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Following the suggestions of Dr. Kuett-
ner, the chairman of the cientific
Section of OSTIV, | conducted a sys-
tematic inquiry among the Italian glid-
er pilots during the first six months of
this year. | also organized three
round-table discussions, two at Rome
and one at Varese, with the object of
gaining more information on wave
phenomena associated with thermal
phenomena.

The main argument treated was that of
wave situations of either orographic or
other origin and their coexistence with
phenomena of thermal instability. Par-
ticular attention was given to the cu-
mulus clouds with vertical wind shear
having a climb on the upwind side of
the clouds, but only insofar as it
served to establish the most conven-
ient technique to be used when flying
on the outside of convective clouds.
The structure and the dynamics of
these particular occurrences, in which
the convective currents of thermal ori-
gin rising from the ground merge at a
higher altitude with the wave forma-
tions, are not yet completely known to
the pilots, many of whom, though hav-
ing utilized these situations, have not

always succeeded in interpreting them.

In Italy, the well-known pilot Guido
Antonio Ferrari has been focusing his
attention on these phenomena since
1955. The following year, at the Inter-
national Congress of OSTIV in St-Yan
(France), he presented his first techni-
cal report on this subject, in which the
term termo-onda appeared for the first
time. Unfortunately, Ferrari did not
have the chance to discuss his report
at the Congress, because of an unfor-
tunate off-the-field landing with his
glider which forced him to abandon
the World Championship and return to
Italy. However, he continued his inves-
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tigation, with numerous flights, obser-
vations, and much research. In this spe-
cific aera he completed hundreds of
hours soaring time and, among other
things, in 1958 established the Italian
record for the highest altitude above
sea level 10,030 m and the highest
gained altitude 9,031 m, records still
unbroken (fig. 1).

At the International Scientific Con-
gress on Jet streams and Undulating
Air Currents held at Turin in June 1959
Ferrari was present with still more
findings on the subject of termo-onda.
He referred to the observations made
in the Paduan Valley (Northern Italy)
and in the Apennine regions of Central
Italy in the course of some of his more
significant soaring flights in the condi-
tions which we have mentioned. He
also expounded the technique used by
him to get the most advantage from
each of these typical situations. To ex-
plain the procedure he used a simple
model which very effectively illustrated
the technique. Very few of the foreign
pilots and meteorologists present at
the congress in Turin understood the
importance of the experiments and re-
search conducted by Ferrari in this
field; this is also due to the fact that at
this congress his findings were pre-
sented and published only in Italian.
Nevertheless, in ltaly, the term ter-
mo-onda gradually became more wide-
spread and today fifteen years after its
coining, it is commonly used by those
who wish to indicate those conditions
in which wave phenomena coexist with
the phenomena of thermal convective
instability. | have had the chance to
make interesting observations on
these phenomena, especially from the
meteorological point of view. | even
made investigative flights with and
without a motor, first in Argentina
(1952—-1955) in the valley of La Cruz
located in the mountain region of the
Sierra de Cordoba; then in Italy
(1956-1970) in the valley of Rieti, in
the Central Apennines.

Such observations agree with the
flight experiences of Ferrari and a
group of pilots of the Military Section
of Gliding headed by Col. Mantelli.
They also agree with later experiments
conducted by a group of sporting glid-
er pilots of Central Italy and particu-
larly by Ferruccio Piludu. These ob-
servations are further confirmed by the

experiences of the Italian glider pilots
who in the past ten years have partici-
pated in the National Championships
in the Apennine region of Rieti, where
the National Center of Glider flying of
the Aero Club of Italy is located and
where termo-onda situations are pres-
ent very frequently.

To present these observations and
experiments in sufficient depth and
with scientific precision and to illus-
trate all the phenomena associated
with them would take too much time.
Therefore, | will merely summarize the
principles which govern the phenome-
na, as it has been possible to formu-
late them, using the findings of the ex-
periments conducted by the Italian
glider pilots up to now.

(1) With the term termo-onda Ferrari,
from 1955 on, intended to indicate
those particular conditions in which
the coexistence of wave phenomena
with the phenomena of thermal
convective instability, gives rise to sit-
uations which present characteristics
different from pure waves and pure
thermal currents and which in order to
be utilized in soaring require a special
technique.

(2) The thermodynamic conditions
which characterize the situations of
termo-onda are the following:

(a) Wind which strikes a mountain
ridge even of moderate altitude. The
velocity of the wind increases gradual-
ly with the height, reaching a velocity
of 20-25 Kts., and sometimes even
more, in the strata affected by the
wave movements.

(b) The temperature gradient is adi-
abatic, from the ground to the altitude
where there are wave movements.

(3) For the conditions of termo-onda to
be produced it is not necessary that
the wave movements be stationary or
persistant; even less is it necessary
that they should be in atmospheric
stratifications of great thickness.

