UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Ta. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED
.!. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION/ AVAILABILITY CF REPORT
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for public release;
) distribution is unlimited.
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
TR 88-09
6a. NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
1. NAVENVPREDRSCHFAC (If applicable)
2. Science Applics Intnl Corp
J 6¢c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

1. Monterey, CA 93943-5006
2. Monterey, CA 93940

8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 1 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGanizaTioNn  Commander, (If applicable)
Naval Oceanography Command N00228-84-D-3187
8¢. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
. PROGRAM PROJECT TASK WORK UNIT
Stennis Space Center, MS 39529-5000 ELEMENT NO. | NO. NO. ACCESSION NO.
DN656794

11. TITLE (Include Security Classification)

Severe Weather Guide - Mediterranean Ports - 25. Valencia (U)

o UG LU Vs Perryman, Dennis C. (NAVENVPREDRSCHFAC)
.a. TYPE OF.REPORT 13b. TIME COVERED 14. DATE QF REPORT (Year, Month, Day) [15. PAGE COUNT
Final FROM 9/13@ 10 3/28/88 1988, August

16. SUPPLEMENTARY NOTATION
Funding source: 0&M,N-1

17 COSAT!I CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Storm haven Mediterranean meteorology
04 02 Valencia port Mediterranean oceanography

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

This handbook for the port of Valencia, one in a series of severe weather guides for
Mediterranean ports, provides decision-making guidance for ship captains whose vessels
are threatened by actual or forecast strong winds, high seas, restricted visibility or
thunderstorms in the port vicinity. Causes and effects of such hazardous conditions
are discussed. Precautionary or evasive actions are suggested for various vessel
situations. The handbook is organized in four sections for ready reference: general
guidance on handbook content and use; a quick-look captain's summary; a more detailed

review of general information on environmental conditions; and an appendix that provides
oceanographic information.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
(X] UNCLASSIFIED/UNUIMITED [ SAME AS RPT CJ oTiIC USERS UNCLASSIFIED
a NAME OF RESPONSIBLE INDIVIDUAL Zib. TELEPHONE (include Area Code) | 22¢. OFFICE SYMBOL
Perryman, Dennis C. 408) 647-4709 0&M,N-1

DD FORM 1473, 34 maR 83 APR edition may be used untif exhausted. SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete.

UNCLASSIFIED



AR Y . Y
F DN e B



aaval Environmental Prediction Research Facility

onterey, CA 93943-5008

Techmcal Reportl/a.as 09 éAugust 1988

 SEVERE WEATHER GUIDE; -

tMEDITERRANl:AN PORTS.

=
{
¢
bty

el

f
N




QUALIFIED REQUESTORS MAY OBTAIN ADDITIONAL COPIES
FROM THE DEFENSE TECHNICAL INFORMATION CENTER.
ALL OTHERS SHOULD APPLY TO THE NATIONAL TECHNICAL
INFORMATION SERVICE.




CONTENTS
FOBeWoORdnn o s il for oo los 5 ol i wnldes T e i ean vo Wonlh Mmoo s

PREEENE] 2 e bl o B & 8 o & ollec B . RS o2 o . B A
Record of iCRAMEPES . < « « « & s 2 % = = @ = = = = = = =

1. GENERAL GUIDANCE . . . & & & ¢ o o o o o o o o o o

1.1 Design . v v v 4 4 ¢ v v e e 4 e v e e e e e
1.1.1 Objectives . . . . . . . v v v 4« 4 e o .
1.1.2 Bpproach .« « « « « « & o @ @ 0 o e . &
1.9.3 Organiz@btdon . . . « o « o « o % « 5 o

1.2 Contents of Specific Harbor Studies . . . . . .

2. Captain’s Summary . . . . . . . ... ... ...

3. GENERAL INFORMATION . ©v v v v 2 o o o o o o o o o u.
3.1 Geographic Location . . . . . . . . . . . . . .
3.2 Qualitative Evaluation of the Port of Valencia .
3.3 Currents and Tides . . . . v v ¢ o o o o o o o .
34, WichhBiilllly - « o c 0 o o m = m B oW e D e o e 4
3.5 Wind and Weather SIEID B i = =R S e

B3eDed | FeWaANte & i 6 owe e e e 20l e e we e s e

3.5.2 Vendaval . . . ¢ v v & 4 o o o o o o o .

3.5.3 Pomiemte . . . . . i 4 4 e o o e o oe e

3.5.4 Mistoal « © . « ¢« o e @ b ot oo o.w e

3.5.5 Sea Breeze . . . v v v 4 4 e e o e o o u. ..

3.6 Seasonal Summary of Hazardous Weather Conditions

3.7 Local Indicators of Hazardous Weather Conditions

3.8 Protective and Mitigating Measures . . . . . . .

3.9 Summary of Problems and Actions . . . . . . . .
References of WY e ol Gl B dte e ek U R o i e e mer e

Appendix A -- General Purpose Oceanographic Information



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 local winds can cause
dangerous operating conditions. This handbook will provide the
ship’s captain with assistance in making decisions regarding the
disposition of his ship when heavy winds and seas are encountered
or forecast at various port locations.

Readers are wurged 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

ELEEC



PORT INDEX

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

1988 NO. PORT 1990 PORT
1 GAETA, ITALY TARANTO, ITALY
2 NAPLES, ITALY ROTA, SPAIN
3 CATANIA, ITALY SOUDA BAY, CRETE
4 AUGUSTA BAY, ITALY PORT SAID, EGYPT
5 CAGLIARI, ITALY ALEXANDRIA, EGYPT
6 LA MADDALENA, ITALY ALGIERS, ALGERIA
7 MARSEILLE, FRANCE TUNIS, TUNISIA
8 TOULON, FRANCE GULF HAMMAMET, TUNISIA
9 VILLEFRANCHE, FRANCE GULF OF GABES, TUNISIA

10 MALAGA, SPAIN
11 NICE, FRANCE

12 CANNES, FRANCE 1991 PORT
13 MONACO = e -
14 ASHDOD, ISRAEL PIRAEUS, GREECE
15 HAIFA, ISRAEL KALAMATA, GREECE
16 BARCELONA, SPAIN THESSALONIKI, GREECE
17 PALMA, SPAIN CORFU, GREECE
18 IBIZA, SPAIN KITHIRA, GREECE
19 POLLENSA BAY, SPAIN VALETTA, MALTA
20 LIVORNO, ITALY LARNACA, CYPRUS
21 LA SPEZIA, ITALY
22 VENICE, ITALY 1992 PORT
23 TRIESTE, ITALY =  ==——ecceeececccecc—cccce— oo
24 CARTAGENA, SPAIN ANTALYA, TURKEY
25 VALENCIA, SPAIN ISKENDERUN, TURKEY
IZMIR, TURKEY
1989 PORT GOLCUK, TURKEY
-------------------------------- ISTANBUL, TURKEY
SAN REMO, ITALY GULF OF SOLLUM
GENOA, ITALY SPLIT, YUGOSLAVIA
PALERMO, ITALY DUBROVNIK, YUGOSLAVIA

MESSINA, ITALY
TAORMINA, ITALY
PORTO TORRES, ITALY
BENIDORM, SPAIN
TANGIER, MOROCCO

iv




PREFACE

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

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

Because of the irregular coast line and numerous
islands in the Mediterranean, swell can be refracted
around such barriers and come from directions which vary
greatly with the wind. Anchored ships may experience
winds and seas from one direction and swell from a
different direction. These conditions can be extremely
hazardous for tendered vessels. Moderate to heavy swell
may also propagate outward in advance of a storm
resulting in uncomfortable and sometimes dangerous
conditions, especially during tending, refueling and
boating operations.

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

1.1

GENERAL GUIDANCE
DESIGN

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

1.1.1 Objectives

The basic objective is to provide ship captains
with a concise reference of hazards to ship activities
that are caused by environmental conditions in +various
Mediterranean harbors, and to offer suggestions for
precautionary and/or evasive actions. A secondary
objective 1is to provide adequate background information
on such hazards so that operational forecasters, or other
interested parties, can quickly gain the local knowledge
that is necessary to ensure high quality forecasts.

