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FOREWORD

This handbook on Mediterranean 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 (COMNAVOCEANCOM) requirements validated
by the Chief of Naval Operations (OP-096).

As mentioned in the preface, the Mediterranean region is
unique in that several areas exist where 1local 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 variocus port locations.

Readers are urged to submit comments, suggestions for
changes, deletions and/or additions to Naval Oceanography Command
Center (NAVOCEANCOMCEN), Rota with a copy 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.

W. L. SHUTT
Commander, U.S. Navy VRN
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PORT INDEX

The following is a tentative prioritized 1list of
Mediterranean Ports to be evaluated during the five-year period
1988-92, with pocts grouped by expected year of the port study’s
publication. This list is subject to change as dictated by

circumstances and periodic review.

1 GAETA, ITALY
2 NAPLES, ITALY

3 CATANIA, ITALY

4 AUGUSTA BAY, ITALY

5 CAGLIARI, ITALY

6 LA MADDALENA, ITALY

7 MARSEILLE, FRANCE

8 TOULON, FRANCE

9 VILLEFRANCHE, FRANCE

10 MALAGA, SPAIN

11 NICE, FRANCE

12 CANNES, FRANCE 1991

13 MONACO = mmm——-

14 ASHDOD, ISRAEL

15 HAIFA, ISRAEL

16 BARCELONA, SPAIN

17 PALMA, SPAIN

18 IBIZA, SPAIN

19 POLLENSA BAY, SPAIN

20 LIVORNO, ITALY

21 LA SPEZIA, ITALY

22 VENICE, ITALY 1992

23 TRIESTE, ITALY =  <===-==-

24 CARTAGENA, SPAIN

25 VALENCIA, SPAIN
SAN REMO, ITALY
GENOA, ITALY

- —— - — . - D W - . - AD SN A - - n .

SPLIT, YUGOSLAVIA
DUBROVNIK, YUGCSLAVIA
TARANTO, ITALY
PALERMO, ITALY
MESSINA, ITALY
TAORMINA, ITALY

PORTO TORRES, ITALY

iv

- — - - - - - -y = - . - -

BENIDORM, SPAIN

ROTA, SPAIN

TANGIER, MOROCCO

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

GULF HAMMAMET, TUNISTA
GULF OF GABES, TUNISIA
SOUDA BAY, CRSTE

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

ANTALYA, TURKEY
ISKENDERUN, TURKEY
IZMIR, TURKEY
ISTANBUL, TURKEY
GOLCUK, TURKEY
GULF OF SOLLUM
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PREFACE

Environmental phenomena such as strong winds,
high waves, restrictions tc visibility and thunderstorms
can be hazardous to critical Fleet operations. The cause
and effect of several of these phenomena ara 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 to the captains for assistance in decision
making.

The Mediterranean Sea region is an area where
complicated topographical features i{nfluence 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. Alsoc, hazardous sea state
conditions are created, posing a danger for small boats
ferrying personnel to ard from port. At the same time,
adjacent areas .iay be relatively calm. A glance at
current weather charts may not always reveal the causes
for these local effects which vary drastically from point
tao point.

Because of the irregular coast line and numerous
islands Jir 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 fiom one direction and swell from a
different direction. Thegse conditions can be extremely
hazardous faor tendered vessels. Moderate to heavy swell
may also propagate outward in advance of a storm
resulting in uncomfortable &nd 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
Flest  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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GENERAL GUIDANCE

ESIGN

This handbook 1s designed to provide ship

captains with a ready reference on hacardous weather and

wave conditions 1n selected Mediterranean harbors.
Section 2, the captain’'s summary, 1s an abbreviated
version of section I, the general information section

intended for staff planners and meteoroclogists. Once
section 3 has been read, it 1is not necessary to read

section 2.

Objectives

The basit objective is to provide ship captains
with a concise reference of hazards to ship activities
that are caused by enviranmental conditions in various
Mediterranean harbors, and toc offer suggestions for
precautionary and/or evasive actions. A secandary
objective 1is to provide adequate background information
on such hazarus so that oper aticnal forergeters. or other
interested parties, can quickly gain the local knocwledge

that is necessary to ensure high quality forecasts.

Approach

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

A. A literature search for reference 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 in specific harbors.



E. Port/harbor visits were made by NEFRF
personnel ; consi1derable information was
obtained through interviews with local
pi1late, tug mastercs, eic: and local reference
material was obtained.

F. The cumulative informatior was reviewed,

combined, and condensed for harbor studiec.

Orgenization

The Handbool cantains two sectionce for each
harbor. The first section summarizecs harbor cunditions
and 1S 1intended for use as a quichk reference by ship
captains, navigators, 1inport/at sea 0GD's, and other
interested personnel. This section contains:

A. a brief narrative summary of environmertal

hazards,

B. a table display of vessel location/situation,
potential environmental hazard, effect-pre-
cautionary/evasion actions, and advance
indicators of potential envirognmen*:l
hazards,

cC. local wind wave conditions, and

D. tables depicting the wave conaitions result-
ing from propagation aof deep water swell into
the harbor.

The swell propagation i1information includes percent
occurrence, average duratic.:, and the periocd af 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 conditicns.
This section is directed to personnel who have a need for
additinnal insights on environmental hazards and related

weather events.

1-2




I N S A

1.2.

CONTENTS ~. 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.
1t does not contain general purpose climatology and/or
comprehensive forecast rules for weather conditions of a

more benign nature.

The contents are intended for use in bath pre-
visit planning and in situ problem scolving by either
mariners or envircnmentalists. Potential hazards related
to both weather and waves are addressed. The
oceanographic information includes some rather unique
information relating to deep water swell propagating i1nto

harbor shallow water areas.

Emphasis 1is placed on the hazards related to
wind, wind waves, and the propagation of deep water swell
intH the harbor areas. Various vessel
locations/situations are considered, including moored,
nesting, anchoured, arriving/departing, and small boat
operations. 1e potential problems and suggested pre-—
cautionary/evasive actions for various combinations of
environmental threats and vessel location/situation are
provided. Local indicators of environmental hazards and
oossible evasion techniques are summarized for various

scenarios.
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CAUTIGNARY NOTE: In September 1985 Hurricane Gloria rakeao
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 incidents Most
all ships frigate size and larger dragged anchaor, some
more than others, in winds of over 350 knots. As winds and
waves increased, ships ‘fell into’ the wave troughs,
BROADSIDE TO THE WIND and become difficult or impossible
to control.

This was a rare instance 1n 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. CAPTAIN’S SUMMARY

The Part ot Ibiza is located on the island of
Ibiza in the Balemaric Islands (Figure 2-1). Ibira Island
is approximately 80 n mi east-southeast of Valencia,
Spain and 44 n mi southwest of Mallorca (the largest of

the Balearic Islands).
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Figure 2-1. Western MadHterranean Sea.
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The island of Ibiza is relatively small in size,
with appraoximate overall dimensions of 22 n mi northeast
to southwest, and 10 n mi northwast to southesast (Figure

2-2). The Port of 1Ibiza is situated on the southesast
side of the island.
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Figure 2-2. Balearic Islands.
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The well-protected, small inner harbor is divided
into two main basins by two piers (Figure 2-3). A fuel
pier extends southwest from the northern side of the
port, while Estacion Maritima pier sxtends northeastward
from the southern side. The westernmost basin is used
primarily by small boats, ferries, and fishing boats.
The eastern basin is used by cruise ships, merchant
vessels, tankers, and island ferries. The northeastern
corner of the inner harbor is protected by a low rock
wall, and is used for vyachts and small boats only
(FICEURLANT, 1987). The inner harbor is well protected
on its south, west, and north sides by land. Except for
a 250 yd (229 m) wide entrance, the eastern snide is
protected by two breakwaters. U.S. Navy ships do not
berth in the inner harbor due to the shallow water depth,
23 £t (7 m). Instead, they use one of the anchorages
described below.

One anchorage for small ships is located in the
inner harbor. It can also be used by large ships for
short periods during good weather, but the holding
quality of the sand, vegetable matter, and mud bottom is
rated fair only. Anchorages for large vessels and
smaller ships on extended stays are located in the outer
harbor. Three locations are identified. Ranges and

bearings are in relation to Botafoch Light.

WT—-1 38-54-2IN 001-26-77E bearing 097° range 680 yd
WT-2 38-53-86N 001-26-73E bearing 057* range 980 yd
WT-3 38-53-643N 001-26-36E bearing 050" range 1,740 yd

Anchorage WT-3 has the largest swing circle and best
protection for a 30-33 ft (9—11 m) draft ship. Holding
is rated good in a water depth of 10 fm (18 m)
(FICEURLANT, 1987).
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There are no currents which affect the harbor or
anchorage. There is no astronomical tide at Ibiza, but
the water level varies with wind direction by as much as
16 inches (40 cm). Southerly winds raise the water level
and northerly winds lower it. Rare occurrences of rapid
water level changes due tao changes in wind direction have
been observed. Only twice in a 33 year period has the
water level in the harbor varied by 3 ft (about 1 m);
damage to fenders and mooring lines resulted.

Specific hazardous environmental conditions,
vessel situations, and suggested precautionary/evasive

action scenarios are summarized in Table 2-1.
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Table 2-1. Summary of hazardous environmer

LUBNAE e oo g

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

m

1. Mistral winds/waves - Reach Port from NE.
+ Wind speed is usudlly 15-20 kt, but
aay reach 33-40 kt,
+ Swell height only 3 £t (1 a) due to
refraction around E side of island,

2. SW'ly winds/waves - Caused by low
presure systeas which pass through
Jtrait of Gibraltar and move NE along
£ coast of Spain.

+ Wind speed aay reach 23 kt.

* Wird raises a dangerous chop in
inner harbor,

+ Quter anchorage 1s grutecteﬁ troe
significant wave motion,

Advance warnin
¥ Wistral winds may develop when any of the

follouin% occurs:
¢ Foreation of a low pressure center in Sulf
of Genoa.

t Surface front or trough passes Perpignan
(0;;:7} or 500 sb trough passes Bordeaux
(075101,

¢ Mhen one of the following surfice nressure
differences 1s achieved:

t Perpignan - Marignane (Marseille), I mb, or
+ Marignane - Nice, 3 ab, or
¢ Perignan - Nice, 6 mb.

+ local indicators:

+ Dolphin-shaped cirrus on the N harizen which
are red at sunset is ar indication ot &
Mistral beginning in 8-12 hr,

€ A Mistral will begin in 24 hr if visibility
becomes extreaely good, with many stars
visible at night, after the passage of a
rainstore fros the Iberian Peminsula,

[ntensit
¥ ronsest wings do not occur until after 500 ab
trougn has passed.
t A 300d indication of intensity 1s obtained by
ad 1ng 10 kt to wind speed reported by Montpelier
107643) or lstres (07647).

Duration
# Tommonly lasts 3-4 days, Jut a strong Mistral say
last as long as 12 days.

+ Mistral winds will cease/weaken when cyclonic
reqiee at the surface 15 repiaced by anticyclome
reqiae,

Advance warnin
¥ A low pressure system which indicates it wiil

pass through the Strait of Bibraltar and move
along € coast of Spain,
+ Local indicators:

% [f the water level in the inner harbor 1s
rising at sunrise, SW'ly winds and light rain
will orgur durxng the day.

