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Abstract. The maximum deepening rate per cyclone track
is determined by the maximum height drop at the center of
the cyclone (500-hPa low) on the basis of all the 6-h succes-
sive steps in its life cycle. The geopotential height gradient is
calculated over the entire low area and the calculation contin-
ued with the variation of the gradient in the successive steps.
The maximum intensification rate per cyclone is then deter-
mined as the maximum increase of the gradient in the life
cycle. Maximum deepening rate for the 500-hPa cyclones in
the area does not exceed, on average, 12 gpm/6 h. Maximum
intensification which is 1.4 gpm/100 Km*6 h on average, oc-
curs in the early stages of the cyclone’s life cycle. This on
the average happens approximately 9 h after the first time the
low is detected. At the gulf of Genoa and the Adriatic Sea,
cyclones usually show the maximum intensification after the
maximum deepening. At Turkey’s cyclogenesis area, how-
ever, this order is reversed. The spatial distributions of max-
imum intensification in the three sub-periods, indicate that it
mainly occurs over Seas during late warm periods and over
land during early and middle warm periods. Such a behavior
underlines the role of low-level instability in cyclone devel-
opment.

1 Introduction

Although deepening and intensification of systems are often
considered as synonyms, they are different (Saucier, 1989).
A cyclone may be deepening while weakening (cyclolysis),
or it may be intensifying (cyclogenesis) and filling (Fig. 1).
While deepening refers only to change of pressure height,
intensification refers to the increase of the height gradient
or the increase of circulation with time. Maximum values
and the time of occurrence for these parameters characterize
cyclones and their life cycles.
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Warm-dry period in the Mediterranean is characterized by
the lack or restriction of the number of surface systems at
the northern parts. Pressure gradients are weak and the sys-
tems are not easily identified. Upper level studies are there-
fore required. The number of published 500-hPa objective
Climatologies is small (Bell and Bosart, 1989; Parker et al.,
1989; Alberta et al., 1991) and not devoted to the Mediter-
ranean. In Spanos et al. 2003, an objective 500-hPa cyclones
detection and analysis was performed for the warm period
(16 April to 15 October) of the year at the central and east
Mediterranean region. In that work, the 40-year (1958–1997)
NCEP/NCAR reanalysis gridded data of geopotential height
with a 2.5◦×2.5◦ spatial and a 6 h temporal resolution (00:00,
06:00, 12:00, 18:00 UTC) were used. Lows were determined
as local minima in each 3×3 matrix of geopotential height
values within the area of investigation. A gradient criterion
(Spanos et al., 2003) was also applied to exclude weak lows,
which probably originate from the assimilation procedure. A
variation of the “nearest neighbour” track algorithm (Trigo et
al., 1999) was employed in the determination of tracks and
the corresponding areas of cyclogenesis.

The present paper is based on that work, which is further
extended to the investigation of deepening and intensification
of cyclones within the investigation area (Fig. 2). The 6h-
steps, which are followed in the evolution of a cyclone, are
characterized as deepening or filling when the height varies
by more than 10 gpm/6h. The maximum deepening rate per
cyclone track is determined as the maximum height drop at
the center of the cyclone from all 6-h successive steps in its
life circle. The geopotential height gradient is calculated over
the entire low area and the calculation is carried further with
the variation of the gradient in the successive steps. They are
similarly characterized as intensification or weakening steps
when the gradient varies by more than 1 gpm/100 Km*6 h.
The maximum intensification rate per cyclone track is then
determined as the maximum increase of the gradient during
the life cycle.
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Fig. 1. Combinations between deepening/filling, and intensifica-
tion/weakening (cyclogenesis/cyclolysis) at an isobaric surface.

Fig. 2. Simplified topography map of the investigation area.

2 Maximum deepening and intensification in the entire
region

Deepening refers to geopotential height drop at the center
of the systems. Therefore, negative values are expected
which in the study are expressed in gpm per 6 h (the time
resolution). On the other hand, intensification is expressed
by positive values, which are expressed in gpm per 100 km
and 6 h. Both parameters are characterized by J-shape fre-
quency distributions (Fig. 3). Average values for the entire
area are−12 gpm/6 h and 1.4 gpm/100 Km*6 h for the maxi-
mum deepening and intensification respectively. Occurrence
time of these parameters during the cyclone’s life cycle is
presented in Fig. 4, which is a double frequency distribution
histogram. The cyclones which are considered in the figure,
are originated inside the investigation area and not entering
it. Both the maximum deepening and maximum intensifica-
tion of 500-hPa cyclones occur at the early stages of their life
cycle. Nevertheless, the relative frequency of cyclones that
reach the maximum deepening for the first 6 h of their life
cycle is higher than the relative frequency of the cyclones
that reach the maximum intensification at the same period of
time.

