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Executive Summary

■ T h e  G l o b a l  O c e a n  O b s e r v in g  S y st e m

International agreements and conventions call for 
safety at sea, effective management of the marine 
environm ent, and sustainable utilization of its 
resources. Achieving the im portant and challenging 
goals of these agreements depends on the ability to 
rapidly detect and provide timely predictions of 
changes1 in a broad spectrum of marine phenomena 
that affect (1) the safety and efficiency of marine 
operations; (2) the susceptibility of hum an popula­
tions to natural hazards; (3) the response of coastal 
ecosystems to global climate change; (4) public health 
and well being; (5) the state of marine ecosystems; 
and (6) the sustainability of living marine resources. 
W e do not have these capabilities today.The pur­
pose of establishing a Global Ocean Observing Sys­
tem (GOOS) is to develop these capabilities.

The sponsors of G O O S are the Intergovernmental 
Oceanographic Commission (IOC) of UNESCO, 
the U nited  N ations Environm ent Program m e 
(UNEP), the World Meteorological Organization 
(W M O), and the International Council for Science 
(ICSU). G O O S is envisioned as an operational, glob­
al network that systematically acquires and dissemi­
nates data and data products on past, present and 
future states of the marine environment. The observ­
ing system is being developed in two related and 
convergent modules: (1) a global ocean module con­
cerned primarily w ith detecting and predicting

 ̂ Change - "to cause or turn or pass from one state to another; to alter or make 

different, to  vary in external form or essence" (Webster's N ew  Twentieth Century 

Dictionary, Unabridged Dictionary).Thus, if one is to  detect and predict change, 

one must be able to detect and predict "states." In addition, the word "change" does 

not imply a particular time or space dimension. Changes occur over a broad spec­

trum of scales (e.g., seconds to centuries) and variability on one scale is change on  

another.

changes in the ocean-climate system and improving 
m arine services (led by the Ocean Observations 
Panel for Climate (O O PC), which is jointly spon­
sored by W orld Climate Research Programm e 
(W CRP), the Global Climate Observing System 
(GCOS); and GOOS) and (2) a coastal module con­
cerned w ith the effects of large scale changes in the 
ocean-climate system and of hum an activities on 
coastal ecosystems, as well as improving marine serv­
ices (led by the Coastal Ocean Observations Panel 
(COO P), which is sponsored jointly by the Food and 
Agriculture Organization of the United Nations 
(FAO), the International Geosphere-Biosphere Pro­
gramme (IGBP) and GOOS).

This report presents recommendations of the Coastal 
Ocean Observations Panel (COOP) for the design of 
the coastal module of GOOS. It is divided into three 
sections:

(1) Rationale and goals (Prologue, Chapters 1 and 
2 ),

(2) Design (Chapters 3, 4, 5 and 6), and
(3) Initial guidelines for formulating an Im plem en­

tation Plan (Chapter 7).

The design plan describes the vision for an integrat­
ed and sustained observing system for the coastal 
ocean, defines the elements of the system, and 
describes how they relate to each other to achieve an 
operational system. The plan provides a framework 
for how the com m unity of nations can make more 
cost-effective use of collective resources to address, in 
a more timely fashion, environmental issues and 
problems of mutual concern. This is the first step 
toward the formulation of an implementation plan 
which is expected to be completed by the end of
2004.
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R a t io n a l e  a n d  G o a ls

Ecosystem goods and services are more concentrated 
in the coastal zone than in any other region of the 
globe. Rapid increases in hum an uses of coastal 
resources and global changes in the ocean-climate 
system are making the coastal zone more susceptible 
to natural hazards, more costly to live in, and of less 
value to national economies. Conflicts between com ­
merce, recreation, development, environmental pro­
tection, and the management of living resources are 
becoming increasingly contentious and politically 
charged. The social and economic costs of unin­
formed decisions are increasing accordingly. An inte­
grated system of observations and analysis is needed 
to provide the data and information required to 
achieve six goals:

(1) Improve the safety and efficiency of marine 
operations, whether conducted by governments, 
agencies, or commercial companies;

(2) M ore effectively control and mitigate the effects 
of natural hazards;

(3) Improve the capacity to detect and predict the 
effects of global climate change on coastal 
ecosystems;

(4) R educe public health risks;
(5) M ore effectively protect and restore healthy 

ecosystems; and
(6) Restore and sustain living marine resources.

