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Abstract

The experience gained during the past
years by the meteorological evaluation of
data of alpine goal and return flights have
shown that a further improvement of the
forecasts and flight performances can be
attained by applying statistical and empir-
ical relations.

New statistical results as well as some
relevant examples are used to demon-
strate which synoptic patterns are espe-
cially suitable for long-distance flights in

cluded for forecasting the meteorological
parameters which are primarily affecting
the flight planning and performance, as
e.g. the onset, strength and duration of
thermals as well as the height of the cloud
base as function of time.

1. Determination of time during which
thermals are usable

The time period during which thermals
are usable plays a dominant role for the
determination of the maximum distance

fore use airfields which are known for an
early beginning of convection.

Figure 1 shows a statistical evaluation
of the mean take-off times and their
standard deviation of 97 long-distance
cross-country flights in the northern part
of the Alps, i.e. triangle and goal and re-
turn flights of more than 600 km. A sig-
nificant increase of the earliest time of
departure was found in a direction from
east to west. While the departure times
from Turnau are around 08.30 CET, they
are delayed by thirty to sixty minutes per
100 km in westerly direction. A compar-
ison with earlier data (1) shows no im-
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portant difference, but the presented re-
sults are based on a greater number of
flights, and are thus of greater statistical

significance.
The departure times from other air-
fields like Mariazell, Timmersdorf,

Trieben or St. Johann fit well into this
scheme. Departures from Niederoblarn
or Zell a. See have a greater advantage
only in the event as air mass change over
the Eastern Alps has led to stratus or
stratocumulus cloud cover. Under cer-
tain conditions, the high-pressure cell
being located northeast or east of Vien-
na, departure points east of Turnau
make even earlier times possible. Air-
fields like Innsbruck or Reutte which are
located further to the west are not so well
situated for very long goal and return
flights, although they have advantages as
far as big triangle flights over the Alps
are concerned.

The question is difficult to answer at
which time the usable convection ceases

over the Eastern Alps. Methods used
over flat country, as for example fore-
casting the equivalent potential tempera-
ture, fail in most cases. A suitable criteri-
on for this forecast is the prevailing wind
direction in the 850-hPa level during ear-
-ly afternoon. In case the mean flow
moves from south or southwest and
shows a stable stratification, the final
glide altitude should be reached between
16.30 and 17.00 CET. Without such an
advection long-distance flights have a
good chance to be successfully complet-
ed, as the last direct thermals will be re-
placed by evening lift at around 18.30
CET, even without cold air advection,;
this often makes final glides possible un-
til sunset.

2. Meteorological parameters for flight
planning

Long goal and return flights require
turning points within Engadine, Vorarl-
berg or Graubiinden. For the flight plan-

ning the question is essential whether the
cloud base reaches heights near midday
which make far approaches of the turn-
ing points possible. This is especially im-
portant for flights west of a line between
Fliielapass and Arlberg, to make sure
that a safe return to the Inn Valley is pos-
sible.

Figure 2 shows the typical increase of
the height of usable thermals. Totally 26
long-distance flights by Breuer, Haggen-
miiller, Schubert and Leykauf were pro-
cessed covering distances between 720
and 960 km. Contrary to earlier results
(1) which showed a mean cloud base of
nearly 2600 m MSL after departure time,
the present results show significant lower
minimum cloud bases for a good start. In
the vicinity of Innsbruck or Imst the
cloud base should be at least around
2700 m MSL by midday to have a good
chance for a successful flight from the
statistical point of view.

