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SUMMARY: The field of physical oceanography has undergone exponential growth in Spain during the last few decades.
From a handful of self-taught researchers in the late 1960s there are now several hundred physical oceanographers distributed
in some 20 Spanish institutions, and many more working overseas. The First Spanish Physical Oceanography Meeting
(EOF1), held in Barcelona in October 2010, was a good example of the high quality and large variety of this research. The
facilities and human resources are excellent but the alarming decrease in public investment in science due to the economic
crisis must lead the Spanish physical oceanography community to define its current priorities. In this introductory paper to
EOF1 we revise our history and where we are now, and suggest that progress in the near future will rely on our intelligence
to sustain and enhance human capital, partnership and society-oriented research.
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RESUMEN: TIEMPOS DE CAMBIO PARA LA OCEANOGRAFIA FISICA ESPANOLA. — El campo de la oceanografia fisica ha experimentado
un crecimiento exponencial en Espaiia durante las dltimas décadas. Desde unos pocos oceandgrafos autodidactas a finales de
la década de 1960 hemos llegado a varios centenares de oceandgrafos distribuidos en unas 20 instituciones espafiolas, con
otros muchos mads trabajando fuera de Espafia. El Primer Encuentro de la Oceanografia Fisica Espafiola (EOF1), que tuvo
lugar en Octubre de 2010 en Barcelona, fue un buen ejemplo de la alta calidad y amplia variedad de estas investigaciones.
Las infraestructuras y potencial humano son excelentes pero nos enfrentamos ahora, como resultado de la crisis econdmica
que estamos experimentando, con la amenaza real de una significativa disminucion de la inversion publica en Ciencias que
debe llevar a la comunidad de oceandgrafos fisicos espanoles a definir prioridades. En este articulo introductorio a EOF1
revisamos cual ha sido nuestra trayectoria y donde nos hallamos ahora, y proponemos que el progreso en un futuro cercano
depende de nuestra habilidad para apoyar y fomentar el capital humano, el asociacionismo y una investigacién orientada
hacia la sociedad.

Palabras clave: oceanografia fisica, Espaiia, historia, capital humano, asociacionismo, investigar para la sociedad.

INTRODUCTION

When did we get started, where are we and how
should we proceed? These are questions that we ask
ourselves in the middle of any endeavour, and the
development of physical oceanography in Spain is no
exception. The First Meeting of the Spanish Physi-
cal Oceanography Community (Primer Encuentro
de la Oceanografia Fisica Espaiiola, EOF1), held in
Barcelona from 13 to 15 October 2010, was a good

opportunity to appreciate the rapid recent progress of
this field in Spain. Some of the members of the Span-
ish physical oceanography community had met before
in larger national or international symposia, but this
was the first time that we had had the chance to hold
a nationwide meeting solely for this community. The
response was excellent, with 138 communications on
all major topics of physical oceanography presented by
oceanographers from all the Spanish institutions work-
ing in this field.
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EOF1 was a time for congratulations on where we
are and on the significant Spanish advancements in
physical oceanography during a short period of time.
However, there was little opportunity to consider
where we come from and how to proceed in the fu-
ture. In this essay we address these crucial questions
for the future of Spanish physical oceanography: What
are the main events that led to a rapid growth of this
discipline? What are the future goals for the Spanish
oceanographic community? What are the best ways
to attain them? The last two questions are particularly
important in view of the current economic situation
faced by Spain, which raises doubts on the feasibility
of maintaining scientific growth. It is perhaps time to
rethink our priorities and to redefine the paths to be
taken by Spanish physical oceanography in the next
decade. We hope that this paper may help us in this
task, which is to be discussed at the Second Spanish
Physical Oceanography Meeting (EOF2) to be held in
Madrid from 14 to 16 November 2012.

THE BEGINNINGS OF PHYSICAL
OCEANOGRAPHY

Spain and Portugal were undoubtedly the leading
countries in the maritime discovery of new lands be-
tween the 15™ and 17th centuries, but it was not until
the second half of the 18th century that scientific ocean
expeditions started. In this section we briefly review
the major early oceanographic ventures and summarize
the landmarks in physical oceanography up to the Sec-
ond World War. We do not aim to be exhaustive on
the world history and development of physical ocea-
nography, as there are a number of far more detailed
publications on this topic (e.g. Stommel 1989, Deacon
1998, Munk 2002, Jochum and Murtugudde 2006, Tal-
ley et al. 2011). Rather, we wish to place the Spanish
advances within this global perspective.

The early scientific expeditions included James
Cook’s voyages between 1768 and 1780, Alejandro
Malaspina’s expedition around the Pacific Ocean
(1789-1794), Alexander von Humboldt’s voyage
to South and Central America (1799-1804), the
Beagle’s expedition around the world with Charles
Darwin on board (1831-1836), the United States ex-
pedition to the Pacific Ocean and the South Seas led
by Charles Wilkes (1838-1842), and the round-the-
world voyage of the Challenger under the scientific
direction of Wyville Thomson (1872-1876). These
expeditions focused mainly on natural studies and
cartographic calculations and measured only a few
physical parameters, such as water depth in shelf
waters, tidal range, surface temperatures and cur-
rents; in some cases they also measured subsurface
temperatures using pseudo-protected thermometers.
These expeditions, often promoted for political and
strategic reasons, included major scientists who
later published useful reports and promoted further
research in their countries.

The Spanish expedition of Malaspina was unfortu-
nately the exception. Alejandro Malaspina suggested
that, rather than maintaining an empire, Spain should
develop a confederation of states for international
trade (Black and Manfredi 2007). This opinion was
apparently not shared by the Spanish monarchy and
Malaspina fell into disgrace. One year after his return
Malaspina was arrested and sentenced to ten years in
prison, although in 1803 the sentence was commuted
to exile. Malaspina died in 1810 and, sadly, the expe-
dition materials and reports were destroyed (Pimentel
2011). As a result, this early expedition had little or no
influence at all on the early development of Spanish
oceanography, although a recent global circumnaviga-
tion expedition (2010-2011) explored global change
and biodiversity in the world oceans in commemora-
tion of Malaspina’s original voyage (Puig-Samper and
Rebok 2011).