¢ When N'lv winds gie at sunset, S'iy winds w1l
occur the following day.




cond

nmental conditions for the Port of Ibiza.

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

I Anchored - outer harbor,

>

 Arriving/departing.

.

.30 Small boats.

:hcreﬁAqu

1 Anchgred - inner harbor.

zhored - ﬁ

B - Anchored - outer harber.

71Yingideg)

{3} Arraving/departing,

13, | b:a‘=4

£y

(aj

ia}

{a}

(b}

Anchored vessels should experience no probleas under norma} 15-20 k¢t

Fistral winds.

¥ Two anchors aag be required to forestall anchor dragging :1f wind speed
increases to 35-40 kt,

t fAssoriated waves may affect small boat operations,

Inbound vessels.

¥ finchoring vessels should be prepared to depioy 2 anchors in a strong
wind situation,

+ Associated waves may affect seall toat operations.

Qutbound vessels.
+ No significent Eroble-e durxng departure.
t Be aware of probable increased wave height once lee of [biza 1s lost.

Waves say make boat operation to/frome inner harbor ang guter harbor unsafe.

¥ TBoat runs aay be curtatied unlil sea’swel] abafes,

Ne effect on anchored vessels.
¢ Te-77 oal gperation 1o/ From boat landings mav be unsafe,

No effec. on anchored vessels.
& Seall voat oﬁeratxons te/?rom 1nner harbor may be curtailed gdue tc wmind
waves at archorage,
t Smail boat operation near boat landings 1~ inne- harbor may te

unsafe.

inbound vesseis,
+ Vecse]s should ~ot encounter probiems.
* Vesseis should be aware of effect of chop or cmali hoats.

Outbound vessels.

¥ Vessels should not encounter probleac

¢ Vessels shouid be aware of grcbatle tagreasec wave heights once jee of
idiza ard adjacent isiands 5 of ibiza 1s iost,

nner harbor operations eay be hazardous.
Ehog pakes areas near berthed ship and boat iandxngs unsafe,
Boat operation may be curtailed until conditicns sba‘e.

i
¥
¥

Quter hardor may e.perience hazardous wind waves 1n strong event.

# TBoal runs To/Tron the archorage and inner Farber may Ge create,

-




Table Z-1. «

HAZARDOUS CONDITION INDICATORS OF POTENTIAL HAZARD SYE
I, NN'ly wind - Strong occurrences are Advance warning il A
possible: Busts tp 70 kt have beer ¥ Steong NW iy winds are Eoss:bie 5007 afte” onset
recorded at arrpart, oé 4 st'org Mistral in the Gui¢ of L1on. See
¢ [1kely caused by Mistral-like (ier:n Mietrel ingdicators abe.2.

winds from Ebro Valley in NE Spa:in,
# MWave generation 1s ginimized due ¢2
iack o¢ fetzh,
2 An

130 A




(Continued)

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

Anchored - inner_harber,

_= outer

Anchored - guter harbor.

/depart.

Arriving/departing.

(al

(a)

{a)

(b}

Strong event may cause anchor dragging.

+ Two anchors Iil e required to torestall anchor dragging it wind is
less than 50 kt,

+ 1f wind 15 50 kt or sore, shigs should sove to outer anchorage where
hnlding quality of bottos 1s better. lwo anchors say stiil

t Gsall boat operations may be affected.

Strong event may cause anchor dragging.
+ Two anchors say be required to prevent dragging.
+ 3Seall boat operations to/froe inner harbor may be affected.

Inbound vessels,

t T¥ wind is strong, units should delay arrival until wind his wediened,

& Anchor dragging at inner/outer anchorages is possible,

+ Vessels should not atteapt to anchor in the inner harbor if the wmind is
expected to reach/exceed 50 kt.

¢ Seall boat operation is atfected.

Qutbound vessels.
# Vessels should not encounter probless.
t Vessels should be aware of prabable increased wave heights once lee of

hila is qost,

Wind eay raise a hazardous ses in the outer anchorage.
t Bpa; r:gsttolirnn the inner and outer harbors say be curtailed until
winds abate.

e required.
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For estimating shallow water wave heights, three

points have b..un selected (Figure 2-3):

1{WT-1) 38-34-21N 001-26-77E bearing 097" range &BO yd

2(WT-2) 3B8-33-86N 001-24-73E bearing 057° range 980 yd

J(WT~-3) 3I8-33-63N 001-26-34FE bearing 050° range 1,740 yd
Table 2-2 provides the height ratio and direction

of shallow water waves to expect at Points 1, 2, and 3

when the deep water wave conditions are known.
The Ibiza Paoint 1 conditions are found by

entering Table 2-2 with the faorecast or known deep water
wave direction and period. In the following example, the
height is determined by multiplying the deep water height
(6 §t) by the ratio of shallow to deep haeight (.7).

Example: Use of Table 2-2 for Ibiza Point 1.

Dasp water wave forecast as provided by a forecast
Center or a reported/cbssrved deep water wave

condition:
6 femt, 10 seconds, from 120°.

The expected wave condition at Ibiza Point 1, as
determined from Table 2-2:

t
H
!
H
H
$
{
H
H
1
| 3 feet, 10 seconds, from 150°.
i

. ee ve YE CEm e SR em Se we ee e em e

NOTE: Wave periods are a conservative praoperty
and therefore remain constant when waves move from deep
to shallow water, but speed, height, and steepness

change.
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Table 2-2. Shallow water wave directions and relative height
conditions versus deep water period and direction (sese Figure
2-3 for location of the points).

FORMAT: Shallow Water Direction
Wave Height Ratio: {Shallow Water/Deep Water)

IBIZA POINT 1: WT-1 Depth 45 ft

! Period (sec) i - 8 i0 12 14 16 !
! Deep Water : Shallow Water i
{_ Direction H Direction and Height Ratio }
H as0° H 0o85°* Q90°* 115 135%* 130° 155 !
: ! -3 .3 .3 -3 .4 .4 !
! 0%0° ! 095" 115° 105* 115°* 135°* 115° |
: ! .8 .5 -6 -6 .6 .5
1 ) ]
H 120°* : 135° 145° 150* 140°* 125° 130°* !
4 H .S -3 D .7 .9 .7 H
1] (] []
1] 1] 1
! 150° ! 145 140°* 13%* 135" 115° 115° |
H H ) -b -4 - .7 .7 !
IBIZA POINT 2: WT-2 Depth 73 €t

! Period (sec) ! -] 8 10 12 14 16 !
! Deaep Water H Shallow Water t
{ Direction ! Direction and Height Ratio !
! 0&0* ! o8s5°* 0%0°* 090° 090* 095" 095° |
' H .3 -3 .3 .4 - .3 H
H H H
! co0* ' 095° 090° 100* 110°* 110° {10°* !
H } .B .9 b & .6 .5 !
H H i
! 120° { 120°* 120° 120* 120°* 110° 120° |
H H 1.0 .8 .8 -7 .S .5 :
H ! !
H 150° ! 150° 150°* 135° 135°* 113° 115°
{ } .9 .8 .4 Y- - Y- }
IBIZA POINT 331 WT- Depth &0 ft

Period (sec) -] 8 10 12 14 16

3
} ¢ H
! Deep Water { Shallow Water H
! _ Direction : Direction and Height Ratio H
H 060° i 085° 0%90°* 073 090° 085°* 090° |
! H -3 .3 -] -4 .5 -9 H
H 090* ! 090°* 090° 090* 090° 100° 113° |
{ ! 1.0 .8 .7 ) b Y- !
! ! H
! 120° H 120° 130°* 105* 120 135° 125° |
{ ! .9 .8 .7 .8 .7 .9 i
' H l
! 130°* H 130° 130° 135° 135 115° 105* |
{ ! !

29 -8 .4 -) «7 .8
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The 1ocal wind-generated wave conditions for the

anchorage area, identified as Points 1, 2 and 3, are
given in Table 2-3. The fetch lengths are specifically
for points 1, 2 and 3. All heights refer tao the
significant wave height (average of the highest 1/3
waves). Enter the local wind speed and direction in this
table to obtain the minimum duration in hours required to
develop the indicated +fetch 1limited sea height and
pericd. The {ime to reach fetch limited height is based
on an initial flat ocean. When starting from a pre-
existing wave height, the time to fetch limited height

will be shorter.

Table 2-3. Ibiza. Local wind waves for fetch limited
conditions at points 1, 2 and 3 (based on JONSWAP model).

Points 1, 2 %

o

Format: height (feet)/period (seconds)
time (hours) to reach fetch limited height

Direction LocaluWind
and\ Speed (kt)

Fetch
Length \ 18 24 30 3 42
S R R T b
i SW H <2 ft H 2/3-4 H 2-3/3%-4 H 3/3-4 i\ 3-4/3-4
PSS oami 34 i1 o 1-2 I
1 SSE v 2-2/4 v 3-4/4 ' 4/4-5 ! 5/93 ! &/5
i 15 n mi 2 : 2 : 2 ) 2 : 2

' ) |
e i P




Example:
To the south—southeast of Point 2 there is

about a 15 n mi fetch (Figure 2-2). Given a
south-southeast wind at 24 kt, the sea will have
reached 3 to 4 feet with a period of 4 seconds
within 2 hours. Wind waves will not grow beyond
this condition unless the wind speed increases

or the direction changes to one over a longer
fetch length. If the wind waves are superimposed
on deep water swell, the combined height may
change in response to changing swell conditions.
Wind wave directions are assumed to be the same
as the wind direction.

Climatological factors of shallow water waves, as

described by percent occurrence, average duration, and
period of maximum energy (periocd at which the most energy
is focused for a given height), are given in Table 2-4.
See Appendi» A for discussion of wave spectrum and energy
distribution. These data are provided by season for two
ranges of heights: greater than 3.3 ft (1 m) and greater

than &.6 ft (2 m).
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Table 2-4. Shallow water climatology as determined from deep
water wave propagation. Percent occurrence, average duration
or persistence, and wave period of maximum energy +for wave
height ranges of greater than 3.3 ft (1 m) and greater than
6.6 ft (2 m) by climatological season.