1.1.2 Approach

Information on harbor conditions and hazards 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 NEPRF
personnel; considerable information was
obtained through interviews with local
pilots, tug masters, etc; and local reference
material was obtained.

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



1.1.3 Organization

The Handbook contains two sections for each
harbor. The first section summarizes harbor conditions
and is intended for use as a quick reference by ship
captains, navigators, inport/at sea O0OOD’s, and other
interested personnel. This section contains:

A. a brief narrative summary of environmental

hazards,

B. a table display of vessel location/situation,

potential environmental hazard, effect-pre-

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

C. 1local wind wave conditions, and
D. tables depicting the wave conditions result-
ing from propagation of deep water swell into
the harbor.
The swell propagation information includes percent
occurrence, average duration, and the period of maximum
wave energy within height ranges of greater than 3.3 feet
and greater than 6.6 feet. The details on the generation
of sea and swell information are provided in Appendix A.

The second section contains additional details and
background information on seasonal hazardous conditions.
This section is directed to personnel who have a need for
additional insights on environmental hazards and related
weather events.

CONTENTS OF SPECIFIC HARBOR STUDIES

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

The contents are intended for use in both pre-
visit planning and in situ problem solving by either
mariners or environmentalists. Potential hazards related
to both weather and waves are addressed. The
oceanographic information includes some rather unique
information relating to deep water swell propagating into
harbor shallow water areas.




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

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

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

1-3




2. CAPTAIN’S SUMMARY

The city of Valencia is located on the western
edge of the Balearic Sea in the Golfo de Valencia. It is
situated on the northern side of a low-lying plain known
as the Huerte and is only 43 ft (13 m) above sea level
(Figure 2-1). The plain extends some 20 n mi southward
along the coast and about 100 n mi inland. The port is
situated on a section of east-facing coastline and,
therefore, is exposed to the wind regimes of the western

Mediterranean.
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Figure 2-1. Western Mediterranean Sea.



The Port of Valencia is located at 39° 27'N
0° 19'W (Figure 2-2). The entrance to the port faces
south-southeast; it is 853 ft (260 m) wide with a low
water depth of 49 ft (15 m). Entrance is made via the
dredged channel between the south breakwater and the
east breakwater (FICEURLANT, 1987).

/ //Z 0%15 o°w
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Figure 2-2. Gulf of Valencia.




Valencia has a medium-sized artificial harbor
containing an outer harbor, an inner harbor consisting
of three basins with berthing facilities for large
vessels, and a roadstead anchorage for large vessels
(Figure 2-3). The harbor is 1liable to silting;

continuous dredging is necessary to maintain depths.
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2 |
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Figure 2-3. Port of Valencia.



A 66 ft (20 m) deep anchorage is located 3/4
n mi east of the breakwater. Holding ground is of clay,
mud, sand, algae and shells and is considered very good.
This anchorage, however, is exposed to easterly winds.
Another anchorage is located inside the breakwater near
the center buoy (Figure 2-3). Depth is 39 ft (12 m) and
holding ground is similar to that of the outer anchorage
(very good).

The inner harbor of the Port of Valencia is
well protected from most sea and swell waves. The south-
southeast facing harbor entrance occasionally allows
waves from the southern quadrant to pass through,
affecting vessels moored in the outermost basins. Ships
in the Darsena Interior basin will experience little or
no motion. Local mariners indicate that because of the
infrequency of high winds and waves at Valencia,
protective measures are rarely necessary for ships at
berth.

The inner anchorage is, of course, preferred
over the outer anchorage because of the possibility of
easterly winds (Levante) which generate 12 to 14 ft
swell on two or three occasions each winter. Each
occurrence can last three or four days and is usually

accompanied by 25 kt winds and rainshowers.




Nuevo Muelle can handle ships up to carrier
size. Smaller craft berth at Muelle del Sur, Muelle del
Grao and Muelle de Poniente. The fleet 1landing is
located in front of the marine station next to Muelle
del Grao.

There are no astronomical tides in the Valencia
harbor. On rare occasions, tidal changes up to two feet
can be caused by atmospheric pressure or by southeast to
southwest gales.

Just outside the harbor entrance a 1.5 kt

current sets southward along the coast.

Local port personnel indicate that hoisting
anchor to maintain station, deploying extra anchors or
shifting anchorages due to hazardous conditions is
extremely rare. Wind and waves within the harbor rarely
cause conditions which would require protective measures
for ships at berth. On rare occasions, doubling of

lines may be necessary.

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



Table 2-1. Summary of hazardous environmental conditians for the Paort of Valencia, Spain.

HAZARDOUS CONDITION INDICATORS OF POTENTIAL HAZARD VESSEL. LOCATION/ EFFECT - PRECAUTIONARY/EVASIVE ACTIONS
SITUATION AFFECTED
1. E'1y/NE'ly - Levante Advance warning (1} Moored-inner_harbor, fai Local eariners indicate that protective aeasures are rarelv necessary for shigs in
an cause high waves at anchorage. + A Tow RE or ENE swell can be observed 12 hre in advance e harbor, .. .
# Oecurs year-round, strongest in winter ot wind onset, NOTE: The cwell can alsa be raused by #Ships with large sail area say meed extra lines in an intense Levante episode.
and spring, . Histral winds over the 6ulf of Lion, t On rare occasions ships berthed near the harbor entrance nay feel soae motion due
+ Caused by fzores high extendlng into € It an intense low is south of the Balearics, gale to waves from SE Levante (assaciated with a cold front approaching).
Sﬁam or from low pressure srs es to Levante winds can be expected at the anchorage.
the south of the Balearic Islands. # Svaoptic pattern has 2 Eiqh over Europe and a low aver (b} Although rare, wind chill can be a factor in winter.
* In cool seasons, usually accompanied Nortﬂ Africa,

by low clouds and rain.
# £'1y to SE'ly Levante will often precede
cold fronts in Ninter/early spring,

{2) Quter anchorage. (a) High winds/waves at outer anchorage say farce ships tp sortie to the apen sea,

#Due to Jong fefch from ENE, 12 %o T4 ¥t swell s possible even with iucal winds
of onl§ 23 kt.

¥ 23 to 35 kt winds with accasional rainshowers can last for three ar four days.

(b

Although rare, wind chill can be a factor in winter,

Use caution on departure as high waves can be encountered just past the end of
Nuevo_Dique el Este,

(3) Arriving/departing, fa

[t

Although rare, wind chill can be a factor in winter,

Inner harbor operations will be sinimally affected.

 Runs to/fron the outer anchorage may be curlailed due to hazardous winds/waves at
the anchorage,

* Hinds can change direction quickly, especially in winter, causing waves to cross

at dangerous angles to the winds and create hazardous conditions for small boats.

(4} Small boats. {a

(b

Although rare, wind chill can be a factor in winter,




Table

(Continued)

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT - FRECAUTIONARY/EVASIVE ACTIONS

2, 8K'ly te H‘1§ ~ Vendaval
recedes cold fronts,
+ Can be ?alz force (34 to 47 kt) with
well-detined cold front.
# Precipitation wsually acconganies the
Vendaval/cold front systes but can be
delayed 12 hrs after onset of Vendaval,

Advance warnin
* fny cold %ron! approaching Spain’s east coast froa the

west has the patential to cause strong Vendaval winds.
Note that fronts will weaken as they approach the coast
but w1l intensifz once reaching the coast,

* Another cause of Vendaval winds is when the Azores High
intensifies, resulting in a steepening gradient between
it and lows approaching the British Isles. During these

events, winds at Valencia will peak during late morning
(0900L-noon) and again at 1400L-1500L,

{1y Mopred-inner harbor,

{2) Outer anchorage.

{3} Arriving/departing.

{4) Small boats,

{a) Local mariners indicate that protective seasures are rarely necessary for ships in
e harbor,
H Sﬁ;psdiTIh large sail area say need extra lines during an intense Vendaval
episode,
+ Sﬁips berthed near the harbor entrance may experience sose motion due to waves
from the south but this is usually of short duration.