Achieving these goals depends on developing the 
capability to  rapidly detect and predict a broad 
spectrum  of coastal phenom ena from changes in 
sea state, coastal flooding and sea level rise to 
increases in the risk of disease, habitat m odification, 
harm ful algal blooms and declines in fisheries. 
A lthough each goal has unique requirem ents for 
data and inform ation, they have many data needs 
in com m on. Likewise, the requirem ents for data 
com m unications m anagem ent are similar across all 
six goals.Thus, an integrated approach to the devel­
opm ent of a m ulti-use observing system is both  
sensible and cost-effective.

C o n c e p t u a l  D e s ig n

Rapid detection and timely prediction depend on 
the establishment of an operational observing sys­
tem  that routinely and continuously provides

required data and inform ation in the form, and on 
time scales, specified by the users. Such a system 
must efficiently link three essential subsystems to 
ensure the timely and routine delivery of data and 
inform ation to users: (1) a m onitoring (sensing) 
subsystem, (2) a subsystem for data acquisition, 
m anagem ent and dissemination, and (3) a subsystem 
for data assimilation and analysis based on scientific 
understanding.

In so doing, the coastal module must be designed to 
address many issues, including the diversity of the 
coastal phenom ena encompassed by the six goals and 
ecosystem theory w hich posits that the phenomena 
of interest are related through a hierarchy of interac­
tions. In this context, the design must also take into 
account the following global considerations:

• Design, implementation, and development of 
the observing system must be guided by the data 
and information needs of user groups;

• The phenom ena of interest are typically local 
expressions of changes (e.g., EN SO  events, land- 
based sources of pollution, extraction of living 
resources) that propagate from large to small 
scales across national jurisdictions and across the 
boundaries between air, sea and land;

• Although each of the six goals has some unique 
data requirements, they have many data require­
ments in common;

• Global standards and protocols for observations, 
data exchange, and data m anagem ent are 
required to ensure rapid and timely access to 
data and information;

• Many of the elements required to build the 
Observing System are in place and have been for 
a long time;

• Mechanisms for perm anent and ongoing evalu­
ations of the System in terms of cost-effective- 
ness, efficiency, quality control, and the timely 
provision of data and information must be estab­
lished; and

• Those elements of the observing system 
required to improve marine services, improve 
the efficiency of marine operations, and forecast 
natural hazards are more developed than those 
required for ecosystem-based environmental 
protection and management of living resources.

Regional considerations include the following:
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• Priorities and the capacity to contribute to and 
benefit from the observing system vary among 
nations and regions;

• Most international agreements and conventions 
that target environmental protection and the m an­
agement of living marine resources are regional in 
scope;

• Nations and Regional bodies provide the most 
effective venues for identifying user groups, prod­
uct development, and marketing.

Thus, design and implementation must respect the fact 
that priorities vary among regions and should leave sys­
tem design on the regional scale to stakeholders in the 
regions. At the same time, the six goals of the coastal 
module of GOOS have many common requirements. 
Consequently, a global network of observations can 
provide economies of scale that will allow region­
al observing system to be more cost-effective. This 
report proposes a collaboration between the manage­
ment of the common global network of observations 
and the Regional GOO S Alliances. Such a structure 
will have beneficial effects on the whole design and 
management of GOOS.

A  G l o b a l  F o r u m  f o r  R e g io n a l  
O b s e r v in g  S y s t e m s

Clearly, the coastal module must include both 
regional and global scale components. This can best 
be established by providing a m echanism  for 
national G O O S programmes and G O O S Regional 
Alliances to play significant roles in (1) coordinating 
the developm ent of a global netw ork of observa­
tions, data management, and analysis; (2) establishing 
com m on standards and protocols for measurements, 
data exchange, data m anagem ent and analysis; (3) 
facilitating the transfer of technology and know l­
edge; and (4) setting priorities for capacity building. 
In this design, the global netw ork

• Measures and manages a set of com m on vari­
ables that are required by most, if not all, region­
al systems (the com m on variables, Chapter 4);

• Establishes a network of reference and sentinel 
stations; and

• Links coastal observations to global observations 
and interfaces global and coastal models (Chap­
ter 5).

