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Summary :

Three examples of cloud - interpretation from the ERTS~ 1 picture are presented.

- When the wind- speed is large enough, the cumuli are found arranged in lines that are
in average two kilometer apart from .each other. These lines are grouped in lines made
of small cumuli and. in lines made up of well develloped ones. These last lines are fused
on the APT - picture and appear as single lines,

- Fog-mapping for a given region is possible if the topography of this region is known. The
stratified clouds lying over mountains or in valleys begin to dissolve above the middle of
the valleys and not against the slopes.

- As water shows a weak albedo in the near infrared, wet surfaces will appear darker than
their neighbourhoods. This feature seems to be confirmed by the dark spot in the north of
Bozen ( Southern Tyrol ) that can be seen on the ERTS- 1 picture taken on the 315t of
August 1912,

Zusammenfassung :

Es werden drei Beispiele fiir die Iriterpr.etation von Wolken aufgefiihrt, wie sie auf den
Bildern von ERTS~ 1 sichtbar sind:

- Wenn die Windgeschwindigkeit geniigend gross ist, erscheinen die Cumuli in Linien geordnet,
die im Mittel 2 km voneinander entfernt sind. Diese Linien sind sowohl in der Ebene wie -
auf den Bergen parallel zum Wind. Eine libergeordnete langwelligere Schwingung fithrt ab -
wechlungsweise zu Linien aus grossen Cumuli und zu solchen von weniger grosser konvek—
tiver Aktivitdt. Nur diese ilbergeordnete Schwingung erscheint auf den APT - Bilder,
auf welchen die sichtbaren Linien aus Gruppen von einzelnen Linien gebildet werden.

- Eine kartographische Erfassung des Nebels wird ermdglicht durch den Vergleich mit den
Hohenkurven einer topographischen Karte des Gebiéts, iiber dem er liegt. Die Schichtwolken,
ob sie nun im Gebirge oder dariiber beobachtet werden, beginnen sich {iber den T#lern auf -
zulésen und nicht gegen die Hinge hin.

- Da das Wasser im nahen Infrarot eine schwache Albedo hat, erscheinen nagse Flichen
dunkler als ihre Umgebung. Dies wird durch den dunklen Fleck nordlich von. Bozen ( sid -



tirol ) bewiesen, der auf dem am 31.° August 1972 auf d1eser Wellenlange aufgenommenen
ERTS- 1~ Bild sichtbar ist. -

Résumé :

Trois exemples d'interprétation des nuages v1sibles sur I'imagerie d'ERTS 1 sont
présentés ;

- Lorsque la vitesse du vent est suffisante, les cumulus s'ordonnent en lignes distantes
I'une de 1'autre de 2km en moyenne. Celles-ci sont paralléles au vent, en plaine
comme en montagnes. Une organisation superposée modelant les cumulus conduit & une
alternance de lignes formées de gros cumulus et de lignes de moindre activité convective.
Seule cette organisation superposée apparaft dans les images APT ol les lignes visibles
sont formées de groupes de lignes individuelles.

- La cartographie du brouillard est possible par comparaison avec les lignes de niveau d'une
carte topographique de la région qu'il recouvre. Les nuages stratifiés qu'ils soient observés
dans les montagnes ou au- dessus d'elles commencent par se dissoudre au- dessus des.
vallées et non vers les pentes.

~ L'eau ayant un faible albédo dans le proche mfrarouge, les surface mouillées. apparaitront
plus sombres que leurs alentours. C'est ce que tend 4 montrer la tache foncée au nord
de Bozen ( Tirol du Sud ) visible sur I'image d' ERTS~ 1 prise dans cette longueur d'onde,
le 31 aolt 1972,

Riassunto :

Sono presentati tré esempi per la interpretazione delle nubi, come sono visibili nelle im -
magini di ERTS-1 :

- Quando la velocitd del vento & sufficientemente grande, i Cumuli appaiono ordinati in
linee, le quali in media so trovano alla distanza di 2 km. Queste linee sono parallele al
vento tanto in pianura quanto in montagna. Una oscillazione ad onde pili lunghe sovrap -
posta conduce alternativamente a linee di grossi Cumuli e ad altre con attivitd meno
grande. Solo questa oscillazione sovrapposta appare sulle immagini di APT gylle
quali le linee visibili sono formate da gruppi di singole linee.