{a) In extrenelg rare cases high winds/waves at outer anchorage may force ships to
sortie to the open cea,
Vendaval e

¥ Tntense pisodes are usually of short duration (3-5 hrs) and waves do
not build to great heights,

€ A aore southerly Vendaval direction will bring hi?her waves tg the outer
anchorage than will southwest or westerly Vendavals due to fetch distances,

{a) Caution must be used on departure as waves outside the protected inner harbor will
be much higher than in the harbar,
+

e vendaval 1s southerly, waves will be felt while still inside the
breakwater and wave heights will sharply increase outside the breakwater area,
 1f the Vendaval is southwest ar west, waves will be at a minisun but winds will

affect vessels which have large sail area.

(a

Inner harbor operations will be minimally affected
¥ gﬁns toﬁ(ron e outer anchorage say be curtailed due to hazardous winds/waves at
e anchorage,

# 1f Vendaval ‘is southerly, baat runs to/from ships anchored in the outer basin
(still inside the breakwater) say be affected as some waves nay penetrate
the south-facing harbor entrance.

® Winds can change direction quickly, especially in winter, causing waves to cross
at dangerous angles to the winds and create hazardous conditions for small boats,




Table 2-1. {Continued)

HAZARDOUS CONDITION INDICATORS OF POTENTIAL HAZARD VESSEL LOCATION/ EFFECT - PRECAUTIONARY/EVASIVE ACTIONS
SITUATION AFFECTED

3. WW'ly winds - Poniente - Advance warain 1) Moored-inner harbor. la) Local mariners indicate that protective seasures are rarely necessary for ships in
hose which follow cold fronts in the cool ¥ The aost. intense Poniente winds will {ollow cool 583500 the harbor, i ]
season are most intense (34 to 47 kt! and cold fronts, but will also be of short duration. Any EThips with large sail ares may need extra lines during an intense Poniente
the nost frequent of Panjentes, cold front will be folloed by Poniente winds. episode,
# Poniente winds can occur in other seasons & Large-scale pressure increases over Spain can be a
:t{\;ﬂ :_h:qh builds over Spain froa the signal of a persistent Poniente, {b) Although rare, wind chill can be a factor in winter.
antic,

* Poniente winds can last for days in the
Valencia area, averaging 15 kt with
Beaks to 30 kt, )

# During a strong, widespread egisode, winds
i!cl:i\ngpai?':.ea]st igag: out (t: 50 n ni
will he relatively light except near
Valencia due to the agea’s ow terrain,
ast of the 50 n ai zone, winds will be
gale force {30+ kt),

12) Quter anchorage. {a) Wind sensitive gperations will be hindered for ships at the anchorage.
¥ Waves are aininal due to fefch Limitations

* Winds can last for days, averaging 13 kt with peaks to 30 kt,
{b

Although rare, wind chill can be a factor in winter,

Note_that winds both morth and sputh of Valencia may be less intense than at

Valencia due to low Terrain of the area, ] ]

¥hn area froa the coast to approxisately 50 n ai offshore will have light winds
except near Valencia, Winds east of the 50 n si zone will alsc be strong.

{3) Arriving/departing. ta

b

Althouth rare, wind chill can be a factor in winter,

Toner harbor operations will be minimally affected. 4
FRuns fo/froa the outer anchorage aay be curlailed due to hazardous winds/waves at
the anchorage.

¥ Winds can change direction quickly, especially in winter, causing waves to cross
at dangerous angles to the winds and create hazardous conditions for saall boats.

{4) Seall boats, {a

(b

Although rare, wind chill can be a factor in winter,




Table 2-1.

(Continued)

HAZARDOUS CONDITION

INDICATORS OF POTENTIAL HAZARD

VESSEL LOCATION/
SITUATION AFFECTED

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

4, NE'1¥ wind/waves - Histral d
well ¥roa an event in the Gult of Lien can
extend as far south as Valentia,

# Nistral outbreaks occur aost frequently
in late winter and early spring.

® In rare cases (1-2 tises 8 year), strong
(25+ kt) Mistral winds will be felt in
the Valencia area.

+ Nore often (4-5 times 2 year), lunq-eerxod
(15 sec) northeast swell, with or without
the wind, will affect the anchuraze area,
Swell is usually less than 10 feet.

5. Sea breeze ~ SE'ly 10 to 20 kt.
¥ Oceurs end of spring to early fall

Advance warnine

® A strong Mistral event (40+ kt) in the Gulf of Lion will
noraally produce sone swell in the Valencia area (see
the Severe Weather Guide for Marseille or Toulon for

details,

Advance warnin?
€ Onget daily about 1400; lasts until dark

3]

{2

(3

4

(]

(£H]

Moored-inner harbor.

Quter archorage.

Arriving/departing,

Small boats,

Arriving/departing

Small boats.

{a) Local mariners indicate that protective measures are rarely necessarv for ships in
e naruor.

{a) Hieh swell will more Jikely be 2 probles than high wind.

# Wind and waves will be from sane direction during Histral events but long geriod
(lSl§§c5 swell may cause excassive motion on shigs with critical response
amplitudes.

v 1 necessarr, aoving to a position south of the Balearics will lessen the effect
of the swell.

{a) Use caution on departure as the Mistral will have minimal effect in the harbor
while high waves will be present just outside the breakwater.
A northerly or southerly deparfure will ainiaize the swel] effect while an
pasterly heading fraa Valencia will put the swell on the beas,

{a) Inner harbor gg%gggig%s will be ajnimally affected
¥ Runs to/fron the outer anchorage may be curtajled due to hazardous winds and/or
swell at the anchorage,
+ Winds can change direction quickly, especially in winter, causing waves to cross
at dangerous angles to the winds and create hazardous conditions.

{a} During 1500-1300L maxisum wind speed causes probleas for large sail area ships
entering/Teaving the harbar,

{a) Benerates three to five ft wind waves at the outer anchorages,




SEASONAL SUMMARY OF HAZARDOUS WEATHER CONDITIONS

(Much of this information has been adapted from Brody and

Nestor,

WINTER
*

SPRING

*

SUMMER

AUTUMN

NOTE:

1980) .

(November through February) :

Easterly wind (Levante) can precede cold front or
occur when low is south of Balearics.

Southwesterly wind (Vendaval) may follow the Levante.
Both winds can be in 30-35 kt range.

Most common wind direction in winter is northwest
15 kt, occasionally 30 kt. Fetch is limited so waves

are minimal.

(March through May):
Early spring similar to winter. Sea breezes occur on
warm days.

Thunderstorms begin in April, one to two per month.

(June through September):
Thunderstorms possible throughout summer, one to two

occurrences per month with infrequent gusts to 45 kt.

(October) :
Short transition season as winter weather returns by
end of month.

Thunderstorms occur two to three times in October.

For more detailed information on hazardous weather

conditions, see previous Summary Table in this section and

Hazardous Weather Summary in Section 3.
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GENERAL INFORMATION

The information in this section is intended for
fleet meteorologists/oceanographers and staff planners.
Paragraph 3.5 provides a general discussion of winds and
weather and Table 3-1 presents a summary of hazards and
actions by season.

Geographic Location

Valencia is located on the western edge of the
Balearic Sea in the Golfo de Valencia. It is situated
on a low-lying plain known as the Huerte, and is only 43
ft (13 m) above sea level (Figure 3-1). The plain
extends some 20 n mi southward along the coast and about
100 n mi inland. The port is situated on a section of
east-facing coastline and, therefore, is exposed to the

wind regimes of the western Mediterranean.
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The Port of Valencia is located at 39° 27'N
0° 19'W (Figure 3-2). The entrance to the port faces
south-southeast; it is 853 ft (260 m) wide with a low
water depth of 49 ft (15 m). Entrance is made via the
dredged channel between the south breakwater and the
east breakwater (FICEURLANT, 1987).
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Figure 3-2. Gulf of Valencia.



Valencia has a medium-sized artificial harbor
containing an outer harbor, an inner harbor consisting
of three basins with berthing facilities for 1large
vessels, and a roadstead anchorage for large vessels
(Figure 3-3). The harbor is 1liable to silting;
continuous dredging is necessary to maintain depths.
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Figure 3-3. Port of Valencia.




