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FOREWORD

This handbook on Mediterranean Ports was developed
as part of an ongoing effort at the Atmospheric Direc-
torate, Naval Oceanographic and Atmospheric Laboratory
(NOARL), Monterey, to create products for direct appli-
cation to Fleet Operations. The research was conducted
in response to Commander Naval Oceanography Command
(COMNAVOCEANCOM) requirements validated by the Chief of
Naval Operations (0OP-096).

As mentioned in the preface, the Mediterranean
region is wunique in that sevei2l areas exist where
local winds can cause dangerous operating conditions.
This handbook will provide the ship's captain with
assistance 1in naking decisions regarding the disposi-
tion of his ship when heavy winds and seas are encoun-
tered or forecast at varlious port locaticns,

Readers are urged to submit comments, suggestions
for changes, deletions and/or additions to Naval Ocean-
ography Command Center (NAVOCEANCOMCEN), Rota with a
copy to the oceanographer, COMSIXTHFLT. They will then
be passed on to NOARL, Monterey for review and incorpo-
ration as approprlate. Thils document will be a dynamic
one, changing and improving as more and better informa-
tion is obtained.

ACKNOWLEDGMENTS

The support of the sponsors -- Naval Oceanography
Comimand, Stennis Space Center, MS: and Fleet Numerical
Oceanography Center, Monterey, CA (Program Element
O&M,N) -- 1s gratefully acknowledged.

.2b111ty Codes

AN
tontlon X

Tutiqq/

‘Avall and/or

Dist j

i1l i /"

Special




PORT INDEX
The tollowing is a tentative prioritized list of
Mediterranean Ports to be evaluated during the five-year period
1988-92, with ports grouped by expected year of the port study's

subject to change as dictated by

publication. This 1list is
Computerized versions of these

circumstances and periodic review.
port gquides are available for those ports with an asterisk (¥*).
Contact the Atmospheric Directorate, NOARL, Monterey or NOCC Rota
for IBM compatable floppy disk copies.

NO. PORT 1991 PORT
~1 GAETA, ITALY *32 TARANTO, ITALY
*2 NAPLES, ITALY *33 TANGIER, MOROCCO
*3 CATANIA, ITALY *34 BENIDORM, SPAIN
*4 AUGUSTA BAY, ITALY 35 ROTA, SPAIN
*S  CAGLIARI, ITALY 36 LIMASSOL, CYPRUS
*6 LA MADDALENA, ITALY 37 LARNACA, CYPRUS
7 MARSEILLE, FRANCE 38 ALEXANDRIA, EGYPT
8 TOULON, FRANCE 39 PORT SAID, EGYPT
9 VILLEFRANCHE, FRANCE SOUSSE, TUNISIA
10 MALAGA, SPAIN SFAX, TUNISIA
11 NICE, FRANCE TUNIS, TUNISIA
12 CANNES, FRANCE BIZERTE, TUNISIA
13 MONACO SOUDA BAY, CRETE
14 ASHDOD, ISRAEL VALETTA, MALTA
15 HAIFA, ISRAEL PIRAEUS, GREECE
16 BARCELONA, SPAIN
17 PALMA, SPAIN 1992 PORT
18 IBIZA, SPAIN mmmm e
19 POLLENSA BAY, SPAIN KALAMATA, GREECE
20 LIVORNO, ITALY CORFU, GREECE
21 LA SPEZIA, ITALY KITHIRA, GREECE
22 VENICE, ITALY THESSALONIKI, GREECE
23 TRIESTE, ITALY
*24 CARTAGENA, SPAIN DELAYED INDEFINITELY
%25 VALENCIA, SPAIN = cmmmmmmmmm e
*26 SAN REMG, ITALY ALGIERS, ALGERIA
*27 GENOA, ITALY ISKENDERUN, TURKEY
*28 PORTO TORRES, ITALY IZMIR, TURKEY
*29 PALERMO, ITALY ISTANBUL, TURKEY
*30 MESSINA, ITALY ANTALYA, TURKEY
*31 TAORMINA, ITALY GOLCUK, TURKEY

iv




PREFACE

Environmental phenomena such as strong winds,
hich waves, restrictions to visibility and thunderstorms
can be hazardous to critical Fleet operations. The cause
anc effect of several of these phenomena are unique <o
~he Mediterranean region and some prior knowledge of
cheir characteristics would be helpful €o ship’s
captains. The intent of this publication is to provide
quidance to the captains Zor assistance 3in decision
making.

The Mediterranean Sea recion 18 an arez where
complicated topographical <features iInfluence weather

patterns. Racabatic inds will flow through restricted
mountain gaps or valleys and, as a result of the venturi
effect, strengthen to storm ZIntensity in a short peried

£ time. As these winds exit and flow over port regions
and coastal aseas, anchored ships with large ’sail areas’
may be Dblown aground. Also, hazardous sea state
conditions are created, ©posing a danger for small Dboats
ferrving personnel to and from port. At the same time,
adjacent areas may be relatively calm. A glance at
current weather charts may not always reveal the causes
for these local effects which vary drastically £rom 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 propagate 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 local 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
DESIGN

This handbook 1is designed to provide ship
captains with a ready reference on hazardous weather and
vave conditions in selected Mediterranean harbors.
Section 2, the captain's summary, 1is an abbreviated
version of section 3, the general information section
intended for staff planners and meteorologists. Once
section 3 has been read, it is not necessary to read
section 2.

1.1.1 Objectives

The basic objective is to provide ship captains
with a concisce reference of hazards to ship activities
that are caused by environmental conditions 1in 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.