- Una rappresentazione cartografica della nebbia viene resa possibile mediante il confronto
con le curve di livello di una carta topografica della regione, sulla quale si trova la nebbxa.
Le nubi a sviluppo orizzontale, tanto se sono osservate in mantagna quanto se lo sono '
dall*alto, coiinciano a dissolversi al disopra delle valli e non verso i fianchi delle montagne.

- Siccome I'acqua nel vicino infrarosso ha un albedo debole, le superfici bagnate appaiono
pili oscure di cid che le circonda. Cid & dimostrato dalla macchia oscura a nord di Bolzano
( Tirolo meridionale ), la quale & visibile sull'immagine ERTS~ 1, captata su questa
lunghezza d'onda il 31 agosto 1972. '
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A first preliminary repoi't on meteorological interpretation of clouds or cloud systems

appearing on pictures of the Alpine region 1) received from the Earth's Resources
Satellite ' :
ERTS 1 2
For this report the following picﬁures are used :
MSS 4 to 7 images O of August 14, 1972 Cu, Ac, As, Cs
game : of August 31, 1972 Cu, St - .
same : of Sept. ' 18, 1972 " Ch, Cu, Sc, Ac, As, Cs
same v of Sept. 20, 1972 Cu, fog, contrail .

1. .In_tx'odgction

The primary objective of the Earth's Resources Satellites System is to get a regular
global survey of the Earth's resources, as the name of the system _s’éys. But for the
weatherman it is also most profitable and meteorologically invaluable tc; use the re -
ceived information for studies and investigations of clouds or cloud systems covering

some parts of the pictures. One of the scientists will at least be lucky.

There are two reasons for this meteorological interest :
- The meteorologist cannot obtain from other meteorological satellites such a resolution
of the pictures

- he actually takes advantage of obtaining nearly simultaneous (time intervals from a few

minutes to less than three quarters of an hour ) pictures from the operational meteoro-

gical satellites

1) The Alpine region is taken here in a wide sense. It englobes the Alps themselves and
also the surrounding mountains : the Vosges, the Black Forest and the Plain of the Po.

2) ERTS Earth Resources Technology Satellites ( NASA USA )

3) MSS  Multispectral Scanner Spectrometer ( on board of ERTS~1)
MSS 4 Wavelength 0,5~ 0,6 n
5 w 0,6-0,7Tn
6 " 0,7-0,8 u
7 . n 0,8-1,1 1 (NIR)
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of the ESSA or NOAA series.

A synoptic interpretation is thus possible. The behaviour of me‘soscaié, even microscale
meteorological systems in the synoptic evolution is one of the most promising scopes of

such studies.

In the region of the Alps,the summer 1972 was in average cool and rainy. After the middle
of September the weather settled, A suniy and warm period in the higher region, a cool
and foggy one in the lowerland lasted almost uninterruptedly for two months. Nevertheless;
convective clouds ( cumulonimbus are 6n’1y embedded in altostratus and cirrus ) are pre -

dominant in the pictures. At this time of the year this is not uncommon.

The present report is "a priori " a descriptive one, An analytical investigation will follow,
when enough material will be disposible. It's goal is to provide a first meteorological inter-
pretation with the help of conventional mea;is, such as;synoptic charts at various levels |
and':\}ex_'tical profiles of temperature and humidity.

This description is restricted to three aspects :

- ofgan‘isation of cumulus clouds over mountainous terrain

~ problems related to fog or stratus layers

~ indication of precipitation patterns.

2. _Cumulus populations, especially cloudstreets

A this time of the year, the convection has already started for more than one hour, when
ERTS~ 1 overflies the country. Depending on the synoptic situation, the night inversion can
still persist over the flat region. In the mountains, the cumuli begin to spread out under
the first major inversion and it may happen that fog is still lasting in the large ground

depressions.