A 66 ft (20 m) deep anchorage is located 3/4
n mi east of the breakwater. Holding ground is of clay,
mud, sand, algae and shells and is considered very good.
This anchorage, however, is exposed to easterly winds.
Another anchorage is located inside the breakwater near
the center buoy (Figure 3-3). The depth is 39 ft (12 m)
and holding ground is similar to outer anchorage.

Nuevo Muelle can handle ships up to carrier
size. Smaller craft berth at Muelle del Sur, Muelle del
Grao and Muelle de Poniente. The fleet 1landing is
located in front of the marine station next to Muelle

del Grao.

There are no astronomical tides in the Valencia
harbor. On rare occasions, tidal changes up to two feet
can be caused by atmospheric pressure or by southeast to

southwest gales.

Just outside the harbor entrance a 1.5 kt

current sets southward along the coast.

Qualitative Evaluation of the Port of Valencia

The inner harbor of the Port of Valencia is
well protected from most sea and swell waves. The
south-southeast facing harbor entrance occasionally
allows waves from the southern quadrant to pass through,
affecting vessels moored in the outermost basins. Ships
in the Darsena Interior Basin will experience little or
no motion. Local mariners indicate that, because of the
infrequency of high winds and waves at Valencia,
protective measures are rarely necessary for ships at
berth.



The inner anchorage is, of course, preferred
over the outer anchorage because of the possibility of
easterly winds (Levante) which generate 12 to 14 ft
swell on two or three occasions during winter per year.
Each occurrence can last three or four days and is

usually accompanied by 25 kt winds and rainshowers.
Currents and Tides

A 1.5 kt current sets southward along the coast
and is noticeable at the outer anchorage and at the
harbor entrance. There are no astronomical tides at
Valencia. On rare occasions, tidal changes due to large
pressure changes can alter the tide level by one to two
feet. Also, gale winds from the south quadrant will
raise the tide level by 1 to 1 1/2 ft; however, this is

a rare phenomenon.




Visibility

Visibility is normally greater than seven
miles. There are times in December through March when
visibility is reduced. This is wusually when good
weather has prevailed due to a high pressure center
which has stagnated in the area. Zero visibility due to
fog occurs one or two days per year in the morning hours

and can last as long as seven hours.

Wind and Weather

Valencia is geographically situated in a nearly
ideal area for mild climate and the weather is generally
good year-round. The port and harbor area normally will
not feel the full effects of most of the western

Mediterranean wind regimes, such as the Mistral,

‘"Vendaval and Poniente. The Levante will, on occasion,

cause problems at the outer anchorage. The following
paragraphs discuss these winds and their effects on the
Port of Valencia. Except where noted, this information
is adapted from Brody and Nestor, 1980.

Levante

The Levante is an easterly or northeasterly
wind that occurs in an area from the coast of southern
France to west of the Strait of Gibraltar. It can occur
as a result of several different weather patterns. The
most typical situation is when the Azores High extends
northeastward over Spain and southern France. With a
large anticyclone over western Europe and relatively low
pressure over the western Mediterranean, the Levante
will be widespread. The Levante will also precede the
arrival of a cold front from the Atlantic during the

cool season (November through April), when a lee
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depression or trough forms in the region off the
Balearic Islands. A third situation is when an intense
cyclone is south of the Balearics, and a gale force
Levante can be expected along the east coast of Spain.
Another pattern which results in the Levante is when a
migratory low moves eastward in southern Spain to a
position near the Greenwich Meridian. In this case,
gale northeasterlies can be expected off the east coast

of Spain as far east as Ibiza.

Levante wind speeds in the Valencia area are
usually moderate (15 to 25 kt) and speeds greater than
33 kt are rare. Wind statistics show a consistent 15 to
20 percent occurrence of northeasterly winds in all
months (Naval Weather Service, 1975) so the Levante can
occur 1in any month; however, wind speeds tend to be
higher in the cool season. In summer, haze and reduced
visibility will often accompany the Levante, while
during the other three seasons, cold fronts or

depressions will bring low clouds and rain.

Vendaval

Vendaval winds are southwesterlies which
precede cold fronts and are most likely to occur in the
cool season with gale force intensity (34 to 47 kt).
Precipitation usually accompanies the Vendaval/cold
front system but can be delayed by as much as 12 hours

after the onset of the Vendaval.

Strong southwesterly to westerly winds are
common at Valencia. The synoptic situation producing
these winds is characterized by an intensifying high
that lies south of the Azores, with a deep low in the
Atlantic approaching the British Isles and the coast of




Europe, thereby resulting in a steepening pressure
gradient between the high and low. During these events,
maximum winds at Valencia occur in late morning (0900L-
Noon) and again in mid-afternoon (1400L-1500L).

Poniente

The Poniente is a northwesterly wind behind the
cold front and usually occurs in the cool season;
however, northwesterlies often occur in other seasons
when high pressure builds in from the Atlantic.
Consequently, the Poniente can be expected year round
with peak frequency and peak intensity during the cool
season. In winter, the Azores High is displaced
southward, resulting in northwesterlies which will 1last
for days in the Valencia area. During these episodes,
winds will average 15 kt with peaks to 30 kt.

When strong northwesterly flow crosses Spain, a
well-defined lee trough is established along the eastern
Spanish coast between Barcelona and Valencia. This
causes winds to be relatively light (20 kt) along the
coast and out to 50 n mi except near Valencia. Because
of the low terrain, a funneling effect will produce gale
force northwesterlies or westerlies in the vicinity of
the harbor. Gale force northwesterlies also will be
occurring to the east of the 50 n mi zone. Strong and
gusty northwesterlies also typically occur along the
coast between Barcelona and Valencia following the

passage of an upper-level trough.
Mistral
The Mistral is a cold, strong northwesterly to

north-northwesterly wind flowing offshore across the
entire coast of the Gulf of Lion, often extending



southward along the coast of Spain. (For a complete
description of the Mistral, see the Severe Weather Guide
for Marseille or Toulon.) Although rare, strong winds
in the Valencia area caused by the Mistral will reach 25
kt from the northeast, and northeasterly swell, with or
without the winds, will occasionaliy affect the outer
anchorage area.

Sea Breeze

A summer sea breeze, known locally as the
Garbi, blows between 10 and 15 kt from the southeast.
On infrequent occasions it can reach 20 kt. The onset
normally occurs at 1400 local time and ends at dusk.

There is rarely a nocturnal land breeze.

Seasonal Summary of Hazardous Weather Conditions.

The seasonal patterns in the western
Mediterranean area will vary in response to the movement
of the Azores High. This high moves southward during
winter, allowing low pressure systems to move in over
Europe. The high builds northward as summer approaches
and storms affecting the western Mediterranean become
less frequent; in the middle of summer they are nearly
non-existent. Much of the information in this section
is adapted from Brody and Nestor, 1980.

A. Winter (November through February)

The easterly (Levante) wind is stronger in
winter and spring. It will precede the arrival of cold
fronts from the Atlantic. When there is an intense low
south of the Balearic Islands, gale Levante winds can be
expected along Spain's entire eastern coast. The pre-
frontal Levante may turn into a southwesterly wind

(Vendaval) and reach gale force in wintertime. Once the
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front has passed, the winds will turn northwesterly
(Poniente). Because the inner harbor areas of Valencia
are protected from most wave conditions, only wind
sensitive operations are affected during these events.
The outer anchorage will, however, be exposed to 12 or
14 ft (4 m) waves during a strong Levante or a Vendaval

episode.

The most common wind direction in winter is
from the northwest. These winds can 1last for days,
averaging 15 kt, with occasional peaks to 30 kt. Because
of fetch 1limitation, high seas wusually do not hamper

operations.

Below freezing temperatures are recorded only
on an average of two days per year (most 1likely in
February); however, the minimum recorded temperature at
Valencia is 19° F (-7° C) and could, if combined with

high winds, cause hazardous wind chill.

Precipitation amounts at Valencia are not
great, with a yearly average of 15 inches. Forty
percent of the yearly total occurs in September, October
and November.