Fig. 3. Frequency distributions for maximum deepening(a) and
intensification(b).

Fig. 4. Distribution comparison between maximum deepening and
maximum intensification times.

3 Spatial distributions of maximum deepening and in-
tensification

The spatial distribution of maximum deepening (Fig. 5a)
shows that frequency mainly peaks around major cyclogene-
sis areas such as Turkey (Spanos et al., 2003), North Aegean
Sea (Flocas and Karakostas, 1996), and the gulf of Genoa
and the Adriatic Sea (Radinovic, 1987). On the other hand,
maximum intensification (Fig. 5b) peaks over the west coasts
of Italy (broader Genoa region) and Greece, over the east
coast of Romania and over the Turkish highlands and the
Panonian valley.

The broader Genoa and Turkey regions are both character-
ized by local frequency maxima for the maximum deepening
and intensification (Fig. 5). A comparison of the cyclone
populations at these maxima for both regions is presented in
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Fig. 5. Spatial distributions of maximum deepening(a) and inten-
sification(b).

Table 1. It seems that most of the cyclones (75%), which
show the maximum deepening at Genoa region, reach their
peak during the first 6 h of their life cycle. On the other hand
only 15% of the cyclones, which show the maximum inten-
sification at Genoa region, reach their peak during the first
6 h. The opposite tendency is observed for the cyclones in
the region of Turkey, although in this case, the difference
in percentages is smaller. Although the Genoa and Antalya
gulfs present a similar topography, the origin of cyclogene-
sis seems quite different. Cyclogenesis at the gulf of Genoa
is triggered by the conservation of potential vorticity at the
lee of the Alps and other processes are later involved. At
the Antalya region cyclogenesis originates inland triggered
by low-level instability and/or diabatic heating.

The variation of the spatial distribution of maximum inten-
sification (Fig. 6) during warm period indicates a relationship
of the process to instability, diabatic heating and probably to
local circulations. At the early warm period, the process is in-
fluenced by the warm land-cool sea combination. Maximum
Intensification peaks over land surrounded by sea. Figure 6a
shows a number of local maxima over Corsica-Sardinia, the
Greek peninsula and the interior of Asia Minor. At the mid-
dle warm period, the distribution peaks over northern Italy,
especially over the south slopes of the Alps, over the Panon-
ian valley, at the southern edge of the Italian boot and over
the Greek peninsula. At the late warm period the process is
influenced by the reverse phenomenon (warm sea-cool land)

Fig. 6. Spatial distributions of occurrence frequency for maximum
intensification during the(a) early (16 April–15 June),(b) middle
(16 June–15 August) and(c) late (16 August–15 October) warm
period.

and the frequency peaks over the gulf of Genoa, the north
Aegean and the west coast of Greece. The high frequency at
the northeast of Turkey is also an extension of a local maxi-
mum over southeast part of Black Sea.

4 Concluding remarks

The evidence, which is presented in this paper, suggests
that the maximum deepening in the life cycle of a 500-hPa
cyclone is favored at the lee of mountain ranges such as the
Alps and the Pindos or Rodope. The theoretical basis of this
connection probably lies on the conservation of potential
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Table 1. Relative frequency comparison between Genoa and Turkey (at local maxima) for cyclone occurrence in the first 6 h of their life
cycle.

Parameter/Area Max. Deepening in first 6 h Max. Intensification in first 6 h

Genoa 75% 15%
Turkey 33% 46%

vorticity in a northwest current. Maximum deepening also
occurs inland, over elevated areas such as the southeast
Turkey (Anatolia plateau). Overheated by the sun during
warm period, this region modifies an unstable atmospheric
environment, which probably enhances the cyclone deepen-
ing. Atmospheric instability plays a similar and/or parallel
role in the enhancement of cyclone intensification at the re-
gion. The effect is also attributed to the frequency maximum
over Panonian valley. Similar conclusions are drawn from
the variation of frequency distribution during the advance
of warm period. In this course, intensification maxima are
coupled to warmer surfaces (instability sources) such as,
land surface during early and middle warm period and sea
surface during late warm period. Maximum intensification
is also observed over coastlines such as the west coast of
Italy, the west coast of Greece and the northwest coast
of Black Sea. Coastlines are places where the Laplacian
of thermal terms (instability, diabatic heating, thermal
advection) in Sutcliffe’s development increases (Metaxas,
1978). Deepening in the gulf of Genoa usually occurs earlier
than intensification, while in Turkey the reverse is noticed.
It seems that vorticity advection induced by the Alps is the
primary factor for the Genoa Cyclones and other processes
like instability and diabatic heating are later involved. On
the other hand, the primary factor for Turkey Cyclones is
instability and the other development factors follow.
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