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FOREWORD

This handbook on Medi terranean Ports was
developed as part of an ongoing effort at the Naval
Environmental Prediction Research Facility to create
products for direct application to Fleet operations.
The research was conducted in response to Commander
Naval Oceanography Command (CNOC) requirements validated
by the Chief of Naval Operations (CNO).

As mentioned in the preface, the Mediterranean
region is unique in that several areas exist where local
winds can cause dangerous operating conditions. This
handbook will provide the ship’'s captain with assistance
in making decisions regarding the disposition of his
ship when heavy winds and seas are encountered or
forecast at various port locations.

-

Readers are urged to submit comments, suggestions
for changes, deletions and/or additions to NOCC, Rota
with a caopy to the oceanographer, COMSIXTHFLT. They
will then be passed on to the Naval Environmental
Prediction Research Facility for review and
incorporation as appropriate. This document will be a
dynamic one, changing and improving as more and better
information is obtained.

M. B. SALINAS
Commander, U.S5. Navy
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The following is a

PORT INDEX

tentative

prioritized 1list of

Mediterranean Ports to be evaluated during the five-year period
1988-92, with ports grouped by expected year of the port study’s

publication.

circumstances and periodic review.
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GAETA, ITALY

NAPLES, ITALY

CATANIA, ITALY

AUGUSTA BAY, ITALY

CAGLIARI, ITALY

LA MADDALENA, ITALY

MARSEILLE, FRANCE

TOULON, FRANCE

VILLEFRANCHE, FRANCE

MALAGA, SPAIN

NICE, FRANCE

CANNES, FRANCE 1991
MONACO

ASHDOD, ISRAEL
HAIFA, ISRAEL
BARCELONA, SPAIN
PALMA, SPAIN

IBIZA, SPAIN
POLLENSA BAY, SPAIN
VALENCIA, SPAIN
CARTAGENA, SPAIN
GENOA, ITALY 1992
LIVORNO, ITALY
SAN REMO, ITALY
LA SPEZIA, ITALY
VENICE, ITALY
TRIESTE, ITALY

SPLIT, YUGOSLAVIA
DUBROVNIX, YUGOSLAVIA
TARANTO, ITALY
PALERMO, ITALY
MESSINA, ITALY
TAORMINA, ITALY

PORTO TORFZZ, ITALY

iv

This list is subject to change as dictated by

BENIDORM, SPAIN

ROTA, SPAIN

TANGIER, MOROCCO

PORT SAID, EGYPT
ALEXANDRIA, EGYPT
ALGIERS, ALGERIA
TUNIS, TUNISIA

GULF HAMMAMET, TUNISIA
GULF OF GABES, TUNISIA
SOUDA BAY, CRETE

- e = ———— o — — — — — -~

PIRAEUS, GREECE
KALAMATA, GREECE
THRSSALONIKI, GREECE
CORFU, GREECE
KITHIRA, GREECE
VALETTA, MALTA
LARNACA, CYPRUS

ANTALYA, TURKEY
ISKENDERUN, TURKEY
IZMIR, TURKEY
1STANBUL, TURKEY
GOLCUK, TURKEY
GULF OF SOLLUM
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PREFACE

Environmental phenomena such as straong winds,
high waves, restrictions to visgibility and thunderstorms
can be hazardous to critical Fleet operations. The cause
and effect of several of these phenomena are unique to
the Mediterranean region and some prior knowledge of
their characteristics would be helpful to ship's
captains. The intent of this publication is to provide
guidance ta the captains for assistance in decision
makinq.

The Mediterranean Sea reagion is an area where
complicated topographical features influence weather
patterns. Katabatic winds will flow through restricted
mountain gaps or valleys and, &as a result of the venturi
effect, strengthen to storm intensity in a short period
of time. As these winds exit and flow over port regions
and coastal areas, anchored ships with large ‘sail areas’
may be blown aground. Also, hazardous sea state
conditions are created, posing a danger for small boats
ferrying personnel to and from port. At the same time,
adjacent areas may be relatively calm. A glance at
current weather charts mav not always reveal the causes
for these local effects which vary drastically from point
to point.

Because of the irregular coast line and numerous
islands in the Mediterranean, swell can be refracted
around such barriers and come from directions which vary
greatly with the wind. Anchored ships may experience
winds and seas from one direction and swell from a

different direction. These conditions can be extremely
hazardous for tendered vessels. Moderate to heavy swell
may also prapagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerous

conditions, especially during tending, refueling and
boating operations.

This handbook addresses the various weather
conditions, their 1local cause and effect and suggests
some evasive action to be taken if necessary. Most of
the major ports in the Mediterranean will be covered in
the handbook. A priority list, established by the Sixth
Fleet, exists for the port studies conducted and this
list will be followed as closely as possible in terms of
scheduling publications.
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1.

GENERAL GUIDANCE

1.1

DESIGN

This handbook is designed to provide ship
captains with a ready reference on hazardous weather and
wave conditions in selected Medi terranesan harbors.
Section 2, the captain's summary, is an abbreviated
version of section 3, the general information section
intended for sastaff planners and meteoralogists. Once
section 3 has been read, it is not necessary to read

section 2.

Ob jectives

The basic objective is to provide ship captains
with & roncise reference of hazards to ship activities
that are caused by environmental ceonditions in  various
Mediterranean harbors, and to offer suggestions for
precautionary and/or evasive actions. A secondary
objective is to provide adequate background information
on such hazards so that operational forecasters, or other
interested parties, can quickly gain the local knowledge

that is necessary to ensure high quality forecasts.

Approach

Information on harbor conditions and hazards was
accumulated in the following manner:

A. A literature search for rererence material
was performed.

B. Cruise reports were reviewed.

C. Navy personnel with current or previous area
experience were interviewed.

D. A preliminary report was developed which
included questions on various local con-

ditions 1n specific harbors.




1.1.3

E. Port/harbor visits were made by NEPRF
personnel ; considerable information was
obtained through interviews with local
pilots, tug masters, etc; and local reference
material was obtained (See section 3
references).

F. The cumulative information was reviewed,

cambined, and condensed for harbor studies.

Organization

The Handbook contains two sections for each
harbor. The first section summarizes harbor conditions
and is intended for use as a quick reference by ship
captains, navigators, inportsat sea 00D's, and other
interested personnel. This sectior contains:

A. a brief narrative summary of environmental

hazards,

B. a table display of vessel location/situation,

potential environmental hazard, effect-pre-

cautionary/evasion actions, and advance
indicators of potential environmental
hazards,

€C. 1local wind wave conditions, and
D. tables depicting the wave conditions result-
ing from propagation of deep water swell into
the harbor.
The swell propagation information includes percent
occurrence, average duration, and the period of maximum
wave energy within height ranges of greater than 3.3 feet
and greater than 6.6 feet. The details on the generation
of sea and swell information are provided in Appendix A.
The second section contains additional details and
background information on seasonal hazardous conditions.
This section is directed to personnel who have a need for
additional insights on environmental hazards and related

weather events.

1-2




1.2,

CONTENTS OF SPECIFIC HARBOR STUDIES

This handbook specifically addresses potential
wind and wave related hazards to ships operating in
various Mediterranean ports utilized by the U.S. Navy.
It does not contain general purpose climatology and/or
caomprehensive forecast rules for weather conditions of a

more benign nature.

The contents are intended for use in both pre-
visit planning and in ®itu problem solving by either
mariners or environmental:sts. Potential hazards related
to both weather and waves are addressed. The
oceanographic information includes some rather unique
information relating to deep water swell propagating inte

harbor shallow water areas.

Emphasis is placed on the hazards related to
wind, wind waves, and the propagation of deep water swell
into the harbor areas, Various vessel
locations/situations are considered, including moored,
nesting, anchored, arriving/departing, and small boat
operations. The potential problems and suggested pre-
cautionary/evasive actions for various caombinations of
environmental threats and vessel location/situation are
provided. Local indicators of environmental hazards and
possible evasion techniques are summarized for various

scenarios.




CAUTIONARY NOTE: In September 1985 Hurricane Gloria raked
the Norfolk, VA area while several US Navy ships were
anchored on the muddy bottom of Chesapeake Bay. One
important fact was revealed during this incident: Most
all ships frigate size and larger dragged anchor, saome
more than others, in winds of over 50 knots. As winds and
waves increased, ships ‘fell into’ the wave troughs,
BROADSIDE TO THE WIND and become difficult or impossible
tno control.

This was a rare instance in which several ships
of recent design were exposed to the same storm and much
effort was put into the documentation of lessons learned.
Chief among these was the suggestion to evade at sea
rather than remain anchored at port whenever winds of

such intensity were forecast.