(4) Termo-onda exists even when there
are unstable waves and pulsating wave
motion.

(5) In the situation of termo-onda, ther-
mal convective activity originating on
the ground is normally organized by
wave movements, that is, the ascend-
ing thermal currents merge at higher
altitudes with the ascending part of
the wave, whereas the descending cur-
rents originate in the zone correspond-
ing to the descending part of the
wave.

(6) If these wave phenomena and ther-
mal phenomena occur in masses of
dry air, they pass completely unnot-
iced, but if the air is sufficiently hu-
mid, the phenomena become visible by
the formation of cumulus or strato-cu-
mulus clouds whose appearance, size,
and form depend on various factors.
(7) Unstable wave pulsations of oro-
graphic origin produce isolated cumu-



lus clouds of varying vertical develop-
ment. These clouds are moved by the
wind. The thermodynamic conditions
favorable for the formation of such cu-
mulus clouds are a wind which strikes
an obstacle with a certail force, ther-
mal instability, and the presence of
sufficient humidity in the air.

The longer or shorter duration of these
clouds associated with pulsating
waves whose length never exceeds

2 km depends on the humidity in the
surrounding air and the influx of hu-
mid air by an eventual ascending ther-
mal current which comes from the sur-
face of the land. Normally, however,
the life of these clouds is very short.
(8) The situations of termo-onda, of
great interest to soaring, are produced
during the summer downwind from the
mountain barriers, in conditions of
very strong winds at flying altitude.
These can easily be identified when
the air is sufficiently humid and per-
mits the formation of cumulus or stra-
to-cumulus clouds.

(2) The bands of termo-onda whether
made up of isolated cumulus clouds
alligned in the direction of the wind,
or whether made up of true street of
connected cumulus and strato-cumu-
lus clouds parallel or transverse to the
wind, are produced along a narrow
strip affected by more intense wave
phenomena, because they originate in
correspondence with the higher moun-
tains more favorably exposed to the
wind, or in resonance with the waves
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produces by the preceding orographic
obstacles.

(10) It is interesting to note that the
two aforementioned types of streets of
cumulus clouds produced by the ter-
mo-onda always originate two or three
wave lengths from the mountain, in
contrast with the cumulus roll clouds
which instead are formed under the
first, second, and even third wave, that
is, in the immediate downwind zone.
(11) When the wave movements do not
extend to the upper strata of the atmo-
sphere and do not assume the unmis-
tacable characteristics of the large
stationary wave formations, the isolat-
ed cumulus clouds produced by the
termo-onda, unlike the connected
chain of cumulus clouds, are formed
even in the immediate downwind zone.
(12) There are three typical situations
in which the termo-onda is produced,
precisely the following:

(a) Situations characterized by isolat-
ed cumulus clouds which, though as-
suming notable proportions at times,
never do merge but align themselves
in the downwind zone at a certain dis-
tance one from the other.

(b) Situations characterized by bands
of cumulus and strato-cumulus clouds
forming connected chains of clouds
transversly to the wind.

(c) Situations in which the bands of
cumulus and strato-cumulus clouds
are parallel to the wind.

These are now discussed in turn.

A. Isolated Cumulus Clouds

Of the three types of situations in
which the termo-onda is produced, the
one which is more frequently present
is characterized by the formation of
isolated cumulus clouds. The reason
for this, among others, is that it consti-
tutes the initial and final phase of the
situations in which the chains of the
strato-cumulus clouds are parallel to
the wind.

The necessary conditions for the for-
mation of isolated cumulus clouds that
will last all day is the presence of a
not excessive humidity in the air. In
such a case, the base altitude of con-
densation is always higher than that
encountered in the situations of the
chains of strato-cumulus clouds paral-
lel to the wind.

In the valley of Rieti, such a situation
is present more frequently with winds
from the NE that are associated with a
circulation of air of Balkan origin, cold
and relatively dry. In such a case the
cumulus clouds of the termo-onda
originate on the crest of the waves
and never succeed in joining together
to form one continuous chain, though
they often reach great proportions.
This typical situation occurred in the
regions of Central Italy on May 3, 1970,
and is illustrated in the thermodynam-
ic diagram based on radio soundings

of the Rome-Fiumicino Regional Me-
teorological Center taken at 12.00/Z,
and presented in figure 2.

In this diagram are indicated the base
altitudes of condensation of the cumu-
lus clouds during the various hours of
the afternoon, and the height attained
by the pilots who took advantage of
conditions on that day, in different
parts of the valley.

It is important to point out that on the
preceding day, May 2, 1970, the same
thermodynamic conditions existed.
However, the air mass which was
striking the Apennine range was hu-
mid and, as a result, the base altitude
of condensation of the cumulus cloud
formations was lower; so much so that
in certain areas the cumulus clouds
managed to join together to form little
chains (fig. 3).