Regional observing systems are critical building blocks 
of the coastal module. The global network will not, by 
itself, provide all (or even most) of the data and infor­
mation required to detect the state and predict changes 
in the phenomena of interest. There are categories of 
variables that are important globally, but the vari­
ables measured and the time-space scales o f meas­
urement change from region to region depending 
on the nature of the coastal zone and on user 
needs. These include variables in the categories of 
stock assessments, essential fish habitats, marine mam­
mals and birds, invasive species, harmful algae, and 
chemical contaminants. For these categories, and for 
variables such as sea ice that are restricted to certain 
regions of the globe, decisions concerning exactly what 
to measure, the time-space scales of measurement, and 
the mix of observing techniques are best made by 
stakeholders in the regions affected. Similarly, aspects of 
forecasting for coastal industries will depend upon the 
existence of offshore oil and gas exploitation, major 
ports, ferry routes, tourist resorts, and recreational cen­
tres. Guided by regional priorities, regional observing 
systems provide data and information that are tailored 
to the requirements of stakeholders, especially those 
required to manage fisheries and land-based sources of 
pollution. This is likely to involve increases in the reso­
lution at which common variables are measured (e.g., 
to 1 km or less) as well as the measurements of addi­
tional variables at finer scales. In this way, regional 
observing systems both contribute to and benefit from 
the global network.

The global coastal network that contributes to the 
cost-effectiveness of regional observing systems 
and links regional observing systems with each 
other and the global ocean-climate observing sys­
tems is the focus of the COOP design plan.

T h e  P r im a c y  o f  D a t a  M a n a g e m e n t  
a n d  P r o d u c t  D e v e l o p m e n t

R educing the time required to acquire, process and 
analyse data of know n quality is a major goal that 
requires the development of an integrated data m an­
agement and communications subsystem. The objec­
tives are to serve data in both real-time and delayed 
mode and to enable users to exploit multiple data sets 
from many different sources. This will require a hierar­
chical distributed network of national, regional and 
global organizations that function with common stan-
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dards, reference materials and protocols for quality con­
trol; enable rapid access to and the exchange of data 
(e.g., metadata standards); and long-term data archival. 
Such a network will develop in an incremental way by 
linking and integrating existing national and interna­
tional data centres and management programmes. The 
IO C  committee for the International Ocean Data and 
Information Exchange (IODE) and the data manage­
m ent programme area of the Joint Technical Commis­
sion for Oceanography and Marine Meteorology 
(JCOMM) have the potential to oversee the coordi­
nated development of the integrated data management 
subsystem (Chapter 6).

User groups and the data streams and products they 
require must guide the development of the observing 
system. At the same time, rapid access to multi-discipli­
nary data from many sources will catalyse modelling 
and product development. Thus, high priority must be 
placed on the establishment of mechanisms to involve 
user groups on a continuing basis in the definition of 
products and in the establishment, operation and devel­
opment of the coastal module.

National GOOS Programmes and GOOS R egion­
al Alliances (GRAs) provide the primary venue for 
identifying user groups, specifying data and infor­
mation requirements, and refining data-products
over time based on user feedback and new knowledge. 
Production, advertising and marketing data products 
are essential to the development of broad user demand 
and, therefore, to the development of the observing 
system. The primary marketing and outreach tools 
presently available are the GOOS Products and Ser­
vices Bulletin and the JC O M M  Bulletin.These report 
products and product development activities and pro­
vide a means for users to comment on the quality and 
usefulness of GOOS products.

T h e  O b se r v in g  S u b sy st e m

The proposed global network is intended to measure 
and manage a relatively small set of “com m on” vari­
ables that are required by most, if not all, of the 
regional observing systems (Chapter 4, Annexes IV 
and V). Although it is likely that the com m on vari­
ables will emerge as the GRAs build the global 
coastal network over time, it is useful to select a pro­
visional set of variables to help guide the design and 
implementation of the initial global coastal net­

work.The recommended com m on variables are sea 
level, water temperature and salinity, vector currents, 
surface waves, dissolved oxygen and inorganic nu tri­
ents, attenuation of solar radiation, bathymetry, 
changes in shoreline position, sediment size and 
organic content, benthic biomass, phytoplankton 
biomass, and faecal indicators. These variables were 
selected based on data requirements of the six goals 
and the num ber of user groups that would benefit 
from the data and inform ation.This “best-guess” list 
is im portant in that it provides insight into what the 
com m on variables are likely to be and highlights the 
importance of improving capacity to sense changes 
in biological and chemical variables and the develop­
m ent of operational models for biogeochemical and 
ecological processes.The physical forces on structures 
and floating systems are an important part of the 
forecasting services to marine operators, and these 
products are already quite advanced and dealt with in 
other publications. The modelling aspects of physical 
parameters are discussed in Chapter 5. Given the 
importance of environmental factors in terms of both 
detection and prediction of the phenomena of inter­
est, it is not surprising that these dominate the provi­
sional list for the coastal module.