2. CAPT..IN’'S SUMMARY

Cannes is located on the southern coast of France
in the region known as the French Riviera 2-1),
about 26

(Figure
n mi southwest of the Italian border.
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The Port of Cannes is situated on Rade de Cannes
in the northeast part of Golfe de 1la Napoule, about
Snmi west of Cap D’'Antibes (Figure 2-2). Iles de
Lérins are just south-southeast of the Pcri. Hills of
800 to over 900 ft (244 to 274 m) lie close. northward of
the Port, while mountains with elevations to 5,827 ft
(1,776 m) back the coastline about 15-20 mi inland.

Three primary anchorages are located outside the
inner harbor as follows (Figure 2-2):

No. 1 - 43°32.1°'N 07°01°E. Located approximately
0.5 n mi south of the end of the southernmost breakwater
in the nor theast portion of Golfe de la Napoule. Best in
calm, east, or northeast winds. The bottom is mud and
provides good holding (Hydrographer of the Navy, 19435).

No. 2 - 43°31.8°'N 07°03.5°'E. Situated north of
Ile Ste. Marguerite in the southwestern part of Golfe
Juan. Best in southeast, south, or southwest winds.
Holding is moderately good on a mud or muddy sand bottom
(Hydrographer of the Navy, 1965).

Nao. 3 - 43°32.3°'N 07°03.3°'E. Located east of Cap
de la Croisette in the western portion of Golfe Juan.
Best in northwest winds. May be used to avoid Mistral
effects. Bottom type and holding properties are similar
toc anchorage No. 2.

The wind may change directions during a port
call, making it advisable to shift anchorage location.
The shift takes about 1 hour (FICEURLANT, 1983).

———
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The inner harbor of the Port of Cannes (Figure
2-3) is small and cannot accommodate deep draft vessels
since it is dredged to only 16 ft (4.9 m) (FICEURLANT,
19835) . The harbor is protected on the south and
southwest by a 1130 ft (351 )

sautheast by 575 ft

(175 m)

breakwater and on the

Navy vesselsg

A fleet landing is located

breakwater.
utilize the outer anchorages.
inside the breakwater,.
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The anchorages may be used Adcpending on  the
direction of the wind as follows (FICEURLANT, 1985):

No. { — 43*32.1°N 07°01°'E. Located approximately
0.5 n mi south of the end of the southernmost breakwater
.n the northeast portion of Golfe de la Napoule. Best in
calm, east, or northeast winds. The bottom is mud and
provides good holding (Hydrographer of the Navy, 19635).
Large aircraft carriers t.ave used this anchorage.

Nc. 2 - 43°31.8°N 07°03.3°'E. Situated north of
Ile Ste. Marguerite in the southwestern port of Golfe
Juan. Best in southeast, south, or southwest winds.
Holding is moderately good on a bottom of mud or muddy
sand (Hydrographer of the Navy. 1965).

No. 3 — 43°*°32.3'N 07°03.3°'E. Located east of Cap
de la Croisette in the western portion of Golfe Juan.
Best in northwest winds. May be used to avoid Mistral
effects. Bottom type and holding properties are similar
ta anchorage No. 2.

The wind may change airections during a port
call, making it advisable to shift anchorage location.
The shift takes about 1 hour (FICEURLANT, 1985).

Currents at Cannes are negligible. With a range

~- only about 7 inches (18 cm), the tides are constant
-« tn very little fluctuation. Mean tide level is 1.3 +t
-7 ICEURLANT, 19835).

Smecific Hhazardous environmental conditions,

v=s5el situations, and suggested precautionary/evasion
actior scenarios for the Port of Cannes are summarized in

“able 2-1.
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Table 2-1. Summary of hazardous environmental ¢
HAZAKDOUS CONDITION INDICATORS OF POTENTIAL HAZARD S‘I’Et
1. E-SE'ly winds/waves - Produce worst QQ!EESES%éﬁﬂlﬂl ()
conditions tn inner harbor and at anchorages + rong or strengthening high pressure cell over
2 and 3. central Europe with low ptessure south or
+ Waves pass through entrance to inner southwest of Cannes.
harbor. t Low pressure systess soving north towara
+ Anchorages 2 and J are exposed to Ligurian Sea or Bulf of Lion after passing )
full force of wind/waves. through Strait of Gibraltar or forsing north of )
¢ QOccurs 1-2 times yearly. Atlas Mountains.
¢ Mos. common 1n winter/early spring.
+ May be accospanied by rain and Duration
thunderstoras. * Fay last 1B-24 hours. )
3
(4)
(5
(6)
2. 5'ly winds/waves - Produces worst QQ!EQSETgEIEiﬂ% . mn
conéxf;ons Tor anchorage no. 1. t The early stages of cyclogenesis south of the
t Anchorage no. | offers no protection Algs ccnlonlz result 1n SW'ly 30-40 kt winds
from open sea conditions, between the French Coast and Corsica.
t MNost common in winter/early spring. t Depressions moving east into the Liqurian Sea 2
t Swell direction say differ from wind or across Corsica into Italy.
direction b{ 45‘-95'.
+ Swell height may reach B-10 §t Duration
(2.5-3 al. + Swell may persist for 2-3 days. 4]
4
{5




anmental conditions for the Port of Cannes, France.

VESSEL LOCATION/

RD SITUATION AFFECTED EFFECT - PRECAUTIONARY/EVASIVE ACTIONS
1) Inner harbor. {a) Waves passing through harbur entrance create dangerous conditions in inner
1 over - harbor.
¥ Since deep draft vessels do not utilize the inner harbor, effect is
) ! linited to seall boats,
9 {2) Anchorage no. 1. {a) Anchorage no. ! provides best protection of the 3 anchorages at Cannes.
rth of ¢ Sose wave energy say gass through opening between Pointe de [a Croisette
and Ile Ste. Narguerite.
+ Impact on anchored vessels would be minisal.
t Two anchors la{ be required in strong winds.
+ Greatest impact is on seall boats.
{3) Anchorage no., 2. {3) Ancharage no. 2 is exposed to full force of wind and waves.
¢ Noving to ancharage no. | is recomsended.
(4} Anchorage no. J. {a) Anchorage no. 3 is exposed to full force of wind and waves.
¢ Moving to anchorage no. I is recoasended.
} (§) Arriving/departing. {a) Heavy weather conditions say exist in unprotected waters.
t Dutbound units should be prepared for heavy weather,
4F t Inbound units should utilize anchorage no, |
14) GSeall boats. (a) Swell may create dangerous conditions in the inner harbor,
‘J* “‘ ¢ Uperation of seall boats may be curtailed until condifiens abate.
. {{) Anchorage no. l. (a) Anchorage no. } is exposed to full force of wind and waves.
the # Ship aal roll due to differing wind and wave directions.
\dnds ¢ Moving to anchorage ne. 2 is recomsended,
Sea i2)  Anchorage no, 2, (2) Anchorage no. 2 provides best protection of the 3 anchorages at Cannes.
¢+ lee of Tle Ste, Bhr?uerxte shelters anchorage.
1o t Evasion/sortie should not be required.
- 3
] {3 Anchorage no, 3. {a) Anchorage no. 3 provides limited protection. _
+ Woving to anchorage no. 7 will provide better protection.
X
4} fArriving/departing, (a) Heavy weather conditions may exist in unprotected waters.
& Uuthound units should be prepared for heavy weather.
: ' t Inbound units should utilize anchorage no. 2.
1 (5" GSeall boats, {a) Conditions on waters between inner harbor entrance and west end of Ile Ste.
Rarquerite say precTude safe boat operation.
+ Hoating to/fros anchorages may be cancelled.
y
4
A
4
1
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by 1400-1500L.

+ Tate sorning to late afternoon.
¥ Maximus velocities observed about 1400-1500L.

e el . R al TS T T T S
Table 2-1. (Continu
HAZARDOUS CONDITION INDICATORS OF POTENTIAL HazarD | VESSEL L
SITUATION
3. Mistral winds/waves - Direction say vary Advance warning i1 Anchora
froa N to ¢ Wistral will start west of Cannes when the
+ Most common in late winter/eariy following pressure differences are achieved--
spring. highest pressure to west.
& Nave height is reduced due to lack of # Perpignan - Marseille, J mb.
tetch, + Marseille - Nice, I ab.
& Nind in harbor may be light while ¢ Perpignan - Nice, 6 ab,
strong winds blow onl{ I'naii ¢ For Nistral winds to affect Cannes, they wil}
whitecaps often visible outside first be observed at Marseille/Toulon.
harbar, + Mistral will spread as far east as Cannes 1f a
10 ab pressure difference exists between Toulon 2] Anchora
and Nice. With only 2 sb difference between
Marseille and Toulon the Mistral will stop near
Toulon.
t A north to northeast pressure gradient is
usually required before Mistral affects Capnes.
1) Anchora
4y @Arrivan
{5) Small b
4, Sea breeze - SW'ly wind cosson on wars Advance warnin {1r Seall b
ays. * Tan be expected on ware days in late spring and
+ MNay be expected daily in late spring suseer,
and sumser.
t Force 4-5 (11-21 kt) usually reached Duration
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(Continued)

e ——————

VESSEL LOCATION/ EFFECT - PRECAUTIONARY/EVASIVE ACTIONS
ITUATION AFFECTED

g i1) Anchorage no. L. (a) Although conditions in the anchorage would likely resain moderate under
strong Nistral flow, 3 change in wind direction cosld cause deterioratian.
+ wing direction resains o NE, wave generation would be restricted
due to lack of fetch,
¢ 1f wind direction is W, significant waves could develop,
+ Japact on anchored vessels would be sinimal, but 2 anchors say be
required in 3 strong event.
+ Noving to anchorage no. 3 is recomsended,
¢ Be aware of wind chill factor.