1.1.2 Approach

Information on harbor conditions and hazards wvas

accumulated in the following manner:

A. A literature search for reference material
vas performed.

B. Cruise reports were reviewved.

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

D. A preliminary report was developed which
included questions on various 1local con-
ditions in specific harbors.

E. Port/harbor visits were made by NOARLW
personnel; considerable information was
obtained through interviews with local
pllots, tug masters, etc; and local reference
materlial was obtalned.

F. The cumulative information was reviewed,
combined, and condensed@ for harbor studies.

1-1




1.1.3 Organization

The Handbook contains two sections for each
harbor. The first section summarizes harbor conditions
and 1s intended for wuse as a quick reference by ship
captains, navigators, inport/at sea O00D's, and other

interested perszcnnel. This section 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. 1lucal 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
wvave enerqgy 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 contalns additional details and
background information on seasonal hazardous conditions.
This section is directed to personnel who have a need for
additional 1insights on environmental hazards and related
veather events.

CONTENTS OF SPECIFIC HARBOR STUDIES

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

The contents are 1intended for use in both pre-
visit planning and in situ problem solving by either
mariners or environmentalists. Potential hazards related
to both wveather and way 3 are addressed. The




oceanographic Information 1includes some rather unigque
information relating to deep water swell propagating into
harbor shallow wvater areas.

Emphasis 13 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 wvarious combinations of
environmental threats and vessel location/situvation 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 Norfoikh, VA area while several US Navy ships vere
anchored on the muddy bottom oi Ciecapra%2 P2v. One
important fact was revealed during this incident: Most
all shlips frigate slze and larger dragged anchor, some
more than others, in winds of over 50 knots. As winds and
vaves lncreased, ships 'fell 1into' the wave troughs,
BROADSIDE TO THE WIND and become difficult or impossible
to control.

This was a rare instance in which several ships
0of recent design were exposed to the same stcrm 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 weie forecast.




2. CAPTAIN’S SUMMARY

Although Tangler i3 technically an Atlantic port, (%ts w
patterns are heavily influenced by the same wmetecrolicsical
tions that e the Mediterranean 3ea. For this reascon and b
Tangier falls within COMSIXTHFLT's area of responsibility, i
heen included in this series of guides.
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Tsagler is located In Tanglier Bay about 7 n mi (13 km)

-

e
Canre Spartel con the ncrthern coast of Morocco (Figure I-Z;. With the
en_eption of the area directly socuth of the northern zreakwater, ¢
pert is exposed to waves and swell generated by north and north
erly winds normally asscciated with cold frontal passage.
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N
easterly or easterly winds, associated with Levante <conditions in
the Alboran Sea, are funneled through the Strait of JGlbraltar and

effect primarily the northern anchorage area.
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Figure 2-2. Tangler and approaches to the Strait of Gibraltar.




The port =2 protected by the zurrounding tepography :trom -sutn,
southwest, east, and west winds (Figure 2-3). A breakwalter/quay
protects the port from the majority cf the effects of north-north-
vesterly winds. However, swell generated by these winds <an r=each (0

feet (6 m) and has previously breached the breakwater destroy:.n
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Figure 2-3. Port of Tangier




storage containers on the pler. Ferry service across the straits |is
suspended during these episodes. In addition, northwest swell re-

flects off of the eastern shore of the Tangier Bay and causes an
east-west back and forth motion in the anchorage area =ast of the

port and inside the port. This movement has, on at least one occa-
sion, broken the anchor chain of a submarine.

There are two primary anchorage areas in Tangier. One is locat-
ed approximately one nautical mile north of the breakwater and is
used by vessels with drafts greater than 25 ft. The other 1is Jjust
east of Quay #2 and is used by small ships and submarines. The clay
and sand bottom provides good holding. Tidal range is 7 £t (2 m) and
there are no strong currents in the harbor. Fleet Landing is located

at the passenger ship quay.

Visibility 1is generally good. Occasional early morning =zero
visibility «can occur in spring and summer but improves by mid-to-
late morning.

Specific hazardous environmental conditions, vessel situations,
and suggested precautionary/evasive actlion scenarios for the Port of
Tangier are summarized in Table 2-1.




Table

2-1. Summary of hazardous environmental conditicrs for the Port cf T

VESSEL LOCATION/

HAZARDOUS CONDITION INDICATORS OF POTENTIAL HAZARD EFFECT
SITUATION AFFECTED
I, Lievante vinas/vaves - Strong vinds Advance varmring (11 Macreg - harbor s R

from NE tc E - Locally known as + Clougs busiding to the east 1g a lecal ‘-

' evante®, indicatar af the ancet of tavante, 3

v A yeak to moderate Levante 1s nearly
constant during the varm season. Strong + Onset of Levante vall corur as the
eplsodes are sost likely to ocouyr ir barosetric pressyre at Gibraltar becoses 121 Ancrorage | R
the May to Septeaber perioed but can ciour higher than at Tangier. '
anytime diring the year,

¢ Typical strong event has daytime wvinds
of 20-40 ¥t yith higher gusts. Night-
t1me winds decrease to 12-25 kt. €2 hachorage & E
Strunger evants 25-4% ki with gusts *
to &0 kb,

* Strong events may last 3-7 days.

+  Typrcal strong event is accompanied
by high svell 1n open vaters. Heights i4) Arriving/Departing R
of §-7 #t max (0 ft have been ’
evperienced 1n the strait with 7-10 ft (5. Ssell boate CR 1
being experienced in the northern '
anchorage area.

+  Little or no swell enters the harbor.