2.1 Case of August 14, 1972

Well developped cloudstreets formed by lines of cumuli clearly appear ( fig.1 ) over an area
- delimitated in its southern part by the first mountains bordering the Plain of the Po and

- in its northern part by the massif of the Gotthard ( culminating at 3600 msl ) (A ) to the
west through the massif of Adula ( culminating at 3400 m/msl ) ( B ) to the massif of
Silvretta ( culminating at 3400 m/msl ) ( C ) to the east. '




Fig1l

MSS 5 picture from ERTS-1 on August 14, 1972 at 0943 gmt.

(E-1022-09435-5 +E - 1022- 09442-5 ).

Well developed cloudstreets parallel to the wind direction extend over the southern part
of the Central Alps. They are cut over the large valleys being perpendicular to the flow.
The cumuli show a tendency to form clusters on the windward slopes.



This a‘i‘éa is cut by numerous valleys, the more important longitudinal ones being the
Valtelina (D) and the Engadin (E). Both areiie'arly' perpenddicular to the streets. The
Leventina (FT),' the main transversal valley, almost pé,ral:lel to the streets, is free of
clouds. ' ,

Figure 2 gives a general view of the topography. The valleys are represented by their
rivers. The dots indicate the summits between 2500 and 3000 m/msl, the circles those
between 3000 and 3500 m/msl and the crosses those Higher than 3500 m/msl. The summit
level, the Bernina, just exceeds 4000 m /msl (4049 m/msl) (G). Some main streets are

also diagrammatically ‘reporte"d on this figure as an illustration.

The pictures of MSS 7"( NIR 0, 8 to 1; lu) dre very valuable. They allow the detei!minatién
of the cumuli tops and under certain ¢ircumstances also of their bottoms. The projected.
shadow appears very dark, mainly black what certainly is due to the strong absorption

in this wavelength by the water droplets. It is much darker than the nonilluminated slopes
of the mountains covered by snow. The contrast is poor with forest covered shaded slopes
( Gfeller, 1973 ).

The base of the cumulus increases progressively from south to north with the mean alti -
tude of the mountains from 2000/2500 m/msl to about 3000 m/msl. The tops of the major
clouds reach a height of broadly 4000 to 5500 m/msl. It is interesting to notice that at the
Swiss observing station Piotta; northern part of the Leventina, thunder could be héard aj:
0900 gmt, three quarters of an hour before the passage of ERTS- 1. As the temperature
at the top of the clouds does not descend below -15%, the cumulonimbus generating the

thunderstorm must already have decayed.

The effect of the orography on cloud generation and deecay, but not on the patterns, is

obvious :

- there are no cumuli over the Plain of the Po. They first begin over the southernmost
mountains. Already there, some have reached the base of the lower inversion while

showing a spreading out ot their edges.
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Fig, 2 .
Geography ( schematic ) of the region where cloudstreets are observed in figure 1.

The river system is repréesented by continuous lines.
Positions of some cloudstreets

Mountain summits between 2500 and 3000 msl

Mountain summits between 3000 and 3500 msl
35060 msl

o)

Mountain summits above



- on the windside slopes of the mountains ( e.'g. quite clear over the Bergamese Alps,
the southern border of the Valtelina ) the clpudine*ss' is more extensive. The individual
clouds tend to coalesce in to small clusters. |

- over the lée‘side of the mountains the cloudstreets are cut or at least show a marked
diminution of cloudiness. The big tr@sversal valleys are free of clouds, even there,

where they are not parallel to the general direction of the streets.

The cloud rows do not seem to be influenced by the relief underneath, as they straight
away extend through it, without deviation. The rows around the Bernina illustrate this.

There, the tops of the mountains are well above the base of the clouds.

Although c;loudétre‘ets are well known, particﬁ-l.arly after the manned orbital flights and
the enlightenment b'y glider pilots, few studies deal with them. The most important ones
are those by“Ku‘et‘tner ( Kuettner, 1967; Kuettner and Soules, 1966 }. The theoretical
suppositions also seem to be valid here,as this type of organization of the convection

in the direction of the windflow must be an intrinsic property of the air. The orography
only increases or starts the convection. In this case, and in opposition to the follwing one,
the postulated vertical profile of the wind is not realized. On this day the wind is strongly
canalized through the passage between mountains, especially to the west ( see also fig. 5)
The study of cloudstreets will be a major task of evaluation of. Skylab materials to be

undertaken by the French group under the leadership of Mr. Villevieille.