(2) Ancharage no. 2. {a) Anchorage no. 2 provides better protection than no. I, but not as good as
ng. 3.

¥ Position is aost vulnerable to W or NE flow.
+ MNoving to anchorage no. 3 is recosmended,
¢ Be aware of wind chill factor.

i3) @nchorage no. 3. {a) Ancharage na., I provides best protection of the 3 anchorages at Cannes.
ne pra,e 1s sheltered in Tee of Pointe de Ia Croisette.
) # Evasion/sortie should not be required.

t Be aware of wind chill factor.

jF {4) Arriving/departing. {a) Heavy uea}ﬁer conditions say exist claose to coast while harbor conditions
- reaain siid.
b # Tnbound vessels should utilize anchorage no. 3.

¢ Qutbound units should be prepared for heavy weather,
¢ Be aware of wind chill factor.

Seall boat operation in inner harbor and close to lee shore should remain

Iargelg unattected.
# Boal runs to/fros all anchorages say be jeopardized if wind has a strong
N to NW companent,

t Boat runs to/from anchorages 2 and I could be hazardous if the wind
3 direction is N to NE, but runs ta/froe anchorage no. ! would be only
sinimally affected.

(S} Seall boats. (3

Naves raised by wind could make boating uncosfortable.
U Ei:ect could be siniaized by aaking runs in morning or evening vice
afternoon.

{1} Seall boats. {a
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SEASONAL SUMMAE:  OF HAZARDOUS WEATHER COND, i ONS

WINTER {(Novembzr hru b@pruaryl:

* Worst conditrons due to lows moving rtoward Cannes
from south bringing high winas, nign waves and
thunderstorms.

*# Southerly winds cause swell which can enter harbor
and winds in harbor usually from anotner direction
causing motion problems for anchored ships.

# Mistral brings high winds and rough seas outside
harbor.

* {ombarde (northeasterly) wind is cola and can

cause dangerous wind chill.

SPRING (March thru May):
# Early spring similar to winter,strong Mistral

events are rare after March.

SUMMER (June thru September):
* Mid-afternoon sea breeze may hamper uoatine

gperations.

AUTUMN (October):

* Short t-ansitior seasan with winter—1i1ke weather

By =pe oe omort Ming cntTlo“et oyt =2 factor.
NER SOt m crtarled intdarmaxion o raza~dous weather
ToNd1trone Le= 07 evious Summar, able ir thie section arc

Hazardous Wesa*tho- Summa~v in Se~-*ior 3.
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3. GENERAL. INFORMATION
This section is intended for Fleet
meteorologists/oceancgraphers and staff planners.

Paragraph 3.5 provides a general discussion of hazards
and Table 3--2 provides a summary of vessel
locations/situations, potential hazards, effects-
precautionary/evasive actions, and advance indicators and

other inforrmation by season.

3.1 Geographic Location

Cannes is located on the socuthern coast of France
in the region known as the French Riviera (Figure 3-1),

about 26 n mi southwest of the Italian border.
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Situated on an approximately 8 n mi long east-

the Port of Cannes is located
Golfe de 1la

west section of the coast,
on Rade de Cannes in the northeast part of
about 5 n mi west of Cap D 'Antibes (Figure 3-2).

Napoule,
just scuth-southeast of the Fort.

Iles de Lérins are

Prominent 1landmarks include a water . tower with

crenellated parapets situated on the summit of a 794 ft

(242 m) hill which is located about 1 1/2 mi northeast of

the harbor, and the Observatoire du Grand Pin which

stands on a 938 ft (286 m) summit about 1 '/2 mi north-

northeast of the harbor. Mountains with elevations to

5,827 £t (1,776 m) back the coastline some 15-20 mi
1nland. Anchorages used by the U.S. Navy are located
Ile Ste.

about 0.5 n mi south of the entrance, north of

Marguerite, and east of Cap de 1la Croisiete 1in the

waestern Golfe Juan.
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The inner harbor at Cannes is small and cannot
accommodate deep draft vessels since it is dredged to
only 16 ft (4.9 m), (FICEURLANT, 1985). The harbor 1is
protected on the south by a long breakwater that extends
approximately 1,150 ft (351 m) southeastward +rom Quai
Max Lauboeuf on the western side of the harbor. A 575 ft
(175 m) long breakwater projects southwestward from Jetée
Albert Edouard on the eastern side of the harbor. Both
breakwaters have mooring facilities on the inpner sides.
The harbor entrance is about 345 ft (105 m) wide west of
the southern end of the breakwater on the eastern side of
the harbor, and has a depth of 22 ft (6.7 m). U.S. Navy
ships utilize the several anchorages located autside the
breakwater which have space encugh to accommodate 4 or S
DD/FF size ships. A Fleet Landing is located inside the
breakwater, and 1is only a 10-minute ride <from the

anchorages by motor whale boat.
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Qualitative Evaluation of the Part of Cannes

The inner harbor at Cannes is well protected from
most waves, but east to east-southeasterly winds can
produce waves which create dangerous conditions in the
inner harbor. Such events occur only once or twice a
year but can cause cancellation of all boat traffic.

The anchorages may be used depending on the
direction of the wind as follows (FICEURLANT, 1985):

No. 1 - 43°32.1°'N 07°01°E. Located approximately
0.5 n mi south of the end of the southernmost breakwater
in the northeast portion of Golfe de la Napoule. Best in
calm, east, or northeast winds. The bottom is mud and
provides good holding (Hydrographer of the Navy, 19483).
Large aircraft carriers have used this anchorage.

No. 2 - 43°31.8°'N 07°03.5'E. Situated north of
l1le Ste. Marguerite in the soutt estern port of Golfe
Juan. Best in southeast, south, or southwest winds.
Holding is moderately good on a bottom of mud or muddy
sand (Hydrographer of the Navy. 1965).

No. 3 - 43°32.3°'N 07°03.3°E. Located east of Cap
de la Croisette in the western portion of Golfe Juan.
Best in northwest winds. May be used to avoid Mistral
effects. Bottom type and holding properties are similar
to anchorage No. 2.

The wind may change directions during a port
call, making it advisable to shift anchorage location.

The shift takes about 1 hour (FICEURLANT, 198%5).

Currents and Tides

Currents at Cannes are negligible. Tides are
constant with very little fluctuation; the range is only
about 7 inches (18 cm). Mean tide 1level 1is 1.3 ft

(0.4 m) (FICEURLANT, 1985).
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Visibility

Visibility is wusually not a problem at Cannes,
averaging 8 to 10 n mi (13 to 16 km). Normally, there is

a light haze in morning and evening.

Hazardous Conditions

The inner harbor at the Port of Cannes has little
exposure to most wind and wave conditions, but is
strongly affected by specific events. The three
anchorages, which are 1lncated outside the protective
confines of the *harbor, are each vulnerable to some
conditions whiie being relatively protected from others.
Cannes is located near the eastern limit of the area
affected by Mistral winds. The configuration of the
adjacent landmass minimizes the impact of the Mistral on
the harbor, although strong winds and high seas may be
observed just to the west.

Although rare, storms having traopical cyclone
characteristics with fully developed eyes have been
observed on at least three occasions in the Mediterranean
Basin: 23~-26 September 1969, 22-28 January 1982, and 26-
30 September 1983. 0On the latter occasion the storm
moved northwest from the Gulf of Gabes (on the southeast
coast of Tunisia), *hrough the straits of Sicily, along
the east coast of Sardinia, and into the Gulf of Genoa.
Winds of 100 kt were observed near the eye while
Cagliari, Sardinia reported winds of 60 kt. While the
probability of such a storm striking Cannes is remote,
the meteorologist must be aware of the possibility.

Weather forecasts for Cannes are transmitted on
VHF channels 16 (primary) and 12 (secondarvy).

A seasonal summary of various known environmental
hazards that may be encountered in the Port of Cannes

follows.
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A. Winter (November through February)

Winter weather at Cannes is similar in many
H respects to that experienced in other parts of the French
Riviera. Unsettled weather is the rule, with precipita-

tion and gusty winds common, although gale force (234 kt)

.

winds are rare.
The most hazardous weather at the Port of Cannes
is caused by low pressure systems moving from the south

toward the Gulf of Lion or the Ligurian Sea (Shaver,

undated) . Such depressions may pass through the Strait
of Gibraltar or form north of the Atlas Mountains. High

winds, rough seas, rain, and thunderstorms may accompany

- iy

the passage of the system and last for 18 to 24 hours.
Low centers passing south of Cannes can bring east to

northeast winds to the anchorages, in which case anchor-

iy

age no. 1 would provide the best protection. The inner
harbor may be affected by strong winds/waves with
easterly components.