Regarding the technique for utilizing
the ascending currents associated
with these cumulus clouds, it should
be pointed out immediately that the lift
is not beneath the clouds but ahead of
them and upwind from them. In this
zone, occasionally, little wisps of cu-
mulus clouds are formed, produced by
the currents rising from the ground,
currents which merge with the wave
movements higher up producing at
that point a certain turbulence and an
increase in the velocity of the ascending
current.

To maintain the climb, the pilot must
spiral upwind from the cumulus cloud,
riding with the wind. When the climb
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indicated by the rate-of-climb indicator
begins to decrease, it is best to stop
making spirals and to head against the
wind toward the clear area, and not let
oneself be fooled by the presence of
overhead cumulus clouds or by the
fact that the residual rise under them
is still appreciable. Otherwise, con-
tinuing with the wind, one will end up
in the down-drought of the termo-on-
da, out of which one can get out only
at the price of a notable loss in altitude.
The flight against the wind toward the
clearing should continue until the ra-
te-of-climb indicator registers a nota-
ble decrease in climb. Then, one is
back in the initial zone, where the for-
mation of the wisps of cumulus clouds
will be seen and where, therefore, the
spiral flight can be resumed.

Having reached the front part of the
base of condensation of the cumulus
clouds, one should stay upwind in line
with the cumulus cloud formations,
spiraling or flying parallel on the out-
side of the clouds, as though over a
mountain slope. In this way, one pas-
ses from a thermal current to a ther-
mal-wave flow, reaching and surpass-
ing the tops of the cumulus clouds,
outside of the clouds.

When the vertical wind shear is mod-
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erate, the best lifts is close to the
clouds, so that at times, to climb more
rapidly it is preferable to spiral by
weaving in and out of the clouds.

The isolated cumulus clouds of the
termo-onda may be arranged in paral-
lel lines either transversly to the wind
or parallel to it. When one mountain
ridge is downwind from another, as is
the case in the valley of Rieti, and a
wave flow is in resonance with the
second obstacle, the conditions of
soaring are enhanced by the orograph-
ically forced rising of the lower strata
of air and the flight becomes extreme-
ly easy. These conditions are present
on the mountains of Sabina with the
winds from the North East; whereas,
with the winds from the South West or
West they form along the group of
hills of Mt. Terminillo. Figures 4 and 5
clearly illustrate the phenomenon.

B. Bands of Cumulus Clouds Trans-
versly to the Wind

When a mountain ridge is favorably
exposed to the wind and its height
and orographic configuration are of a
certain uniformity, the phenomena of
termo-onda extend along the bands of
cumulus clouds transversly to the wind
whose length depends on the follow-
ing orographic conditions.

It is easy to understand that the proc-
ess of formation of these bands is
identical to that of the isolated cumu-
lus clouds of the termo-onda. There-
fore, also for the bands transversly to
the wind, it is necessary that the air
be not excessively humid, otherwise
very quickly the bands will join to form
patches of strato-cumulus clouds.

I had the chance to study these condi-
tions in Argentina, in the Valley of

La Cruz (Cordoba), where from 1952 to
1956 the Argentinian Institute of Glid-
ing had its headquarters. This phe-
nomenon was encountered with winds
from the South East on the surface,
shifting gradually toward the west at
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higher altitudes. Figures 6 and 7 repre-
sent one of these situations, studied in
the course of an aerological sounding
taken with a light sailplane equipped
with an electrical psychrometer. The
five bands of cumulus clouds shown in
figure 7 were 5 km apart, and had an
average length of 20 km. Their base of
condensation was 1,775 m above the
ground and their vertical development
did not exceed 300 m. The temperature
gradient of the atmosphere was adi-
abatic from the ground to the base of
condensation. The clouds were bound-
ed above by a definite thermal inver-
sion, under which the relative humidity
was notable; whereas, on the ground
it was only 32%o.

The thermal convective activity was
not very great. Nevertheless, the up-
drafts merged at higher altitudes up-
wind to the bands of cumulus clouds
and at this point of the bands, they
swelled up, and the updrafts were not-
ably re-enforced and the turbulence
increased.

Figure 7 indicates among other things
the values of the vertical velocities
registered during the sounding. From
the same figure, it is possible to see
how even these bands were formed at
a distance of a variety of wave lengths
from the Sierra de Comechingones
which was generating them.

In Italy there are characteristic and im-
posing examples of bands of cumulus
clouds of termo-onda transversly to
the wind, especially in the Paduan Val-
ley. Ferrari and various other pilots
made use of these conditions many
times in their flights (fig. 8).