2. Stropg N to MW wings - Caused by cold Advance Warning {1 Mocreg - hardor RS
frontal passage. + Clouds building to the vest 15 a good ‘
+  Most likely to cccur October to April, local 1ndicator of the onset of north-

+  Typical event has 30 kt vinds with northvest vinds
45 kt maxisun. Lasts from a fewv hours
uwp to a day. + Deep pressure falls often accospany
t  Typical event is accospanied by high these active systems.
(20 ft (6 ) waves,
+  Swvell effects northern anchorage area
and also reflects off eastern shore of (27 Anthorage ! i AL
bay and enters harbor, '
+ Maves and swell have breached northern
seavall,
(3) Anchorage 2 it
L
(41 Arriving/Departing [FEN
A_Y
(br
(5) Seall boats @ 5




>us environmental conditions for

the Port of Tangier, Morocco.

:i. HAZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ATz
38

M

BERE R 1
2t oncrth-

I FELY

vir Moored - harhor

(2 Anchorage |

I knghorage J

14} Arriving/Departing

w

Seall bosts

1 Moored - harhor

(2) Anchorage |

(3) Anchorage 2

(41 Arriving/Departing

(57 Seall boats

t3) Minimal eftect
# Harbor vell protected fros eact winds., Additional
azoring lines may be required to reduce vessel mavement
10 strong winds,

(a) Mind/waves 1apatt the anthorage with full epen ccean forge.
t Lee sheiter fer shalloy draft ships 1s available on the
eact sige of Tangier Bey. No shelter 1s avarlable tor deep
draft vessels.

13 Minzaal effect.
t Relatively vell protected from east winds by mountains to
the east.

(ar Minimal effect.
t Normal approaches tan be made with easterly winds
(a+ Seall boat operatior curta:ied under high wind/vave canditions
+ Boats should not be operated in waves exceeding 3 ft 1 wi,
+ Winde of (2 kt or greater rapidly ralse vaves exceeding
small tratt timts,
t Boate sheuic stay 1n narbor i1n winds abeve 20 ki,

(ar Mimma} etfect

# Harbor 1s protected ‘rom acrth-nartheest winds,
Additional mcoring lines may be required tc reduce vessel
aovesent during strong wvinds. Containers on pier should
be soved prior to strong episodes.

t Svell reflects off east side of Tangier Bay and may enter
harbor causing back and forth sovesent of ships at
fleet landing.

(a) ¥ind/vaves impact the anchorage vith full open otean force
& There 15 no lee shelter available for large ships in Tangier

Bay. Ships unsble to reaain at anchor eust sortie until
conditions abate.

(a) Effects of vind/vaves vary vith vind direction
+ Anchorage area 2 1s relatively well protected fros northvesterly
vinds. As the vinds becose northerly the area becoses vulnerable
to the full impact o the vind/vaves.

(a) Wind/vaves may eake approaches to the harbor and anchorage
areas hazardous,

(b} Winds may sake vessel handing difficult 2% siov SOA.

(a) Small boat operation curtailed under high vind/wave ctonditions.
+ Boats should not be operated in vaves exceeding 3 ft (1 o).

t Minds of 12 kt or greater rapidly raise vaves exceeding
seall craft lisits,
+ Boats should not [eave hardor 1n vinds above 22 kt.

T




SEASONAL SUMMARY OF HAZARDOUS WEATHER CONDITIONS

(Much of this information has been adapted from Brody and Nestor,
1980) .

WINTER (November through February):
* Strong north to northwest winds, usually followirg a colid
front, accompanied by high swell. Winds typically 30 kt with

I
t
7

higher gus

Vo]

l4g)

¥  Ztrong southwesterlies may precede cold front. These winds
may be as strong as the tollowing northwesterlies. These
events are oftern preceded by chort, strong Levante.

*  West to northwest waves, generated out in the Atlantic,
appear as swell (period &€-10 sec) at the outer anchorage

and can last for days.

SFRFING (March through May):

* Early spring similar to winter

* Late spring, strong northeast to east winds (Levante) occur.
Typical strong event, with gusts tc 40-60 kt, can cause
7-10 £t (3m) swell at northern anchorage area.

SUMMER (June through September):
* Weak to moderate Levante 1is nearly constant throughout
summer (producing fully arisen seas) interrupted by
occasional strong events.

* Infrequent thunderstorms, normally not severe, occur.

AUTUMN (October):
* Short transitlion season as winter weather returns by end of
month .
* Strong north to northwest winds will accompany vigorous cold
fronts, usually late in the month.

NOTE: For more detalled information on hazardous weather conditions,
see previous Summary table in this section and Hazardous Weather
Summary 1in Section 3.




3. GENERAL INFQRMATION

This sectlion 18 intended for Fleet meteorologists/oceanogra-
phers and staff planners. Paragraph 3.5 provides A general discus-
sion of hazards and Table 3-1 provides a summary of vessel
location/situation, potential hazards, effects-precautiocnary/evasive

actions, and advance 1indicators and other information about =t
potential hazards by season. (NOTE: check page iv to see if

computerized version of this port study is available).

3.1 Geographic Location

Tangier 1is located at 35947'N, 5049'W on the southern side
the western approaches to the Strait of Gibraltar (Figure 3-1).
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The Port of Tanglier 1s situated in the Bay of Tangler about
seven n mi (13 km) east of Cape Spartel on the northern coast of
Morocco (Figure 3-2).
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Figure 3-2. Tangler and approaches to the sStralt of Glbraltar.