In the last half of the 19th century Matthew
Maury, a United States naval officer, provided the
first example of the potential social benefits of physi-
cal oceanography through the gathering and analysis
of oceanographic data. Maury examined the United
States Navy ship logs and drew charts of winds and
surface currents, published in 1885, that helped opti-
mize ship routes. The publication was very successful
inside and outside the United States and was probably
the first milestone towards international cooperation in
the compilation of marine observations. It prompted
many countries, including Spain, to send ship logs to
the United States Naval Observatory, where they were
analysed and distributed worldwide.

Physical measurements in the ocean really started
in the Scandinavian countries in the early 1890s with
reverse thermometers (introduced by Negretti and
Zambra in 1874) and some of the first salinity meas-
urements. The first major figure was the Norwegian
Fridtjof Nansen, who led the expeditions to the Arctic
Ocean (1893-1896) and later received the Nobel Peace
Prize for his humanitarian tasks following the First
World War. Nansen attached reverse thermometers to
bottles which were used to obtain water samples for
salinity analysis—what became known as the Nansen
bottle and eventually developed into the modern Ni-
skin bottle. The Bergen school, with scientists initially
trained as meteorologists, pioneered the beginning of
theoretical physical oceanography and observations
in the Norwegian Sea. Nansen, the Bjerkness family,
Johan Sandstrom, Walfrid Ekman and Bjorn Helland-
Hansen were some of the early names, in addition to
Harald Sverdrup and Carl Gustav Rossby.

Other influential contemporaneous European ocea-
nographers were the Dane Martin Knudsen and the
Briton Joseph Proudman (a pupil of Horace Lamb).
However, it was the German school, with Alfred Merz,
George Wiist and Albert Defant, that led the physically
oriented deep-ocean expeditions. This school proposed
the early patterns of subsurface and deep circulation
in the Atlantic Ocean, which were not much differ-
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Fic. 1. — (Top left) Odon de Buen (1863-1945), founder of the IEO, picture taken in 1936. Source: IEO. (Top right) From left to right: Josep

Martinez, Jaume Rucabado, Agusti Julia, Antoni Ballester, Antoni Cruzado and Carles Bas on board the RV Cornide de Saavedra during

the Sahara I cruise (1971), the first one carried out by this vessel off NW Africa during the CINECA experiment. (Bottom) The first Spanish

oceanographers in the Antarctica, from left to right Antoni Ballester, Agusti Julia, Walter (a member of the Polish base), Josefina Castellvi

and Joan Rovira (Polish Base Henryk Arctowski, King George Island, Antarctica, in 1986). On 27 December 1986 the first Spanish camp

was installed and in March 1988 a Spanish base was established on Livingstone Island, allowing Spain to enter the Antarctic Treaty. A colour
version of this figure may be found in the online electronic manuscript.

ent from present conceptions (Richardson 2008), and
obtained the first ocean-wide set of physical measure-
ments with the Atlantic expedition of the RV Meteor
(1925-1927). At this time physical oceanography made
a great step forward in the United States when a series
of biological laboratories formed the Scripps Institu-
tion of Oceanography in 1923 and the Woods Hole
Oceanographic Institution (WHOI) in 1930. Harald
Sverdrup became the WHOI director in 1936, thus
catalysing further research in physical oceanography.

The development of physical oceanography in Spain
followed quite a different path. The late 19th century
was a period of cultural enlightenment in Spain. The
European revolution, although delayed, had finally ar-
rived and the development of natural sciences with it.
The timing was good for catching up with the interna-
tional development of oceanography. A clear sign of
the interest in natural sciences in general, and marine
sciences in particular, was the existence at the time of
private oceanographic societies in Corunna (1906), Bar-

SCI. MAR., 76S1, September 2012, 11-28. ISSN 0214-8358 doi: 10.3989/scimar.03604.20A



14 « J.L. PELEGRI ez al.

celona and San Sebastian (both in 1908), and Almeria
(1916) (Pérez-Rubin Feigl 2011). The development of
marine sciences in Spain was favoured by two main
figures: Augusto Gonzdlez de Linares, who established
a Maritime and Botanical Station (Estacion Maritima y
Botdnica) in Santander in 1886, and Od6n de Buen y del
Cos (Sanchez-Carrillo 2001, Duarte et al. 2006) (Fig. 1).
Odon de Buen studied oceanography at the University of
Bordeaux and later worked at the Laboratory of Banyuls,
where he made friends with the marine biologist Henri
de Lacaze-Duthiers and with Prince Albert I of Monaco.
This helped him establish a marine laboratory in Mallor-
ca (1906) and Malaga (1912). Shortly afterwards (1914)
these two laboratories and the Santander station merged
to become the Spanish Institute of Oceanography (/nsti-
tuto Espaiiol de Oceanografia, IEO), with de Buen as its
first director (IEO 1989, Pérez de Rubin 2004).

Spanish oceanography flourished in the early twen-
tieth century: the constitutive assembly of the Interna-
tional Commission for the Scientific Exploration of
the Mediterranean Sea (CIESM) was held in Madrid
(1919), Spain became a member of the International
Hydrographic Bureau (1921) and the International
Council for the Exploration of the Seas (1924), and
three international meetings on oceanography were
held simultaneously in Seville (1929), with Albert De-
fant and Harald Sverdrup among other distinguished
speakers. A major initiative was the creation of an
Ibero-American oceanographic commission, including
Portugal and Spain; several meetings were held but the
project never got the approval of all participating coun-
tries. Unfortunately, the Spanish Civil War (1936-39)
put an end to these developments because of the eco-
nomic repercussions and because some of the leading
marine scientists, including Odén de Buen and his two
sons Alfonso and Rafael, went into exile after the war
(Sanchez-Carrillo 2001).

PROGRESS DURING THE LAST HALF
CENTURY

During the first few decades of the 20th century
the main current systems and the fundamentals behind
the dynamic method and wind-induced transport were
reported in two major works: Physikalische Hydrody-
namik (Bjerkness et al. 1933) and The Oceans (Sver-
drup et al. 1942). Prompted by the developing military
needs just before and during the Second World War,
physical oceanography underwent great progress.
Wind waves, in particular, moved into a higher level of
development because of the need for accurate maritime
weather forecasting during the landing of the Allies on
the beaches of Normandy. This was possible through
the acquisition of many data and the development of
the theories of sea turbulence (Andrey Kolmogorov in
1941), ocean surface waves (George Deacon and oth-
ers during the 1940s) and circulation in the ocean inte-
rior and western boundaries (Harald Sverdrup in 1947,
Henry Stommel in 1948 and Walter Munk in 1950).

