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MEERESSTROMUNGEN

Oberflachenstromungen
» Windangetrieben (Drift) durch globale Zirkulation
> Gezeiten

Tiefenstromungen
» Dichteunterschiede Temperatur / Salzgehalt
» Topographische Faktoren Meeresgrund,-becken

Bezeichnung der Stromung i.Ggs. zur Meteorologie nach der Zielrichtung:
Weststrom stromt nach West, Westwind kommt aus West



TIEFENSTROMUNGEN ‘GLOBALES TRANSPORTBAND
Antrieb sind Dichteunterschiede “Thermohaline Zirkulation*

Bildung durch Absinken schwereren (dichteren) Wassers in den Polargebieten wegen
» niedriger Temperatur

» hohen Salzgehaltes (Salzlake bei Eisbildung)

» Dauer fur eine Erdumrundung: 1000 Jahre
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Kalter Tiefenstrom

Warmer Oberflachenstrom



OBERFLACHENSTROMUNGEN EKMAN-TRANSPORT

Antrieb ist der Wind

Richtung des Oberflachenstromes wegen Coriolis
Richtung des Massentransportes (0 — 50 m Tiefe)

45° zur Windrichtung (NH: rechts)
90° zur Windrichtung (NH: rechts)
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MEERESSTROMUNGEN UPWELLING

Upwelling: Ursachen / Folgen

kustenparallele Winde, Land an Bb-Seite
ablandigen Strom wegen Ekman
Nachfliessen kalten Tiefenwassers
Kaltes, nahrstoffreiches
Oberflachenwasser

Gut fur Tiere und Fischer
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Upwelling ist die Ursache der klassischen
Auftriebswassergebiete (kaltes Wasser)

> W-Afrika Kanarenstrom

> S-Afrika Benguelastrom
» S-Amerika Humboldtstrom
» N-Amerika Kalifornienstrom

Coastal Upwelling




MEERESSTROMUNGEN DOWNWELLING

Downwelling: Ursachen / Folgen

> kustenparallele Winde, Land an Sth-Seite

» auflandigen Strom wegen Ekman

> Ausbleiben nahrstoffreichen Tiefenwassers
» Nachfliessen warmen Oberflachenwassers
> Schlecht fiir Tiere und Fischer: nahrstoffarm

Downwelling ist eher die Ausnahme
aufgrund atmospharischer Schwingungen

> ENSO El Nino Southern Oscillation
> Mehr Regen Peru (gut)
> Teil des Globalen Forderbandes

Coastal Downwelling

Wind from

La Nina
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ATLANTISCHER WIRBEL (EDDY)

EKMAN TRANSPORT
Atlantischer Wirbel (Eddy) entsteht durch ...

Globale Zirkulation (Passat, Westwindzone)
Anfachung Ekman-Transport 90° nach rechts
Ausbildung Atlantischer Wirbel

Ausbildung eines asymmetrischen ‘Wasserberges'
Dadurch hohere Stromgradienten im Westen
‘Westward Intensification® (auch Kuro Shio, Pazifik)

AMERICAS
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ATLANTISCHER WIRBEL

Atlantischer Wirbel thermisch charakterisiert durch
Kaltwasserproduktion Labrador- / Norwegische See
Kaltwassertransport durch Auftriebsgebiete bei den Kanaren
Warmwassertransport in den Golf von Mexico (Aquatorialstrom)
Warmwassertransport aus dem Golf von Mexico (Golfstrom)
Starkes Maandrieren des Golfstroms durch Kontinentalsockelnahe
und Sekundarstromungen
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GOLFSTROM

Der westliche Ast des Atlantischen Wirbels

Windgetrieben (Globale Zirkulation),
verstarkt durch Westward Intensification und @ snieer
die nordwarts zunehmende Corioliskraft "

30 Mill. m3/ sec (100 * alle Fliisse weltweit)

Leistungstransport 1.5 Petawatt (10" Billiarde) | & :
Entspricht 1.000.000 KKW Blocken | Subtopischer Witel i