The mean rate of climb is the next im-
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portant parameter for flight planning. It
depends on the performance of the glid-
er as well as the temperature and humidi-
ty gradient, height of mixing layer, wind,
etc. Theoretically it seems to be nearly
impossible to obtain an estimate for the
average thermal strength from easily ob-
tainable parameters, as for example the
height of the mixing layer, but in prac-
tice we achieve quite reasonable results.
Figure 3 shows the mean rate of climb of
the above-mentioned flights in compar-
ison to the mean and maximum rate of
climbs over flat country according to
Kreipl (2), (3). The comparison shows
that there is no linear relation between
height and rate of climb for the alpine re-
gion, as earlier evaluations (1) have al-
ready revealed when less data were used.
The standard deviations are relatively
large, but similar to the results of Vail-
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lant (4). The reasons are not only meteo-
rological ones, but tactical decisions dur-
ing flight as well as different perform-
ances of gliders.

Flying under the same weather condi-
tions gliders of different performance
should achieve different rates of climb,
provided flights using very high wing
loadings are excluded. Figure 4 shows a
comparison of the mean lift rates during
two days for a 15-m-class glider (DG
200) and a club-class glider (Ka 6) carri-
ed out during relatively homogeneous
meteorological conditions. The DG 200
nearly always gets higher lift rates, be-
cause due to the higher glide ratio a bet-
ter selection of the thermals is possible.

For the following evaluation 12 long-
distance flights of 600 to 780 km flown
by the author have been analysed using
traces of a calibrated barograph of the
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type Aerograph. Additionally speed and
angle of bank during thermalling were
measured to eliminate the sink rate of the
glider. Thus it is possible to get some in-
formation about the type of the thermals.
The average thermal strenght as function
of time is shown in figure 5. From the on-
set of usable thermals there is a nearly
linear increase of the vertical air velocity
from 2 to 3.7 m/s until 13.30 CET. The
slight decrease in the vertical velocity af-
ter that time is not due to meteorological
reasons, but rather due to tactical deci-
sions in the vicinity of turning points, or
perhaps due to a low in the physical con-
dition of the pilot. A similar effect has
been found in evaluations of flights of
Hans Werner Grosse over Australia
which could not be explained by the
meteorological situation. The maximum
values of mean vertical air velocities
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usually occurred between 15.00 and
16.00 CET. Later on the vertical veloci-
ties decreased continuously to 1.5 m/s.

If we try to distinguish between three
types of thermals by using the informa-
tion about the thermalling technique, the
results are derived which are shown in fi-
gure 6. During the first stage of the
flights narrow thermals required steep
circling, this happens with a frequency
of 75%. Later on the contribution of nar-
row thermals decreased and reached ap-
proximately 10% at 13.00 CET. As
shown in figure 6 the contribution of the
normal and wider thermals increased
during the rest of the flight.

3. Structure of the thermals in the Alps

Structure and frequency of thermals
have a strong influence on the optimum
wing loading, see e.g. Pirker (6). Al-
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though there are several publications
about the structure of thermals over flat
countries, see Konovalov (6), (7) and Es-
tival (8), there are no data available for
alpine regions.

The following gives an evaluation of
flights with a 15-m-class glider of the
type DG 200 carried out during the last 4
years to investigate the horizontal struc-
ture of thermal updrafts. Only flights
were selected, where the thermals were
marked at least by one other glider in or-
der to traverse the thermal as close as
possible to the center. The traverses were
made with an average speed of 85 km/h
to achieve a good resolution of the hori-
zontal structure. 126 traverses out of
nearly 200 could be used.

Figure 7 is a typical example for 2 suc-
cessive traverses over the Hochkonig.
Both traverses cross the same part of the

SAME AS 10a BUT 300 hPa

SAME AS 11a BUT 700 hPa

ridge. Flight No. 16 shows a strong ther-
mal updraft with weak gradients, corre-
sponding to Konovalov’s A type of ther-
mals (7). Flight No. 17 shows the B type
with strong updraft but large horizontal
gradients. The comparison of the mea-
surements shows that the strong and nar-
row updraft directly above the ridge be-
comes wider with increasing height while
the maximum velocities decrease. Both
types of thermals never occur as close to
each other over flat countries. Steep cir-
cling in narrow updrafts of the B type is
more difficult when higher wing load-
ings are used, while gliders with water
ballast can achieve good rates of climb in
updrafts of the A type.

