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ABSTRACT

TEMP data for Milan, Brindisi, Cagliari and Rome from 1961 to 1965 have been processed to
study vorticity generation and energy budget over central Italy. Cautious use of the kinematic
method has provided satisfactory normal values of divergence. Vorticity generation at 500 mb
and temperature changes in the lower half of the atmosphere are confirmed as being weak in the
area considered. In January, divergence destroys cyclonic vorticity at 500 mb, and cooling by
ascending motion compensates warm advection and diabatic heating in the lower half of the
atmosphere, whereas descending motion and warm advection compensate diabatic cooling in the
upper half of the atmosphere. Also in January, the dissipation of kinetic energy is found to be
negative: there is an input of kinetic energy from smaller perturbations into the mean motion,
probably in consequence of local baroclinic developments.

1. Introduction and basic equations

Today a picture of the weather and climate of a
region should include some derived quantities,
among them divergence, vertical motion and the
items of the energy budget. Although the kinematic
method is not reliable, when applied to single cases,
it can give satisfactory monthly mean values of
divergence. By the cautious use of this method, a
pilot study has been carried out over central Italy.
The sounding data over Milan, Brindisi, Cagliari
and Rome at the levels of 900, 700, 500, 300 and
100 mb were analysed twice a day for 5 years.
Some monthly normal values of important derived
quantities will be shown and discussed in this
paper.

Vertical integration of the
equation gives
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where I + P is the total potential energy and Q the
rate of heating per unit mass. The total potential
energy of an atmospheric column of unit cross-
section decreases because of sensible heat and
potential energy divergence and the work done by
the pressure, and increases because of diabatic
heating.

Vertical integration of the Kinetic energy
equation gives
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where D is the kinetic energy dissipation due to all
motions smaller than that explicitly considered.
The kinetic energy of an atmospheric column of
unit cross-section increases owing to the work done
by pressure; it decreases by reason of kinetic
energy divergence and by dissipation caused by
any kind of perturbations superimposed on the
motion considered. Equations (1) and (2) can be
found in text books, for instance in Haltiner (1971).
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2. Divergence, vertical velocity and vor-
ticity balance

Geopotential heights, winds and temperatures at
100, 300, 500, 700 and 900 mb over Milan,
Brindisi, Cagliari and Rome were contem-
poraneously available 1141 times during the period
1961-1965. These were the only observations
chosen as the basic data of the elaborations to
obtain reliable averages of divergence and vertical
velocity. The triangle Milan, Brindisi, Cagliari is
shown in Fig. 1.
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Fig. 1. Triangle Milan, Brindisi, Cagliari.

Wind divergence has been computed through the
relations

(v-V)*= (3a)
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V-V=(v:-V)*+¢ (3b)

U andV are assumed to change linearly in the 4, ¢
plane. The correction ¢, defined by (4), has been
introduced at each level, to assure vertical compen-
sation of divergence in the layer 50—1000 mb, on
the assumption that the compensated divergence
vanishes at 50 mb and changes linearly into the
layers 50-100 mb, 100-300 mb, 300-500 mb,
500-700 mb and 700-1000 mb.

£=—[1.25(7+ Vyo)* + 2.0(7 Vyo0)*
+ 2.0(T Vioo)* + LT5(T Vogo)*
+2.25(7+ Vope)*1/9.25 )
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The vertical velocity has been computed through
the continuity equation. w is put equal to zero at
1000 mb; it vanishes at 50 mb because of the cor-
rection ¢ applied to divergence.

In the following, only the results referring to
January, April, July and October will be shown and
discussed, in order to save space. In these months ¢
amounts respectively to 0.72, 0.66, 0.62 and 0.34
10°% s, against 2.7, 3.2, 3.5 and 3.1 of the
maximum value of (V-V)* along the vertical. Figs.
2 and 3 show the vertical profile of divergence and
vertical velocity. It is remarkable that, as far as
monthly averages are concerned, the vertical
compensation of wind divergence can be very
different from that usually observed in single
disturbances, where a level of nondivergence is
around 500 mb.

Divergence at 500 mb, and the consequent
individual change of vorticity, are strictly connec-
ted with the quasi-stationary waves superimposed
upon the zonal current. In order to study these
waves, the author has devoted a previous paper to
vorticity generation at 500 mg over the whole globe
(La Valle, 1973). It agrees with the present study in
indicating that central Italy is not a major source or
sink of vorticity at 500 mb; central Italy is
confirmed as a sink of cyclonic vorticity during
January.
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Fig. 2. Vertical profiles of V-V (full line) and w (dashed
line) for October and January. (Units respectively in 106
s~'and 10~*mb.s1)
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Fig. 3. Vertical profiles of V-V (full line) and w (dashed
line) for April and July. (Units respectively in 1076 s!
and 10~*mb-s57')