The port is protected by the surrounding topography from south,
southwest, east, and west winds while a breakwvater/quay (3,97C f¢t
{1,210 m long) shelters the port from the major effects of north-
vesterly winds; however, northerly swell does enter the port area

and can cause interruption of some operations (Figure 3-3}.

ANCHORAGE AREA

— 359 7' 30N

. e e e

5%8'w

_— e — = = ]

5%47'30"W

|
|
|
;
|
l
1
|

|

PASSENGER sHip
Uay

Q

L T
NAUTICAL MILES

F——— i ———— — — =
|
1
! ANCHORAGE AREA
(S 2
? 0.1 02 0.3 T~~_]

L—35%7'N

Flgure 3-3 Port of Tangler




3.2

The Port of Tanaler is open on the northern semi-circle but,
because of the breakwvater/quay, north or northwest winds do not
normally disturb operations in the harbor. Swell generated by these
winds will, however, enter the harbor and affect ships at anchorage.
Ships at the quay and fleet landing, located near the passenger ship
quay, are usually oprotected from this swell. Occasionally, howvever,
an exceptional event of strong northwesterlies, normally associated
with a cold frontal passage, will generate 20 ft (6 m) vaves breach-
ing the breakwater. During a recent episode, high waves decstroyed
storage containers on the breakwater gquay. Additionally, northwest
swell can reflect off the eastern shore of Tangier Bay causing an
east-west wave motion in the anchorage area east of the port and
inside the port itself. During one such event, a submarine experi-
enced a broken anchor chain. Ships at the passenger quay/fleet

landing may have to sortie to avoid parting lines.

There are twvo primary anchorage areas in Tangler. One is locat-
ed approximately one nautical mile north of the breakwvater/guay and
is used by vessels with drafts greater than 25 ft (7.5 m). This
anchorage is exposed to the aforementioned northwesterlies and also
to the strong easterlies (Levante) that frequently occur in this
area. The other anchorage is just east of Quay #2 and is wused by
small ships and submarines. This anchorage is protected from the
Levante and the clay and sand bottom provides good holding. During
strong Levante episodes, ships at the passenger quay/fleet landing
berth can move to the east side of the bay where the topography

provides a lee shelter.

3.3 Ccurrente and Tides

There are no strong currents in the harbor area of Tangier. The
tidal range is 7 £t (2 m).

3.4 Visibillity

Visibility is normally good. Occasionally, early morning visi-
bility can lower to zero then 1lift by early or late morning. This
would most 1ikely occur in the spring or summer months. For the




ocean area around Tangler, visliblllitles less than 1/2 n mi{ occur
three percent of the time in August and only one-tenth of a percent

in February. Annually, visibilities greater than 2 n mi occur about
97 percent of the time (Naval Oceanography Command, 1987).

3.5 Wind and Weather

Tangier 1s geographically situated in an area characterized by
generally good weather. However, there are some exceptions as
described in the following paragraphs.

3.5.1 Northwest winds

Northwest winds will usually accompany cold frontal passages in
the Tancier area. Many wintertime coid fronts are vigorous enough to
bring strong winds to the southern Mediterranean area. Note that
northwest winds arriving at Tanqgier have not had a long over-vater
trajectory and are partially diminished by the landmass of Spain.
Often, early autumn and late spring cold fronts will not be very
strong when passing Tanglier. As expected, the strongest cold frontal
passages occur during the winter months.

Waves generated by the northwest winds can affect certaln areas
of the port., The outer, deep water anchorage is affected directly
because it is outside the breakwvater and exposed to the wind and
vaves. On occasion, waves will be high enough (20 ft (6 m)) to
breach the breakvater/quay causing damage.

Southwest winds will generally precede cold frontal passages
and can be as strong as thes northwesterlles following the front.
But, because of the topography, the port area is well protected from
southwest winds and waves.

Forecasters tracking cold fronts In the eastern Atlantic should
be alert for those cold fronts which have strong cold alr advection
from north to south behind the front. These are the fronts that
penetrate into the southern reaches of the Mediterranean and cause
strong winds and waves at Tangler. According to mariners 1in the
Tangler area, clouds building to the west is a good local 1Indlcator
of the onset of northwest winds.




3.5.2 Levante

The Levante is an easterly or northeasterly wind that occurs in
an area from the coast of southern France to west of the Strait of
Gibraltar. It «can occur as a result of several different weather
patterns. The most typical situation is when the Azores High extends
northeastward over Spain and southern France intc the Western Medi-
terranean S5ea with relatively lower pressure over the Gulf of Cadiz.
With a large anticyclone over western Europe and a low pressure
center over the southern Western Mediterranean Sea, the Levante will
be widespread and destructive. It can be accompanied by rain and
extend through the strait and into the Tangier area. The topography
of the strait will cause a channeling of the wind and wind speeds
are higher in the strait than on either side of it. Levante winds
are usually northeast 1in the western Mediterranean but will be
easterly in the strait and spread both north and south after passing
through the strait. The Levante at Tangier is usually easterly.

The Levante wind brings the most troublesome conditions to the
port of Tangier. Although the Levante can occur year-round, 1local
mariners indicate that between May and September is the period of
most freguent occurrence. However, gale force (33+ kt) Levante winds
can occur in any month with storm force winds occurring during
strong events. Waves of 7-10 ft (3 m) can be experienced at the
outer anchorage while little or no swell will enter the harbo..
Ferry service across the strait will be curtailed during strong

Levante episodes.