B. Spring (March through May)

Springtime in the western Mediterranean is
noted for periods of stormy winter-like weather
alternating with false starts of summer. Temperatures
are warming, and storm events are decreasing in both
strength and frequency. Sea breezes begin to occur on
warm days. Thunderstorms appear in April.

C. Summer (June through September)

Summers are characterized by the almost

constant light to moderate wind. Both the Levante and



the Poniente are common in summer, although neither is
very intense. Temperatures are warm with a maximum
recorded temperature of 107° F (42° C). Precipitation
amounts are minimal until September when the rainy
season begins. The sea breeze regime is a daily
occurrence except when interrupted by either the Levante
or the Vendaval.

Thunderstorms continue to occur throughout
summer. One or two occurrences can be expected each
month. These storms are usually preceded by hot
temperatures and southerly winds. In rare instances,
gusts to 45 kt and hail can accompany them.

D. Autumn (October)

The autumn season is a short, transitional
period lasting only for the month of October. By
month's end, an abrupt change to winter-like weather has
taken place. Thunderstorms occur two to three times in
October.

Local Indicators of Hazardous Weather Conditions

The following "forecaster hints" are adapted
from Brody and Nestor, 1980:

* Correct placement of fronts is very difficult in the
western Mediterranean basin due both to the lack of
ship reports and to terrain effects. These problems
are accentuated during the summer when fronts are
weakest. The worst locations in this respect are
Spain and the Balearic Islands. Forecasters should
be aware of the lee trough which develops along the

east coast of Spain during periods of northwesterly

w
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flow. There is a tendency to designate this trough
as frontal, instead of correctly moving the front
eastward, out of the region.

* Surface cyclones generally weaken while traversing
Spain, then deepen rapidly when they reach the east
coast of Spain.

* The strong northwesterlies resulting from passage of
an upper level trough (see 3.5.3) will occur at
Zaragoza (08161) three to six hours before occurring
along Spain's east coast.

Protective and Mitigating Measures

Local maritime personnel have indicated that
protective measures are needed only on rare occasions.
The harbor areas are well protected and ships at berth
may have to double lines on the infrequent occurrence of
hazardous waves within the harbors. In the event of a
strong Levante, ships at anchor may have to sortie to
the open sea rather than try to stay anchored on

station. Again, this would be a rare occurrence.

The most likely operation to be interrupted is
boating. In a strong wind event (or with swell from
either a Mistral or Levante), boating from the anchorage
to the harbor may be hazardous. The Mistral swell, the
Levante wind and/or the Levante swell may postpone
boating for periods of a day or two. Any of the other

wind regimes will usually cause only a few hours delay.



Summary of Problems and Actions

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




Table 3-1. Potential problem situations at the Part of Valencia, Spain - ALL SEASONS

VESBEL

LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
AROUT POTENTIAL HAZARD

1, Hoored-inner harbor.

Occurs Zegr-rpund;
in winter
and spring.

stronges

Dceurs {egr-rpund;
in winter
and spring,

stronges

Occurs year-round
strongest and mos
frequent in winter

and spring.

Oceurs in winter
and spring.

a. E1y/NE'ly winds/waves - Levante

Cause minimal effects in the harbor. Cauvsed

by Azores High extending into Sﬁain or from a

low pressure systen to the south of the

Balearic Islands, In the cool season, usually

accompanied by low clouds and rain, é’ly to
SE'ly Levante will often precede cold fronts
in winter/early spring.

S¥°ly to W'ly winds - Vendaval

Precede cold fronts and are sost likely to
accur in the cool season with eale farce
intensity (30+ kt}, Precipitation usually

acconpanies the Vendaval/cold front system but

can be delayed by as auch as 12 hours atter
Vendaval wind onset,

Mly winds - Poniente
ose which follow cold fronts in the cool

season dre the most frequent of the Ponientes.

They can occur in ather seasans and can last

for days in the Valencia area, averaging 135 kt

with peaks to 30 kt. During an intense,

widespread outbreak, winds alon? ggai?'slga§§
atively light,

except in the Valencia area, due to the low
terrain, East of the 50 n mi zone, winds will

coast out to 50 n a1 will be re

]
be gale force (30+ kt}

NE'ly winds/waves - Histral
Sneli from an event in the Sulf of Lion can

extend as far south as Valencia., Mistral

winds of 23+ kt can occur one or two times ff'

year, MHore often (4-3 times per year), swe
with or without the wind will occur, this

swell is 8 lung period (13 sec) and is wsually

less than 10 §

n

a. Hind sensitive ogerations and ships with large sail area will, on occasion,

be affected in the harbor, Extra mooring lines may be needed in an intense
Levante episode. On rare occasions, ships berthed near the harbor entrance
may feel sose aotion due to waves from a southeast Levante associated with
a cold frental passage. In winter, wind chill can be a factor

Wind sensitive cperations nal be affected in the inner harbor, Also,
vessels berthed near the sou h-facing harbor entrance may experience scme
notion due to waves coming into the harbor, This usually occurs with a
sore southerly rather than southwesterly Vendaval and is usually short-
lived. Ships with a large sail area may have to double lines during a
rare, intense Vendaval.

Only wind sensitive operations will be affected for ships in the harbor.
Vessels with large sail areas may need to double lines during an intense
Poniente episode. Wind chill may be a factor in winter

d. Local aariners indicate that protective measures are rarely necessary for

ships in the harbor. Wind chill may be a factor in winter

a. The Levante can occur mith several different weather ﬁatterns hut in the

sost typical sptuation) it occurs when the Azores High extends
northeastward aver Spatn and southern France, Also, the Levante will
precede the arrival of 3 cold front during the cool season, In this case,
a lee trough foras in the region of the Balearic Islands, At tises, an
intense 1o will fora south of the Balearics and gale force (30+ kt] can te
eypected along the east coast of Spain.

A low NE or ENE swel! naz be ohserved 12 nours prior to the Levante wind
onset., Note, however, that this swell |3{ be due to a Mistral in the Bulf
of Lion and may not be associated with a Levante.

The most intense and frequent Vendaval winds are associated with cold
fronts; however, strong southwesterly to westerly winds can occur at
Valencia when a high, centered south of the Azores intensifies, resulting
in a steep gradient between the high and migratory lows appruachgn? the
British Isles, DurinE these events, maxinua winds at Valencia will occur
in late norning (0900(-roon) and again near 1400L.

Anz cold front approaching Spain's east coast from the west has the
otential to cause 5trung Vendaval winds, Note that fronts will weaken as

ghey approach the coast but will intensify once reaching the coast

The Poniente is a northwesterly wind behind the cold frent and usual]z
accurs in the cool seasony however, northwest winds often occur in other
seasons when high pressure builds {ron the Atlantic, Consequently, the
Poniente tan be expected Kear-round with pesk frequency and peak intensity
guringtthe caol season. Ay cold front is likely to be followed by a
oniente,

On occasion, a high pressure center will stagnate over western Europe
during the winter and northwesterlies will last for days in the Valencia
area, During these episodes, winds will average 13 kt with peaks to 30 kt.

Strong and gusty northuesterlies can also occur along the coast of Spain
tetween Barcelana and Valencia following the gassaqe of an ugper level
trough, These northwesterlies will occur at Zaragaza (08141) three to six
hours before occurring along the east coast.

Forecasters should be aware of the lee trough that forms along the coast
during an outbreak of northwesterlies; there is a tendency to designate
this trough as frontal, instead of correctly maving the front eastward, out
of the region.

A strong Mistral event {40+ kt) in the Bulf of Lion will nornall‘ praduce
sone swell in the Valencia area. (See Severe Weather Buide for Marseille ar
Toulon for details,)
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Table 3~1. (Continued)

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT - PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

2, Quter anchorage.

Qccurs lear-rpund;
strongest 1n winter
and spring,

Occurs (e@r~rqund;
strongest in winter
and spring.

Occurs year-round;
strongest and mos{
frequent in winter

and spring.

Occurs in winter
and spring.