Winds at Cannes generally parallel the coast, and
are mast aften northeast or southwest. Most of the winds
1 with a northerly component (most often northeasterly) are
caused by lows forming in the Gulf of Genoa or lows that
have moved into the Ligurian Sea (Shaver, undated).

, Cannes is near the eastern edge of the area
) affected by the Mistral, but strong Mistral winds blow
only a mile aor so to the west (Shaver, undated), 1likely
the result of wind flow through a river valley. White
caps on rough seas can be observed in open water outside
Cannes’ harbor. When Cannes does experience Mistral
winds, the gradient is usually north toc northeast (vice
northwest). The wind direction at Cannes resulting from
Mistral flow could vary from wect to northeast. The Port
Directory <for Cannes (FICEURLANT, 1985) states that
prevailing winter winds are between westerly and
northerly, with the northwesterly Mistral being strong at
times. Anchorage no. 3 would be the preferred anchorage
during a Mistral.

j Low pressure systems moving into the Ligurian Sea

ar across Corsica into Italy generate a southerly (160°

3-7
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to 220°) swell that affects the anchorages, and with
enough easterly component the swell could enter the inner
harbor. Swell height may reach 8 to 10 ft (2.5 to 3I m)
and persist for 2 or 3 days. According to Shaver
(undated), "The biggest problem with swell waves entering
the harbor is that by the time the swell arrives, winds
1n the i1ocal area are usually from a different direction
than the swell is approaching. This frequently causes
the swell to approach the ships at anchor at critical
angles (say 45° to 90°)." The preferred anchorage would
depend on the existing and forecast wind direction, but
anchorages 2 or 3 would likely afford the best protection
fraom southerly waves.

Precipitation is common during winter in assacia-
tion with transient low pressure systems and/or fronts.
Snow is uncommon, but approximately 10 inches (25 cm)
fell during a 24-hour period in one recent vear.
Antibes, a community approximately 6 mi east of Cannes,
had almost 16 inches (40 cm) fall in February 1936.

Temperatures are moderate during winter, not
often decreasing below the freezing paint. If the cold
temperatures coincide with a strong wind, such as a
northeast wind called the "Lombarde," wind chill
(temperature combined with wind) can be very cold. Table
3-1 can be used to determine wind chill for various

temperature and wind combinations.

Table 3-1. Wind Chill. The cooling power of the wind
expressed as "Equivalent Chill Temperature" (adapted from
Kotsch, 1983).

Wind Speed Cooling Pawer af Wind expressed as
"Equivalent Chill Temperature"”
Knots MPH Temperature (°F)

Calm Calm 40 35 30 25 20 15 10 S 0
Equivalent Chill Temperature
3I-6 ] I3 30 25 20 15 10 S o -5
7-10 10 30 20 15 10 5 0O -10 ~-15 -20
11-15 15 25 1S5 10 Q -5 -10 -20 -25 -30
16-19 20 20 10 S 0 -10 -15 -25 -30 -35

20-23 25 15 10 0 -5 -15 -20 -30 -35 -45

24-28 30 10 S 0 -10 -20 -25 -30 -40 -50

29-32 35 10 5 -5 -10 -20 ~-30 -35 -40 -50

33-36 40 10 0O -5 -18 -20 -30 =35 -45 -55
3-8




B. Spring (March through May)

The Cannes area experiences spring weather
characterized by periods of stormy winter—type weather
alternating with false starts of more settled summer—type
weather (Brody and Nestor, 1980).

Low pressure systems continue to transit the
area, but do so with decreasing frequency as the season
progresses. The transiting depressions bring associated
winds and waves to Cannes, causing difficulties in those
anchorages with insufficient praotection.

Mistral events still occur, but become weaker and
less frequent after March, anc rare by the end of May.
Precipitation in association with passing low pressure
systems is common through April, after which amount and
frequency show significant decreases. Temperatures warm
appreciably throughout the season.

C. Summer (June through September)

The extratropical storm track moves north of the
Mediterranean BRasin for most of the summer seasan.
Consequently, extratropical cyclones and associated wind
and inclement weather are not commonly observed at
Cannes. Instead, relatively warm, settled weather
prevails,

Summer winds can vary from easterly to westerly,
with occasional strong southerly winds occurring
(FICEURLANT, 1985). Because the routes small boats must
take to the anchorages are afforded 1little protection
from these directions, it may be necessary to secure
small boat operations until the winds and swells abate.
Local authorities state that a southwest swell is common
during summer in association with a Ponant wind which
occurs during mid-afterncon at force 4 or 5 (11-21 kt).
Due to the daily occurrence aof the wind, it is likely the
Paonant wind is a sea breeze.

Precipitation is at a minimum for the year during

summer, increasing after August.
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D. Autumn (October)

As is the case for the rest aof the French

Riviera, the Cannes area experiences a short autumn
season that usually lasts for the maonth of October. It
is characterized by an abrupt change to winter-type
weather (Brody and Nestor, 1980). The . extratropical
storm track returns to the Mediterranean Basin from
northern Europe, allowing eastward-moving extratropical
storms to once again transit the area and bring unsettled
weather to Cannes. Temperatures decrease during the
month, but wind chill is not normally a prablem until

winter.

Harbor Protection

The inner harbor at Cannes is protected fraom the
effects of most wind and wave conditions, but is
vulnerable to those from certain directions. The
anchorages, which are located outside the inner harbor,
are each protected from or vulnerable to winds and/or
waves from a wide range of directions. A description of

each of the potential situations follows.

Wind and Weather

As is the case with most ports, wind alone causes
only minor difficulty in the Port of Cannes. It is the
associated wave energy that causes the biggest problems.
Small boats moored in the inner harbor should experience
no prablems from wind if they are adequately secured and
well fendered. Vessels in the various anchorages also
should not experience major problems from the wind alone.
But by using an anchorage that is protected from a given
wind direction, they can usually also avoid the worst
wave conditions. The following anchorages are

recommended.
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Anchorage no. 1| - Use 1f calm or strong east to
northeast winds are occurring
or forecast.

Anchorage no. 2 - Use if strong southeast, south,
or southwest winds are
occurring or forecast.

Anchorage no. 3 - Use if strong west or northwest
winds are occurring or

forecast.

FICEURLANT (1985) states that since each of the
anchorages afford little protection from certain
easterly, westerly, or occasional strong southerly winds
during summer , conditions frequently develop which
necessitate the securing of boating until wind and swells
abate. As mentioned in section 3.2, a change in wind
direction may necessitate a change in anchorage. The

shift takes about 1 hour (FICEURLANT, 1985).

Waves

The inner harbor at Cannes is protected from wave
action from most directions, but is vulnerable to waves
from east through east-southeast. Waves from those
directions can pass through the harbor entrance and
create dangerocus conditions for small boat operation.
Past occurrences of such situations have resulted in
cancellation of boat runs tao/from ships in the anchorage,
and necessitated having personnel on liberty sleep ashore
in the Gare Maritime (Marine Station) at the harbor.

Anchorage no. 1 is exposed to the effects of
waves from the south quadrant, but is well protected from
any waves from west through east-northeast. The promon-
tories of Cap D 'Antibes and Pointe de la Croisette pro-
vide limited protection from waves with an east compo-
nent, but some wave energy could reach the anchorage by
passing through the narrow and relatively shallow passage

between Pointe de la Croisette and 1Ile Ste. Marguerite.

3-11




e

g

Anchorage no. 2 is afforded good protection fron
waves with a southerly component by Ile Ste. Marguerice.
It is exposed to waves with a northeastly component.

Anchorage no. 3 affords good protection to
vessels during Mistral events, and also from waves with
strong south components. It is exposed to waves from the
east quadrant.

See section 3.6.1 regarding the desirability of

shifting anchorage positions or securing boating.

Protective and Mitigating Measures

Moving to New Anchorage

As discussed in sections 3.2 and 3.6.1, a shift
fram one anchorage tao another may be required due to an
existing or forecast change in wind or wave directions.
The three anchaorages combine to provide adequate
protection in most wind/wave situations, so a sortie to a
different port would likely not be necessary unless a
prolonged spell of hazardous weather conditions are

forecast for Cannes.

Scheduling

During summer, when the sea breeze 1is most
common, small boat operations should be scheduled at
times that will minimize the chop raised by the wind.
Where possible, runs made before noon or after sunset
will avoid the worst effects. In most instances however,
the sea breeze should not be of sufficient strength to

pose any significant hazard to personnel or craft.