Physical oceanography continued to advance swift-
ly after the Second World War. The following decades
saw the advent of numerous quantitative theories: the
Equatorial Undercurrent (Nick Fofonoff and Raymond
Montgomery, 1955); abyssal circulation (Stommel
and Arnold Arons in the late 1950s and early 1960s);
mixing through double diffusion (Stommel in 1956
and Melvin Stern in 1960); the transfer of energy in
the ocean, either into surface wind waves (Sverdrup
and Munk in 1947, John Miles and Owen Phillips in
1957, and Klaus Hasselman in 1960) or into internal
waves (Chris Garret and Walter Munk, 1957); the glo-
bal El Nifno-Southern Oscillation connection (Jacob
Bjerkness, 1960); isopycnal thinking, pioneered by
Raymond Montgomery (1937) and later popularized
by Denny Kirwan (1963) and Joseph Reid (1964); and
wind-driven coastal circulation (Gabriel Csanady, late
1960s and 1970s).

The precision of ocean measurements has improved
thanks to three major developments that have taken
place since the 1960s (Dickey and Bidigere 2005,
Wangersky 2005). The first development was the
advent of multiple continuous recording instruments,
which can be ship-borne, moored or autonomous. Ma-
jor examples are multi-parametric probes, in situ or
remote (usually acoustic) velocity current meters, and
autonomous vehicles (drifters, profilers and gliders).
In some applications these instruments are capable of
sampling at very high frequencies, leading early to the
discovery of microstructure (for a review see Lueck et
al. 2002). They can also store internally large amounts
of data, allowing near-continuous measurements and
long instrumental deployments at sea. The second
development was that of satellite-borne sensors, begin-
ning in the mid-1970s with sea surface temperature
measurements from the National Oceanic and Atmos-
pheric Administration satellites. Today there are satel-
lite sensors for sea surface colour, temperature, winds,
waves, mean height and—since 2009—salinity. These
sensors have led to extensive quasi-instantaneous spa-
tial coverage with different degrees of spatial resolu-
tion, in some instances allowing variability to be iden-
tified at the mesoscale and even the sub-mesoscale.
However, they remain limited in coastal seas where the
land-sea transition may results in a shadow area where
the recovery of information from remote images is still
an ongoing research field. The third development was
the use of numerical models to reproduce physical oce-
anic processes, made possible through the appearence
of digital computers and the exponential growth of
computer power. Lewis Richardson’s early efforts on
numerical weather forecasting, made at the beginning
of the century, became a reality for the oceans. All fac-
ets of physical oceanography have benefited from these
models, but in particular the simulation of ocean circu-
lation, following the pioneering works by Kirk Brian
and Michael Cox (1968) and James O’Brien (1970),
and the forecast of the state of sea surface waves,
from SWAMP in the late 1970s to the third-generation
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FiG. 2. — (Top left) Antoni Ballester deploying a modified Nansen bottle from the RV Cornide de Saavedra off NW Africa (1970s). Source:

Jordi Salat, ICM. The inset shows a detail of the Nansen bottle. Source: Juan Pérez-Rubin, IEO. (Top right) The RV Cornide de Saavedra in

1983, in the port of Malaga. Source: Juan Pérez-Rubin, IEO. (Bottom left) Stations during the Atldntico Oriental (ATLOR) cruises II, III, VI

and VII, carried out with the RV Cornide de Saavedra off NW Africa in 1975 and 1978; reproduced from Pastor ef al. (2008) with permission

from Elsevier. (Bottom right) Mario Manriquez Landoff, one of the technicians who participated in the early CINECA cruises, has participated
in the design and setup of several Spanish research vessels. Source: UTM.

models regularly discussed at the international Waves
in Shallow Environments meetings, the last one held
in Barcelona. The waves and current models, working
in nested sequences or using non-structured grids, are
now used for routine predictions in several operational
centres (for a recent report, see Federal Maritime and
Hydrographic Agency [2011])

These developments were enhanced by the on-
set of intense international collaboration. A series of
major cooperative observational programmes started
with the International Geophysical Year (1957-58),
followed by the International Indian Ocean Expedi-
tion (1959-1964) and several major experiments as
part of the International Decade of Ocean Exploration
(IDOE, 1971-1980), including the Mid-Ocean Dynam-
ics Experiment, the Joint North Sea Wave Project and
the Geochemical Ocean Sections Study (UNESCO
1974). These programmes were followed by the

World Climate Research Programme (1980), which
eventually led to large field programmes such as the
Tropical Ocean Global Atmosphere programme (since
1985) and the World Ocean Circulation Experiment
(WOCE, with field measurements during 1990-98).
The importance of WOCE lies in the coordination of
cruises worldwide in a single decade, therefore provid-
ing a much improved view of the general circulation
of all oceans, and in the establishment of systematic
protocols that ensured the accuracy of the observations.
WOCE truly marked the beginning of international da-
tabases with freely available quality data.