3. E'1y/RE‘ly winds/waves - Levante
Cause ainiaal effects in the harbor. Caused
by fAzores High extendxng into Sﬂain or from a
low gressure systen to the south of the
Balearic Islands, In the cool season, usually
accompanied by low clouds and rain. é'ly te
SE'ly Levante will often precede cald fronts
in winter/early spring.

b, SW'ly to W'ly winds - Vendaval
recede cold fronts and are most likely to
occur §n the cool season with gale force
intensity (30+ kt). Precipitation usually
accompanies the Vendaval/cold front system but
can be delayed by as auch as 12 hrs a¥ter
Vendaval wind onset.

c. NH'ly winds - Poniente
ase which follow cold fronts in the cool

season are the most frequent of the Ponientes.
They can occur in other seasons and can last
for days in the Valencia area, averaging 15 kt
with peaks to 30 kt. During an intense,
widespread outbreak, winds alon? Spain’s east
coast aut to 30 n i will be relatively light,
except in the Valencia area, due to the lon
ferrain, East of the 50 n ni zone, winds will

0
be gale force (30+ kt).

d. NE'ly winds/waves - Mistral

Swell fros an event in the Gulf of Lion can
extend as far south as Valencia. Mistral
winds of 25+ kt can occur one or two tises per
year, More aften (4-3 times per year) suegl
with or without the wind will occur, this
swell is & lung period (15 ser) and is usually
less than 10 ff.

2. High winds and waves at the outer anchorage naE force ships to sortie to

d

the ogen sea. Due to the long fetch fron the ENE, 12 to 14 £t swell is
possitle even with local winds of anly 25 kt. During stagnant gressure
patterns, 25 to 35 kt winds with occasional rainshowers can last for three
or four days. Hind chill can be a factor in winter.

. Inrare casesé high winds and waves at the outer anchorage may force ships

to sortie to the open sea, Intense Vendaval episodes are usually of short
duration {3-6 hours) and waves do not build to great heights. A nore
southerly Vendaval direction will bring higher waves to the outer ancharage
than nilY southwest or westerly Vendavals due to fetch distances

Wind sensitive ogerations will be hindered for ships at the anchorage
Haves at the anc oraﬁe are sinimal due to fetch liaitations, Moving to a
near-shore point either south or north of Valencia will further aininize
waves and winds, Wind chill can be a factor in winter

High swell will likely be sore of a probles than will high winds. During
the Nistral, waves and winds will be from the sase direction (northeast)
but 1on? period swell (15 sec) may cause excessive motion on ships with
critica resgonse asglitudes. Moving to a Yusition south of the Balearics
will give better protection during a Mistral event. Wind chill can be a
tactor in winter,

a.

b

-

a

The Levante can occur with several different weather ﬁatterns but in the
sost typical situation, it occurs when the Azores High extends
northeastward over Spain and southern France, Alsg, the Levante will
grecede the arrival of a cald front during the cool season. In this case,
3 lee trough forss in the regian of the Balearic Islands. At tiaes, an
intense low will form south of the Balearics and gale force (30+ kt] can be
expected along the east coast of Spain.

A low NE or ENE swell naz be observed 12 hours prior to the Levante wind
onset, Note, however, that this swell na( be due to a Histral in the Gulf
of Lion and may not be associated with a Levante

The nost intense and frequent Vendaval winds are associated with cold
fronts; however, strong southwesterly to westerly winds can occur at
Valencia when a high, centered south of the Azores intensifies, resulting
in a steep gradient between the high and nigratory lows appruachln? the

Durina these events, aaxisun winds at Valencia will eccur
-noon) and again near 1400L.

British Isles.
in late morning {0900

Anl cold front approaching Spain's east coast from the west has the
go ential to cause strong Vendaval winds, MNote that fronts will weaken as
hey approach the coast but will intensify once reaching the coast.

The Poniente is a northwesterly wind behind the cold front and usualll

occurs in the cool season; however, northwest winds often occur in other

seasons when high pressure builds {ron the Atlantic. Consequently, the

Poniente can be expected Xear-round with peak frequency and peak intensity

gurinqtthe cool season, Any cold frant is likely to be followed by 2
oniente,

0On occasion, a high pressure center will stagnate aver western Europe
during the winter and northwesterlies will last for days in the Valencia
area, During these episodes, winds will average 13 kt with peaks to 30 kt

Strong and qusty northwesterlies can also occur along the coast of Spain
between BarCelona and Valencia following the gassaqe of an ugper level
trough, These northwesterlies will accur at laragoza (0B161) three to six
hours before occurring along the east coast

Forecasters should be aware of the lee trough that forms along the coast
durin? an outbreak of northwesterlies; there is a tendency to designate
this frough as frontal, instead of correctly moving the front eastward, out
aof the region.

f strong Mistral event (40+ kt) in the Gulf of Lion will normally produce
sose swell in the Valencia area, (See Severe Weather Guide for %arseille or
Toulos for details.)




Table 3-1. (Continued)

VESSEL
LOCATION/SITUATION

POTENTIAL HARZARD

EFFECT ~ PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABDUT POTENTIAL HAZARD

3. Arriving/departing.

Occurs year-round;
strangest in winter
and spring.

Oceurs (ear-rpund;
strongest 1n winter
and spring.

Dccurs year-round;
strongest and sost
{requent in winter

angd spring.

Gccurs in winter
and spring.

Oceurs daily
end of spring
to early fall,

-

a

E'ly/NE'ly winds/waves - Levante
Cause miniea] effects in the harbor,

by Azores High extending into Sﬂai? gg {rom a
ot the

low pressure systea to the sout

Balearic lslands, In the cool season, usually
acconpanied by low tlouds and rain, ¢
SE'ly Levante will often precede cold fronts

in winter/early spring.

SH'ly to W'ly winds - Vendaval
Precede cold fronts and are sost likely to
occur in the cuol season with 2&19 force

ion usually
accoapanies the Vendaval/cold front systea but
can be delayed by as euch as 12 hours after

intensity {30+ kt). Precipita

Vendaval wind onset.

. NW'ly winds - Poniente
ose which follow cald frants in the coo
season are the eost frequent of the Ponientes,
They can octur in other seasons and can last
for days in the Valencia ares, averaging 15 kt
with peaks to 30 kt, During an intense,
widespread outbresk, winds alon? Spain's east
atively light,

except in the Valencia area, due to th
ferrain. East of the 50 n ai zone, winds will

coast out to 50 o mi will be re

be gale force {30+ kt).

NE'ly winds/waves - Mistral
Sue[' from an event in the Bulf of Lion can
extend as far sputh as Valencia. MNistral

winds of 23+ kt can occur ane or two tiaes
year, More aften (4-J tines per year!

With or without the wind will occur.

swell is a lung period {15 sec) and is usually

less than 10 ¢,

Sea breeze - SE'ly
Tnset ahout t400; lasts until dusk.

to 20 kt. Raises three to five #t; wind

waves at outer anchorage
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a, Caution must be used on departure, The harbor area is protected froa high

naves but after passing south of the breakwater, wave heights increase
drasatically, Highest waves will most likely be froa the ENE and heading
into thes will minimize ship's roll, In an tntense Levante, maneuvering in
the inner harbor area aay be difficult, especially for ships with large
sail area, Wind chill can be a factor in winter

If the Vendaval is southerly, waves will be felt while still inside the
breakwater and wave heights will increase shargly outside the breakwater,
If the Vendaval is southwest or west, waves will be at a sinieua but winds
uill affect thase vessels with large sail area. In an intense Vendava
event, aaneuvering in the inner harbor areas may be hindered.

Winds north and south of Valencia say be less intense than at Valencia due
to the low terrain of the area. #n area from the coast to 50 n ai offshore
will have light wminds except near Valencia, Winds east of the 50 n ai ione
will also be strong. Because of fetch Iimitations, waves do not usually
build to large heights near the harbor entran;eilhunever, maneuvering in

the inner harbor areas say be hindered, especially for ships with large
sail area. Wind chill nay be a factor in winter.