Stark maandrierend mit abblosenden Wirbeln

Die Wirbel sind als Anderung der FiiG zu beachten



OLFSTROM RINGE (EDDIES)
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T PILOT CHART OF THE NORTH ATLANTIC OCEAN
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PILOT CHARTS SEEGANG

WAVE HEIGHTS

Solid red lines on the
main body of the
chart indicate the
percant frequency of
wave heights equal to
or greater than 8 fest.
In analysis, when
both sea and swell are
reported, the higher
valoe is used in the
summarization.
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PILOT CHARTS WINDROSE

WIND ROSES

EXPLANATION OF WIND ROSES:—The wind roses in blue
color are located in the center of each 2°square (1° square in
the Panama inset). Each rose shows the distribution of the
winds that have prevailed in the area over a considerable
period of time. The wind percentages are summarized for calm
and for the Cardinal and Intercardinal compass points. The
arrows fly with the wind indicating the direction from which
the wind blew. The length of the shaft, measured from the out-
side of the cirele to the end of the visible shaft (not necessarily
to the end of the last feather), using the appropriate scale
below, gives the percentage of the total number of cbserva-
tions in which the wind has blown from that direction. The
number of feathers shows the average force of the wind on the

B)\_. Beaufort scale. The figure in the center of the

circle gives the percentage of calms. When the
'ﬁ arrow is too long (over 29 percent) to fit con-

\
—_ 3500 fathom cuve -~ —=""""

P11 N . S e, Sy

> 30— veniently in the 1°or 2°square, the percentage
is_indicated numerically on the shaft.
FOR EXAMPLE:—The sample wind rose should be read thus:
In the reported observations the wind has averaged as follows:
From N.-8 percent, force 3; from N.E.-58 percent, force 4;
from E.-30 percent, force 4; from S.E.-2 percent, force 3; from (Ven.)
S.-1 percent, force 2; from 8.W.-1 percent, force 2; from W.-1 , =N \
percent, force 3; from N.W.-1 percent, force 3; calms-0 per- ! y 56—« \ g« |\ { 1K

cent. “-H o \ ]
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PILOT CHARTS STROMUNG

OCEAN CURRENTS-APRIL

The arrows on the chart are approximations of the prevailing direction and the
figures are approximations of the average speed expressed in knots. The values given
may be regarded as the probable drift which a ship might experience in a particular
area. They do not represent the maximum speed which may occur in the area.

Steadiness Sin Antonio
i(}\'er 50 Percent 25---50 Percent g
Under 25 Percent : g.?ﬂb
Drift of current experssed in knots. -

-

Recent investigations of the Gulf St ream-Equatorial System have shown that
it is a relatively narrow swift stream. Its position is not rigidly fixed but appears
to meander. The extent to which it penetrates the Gulf of Mexico has not been
determined.

Permanent currents in the Gulf of Panama move in a counterclockwise direction.
Superimposed upon these permanent currents are tidal currents. During the flood
tide the northerly current will be increased in the eastern portion of the gulf and the
southerly current reduced in the western portion. During ebb tides the northerly
water movement will be reduced in the eastern portion of the gulf and the southerly
water movement will be increased in the western part. These influences will be most
conspicuous during spring tides.

[

L g



PILOT CHARTS LUFTDRUCK UND LUFTTEMPERATUR

SURFACE
PRESSURE

This chart shows
average sea level
pressure. Solid blue
contour lines (isobars)
are presented for
every one millibar of
pressure difference.