At the end of last century, the need for more accurate
ocean forecasting led to the appearance of operational
oceanography as a field on its own, in which research
institutions and governmental agencies work together to
establish observing systems and assimilate ocean data
into numerical models. Henry Stommel had envisioned
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this panorama when he wrote the following (Stom-
mel 1989): “Looking into the future beyond 20 years
of WOCE, I think that we will see establishment of a
regular oceanic data network, using remotely controlled
vehicles to make routine subsurface measurements on
a global scale, like that of the meteorological network.
Presumably such regular data-collecting systems will
eventually be taken over by responsible government
agencies, and the research community will be relieved of
taking much of these climate-motivated data. They will
feed the hungry computers. But certainly we will always
need ships to do our work in the ocean.” At present, the
most important worldwide observing system is Argo
(www.argo.ucsd.edu), a global array of temperature and
salinity profilers which began in 2001 and has some 3500
units transmitting in real time from the ocean. These and
other data sets, particularly from satellites and research
and opportunity vessels, are regularly incorporated into
global operational models that are used for both fore-
casting and research. Some European examples of op-
erational systems are the Coriolis Operational Oceanog-
raphy initiative (www.coriolis.eu.org) and the European
Ocean Monitoring and Forecasting system (MyOcean
and MyOcean2, www.myoecan.eu), in the framework
of the Global Monitoring for Environment and Security
(GMES, www.gmes.info) programme for the establish-
ment of a European capacity for Earth observation.
Following the Civil War, Spain experienced a period
of intellectual isolation, with a very slow recovery of sci-
ence in general and physical oceanography in particular.
In 1943 the Navy Hydrographic Institute (/nstituto Hid-
rogrdfico de la Marina, IHM) was created from previ-
ous bodies in charge of hydrographic and bathymetric
duties. The development of the IEO did not continue un-
til the late 1960s but meanwhile, as a consequence of the
important fisheries off NW Africa in the former Spanish
Sahara, some fisheries-oriented research began. In 1951
the Fisheries Research Institute (Instituto de Investiga-
ciones Pesqueras, 1IP) was created within the Spanish
National Research Council (Consejo Superior de Inves-
tigaciones Cientificas, CSIC). It was based in Barcelona
and had coastal laboratories in Blanes, Castelld, Vinaros
and Vigo (Guerra and Prego 2003, 2011; Duarte et al.
2006). In 1978 the IIP split into several research centres,
the most important ones being the Institute of Marine
Sciences (Institut de Ciencies del Mar, ICM) in Bar-
celona, now the largest Mediterranean marine science
centre, and the Marine Research Institute (Instituto de
Investigacions Marifias, IIM) in Vigo. These institutes
had two leading figures: the ecologist Ramén Margalef
and the chemist Fernando Fraga, respectively. Other
marine centres created during this period and carrying
out research on physical oceanography are the Canaries
Institute of Marine Sciences (Instituto Canario de Cien-
cias Marinas, ICCM, created in 1974) in the Canary
Islands, the Marine and Food Technology Centre (/nsti-
tuto Tecnologico Pesquero y Alimentario, AZTI, created
in 1981) in the Basque country and the Mediterranean
Institute for Advanced Studies (Instituto Mediterrdneo
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Fic. 3. — (Top) The “Donde Va?” experiment, carried out between
June and October 1982, included surveys and moorings in the Al-
boran Sea, with the participation of Spanish scientists from the IEO
and the IHM; reproduced from Donde Va group (1984). (Bottom)
The Gibraltar Experiment was a large international effort aimed at
studying the Atlantic-Mediterranean exchanges in the Strait of Gi-
braltar; reproduced from Bryden and Kinder (1986) and Kinder and
Bryden (1988) with permission from Woods Hole Oceanographic
Institution.

de Estudios Avanzados, IMEDEA, created in 1985) in
the Balearic Islands.

Two circumstances helped the recovery of Span-
ish oceanography during the 1970s. The first one was
the great increase in fishing off NW Africa during the
1960s. The first Spanish oceanographic vessel, RV Cor-
nide de Saavedra, was built in 1970 (Fig. 2) and Spain
became quite active studying the upwelling system off
NW Africa (Figs. 1 and 2). An International Symposium
on Upwelling Systems was held in 1970 in Barcelona
in the framework of IDOE and a major programme,
the Cooperative Investigation of the Northern Part of
the Eastern Central Atlantic (CINECA), was created
(Margalef 1971). As part of CINECA some 100 scien-
tific cruises off NW Africa were carried out by several
European countries and the United States between 1970
and 1977, including nine cruises on board the RV Cor-
nide de Saavedra (Hempel 1982). The second major
milestone was the cooperative treaty signed in 1976
by the United States and Spain, which represented an
opportunity for enhanced collaboration with leading
oceanographic institutions, including the exchange of
scientists and the possibility of purchasing new instru-
ments. This provided a great impulse to the development
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of observational programmes in the Strait of Gibraltar
and Gulf of Cadiz as well as in the rias and on the con-
tinental shelf off Galicia, among others. The “Donde
va?”’ project (Parrilla 1984) was carried out in summer
1982 through collaboration between the IEO, the [HM
and several European and American research centres,
and it became the basis for the comprehensive Gibraltar
Experiment, carried out in 1985-1986 (Ruiz Canavate et
al. 1986, Kinder and Bryden 1988) (Fig. 3).

A key element for the growth of Spanish ocea-
nography has been the construction of two large
oceanographic vessels, which have been instrumented
with state-of-the-art oceanographic equipment. These
vessels, available through competitive national pro-
grammes, are RV Hespérides (1991) and RV Sarmiento
de Gamboa (2006). In particular, the installation of the
first Spanish base in Antarctica in 1988 and the build-
ing of the ice-strengthened RV Hespérides marked the
start of a major Antarctic research programme which
still continues (Fig. 4). The modern RV Sarmiento
de Gamboa came 25 years later, at the right time to
meet the very much increased demand for ship-time
by the Spanish oceanographic community (Fig. 4).
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- Fa
Fic. 4. — The main vessels used by the Spanish physical oceanography community: (top left) side view of RV Hespérides, with polar capabili-

ties; (top right) RV Garcia del Cid; (bottom left) RV Las Palmas, used mainly to supply the Antarctic bases, together with a rear view of RV
Hesperides; and (bottom right) aerial view of RV Sarmiento de Gamboa. Source: UTM.

Recently the IEO has added to its fleet several mod-
ern, multi-purpose oceanographic ships: RV Thalassa
(built in 1996 and belonging to the IEO and the French
Research Institute for Sea Exploitation, IFREMER),
RV Ramon Margalef (2011) and RV Angeles Alvariiio
(2012) (Fig. 5). There are also several medium-size
vessels run by public institutions and universities and
sometimes available to the whole community, which
have been very effective for conducting extensive
sampling in coastal regions. One such example that
deserves special mention is the RV Garcia del Cid
(1977), which has led many expeditions in shelf and
open waters, especially in the Mediterranean Sea (Fig.
4). Another example is the RV Mytilus (1996), largely
dedicated to sampling the Galician rias (Fig. 5). The
creation in 2000 of the CSIC’s Marine Technology
Unit (Unitat de Tecnologia Marina, UTM) was of fun-
damental importance for the sea-going oceanographic
community as it provides logistic and technical support
to the scientific staff in the oceanographic vessels and
the two Spanish Antarctic bases.