Winds are usually not strong at Valencia during a Mistral; however, waves
outside the harbor can be hazardous. Use caution on departure as wave
helghis increase sharply just outside the breakwater. A northerly or
southerly heading after departure will sinimize the swell effect while an
easterly heading will put ghe swell on the beas. Hind chill tan be a
tactor 1n winter,

Causes problens for large sail area shigs entering/leaving harbor during
period of 1500-1900L, Schedule movements earlier. Local chop hazardous to
saall boat operations to outer anchorage late afternoon/evening.

a. The Levante can eccur with several different weather Ratterns but in the

aost typical situation, it occurs when the fzores High extends
northesstuard over Spain and southern Frarce, #lso, the Levanie wiil
procede the arrival of 4 ¢old front during the cool season. In this case,
a iee trough forms in the region of the Balearic Islands, At tises, an
intense lon will form south of the Baleartcs and gale force {30+ ktl can te
expected along the east coast of Spain

# low NE or ENE swel} mag e observed 12 hours pricr to the Levante wind
anset, Note, however, that this cwell na{ be due 1o a Mistral in the GBulf

of Lion ard may not he associated with a Levante

The most intense and frequent Vendaval winds are associated with cold
fronts; however, strong Southwesterly to westerly winds can occur at
Valencia when a hieh. centered south of the Azores intensifies, resulting
in a steep gradienl between the high and migratory laws approachin? the
British Isles, DurinE these events, eaxinua winds at Valencia will ocour
in late morning (0900L-noon) and again near 1400L.

Anz cold front approaching Spain‘s east coast from the west has the
potential to cause strong Vendaval winds., Note that fronts will weaken as
they approach the coast but will inteasify once reaching the coast.

The Poniente is a northwesterly wind behind the cold front and usuallx
accurs in the cool season; however, northwest winds often occur in other
seasans when high pressure builds froa the Atlantic. Consequently, the
Poniente can be expected Kear-round with peak frequency and peak intensity
gurgnqtthe cool season. #ny cold front is likely to be follawed by a
oniente,

On occasion, a high pressure center will stagnate over western Europe
during the winter and northwesterlies will last for days in the Valencia
area,  During these episodes, winds will average 13 kt with peaks to 30 kt

Strong and gusty northwesterlies can also occur along the coast of Spain
tetween Barcelona and Valencia following the gassaqe of an ugper level
trough, These northwesterlies will occur at laragoza (0814%) three to six
hours before occurring along the east coast.

Forecasters should be aware of the lee trough that forms along the coast
durinﬁ an outbreak of northwesterlies; there is a tendency to designate
this trough as frontal, instead of correctly moving the front eastward, out
of the region.

# strong Histral event (40+ kt) in the Bult of Lion will nurnall‘ produce
soue swell in the Valencia area. (See Severe Weather Guide for Narseille or
Toulon for details.)

e. Occurs daily, 1400L to dusk, beginning end of spring through early fall.




Table 3-1. (Continued)

VESSEL
LOCATION/SITUATION

POTENTIAL HAZARD

EFFECT — PRECAUTIONARY/EVASIVE ACTIONS

ADVANCE INDICATORS AND OTHER INFORMATION
ABOUT POTENTIAL HAZARD

4. Seall boats,

Qeeurs lear-rpund;
strongest in winter
and spring.

Decurs legr-rounu;
strongest in wminter
and spring.

Occurs year-round;
strongest and nos‘
frequent in winter

and spring.

Occurs in winter
and spring.

a. E'1y/NE'ly wind/waves - Levante
ause ainimal effects in the harbor

-

d

Caused
by Azores High extendin? into Sﬁaln ar froa @
low pressure systea to the south of the
Balearic Islands, 1In the cool season, usually
accoapanied by low clouds and rain, é’ly to
SE'ly Levante will often precede cold fronts
in winter/early spring.

SW'ly to W'ly winds - Vendaval

recede cold fronts and are nost likely to
occur in the cool season with ga]e farce
intensity (30+ kt), Precipitation usually
acconpanies the Vendaval/cold front systes but
can be delayed by as auch as 12 hours after
Vendaval wind onset.

NW'ly winds - Poniente

ose which follow cold fronts in the cool
season are the most frequent of the Ponientes,
They can occur in other seasons and can last
for days in the Valencia area, averaging 195 kt
with peaks to 30 kt., During &n intense,
widespread outbreak, winds a]on? Spain’s east
coast out to 50 n mi will be relatively light,
except in the Valencia area, due to the low

errain. East of the 50 n mi 20ne, winds will
be gale force {30+ kt),

NE'ly winds/waves - Mistral

ron an event in the Gulf of Lion can
extend as far south as Valencia. MNistra

winds of 25+ kt can occur one or two times ger
year. Hore often (4-5 times per year), sweil
with or without the wind will gccur. This
swell is a long period {15 sec) and is usually
less than 10 ¢t

a. Inner harbor operations will be lininallz atfected.

4

d

Runs to/froa the
outer anchorage say be curtailed dup to hazardous winds/waves at the
anchorage. Minds can change direction quickly, especially in winter
causing waves to cross at an?efuus angles to {he winds and create
hgzﬁrdous conditions for ssall boats. "Wind chill can be a factor in
winter,

Inner harbor ogerations will be nininally affected, Runs to/from the guter
anchorage say be curtailed due to hazardous winds/waves at the anchorage

1§ Vendival 15 southerly, boat ruas to/froa the shigs anchored in the outer
basin (still inside the harbor! may he affected as some waves eay Eenefra[e
the south-facing harbor entrance, Winds can change direction quxc.ll
especially in winter, causing waves to cross at dengerous angles to the
winds and create hazardous conditions for saall boats.

Inaer harbor ogeratlons wll be ninisally atfected, Runs to/froa the cuter
anchorage pay oe curtajled due to hazardous winds/waves at the anchorage
Winds can change direction quickly, especially in winter, causing waves to
cross at dangerous angles to the winds and create hazardous conditions for
swall boats. Wind chill can be a factor in winter,

Ianer harbor ogeratiuns will be ainimally affected. Runs to/froa the outer
anchorage eay be curtailed due to hazardous winds/waves at the anthorage,
Ninds can change direction quickly, especially in winter, causing waves to
cross at dangerous angles to the winds and create hazardous conditions for
seall boats. Wind chill can be a factor tn minter

a4

b

4

The Levante can occur with several different weather RaltE(ns but 1n the
eost typical situation, it occurs when the Azores High extends
northeastward over Spain and southern France. Also, the Levante il
precede the arrival of a cald front during the cool season, In this case

a lee trough fores in the region of the Balearic Islands. At times, an
intense low will fora south of the Balearics and gale force (30+ ki) can be
expected along the east coast of Spain,

# low NE or ENE swell may be ohserved 12 houre prior to the Levante wind
onset. Note, however, that this swell ma{ be due to a Mistral in the Bul
of Lion and may not be assaciated with a Levante

The sost intense and frequent Vendaval winds are associated with cold
fronts; however, strong southwesterly to westerly winds can occur at
Valencia when a high, centered south of the Azores intensifies, resulling
1n a steep gradient between the high and eigratory lows apprqathin? the
British Isles. DurinE these events, maxisua winds at Valencia will occur
in late norning (0700(-noon) and again near 1400L.

Any cold front approaching Spain's east coast from the west has the
go ential to cause strang Vendaval winds, MNote that fronts will weaken as
hey approach the coast but will intensify once reaching the coast

The Poniente is a northwesterly wind behind the cold front and usuallz

occurs in the conl season; however, northwest winds often occur in other
seasons when high pressure builds fro the Atlantic, Consequently, the

Poniente can be expected Kear-round with pesk frequency and peak intensity

gur;ngtthe cool seasan. Any cold front is likely to be followed by &
oniente.

On occasion, 2 high pressure center will stagnate over western Europe
during the winter and northwesterlies will last for days in the Valencia.
area. During these episades, winds will average 13 kt with peaks to 30 kt

Strong and gusty northwesteriies can alse occur along the coast of Spain
between Barcelonz and Valencia following the gassaqe of an ugper level
trough, These northwesterlies will accur at laragoza (0B141) three to six
hours before occurring along the east coast.

Forecasters should be aware of the lee trough that foras along the coast
durin? an outbreak of northwesterlies; there is a tendency to designate
this trough as frontal, instead of correctly moving the front eastward, out
of the region.