The last result seems to contradict the relatively
high frequency of cyclogenesis in the Gulf of
Genoa during the month of January (Montalto et
al., 1967). Some facts must, however, be taken into
consideration. First, anticyclones alternate with
cyclones every month (Nauchno-issledovatelskii
Institut Aeroklimatologii, 1964); second, the lows
in the lee of the Alps are often shallow (Buzzi and
Rizzi, 1973) and third, a deep cyclone in the lee of
the Alps has the genesis and structure of a normal
extratropical cyclone, although local geography
controls its position and intensity (La Valle, 1964;
Danielsen, 1973). It originates when vorticity
advection becomes superimposed upon a front, and
divergence above is partly compensated by con-
vergence at the ground. Moreover, northerly flow
usually converts earth vorticity into relative vor-
ticity. In fact, divergence was found positive at 500
mb in one major cyclogenesis in the Gulf of Genoa
which was carefully analysed (Third Group, 1963).

At 500 mb the vertical transport of vorticity is
positive in every month: —wd{/yp = 0.57, 0.32,
0.33 and 0.07 107'° s72 respectively in January,
April, July and October. Gazzola and Mosco
(1967) have found a substantial deficit in the
vorticity balance in the layer 850-500 mb over
northern and central Italy during some major
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cyclogeneses in the lee of the Alps. That could be
explained by vertical transport due to deep convec-
tion, as in the tropics (Reed and Johnson, 1974). In
most of the troposphere, ascending motion is found
during October and January, and descending
motion during April and July. This agrees with the
monthly normal precipitation observed at Rome
(Mennella, 1967, p. 513). Vertical velocity over
central Italy and the average vertical velocity at the
same latitude, as estimated by Oort and Ras-
musson (1971), present a completely different
annual change. Moreover the former has a much
larger magnitude than the latter. This means that
vertical velocity and weather over Italy depend
much more on large-scale quasi-stationary waves
and local motions than on the annual shift of the
average meridional circulation.

3. Thermal balance

Table 1 shows the diabatic heating distribution
obtained as residual of the thermodynamic
equation. Most of the heating at 500 and 700 mb in

Table 1. Q/c,: diabatic heating in layers of 200
mb. (Units in °C/day)

mb January  April July October
100 -1.7 -20 —0.1 0.3
300 —2.5 —4.7 —0.1 0.7
500 0.4 -1.3 0.3 1.6
700 1.3 -2.0 —1.5 0.2
900 -0.2 —1.0 —1.1 —-0.9

January and October is certainly due to latent heat
release (Clapp, 1961). The radiative cooling at 300
mb is greater than that found by other authors over
comparable areas, see Katayama (1967), Dopplick
(1972) and Hantel (1976). It could be explained by
a large amount of high and medium cloudiness.

The vertical profiles of Q/c,, —V - VT, 6T/ot and
(I — ) are connected, through the continuity
equation, with the vertical distribution of V.V,
which explains vorticity production and quasi-
stationary waves. I’ and y are the lapse rate of
temperature, respectively dry adiabatic and actual.

Fig. 4 shows the January profile of these
quantities. In the lower half of the atmosphere,

Tellus 30 (1978), 2



VORTICITY GENERATION AND ENERGY BUDGET OVER CENTRAL ITALY

100
7 ¥ .
/1a T~y I
c T
; ) \
300 1Y
NG 7 vt
500 n ..
wir-7 AN A
'.‘ | s\ \
700 :
T \/
v r)t|
% . )\
900 . AT Iy
JANUARY
-3 -2 - 1 2 3

1 s}

Ocﬁay
Fig. 4. Thermal balance. Vertical profiles of Q/c, (full
line), —V - AT (dashed line), w (I' — ) (dotted line) and
0T/ot (dashed and dotted ling): January (Units in
°C/day.)

warm advection and diabatic heating are compen-
sated by ascending motion. In the upper half of the
atmosphere descending motion and warm advec-
tion compensate diabatic cooling. The hemispheric
distributions of Q/c, and —V-AT, mean during
January 1958 at 0.75p, (La Valle, 1977), agree with
the present study in indicating that diabatic heating
and temperature advection in the lower half of the
atmosphere are relatively small over Italy.

4. Kinetic and potential energy balance

Table 2 shows the dissipation of kinetic energy.
M40 ms is the mass of an atmospheric column of
200 mb and unit cross-section. During April and

Table 2. D: dissipation of kinetic energy in layers
of 200 mb. (Units in (kly/year)/M )

mb January April July October
100 2 5 —1 3
300 -2 5 0 —1
500 -3 1 i 1
700 0 1 0 1
900 1 1 1 -0
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October (especially during April) friction and
perturbations superimposed on the mean motion
dissipate kinetic energy. In January the local
perturbations supply kinetic energy to the mean
motion. In fact, the strong winter contrast between
the warm Tyrrhenian Sea and the cold Po Valley
(Mennella, 1967) is expected to generate local
baroclinic development. According to Kung
(1970), the work done by the pressure is negative at
the intermediate latitudes of North America in
medium and high troposphere and low strato-
sphere during the winter season. That agrees
qualitatively with the negative dissipation found by
the writer in January.