IBIZA POINT 1: ! WINTER | SPRING | SUMMER ! AUTUMN
H >3.3 £t (1 m) i NOV-APR ! MAY | JUN-SEP: ocT |
; Occurrence (%) ; 11 ; 9 ; 3 ; 13 %
; Average Duration (he) ; 17 ; 19 ; 14 ; 28 ;
; Period Max Energy(sec); ? ; ? ; 8 ; 9 ;
;_“M}é.b ft (2 m) ; NOV-APR ; MAY ; JUN—SEP; ocT ;
; Occurrence (%) ; 2 ; 0 ; 0 ; Q ;
; Average Duration t¢hr) ; 31 ; NA ; NA ; NA ;
; Period Max Energy(sec); 11 ; NA ; NA ; NA ;
iEIZA PDINT 2: ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
V3.3 Ft (f om) I _NOV-APR | MAY_ | JUN-SEP] oCcT !
; Occurrence (L) ; S ; 4 ; <<l ; 3 ;
; Average Duration (hr) ; 17 ; 12 ; & ; 10 ;
; Period Max Energy(sec); 10 : 10 ; 9 ; 9 ;
T See 2 m . NOV-APR : _MAY i JUN-SEP: _©OCT !
; Occurrence (%) ; << 1 ; (&) ; Q ; @) ;
; Average Duration (hr) ; 6 ; NA ; NA ; NA ;
; Period Max Energy(sec); 12 ; NA ; NA ; NA ;
ig;;ﬁweg;yl_§: ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
1 23.3 ¢t (1 m) i NDOV-APR | MAY | JUN-SEF! ocTt !
; Occurrence (%) ; 11 ; 9 ; 3 ; 13 ;
' ' ' : 1 )
; Average Duration (hr) ; 17 ; 18 ; 14 ; 27 ;
; Period Max Energy(sec); 9 ; 9 ; 8-9 ; 8-9 ;
! . ' ' ' :
>6.6 ft (2 m) { NOV=APR : __MAY | JUN-SEP: _C_)CT__;
: 1 ' ' : 1
; Occurrence L) ; 2 ; 0 ; 0 ; 0 ;
‘ ' ' ‘ ' '
; Average Duration (hr) ; 25 ; NA ; NA ; NA ;
; Period Max Energy(sec); 9 ; NA ; NA ; NA ;
: : : : } :
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WINTER

*

SFRING

*

*

SUMMER

#*

AUTUMN

NOTE:

¥*

(mid—-January thru March):

Mistral winds reach anchorage as NE 15-20 kt with
strong events attaining 35-40 kt (swell height
only 3 ft (1 m) due to refraction).

NW'ly winds: Cierzo winds from Ebro Valley (NE
Spain). Strong cccurrence possible with gusts to
70 kt recorded. (Usually occur last ten days of
December; may occur during January.)

SW'ly winds: may reach 25 kt. Caused by low
pressure systems passing thru Strait of Gibraltar
and moving northeast along east coast of Spain.

(April to mid-June):

Sea breeze: average velocity - 9 kt. Starts about
noon and lasts until sunset.

Thunderstorms possible.

{mid—June thru September):

Sea breeze: ? kt average velocity. Starts earlier

than spring (around 0800L) and lasts til sunset.

Thunderstorm season: mid-August thru September.

Very strong thunderstorms typically occur last

ten days of August.

- 5/8 sky covered with storm clouds (common).

- 1/5 inch (.5 cm) hail, wind gusts to 40 kt, and
5.9 inches (15 cm) of rain in a 36-hour period
have been recorded.

{October thru mid-January):

— -

Thunder storm seasan includes first ten days of

October.

NW'ly winds: Cierzo winds from Ebro Valley (NE
Spain). Strong occurrence possible with gusts to
70 kt recorded. (Usually occur last ten days of
December; may occur during January.)

SW'ly winds: may reach 22 kt. Caused by low
pressure systems passing thru Strait of Gibraltar
and moving northeast along east coast of Spain.

For more detailed information on hazardous weather
conditions, see previous Summary Table in this section
and Hazardous Weather Summary in Section 3.

y—-—
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3. GENERAL INFORMATION

This section is intended for fleet meteorolo-
gists/cceanographers and staff planners. Paragraph 3.5
provides a general discussion of hazards and Table 3-4
provides a summary of vessel locations/situations, poten—
tial hazards, effect-precautionary/evasive actions, and
advance indicators and other information about potential

hazards by season.

3.1 Geographic Lacatiaon

The Port of Ibiza is located at 38°54.8'N
001°26.7°E on the island of Ibiza in the Balearic Islands
(Figure 3I-1). Ibiza Island is approximately 80 n mi
east-southeast aof Valencia, Spain, and 44 n mi southwest

of Mallorca (the largest of the Balearic Islands).
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Figure 3-1. Western Mediterranean Sea.




The island of Ibiza is relatively small in size,

with approximate overall dimensions of 22 n mi northeast

(Figure

maximum

to southwest, and 10 n mi northwest to southeast
3-2). Island topography is rugged, with
elevations of 1,558 ft (475 m) existing near

southwest end of the island, and 1,342 ft (409 m)

the northeast end. The Port of lbiza is situated on the

southeast side of the island.

| |

NAUTICAL MILE SCALE
0 10 20 30 40 50
| — I W ) R S A J

T Cabo de Formentor

< &

T

MALLORCA

Punta de Paima
Cala Figuera

g AN

MmepITERRAN

3 >E
I L

-

4E

TN

Figure 3-2. Balearic Islands.
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The well-protected, small inner harbor of the
port of Ibiza (Figure 3I-3) is divided into two main
basins by two piers. A fuel pier extends southwest from
the northern side of the port, while Estacion Maritima
(Maritime Station) pier extends northeastward from the
southern side. The westernmast basin is used primarily
by small boats, ferries, and fishing boats. The eastern
basin is used by cruise ships, merchant vessels, tankers,
and island ferries. The northeast corner of the inner
harbor is protected by a law rock wall, and is used for
yachts and small crast only (FICEURLANT, 1987). The
inner harbor of the port is well protected on its south,
west, and north sides by land. Except faor a 230 yd
(229 m) wide entrance, the eastern side is protected by
two breakwaters.

One anchorage for small ships is located in the
inner harbor, but vessels with a draft of more than 20 ft
(6 m) are required to anchor outside the breakwater. The
holding quality aof the bottam aof sand, vegetable matter,
and mud is rated fair only. Anchorages for large vessels
and smaller ships on extended stays are located in the
outer harbor. Three locations are identified. Ranges

and bearings are in relation to Botafoch Light.

1 (WT-1) 38-54-21N 001-26-77E bearing 097° range 680 yd

2 (WT-2) 38-53-86N 001-24-73E bearing 057° range 980 yd

3 (WT-3) 3IB-53-63N 001-24-34E bearing 050° range 1,740 yd
anchorage WT-3 has the largest swing circle and best
protection for a 30-35 ft (9-11 m) draft ship. Holding
is rated gaod in a water depth of 10 fm (18 m)
(FICEURLANT, 1987).
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Gualitative Evaluation of the Port of lbiza as a Haven

The Port of Ibiza is protected from most strong
wind and resultant high wave conditions. The configura-
tion of the coastline on which Ibiza is located effec-
tively protects it from hazardous conditions which
smanate from the south clockwise to the northeast. U.S.
Navy ships do not berth in the inner harbor due to the
shallow depths, 23 ft (7 m), but instead anchor in one of
the designated anchorages as specified in section 3.1.

Although situated well south of the Gulf of Lion,
Ibiza experiences northeasterly Mistral winds about four
times each winter. Wind speeds are usually in the 15 to
20 kt range, but speeds of 30 toc 40 kt are possible.
Because the port is on the southeast side of the island,
waves which are generated by the Mistral wind must
refract clockwise around the east side of the island to
reach the anchorage as an easterly swell which is usually
less than 3 ft (about 1 m) high. Wind waves are not a
problem in the harbor during Mistral winds because of
lack of fetch. Consequently, Mistral impact is limited
primarily to hazards to small boat operations.

Southwesterly winds near 23 kt occur once or
twice per vyear. Their effect on the ocuter anchorage is
minimized because of the configuration of the bay and the
adjacent coast. The winds create very short period waves
within the confines of the inner harbor, however, which
raise a chop that can create hazardous conditions for

small boats at boat landings.

Currents and Tides

There are no currents which affe<t the harbor or
anchorage.

There 1is no astronomical tide at Ibiza, but the
water level in the harbor varies with wind direction by
as much as 16 inches (40 cm). Southerly winds cause a

rise in water level while northerly winds lower it. Rare
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occurrences of rapid water level changes due to changes
in wind direction have been observed. Only twice in 33
years has the water level varied by as much as 3 ft
(about 1 m). Damage to fenders and mooring lines

resulted when the relatively large variation occurred.

Visibility

Surface visibility at the Port of Ibiza is
normally greater than 7 n mi. About two or three times
each vyear, during the transition from winter to spring,
radiation fog will reduce visibility at the port to near
110 yd (100 m), but it is a late night/early morning

phenomenon, and usually burns off by 1100L.

Hazardous Conditions

The Port of 1Ibiza is sheltered from most
hazardous weather scenarios that affect the Balearic
Island regiony, but has limited vulnerability to some. A
seasonal summary of various known environmental hazards
that may be encountered in the Port of Ibiza follows.

A. Winter (mid-January through March)

Hazardous conditions during the winter season are
limited to three primary wind situations: Mistral winds
which reach Ibiza as northeasterlies, Cierzo winds which
infrequently reach Ibiza as strong northwesterlies, and
southwesterly winds. Records from Ibiza Airport indicate
that west is the opredominant wind direction during
January and February, with an average speed of 11-12 kt.
By March, over 38 percent of the wind is from the
southwest or west, with average speeds of about 9 kt.

Ibiza is located well south of tha Gulf of Lion.
Consequently, the Mistral winds which reach the island
about four times per year during the winter season only,
are not as strong as those experienced in the Gulf of
lLion. Additionally, because the port is situated on the
lee side of the island, Mistral wind force is commonly

reduced to 15-20 kt, although it occasionally reaches 30-
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40 kt. Associated waves must refract clockwise around
the east side of the island to reach the nort. As a
result, they are usually less than 3 ft (about 1 m) at
the outer anchorage.

The Port of Ibiza infrequently experiences strong
northwesterly winds. Although they usually occur during
the last few days of December, they may occur during
January. Isolated incidents have cauised gusts to 70 kt
at the Ibiza airport. They likely result from a Cierzo
situation as described by Reiter (19753). A Cierzo is the
Spanish term for the Mistral in the lower valleys of the
Ebro River in northeastern Spain, and occurs mainly
during autumn and early winter.

Southwesterly winds near 25 kt reach the port
area one or two times per year. They are associated with
low pressure systems which move through the Strait of
Gibraltar before moving northeast along the east coast of
Spain. Bay orientation and terrain minimize the effect
of the wind on the anchorage, but very short period waves
are created within the inner harbor. Although it is not
high, the resultant chop can be hazardous to berthed
ships and boat 1landings.

Thunderstorms occur an average of four times per
vyear. Some are possible during the winter to spring
transition period, but the strongest occurrences are
experienced in late August and September. Ibiza has a
drier climate than the other Balearic Islands; however,
rain is not uncommon. Southwesterly winds are usually
accompani ed by light precipitation, but specific
accumulation data are not available. Winter temperatures
are moderate, though specific temperature data are not
available.

B. BSpring (April to mid-June)

The early part of the spring season is a more or
less continuation of the winter weather regime.
Exceptions to the above include the cessation of Mistral
and Cierzo winds (they are winter events at Ibiza), and a

gradual warming of temperatures.




Southwesterly winds prevail during the season,
occurring about one-fourth of the time. Average wind
spends are generally less than 10 kt, though infrequent
nor thwesterly winds are slightly stronger. Strong
southwest wind events are possible early in the season.

A daily sea breeze becomes evident starting in
May. During May, the sea breeze usually starts about
noon and lasts until sunset. By June the start time
advances to O0800L. The sea breeze has an easterly
direction, with an average speed of about 9 kt.