Local Indicators of Hazardous Weather Conditions

The following guidelines have been extracted from
various sources and are intended to provide the insight
necessary to enable the meteorologist to better

understand the various weather situations that affect the

3-12
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Port of Cannes. Because Cannes is not in an area
normally subjected to wind during an initial Mistral
onset, most of the more technical guidelines for Mistrals
have been omitted from this listing. 1§ a more
comprehensive listing is desired, the reader is referred
to section 3.8 of the port studies for either Marseille

or Toulon, France.

Mistral

1. Cannes is near the eastern edge of the area
affected by the Mistral, but strong Mistral winds blow
only a mile or so to the west. White caps on rough seas
can be observed in open water outside Cannes harbor.
When Cannes does experience Mistral winds, the gradient
is usually north to naortheast (vice northwest). The wind
direction at Cannes can vary from west to northeast
(Shaver, undated).

2. Northwesterly Mistral flow is strong at times
at Cannes (FICEURLANT, 19835).

3. Conditions which favor the <formation of a
Genoca low are conducive to the start of a Mistral at
Marseille. A strong Mistral at Marseille may spread
eastward to the coastal waters near Cannes.

4, For Mistral winds to affect the Cannes area,
they will first be observed at Marseille and Toulon.
Alongshore pressure gradient is important in predicting
Mistral extent. When a 10 mb difference exists (higher
pressure to the west) between Toulon and Nice, the
Mistral will spread eastward. With only a 2 mb
difference between Marseille and Toulon, the Mistral will
cease near Toulon.

S. The Mistral will start at Marseille when one
(or more) of three surface pressure differences 1is
achieved: Perpignan—Marseille, 3 mb; Marseille—Nice,
3 mb; or Perpignan—-Nice, & mb. A difference usually
occurs from O to 24 hr after a closed Genoa low appears,

but can occur earlier (Brody and Nestor, 1980).
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6. Eastward from Iles d 'Hyéres there is a rapid
decrease in the frequency and in the average force of the
Mistral. It blows at times all along this coast but
because of its reduced frequency and intensity it is not
the same threat as around the Rh6ne delta.. The general
climate of the French Riviera benefits from being
sheltered from the most intense form of Mistral whizh is
experienced farther west (Hydrographer of the Navy,
1963).

7. The eastern boundary of the Mistral extends
downwind from the western edge of the Alps through San
Remc, Italy (Brody and Nestor, 1980).

Non—-Mistral

1. The early stages of lee cyclogenesis south of
the Alps commonly result in southwesterly 30-40 kt winds
in the region between the southern French coast and
Corsica (Brody and Nestor, 1980).

2. The most hazardous weather at the Part of
Cannes is caused by low pressure systems maving from the
south toward the Gulf of Lion or the Ligurian Sea
{Shaver, undated). Such depressions may pass through the
Strait of Gibraltar or form north of the Atlas Mountains.
High winds, rough seas, rain, and thunderstorms may
accompany the passage of the system and last for 18-24
haurs.

3. Winds at Cannes generally parallel the coast,
and are most often northeast or southwest. Mast of the
winds with a northerly component (usually northeasterly)
are caused by lows forming in the Gulf of Genoa or lows
that have moved into the Ligurian Sea (Shaver, undated).

4., Low pressure systems moving into the Ligurian
Sea or across Corsica into Italy generate a scutherly
(160° to 220°) swell that affects the anchorages, and
with enough easterly component could enter the inner
harbor. Open sea swell height may reach 8 to 10 $t (2.5

to 3 m) and persist for 2-3 days. The swell may arrive
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after the wind changes direction, reaching the anchorage
at angles of 45° to 90° to the wind and, conseguently, to
the longitudinal axis of the anchored vessels, resulting
in a rolling motion (Shaver, undated).

S. Weather forecasts for Cannes are transmitted

on VHF Channel 16 (primary) and Channel 12 (secondary).

3.9 Summary of Problems, Actions, and Indicators

Table 3-2 is intended to provide easy to use
seasonal references for meteorologists on ships using the
Port of Cannes. Table 2-1 (section 2) summarizes Table

3-2 and is intended primarily for use by ship captains.
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Table 3-2. Potential

problem situations at

VESSEL. LOCATION/
SITUATION AFFECTED

FOTENTIAL HAZARD

EFFECT - PRECAUTIC

Inner Harbor

Strongest 1o Winter b
gariy prang

a. E-SE'ly winds/waves - Sea and swell pass
through harbor entrance and create worst
conditions 1n inner harbor. Occurs once or
twice per vear, May be accompanied by rain

8. Waves passing through harbor
create chop?y. hazardous conditl
draft vessels do not enter inner
boats making runs tortros the an

Rlsrotzure 1n Sunmer and thunderctoras and last for {8-Z4 hours.
and dutuen
2. frchorsge a3, oo ©oof Inrer a. £-8f']y winds/waves - Although anchorage a. lmpact on anchorec vescei WO

marar,

St

X
w

<

Cooure aain.y o

ang
drecmmor 1 S

15 the best of the three during such
conditions, some wave energy could ﬁass
theough the relatively narrow and shallow
gassage between Pointe de ia Croisette and
"le Ste. Marguerite. May be accoepanied by
rain and thunderstoras and last for 1B8-74
hgurs,

b, §'iy minds/waves - Produces worst
conditions for vessels ir this anchorage
position,  Swell height may reach 8 to 10 ft
{2.5 to I a) and las? for 2 or 3 days. OSwell
direction may differ from wind direction by
45* to 90°,

€. Mistral winds/waves - May not
significantly affect this anchorage position
it vessel 1s {far enou?h nerthward, Strong
Mistral winds often blow only a atle or so to
the west, likely the result of funneling
through the La geal and La Siagne Ravines,
Wave generation would be minimal due to the
tack of fetch,

to/¢rom the anchorage would be a
aiternative for thic =iteation,
ctrong wings,

b, Qnghoraae 15 erpesed to full
1f swell and ming directions dif
Moving to anchorage no. D15 rec

¢. Although vessel mav not expe
poving to anchorage nc. T would
akare of wind chill facten,
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tions at the Port of Cannes, France

-~ ALL SEASONS

PRECAUT IONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

g through harbor entrance refract/reflect and

azardous conditions in the harbor. Since deep

% not enter inner harbor, effect ts lisited to saall
s to/troa the anchorages.

3. A strang or strenqthening high pressure cell over central Europe with a low
pressure center south or southwest of the French Riviera can create the
wind/waves at Cannes, May be caused by low pressure systeas soving north toward
the Ligurian Sea or Gulf of Lion after passing through the Strait of Bibraltar or
faraing aorth of the Atlas Mountains,

~ored vesse, wauld bte ainieal, but seall boat runs
&orage waulg be a‘fected. Anchorage no. 1 15 best
vhig situation,  Twg anchars may be required 1in

2 Qf F . .
Lgn: * sxposed to fuil f . of open-ocean conditions.
jos. § 1irections duffer significantly, ship eay rall,
g 1e no, 2 1S ~ecomaended.

ST O .
ip rog2: 23y M0% ewperience significant heavy weather,
boe no. I would provide better protection. Be
J Tl factor.
4
1

3. A strong or strengthenin? high pressure cell over central Europe with a low
pressure center south or sguthwest of the French Riviera can create the
wind/waves at (annes. May be caused by law pressure systeas maving north taward
the Ligurian Sea or Sulf of Lion after passing through the Strait of Bibraltar or
foraing north of the Atlas Mountains,

b. May be caused by low pressure systems moving into the Ligurian Sea or across
Corsica into Italg. The early stages of cyclogenesis south of the Alps camsonly
result 1n SW'ly 10-40 kt winds in the re?ion between the south French coast and
Carsica. Sweli waves seldom exceed 10 ft (3 &

t. Alithough the Mistral usually causes only ainisal groblens in the anchorage,
it is prudent to be aware of forthcoming Nistral events,

1) Conditions which favor the formation of a Benoa low are conducive
to the start of a Mistral at Marseille, and a strong Mistral may spread £ to the
coastal waters near Cannes.

{2) The Mistral will start at Marseille when one of three pressure
differences is achieved: Perpignan - Marseille, 3 mb; Marseille - Nice, 3 ab, or
Perpignan - Nice, 6 ab. Such differences usualfy develogs within 24 hr after a
closeg Genoa low appears, but it occasionallz occurs earlier,

{3) There is a raﬂxd decrease in the frequency and average force of
the Mistral east of Iles d° Hyéres. On many occasions light E'lys are reported
at Nice when strong NW'lys are blouin? at Marseille.

{4) For Mistral winds to atfect Cannes, they will first be observed at
Marseille/Toulon. Rlongshore pressure gradient is important in predicting
Mistral extent, W®hen a 10 eb difference exists between Toulon and Nice, the
Mistral will spread east. Mith on1¥ 3 2 ab difference between Marseille and
Taulon, the Mistral will stop fear Toulon.

(3) The eastern boundary of the Mistral extends downwind fros the
western edge of the Alfs through.San Reso, [taly.