A mix of techniques will be needed to provide the 
required data streams.These fall into three general cat­
egories: remote sensing (spatially synoptic observa­
tions) , in situ autonomous sensing (high resolution time 
series), and discrete sampling followed by laboratory 
analysis (for many chemical and biological variables). 
Elements of the monitoring subsystem should include 
(1) networks of coastal laboratories, (2) the global net­
work of tide gauges, (3) fixed platforms, moorings and 
autonomous vehicles, (4) research and survey vessels 
dedicated to sustained observations, (5) volunteer 
observing ships, and (6) remote sensing from land- 
based platforms, satellites and aircraft.

L in k in g  O b se r v a t io n s  a n d  M o d e l s

M onitoring and modelling are mutually dependent 
processes, and the development of the fully integrat­
ed system will require an ongoing synergy between 
m onitoring, advances in technology, and the form u­
lation of predictive models (Chapter 5). Models will 
play critical roles in the implementation, operation 
and development of the observing system. They are 
im portant tools used to estimate quantities that are
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not observed directly w ith known certainty, i.e., pre­
dict past (hindcasts), present (nowcasts), and future 
(forecasts) states of coastal marine and estuarine sys­
tems and the errors associated with such predictions. 
N ote  that the concept of a nowcast requires 
extremely rapid delivery and processing of data in 
real time, or near real time.

An overview of the current status of data assimilation 
and modelling for marine services and natural haz­
ards, living marine resources, public health, and 
ecosystem health (Chapter 5) shows the advanced 
state of modelling for marine services and natural 
hazards relative to those available for detecting and 
predicting changes in phenom ena that require meas­
urements of biological and chemical variables. This 
underscores the importance of research for the 
development of the coastal module.

B u il d in g  t h e  S y st e m

T he developm ent of both the global ocean and 
coastal com ponents of G O O S are critically depend­
ent on selectively and effectively linking, enhanc­
ing and supplem enting existing programmes (Chap­
ter 7). T he global coastal netw ork will come into 
being through a com bination of national, regional 
and global processes. A lthough some elements of 
the system will be global in scale from the begin­
ning (e.g., GLOSS, observations from space), 
national and regional coastal observing systems will 
be the building blocks of the global coastal n e t­
work. G O O S R egional Alliances (GRAs) are being 
established to plan and im plem ent regional observ­
ing systems that will become the building blocks of 
the coastal m odule (Chapter 3, section 3.1). GRAs 
are encouraged to build the coastal m odule by 
establishing partnerships w ith N ational G O O S Pro­
grammes, R egional Seas Conventions, Regional 
Fishery Bodies, Large M arine Ecosystem Pro­
grammes, and other bodies as appropriate.

Implementation, operation and evolution of a sus­
tained observing system, such as the World Weather 
Watch, will require government mechanisms to 
ensure that candidate systems or elements of systems 
pass through four stages of development:

(1) The development of new knowledge, technolo­
gies and models through research;

(2) Repeated testing in pilot projects to ensure reli­
ability and acceptance by the research and oper­
ational communities;

(3) Pre-operational use to ensure that incorporation 
into the observing system leads to value-added 
products; and

(4) Incorporation into an operational observing sys­
tem  that is sustained.

This must be a selective process, and criteria for 
m igrating the building blocks of G O O S from 
research to operational stages based on user needs 
must be established. T he first step in implementing 
the coastal m odule of G O O S should be improved 
sharing of existing data and products from observ­
ing system elements to initiate their integration into 
an observing system. Historical data and ongoing 
data streams exist in large numbers, but many are 
not now readily accessible to the many potential 
users.