Thunderstorms, which occur during the winter to
spring transition period, are possible through April.
Precipitation accompanying southwesterly winds continue
through May, after which rain becomes less common.

C. Summer (mid—June through September)

The summer season at Ibiza is warm and pleasant.
Strong winds and inclement weather are not commaon early
in the season. Easterly winds prevail (occurring 40% of
the time during July) because of the daily sea breeze.
Southwest is the second most common wind direction.

The summer to autumn thunderstorm season starts
in late August and continues through September. It is
during this period that the strongest thunderstorms of
the year occur. Very strong storms commonly occur during
the last ten days of August. During these periods, as
much as 5/8 of the celestial dome is often covered by
cumulonimbus clouds. Hail of 1/5 inch (0.5 cm) has been
recorded, as well as wind gusts to 40 kt. 0On one
occasion, over 5.9 inches (153 cm) of rain fell during a
36-hour period.

D. Autumn (October through mid-January)

The first ten days of October are included in the
summer to autumn thunderstorm season. Although the
strongest storms occur in August, strong storms are still
possible, along with attendant gusty winds, hail, and
rain showers.

Prevailing winds shift from easterly to westerly

after QOctober. The =sea breeze is still experienced




through October, but it starts later, about noon, than
during summer.

Strong gectthwesterly winds aid choppy wave
conditions in the inner harbor are possible when a low
pressure system passes through the Strait of Gibraltar
and moves northeastward along the east coast of Spain.
The winds are often accompanied by rain. Cierzo winds,
which occur when Mistral-type conditions occur over the
Ebro River Valley in northeastern Spain, can bring
infrequent episodes of strong northwesterly winds to the
Port of Ibiza.

PRy

3.6 Harbor Protection

} The Port oy Ibiza is protected from most
] hazardous situations. But as detailed below, there are
differences in the protection afforded to vessels in the
inner harbor and those in the anchorages outside the

breakwaters.

J.6.1 Wind and Weather

The port is well protected from waves generated
by various wind regimes, but is relatively exposed to the
infreguent strong winds. The anchorage in the inner
X harbor is vulnerable, and two anchors may be required in
winds to 50 kt. I1f 50 kt or stronger winds are expected,
ships should move from the inner harbor to the outer
anchorages, where holding quality of the bottom is better
and bay orientation and terrain minimize the effects of

the wind.

3.6.2 Waves

The inner harbor is well protected from ocean
waves by its protective breakwaters. The only
significant problem with waves in the inner harbor are
wind waves which are generated by strong southwesterly

winds. Though the fetch is short--less than 1/2 n mi-—a
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chop is raised in the harbor as the waves reflect off the
faces of piers and sea walls. The chop is sufficient to
create hazardous conditions for small boats at boat
landings.

The anchorages outside the breakwaters are
relatively exposed to waves from the southeast gquadrant,
but they are uncommon because large scale weather regimes
seldom cause strong southeasterly winds at Ibiza. The
anchorage does experience the 3 ft (about 1 m) swell that
Mistral winds propagate toc the anchorage, but no other
hazardous ocean waves are identified.

Table 3-1 provides the shallow water wave
conditions at the threc designated points when deep water

swell enters the harbor.

Example: Use of Table 3-1.

For a deep water wave condition of:
8 feet, 12 seconds, from 090°

The approximate shallow water wave conditions
are:

Point 1: 4-5 feet, 12 seconds, from 115°
Point 2: 4-5 feet, 12 seconds, from 110°
Point 3: 4-5 feet, 12 seconds, from 090"
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Table 3-1. Shallow water wave directions and relative height
conditions versus deep water period and direction (see Figure
3-3 for location of the points).

FORMAT: Shallow Water Direction
Wave Height Ratio: (Shallow Water /Deep Water)

IBIZA POINT 1: WT-1 Depth 45 ft

{ Period (sec) : (=) 8 10 12 14 16 1
i Deep Water : Shallow Water :
' Direction ' Direction and Height Ratio :
H 060°* ' o85°* 090° 115 155° 150° 155° |
! H .3 .3 .3 .3 .4 .4 :
! 090° ! 095° 115° 105° 115* 135° 115*
! : .8 .9 -6 .6 .6 .S :
: 120° ! 135° 145° 150° 140° 1285°¢ 130° |
H : .S .5 .5 -7 .9 .7 H
H 150° : 145 140° 135° 135° 115° 115° |
: " .8 - .4 - .7 7
IBIZA POINT 2: WT-2 Depth 75 ¢t B
i Period (sec) ‘ o) 8 10 12 14 16 ¢
i Deep Water ; Shallow Water '
' Direction : Direction and Height Ratio H
: 060° ! o8s* 090° 090°* 0%0° 093° 095° |
: : .3 .3 .3 .4 .9 <5 :
: 090*° : 095° 090° 100° 110° 117° 110°
: H .8 .9 .6 .6 .6 .5 '
! 120° ! 120° 120° 120" 120°* 110°®* 120°
! H 1.0 .8 .8 .7 .5 .6 :
' 150° H 150° 150° 135 135° 115° 115° !
i : .9 .8 .4 .6 .6 Y- :
IBIZA POINT 3: WT- Depth &0 ft

Period (sec) =) 8 10 i2 14 16

3
{ Deep Water : Shallow Water }
! Direction ) Direction and Height Ratio '
! 060°* : 08s5° 090° 075°* 090° 085° 090°* |}
: : .3 .3 .5 -4 -5 .5 f
: 090° : 090° 00° 090°* 090" 100* 115°* |
! : 1.0 .8 «7 .6 .6 .6 H
! 120° : 120° 130° 105°* 120 135° 125° |
' : .9 .8 .7 .8 .7 .9 H
! 150° : 150° 150° 135* 133* 115° 105° !

.9 .8 -4 -6 -7 -8
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Situation specific shallow water wave conditions
resulting from deep water wave propagation are given in
Table 3-1 while the seasonal climatology of wave con-
ditions in the harbor resulting from the propagation of
deep water waves into the harbor are given in Table 3-2.
If the actual ar forecast deep water wave conditions are
known, the expected conditions at the three specified
harbor areas can be determined from Table 3-1. The mean

duration of the condition, based on the shallow water

wave neights, can be obtained from Table 3-2.

Example: Use of Tables 3-1 and 3-2.

The forecast for wave conditions tomorrow
(winter case) outside the harbor are:

8 feet, 14 seconds, from 060°

Expected shallow water conditions and duration:

Point 1 Point 2 Point X
Height 3-4 feet 4 feet 4 feet
Period 14 seconds 14 seconds 14 seconds
Direction from 150° from 095° from 085°
Duration 17 hours 17 hours 17 hours

e em e o me e e mn am e o m n am

Interpretation of the information from Tables 3-2
and 3-3 provide guidance on the local wave conditions
expected tomorrow at the various harbor points. The
duration values are mean values for the specified height

range and season. Knowledge of the current synoptic

pattern and forecast/expected duration should be used

when avatilable.

Possible applications to small boat operations
are selection of the mother ship’'s anchorage point and/or
areas of small boat work. The condition duration infor-
mation provides insight as to how long before a change
can be expected. The 1local wave direction information
can be of use in selecting anchorage configuration and
related small boat operations, including tending

activities.
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Table 3-2.

water wave propagation.

or persistence,
height ranges of greater than 3.3 ft

and wave periaod of maximum
(1 m) and greater than

&.4 ft (2 m) by climatological season.

Shallow water climatology as determined from deep
Percent occurrence,

average duration

energy

for wave

IBIZA POINT 1: WT-1 i WINTER ! SPRING ! SUMMER ! AUTUMN |
: >3.3 £t (1 m) i _NOV-APR | MAY | JUN-SEP! ocT_ ¢
; Occurrence (%) ; S5 ; 4 ; << 1 ; 3 ;
; Average Dura’ ‘on ¢hr) ; 17 ; 12 E 1) E 10 ;
; Period Max Energy(sec); 10 ; 10 E ? E 9 ;
; >b. 6 ft (2 m) ; NOV-APR ; MAY ;<gyN-SEP; ocT ;
; Occurrence (%) ; << 1 ; &) E (o} ; 0 ;
; Average Duration ¢hr) ; -] ; NA ; NA E NA ;
; Periad Max Energy(sec); 12 ; NA ; NA ; NA ;
iBIZA POINT 2: WT-2 ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
! >3.3 ft (1 m) ! NOV-APR | MAY | JUN-SEPi acT ¢
; Occurrence (%) ; 11 ; 9 ; 3 ; 13 ;
; Average Duration <hr) ; 17 ; 18 ; 14 ; 27 ;
; Period Max Energy(sec); 9 ; 9 ; 8-9 ; 8-9 ;
; >b.6 ft (2 m) ; NOV-APR ; MAY ; JUN-SEP; ocT ;
; Occurrence (%) ; 2 ; (o} ; 0 ; o] ;
; Average Duration (hr) ; 25 ; NA ; NA ; NA ;
; Period Max Energy(sec); 9 ; NA ; NA ; NA ;
iBIZA POINT 3: WT-3 ; WINTER ; SPRING ; SUMMER ; AUTUMN ;
! 3.3 ft (1 m) i NOV-APR |} MAY |} JUN-SEP| ocT_ i
; Occurrence (%) ; 11 ; 9 ; 3 ; 13 ;
; Aver age Duration (hr) ; 17 ; 19 ; 14 ; 28 ;
; Period Max Energy(sec); 9 ; ? ; a8 ; <9 ;
; >6.6 £t (2 m) ; NOV-APR ; _ MAY ; JUN—SEP; DCI_V;
; Occurrence (%) ; 2 ; [¢] ; 0 ; (@) ;
; Average Duration (hr?} ; 31 ; NA ; NA ; NA ;
; Period Max Energy(sec); 11 ; NA ; NA ; NA ;

1

Table T-1.

Cont
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Local wind wave conditions are provided in Table 3-3 for
Ibiza Points 1, 2 and 3. The fetch lengths are specifically
for Points 1, 2 and 3. The time to reach the fetch limited
height assumes an initial flat ocean. With a pre-existing wave

height, the times are shorter.

Table 3-3. Ibiza. Local wind waves for fetch limited
conditions at Points 1, 2 and 3 (based on JONSWAP model).

-

Pgints 1, 2 * *.

Format: height (feet)/period (seconds)
time (hours) to reach fetch limited height

Direction Local Wind
and\ Speed (kt)

Fetch \

Length \ 18 24 30 36 42
1(n mi) v : } : : :
' SW v <2 ft Vo 2/3-4 | 2-3/3-4 | 3/3-4 i\ 3-4/3-4 |
P S n mi } } 1 H i H 1-2 : i :
' SSE v 2-3/4 ' 3-4/4 ! 4/4-3 S/5 : &/5 !
i 15 n mi 2 : 2 ) 2 : 2 H 2 H

Example: Small boat wave forecasts for Point 2 (based)
on the assumpt.on that swell is not a limiting
condition).