The concluding results of these mea-
surements in Figure 8 show, that also in
the Alps in most cases, namely in 70%,
relatively flat thermals were found; the
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nearly constant vertical velocity in the
vicinity of the centre of the thermal is re-
markable.

Regarding the performances of 15-m-
class sailplanes we have to conclude, that
wing loadings of about 35 kg/m? will be
an optimum, when due to low cloud
bases, the flight is carried out close to the
ridges. In all other cases higher wing
loadings will also lead to higher cross-
country speeds.

4. Synoptic conditions favourable for
long-distance flights

Typical weather situations for long-dis-
tance flights show a ridge over the Cen-
tral Alps. Up to the 700-hPa level wind
speeds of more than 20 kn. should not
occur. Favourable conditions have to be
expected in direction of the mean flow
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between 300 and 90 degrees, according
to Trimmel (9). The experiences gathered
during the past years show that long dis-
tances can be covered during weather si-
tuations which are not significantly pro-
mising from the statistical point of view.

A good example is 31 May 1983 when
the author made a 780-km goal and re-
turn flight with a FAI 15-m glider. The
pressure distribution in 850 hPa (fig 9a)
shows a weak wedge with a west to west-
south-west wind of 10 to 15 kn. Similar
conditions are prevailing in the 700-hPa
(fig. 9b) level, the wind velocities range
between 15 and 20 kn. The 300-hPa level
(fig. 9c) clearly shows that the Alpine re-
gion is located in front of a slightly
marked upper ridge of high pressure,
that is to say in an area where the devel-
opment of showers is avoided due to
large-scale sinking. Although according
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to former statistics of Trimmel (9) only a
chance of 10% is existing for flights of
500 km or more, nearly 50% of all flights
of more than 600 km in the Alps during
the past 4 years may have been made
during similar weather conditions.
Without any doubt long-distance
flights are difficult to perform during
weather situations with mean flow from
south when thunderstorms are occurring
due to advection of unstable humid air
masses already in the early hours of af-
ternoon especially in the western region
of the area where the flights are per-
formed, ie. Engadine, Graubiinden,
Vorarlberg and West Tyrol. A typical
pressure distribution is shown in fig. 10.
A weak southern current is crossing the
main ridge of the Alps in the western
part of the flight route, relatively dry
with a dew-point difference of about 7°
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in 850 hPa, relatively humid, however,
with a dew-point difference of partly
3°C in 700 hPa. The large-scale sinking
is too low in the configuration of the
pressure distribution in 300 hPa in order
to avoid the formation of Cbs in the En-
gadine and West Tyrol. Due to the dry
and unstable air mass over Steiermark
and East Tyrol the author was in a posi-
tion to start a 770-km flight at Nieder-
oblarn already at 08.30 CET so that the
first turning-point Samedan was reached
before the beginning of the development
of showers shortly after 13.00 CET and
the flight was successfully finished in
spite of all forecasts.

Without any doubt long-distance
flights using waves along the main ridge
of the Alps will become very popular.
Especially suitable for this purpose are
weather conditions where the flow veloc-
ity in the lowest 3000 m is not too high,
i.e. not more than 20 kn. (fig. 11a, 11b),
so that parts of the route may be flown
thermically if the distances between the
different wave lifts are too large. In larg-
er heights an intensive increase of the
flow velocity with simultaneous advec-
tion with very dry air is necessary in or-
der to develop on the one hand good
waves, and on the other hand to have a
low cloud cover as small fohn gaps may
be very risky for long-distance flights.
During the weather situation which may
be considered as model (fig. 11a-11c)
flights were performed of 550 to 800 km
in the area of the East Alps by using ther-
mal lift and waves, the largest heights
reached were 10,000 m MSL in the area
between Grossglockner and Kitzstein-
horn.