Fig. 5 shows the balance of the kinetic energy,
mean in the 4 months considered, at each level. At
the level of the jet stream, kinetic energy increases
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Fig. 5. Kinetic energy balance. Vertical profiles of —D

(full line), —V - VK (dashed line), —V - Vg (dotted line),
—wdK/dp (full line): year. (Units in (kly/year)/M )

by advection; the surplus is partly dissipated and
partly transformed into potential energy by work
against pressure. The kinetic energy dissipation is
positive everywhere, with a main maximum in the
stratosphere and a secondary one in the planetary
boundary layer. About 4.14 kly/year, equal to 5.38
W/m?, are dissipated in the entire column. These
results agree fairly well with those obtained by
Kung over North America (Kung, 1966), apart
from the position of the two maxima, which is
reversed.
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Table 3. Budget of total potential energy and kinetic energy of an atmospheric column of unit cross-

section: year. (Unils in kly/year)

l 1000 .

- j dp January April July October

g [
-v-¢c, TV 166 —241 -271 181
—v- ¢V —131 456 321 —222
Q -49 -197 —46 33
¢ T

— ¢ _ _
7 5 8 5 6 13
V.v¢ 7 —-13 2 -5
-V-vg -7 13 -2 5
—v-KV 5 1 4 -1
-D 1 —13 -2 -3
¢ 0 0 0 0
ot B

Table 3 indicates the mean value of every item of
the energy budgets (eqs. (1) and (2)). The maxima
terms are sensible heat convergence and potential
energy convergence. As the former is positive when
the motion is upward and the latter is positive when
the motion is downward, they tend to compensate.

5. Conclusions

The literature contains some excellent analyses of
vorticity and/or energy budgets over large areas.
The present work shows that automatic processing
of selected data makes it possible to study the
climatology of triangles of contiguous radiosonde
stations. The following conclusion is reached: the
soundings accumulated up to date contain a huge
bulk of information not yet turned to account. The

work required to exploit this mine of information is
very tedious; nevertheless it should be undertaken
in view of the contribution it would make to our
knowledge of the phenomena that rule long-term
wheather change and climate modification.
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FEHEPALINA 3ABUXPEHHOCTH W BIOJJKET SHEPTHU HAJ
LEHTPAJIBHON WTAJIMEN

JIns w3ydeHus reHepalliy 3aBUXPEHHOCTH U GrolxkeTa
sHeprud Hag UenrpansHoit WMrtanmei#t 6w mpo-
aHanu3upoBaHsl aannwele TEMP nnas  Munana,
bpunon3u, Kanbsapy u Puma ¢ 1961 mo 1965 rr.
OCTOpOXHOE MCIIONBb30BAHHE KMHEMATHYECKOrO Me-
TOAa a0 yAOBIETBOPHTENbHbIE HOPMaJIbHBIE BEJIU-
YHHBI OuBepreduud. IloaTBepXaeHO, YTO B paccMmart-
puBacMOit 06J1aCTH TeHepauHs 3aBHXDEHHOCTH Ha
moBepxHOCTH 500 MO W W3MEHEHHS TeMIEPATYphI
B HwxHel monosuHe atMochepsl Obumn cnabsivu. B
SIHBApE OWBEPTECHLMS pa3pymaeT UUKIOHHYECKYHO
3aBUXpeHHOCTh Ha 500 MO, a oxnaxiaeHdEe BOCXO-
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ASAIIAMY  ABMXKEHHAMH KOMIEHCHPYET aABEKUHIO
Tenna W HeanamabaTu¥ecKMit HarpeB B HHXKHeHR
IIOJIOBHHE aTMOC(EDPBI, B TO BPEMs KaK HHCXOISAIIHE
IBHXKCHHSA M aJBEKUWs Tenlla KOMICHCUPYIOT Hea-
nuabaTHyeckoe OXJIaXIeHHE B BEpXHEH IOJIOBHHE
atMocdepbl. ITomoOHBIM e 06pa3oM HatmeHO mis
AHBapsA, YTO JMCCHOALMA KWHETHYECKOR 3JHEPIrHH
OTPMLATEILHA: MMEETCH NMPHTOK KMHETHYECKOH 3He-
PTHH OT MEHBIIMX BO3MYILICHHIH K CPeAHEMY NMOTOKY,
BEPOATHO, BCIIEACTBAC PAa3BHTHA JNOKAJIbHBIX 6apok-
JIHHHBIX BO3MYILIEHMIA.