Forecast for Tomorrow:

Wind Waves
Time (Forecast) (Table 3-3)

prior to 0800 LST light and variable < 2 ft

0800 to 1200 SSE 16-20 kt 2-3 £t

1200 tao 2000 SSE 22-26 kt building to
3-4 £t at 4 sec
by 1300

Interpretation: Assuming that the limiting factor is
waves greater than 3 feet, small boat operations will
become marginal by 1200 and restricted by 1300.
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Combined wave heights are computed by finding the
square root of the sum of the squares of the wind wava
and swell heights. For example, if the wind waves were
3 ft and the swell 8 ft, the combined height would be
about 8.5 ft.

'/32+82=/9+ 64=J73 xB.5

Note that the increased height is relatively small. Even
if the two wave types were of equal height, the combined
heights are only 1.4 times the equal height. In cases
where one or the other heights are twice that of the
other, the combirned height will only increase over the
larger of the two by 1.12 times (10 ft swell and S +t

wind wave combined results in 11.2 ft height).

Wave Data Uses and Considerations

Local wind waves build up quite rapidly and also
decrease rapidly when winds subside. The period and,
therefore, length of wind waves is generally short rela-
tive to the period and length of waves propagated into
the harbor (see Appendix A). The shorter period and
length result in wind waves characterized by chaoppy
conditions. When wind waves are superimposed on deep
water waves propagated into shallow water, the waves can
become quite complex and confused. Under such condi-
tions, when more than one source of waves is influencing
a location, tending or joint operations can be hazardous
even if the individual wave train heights are not
significantly high. Vessels of various lengths may re-
spond with different motions to the diverse wave lengths
present. The information on wave peribds, provided in
the previous tables, should be considered when forecasts

are made for joint operations of various length vessels.
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Protective/Mitigating Measures

Sortie/Remain in Port

Because of the shallow depths, U.S. Navy ships do
not enter the inner harbor. Vessels that do moor in the
inner harbor should be able remain unless winds of 30 kt
or greater are forecast or occur. Additional mooring

lines may be required.

Moving tc a New Anchorage

Vessels that anchor in the inner harbor should be

able to remain in winds to S50 kt. Two anchors may be
required. If winds of 50 kt or greater are forecast or
occur, anchored vessels should move to the outer

anchorage where holding is better. Vessels in the outer
anchorage should not need tc move to a new anchorage

under any foreseeable circumstance.

Scheduling

Because the Port of Ibiza is not subject to many
hazardous weather events, scheduling problems are limited
to avoiding the strongest daily sea breezes during the
period May through October. If calm or near calm
conditions are required for an evolution, it should be
scheduled +for early morning or late evening. Afternoon
hours should be avoided. Major weather events, such as
strong southwesterly or northwesterly winds, are limited

to the autumn, winter, and spring seasons.

Local Indicators of Hazardous Weather Conditions

The Port of Ibiza has limited vulnerability to
hazardous weather, but it is prudent to be aware of
forthcoming weather events. The following guiaelines

have been extracted from various sources, including on-
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site interviews with 1local authorities. They are
intended to provide additional insight toc the Fleet
meteorologist, and enable him to recognize events that

portend changes in weather conditions.

Mistral

Nor theasterly Mistral winds reach the Ibiza
anchorage about four times each winter. Speeds are
usaally in the 15-20 kt range, but can reach 30-40 kt.
The following is an abbreviated 1list of Mistral
guidelines that apply to the Mediterranean area 1in
general (from Brody and Nestor, 1980). If a more
complete listing is desired, refer to the acccapanying
NEFRF Severe Weather Guides for Marseille or Toulon,
France.

1. Causes

The Mistral is the result of a combination of the
following factors:

(a) The basic circulation that creates a
pressure gradient from west to east along the coast of
soutnern  France. This pressure gradient 1is normally
associated with Genoa cyclogenesis.

(b) A fall wind effect caused by cold air
associated wit. the Mistral moving downslope as it
approaches the southern coast of France and thus
increasing the wind speed.

(c) AR jet effect wind increase caused by
the orographic configuration of the coastline. This
phenomenon is observed at the entrance to major mountain
gaps such as the Carcassone Gap, Rhone Valley, and
Durance Valley.

(d) A wind increase over the open water
resulting from the reduction in the braking effect of
surface friction (as compared to the braking effect ¢ -~
land).

2. Onset

(a) A Mistral generally sets in when a

surface front or trough passes Ferpignan (07747), or the
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500 mb trough passes B_rdeaux (07510). (Note: These two
events are expected to aoccur nearly simultaneously.)

(b) Mistral onset in the Gulf of Lion
occurs almost simultaneously with the formation of Genoa
lows.

(c) I+ a 500 mb trough extends from
central Europs southward over North Africa, a surface low
from Algeria may propagate northward, intensify in the
Gulf of Genoa, and initiate a Mistral.

(d) If a 5300 mb cut-off 1low forms over
northeast France and produces a northwesterly flow at
500 mb over the south coast, a Mistral may occur, even
though 500 mb wind speeds do not reach 50 kt and the jet
axis is located far to the west and south.

(e) The Mistral will start when any one

of three surface pressure differences is achieved
thighest pressure to the west): Perpignan - Marignane
(Marseille), 3 mb; Marignane - Nice, 3 mb; or Perpignan -

Nice, &6 mb. A difference usually occurs within 24 hours
after a closed Genoa low appears, but it occasionally
occurs earlier.

(f) Wave clouds, such as ochserved on
high-resolution Defense Meteorological Satellite Program
(DMSF) satellite imagery, are observed to form over the
Massif Central of southern France approximately &6 hours
before the start of a Mistral.

(g) bLus ta Croix Haute ((07587) will
provide a two to three hour advance notice of Mistral
onset. The wind speed will closely approximate the wind
speed in the Gulf. (Note: Usefulness of this station is
limited because it only reports every three hours.)

th) Orange (07579) gives a good three to
four hour warning of a gale force Mistral when winds at
this station increase to northwesterly 25 kt. Hourly
reports are available.

(1) It is possible to forecast the onset
of a Mistral in the Gulf of Lion by observing changes in
the normally strong afterncon sea breeze (east-socuth-

easterly) direction at Perpignan. I¥f the wind at this
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station shifts to northerly with speeds increasing to 25-
30 kt, and the temperature drops at least 3°F, a strong
Mistral (40-51 kt) will be blowing tn the Gulf of Lion
within six hours.

3. Intensity

(a) Strongest winds associated with a
Mistral do naot occur until after the passage of the
500 mb trough. This usually occurs well after the
sur face cold frontal passage.

(b) Satellite observations 1ndicating a
strong Mistral will exhibit the following features:
cloudy over France and clear over the water area south of
the 1,000 ft water depth contour; clear over the Gulf of
Lion except for a cloud mass, parallel to the coast,
lying 75~-130 n mi offshore; and/or wispy cloud streaks
extending from 315° to 360° into offshore clouds.

(c) Wave clouds extending from Sardinia
to Tunisia, viewed on satellite imagery, are generally
associated with gale force Mistral situations.

(d) Maximum Mistral winds occur when the
surface isobars are at an angle of 30° to the valleys of
either the Garonne, the Rh6ne, or the Durance, with low
pressure to the southeast.

(e) The information below can be used to
estimate wind speed associated with a Mistral in the Gul+f

of Lion.

Pressure Perpignan* (station Perpignan®* and Marignane##
Difference 07747) and Nice Marignane and Nice

(mb) {station 074990) (station Q7650)

3 30-35 kt 30-35 kt

4 40 40

= 45-50 45-30

6 30-35 kt

2] 40

10 45-50

* Highest pressure at Perpignan
## Highest pressure at Marignane




(f) A good indication of the intensity of
a Mistral in the Gulf of Lion can be aobtained by adding
10 kt to the wind speed reported by either Montpelier
(07643) or Istres (07647).

(g) If the 5S00 mb winds reported at
either Bordeaux (07310) or Brest (07110} are north-
westerliy at 65 ¥+ ~- greater, =storm {orce  wirds t -
indicated for the Gulf of Lion.

(h) Wind speeds over open water during a
Mistral will be approximately double those measured at
Perpignan or Marignane (Marseille) except in storm
conditions, when the ratio will be lower.

4. Duration

(a) A strong Mistral may last for as many
as twelve days without any important lulls. The mos*
fregquent length of an occurrence is about 3I 1/2 days
(Metearolaogqical Office, Air Ministry, 1962).

{b) The Mistral will cease when the
cyclonic regime at the surface gives way to an
anticyclonic regime. Indications of this change include:

(1) The 500 mb ridge beginning to
move over the Mistral area.

{(2) High pressure at the surface
begins to move into the western basin of the
Mediterranean.

(3) There 1s a change that
reduces the pressure difference between France and the
western basin.

S. Local Indicator -

The following guiog s> were related by local
authorities at the Port of Ibiza.
(a) Dolphin-shaped cirrus on the noarthern
horizon which are red at sunset is an indicator of a
Mistral beganning in eight to twelve hours.
(b) A Mistral will begin in 24 hours 1if
visibility becomes extremely good, with many stars
brightly visible at night, after the passage of a

rainstorm from the Iberian Peninsula. (Note: This
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guideline is similar to the one describea i~ 3.8.1.2(a),
except that the front has apparently passed Ibiza rather

than Perpignan, France.)

Southwesterly Winds

Southwesterly winds have minimal effect on the
anchorage, but a strong event can raise a hazardous chop
in the inner harbor. The following guidelines were
related by local authorities at the Port of Ibira.

1. If the water level 1s rising in the inner
harbor at sunrise, southwesterly winds and 1light rain
will occur during the day.

2. When northerly winds die at sunset, the wind

will be sautherly the following day.

Summary of Problems, Actions, and Indicators

Table 3-4 is intended to provide easy to use
seasonal references for meteorolagists on ships using the
Port of Ibiza. Table 2-1 (section 2) summarizes Table 3-

4 and is intended primarily for use by ship captains.
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Table

3I-4, Potential prable

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - FRECAU"

1. Aachered - inner harbor.

Nost coeson in Winter
Occurs 1a Spring &
putumn

Usually occurs during last
few days of calendar year.

2. Anchored - guter harber.

Winter only

Most common 1n Winter
Jccurs an Spring &
futumn

bsually occurs during last
tew days of calendar vear,

i. SW'ly winds/waves - Caused !-2 times ger
ear SK Tow pressure systess which pass
{hrouq Streit of Bidbralter and move NE along
£ Loase vt Sgain. kinds to 25 kt raise a sea

in inner harbor which creates a chop hazardous
ta moored vessels and boat landings.

b, NW'ly winds - Strong occurrences are
possible: 70 kt gusts gave been recorded

on 1sglated instances at airport. May be
taused bK Mistral-li1ke (1erzo tonditicns
during which strony winds flow seaward
throu?h tbro Valley in NE Spain, May <oliow
cold frontal passage.