This fleet of oceanographic ships has driven the
Spanish advance in physical oceanography in several
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Fic. 5. — The IEO has several multi-purpose vessels, such as (top) RV Coornide de Saavedra (after changing engines in winter 1982/83,
lengthening in 1985 and renovation of its superstructure in 1989), and (bottom left) the new RV Ramdn Margalef. Source: IEO. (Bottom right)
Several institutions have well-instrumented small-size vessels, such as the RV Mytilus, built in 1996 and operated by the IIM. Source: IIM.

directions. First, the undertaking of comprehensive field
experiments in Spanish and international waters has
led to substantial improvements in our knowledge of
regional dynamics and oceanographic processes (Figs. 6
to 10). Second, the accomplishment of repeated transat-
lantic (Fig. 11) and near-shore (Fig. 12) oceanographic
sections has contributed to our current understanding of
climate change. Some of these cruises were carried out as
part of the WOCE programme: the repeated 24°N trans-
atlantic section and the seasonal cross-shore transects
started by the IEO in 1987, initially off Vigo (Gali-
cian coast) and progressively extending to many other
locations in Spanish waters. A third major contribution
has been the installation and maintenance of long-time
monitoring stations, such as the ESTOC mooring north
of the Canary Islands (ICCM and the University of Las
Palmas de Gran Canaria [Universidad de Las Palmas de
Gran Canaria, ULPGC]), the EBC-4 mooring between
the Canary Islands and the African coast (IEO and
ULPGC), the Espartel Sill mooring (western Gibraltar,
maintained by the University of Malaga [Universidad
de Mdlaga, UM]; Fig. 13) and the Barcelona and Cap
de Creus moorings (Catalan Sea, maintained by ICM)
(these last three being part of the CIESM HydroChanges
programme). A fourth direction has been through active
participation in international sampling programmes. A
central example of this participation is the Spanish con-
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Fic. 6. — The RV Hespérides has allowed the Spanish community to
become actively involved in Antarctic research, with intensive sam-
pling in the Bransfield Strait. (Top left) FRUELA cruises during the
austral summer of 1995-96; reproduced from Gomis ef al. (2002)
with permission from Elsevier. (Remaining panels) The CIEMAR
and BREDDIES cruises in December 1999 and January 2003, re-
spectively; reproduced from Sangra et al. (2011) with permission
from Elsevier.
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Fic. 7. — (Left panels) Several cruises in the 1990s intensively sampled the eddies found south of the Canary Islands, some of them carried
out by the RV Garcia del Cid; reproduced from Aristegui et al. (1997) with permission from Elsevier. (Right) Large-scale sampling off NW
Africa carried out with the RV Garcia del Cid (November 2007) and RV Sarmiento de Gamboa (November 2008); the inset depicts the
principal large-scale currents in the region; reproduced from Pastor et al. (2012) with permission from Ciencias Marinas.
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Fic. 8. — (Top left) Track of RV Sarmiento de Gamboa during the CAIBEX-I (July 2009) cruise off the Galicia coast. Sampling consisted of a
combination of large-scale sections to get the background field and several cross-shore sections over the shelf and slope, plus the installation
of moorings (red dots) and the launching of drifters over the shelf; reproduced from Barton (2009) with permission from the author. (Bottom
left) A study of the Portugal boundary current system was done using data from several vessels, including the RV Coornide de Saavedra
(MORENA 1) and the RV Garcia del Cid (GALICIA VI); reproduced from Pérez et al. (2001) with permission from Elsevier. Other vessels
have been extensively used during recent years: (top right) the French-Spanish RV Thalassa, reproduced from Fraile-Nuez et al. (2008); (bot-
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Fi1G. 9. - The RV Garcia del Cid has been instrumental in sampling the waters near the Iberian Peninsula. Several Wandering Drifter (Flotadors
Errants) cruises were carried out in the north-western Mediterranean, among them (top left) the June 1987 cruise (65 hydrographic stations,
five radio-tracked surface drifters and one mooring), reproduced from Salat et al. (1992), and the (bottom left) May-June 1991 cruise (158 sta-
tions plus ship-borne velocity and aerial bathythermograph measurements), reproduced from Salat (1995) with permission from Elsevier. (Top
right) Hydrographic stations sampled in the Alboran Sea in September-October 1992; reproduced from Viudez et al. (1996). (Bottom right) A
series of field measurements were carried out in the Palamds canyon between March and November 2001, including moorings (left) and four
cruises with hydrographic stations such as the one here shown (right); reproduced from Palanques et al. (2005) with permission from Elsevier.
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Fic. 10. — State-of-the-art approaches for high-resolution horizontal sampling. (Left) Gliders are becoming part of the research and operational

tools developed at SOCIB. The picture illustrates a unit beginning its trip near the Balearic Islands (Source: S. Ruiz, SOCIB); the inset shows

the path followed and the sampled density field, reproduced from Ruiz ef al. (2012) with permission of Elsevier. (Right) Seismic oceanog-

raphy is a powerful technique for deciphering the internal structure of the ocean at vertical and horizontal resolutions of the order of 10 m;
reproduced from Biescas et al. (2008).
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Fic. 11. — (Top) Several of the repeat North transatlantic sec-
tions have been carried out with Spanish vessels, starting with the
1992 WOCE AO5 section (Parrilla et al. 1994) on board the RV
Hespérides; reproduced from Hernandez-Guerra et al. (2010) with
permission from Elsevier. (Bottom) Schematics of the location of
three recent transatlantic sections: MOC-Austral and MOC-Ecuato-
rial (2010, RV Hespérides), and Malaspina (2011, RV Sarmiento de
Gamboa). Source: Alonso Hernandez Guerra, ULPGC.

tribution to the Argo programme led by the IEO, with the
participation of several other institutions, in which many
profilers have been purchased and deployed mainly in
the Mediterranean and northern Atlantic. One important
outcome of these repeated measurements, supported by
other singular initiatives such as the temperature data
gathered off Estartit (north-western Mediterranean)
since in 1973, has been the creation of time series suf-
ficiently long to assess the sign and size of inter-annual
and inter-decadal ocean changes (Vargas Yafiez et al.
2007; Bode et al. 2012).

In the 1990s other large facilities were built, some
of them qualifying as European Union singular research
facilities. These included several large tanks and wave
channels at the Public Works Centre for Studies and
Experimentation (Centro de Estudios y Experimentacion
de Obras Publicas, CEDEX), at the El Pardo Channel
for Hydrodynamic Experiences (Canal de Experiencias
Hidrodindmicas de EI Pardo, CEHIPAR), and at the
Maritime Engineering Laboratory of BarcelonaTech
(Laboratorio de Ingenieria Maritima, of the Universitat
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FiG. 12. — Periodic measurements (top) around the Iberian Peninsula

and (bottom) near the Canary Islands, as maintained by the IEO.