The distance between two consecutive rows is about 2km. Superposed on this wavelength,
a larger one of about 10km in average also seems to be present. Effectively, the rows
show alternation of more or less developed cumuli, the former with more spreading out

under the ihversion and a greater tendence to coalesce into larger streets.

The picture recéived about 3/4 of an hour later from the USA meteorological satellite
ESSA 8 ( later simply ESSA 8) disti«nctly shows the cumuli restrained to the Alps and
mainly south of the watershed ( fig. 3 ). The conveective activity progressively diminishes
to the east. The As/Ac-layer (K )l) , the southern extension of which is limited by the’ |
Glarner Alpen and the overlying cirrus are forerunners of the cloud system ( with embed-

ded cumulonimbus ) of a cold drop ( L ),

1) Here and later on, to avoid confusion, the same letters were used in ERTS- 1 and

ESSA 8 pictures taken on the same day for a particular region or a cloud system.




Fig. 3

ESSA 8 picture received on August 14, 1972 at 1036 gmt.

Due to the less good resolution of this picture, the cloudstreets seen on the ERTS-1
picture do not appear as individuals. Nevertheless row structure ( south of K ) is apparent.
( To compare with the other appearance of the clouds over the same region at another day,
e.g. on August 31, 1972, fig.9 ).



Underneath light rain is locally reported. The cold drop slowly drifts eastward. The
corresponding surface synopfic map (flg. 4) shows a typical summer situation where
pressure gradients are very weak. An elongated low extends from the middle of France

to Czechoslovakia and the associated-cold front lies along the Alpes Maritimes and
extends over the Central Mediterranean. The small depression over Denmark corresponds.

with the second cold drop lying north of the former one ( fig. 3).

At the upper levels the low is more accentuated. Over“the‘ western and central Alps the
flow 18 oriented SSE to NNW up to about 600mb (4km ). The 700 mb chart is reproduced
on figure 5. Some w1nds observed at or near this level are conventlonauy plotted. Abave
the 600 mb level, the winds veer to S and SSW, as shown on the 300 mb chart ( fig. 6 )- The
jet stream bordering the eastern side of the cold drops is not very strong. Its maximum

windspeed over the North Sea does not exceed 90 knots.

Over the area in view the windspeed increases from about 20 - 25 knots at the level of the
bottom of the clouds up to about 30 - 35 knots at the level of the tops. To the west they are
progressively increasing up to 10 - 15 knots more than mentioned. The effect of canalization
strengthens the speed of the wind during the passages between mountains, still at levels
where clouds are present ( see fig.5 : the plotted 50 knots wind speed was registered at

the Jungfraujoch slightly west of the Gotthard ( A ) at 3500 m / msl ).

The cloudstreets are parallel to the wind direction at the corresponding level, in this

case oriented 170° / 350°, They are not different from similar rows over sea or flat

region where the cenvective activity is also developed. The airflow crosses the Alps

from south to north. Although no large precipitation areas are observed on the windside,
foehn or foehnlike winds are blowing in the leeside valleys, especially in the upper Rhine
valley (H ). It bas already been noticed that the cloud rows generally do not extend north

" of the main mountain range. North of the watershed the Alps are cloudfree with the exceptmn
of a sami! row composed by half a dozen of individuals near the Kuchen- Spitz (1). This

lack of convective activity with full insolation is due to the diffluence and subsiding motions -

prevailing over this area, the air mass being the same on both sides of the watershed.
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Surface chart August 14, 1972 at 0945 gmt.
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300 mb chart-August 14, 1972 at 0945 gmt.
Legend : see fig. .5 ’
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Case of August 31, 1972

On this day, the repartition of convective clouds o'Ver‘lth'e Bavarian Alps and Tyrol, as
seen by ERTS-1 near 1030 loc time ( 0930 gmt ), is highly interesting (fig. 7). Two

types of distribution appear. In the larger one, the cumulus lies just over the ridge

,ﬁp to the height of 2600 m /ms! and above the tops of fhe mountaing lower than 2200m/msl,
In the smaller one, cloudstreets extend over the eastern Bavarian Alps (A ). The valleys
are entirely free of clouds, except for a layer of small extension around the town of
Laudeck in Austria ( B ). This last feature will be discussed in chapter 3. The mountains '
are almost snowfree, only the topmost ones are covered by glaciers or relmainings of

snow. The picture shows a gentle summer day's convection. ’

The rows of clouds are less sketched than in the former case. They are roughly l,ocated“
070° /2-_i_0‘0; The distance from one line to the other in this case, too,is about 2km. It is
1ot possible to determine if a superposed organisation is also present due to the small
extension of the cloud cover. The streets appear to be affected by the orography up to a

certain extent, some valleys being nearly parallel to it.