AIR
TEMPERATURE

Mean air temperature
(*C), in red lines, ia
shown for every one
degres. All weathar
narratives refer to air
temperature,




PILOT CHARTS

Pilot-Charts Jahresgang wichtiger Parameter
Pilot Charts

Monatliche Mittelwerte von Wind, Temperatur, Sicht, Druck
Starke und Bestandigkeit des Stroms

Haufigkeit von Seegangshoher grosser 3.5m

Haufigkeit von Boen grosser Bft.8 (34kt)

Zugbahnen aussertropischer Zyklonen

Wassertemperatur
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PILOT CHARTS

Pilot-Charts Jahresgang wichtiger Parameter
Pilot Charts
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Starke und Bestandigkeit des Stroms

Haufigkeit von Seegangshoher grosser 3.5m
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PILOT CHARTS
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PILOT CHARTS

Pilot-Charts Jahresgang wichtiger Parameter
Pilot Charts

Monatliche Mittelwerte von Wind, Temperatur, Sicht, Druck
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SEC. 1 JANUARY Jan uar PILOT CHART OF THE NORTH ATLANTIC OCEAN

100 o0 a0 70 0 so o

25
USE OF CHART .~ EXCEPTIONAL ICE SIGHTINGS
A Berg (year sighted)

O Growler (year sighted)

i The chart
gathered over

presents, in graphic form,

how to use each type of information depicted on this chart.

LOCAL WEATHER: OF WIND ROSES: The wind roses in bise color are
foreign coasts, see the appropriate Sailing Directions (Enrouto and _located i the center of each 5° square. Each rose shows the distibution
Planning Guides) prepared and published by the National Imagery of the winds that have prevailed in the area over a considerable
‘and Mapping Agency. For the coasts of the United States and its  period of time. The wind percentages are summarized for calm and
possessions, se0 the appropriato Cosst Plotpropared and published. tne Cardinal and Intercarcinal compass poiis. The arrows fly wth
Y lonal Ocsan Survey. The bimonthly publication *Mariners 1, ying. ingicating the direction from which the wind blew. The
ther Log™ prepared and published by the Natlonal Qosanic 81d 14c1h of the shatt, measured from the outside of the circle 1o the

end of ot necessarly 1o the end of the last feather)

using the scale below, gives the percentage of the total number of
observations in which the wind has blown from that direction. The
MAGNETIC VARIATION: The lines of equal magnetic variation for e o R e b
the Epoch 2000 are shown by gray lines on the main body of the ¥ {5kt o0 Wi Bt BARIE THH RO W th

i
. center of the circle gives the percentage of

is shown by gray lines on the uppermost inset chart.
2%, 2 ﬁf calms. When the arrow is t00 long (over 29 per-

GREENLAND

cent) to fit conveniently in the 5° square, the
percentage is indicated numerically on the shaft.

o ‘GREAT CIRCLE ROUTES: The courses shown on this chart are drawn

FOR EXAMPLE: The sample wind rose should be read thus: In the "
reported observations the wind has averaged ss follow
iter o1 37ing POt charts. 160 and westher raperts shoui b From N. 40 percent, forcé 7: rom N.E. 19 percent, foce 7 from E.
s these 6 percent, force 5: fom S.E. 5 percent, force i rom S. 5 percent,
‘waters are subject to irregular hazards. force 5; from S.W. 9 precent, force 5: from W. 8 percent, force 5;
from NW. 5 percent, frce 4; alms 3 percent

RUSSIA {

ouss
e 1

reprosented. Abrormeal or severe ce or weather condiditons may require

WAVE HEIGHTS: The red lnes on the main body of the chartndicate
the percentage of frequency of wave heights equal 1o or greater
than 12 foet. In analysis, when bath sea and swell are reporied, the
Tigher valus is used in the summerizatio. Except for protected WINDS: North of 30°N, the prevailing winds are from southwest
coastal areas and areas of concentrated foo MOstof tho Nortn A, through northwes_ with the exception of an area just west and
orth of 25°N, Gbserve wave helghts of t least 12 fee, ten perceni Southwest of the Iberian Peninsula where they are northerly. South
or more of the time. Frequencies of 10 percent or more also occur 0f 30°N,