Source: IEO. A colour version of this figure may be found in the
online electronic manuscript.
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Fic. 13. — Time series of potential temperature near the sea floor

(340 m) at the Espartel Sill mooring (west Strait of Gibraltar) from

October 2004 to March 2011 (and two weeks in August 2011). The

mooring was instrumented with an acoustic Doppler current profiler

and temperature-salinity sensors throughout the water column. In

November 2011 the mooring was moved to Espartel Sill. Source:
Physical Oceanography Group at UM.

Politecnica de Catalunya, LIM-UPC, Fig. 14). Further
initiatives have continued during recent years in the
framework of a Spanish programme aimed at developing
large singular facilities (Infraestructura Cientifico-Tecni-
ca Singular, ICTS). These include the Cantabria Coastal
and Ocean Basin (CCOB), with tanks and channels aimed
at research in coastal hydrodynamics, the Balearic Island
Coastal Observing and Forecasting System (Sistema de
Observacion Costera 'y Prediccion de las Islas Baleares,
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FiG. 14. — The wave flume at LIM-UPC is a European Union singu-
lar research facility. Source: LIM-UPC.

SOCIB) aimed at providing oceanographic data and
modelling services to support operational oceanography,
and the Oceanographic Platform of the Canary Islands
(Plataforma Ocednica de Canarias, PLOCAN), aimed at e
creating an offshore research and technology facility. Fig. 15. — Pictorial simulation of the SMOS satellite orbiting over
A major contribution in the post-WOCE era has arisen a coastal area, with the open solar panels and the Y-shaped arms of
. . . the interferometric microwave radiometer facing the Earth. Source:
through the development of a.Mlcrowave Imagmg Radl'— P. Carril for European Space Agency.
ometer with Aperture Synthesis (MIRAS) within the Soil

\ l COASTAL BUOY NETWORK

TIDE GAUGE NETWORK |

HF RADAR NETWORK

Fic. 16. — Puertos del Estado oceanographic networks. The deep-sea buoy network (Alvarez Fanjul et al. 2003) consists of multi-parametric
buoys (Santander buoy is an IEO station) while the coastal buoy network consists of wave-measuring buoys, the tide-gauge network, and the
high-frequency radar network (stations of INTECMAR, MeteoGalicia, UV and PdE). Source: PdE.
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Fic. 17. — SST operational forecast for 8§ May 2012 developed at
MyOcean (2 km resolution), as shown daily on the PdE web page
(www.puertos.es).

Moisture and Ocean Salinity (SMOS) programme of the
of the European Space Agency (ESA) (Font et al. 2012)
(Fig. 15). The Spanish contribution to SMOS, led by the
ICM and the UPC, includes the monitoring, calibration
and data retrieval of surface salinity values which are sub-
sequently made available to the international community.

The active incorporation of university research
groups has become a very important step for the defini-
tive progression of Spanish oceanography, because of the
research that they carry out and the large number of
oceanographers that they train. In 1982 an undergraduate
degree in marine sciences was implemented in Spain, first
at the ULPGC and later at the University of Cadiz (Uni-
versidad de Cddiz, UC, in 1989), the University of Vigo
(Universidad de Vigo, UV, in 1990), the University of
Alicante (Universidad de Alicante, UA, in 1998) and the
Catholic University of Valencia (Universidad Catdlica de
Valencia, UCV, in 2003). The first doctoral programme
in marine sciences began in 1984 as a joint programme
of the UPC, the CSIC and the University of Barcelona
(Universitat de Barcelona, UB). Now there are master
and doctoral programmes in oceanography and coastal
engineering at about a dozen Spanish universities.

From the late 1980s to today, the Spanish National
Ports and Harbours Authority (Puertos del Estado, PdE)
has become the main governmental body in charge of
maintaining monitoring networks around the Spanish
mainland and islands. The present system consists of
a network of deep-ocean meteorological and oceano-
graphic buoys, coastal and open-sea oceanographic bu-
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oys and tide gauges sampling at very high frequency in
order to be used in a future Tsunami Warning System. In
recent years, this network has been complemented with
coastal high-frequency radars able to monitor surface
currents in key regions such as the Strait of Gibraltar
(Fig. 16). A tide-gauge network is also maintained by the
IEO, in some instances with quite long time series (the
oldest ones since 1943). Additionally, PdE assimilates
these and other data sets to make operational predictions
of sea surface conditions, including sea level, waves and
currents (Fig. 17). In addition to these national networks,
there are regional ones in the Cantabrian Sea maintained
by the AZTI and the Cantabria government, in the
Catalan Sea operated by the LIM-UPC for the Catalan
government and in the Atlantic Ocean managed by the
Meteorological Service of Galicia (MeteoGalicia) and

Significant
Wave Height

3&3‘3 3491‘] 350‘] 351EI 3521‘] 353‘] 354IJ

Fic. 18. — (Top) Sea surface temperature and current fields obtained
with the Regional Ocean Modelling System on 18 August 2008,
using six-hourly reanalysis data from the United States National
Centre for Environmental Prediction as atmospheric forcing and
data from the Estimating the Circulation and Climate of the Ocean
project as input at the open boundaries. Source: Luis Ferrer, AZTI.
(Bottom) Sample computation of significant wave height illustrat-
ing the propagation of wave trains into a Spanish Mediterranean
harbour. The colour scaling indicates the wave height intensity,
ranging from 0.1 m (light blue) to 1.0 m (red). Source: A. Sanchez-
Arcilla, LIM-UPC.
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the Technological Institute for the Control of the Marine
Environment (Instituto Tecnologico para el Control del
Medio Marino, INTECMAR) for the Galician govern-
ment (Fig. 18). These national and regional bodies as-
similate the data sets to make model-based operational
predictions of sea level, waves and currents. In particu-
lar, all the information generated by the PdE’s forecast
models and monitoring systems is freely available
through the internet (www.puertos.es). This service re-
ceives an average of one million hits and around 200000
single different visitors per month. This massive use is
a clear demonstration of the current socio-economic im-
portance of physical oceanography in Spain. All the data
recorded by the PdE’s networks, together with model
hindcasts in the framework of the European HIPOCAS
project, have been extensively used by the Spanish ocea-
nographic community, and have formed the backbone of
coastal and harbour engineering during the last decade.