If the gradient level winds at Tangier are north of 0900, there
vill be no 1low-level turbulence. Winds from north of 0900 are
generally cver water (through the strait) and therefore relatively
non-turbulent. Gradient level winds south of 0900 (about 130-1409°)
are over terrain and cause strong 1low-level turbulence in the
Tangier arcz. In Tangier Bay, surface winds of 25 to 30 knots can be
accompanied by gusts up to 60 kt. Local mariners watch for clouds
building to the east as a clue to the onset of the Levante.




3.5.3 gwell
Waves other than those generated by the northwest winds and/or

the Levante occur at the outer anchorage. These waves are 1in the
form of swell generated out in the Atlantic and can last for days at

a time.

3.6 Seasonal Summary of Hazardous Weather Conditions

The seasonal patterns in the western Mediterranean/eastern
Atlantic area will vary in response to the movement of the Azores
High. This high moves southward during winter, allowing low pressure
systems to move in over Europe. The high builds northward as summe

e

approaches and storms affecting the Tangicr area become less
frequent; in the middle of summer, migratory storms are nearly non-
existent. Much of the information in *his section is adapted from

Brody and Nestor, 1980,

A. Winter (November through February)

The winter season is characterized by cold frontal passa

which bring strong southwesterlies preceding the front and strong
north to northwest winds following the front. A vigorous front with
a strong low pressure center south of 500N will generate winds of
30-45 kt with higher gusts. High waves will accompany the northwest
winds following the front. Significant thunderstorm activity may

also follow passage of these fronts.

The Levante wind can also occur in winter, but not as frequent
as in summertime. Levante episodes in the winter however, can be as
strong or even stronger than those in summer.

Precipitation at Tangier 1s representative of an Atlantic,
rather than Mediterranean, coastal port. Yearly totals average about
35 1Inches, occurring mainly between October and April. Winter tem-
peratures are rarely near or below freezing and will last for only a
few hours.

B. Spxing (March through May)

Springtime in the Tangler area is noted for periods of stormy
winter-like weather alternating with false starts of summer. Temper-
atures are warming, and storm events are decreasing in both strength
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and frequency. By late spring, Levante winds are more frequent.

Because Jlate spring Levante winds are nearly uninterrupted, fully

arisen seas are common. Typical strong events, with gusts up to 40-
60 kt, <can cause high waves outside the protected harbor area.

Precipitation amounts fall off considerably in May.

Although visibility is generally good at Tangier, occasionally
it can 1lower to zero in the early mornings and lift before noon.
These episodes of restricted visibility are due to fog and generally
occur in the spring or summer months.

C. Summey (June through September)

The Levante wind is most freguent in summer and easterly winds
occur uninterrupted for days at & time at Tangier. Strong Levante
episodes can occur throughout the summer, similar to those described
above (Spring).

0f course, temperatures are at a maximum in summer. Midday
readings of 100°F (38°C) are not uncommon. Precipitation is at a
minimum in summer, especially in July and August. Thunderstorms,
although uncommon and not relatively severe, occur at this time of
the year and can often be accompanied by hail.

D. Autump (October)

Autumn is a short season in this area of the world and usually
lasts for only the month of October. It is a transitional period and
by month's end, winter like weather is occurring. Infrequent thun-
derstorms can occur and precipitation increases to winter-1like
amounts.

3.7 Local Indicators of Hazardous Weather Conditions

Local port personnel have indicated that very few helpful hints
exist In the area to help mariners forecast the onset of bad
weather. The best local indicator is cloudiness assoclated with the
northwesterlies (clouds to the west) and with the Levante (clouds to
the east).




Forecasting cold frontal passages can be accomplished using
common meteorological practices in concert with available synoptic
charts and satellite imagery. For Levante forecasts, the shipboard
forecaster should become familiar with the following Levante onset
and cessation rules adapted from Nestor and Brody, (1980}:

A. Forecasting sudden onset of Levante conditions in the
Gibraltar area during the summer requires the tracking of old c¢old
fronts as they move southwestward along the coast of Spain. Movement
of the cold fronts can be followed by observing changes in humid:ity

and wind direction from the normal sea breeze at coastal staticons.
Two very usetul cta2tions are Allcante (08359) and Malaga (08487} .

B. A gale force [Levante in the Strait will commence when north-

westerly winds at 300-mb over central and south Spain veer to 040,

C. Strong Levante winds in the Strait of Gibraltar occur when a
Large pressure ditierence exicts between Gibraltar and Tangier with
the highest pressure at Gibraltar. Use the following values as g
guide noting that the strongest winds may not be evenly distributed
across the Strait from north to south:
east 30-38 kt
east 36-45 kt
east 43-53 k¢t
east 48-58 kt

2 mb gradient

1}

3 mb gradient

4 mb gradient

fl

5 mb gradient

D. During Levante conditions in the Strait of Gibraltar, east-
erly winds at Tarifa (08458) gives a <close ap-
proximation of the winds in the Strait. Note that Tarifa does not
transmit a 00007 weather observation.

E. Durlng Levante conditions 1n the Strait of Gibraltar, the
area of maximum easterly winds 1s normally quite narrow, only about
2 n mi wide and can extend 60 n mi westward of the Strait north of

360 N. A general easterly wind flow of 15 to 20 kt will produce a
maximum band of 35 kt winds.

F. Strong Levante conditions occasionally cause an eddy in the
low-level flow southwest of Tangier and can be seen In satellite
Imagery. A cold ocean eddy is sometimes found 1In the same area.