?6) when fully established the Mistral is usually accossanied by
tlear skies, However, rain (or, In winter, rain and/or snow) and violent
squalls commonly accompany the cold front which precedes the Mistral,
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Table 3-%

VESSEL
LOCATIDON/SITUATION

POTENTIAL HAZARD

EFFECT - PRECAUT.

§, Anchorage no. 2 - N of
1le 5te, Marquerite.

Strongest 1n Winter &
eariy Spring
Also occurs 10 Susaer
and Autusn

Strongest in late Winter &
early Spring
Uncosaon in Suaser
Alsg ccours 1n Autuen

s. Easte. iy winds/waves - Norst weather
conditions for this anchorage. May be
accospanied by rain and/or thunderstoraes
and last for Ya-24 hours.

b, Mistral winds/waves - Should not
seriouéIY affect this position. MWinds say be
soderately strong and qusty, but lack of
fetch should significantly reduce wave
height,

8. Anchorage is exposed to fi
Roving to anthorage ng. 1 is!

b, Although vesse! aay not ex
soving to ancho(a?e no. 3 woul
aware of wing chill factor.

4, Archorage ne, X - I of
Fainfe 7e Ta Crojsetle.

Strongest 1o Hinter
eariy Spring
4150 eccunes 10 Susmer
arnd Rctuse

Jocurs mainiy an Minter,
§pr1rg,

and Aotuan

Ungonmen 1o Sumeer

a, £-5E'ly winds/waves - Worst weather
conditions ¥or thig anchora?e. May be
accospanied by rain and/or thunderctoraes
and }jast for (8-24 hours.

b. 5'ly winds/waves - Anchorage position 1s
f3irTy well protected from S'ly waves but
wave energy may refract around east side of

lle Ste, Marguerite, Ogen ocean wave height
aay reach B-10 4t i2,3-3 al,

a. MAnchorage 15 exposed to fui
Moving to anchorage nc. 1 15 r¢

b Although the anchorage 1s
energy of 5'ly waves, moving t
protection,
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' PRECAUT IONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

exposed to full force of open-ocean conditions,
” age no. 1 15 recosaended.

sel mgv not experience significant heavy weather,
oM aae no. I would provide better protection. Be
vl

af! fgctor.

3. A strong or strenqtheaing high pressure cell gver certral Eurape with a low
pressure center south or southwest of the French Riviera can create the
vind/waves gt Cannes. May be caused by low pressure systems moving north toward
the Ligurian Sed or Gulf of Lion after passing through the Strait of Bibraltar or
foraing north of the Atlas Mountains,

b, Although the Mistral usually causes only sinisal grobleus in the anchorage,
it 1s prudent to be aware of 6orthcc|ing Nistral events,

(1) Conditions which favor the farmation of a Genoa low are conducive
to the start of a Mistral at Marseille, and a strong Mistral may spread E to the
coastal waters near Cannes,

{27 The Mistral will start at Narseille when one of three pressure
differences is achieved: Perpignan - Marseille, 3 ab; Marseille - Nice, J ab, or
Perpignan - Nice, ¢ ab. Such differences ysualfy develufs within 24 hr after a
closed Genoa low appears, but 1t uccasxnnallt pccurs earlier.

(3) There 15 a raaid decrease in the frequency and average force of
the Mistral east of [les ¢’ Hyéres. On many occasions light E'lys are reported
at Nice when strong NK'lys are bluuina at Marseille, ‘

{4) For Mistral winds to atfect Cannes, they will first be observed at
Marseille/Toulon. Alongshore pressure gradient 1s important in predxctxng
Mistral extent. When a [0 mb difference exists between Taulon and Nice, the
Mistral will spread east., With un1¥ a 2 sb difference between Marsetlle and
Toulon, the Mistral will stop rear Toulon,

{3) The pastern boundary of the Mistral extends downwing fros the
western edse of the Al§s through San Reeo, Italy,

6/ When fully established the Mistral is usually accompanied by
clear skies., However, rain (or, 1n winter, rain and/or snow) and violent
squalls cosmonly accoepany the cold front which precedes the Mistral.

avgosed to fyll force of open-ocean cCanditions,

€8 Jage ac. | i3 recossended.
mde

§ ancherage 1s protected from most of the direct
el fives, nceing to anchorage no. 2 would attord better
i |

3. A strong or strengthening high pressure cell gver central Europe with 2 low
pressure center south or southwest of the French Riviera can create the
wind/waves at Cannes. May be caused by low pressure systems moving north tawacd
the Ligurian Sea or Gulf of Licn after passing through the Strait of Bibraltar or
faraing north of the Atlas Mountains,

b, May be caused by law pressure systems moving into the Ligurian Sea or across
fersica into Ital%. The early stages of cycicgenesis south of the Alps commoniy
result in SW'ly 30-40 kt winds in the regxon between the south French coast and

forsica, Suel( waves seldom exceed 10 fE (3 )
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Table 3-2.

VESSEL

LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - FRECAU

5. Arriving/departing

Strongest 11 Winter &
2ariy Spriag
Also occurs 10 Summer
and Autume

Occure mainly in Winter,
Spring,

and dutuen

incommor 10 Summer

Strengest in jate Winter
eariy Spring
dnzomacn in Susmer
Alsc gccurs in Autumn

a. tasterly w:nds/waves - May create

giftficult conditions Yor arriving vessels.
Anchora?e no. | is anly viable position

and Luoting to/froa inner harbor may no{ be
feasible. Heavy weather may exist on open sea.
May be accospanied by rain and thundersgoras
and last for 1B-24 hours.

b, S'ly winds/waves - Waves limit anchorage

options to positions 2 or 3, with position 2

being favored. Boatina tordrom inner harbor

edy not be feasible. Reavy weather may exist
or open sea, with waves to 8 to 10 §t (2.5 to
sl

¢, Nistral winds/waves - While anchorage
position no, J ic well protected, and no. |
and no. 2 are only aoderately afzected by
Mistral winds, inbound and outdound units
wiil exgerxence heavy weather at sea once the
lee of the land is not a factor,

a. Utilization of anchorage
vesseis, Qutbound vessels

b. Inbound vessels should ¢
unavailatle, then no. 3. Ot
weather,

¢. Inbound vesseis should L
vessels should prepare for !
sactor,

(%}

=21
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Table 3-2. (Continued)
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ET -~ PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABDUT PODTENTIAL HAZARD

“fation of anchorage no, | is recoamsended for inbound

Fiutbound vessels should r-epare for heavy weather,

d¢ vessels should ogt for anchorage at no. 2.1 2 is
g, then no. 3. OQOutbound vessels should prepare for heavy

y
}

P vecsels should utilize anchorage no. 3. Outbound
huid prepare for heavy weather. Be aware of wind chill

)

F

a. A strong or strengthenine high pressure cell over central Europe with 2 low
pressure center south or southwest of the French Riviera can create the
wind/waves at Cannes, May be caused by low pressure systeas soving north toward
the Ligurian Sea or Gulf of Lion after passing through the Strait of Gibraltar or
toraing north of the Atlas Mountains.

b. May be caused by low pressure systems moving into the Ligurian Sea or across
Corsica into Italy, The early stages of cyclogenesis south ot the Alps comsonly
result in SN'I{ 30-40 kt winds in the regxon between the south French coast and

Corsica. Swell waves seldom exceed 10 ¢f (3 al.

€. Although the Mistral usually causes only minimal probless (n the anchorage,
1t 1s prudent to be aware of forthconina Mistral evengs.

{1} Conditions which favor the formation cf a2 Genoa low are conducive
to the start of a Mistral at Marseille, and a strong Mistral say spread E to tne
toastal waters near Cannes,

{2} The Mistral will start at Marseille when one of three pressure
differences 15 achieved: Ferpignan - Marseille, 3 ab; Marseille - Nice, J ab, or
Perpignan - Nice, 6 ob. Such differences usualfy Gevelogs within 24 hr after a
tlosed Genoa low appears, hut it occasionally occurs earlier.

(3) There 15 a raﬂid decrease in {he frequency and average force of
the Mistral east of lles d' Hyéres. 0On many accasions light £'lys are reported
at Nice when strong NK'lys are blonln? at Marseille.

_ i4) For Mistral winds to atfect Cannes, they will #irst be observed at
Marseille/Toulon, Alongshore pressure gradient is important 1n predictlng
Mistral exte~t When a2 10 mb difference exists between Toulon and Nice, the
Mistral wil] spread east. With onl¥ a 2 ab difference between Marseille and
Toulon, the Mistral will stop near Toulon.

(3)  The eastern boundary of the Mistral extends downwing ¢rom the
western ed?e of the Algs through San Rema, [taly.