THE SPANISH PHYSICAL OCEANOGRAPHY
HORIZON

The initial worldwide growth of physical oceanog-
raphy was very much based on excellence in research
and educational programmes at prime institutions
of countries with a long oceanographic tradition and
its subsequent development has been the result of
the gathering of large amounts of ocean data, which
have become freely available in centralized data bases
thanks to international collaboration in regional and
global programmes. Spain has played a privileged role
in this work, partly because of its strategic geographic
location in the Mediterranean Sea and Atlantic Ocean
and partly because of the contributions made by a new
generation of oceanographers.

From 1989 to 1998 the European Union research
framework had a specific programme on Marine Sci-
ences and Technologies (MAST) through which Ocea-
nography became the research field, among all Europe-
an programmes, with the largest Spanish success; from
1995 to 2000, and as a consequence of this European
success, a similar programme (Ciencias y Tecnologias
Marinas, CYTMAR) was established within the Span-
ish national research programme (Duarte et al. 1999,
2006). As an example, one of the largest ever European
marine science projects, CANIGO (Canary Islands,
Azores and Gibraltar Observations), was led by the IEO
(the principal investigator was Gregorio Parrilla) with
the participation of ten Spanish research institutions
(Fig. 19). In 1999 the MAST programme disappeared
and European funding for marine science projects came
through several thematic programmes, still with a rela-
tively large return. Following the European inertia, in
2001 the CYTMAR Spanish programme turned into a
national sub-programme (Duarte et al. 2006).

The sinking of the Prestige oil tanker off the coast of
Galicia, in November 2002, marked the birth of opera-
tional oceanography in Spain. Eighteen Spanish institu-
tions, including the Spanish Maritime Safety Agency

Fic. 19. — Location of oceanographic stations carried out as part
of the three-year CANIGO European Union project. Source: Irish
Marine Data Centre.

(Salvamento Maritimo, SASEMAR), participated in
a large Spanish project with the principal objective of
establishing a nation-wide operational system (Estable-
cimiento de un Sistema Espariol de Oceanografia Opera-
cional, ESEOO) capable of handling future emergencies
(Fig. 20) (Alvarez Fanjul ez al. 2007). ESEOQ led to the
creation of an inter-institutional network which today
provides daily marine current forecasts to SASEMAR
for use in search and rescue operations and combating
oil spills, and several Spanish institutions and companies
(ICM, IMEDEA, PdE, Starlab) are playing an important
role in the current developments of the MyOcean and
MyOcean?2 projects.

The relatively large investment in marine sciences
during the 1990s and 2000s was accompanied by a
very substantial increase in the number of Spanish
PhDs in marine sciences, particularly in physical ocea-
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Fic. 20. — Data available in the Hydrobase dataset (gray dots) and
location of the Gijon-2006 and Finisterre-2006 experiments car-
ried out as part of ESEOQ; reproduced from Machin et al. (2008).
The inset shows the trajectory of actual buoys (yellow circles) and
numerical buoys (red circles) launched during the Finisterre-2006
experiment. Source: Enrique Alvarez-Fanjul, PdE. A colour version
of this figure may be found in the online electronic manuscript.
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Fic. 21. — Group photo outside ICM during the EOF1 (13 to 15 October 2010). Source: Marc Gasser Rubinat, ICM.

nography. Most of the researchers came with under-
graduate degrees in marine sciences, physics or civil
engineering and graduated either in Spain or in other
countries with a long oceanographic tradition, such
as Germany, the United States, the United Kingdom,
France and Belgium. A significant proportion of these
young researchers had joined the Spanish system dur-
ing the last ten years, either through research projects
or through funding from several regional and nation-
wide programmes, such as the state-funded Juan de la
Cierva and Ramoén y Cajal programmes. Some of them
have eventually become permanent additions to the
Spanish research system: during the 1980s and 1990s
mainly in the newly created colleges that granted de-
grees in marine sciences and during the 2000s mainly
in governmental research (such as the IEO, the ICM,
the IIM, the IMEDEA and the AZTI) and to a lesser
extent in universities and private enterprises. The con-
tribution of these very well-qualified oceanographers
has marked a turning point for scientific production in
marine sciences, which rose from less than 100 Sci-
ence Citation Index publications in 1990 to over 800
in 2002 (Duarte et al. 2006). We may now also find
young Spanish physical oceanographers working in
many countries worldwide, further strengthening the
Spanish international links.

While the list of research topics is very wide, ac-
cording to the 1999-2007 national reports on physical
oceanography (prepared by the Oceanographic Sec-
tion of the Spanish Commission on Geodetics and
Geophysics), the major research areas and topics have
been the Gulf of Cadiz (UM, IEO and ICM), the Strait
of Gibraltar and Alboran Sea (UC, UM and IEO), the
Catalan-Balearic Sea (ICM, LIM-UPC and IMEDEA),
the North Atlantic Ocean (IIM, ULPGC, IEO, ICCM
and UV), the tropical Atlantic (ICM and UCM), the

Cantabrian Sea (AZTI and IEO), the Antarctic Ocean
(IMEDEA, LIM-UPC and ULPGC), upwelling sys-
tems in boundary currents (IIM, ULPGC, UV, ICM
and ICCM), the role of the ocean in climate (IEO,
ICM, ULPGC, IIM and the Complutense University of
Madrid [Universidad Complutense de Madrid, UCM)),
coastal oceanography (LIM-UPC, the Environmental
Hydraulics Institute at the University of Cantabria [Ins-
tituto de Hidrdulica Ambiental de la Universidad de
Cantabria, IHA-UC] and CEDEX), mixing processes
(ICM, IIM, ULPGC, UV and the University of Girona
[Universitat de Gironal), theoretical oceanography
(ICM, the Institute for Cross-Disciplinary Physics
and Complex Systems [Instituto de Fisica Interdisci-
plinar y Sistemas Complejos, IFISC] and the Institute
for the Mathematical Sciences [Instituto de Ciencias
Matemdticas, ICMAT]), numerical predictive model-
ling (PdE, LIM-UPC, UCM, ICM, UTM, ULPGC,
AZTI, MeteoGalicia and IMEDEA), and marine cli-
mate characterization (PdE, IEO, IMEDEA, IHA-UC,
CEDEX and the Marine Technology Centre [Centro
Tecnologico del Mar, CETMAR]).