The technique for the utilization of
these bands is just as simple as the
one suggested for the cumulus clouds
of termo-onda. It is a matter of getting
oneself in the band, having the best
updraft near the upwind border of the
band and to fly parallel to it. Since the
drift of the wind is notable, one should
be careful not to let oneself be driven
by the wind into the downdraft of the
termo-onda which, as it is easy to un-
derstand, is found beneath the back-
center part of the cumulus band.

In distance flights it is possible to pro-
ceed rapidly, maintaining the same al-
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titude without spiraling. If, instead, one
wishes to gain maximum altitude, one

should stay upwind from the band, fol-
lowing it as though it were a mountain

slope.

C. Bands of Cumulus or Strato-Cumu-
lus Clouds Parallel to the Wind

The formation process of these bands,
which assume the aspect of real
streets of clouds, is initially the same
as that of the isolated cumulus clouds.
However, their base altitude of con-
densation is normally lower, because
the masses of air which favour the for-
mation of these bands, are always
quite humid.

A typical example of these conditions,
shown in principal in figure 3, is illus-
trated in the thermodynamic diagram
of figure 9, based on the previously
mentioned radio soundings of 12.00/Z
of Rome-Fiumicino on May 2, 1970. In
it are also reported the altitude of the
cumulus clouds present that day in the
Valley of Rieti and the altitudes
reached by the different pilots who
took advantage of these situations.

In the summertime, when the humidity
is not so great, these bands look like
real streets only in the hours of great-
est thermoconvective activity, that is,
of the greatest insolation. The process
of formation begins at about 10.30 with
the appearance of a series of moving
wisps of cumulus clouds, lined up par-
allel to the wind. These cloud wisps
group together at certain points pro-
ducing isolated clouds of a cumulus
nature. Their duration is brief, howev-
er. In fact, all at once they will break
up only to regroup shortly after, having
joined up with other wisps, thus pro-
ducing another cumulus cloud always
in the same place.

The rhythm of formation and dissolu-
tion of such clouds becomes more fre-
quent. As the hourspass, and the ther-
moconvective activity increases, the
sky becomes more populated with cu-
mulus clouds, which continue to de-
velop and spread out until they join
other clouds to form bands of cumulus
and strato-cumulus clouds parallel to

the direction of the wind (fig. 10). The
width of these bands of clouds de-
pends on the width of the atmospheric
bands affected by the wave phenome-
non.

The cloud bands utilized by the Italian
pilots downwind from the Apennines of
Central Italy, in the pre-alpine regions
and in those of the Paduan Valley in
northern ltaly, normally are 3 to 4 km
wide and a few tens of kilometers

long. The base of condensation is
1,500—1,800 m and the maximum alti-
tude 3,000—4,000 m. When the air is
very humid and unstable, there may
also be formed, along the band, isolat-
ed cumulo-nimbus clouds which pro-
duce storm situations and abundant
precipitation. In such cases, for ten
minutes and even more, the thermo-
convective activity ceases completely.
After this, the band of cumulus clouds
is reproduced quite rapidly. Looking at
these bands longitudinally, they ap-
pear to be marked transversely by
light and dark stripes, about 1 to 2 km
apart, depending on the length of the
wave (2—4 km).

The updraft under the bands continues
practically along the whole length of

it. Nevertheless, upwind from the dark
stripes, where the band is thicker, the
updraft is greater. At times, therefore,
it is better to take advantage of the
more intense updraft, upwind from the
dark stripes, flying transversely to the
band, and following a zig-zag course.
In this way, it is possible to travel nota-
ble distances even against the wind.

Fig. 10

CONFLUENCE

On both sides of the bands, that is, in
the clearing there are strong down-
drafts. The pilot must remember this
when he intends to leave the cloud
band.

(13) Wave phenomena and that of ter-
mo-onda can be produced as a result
of a convergence or divergence of a
mass of air channeled into a valley. In
such case the variations of the static
pressure, which is encountered on the
horizontal plane in the zones of con-
vergence and divergence of the air
masses, make the stable strata that
might be present oscillate at a certain
height along the longitudinal axis of
the valley.

Figure 11 synthesizes the phenomenon
in a winter situation; whereas, figure
12 represents the same phenomenon
in a summer situation. In the latter
case, the wind drives the warm air out
of the valley which, when it reaches
the plains, rises along the front estab-
lished by the cooler air already pres-
ent there. In this way the warm air
rises up to the level of the thermal in-
version, where it joins with the wave
movements, re-enforcing them.

This phenomenon was also studied in
Argentina in the zone between the val-
leys of Calamuchita and La Cruz, in
the region of the Sierras de Cordoba.
Figure 13 shows the three formations
of cumulus clouds associated directly
with a wave movement generated in
the zone of divergence in the valley of
Calamuchita with the wind from the
North-East.

Fig. 12
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