&) When tully established the Mistral is usually accompanied by
clear skies, However, rain {or, in winter, rain and/or snow) and violent
squalls coasonly accompany the cold front which precedes the Mistral,
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Table

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - PREC

6. Gmall boats

Strongest in Winter &
early Spring
Also occurs in Susser
ang Autusn

Dceurs aainly 1n Winter,
Spring,

and Autuan

Uncosron in Sumaer

Strangest in late Winter &
early Spring
Uncomson In Sumser
Also occurs 1n Autuen

Uncasmon 1n Winter
Most common in Suamer
Aiso occurs in Autuan

and Spring

2. E-SE'ly winds/waves - Worst weather
sityation for seall boats in/out of inner
harbor. Waves pass through harbor entrance
and create dangerous uperating conditions,
May be accospanied by rain and thunderstoras
and last for 18-24 hours.

b. §'ly winds/waves - Makes seall boat
operation between the inner harbor and
anchorages hazardous if not impossible due

to exposed water areas outside harbor
egtgagce. Open ocean waves say reach 8-10 ft
(2.3-3 m},

¢, Mistral winds/waves - Could raise a
dangerous chop it wind direction has a
direction which provides adequate fetch.

d. Sea breeze - Not a sajor grobleu, but
say [mpact Boat runs to/from the ancherages
during afternoon hours.

3. Dangerous operating
boat operation. Beatin
dangerous situation dev

b, While :nner harbor ¢
outside the tarbor entre
anchorages,

t. Seall boat operation
unaffected, bt runs to/
the wind has 2 strong ¥
3 could be hazardous 1f
anchorage no, ! would be

d. Waves raised by the «
anchorages unitafortable
be ainisized by making ru
the aftersoon




(Coantinued)

Table 3-2.

CT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

erous operating conditions inside harbor say preclude safe
ration, Boating should be cancelled if a potentially
s situation develops.

1

la¥ e .nner harhor operations should remain safe, conditions
the harhor entrance may preclude runs to/from the

es,

boat gperation near the lee shore should remain largely
ed, but runs to/éros the anchorages could be jecpardized if
has a strung ¥ to NW component.” Runs to anchorages 2 and
e.fbe hazardous 1 the wind direction is N to NE, while

ng. 1 wouid be largely unaffected,

691 raised by the wind could make boatlng to/fror the

ngs unconiortable cutside the harbor entrance. Effect could
zed by making runs in sorning or evening instead of during
noon,

4

3. A strong or strengthening high pressure cell aver central Eurape with 2 low
Eressure center S or SW of the French Riviera can create the wind/waves at
annes. May he caused by low pressure systems moving N toward the ngurxan

Sea or Guif of Lion after passing through the Strait of Gibraltar or foraing N

of the Atlas Mountains.

b. May be caused by low pressure systeas moving into the Ligurxan Sea or across
Corsica into Italy. The early stages of cyclogenesis S of the Alps comaonly
result in SW'ly J0-40 kt winds in ghe region between the S French coast and
Carsica, Suel{ waves seldom exceed 10 f£ (3 8),

€, Although the Mistral usually causes only minimal Erobiels 10 the anchorage,
tt 1¢ prudent to be aware of forthconing Ristral events,

{1} Conditions which favor the foreatipn of a Genoa low are conducive
to the start of a Mistral at Marseille, and 2 strong Mistral may spread £ to the
coastal waters near Cannes.

_ (2) The Mistral will start at Marseille when one of three pressure
differences is achieved: Perpignan - Marseille, J mb; Marseille - Nice, 3 sb, ur
Perpxanan - Nice, 6 sb. Such ditferences usualfy develoTs within 24 hr after a
closed Genoa low appears, but it uccasiunall{ occurs earlier,

(3) There is a raﬂid decrease in the frequency and average force of
the Mistral east of Iles d' Hyéres. 0On many occasions light E'lys are reported
at Nice when strong NW'lys are blouin? at Marseille,

(4) For Mistral winds to atfect Cannes, they will first be observed at
Marseille/Toulon. Alongshore pressure gradient is ieportant in predicting
Mistral extent. When a 10 mb difference exists between Toulon and Nice, the
Histral will spread east. With onl; a 2 ab difference between Marseille and
Toulon, the M.stral will stop near Toulon.

(5) The eastern boundary of the Mistral extends downwind fros the
western ed?e gf the Alfs through San Reso, [taly.

&) MWhen fully established the Mistral 1s usually accospanied by
tlear skies, However, rain {(or, in winter, rain and/or snow) and violent
squalls coemonly accospany the cold front which precedes the Mistral,

d. Occurs on ware days, reaching force 4 or 3 (11-16 or 17-21 kt} froa the SN
at 1400-1300L.
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APPENDIX A

General Purpose Oceanographic Information

This section provides general information on wave
forecasting and wave climatology as used in this study.
The forecasting material 1is not harbor specific. The
material in paragraphs A.!1 and A.2 was extracted from
H.0. Pub. No. 603, Practical Methods for Observing and
Farecasting Ocean Waves (Pierson, Neumann, and James,
1955). The information on fully arisen wave conditions
(A.3) and wave conditions within the fetch region (A.4)
is based on the JONSWAP model. This maodel was developed
from measurements of wind wave growth over the North Sea
in 1973. The JONSHWAP madel is considered more
appropriate for an enclosed sea where residual wave
activity is min‘mal and the ocnset and end of locally
forced wind events occur rapidly (Tharnton, 1986), and
where waves are fetch limited and growing (Hasselmann, et
al., 1976). Enclosed sea, rapid onset/subsiding local
winds, and fetch limited waves are more representative of
the Mediterranean waves and winds than the conditions of
the North Atlantic from which data was used for the
Pierson and Moskowitz (P—-M) Spectra (Neumann and Fierson
1966). The P-M model refined the original spectra af
H.O. 603, which over developed wave heights.

The primary difference in the results of the
JONSWAP and P-M models is that it takes the JONSWAP moadel
longer to reach a given height or fully developed seas.
In part this reflects the different starting wave
conditions. Because the propagation of waves from
surrounding areas into semi-enclosed seas, bays, harbors,
etc. is limited, there 1is little residual wave action
following periaods of locally light/calm winds and the sea
surface is nearly flat. A local wind developed wave
growth 1i1s therefore slower than wave growth in the open

acean where some residual wave action is generally always




present. This slower wave developmernt i1s a built i1n bias

in the formulation of the JONSWAP model which i1s based on

data collected 1n an enclosed cee.

Definitione

Waves that are being generated by local winds are

called "SEAR". Waves that have traveled aut of the gener-—
ating aree are Fnown as "SWELL". Seas are chaotic in
period, heighkt and direction while swell approaches a

z:mrle  sine wave pattrern as 1te distarce from the gener-—
ating area increaces. An 1n-between state existes for a
tfew bhundred miles outside the generating area and ic a
condition thet reflezts parts of both of the abtove defi-
nitions. In the Mediterranean area, because i1ts fetches
and open sea expanses are limited, SEA or IN-~ BETWEEN
conditions will prevail. The "SIGNIFICANT WAVE HEIGHT"

is defined as the average value of the heights of the

one~third highest waves. FERIOD and WAVE LENGTH refer to

the time between passage of, and distances between, two
successive crests on the sea surface. The FREQUENCY is
the reciprocal of the period (f = 1/7T) therefore as the
period increases the frequency decreases. Waves result
from the transfer of energy from the wind to the sea
surface. The area aver which the wind blows is known as
the FETCH, and the length of time that the wind has blown
is the DURATION. The characteristics of waves (height,
length, and period) depend an the duration, fetch, and
velocity of the wind. There is a continuous generation
of small short waves from the time the wind starts until
it stops. With continual transfer of energy from the
wind to the sea surface the waves grow with the older
waves leading the growth and spreading the energy over a
greater range of frequencies. Throughout the growth

cycle a SPECTRUM of ocean waves is being developed.
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Wave Spectrum

wWave characteristice are best described by means
of thei1r range of freqguencies and directions or their
spectrum and the shape ot the spectrum. If the spectrum

of the waves covers a wide range of frequencies and

directions {(known as short-crested conditions), SEA
conditions prevail. I+ the spectrum covers a narrow
range ot frequencies and directions (long crested
conditions), SWELL conditione prevail. The wave spectrum

depends con the duration of the wind, length of the fetch,
and on the wind velocity. At a given wind speed and a
given state of wave develaopment, each spectrum has a band
of frequencies where most af the total energy is
concentrated. As the wind speed i1ncreases the range of
significant freguencies extends more and more toward
lower frequencies (longer periods). The {requency of
maximum energy 1is given in equation 1.! where v 1s the

wind speed 1n knots.

frar = 2.476 (1.1)
v

The wave energy, being a function of height squared,
increases rapidly as the wind speed increases and the
maximum energy band shifts to lower frequencies. This
results in the new developing smaller waves (higher
frequencies) becoming less significant in the energy
spectrum as well as to the observer. As larger waves
develop an observer will pay less and less attention to
the small waves. At the low frequency (high period) end
the energy drops off rapidly, the longest waves are
relatively low and extremely flat, and therefore also
masked by the high energy frequencies. The result 1is
that S%4 of the upper frequencies and 3% of the lower

frequencies can be cut-off and only the remaining
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frequencies are considered as the "signitficant part of

the wave spectrum". The resulting range of significant

frequencies or periods are used 1n defining a fully
arisen sea. For a fully arisen sea the approximate
average period for a given wind speed can be determined

from equation (1.2).