A strong Mistral event {40+ kt) in the Gulf of Lion will nurnallﬁ produce
sone swell in the Valencia area. (See Severe Weather Buide for Marseille or
Toulon for details.)
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APPENDIX A

General Purpose Oceanographic Information

This section provides general information on
wave forecasting and wave climatology as used in this
study. The forecasting material is not harbor specific.
The material in paragraphs A.1 and A.2 was extracted
from H.O. Pub. No. 603, Practical Methods for Observing
and Forecasting Ocean Waves (Pierson, Neumann, and
James, 1955). The information on fully arisen wave
conditions (A.3) and wave conditions within the fetch
region (A.4) is based on the JONSWAP model. This model
was developed from measurements of wind wave growth over
the North Sea in 1973. The JONSWAP model is considered
more appropriate for an enclosed sea where residual wave
activity is 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 1limited waves are more
representative of the Mediterranean waves and winds than
the conditions of the North Atlantic from which data was
used for the Pierson and Moskowitz (P-M) Spectra
(Neumann and Pierson 1966). The P-M model refined the
original spectra of H.O. 603, which over developed wave
heights.

The primary difference in the results of the
JONSWAP and P-M models 1is that it takes the JONSWAP
model longer to reach a given height or fully developed
seas. In part this reflects the different starting wave
conditions. Because the propagation of waves from
surrounding areas into semi-enclosed seas, bays,
harbors, etc. is limited, there is little residual wave

action following periods of locally light/calm winds and
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the sea surface is nearly flat. A local wind developed
wave growth is therefore slower than wave growth in the
open ocean where some residual wave action is generally
always present. This slower wave development is a built
in bias in the formulation of the JONSWAP model which is
based on data collected in an enclosed sea.

Definitions

Waves that are being generated by local winds
are called M"SEA". Waves that have traveled out of the
generating 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
generating area increases. An in-between state exists
for a few hundred miles outside the generating area and
is a condition that reflects parts of both of the above
definitions. In the Mediterranean area, because its
fetches and open sea expanses are limited, SEA or IN-
BETWEEN conditions will prevail. The "SIGNIFICANT WAVE
HEIGHT" is defined as the average value of the heights
of the one-third highest waves. PERIOD and WAVE LENGTH

refer to the time between passage of, and distances

between, two successive crests on the sea surface. The
FREQUENCY is the reciprocal of the period (f = 1/T)
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 1is 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
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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.

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. If the spectrum
of the waves covers a wide range of frequencies and
directions (known as short-crested conditions), SEA
conditions prevail. 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 given state of wave development, each spectrum
has a band of frequencies where most of the total energy
is concentrated. As the wind speed increases the range
of significant frequencies extends more and more toward
lower frequencies (longer periods). The frequency of
maximum energy is given in equation 1.1 where v is the
wind speed in knots.

foox = 2.476 (@ 1)

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
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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 is
that 5% 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 is period in
seconds. The approximate average wave length in a fully
arisen sea is given by equation (1.3).

L = 3.41 T2 (1.3)

Where L is average wave length in feet and T is average
period in seconds.

The approximate average wave length of a fully arisen
sea can also be expressed as:

L = .67"L" (1.4)

where "L" = 5.12T2, the wave length for the classic sine
wave.

Fully Arisen Sea Conditions

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

significant wave (average of the highest 1/3 waves)
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period and height, and wave length of the average wave
The minimum
When
time to fetch
Therefore the table

duration time represents the maximum duration required.

during developing and fully arisen seas.
duration time assumes a start from a flat sea.
pre-existing lower waves exist the

limited height will be shorter.

Table A-1. Fully Arisen Deep Water Sea Conditions Based
on the JONSWAP Model.

. Wind Minimum Sig Wave (H1/3 Wave Length (ft)l-<
Speed Fetch/Duration Period/Height Developing/Fully
(kt) (n mi) (hrs) (sec) (ft) /Arisen
L X (.5) /L X (.67)
10 28 / 4 4 / 2 41 / 55
15 55 / 6 6 / 4 92 / 123
20 110 / 8 8 / 8 164 / 220
25 160 / 11 9 / 12 208 / 278
| 30 210 / 13 11 / 16 310 / 415
35 310 / 15 13 / 22 433 / 580
’ 40 410 / 17 15 / 30 576 / 772
NOTES:

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

For the classic sine wave the wave length (L) equals
5.12 times the period (T) squared (L = 5.12T2). As
waves develop and mature to fully developed waves and
then propagate out of the fetch area as swell there
wave lengths approach the classic sine wave 1length.
Therefore the wave lengths of developing waves are
less than those of fully developed waves which in turn
are less than the length of the resulting swell. The
factor of .5 (developing) and .67 (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
hazardous 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 its upper 1limits no further growth will

occur unless the wind speed increases.

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

1) If the only waves in the area are 1locally
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) If deep water swell is influencing the local
area in addition to locally 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. v




Table A-2. Fetch Limited Wind Wave Conditions
and Time Required to Reach These Limits (Based
on JONSWAP Model). Enter the table with wind
speed and fetch 1length to determine 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 mi fetch and 18 kt speed.
Format: height (feet)/period (seconds)
duration required (hours)

Fetch \ Wind Speed (kt)
Length \ 18 24 30 36 42
(n_mi)
10 2/3-4 3/3-4 3-4/4 4/4-5 5/5
1-2 2 2 1-2 1-2
20 3/4-5 4/4-5 5/5 6/5-6 7/5-6
2-3 3 3 3-4 3
30 3-4/5 5/5-6 6/6 7/6 8/6-7
3 4 3-4 3-4 3
40 4-5/5-6 5/6 6-7/6-7 8/7 9-10/7~8
4-5 4 4 4 3-4
100 5/6-71 9/8 11/9 13/9 15-16/9-10
. 5-6 8 7 7 7

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

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

WIND FORECAST OR CONDITION
An offshore wind of about 24 kt with a fetch limit of 20
n mi (ship is 20 n mi from the coast) is forecast or
has been occurring.
SEA FORECAST OR CONDITION
From Table A-2: If the wind condition is forecast
to last, or has been occurring, for at least 3 hours:
Expect sea conditions of 4 feet at 4-5 second
pefiod 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
A-7



wind speed or a change in the direction that
results in a longer fetch.

Wave Climatology

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

wave conditions outside each harbor. The deep water
waves were then propagated into the shallow water areas.
Using 1linear wave theory and wave refraction
computations the shallow water climatology was derived
from the modified deep water wave conditions. This
climatology does not include the local wind generated
seas. This omission, by design, is 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 generated wind waves.

Propagation of Deep Water Swell Into Shallow Water Areas

When deep water swell moves into shallow water
the wave patterns are modified, i.e., the wave heights
and directions typically change, but the wave period

remains constant. Several changes may take place
including shoaling as the wave feels the ocean bottom,
refraction as the wave crest adjusts to the bathymetry
pattern, changing so +that the crest becomes more
parallel to the bathymetry contours, friction with the
bottom sediments, interaction with currents, and
adjustments caused by water temperature gradients. In

this work, only shoaling and refraction effects are
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considered. Consideration of the other factors are
beyond the resources available for this study and,
furthermore, they 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 1in the shallow water areas the deep water
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 is a
sample plot of bathymetry as used in this project. A
ray path refraction/shoaling program was run for
selected combinations of deep water wave direction and
period. The selection was based on the near deep water
wave climatology and harbor exposure. Each study area
requires a number of ray path computations. Typically
there are 3 or 4 directions (at 30° increments) and 5 or
6 periods (at 2 second intervals) of concern for each
area of study. This results in 15 to 24 plots per
area/harbor. To reduce this to a manageable format for
quick reference, specific locations within each study
area were selected and the information was summarized
and 1is presented in the spedific harbor studies in
tabular form.
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Figure A-1. Example plot of bathymetry (Naples harbor)
as used in this project. For plotting purposes only,
contours are at 50 fathom intervals from an initial 10
fathom contour. The larger size numbers identify
specific anchorage areas addressed in the harbor study.
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