season to other may be represented by wind measurements at Athens
(vy or L)

8. The variability of the Etesians from day to day is several times
greater than the variability from month to month or from season to
season, i.e. most of the day to day wind variance occurs with travelling
disturbances. Taking out a season as being a high season of Etesians is
a difficult task since in all stations seasonal vy - values very little.

9. The stronger the abruptness of the seasonal buildup is, the higher
the background of the Etesians will be during the coming months July,
August and September. The strength of the seasonal buildup As, (meas-
ured by the difference between the zero-lag estimates of (M-S) and
(J-S) spectra) is the same in the north and central Aegean. The more
abrupt the seasonal buildup is, the lower the day to day variability of
the Etesians will be, as a result of a well established high background.

10. Half of the total variance of daily vy-values in July through
September is explained by the seasonal number of gale Etesians in the

northern part of the Aegean. This is not true, however, in the central
ITAA 1977
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and narrower part of the channel perhaps because strong winds are
much more frequent there.

11. There are allways periods with more than one day of above
normal Etesians in the Aegean. Spectral analysis revealed that there are
different patterns of variability over central and north Aegean at periods
around 3 days. Most of the variance of daily north wind values is con-
tributed by Etesians blowing at sequences from 2 days up to about one
week or more implying that during the summer there are storms in the
Aegean with longer life times than typical winter storms.

12. There is a tendency in the spectra of daily vy - values to be
grouped according to the strength of the seasonal vector wind statistics,
so that each summer is organized by the background and/or the sequences
of strong or weak north winds in the Aegean basin.
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téhog Avyovortov.

Kata tovg uijvag *IovAwov, Atyovotov xal Zemxtéufolov, xatd tovg 6molovg
g EAéyxdn 10 ovotmua @V Etnelov slvar xakdg &yrateotnuévov, ol fdosio
3 3 A ) -~ /’ \ 3 ~ 3 ~ c \ A Y
dvepor gic 0 Alyoiov mvéouv peta ExmAnxtiriig dupoviis g meog v dievduvoly
adtdv, 1 08 otadepdtng Tiig dievdivoewg avt®v dvvatar va AdPy, &g Sodévia
uiiva, Alav SynAag twag uéyol xai 95 %.

*Eniong eboédn St al dioxvudvosig tol xata pfjva aoudpod tjuegdv peta
opododv *Etnclwv (3vrdoswg ueyalvrégag tov 6 B) d&v elval duvatov va &oun-
vevdolv éx t@v daxvudvoewv tob Hmofddoov tdv *Etnolwv. Ilagd taira éva
ueydro péoog tiic amo Muéoag eic fuéoav diarvpdvosws thig Pooelag ovvicTdong
100 avépou eig dodévra Staduov founvevetal vo tOV opododv ‘Etnclwv. Agdo-
uévov Ot 1 amd fuéoag eig fuéoav diaxduavolg tig &vtdosws t@v Etnolov
elval aoxetag @opdg peyalvrépo tig Gmo ufjve €lg ufva daxvudvoswg avtiig,

’ 174 £ ’ ’ r 2 ~ L] ’ 2 ’ L)
ouvdyetar 6t ai Poayetag Sraoneiag Sranvudvoeg tav *Etnolov dgeilovrar eig
Vv diéhevoy TV ouVOTTIXDV GLOTNUATOV.

Ievixdg evoédn 611 10 neyoritegov mocootov tilg dtaxvudvoewg tov *Ety-

olov dnulovpyeital Hd cvou®v diadoyxdv *Etnclov avedviov &l ueoundg fué-

n A 3 A ’ c ’ . 1 ’ A € -~ c ~ e \ A \

oag 1) #al éni ulav ERSopdda, amotéheopa to 6moiov Vmodnhol frv td xatd TO

’ \ ’ 2 2 L) ~ a i ’ ~ s\

¥éooc ouvomtind ovotiuata eig 10 Alyaiov €xovv ueyaritegov yeévov Cwijg Gmod
gxelva %xatd TOV YELUDVA.

Téhog eig v pehétny tavtnv, dosuvvdvrar petaby dAwv xal v nidoaoig
~ 5 ’ 5 \ ~ ’ ~ L] ’ c 3 7 ’ ’ ~
tol GvayAvgov éxmi g dievdiveewg t@v *Etnolov, 7 fjueonola mwogsla tooov tijg

3 ’ e \ ~ ’ - ) ~ 3 A - ) -~ ’ \ - -~
gvrdoewg doov xal thg dievdivoewg avtdv el 10 Alyaiov, télog 8¢ Bmiysipeital
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ulo mowtrdrumog St v Gveporoyiav aEiohdynoig t@v *Emnclov dua tiig yonoewg
thlg Qaocpotiriic Gvaricenc.

O moémer téhog va onuetwdi) 6t Eva pueydho pdgog @V Hmohoyioudv Eyé-
veto eig 10 Kévrpov *Actoovouiag xai *Egnounoouévov Madnuatixdv tig *Axa-
duiag *Adnviy 0 6motov xai épihotévnoey med OAlywv umvdv Ttovg cvyyoa-
@eic tiig magovong uehétng.
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