3. Mstral winds/waves - Mistral winds reach
ancficrage as NE 15-20 kt, with unusvally
strong events attaining 19-30 kt, Attendan:
sweli must refract around E side of 1siand to
reach Fort so wave height i1s limited to [ ft
tabout ! @i, Major iepact is on sea.i beat
nperaticas,

b, SH'ly winds/waves - faused 1-2 times per
ear dy iow pressyre systems whiCh pass
through Strait cf Gibraltar and move NE ziong
£ coast 0f Spain, Wind velolily aay reach

25 kb, Configuration of naysterrain mirigice
effect at anchorage. Major effect 1s limiteg
ta wingd wave iapact or smei. boat cperatiors.

t. NW'ly winds - Strong occurrences are
possible: 7J kt gusts fave been recorded

on 1spiated instances at airport, Mav be
raused 3y Mistrai-iike [ierzo conditione
duriag whizh strorg winds flom seawars
through Ebro Valiey in NE Spain. Mev ‘oliw
coid ¢rontel passage.

. Although bottos quality is lac
cause anchor dragging. Boat runs

b. Anchor dragqxng 15 possibie
wind is expected to reach/exceeg
where holding 15 better,

3. The norsal 15-20 kt »inds have
but anchor dragging is possible 1
be required to avoid dragging, S
vessels, but small boat runs tos¢

b, Little effect, Wind waves esay
harbor.

t. Anchor dragging is possible, b
waves may cause interruptions in
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1 tue
___ 41 problem situations at Fort of Ibiza, Ibiza.
JARVE—'
ADVANCE INDICATORS AND OTHER INFORMATION
—§F FRECAUTIONARY/EVASIVE ACTIONS ABOUT POTENTIAL HAZARD
wing

Ccaé an

uality is lacking, wind strennth chonld ngt he suéficiont *g
g. boat runs to/fros anchorage may be cnrtailed,

Rent

 YES%Y, poscible. Deplaysert of 2 anchors eay be required. If

each/exceed 30 kt, vessels should wove to outer anchorage
er.

gnt e
:ivggp < winds have no significant effect on archored vessels,
nee g o possible 1f winds approach 35-40 kt. Two anchars aay
!

aragging. Swell waves should have no effect on anchored
at runs to/from 1nner harbor msay be curtailed.

tt sea:
Jnd waves say impact seall boat operations to/from inner

s, 5%l winds should e expected whenever a low pressure systea aoves through
the Strairt of Fibraltar and moves NE along the E coast ot Spain. Local
indicators of orthcoming SN winds inciude:

{11 If the water level 15 rising 1n the tnner harbor at sunrise, SW'ly
winds and light rain will occur during the day.

(2. When N'ly winds die at sunset, S'ly winds will occur the foilowing cay.

b, NW'ly winds should be expected whenever - strong Mistral situation 1
developing, Strong NK winds are ecst likely during the .ast ‘ew daye ot
Decesber.

3. The foiiowming 1s an abbre-tated iisting of tre many ?u:delznes avarlanie tnat
a:¢ :r forecasting the snset, intensity, and curation of Miciral events, Feler
to section 3.5.1 3¢ the accompanying text for a eare cosplete iisting.

(" (auses. Mistral winds resylt from a compination of severa. factors,
inciuding:
'3l AW te £ opressure gracient a}sng the ccast of S france,
Cold air moving dowrelape ‘toward the S coast of France,

.
tr A oet effect resulting from a1r aoving through gaps enc valleye [-
mountaing ~ear the coast.

id: A wind 1ncrease over open water due to 4 lessening of suréace

triction.
.21 Onset.
‘a. Mistrai orset in the buit of Lion occurs almost simuitarecusiv witt
the formaticn of low pressure centerc in the Sul¢ of Beroa.
b A Mpstral generailv sets in when @ surface front or trough pasces

Pergignan 07747 ar the TA4 et trough passes Bordeaws ((7EI0Y.

‘i The Mystral will start wheo ore of three curface pressuce
differences 15 achieveg: Perpignan - Marignane ‘Marserile:, 7 ebi Marigrare -
Nice, > ab; 2r Zerpignan - Nice t mb. A diéference usualiv accurs within 24 -r
after 3 ciosec 3enga Low appears, bub 1t cccasianally occurs suoner,

I intereity.

“a” Strongest winds associatec with @ Mictral go aot ocoor urtil adter
the nassage of the 300 ab trough,

(3' A ogood indication of che
cion ca” be obtained by adding 10 el to
Mortpelier (076AT) or lstres 576475,

4 Duration,

‘a he most fregquent iength ¢f & Mistral g 1€
Mist-al mav last ‘or [D days,

2 Tre Mistral wiii cease when e yzlon::

nteneity of 3 Mictra, 1a ‘tbe fulé ¢
the wird speed reportec by erther

dave, byt @ strong

TBLIME A% the cyurae

givee wav Lo ar acticyelenic regime.
T LocAi indicatars.
& "Tolphin-shapec zirrus on tne N Agrizon whic 376 -ed at sunced
s an sndicator of & Mistrai veguaring an §-1D ke,

£} A Mistral will btegin yp 24 tr o

aestiaty secomes evtrere,v 0207,
gerer tne fass2ie of

N
3 ra;rstore ‘rop the

wit» par, gtars visible at night,

Jseriar Feninsula,

b, SW'iy wirds should be expected whenever 2 jcw ;pressyre cvelem mQves tRrougt
the Strait of Gibraitar anc mcves NE along the € ccazt of Soaim. wntal

o+ forttcoming SWowings yngiuce:
the »aler leve! is rizing 17 tue inner harbor at suntise, SW o,

1rdicaters
1

T 4
Nincs and Light rain will ccour during the day.

1 i Ahen N'ly winds die at surset, S 1. winde wili gcour the felizwing dav
anchor:
boat gossible, but 2 anchors on gpod bottos should hold. Mind c. NNy winde shoulg te erperted wherever 2 sirorg Mislral citueticn s
Fuptions 1n seall boat operations to/from inner harbor, deveioping. Strong NK winds are mzst lpvel: during ‘e Lést few rave ¢
Tecenber.
b
]
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Table 3-

VESSEL
LOCATION/SITUATION

FOTENTIAL HAZARD

EFFECT — FRECAU

——

3, Arrivingideparting.
Winter only

Mcst coemon in Ninter
Jccurs an Spraing &
Autyan

Usually occurs guring last
few 5ays 0F calendar vear,

3. Mistral winds/waves - Mistral winds reach
Por{’(Erxnaery at oufer anchorage: as NE
15-20 té but an unusually stron? event mav
attain J5-4G kt. Attendant swell must
refract around £ side of 1siand to reach the
Port, so wave hex?ht 15 limated to I 4t
tabout | e:, Seali boat operations are
atfected. Minima, i1apact or inrer harbor,

b. SN ly mind/waves - (aused 1-7 times per
veaf Dy .ON freceure systess whizh pass
through Strait ot Gigraitar and scve M aicng
t coast of Spatn. Aind veiocity may reach

23 kt, Confrguration of bay'terrein mirieize
e<fect a* outer anchorage, but winds raise @
s8a in jnner harber whioh creates a chop
harardous to roored vessels a~¢c boat
landings.

C. NW iy mings - Strong ocourrences are
passibies /v kt gusts have bee~ recordes
onoisplated instances at airpart. Mav he
caused tv Mistral-like liezo corditicne
Suring which strong wirds 10w seawars
through chro vallev 17 NE Zpain, Ma. $ciicw
cold +rontal passage.

3. Inbound vessels should nat encc
drigginq 15 passible 1n strong eve
anchorage say be curtatled due to
be aware of probable increased wav

b. Inbound vesseis should not enco
Mooring/anchoring should be potert
to/from anchored vessels may not 5
waves/chop.,  Quthound units shoule
once iee of Ibiza and adiacent s,

t. [t wind 15 strong, tnbound unit:
Strong event can cause anchor grag
harbor, Two anchors may be requir
30 kt, vessels should not atteapt

should experience no diéficulty on
aware of probable increased wave h




ble 3-4. (Continued)

~y ~ e

HECAUTIONARY /EVASIVE ACTIONS

ADVANCE INDICATORS ANy OTHER INFORMATION
ABOUT POTENTIAL HAZARD

§10n4
.a?; nat encounter si?nificant probless near Ibiza  Anchor
abou'§rrong event. Seall boat operations to/fros outer

d due to I ¢t (about ! a) waves. Outbound units should
2ased wave heights once lee of Ibiza s lost.

ne ot encounter significant groblens near lbiza.

sit.e Jo possible without difficulty. Seall boat operations
ware v not be feasible yntil wind subsides due to xind
T F should be aware of probable increased wave heights

~* 1slands S of Ibiza is lost.

1i8 Q¢
espe- @00 units should delax arrival until 1t weakens.

¢ w:-Jor dragqing, especiaily on inferior bottom of inner
-hor -~ required. [f wind is expected to reach/exceed

> innc §.7eapt to anchor in the inner harbor. OQutbound units
; onc~guity once the imner harbor 1s cleared, but should be
wave heights once lee of Ibiza 15 laost,

a. ihe following 1s an abbreviated listing of the sany ?uxdelxnes avallable that
a1¢ :n forecasting the onset, intensity, and duration of Mistral ever*s, Refer
to section 3.8, of the accompanying text for a sore complete l:stlr?.
{10 fauses. Mistral winds resuit froe a combinat:ion or severa, ‘factors,
intiuding:
far R W tc € opressure gradient along the cogst of § Franca,

'8: Toid air moving downslope toward the 5 coast of France,

ic) A& et efdect resulting fros ai- moving through gaps and valiess i-
rountains near the cpast,

igr & wingd :ncrease aver open water due to a lessening of surfare
‘riction.

{2V [nset,

Tal Mistral onset i~ the Sul+ of Lion otcurs alaost simuitaneousiy with
the formation of low pressure certers in the Bulf of Genpa.

) A !1stra§ generally sets in when a surface ‘ront or trough casses
FPerpignan (G7747: gr the 500 ab trough passes Bordeaux (075101,

‘et The Mstral will star! when cne of three surface precsure
ditferences 1s achieved: Ferpigrar - Marigrane (Marserlie), T ab; Marignane -
Nice, I by or Perpignan - Nice & ab. A difference usuaily occurs withys 24 »r
after a3 closed Genoa _ow sppeare, but it occas:ionallv ccours sooner,

‘10 Intensity.

3t Strongest winds asscciated with a Mistral do rot occur ynta) after
the passege of the 500 ab trough.

0 A ogoof inditation o lhe irtensity of a Mistral in the Did o of
<107 Can Je obtaines by allir iUkt to the wing spzed reporied by mither
Montpelier {07047 or lstres ({7To47 .

‘4 Turatee-,

"aT The most frequert langth of g Mietral 1o 1.5 davs, LUt strang
Mistral say .ast ‘for 1Z gdays,

D The Mistral mil cease wher tre Cvcionic regime at the cuteace
3IveS wiv 0 ar antigvelonic regiee,

130 Local indicaters.

Ta: Toiphin-shaped cirrus on tte
te ar insitater of & Mistral beguanirg in

By A Mpstral wiilobegin or I
with many ctars visibie 2t n;qét.
verian Penitsula,

-12 hr,
roifovieitiiity secomes ertremely oo,
atter tne paisage of & ralnstore froe the

N horiocn whith are red at sunset
£-12

b. SW lv winds shouid be expected whenever @ lOw Dressure systes moves inrough
the Ztrait cf Gibraltar 379 moves NE aiong the £ coast of Spain,  Loral
ingicaters of farthcoming SWowinds nciude:

"Lt the water leve 15 rising 1t the irner narbor @t soorise, W Ly
wings anc [ight rain wiil octur during the fav

T When NUiv owings die @t sunset, T o1y wingg wiiloocur the foallowing day

LoNKTLy winds sholid be expectel whecever a strong Mistral situatior s
develaping. Strong NN mind:z are acst kel dooing tre last few davs of
Jecomer.