G. Forecast a Levante to end, especially in the Strait cf
Gibraltar, when a depression passes across either the British 1Isles
or France and its cold front begins to cross the Iberian Peninsula.
Since westerlies replace easterlies while the front is some distance
to the north, the front need not progress as far south as Cibraltar

toy the Levante Lo cease.,

3.8 Protective

Local maritime personnel have indicated that protective
measures  are needed only infreguently. The harbor area (including
the inner anchorage) is generally well protected while the outer
anchorage is subject to high waves from either the northwesterlilies

or the Levante.

In the event ¢f strong northwesterlies, ships anchored in the
cuter anchorage may need to sortie. In an extreme case, waves can
break cver the breakwater/quay exposing the passenger guay
berth/tleet landing area to hazardous waves and/or debris swept from
the guay. (Occasionally, northwest swell will retflect off the east
cide of Tangier Bay and cause an east-west motion in the harbor.
Ships anchecred at the inner anchorage must sortie during these

ocTurrenc

]

s to avold breaking anchor chains and/or dragging anchor.

During strong Levante episodes, ships anchored at the outer
anchorage may want to sortie to avoid high waves. Ships at the
passenger quay/fleet landing berths may move to the east of Tangier
Bay for lee shelter, avoiding high winds. Normally, waves from
Levante winds do not enter the harbor area.

Obviously, small boats will be in danger in elther the north-
west wind occurrences or the Levante episodes. Note than ferry

service across Gibraltar Strait is curtailed during strong wind
events.

3.9 Summary of Problems and Actions

Table 3-1 1is intended to provide easy-to-use seasonal
references for meteorologists on ships using the port of Tangler.
Table 2-1 (Section 2) summarizes Table 3-1 and is intended primarily
for use by ship captalns.




Table 3-1. Potential problem situations at the Port of Tangier, Mor:a:

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ADV

1. Moored-tarssr.

Ozcurs vear-roung;
acre freguent in
cuma2r mecths,

Corsrs Geteber to
Aprii,

i Duter Ancnerage
Occurs year-round;
sore frequent 1n
sueme’ Months

Oceur. October to
April.

a. tevante winds‘waves - Strang vinds
from nortreast or east, [an be atioapsnied
by rain 1n cool seasen,

b. North te Nerthwest winds - Strong winds
usually accompanying coid frants, Lan be
gusty and generally lazts & cay or lesg,
vith sveli lasting another 2-3 days

a. Levante vinds‘waves - Strong winds
froe northeast or east. Can be accompanied
by rain 1n cool seasen.

b. North to Northwest winds - Strong wvings

usually accospanying told fronts, Can be
gusty and generally lazts a day or iess
vith svell lasting another 2-3 days.

., Harbar 1s protected from porth-rorthys

st winzs, During
strong episedes, additional muoring lines aay te neezel.
Exceptionally strong episodes (an generale wawes [3vge
enough to breach treaivater/pier. Cortainers ang other
eguiprent skaylg be taben off pier ir suth cases, Seell
can refiest off east side of the bav ang enter harpor,
causing back ang forth moticn of ships at fizel lancing.
Additicnal linec may be reguived.

. Quter anchoraqe exposed to levarte vindsivaves. Lee greliter

far shalilov craft ships :s available on the east side of
Tangier Bay. Deep Cratt ships may need to pratect ab ses
vhen strong Levante event 15 otcurring

. Full force of narth or northvect vinds rs felt at the outer

anchorage. There 1s no shelter available in Tangier harbor
tor large ships. Frotect at sea if necessary.
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~lem situations at the Port of Tangier,

Morocco

- ALL SEASONS

PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION

ABOUT POTENTIAL HAZARD

L.0eS pas b2
eplecles

ioesaett surinl straotg

3 grotectes from northonocbaveet winds, During
. sges, acditional eooving (ines aay be needed.
“toanelly strong episedes can generate waves largs
rearvater/prer, Containers and other
z taber off pier 10 suck cases. Svell
c:de of the pay and enter harber,

"4, l:nec may be required.

“ inihirage espased to levante vindsivaves. lee sheiter

gratt ships is available on the east side of

sr 23y, Qesp draft ships eay need to protect at ses
‘reng cevante BveAt 1S OCLUTTINg.

_cires of portb or northwest wings s felt at the outer
-age. "here 15 no shelter avarlable 1n Tangier harbor
.47ge ships, Protect at sea 1f necessary.

o

. Tre tevante typical!l, ccrurs vhen tre Azores High erteads

rirtheastvard over Sparn and socuthern France. {onseguentiy,
Levante events ave frequent 1n susser sorths. Havever, wiater
eplsaces &3y be stronger than sukaer episodes. Gale torce
Levantes srcur in anv month. Waves of 7-1G b (30 can aocer

t the suter anchorage while little cr no svell enters the
harbor. 1f Tangier's gradient level vinds are nortr of 030
expect little fow level turbulence; evpert lov level turbulence
1f gradient winds are south of 030% (130-140%1, On the bay, qusts
of 60 kt can accompany 30 kt sustained wvinds, tocal indicator
of ontoming Levante 15 clouds building to the east.

. Morth to norttvest virds wsually accompany cold frental passages.