Clouds are met only over the hills and mountains, the plain being cloudless as in the
former case. The cloud base at 1800/2000m/msl in the border of the Alps and the big
valleys ( see for instance the region around Bozen in South Tyrol, Italy ( C ), incrases up
to a’bo‘utf 2600 m /msl near the main massifs. Nowhere the tops reach an altitude higher than
2800/3000 m/msl. Thus as noticed before, ridges and summits higher than 2600 m/msl are
free of clouds, The higher the base the smaller the ‘veftical extent and consequently the
smaller the cloud cover. This clearly appears in the picture. The clouds diminish in size
towards the top of the moimtains. Over the lower mountains, as near Bozen, they already

tend to coalesce into small clusters,

The vertical repartition of temperature and humidity is plotted in figure 8 wheré the sounding
of Munich is given as an example. The lower inversion lies at 2300 m/msl on both sides of

the Alps. It increases towards the east ( outside of the region in the picture ) to 3000 m/msl.

" The inversion must be higher in fhe Alps where convection is present. Otherwise, the top :

of the St-layer around Landeck fits in well with the height of the inveérsion as determined

by the ascents. Unfortunately, this problem cannot be s’oi_ve‘d_ vﬁthout soundings in the hear;‘t;
of the Alps, which are not available at the present time. The distribution of the 'temperat—u]jce
above the inversion leads to the conclusion that the clouds belong to the same air mass as ."

the one under the inversion. This does not represent a special case but is the general rule.
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Fig. 7

MSS 4 picture from ERTS-1 on August 31, 1972 at 0938 gmt (E-1039-09381-4 ).

Cloud populations ( cumuli and stratus ) of different patterns are observed this

day over the north-eastern part of the Central Alps. The cumuli lie over the ridges
and mountain summits lower than 2600 msl, the wind being weak less than 5 knots
inside the Alps. Stronger on the northern side the wind conducts the cumuli to organize
in rows (A ). A " dissected " stratus layer covers the surroundings of Landsberg in
Austria ( B ).




-12-

Fig. 8
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This is one example for the profit derived from ERTS pictures, since the pictures received -

from the operational satellités are not suitable for such investigations.

A cold front ( D-G in fig. 9 ) crossed the Alps the preceding night. No véry impdriant pre~
cipitations were observed on the northern slopes. On the southern part the weather remains
dry with the frontal passage. The frontal cloudiness still covers the western part of the
Alps (D) as may be seen on the pictufe received from ESSA 8. The convective activity

is limited to the Alps 6nly (E ) and is well developed over the eastern part. The stratus
layer over Landeck is also visible on the p‘icmre from ESSA8. Over Bohemia ( F ) there
are cloudstreets. The distance froim one street to the other is here of the order of 10km.,
This leads to the conclusion that only the superposed organisation is visible on the pictures
of ESSA 8 and not each cloudstreet. They are oriented ENE to WSW.

The surface synoptic chart shows weak pressuré gradients. The pressure constantly decreases
southward and reaches values under 1010 mb over North Africa. ( fig. 10 ). Figure 11
outlines the situation at 850 mb. A weak low lies over the central Mediterranean. An

easterly wind blows over central and western Europe. Some winds observed or measured

at or near this level are plotied. In the Alps themselves, the v_vvind becomes light and

variable. Above the inversion, the situation is very flat as the 500 mb chart shows ( fig. 12 ).
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Fig. 9

ESSA 8 picture received on August 31, 1972 at 0948 gmt.
The convective activity is restrained to the eastern part of the Alps ( E ). Rows are
observed over Bohemia. Here too the remark inthe legend of figure 3 isvalid.