Wellen

>3

betwoen the Baleari Islands and Sardinia and i the Carlbbean Sea Wind speads over the North Ataiic are predominanty force 4 1 6, . o is given, g [{
A et o s Tartarcte ) S0 ea Vea i e ki 1 ar » S i
than 50 percent e north of 40° and south oflceand and between S0uthern tip of Greenland where the average force i 5 to 7, Winds CANADA ordad bt oo
Newioundand and Great Bfain with s nothesst uadrant resching a 9Ver the Mediterranean Sea ara mainly westerly with an average wenty 1 ghe 3 por.
requency of 60 percent force of 3 1o 4. Easterly winds are predominant over the Gulf of antge v,
Mexico and Caribbean Sea with an average force of 3 to 4 over the = Il
GALES: Winds of Beaufort force 8 and higher are confined mainly Gulf nd force 4o 8 over the Caribbean. il
10 north of 30°N. Ten percent or more of the observations north of TAN
35°N over the wester Atantic and north of 40°N over the eastern PRESSURE: During January from easter Canada to westem Europe VAR
Atlantic report gale force winds. The only area in the Mediterranean the North Atiantic is under the dominating influence of the Icelandic y, X S gl
Sea with galo frequencies of more than 10 percent extends from the  LoW. s central posion is just off the southeast tp of Greenland s * 7 S
coast of France for some 150 to 200 mies southesst through tho With 3 mesn cenlral pressure of just under 997 millibars, which s ~_aisngd ROCK/10_VIRGN TUUF ) weieom i
so-{ll  Golfe du Lion. The highest frequency of gales, over 30 parcent, the lowest of any month. The Azares-Bermuda High dominates the / s0
occurjust south of Kap Farve. % (g )] Lo vre sunence
Urited State 1o the western Meciteranean long the 30th parallel, /™ 5w -\ PRESSURE
EXTRATROPICAL CYCLONES: During January Lows form most It has a mean centralpressure of just over 1020 millbars. - R Thi crart shovs the i
frequenty along a band of 150 to 250 mies wide sirelching along
the east coast of North America from the Carolinas to Nova Scotia. VISIBILITY: The occurrence of visibilty less than 2 milles is noted e
Other principal areas of cyclogenesis are along the Gulf Coast from in more than 10 percent of the observations in an area north of a L
Texas to Florida, northeast of Newfoundland, southwest of celand, ine extending from the southern edge of the Bay of Fundy, past
the Golfo du Lion and Ligurian Sea and the northern Adriatc Sea.  southeastern Newfounciand, through Iceland and comnecting with every 25 millars o
Primary storm racks extend from the Caroina capes and Great the northern tp of Norway. The frequency increases to more than aference n pressure
iewfoundand where the cycones sither head rorh towards 20 percent in the area around the Strait of Belle Iske and over the
the Davis Stralt or northeast towards lcsland and the Norwegian Baren's Sea. n
Sea. Over the Mediterranean, secondary storm tracks extend from Yoo,
Southem France o the northam Adratc and from Corsica o southern o ool
Turkey. Other secondary storm tracks cross Scotiand, the North e o
Sea, and enter northeastern Europe. Soldred s dencts
. pimaryracks; o
A ot 0 g s By b £ e o o e oo "
In the rthern latudes the ictherms are arientd from the soutrwest UNITED STATES —
o the northeast following. path similr to that of the Gulf Stream. 5
The extreme air temperatures range from below =16°C in the Davis v T E—
Strait o over 32°C in the vicnity of Trinidad and Tobago. Along N o
40"l latitude 40°N the mean air temperature ranges from just under 4°C o 1o st o
off the cast coast of the United States 1o over 14°C north of the < \
Azores.
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SEC. I - JULY

July

PILOT CHART OF THE NORTH ATLANTIC OCEAN
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“The chart
and

LOGAL WEATHER: For extended remarks on the marine climate along

EXPLANATION OF WIND ROSES: The wind roses in biue color are.

M 0 A gu o v cowt o Ul s s
possession: ARG PR o it

al Gosan Survey. Marine
Westher Log" prepered and published by the National Oceanic na

i cachss oo o el sis oseAions

MAGNETIC VARIATION: The lines of equal magnetic variation for
the the

is shown by gray lines on the uppermost inset chart.