All statements made up to now refer to
the central and eastern part of the nor-
thern Alps although - as we know since
the first spectacular 1000-km flight of
Frederico Blatter across the Alps with
Nimbus 3 on 13 April 1983 - the longest
flights can be made in the south of the
Alps. There are not yet many data avail-

able for a statistical evaluation of long’

flights in the south Alps. However, it is
doubtful whether such simple connec-
tions can be found for the function of the
cloud base and the rate of climb during
the course of the day for larger areas, as
here the regional orographic differences
and thus also the meteorological ones,

Zusammenfassung

H. Leykauf, Meteorologische Naviga-
tion bei Langstreckenfliigen im Se-
gelflug im Alpenraum.

Die meteorologische Auswertung
grosser Zielriickkehrflige vergange-
ner Jahre im Alpenraum zeigt, dass
weitere Verbesserungen bei der
Streckenvorhersage und Flugdurch-
fuhrung durch die Anwendung stati-
stischer und empirischer Beziehun-
gen moglich sind.

Neuere statistische Ergebnisse
und signifikante Beispiele werden
herangezogen, um aufzuzeigen, wel-
che synoptischen Lagen fir grossere
Streckenflige in welcher Region ge-
eignet sind. Es werden Kriterien zur
Wahl des geeigneten Startortes und
der dort sich zeitlich ergebenden
Thermikvorhersage genannt. Ebenso
werden Verfahren zur Vorhersage der
wesentlichen meteorologischen Pa-
rameter far Flugplanung und -durch-
fuhrung, wie z.B. Einsetzen, Starke
und Andauer der thermischen Ent-
wicklung und die Hohe der Wolken-
basis im Tagesverlauf mitgeteilt.

are much more pronounced than in the
area of the northern Alps.

Typical weather situations for flights
in the southern Alps mostly show nor-
thern flow components with simultane-
ous advection of cold air. Due to the lee
effects the heavy cloudiness is dissolved
along the main ridge of the Alps, where-
as from the south a flow of unstable hu-
mid air masses towards the main ridge is
suppressed. The weather situation of 13
April 1983 does not show all the above-
mentioned characteristics, and is there-
fore rather uncommon for flights in the
southern Alps.

In the 800-hPa and 700-hPa level (fig.
12a, 12b), a windward ridge of high pres-
sure is seen at the north side of the Alps
and the formation of a depression at the
south side. In higher levels, however, e.g.
300 hPa (fig. 12c), there is a marked
trough over the Central Alps. For this
reason a large-scale lift is superimposed
over the lee effects on the south side of
the Alps leading to a disappearance of
the clouds in the lower levels. Conse-
quently Blatter was confronted during
his record flight with several snow show-
ers, and on his return flight he had to cir-
cumnavigate the Basin of Bolzano in the
south from the first turning-point as the
quick return flight on the northern route
across the Sarntaler mountains was im-
possible. Near the first turning-point flat

waves were encountered which had
probably to be attributed to a shearing
and not to lee waves (700 hPa: north
wind with approximately 20 kn., 300
hPa: south wind with 50 kn.). In the west-
ern part of the route a classical lee wave
was used in the northwest flow in order
to reach the final glide altitude.

5. Conclusions

The statistical results with regard to the
height of the cloud base and the mean
vertical velocities as function of time will
allow us to plan more easily and espe-
cially more systematically long-distance
flights in the northern part of the Alps.

The given frequencies of different
types of thermals in the sub-cloud layer
and their horizontal gradients give us a
good chance for an appropriate determi-
nation of the optimum wing loading.

Furthermore a number of examples of
particularly “non-typical” meteorologi-
cal situations has shown that contrary to
earlier statistics a good chance for suc-
cessful long-distance flights is existing
more often.

In future we will have to focus our at-
tention especially on the meteorological
navigation in the southern part of the
Alps, because until now only insufficient
data of this area are available, although
there are the best possibilities for long-
distance soaring flights.
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