Strongest fronts cccur Jate fall to early spring and ave rave

10 the susmer sonths, High waves (20 #t (6 m)) can occur at the
outer ancharage and, on rare occasions, breach the breakvater
pier. A strong north/south cold air advection pattern should
alert the forecaster to the likelihood of strong vands folloving
frontal passage. Local wariners vatch for clouds building it
vest or northwest as a precursos to north'nerthwest vind onset

. The Levante typically octurs vhen the Azores High extends

nertheastvard over Spain and southern France, Consequentiy,
Levante events are frequent 1n summer sonths. However, vinter
episodes say be stronger than sumser episodes. Gale force
Levantes occur in any sonth. Waves of 7-10 ft (Jai can orcur

at the outer anchorage vhile littie or no svell enters the
harbor. [f Tangier's gradient level winds are north of 090°
expect little lov level turbulence; expect lov level turbulence
if gradient vinds are south of 090 (130-140%), On the bay, guets
of 80 kb can accompany 30 ¥t sustained vinds. Local indicator

of oncoming Levante 1c tlouds building to the east

. North to northwest winds usually atcompany cold frontal passages

Strengest fronts occur late tall to early spring and are rare

in the sumser months. High waves (20 £t (& a)) can occur at the
outer anchorage and, on rare occasions, breach the breakvater
prer. A strong north/south told air advection pattern should
alert the forecaster to the likelihood of strong winds fnllowing
frontal passage. Local mariners vateh for clouds building to
vest or northwest as 3 precursor to north/northvest vind onset,




Table 3-1 (continued)

VESSEL - CAUTIONARY/EVASIVE ACTIONS
POTENTIAL HAZARD EFFECT - PRE
LOCATION/SITUATION
I Inner Anchavage, a. Levante wincsivave: - ! g 5. Minimal effect - lnner anchorage pratestes
froe nartheast or easi. Tan be accomparied frop gact or roTtheast wivds waves qug o
Docure year-round; by rain ir ool szaser, topography arount the harper of Tangrer, Moving
aore frequent ir to east side of Tangler Bav wili provice lee
SuMRer aonths, sheiter 1f needed
Occurs Drtoher %¢ b. North to Northwest winds - Streng winds b. Generally, the rnner anchorage 1s protected from

April,

4. Arriving/Departing.

Occurs
sore f
suamer

Occurs
April,

year -round;
reguent 1n
sonths,

October te

usually accompanylrg cold fronts. Can be
gusty and genmerally lasts a day or lesg,
vith svell lasting another -7 days.

3. Levante vinds/vaves - Strong vinds

from northesst or east. Car be accompaniod
by rain 1n coel season,

o

North to Northwest winds - Strong vinds
usually accompanying told fronts. Can be
gusty and generally lasts 4 day or less,
vith svell lasting another 2-3 days

nerthvest windsiwaves. Hawever, during exiress.y
strong events, northvest sweil viil reflect off
the eastern shore of the bav &nt (3use an edst
vest aotion 1n the harbor, f22:ironal atinete A,
be required during such episades

. lnper appraaches to harbor are normaliv not atferted

during Levante. Outer approaches are not protected
and experience high vinds,vaves. Strait of Gibraitar
usuelly has higher vinu, vaves due o funneling
etfect of topography.

. Both outer and 1nner approaches to harbor are exposed

to north or northvest vinds/waves. Ships arriving fros
Strait of Gibraltar will experience sudden increase in
northvest vinds once clear of sheltering topography.




Table 3-1 (continued)

FECT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

s mynieal effect - Inner ancharage pratected
“ramoeast v ongritgast vindswaves dug o
txgography avounc the harber of Tangrar. Miving
to east side of Tanquer Bay will provide lee
siter 0¥ nseded

o geserally, the inner anchorage 1s pratected from
norihvest vinds/vaves. However, during extresely
strong events, norihwest swell will reflect off
the eastern shore of the bay and rause an east to
vect soticr 1n the harbor. Additional anchors aay
08 required during such episodes.

c. .noer approaches 40 harbor are normally not atfected
during tevanye, Outer approaches are not protected
and experience high vinds/vaves. Strait of Bibraltar
ssually has higher winds/vaves due to funneling
ettect of topography.

S Both outer and inner approaches to harbor are exposed
to north or northvest wingds/waves, Ships arriving from
Strait of Gibraltar vill expertence sudden 1ncrease in
ncrihvest vinds once clear of sheltering topography.

3. The levanie wypically octurs when the Azores High esiends
nertreaztuarg over Spain and somthars Srarce, Corzequentt.,
-evante events are frequent in suamer aonths. However, wisier
episodes may e stranger than sumwer epizodes, Gale forge
Levantes otoyr 1n any month. Waves of 7-10 ft (3m) can ecur
4t the cuter anchorage while hittle or no swell enterc the
tarver. If Tangier’s gradient level vinds are nartt of (%00
expect littis lov .evel turbulence; expect lov level turbuience
it gradient winds are scuth of 090% (130-140%, On the bay, gusts
of 80 kY can accompany 3¢ ki sustained vinds. local indicator
¢f ancoang tevante 1s clouds building to the east.

b. North to northvest winds usually accospany :0)d frontal passages
Strangest fronte occur late fall te early spring and are rare
10 the sumser months. High vaves (20 ft (6 81 can crcur at the
suter ancherage and, on rare ocrasions, breath the breakvater
prer. A strong northssouth cold air advection pattern should
atert the forecaster to the likelihood of strong vinds fclioving
frontal passage. Local marimers vatch far cloyds buriding to
vest gr northvest as a precursor to north/northvest wind onset

The levante typically occurs when the Azores High extends
northeastvard over Spain and southern France. Consequently
Levarte eventc are frequent 1n susser months, Hovever, winter
episodes may be stronger than sumeer episodes, Bale fo:ce
Levantes occur 1n any eonth, Waves of 7-10 ft (3&) can occur

at the outer anchorage while little or no swell esters the
harbor. 1f Tangier's gradient level vinds are north of 090°
expect little low level turbulence; expect loy level turbulence
1f gradient vinds are south of 090 (130-140%). On the bay, qusts
of 80 kt tan accompany 30 kt sustained winds. Local indicator
of oncosing Levante 15 clouds building to the east,