GREAT

or severs co or weather condiditons may require

of the winds that have prevailed in the area over a considerable
period of time. The wind percentages are summarized for calm and
the Cardinal and Itercardinal compass points. The arrows fly with

the wind, indicating the diection from which the wind blew. The —{-,

length of the shaft, measured from the outside of the circle to the
end of the visble shaft (not necessarily 1o the end o the last feather),
using the scale below, gives the percentage of the total rumber of

‘observations in which the wind has blown from that direction. The _

the wind on th umm . The "ﬂ"ummu%

& center of the s the percentage of ~{"
ke Vi s o s oo o e 23 e
cent o it comveniently in the 5° square, the ~_|
the

D

S
P

A Berg (year sighted)
O Growler (year sugmed)

e

oA
=

GREENLAND

representec. Abnormal
‘vessels to alter course farther
Iato winter or spring Pilot charls. Ice and weather roports should be
monitored constantly when proceeding south of Cap Race, as these.
waters are subject t0 imegular hazards.

WAVE HEIGHTS: The red lines on the main body of the chart indicate
than 12
fest. In analysis, when both sea and swell are reported, the higher
value is used in the summarization. Wave heights of 12 feet or more
are less frequent during July except over the Caribbean Sea.
i o e s e Gl e s

From N. 40 percent, force 7; from N.E. 19 percent, force 7; from E.
6 percent, force 5; from S.E. 5 percent, force 5; from S. § percent,
force 5; from SW. O precent, forcs 5; from W. 8 percent, forcs 5;
from NW. 5 percent, force 4; calms 3 percent.

WINDS: Te largest porton of the July wind patiem across the North
Atlantic is due 1o the clockvise circulation around the Azores High.
Morth of a fine from Savannah, Georgia to southern Norway, and

South of this
snt of ke, A sva avm b e Canhbean Sea just  region to 10°, the flow is north to northeasterly over the eastem
qual to Atlantic and North of

ehetio percent of the time.

GALES: The frequency of gales s at a minimum for the year in July.
8or

63N, the winds are more variable producing a weak northerly
‘component. South of 10°N they are southerly. Prevailing winds over
the Mediterranean are northwesterly with an average force 2 to 4

Only off the southern tip
g e i s £ o

EXTRATROPICAL CYCLONES: From June to July, a marked
northward shift of cyclonic activity occurs over the North Atiantic. A
major area of cyclogenesis extends along the North American coast
from

P
re o elrie daimoprenk osars e i cethataar Nertl
Sea. One primary cyclone track leads from the souther Hudson
Bay region into the Davis Strait and east across southern Iceland.
Another runs from off Cape Hatteras northeastward into the Central
Atantic. Secondary tracks cross the northem Hudson Bay, Norwegian
Sea, and also cross Great Britain and southern Scandinavia.

AIR TEMPERATURE: The mean air temperature continues to rise
with the most significant inereases ocouring in the higher latitudes.
‘The mesn temperature ranges from 4°C in the Davis Strait to 28°C
over the Gulf of Mexico and Caribbean Sea. Ninty-elght percent of
the temperature observations.over the Davis Strait fall between 0°C
‘and 12°C while over the Gulf of Mexico and Caribbean Sea 98 percent
fall between 24°C and 32°C. At 40°N, cooler mean temperatures
exist along the Iberian peninsula than along the east coast of the
United States—a roversal of previous months. The mean temperatures
at 40°N run from 19°C off Portugal to over 22°C at 40°W.

while over forceis 3105. The
force 4to

6.

PRESSURE: By July the well established Azores High extends from
the Gulf of Mexico to the North Sea. It is centered near 35°N, 35°W,
highest for the
d cast-west trough

dic low remains an il-d
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tending from Hudson Bay to near North Cape, Norway with a mu( Sl

pressure of 1009 millbars.