S U O
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Table 7-1%. Cont

VESSEL
LOCATION/SITUATION

FOTENTIAL MHAZARD

EFFECT - PRECAUTIONARY/E!

Winter oniv

| Nosr camacn in Winter
! fccurs 1o Spring &
; kotuen

dsuaily occurs guring last
‘ew d3-s 0t Caiendar year.

2. Mistra] winds/waves - Mistral wings reatch

the Port area as NE 13-20 &t
ctrong pvent may attain I3-4u ki,

Syt unusudLlY

fttendant

swell reaches 2uter anchorage with height of

ITft labout 1@ after redracting around
s1de ¢of iclanc,

b, SW iy mings/waves - Caused i-7 times
year Dv 0w pressur? systems which pasc
through Strait of Sioraltar and eove NE
[ toast of Sgaxn. Winds to 22 kt raise
in 1nner harbor which creates a hazardeu
chop at boat landings ang moored vessels

c. Nw'ly winds - Strong occurreaces are
possible: 70 kt qusts have teen recorze
on 1sclated instances at areport. Mav b
zaused bz Mistrai-itke Clerzo conditions
durxng which strong wirds flow seaward t
Ebro valiey 1n NE Spair. May follow col
trontal passage. WNincC waves/chop which
hazardous to small boat operations in in
and outer harbors may be raised.

-
c
c

cer

along
@ sed
H

¢
€

hrough
q

can he
ner

3. Waves may ca.Se lnterruptionscurtaiieent cvose
irner harbes anc outer archorajge.

5. Chop created By wing waves in 1aner "artgr aa
unsafe, Strong event mav raise a hararigus ses
ryns tojtroe the snrer harjor ant ancherer vesse.

t. Wind waves in cuter harbor may asre smai. Sog”
unsafe.
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—-- - MRY/EVASIVE ACTIONS

FMEEY

ADVANCE INDICATORS ~ND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

nt Gt smail boat operations tojfroa

PEp 4777 aav msake small beal operation
¢ 324 10 the outer anchorage, and make
\ vessels unsafe,

scat operation tgsfrom inper narbor

a. The folioming 15 an abbreviated iisting of the many quidelines avarladle
aid 1n forecasting the gnset, :intersity, ind furation of Mistral evests, R
to section 3,3.1 of the accompanying text for a more coeplete leting.

11} Causes. Mistra. winds es:?: srop g Comhination Ot several tacters,
including:
13" A W to £ ooressure gradrent along the coast of § “rance,
b Zcid air eoving Zownsicpe toward the 5 Zoast of France.
for 4 jet effect resuliing from arr ecving through gape and valleys i
mountaine near the cpasi.
i1i A wind i1ncrease over cpen water due t0 3 lessering of surrece

trictien,
2} Cnset,

[aV Mistral caset :r *he Fgi+ ¢ Lion cccurs ajmest siauitanecos.y with
the formation 24 low pressure centers 15 the Gu.+ of Renna.

i) & Mistra. generali, setc 1n when 2 surface fromt or trough rasses
Ferpigran U7747: or the 300 ey trough passes Borgeaw- (U73100.

o0 The Mistral will ctart when one cf three surface pressure
Jitserences 15 achieved: Ferpigran - Marignane :Marseiiler, I ab; Marignane -
Nice, J abj or Ferpignan - Nice ¢ ab, # difference usueliv occurs withis 4 hr
atter a glosed Genca .ow appears, hut it orcasianally occuo comner,

130 Intensity.

Tai Strongest winds asscrietec with @ Mistral g0 not oicur untiloafler
the passage of the 300 ab ‘trougn,

'ty A good ingication of tre intersity of a Mistrai 10 the Buif af
<100 Can e obtained by adding [v xt to the wind speed reported oy either
¥ontpelier (076471 cr stres (747!,

‘41 Juratior,

‘al The most ‘requent lengtr of a Mistral 1c 3.9 days, but a strong
Mistral mayv last for LD davs,

b+ The Mistral will cease wher the ZyZioric regime at the surface
gives wdy t0 an anticyionic regise,

(80 Lotal indicators,

Tar DOJpﬁxn:EFEPed cirrus o0 the N horizon which are red at sunset
is ar indicator of @ Mistra, beqirning 10 B-17 hr,

5 A Mistral wild begxn it o4 hroad vasibiitty tecoees extremeiv 5004,
with many stars visidie at might, after the rassage of a rainstore from the
iberian Penirsyla,

5. SW lv wincs shoulg be expectec whenever a |
the Stra:t of §ibraitar anc soves NE aiong the
trdicaters cf forihcoring SW winds inciuge:

i10 14 tne water level 15 rising 1n the inner hartor at sunrise, Sw ly
vinds and f1ght raia will occur duritg the day.

~

b When N'lv winds die at sunset, § iy winds wiil occur the f2ilowing dav.

oW pressure systee eove
t coact of Spain. Lot

¢, NW'iy winde should be erpected whenever a strong Mictral situation is
develcping.  Strong NE winds are most likely Suring the lact few days of
[ecenber,




Bt e ar x e oo ol g

<
R e e ™

- i n

- A

PRI W

REFERENCES

Brody, L.R. and M.J.R. Nestor, 1980: Regiona

(]

Forecasting  Aids _ for the  Mediterranean  Basin

NAVENVFREDRSCHFAC Technical Report TR 80-10. Naval

-

Environmental Prediction Research Facility, Monterey,

California 93941.

FICEURLANT, 1987: Port Directory for Ibiza (1984),

Balearic Islands.. Fleet Intelligence Center Europe and

Atlantic, Norfolk, Virginia.

Meteorological Office, Air Ministry, 1962: Weather in_ the

Medi terranean, Volume 1, General Meteorology. Her

Majesty 's Stationery Office, London.

Reiter, E.R., 1975: Handbook +for Forecasters in the

Medi tertranean. Environmental Prediction Research

Facility, Naval Postgraduate School, Monterey, California
3941

PORT VISIT INFORMATION

MAY 1987. NEPRF meteorologists D. Perryman and R. Miller
met with the Port Captain, Chief Pilot and Spanish
Meteorologist to obtain much of the information used in

this port evaluation.




>

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.O. Pub. Na. 603, Practical Methods for (Observing and
Forecasting Ocean Waves (Pierson, Neumann, and James,
195S). 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 model was developed
from measurements of wind wave growth over the North Sea
in 1973. The JONSWAP model is considered mor e
appropriate for an enclosed sea where residual wave
activity i1s minimal and the onset and end of locally
forced wind events occur rapidly (Thornton, 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 represeniative 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 Pierson
19466) . The P-M model refined the original spectra of
H.0. 603, which over developed wave heights.

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

ocean where some residual wave action is generally always




present. This slower wave development 1s a built i1n bias
in the formulation of the JONSWAP model which is based on

data collected 1n an enclosed sea.

Definitions

Waves that are being generated by local winds are
called "SEA". Waves that have traveled out of the gener-
ating area are known as "SWELL". Seas are chaotic in
period, height and direction while swell approaches a
simple sine wave pattern as its distance from the gener-—
ating area increases. An 1n-between state exists for a
few hundred miles outside the generating area and 1s a
condition that reflects parts of both of the above defi-
nitions. In the Mediterranean area, hezause its (etches
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. PERIOD and WAVE LENGTH refer to

the time between passage of, and distances between, two
successive crests on the sea surface. The FRERUENCY is
the reciprocal of the period (f = 1/7) therefore as the
period increases the frequency decreases. Waves result
from the transfer of energy from the wind to the sea
surface. The area over 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 on 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

Wave characteristics are best described by means
of their range of frequencies and directions or their
spectrum and the shape of the spectrum. 14+ the spectrum
of the waves covers a wide range of frequencies and
directions <(known as short-crestad conditions), SEA
conditions prevatl. If the spectrum covers a narrow
range of frequencies and directions (long crested
conditions), SWELL conditions prevail. The wave spectrum
depends on 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 development, each spectrum has a band
of frequencies where most of the total energy 1is
concentrated. As the wind speed increases the range of
significart froguencies extends mere and more toward
lower frequencies (longer periods). The frequency of
maximum energy 1is given in equation 1.1 where v 1s the

wind speed in knots.

= 2.476 (1.1)
v

"m’u

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%Z of the upper frequencies and 3% of the lower

frequencies can be cut-off and only the remaining



frequencies are considered as the "significant part of

the wave spectrum'. The resulting range of significant

frequencies or periods are used in 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 1is period 1in
seconds. The approximate average wave length in a fully

arisen sea is given by equation (1.3).

L = 3.41 T= (1.3
Where L is average wave length 1n feet and T is average

period in seconds.

The approximate average wave length of a fully arisen sea

can alsoc be expressed as:

L = .67"L" (1.4)

where "L" = 5.12T7%, the wave length for the classic sine

wave,

Fully Arisen Sea Conditions

For each wind speed there are minimum <fetch (n
mi1) and duration (hr) values required for a fully arisen
sea to exist. Table A-1 lists minimum fetch and duration
values for selected wind speeds, values o0f significant
wave (average of the highest 1/3 waves) period 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




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 Model.

v Wand ! Minimum i Sig Wave (H1/3) | Wave Length (ft)?*-=]
» Speed ! Fetch/Duration ! Period/Height ! Developing/Fully H
(k) Vonomi) (hrs) } (sec) (ft) H /Arisen |
: : ) VL X (.S /L X (,&67) 1
' 10 28 / 4 ' 4 / 2 ; 41 / 55 '
! 15 ! 35 / ) H & /7 4 ' S22 / 123 H
' 20 110 7/ 8 H 8 / 8 : 164 / 220 :
! 25 160 /7 11 ! ® s/ 12 ! 208 / 278 ]
J 30 1 210 7/ 13 ! 11/ 16 J 310 / 4185 :
' 35 + 310/ 15 ; 13 /7 22 ! 433 / 580 :
: 40 | 410 / 17 ! 15 7/ 30 876 / 772 !
NOTES:

a

M

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 mocdified,.

For the classic sine wave the wave length (L) equals
5.12 times the period (T) squared (L = 5.12T=). As
waves develap 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 develcoped waves which in turn are
less than the 1length of the resulting swell. The
factor of .5 (developing) and .6&7 (fully developed)
reflect this relationship.




Wave Conditions Within The Fetch Region

Waves produced by local winds are referred to as
SEA. In harbors the local sea or wind waves may create
hazargous conditions <for certain operations. Generally
within harbors the fetch lengths will be short and
therefore the growth of local wind waves will be fetch
limited. This implies that there are locally determined
upper limits of wave height and period for each wind
velocity. Significant changes in speed or direction will
result in generation of a new wave group with a new set
of height and period limits. Once a fetch limited sea
reaches 1ts upper limits no further growth will occur

unless the wind speed increases.