T = 0.285v (1.2)

Where v is wind speed in knots and T 1s period 1in
seconds. The approximate average wave length in a fully

arisen sea is given by equation (1.3).

L = 3.41 T2 (1.3
Where L 1s average wave length in feet and T is average

period in seconds.

The approximate average wave length of a fully arisen sea

can also be expressed as:

L

it

Le7L" (1.4)

where "L" = 5.127%, the wave length for the classic sine

wave.

Fully Arisen Sea Conditions

For each wind speed there are minimum fetch (n
mi) and duration (hr) values required for a fuliiy arisen
sea to exist. Table A-1 lists minimum fetch and duration

values for selected wind speeds, values of significant
wave (average of the highest /% waves) peri1od and
height,; and wave length of the average wave during
developing and +fully arisen seas. The minimum duration

time assumes a start from a flat sea. When pre-existing
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lower waves exist the time to fetch limited height will
be shorter. Therefore the table duration time represents

the maximum duration required.

Table A-1. Fully Arisen Deep Water Sea Conditions Based
on the JONSWAF Mcodel.

v Wind v Minimum i S1g Wave (H1/3) | Wave Length <(ft)*-=]|
i Speed | Fetch/Duration | Period/Height i Developing/Fully ]
vkt i (n m1i) (hrs) H (sec) (ft) : /Arisen ;
' : o ' v LX (.8) /L X (L6700
i 10 28 / 4 d 4 v 2 ; 41 / S5 d
: 15 35 7/ & : & / 4 ' 2 / 23 ]
; 20 110 7/ B8 i 8 7/ 8 : 164 / 220 H
‘ 25 160 /7 11 : g 7/ 12 ' 208 / 278 ;
; 30 + 210 7/ 13 ' 11 7 16 i 310 / 415 i
; 3% + 310 /7 15 : 13 7 2 ] 433 / 3580 :
140 1 _41C s/ 17 i 15 7 30 | S76 S 772 :
NOTES:

* Depths throughout fetch and travel zone must be greater
than 1/2 the wave length, otherwise shoaling and
refraction take place and the deep water
characteristics of waves are modified.

¥ For the classic sine wave the wave length (L) equals
5.12 times the period (T) squared (L = 5.12T=). As
waves develop and mature to fully developed waves and
then propagate out of the fetch area as swell their
wave lengths approach the classic sine wave length.
Therefore the wave lengths of developing waves are less
than those of fully developed waves which in turn are
less than the 1length of the resulting swell. The
factor of .5 (develaoping) and .67 (fully developed)
reflect this relatiaonship.
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Wave Conditions Within The Fetch Region

Waves produced by local winde are referred to as
SEA. In harbors the local sea or wind waves may create
hazardous conditions Ffor certain operationes, Generally
within harbors the +etch lengthse will be shecrt angd
therefore the growth of local wind waves will be fetch
lim:i ted. This 1mplies that there are locally determined
upper limits of wave height and perioad for each wind
velozity. Significant changes 1n speed or direction will
result 1n generation of a new wave group with a new set
of height and peri1od i1i1mits. Cnce a fetch limited c=ea
reaches 1ts upper ilimits no further growth wiil occur

uniess the wind speed i1ncreases.

Table A-2 provides upper limits of period and
height for given wind speeds over some selected fetch
lengths. The duration in hours required to reach these
upper limits <(assuming a start from calm and flat sea
conditions) 1s also provided for each combination of
fetch length and wind speed. Some possible uses of Table

A-2 information are:

1 1f the only waves in the area are locally
generated wind waves, the Table can be used
to forecast the upper limit of sea conditions
for combinations of given wind speeds and
fetch length.

2) 1f deep water swell is influencing the local
area in addition to 1locally generated wind
waves, then the Table can be used to
determine the wind waves that will combine
with the swell. Shallow water swell
conditions are influenced by local bathymetry
(refraction and shoaling? and will be
addressed in each specific harbor study.

2) Given a wind spoeed over a known fe.ch length
the maximum significant wave conditions and
time needed to reach this condition can be
determined.




.

‘—'."Mw

— e

JUPETESIUNE IR

Table A-2. Fetch Limited Wind Wave Conditions

and Time

Required to Reach These Limits (Based on JONSWAP Model).

Enter the table with wind speed and fetch length

termine the significant wave height and period,
duration needed for wind waves to reach these

to de-
and time
limiting

factors. ARll of the fetch/speed combinations are fetch
limited except the 100 n mi fetch and 18 kt speed.

Format: height (feel)/peri1od (seconds)

duration required (hours)

Fetch \ Wind Speed (kt)

»_Length \ 18 : 24 : 30 o RY-) : 42 :
(n o m1) i o o i

J 10 ' 2/3-4 3/3-4 I-4/4 ' 4/4-5 | S/5 '
S RS St S S S _ 1-2 : 1-2 1
; 20 : I/4-5 4/4-5 | 5/5 ! 6/3-6 | 7/3-6 |
' : 2-3 3 3 Vo 3 3-4 ' 2 '
H 30 v 3-4/5 ' 5/5-6 6/6 : 776 : 8/6-7 !
: : 3 : 4 : 3-4 : 3-4 : 3 :
: 40 1 4-5/5-6 | S/6 : 6-7/6-7 | 8/7 1 9-10/7-8 |
] H 4-5 ' 4 ] 4 i 4 J 3-4 :
: 100 : S/76-7* : 9/8 1 11/9 : 1379 1 15-16/9-10,
' ; S-6 : 8 ; 7 : 7 i 7 '

1

18 kt winds are not fetch limited over a 100 n mi fetch.

An example of expected wave conditions based on Table A-2 follows:

WIND FORECAST OR CONDITION

An offshore wind of about 24 kt with a fetch limit of 20

n mi (ship is 20 n mi from the coast) is forecast or has

been occurring.

SEA FORECAST OR CONDITION

From Table A-2: If the wind condition is forecast to

last, or has been occurring, for at least 3 hours:

Expect sea conditions of 4 feet at 4-5 second

period to develop or exist. I¥f the condition

lasts less than 3 hours the seas will be lower.

If the condition lasts beyond 3 hours

the sea

will not grow beyond that developed at the end

of about 3 hours unless there is an increase in

wind speed or a change in the direction that

results in a longer fetch.

A=7




Wave Climatology

The wave climatology used in these harbor studies
is based on 11 years of Mediterranean SOWM output. The
MED-SOWM is discussed in Volume 11I of the U.S. Naval
Oceanography Command Numerical Environmental Products
Manual (1986). A deep water MED-SOWM grid point was

selected as representative of the deep water wave

conditions outside each harbor. The deep water waves
were then propagated into the shallow water areas. Using
linear wave theory and wave refraction computations the
shallow water climatology was derived from the wmodified
deep water wave conditions. This climatology does not
include the local wind generated seas. This omission, by
design, 1is accounted for by removing all wave data for
periods less than & seconds in the climatology. These

shorter period waves are typically dominated by locally

generated wind waves.

Propagation of Deep Water Swell Into Shallow Water Areas

When deep water swell moves into shallow water
the wave patterns are modified, i.e., the wave heights

and directions typically change, but the wave period

remains constant. Several changes may take place in-
cluding shoaling as the wave feels the ocean bottom, re-
fraction as the wave crest adjusts to the bathymetry
pattern, changing so that the crest becomes more parallel
to the bathymetry contours, friction with the bottom
sediments, interaction with currents, and adjustments
caused by water temperature gradients. In this work,
only shoaling and refraction effects are considered.
Consideration of the other factors are beyond the
resources avallable for this study and, furthermare, they
are considered less significant 1n the harbors of this
study than the refraction and shoaling factors.

To determine the conditions of the deep water

waves in the shallow water areas the deep water

A-8
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conditions were first obtained from the Navy 's
operational MED-S0OWM wave model. The bathymetry for the
harbor/area of i1nterest was extracted from available
charts and digitized for computer use. Figure A-1 is a
sample plot of bathymetry as used in this project. A ray
path refraction/shoaling program was run for selected
combinations of deep water wave direction and period.
The selection was based on the near deep water wave
climatology and harbor exposure. Each study area
requires a number of ray path computations. Typically
there are 3 ar 4 directions (at 30° increments) and S or
6 periods (at 2 second intervals) of concern for each
area of study. This results 1n 15 to 24 plots per
area/harbor. Tao reduce this to a manageable format for
quick reference, specific locations within each study
area were selected and the information was summarized and

is presented in the specific harbor studies in tabular

form.
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Figure A-1. Example plot of bathymetry {(Naples harbor) as used in this
project. For plotting purposes only, contours are at 50 fathom
intervals from an initial 10 fathoms to 110 fathoms, and at 100 fathom
intervals thereafter. The larger size numbers identify specific
anchorage areas addressecd in the harbor study.
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