VISIBILITY: July is the foggiest month of the year over the Grand
Banks of Newloundiand where 50 percent of the observations report
less than 2 miles vsibilty. For the rest of the North Atiantic the July
‘analysis resembles that of June, with the 10 percent frequency ine
running from Long Island northeastward to just west of the lrish
Coast where it swings northwest towards the Greenland coast and
then east through northen Iceland and the Norwegian coastal

3

i L,

areas surrounding the British Isles also show poor visibilities (less u& ((‘\h

ST
-

d’“
e

wanf

o Ouglsgt

GUATEMALA S5
NICARAGUA |

NOTE: it should be kept in mind that most COSTA RICA
ships tend 1

‘The frequency of gales and
e e s actually

being blased toward favorable weatner
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‘and magnetic varitation, see the appropriate.
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REGIONALE WINDSYSTEME KARIBIK
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REGIONALE WINDSYSTEME KARIBIK
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Windsysteme sind gepragt durch Passatzirkulation



TROPISCHE WINDSYSTEME INDIEN MONSUN
ITCZ-Lage (Jahreszeit) abhangige Zirkulation, ‘Gross-skalige Seewind-Zirkulation'

Sommer: Hitzetief Tibet SW - Monsun Jun-Sep Regenzeit
Winter: Kaltehoch Sibirien NE - Passat Wintermonsun Okt-Mai Trockenzeit

. Position der ITCZ im Sommer
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Westwindzone d. mittl. Breiten _d
\"——;
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w
N

NO Passat /

NO- Passat /Wlnter Monsun_~ / / / /
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~\ SO-Dassat SO-Passat |




TROPISCHE WINDSYSTEME INDIEN MONSUN

Sommermonsun (ber Indien und Pakistan

Die Luftmassen werden an der Luv-Seite

heherer Luftdruck der Gebirge zum Aufsteigen gezwungen IR,
im Vergleich zum und kihlen dabei ab: Wolkenbildung Eu%st_lg.,lld.,

tiaf T . h* uftmassen
Hitzetief Gber +*

erasien y T
sommerliches
[ — e Lee  Hitzetief

Werdunstung

235°n.Br.
Wendekreis

Wassertemperatur 24° - 26°C

Indischer Ozean Westghats Dekkan Hochland Fluss-Tiefebene  pimajaya  Hochland von Tibet
(Ganges bzw. Indus)

Sommermonsun, Regenzeit

RR ~ 12000 mm / Jahr



TROPISCHE WINDSYSTEME — INDIEN MONSUN

Klimastation: Kanpur (Indien)
Koordinaten: 26°28'N / 80°21'0  Hohe Uber dem Meeresspiegel: 127 m

(Klimadiagramm nach Walter und Lieth)

Jahresmittetemperatur  25,7°C Jahresgesamtniederschlag 823 mm

- :|..1:. T
g
humide Monate i:

i H 100
50 aride Mo
40 i 80
Wintermonsun Gber Indien und Pakistan » : 60
20 40
absinkende 10 20
Die ITC befindet sich Luftmassen
sudlich des Aquators 0 0

@ . T winterliches
<::| Kaltehoch -10

°c (159 181|242 300 336/ 338 06| 204| 202| 26| 209 161

| mm 15 13 ] 5 10 79 | 254 | 254 | 142 | 30 5 8
235°nBr.
Wendekreis

Verdunstung

Wassertemperatur 20° - 23°C :
& Monatsmittetemperatur emrechnet aus Tageshochstwerten und nachtiichen Tiefstwerten

- i ) Monatlich S > Iz ab dber 1 flachten Skal
Indischer Ozean Westghats Dekkan Hochland Fluss-Tiefebene Himalaya Hochland von Tibet . Monatlicher Gesamtniederschiag  mmm ab dber 100 mm in einer abgeflachten Skala

(Ganges bzw. Indus)

Wintermonsun, Trockenzeit Jahresgang Kanpur, Indien
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