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

A-2 information are:

1) If the only waves 1in 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.

3) Given a wind speed over a known fetch length
the maximum significant wave conditions and
time needed to reach this condition can be
determined.



y

v

.

. —

[ . 2

Table A-2. Fetch Limited Wind Wave Conditions and Time
Required to Reacy These Limits (Based on JONSWAP Mopdel).
Enter the table with wind speed and fetch length to de-
termine the significant wave height and period, and time
duration needed for wind waves to reach these limiting
factors. All of the fetch/speed combinations are fetch
limited except the 100 n mi1 fetch and 18 kt speed.

Format: height (feet)/period (seconds)
duration required (hours)

i Fetch \ Wind Speed (kt) :
' _Length 18 ; 24 : 30 ; 36 : 42 :
i (n mi) i ) : . '
H 10 : 2/3-4 | 3/3-4 3-4/4 : /4-5 | 5/5 :
: o 1-2 ; 2 : ? ! 1-2 ! 1-2 '.
; 20 : 3/4-5 4/4-35 5/5 ] 6/5~6 | 7/95-6 |
' : 2=-3 : 3 ] 3 : 3-4 : 3 '
: 30 i 3—-4/5 ; S/5-6 ! &/6 H 776 ' 8/6-7 |
) ; 3 ; 4 ' 3-4 : 3-4 : 3 '
; 40 i 4-5/5-6 ! S/6 , 6~7/6-7 | 8/7 v 9-10/7-8 |
' ; 4-5 ; 4 : 4 ; 4 : 3-4 ;
: 100 : S/6-73 : 9/8 : 1179 i 13/9 i 15-16/9-10.
) : 5-6 i 8 i 7 : 7 i 7 :

1

1B kt winds are not fetch limited over a 100 n mi fetch.

An example of expected wave conditions based on Tahle A-2 faollows:

WIND FORECAST OR CONDITION
An offshore wind of about 24 kt with a fetch limit of 20

n mi {(ship i1s 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. If 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
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Wave Climatol ogy

The wave climatology used in these harbor studies
is based on 11 years of Mediterranean SOWM output. The
MED-SOWM is discussed i1n Volume II of the U.S. Naval

Oceanagraphy Command Numerical Environmental Products

Manual (1986). A deep water MED-SOWM grid point was
selected as representative of the deep water wave
ceonditions 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 modified
deep water wave conditions. This climatoclogy does not
include the local wind generated seas. This omission, by
design, 1s accounted for by removing all wave data for
periods less than 6 seconds in the climatology. These
shorter period waves are typically dominated by locally

SEries aLgu Wiile waves,

Propaaation of Deep Water Swell Into Shallow Water Areas

When deep water swell moves 1nto shallow water
the wave patterne are modivied, 1.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
toc 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 avalilable for this study and, furthermore, thecy
are considered less significant in 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-B




conditions were first obtained from the Navy 's
operational MED-SOWM wave model. The bathymetry for the
harbor/area of interest was extracted from available
charts and digitized for computer use. Figure A-1 1s 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 or 4 directinne (at 30° increments) and 3 or
& periods (at 2 second i1ntervals) of concern for eachH
area of study. This results 1n 15 to 24 plots per
area/harbor. To reduce this to a manageable format +for
quick reference, specific locations within eact study
area were selected and the information was summarized and
is presented in the specific harbor studies 1in tabul ar

form.
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Figure A-1. Example plot of bathymetry (Naples harbor) as used in this
project. For plotting purposas 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 addressed in the harbor study.

;
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ANNAPOLIS, MD 21402

NAVAL POSTGRADUATE SCHOOL
OCEANQGRAPHY DEPT.
MONTEREY, CA 93943-5000

COMMANDER

NAVAL SAFETY CENTER
NAVAL AIR STATION
NORFOLK, VA 23511

COMMANDER

NAVSURFWEACEN, CODE R42

DR. B. KATZ, WHITE OAKS LAB
SILVER SPRING, MD 20903-5000

USAFETAC/TS
SCOTT AF8, 1L 62225

COMMANDING OFFICER

U.S. ARMY RESEARCH OFFICE

ATTN: GEQPHYSICS DIV.

P.0. BOX 12211

RESEARCH TRIANGLE PARK, NC
27709
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COMMANDER

COASTAL ENGINEERING RSCH CEN
K INGMAN BLDG.

FT. BELVOIR, VA 22060

DIRECTOR, ENV. & LIFE SCI.
OFFICE OF UNDERSECRETARY OF
DEFENSE FOR RSCH & ENG E&LS
RM. 30129, THE PENTAGON
WASHINGTON, DC 20505

COMMANDANT

DEFENSE LOGISTICS STUDIES
INFORMATION EXCHANGE

ARMY LOGISTICS MANAGEMENT
CENTER

FORT LEE, VA 23801

COMMANDING OFFICER
USCG RESTRACEN
YORKTOWN, VA 23690

FEDERAL COORD. FOR METEOQRO.
SERVS. & SUP. RSCH. (OFCM)
11426 ROCKVILLE PIKE

SUITE 300

ROCKYVILLE, MD 20852

NOAA RSCH FACILITIES CENTER
P.3. BOX 520197
MIAMT, FL 33152

HEAD

OFFICE OF OCEANO. & LIMNOLOGY
SMITHSONIAN INSTITUTION
WASHINGTON, DC 20560

SCTENCE APPLICATIONS
INTERNATIONAL CORP. (SAIC)

205 MONTECITO AVE.

MONTEREY, CA 93940

DIRECTOR

LIBRARY, TECH. INFO. CEN.
ARMY ENG. WATERWAYS STN.
VICKSBURG, MS 39180

CENTRAL INTELLIGENCE AGENCY
ATTN: OCR STANDARD DIST.
WASHINGTON, DC 20505

COMMANDANT
U.S. COAST GUARD
WASHINGTON, DC 20226

CCMMANDING QFFICER
USCG RSCH & DEV. CENTER
GROTON, CT 06340

NATIONAL CLIMATIC CENTER
ATTN: L. PRESTON 0542%2
FEDERAL BLDG. - LIBRARY
ASHEVILLE, NC 28801

DTRECTOR

ATLANTIC MARINE CENTER

COAST & GEODETIC SURVEY, NOAA
439 W. YORK ST.

NORFOLK, VA 23510

SCRIPPS INSTITUTION OF
OCEANOGRAPHY , L IBRARY
DOCUMENTS/REPORTS SECTION

LA JOLLA, CA 92037

OCEANRQUTES, INC.
680 W. MAUDE AVE.
SUNNYVALE, CA 94086-3518

Dist-5

DIRECTOR (12)

DEFENSE TECH. INFORMATION
CENTER, CAMERON STATION

ALEXANDRIA, VA 22314

DIRECTOR, TECH. INFORMATION
DEFENSE ADV. RSCH PROJECTS
1400 WILSON BLVD.
ARLINGTON, VA 22209

CHIEF, MARINE SCI. SECTION
U.S. COAST GUARD ACADEMY
NEW LONDON, CT 06320

OCEANOGRAPHIC SERVICES DIv.
NOAA

€010 EXECUTIVE 3LVD.
ROCKVILLE, MD 20852

DIRECTOR

NATIONAL QCEANO. DATA CENTER
E/0C23, NOAA

WASHINGTON, DC 20235

CHIEF, INTERNATIONAL AFFAIRS
NATICNAL WEATHER SERVICE
8060 13TH STREET

SILVER SPRING, MD 20910

WO0DS HOLE QCEANO. INST.
DOCUMENT LIBRARY L0-206
WO0DS HOLE, MA 02543

MR. W. G. SCHRAMM/WWW

WORLD METEOROLOGICAL
ORGANTZATION

CASE POSTALE #5, CH-1211

GENEVA, SWITZERLAND
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DIRECTOR, INSTITUTE OF
PHYSICAL OCEANOGRAPHY

HARALOSGADE 5

2200 COPENHAGEN N.

DENMARK

MINISTRY OF DEFENCE
NAVY OEPARTMENT
ADMIRALTY RESEARCH LAB
TEDDINGTON, MIDDX
ENGLAND

METEOROLOGIE NATIONALE
SMM/DOCUMENTATION

2, AVENUE RAPP

75340 PARIS CEQEX 07
FRANCE

OIRECTION DE LA METEOROLOGIE
ATTN: J. DETTWILLER, MN/RE
77 RUE DE SEVRES

92106 BOULOGNE-BILLANCOURT
CEDEX, FRANCE

INSTITUT FUR MEERESKUNDE DER
UNIVERSITAT HAMBURG

HE IMHUDERSTRASSE 71

2000 HAMBURG 13

FEDERAL REPUBLIC OF GERMANY

CONSIGLIO NAZIONALE DELLE
RICERCHE

[STITUTO TALASSOGRAFICO DI
TRIESTE, VIALE R. GESSI 2

34123 TRIESTE, ITALY

DIRECTOR OF NAVAL
OCEANO. & METEOROLOGY
MINISTRY OF DEFENCE
OLD WAR QOFFICE BLDG.
LONDON, S.W.l. ENGLAND

COMMANDER [N CHIEF FLEET
ATTN: STAFF METEOROLOGIST &

OCEANOGRAPHY OFFICER
NORTHWOOD, MIDDLESEX HA6 3HP
ENGLAND

SERVICE HYDROGRAPHIQUE €T
OCEANOGRAPHIQUE DE LA MARINE
ESTABLISSEMENT PRINCIPAL

RUE DU CHATELLIER, B8.P. 426
29275 - BREST CEDEX, FRANCE

OZEANOGRAPKISCHE
FORSCHUNGSANTALT BUNDESWEHR
LORNSENSTRASSE 7, KIEL
FEDERAL REPUBLIC OF GERMANY

DIRECTOR, DEUTSCHES
HYDROGRAPHISCHES INSTITUT
TAUSCHSTELLE, POSTFACH 220
02000 HAMBURG 4

FEDERAL REPUBLIC OF GERMANY

DIRECTOR, SACLANT ASW
RESEARCH CENTRE

VIALE SAN BARTOLOMEQ, 400

1-19026 LA SPEZIA, ITALY

Dist-6

THE BRITISH LIBKARY

SCIENCE REFERENCE LIBRARY (A)
25 SOUTHAMPTON BLDGS.
CHANCERY LANE

LONDON WC2A 1AW

LIBRARY, INSTITUTE OF
QCEANOGRAPHIC SCIENCES

ATTN: DIRECTOR

WORMLEY, GODALMING

SURRY GU8 SUB, ENGLAND

METEOROLOGIE NATIONALE
1 QUAT BRANLY

75, PARIS (7)

FRANCE

INSTITUT FUR MEERESKUNDE

AN DER UNIVERSITAT KIEL
QUSTERNBROOKER WEG 20

23 KIEL

FEDERAL REPUBLIC OF GERMANY

ISTITUTQ UNIVERSITARIQ NAVALE
FACILTA DI SCIENZE NAUTICHE
ISTITUTO DI METEQOROLNGIA ¢
OCEANOGRAFIA, 80133 NAPOL! -
VIA AMM, ACTON, 38 [TALY