It is worth mentioning the catalysing role played
by the international journal Scientia Marina in dis-
seminating Spanish interdisciplinary research in marine
sciences. The journal was founded in 1955, until 1989
under the name Investigacion Pesquera. In 1998 it was
included in the Science Citation Index. It publishes
original papers, reviews and comments concerning all
aspects of marine research, with emphasis on the inter-
disciplinary nature of marine sciences. The papers in this
Scientia Marina special issue are just a sample of the
communications presented at EOF1 (Fig. 21), illustrat-
ing some of the topics currently addressed by the Span-
ish physical oceanography community: Small-Scale and
Coastal Processes, Mesoscale Processes, Large-Scale
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Processes, Marine Climate and Operational Oceanogra-
phy, Oceans and Climate Change, and Technologies for
the Marine Environment. They also exemplify the three
main types of Spanish institutions that carry on research
in physical oceanography: universities, research centres
and governmental organizations.

Bastida et al. (2012) examine the processes leading
to mixing episodes within the bottom boundary layer of
a shelf area and Grifoll ez al. (2012) assess the sensitivity
of a forecasting system for harbours which includes the
nesting of several ocean models. Pefia-Izquierdo et al.
(2012) use field data to give an exhaustive description
of the complex current system over the continental slope
off NW Africa, Mason et al. (2012) use numerical re-
sults to discuss the origin and spatio-temporal variability
of the African upwelling north of the Canary Islands,
and Delgado et al. (2012) use two decades of altimetry
data to examine the variability and connectivity between
the mesoscalar structures at both ends of the Strait of Gi-
braltar. Martin-Rey et al. (2012) analyse outputs from a
coupled atmosphere-ocean model to show that changes
in heat content in the tropical Atlantic may influence
the equatorial Pacific at interannual scales and Claret et
al. (2012) use novel data along the equatorial Atlantic
to demonstrate convective mixing as induced by the
intrusion of the highly-saline equatorial undercurrent.
Jorda et al. (2012) present a new hindcast of sea surface
height in the Mediterranean Sea and a sector of the NE
Atlantic for the 1958-2008 period, Vidal-Vijande et al.
(2012) examine the behaviour of three numerical global
models against observational data in the western Medi-
terranean, Costa et al. (2012) validate a forecast system
for the NW Iberian Peninsula based on the nesting of a
Regional Ocean Modelling System to the MERCATOR
ocean model for the North Atlantic, and Garcia-Nava et
al. (2012) use field data to evaluate the performance of
several wind-drag parameterizations for mixed sea con-
ditions. San Antolin et al. (2012) inspect data from three
transatlantic sections along 7.5°N to assess how inter-
decadal changes in intermediate water strata may affect
both stratification and double diffusion, and Garcia-
Olivares and Herrero (2012) examine the sensitivity of a
mechanistic glacial-interglacial model to changes in the
parameters that simulate large-scale physical and chemi-
cal processes. Martin Miguez et al. (2012) compare sea
level data as obtained from four different systems during
several years to examine their short and long-term ac-
curacy, Emelianov et al. (2012) propose that deep ther-
mohaline anomalies have a signal in sea surface tem-
perature that may be detected with a singularity analysis
technique, Gonzdlez et al. (2012) present a conceptual
design for oceanographic and meteorological offshore
monitoring stations, Font et al. (2012) review the sev-
eral elements of the SMOS program and provide a first
validation of the operational global sea surface salinity
maps, and Ruiz et al. (2012) present five years of glider
activities which include studies related to glider-path
planning and the integration of data from gliders and
other in situ and remote platforms.

FINAL CONSIDERATIONS

The Spanish situation in the field of physical ocea-
nography is very favourable in terms of facilities and
manpower. However, the deep national economic
crisis is a major threat and has led to a noticeable de-
crease in funding for ocean research programmes in
the last year. It has also caused a dramatic reduction
in the possibilities for recent graduates to join public
research and educational organizations. During the fol-
lowing years we may expect that many Spanish ocea-
nographers will have to leave for other countries, either
temporally or permanently, in order to continue their
careers. Hopefully this situation will not last very long
but it is critical to design strategies and priorities for
this interim period. Below we present the three main
lines of action that we think should be followed in the
coming years: human capital, partnership and society-
oriented research.

A prime priority for the forthcoming years must be
the maintenance of those programmes that ensure the
training of qualified graduate students and the incor-
poration of specialized technicians and postgraduate
researchers. It is time to maintain and improve the
human capital that took so long to build up. Qualified
technical, doctoral and postdoctoral positions should
be opened through the national research programmes
and the educational and research institutions. This is
to be a priority in the strategies for investing in science
during the following years and should lie well ahead
of investments in new facilities. This is the only pos-
sible way to maintain and even increase the Spanish
participation in European and internationally funded
programmes. One outcome of this strategy would be
a proper maintenance of the existing facilities and the
development of our own technologies and scientific
instruments.

Partnership and networking should be an underly-
ing motive in the planning of future Spanish research
projects. These projects should be coordinated in order
to optimize the use of expensive facilities such as re-
search ships, large laboratory facilities and other ex-
pensive instruments, but we must go even further. It is
necessary to promote associations between researchers
themselves, between institutions that carry on research
and between research and society. It is also time to re-
cover the private oceanographic associations that arose
in Spain 100 years ago as the best way to reach and
involve the Spanish society, from the school system
to the large corporations, in the understanding and
sustainable utilization of our oceans and seas. Partner-
ships with institutions from other countries is also to be
encouraged, perhaps recovering de Buen’s old idea of
an Ibero-American oceanographic association. For us
scientists it is also fundamental to make sure that our
data are stored in databases for proper and exhaustive
use, that technological developments become available
to industry, and that our conclusions reach managers.

In the short or long term our research must be
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fundamentally inspired by society. Fundamental re-
search is the backbone of growth in modern societies.
Unfortunately, in the current context of crisis, this fact
is sometimes not clearly perceived by the population
and is therefore not endorsed by politicians. The con-
tinued development of operational oceanography, with
research and state agencies playing a coordinated role,
underscores the importance of oceanography for soci-
ety. However, in order to promote our basic research
we need to make every effort to increase the presence
of our science in everyday life, advocating the down-
stream or added values of marine data and knowledge.
This goes from boosting education at all levels to
supporting the creation of private enterprises with fa-
cilities to hire technicians and researchers. The general
public must become aware of the ocean’s resources and
their vulnerability, and of the prime importance of our
oceans and seas in controlling the present and future of
the Earth’s climate and habitat.
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