@

b

North to northwest vinds usually accompany cold frontal passages
Strongest fronts occur late fall to early spring and are rare

1n the suaner montts. High vaves (20 ft (6 #)) can occur at the
outer anchorage and, on rare occasions, breach the breakvater
prer. A strong north/south cold air advection pattern should
alert the forecaster to the likelihood of strong vinds tolloving
frontal passage. Lotal mariners vatch for clouds building to
vest or northvest is a precursor to north/northvest vind onset




Table 3-1 (continued)

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

S. Smail Poats,

Beturs year-round;
acre fraguzn:
suseer months,

Geeurs Oztober to
Aprii,

a, Lerante winds/wave: - Sirong vind:
feof narthe

or east, [an be zccompanied
By rair in ool geasan.

b. Nortt to Northwect winds - Strong vinds

usually accospanying cold fronts, Can te
gusty ang generally lasts a gay ar le:s,
with sveil lasting anather 0-3 days

3. 2a3ll boat peratid

Tuer wper weter -

szat to sEal) 1ratt imtz 1Tt
Seall bcats usua..y wiil 0T sEE N2
0t LDkt oG eove

5. 5mall boat operatienc curieriic it Tigh
Over cpen water winde af 12 0t or greatsr

Lpteoar A stort tize,

.

2

seas to small craft lin
Sesii boats usually wil
of I At or mire,

1
1 onet le: sharowith o winlt




e 3-1

(continued)

“RECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

covsaiied ir high win€s w3hER

CbUorvogreiTE AT raleR

ST

L sheet bos
60 un g shert fueE

sLar aith WIngs

rurseraaf ge hagh windsiwaves,

ERRR IR Y

I

v et t3 Tt

nat leave

¥

12 ¥t or greater tafh raise
tgld 1n a shert tige.

arhar yith wings

a. vhe (evants typrcally czcurs vhen the Azores High extanos
moriheastuare over Spzin and soethern France. Consequently
Levante evente are frequent i1n susser months, Hovever, wicter
eplscues may be stronger than sumser eprscdes. Gale force
Levantes accur in an, sonth, Waves of 7-10 ft (2 tan ooowr
at the outer anchorage while litile or nc swell enters the
harbor. If Tangier's gradient level vands are narth ot 290
expect little low level turbulence; expect low level turbulence
if gradient winds are zouth of 090 (130-140%, On the bay, qusts
of 60 kt car azcompany 30 vt sustalned winds. Local indicator
ot oncoeing Levante s clouds butlding to the east.

g, North te nortihwest wirds usually atcompany rold frontel passages
Stroagest fronts occur late fall to earlv spring and are rare
1n the summer aonths. 41gh waves (20 fr (€ ey rap ottur gt the
auter anthorage and, o1 rare occasionz, breach the breskvater
prer. A strong northicauth cold a1 advertrop patiern sheuld
alert the forecaster to the likelihood ot strong winds following
frantal passage. tocal sariners watch for clouds building to
vest or northvest as & precursor to north/northwest ving onses,
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ort Visit ormation

JANUARY 1990: NOARL meteorologists R. Fett and Lt. M. Evans met with
Mr. A. Hadrami, Chief of the Marine Division of thc Port of Tangier,
to obtain much of the information included in this port evaluation.

* Formerly the Naval Environmental Prediction Research Facility.
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This section provides some general definiticns regariing
waves an e .S 03, Practiza. Mezholz
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nd Forecasting Ocean Waves (Pierson, Neumanrn, 3an

Definicions

Waves that are being generated oy local winds are zslleZ

"ZEZA". wavea that have travelad out oI The generiting ars3i 3o«
known as "SweEoo" nt and direc-

Seas are chaotic in period, hetl
tion while swell approaches a simpie sine w
distance from the generating area increases. An
exists for a few hundred miles outside the generatin
a condition that reflects parts of both of the above defini?
In the Mediterranean area, because its fetches and
expanses are limited, SEA or IN- BETWEEN conditions will prevail.
The "SIGNIFICANT WAVE HEIGHT" is defined as the

the heights of the one-third highest waves. PERICD and WAVE

LENGTH refer to the time between passage of, and distances be-
tween, two successive crests on the sea surface. The FREQUENCY
is the reciprocal of the peried (£ = 1/T) therefore as the period
increases the fregquency decreases. Waves result from the trans-
fer of energy from the wind to the sea surface. The area over
vhich the wind bluws 15 known as the FETCH, and the length ot
time that the wind has blown is the DURATION. The characteris-
tics of waves (height, length, and period) depend on <the dura-
tion, fetch, and velocity of the wind. There is a continuces
generation of small short waves from the time the wind stazr:s
until it stops. With continual transfer of energy from the wind
to the sea surface the wvaves grow with the older wvaves ieading
the 3Jrowth and spreading the energy over a greater range of
frequencies. Throughout the growth cycle a SPECTRUM of ocean
vaves is being developed.

A Beaufort 5Scale table with related wave
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21A1

22A1
22A3
23B3
24A1
24D1

24G1
26QQ1
28A1
28B1
28D1
28J1
28K1
28L1
29A1
29B1
29p1
29E1
29F1
29G1
29I1
2971
29K1
29L1
29N1
29Q
29R1
29AA1
29BB1l
31Al1
31B1
31G1
31H1
3111
31J1
31M1
32A1
32C1
32G1
3241
32N1
32Q1
32581
32X1

DISTRIBUTION

CINCLANTFLT
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