R e s e a r c h  a n d  t h e  D e v e l o p m e n t  o f  
a n  O p e r a t io n a l  O b s e r v in g  S y st e m

T he scientific and technical foundation for the 
design of the coastal m odule are provided by 
research programmes including those of the IGBP 
(Land-Ocean Interactions in the Coastal Zone, 
L O IC Z ; the GLOBal ECosystem  experim ent, 
GLOBEC; and the Joint Global Ocean Flux Study, 
JGOFS), the Census of M arine Life (CoML), G lob­
al Ecology and Oceanography of Harm ful Algal 
Blooms (GEOHAB), the International Long-Term  
Ecosystem Research (I-LTER) programme, and the 
Sensor Intercom parisons and M erger for Biological 
and Interdisciplinary Oceanic Studies (SIMBIOS). 
T he knowledge and technologies generated by 
these and other research programmes will be 
required to realize the full potential of the observ­
ing system. T he observing system will, in turn , pro­
vide guaranteed and continuous data on the envi­
ronm ent that will be of enorm ous value to marine 
science and education in m uch the same way that 
data required for weather forecasting benefit the 
science of meteorology and that num erical weather 
predictions benefit the environmental sciences as a 
whole.

Priorities for research and development include the 
following:
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• Formulate ecosystem models for more rapid 
assimilation and analysis of biological and chem ­
ical data. The goal is to develop these into oper­
ational models that can be used to guide devel­
opm ent of the system, determine climatologies 
for the com m on variables, and provide more 
timely detection and prediction of changes in 
the phenomena of interest.

• Establish requirements for remote sensing of the 
com m on variables and enhance remote sensing 
of coastal waters. Continue the deployment of 
ocean observing satellites and develop new satel­
lite-based sensors for improved, higher resolu­
tion observations of the com m on variables in 
coastal environments.

• Establish requirements for in situ sensing of key 
variables and enhance in situ sensing in coastal 
waters to include more rapid detection of bio­
logical and chemical variables with greater reso­
lution and real-time telemetry.

C o o p e r a t io n , C o o r d in a t io n  a n d  
C o l l a b o r a t io n

T he Integrated Global O bserving Strategy
involves the establishment of three linked observing
systems, the Global Climate Observing System

(GCOS), Global Terrestrial O bserving System 
(GTOS), and GOO S -  all taken together know n as 
G 30S . From the perspective of the coastal module, 
G COS is expected to provide data required to quan­
tify atmospheric forcings; GTOS is expected to pro­
vide data required to quantify land-based inputs; and 
the global ocean module of G OO S is expected to 
provide open ocean boundary conditions and data 
required to quantify basin-scale forcings.

Implementing the coastal module will require a 
sophisticated level of cooperation, coordination and 
collaboration am ong nations and existing pro­
grammes to ensure the emergence of a global net­
work as more national and regional systems come on 
line. A critical aspect of this process will involve har­
monizing the need for global coordination w ith user 
needs based on national and regional priorities. At 
present, there is no formal international mechanism 
in place to promote and guide this process. An inter­
governmental commission, such as the Joint Techni­
cal Commission on Oceanography and M arine 
M eteorology (JCOM M  with the appropriate adviso­
ry bodies), will be needed to facilitate multi-lateral 
agreements and to address legal issues that will arise 
from implementation of U N C LO S and other inter­
national conventions.
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Résumé analytique

Le  S y st è m e  m o n d ia l  d 'o b se r v a t io n  
d e  l 'o c é a n

Conventions et accords internationaux prônent la 
sécurité en mer, la gestion efficace du milieu marin et 
l'utilisation durable de ses ressources. Les importants 
et ambitieux objectifs fixés par ces accords ne pour­
ront être atteints que si l'on parvient à détecter rapi­
dement et à prévoir en temps voulu les changements1 
enregistrés par un large éventail de phénomènes 
marins qui ont une incidence sur (1) la sécurité et l'ef­
ficacité des opérations en mer ; (2) la vulnérabilité des 
populations humaines aux risques naturels ; (3) la 
réaction des écosystèmes côtiers aux changements cli­
matiques mondiaux ; (4) la santé et le bien-être pub­
lic ; (5) l'état des écosystèmes marins ; (6) la pérennité 
des ressources marines vivantes. N ous n'avons pas à 
ce jour les capacités nécessaires. La mise en place 
du Système m ondial d'observation de l'océan 
(GOOS), qui a pour organismes de parrainage la 
Commission océanographique intergouvemementale 
(COI) de l'UNESCO, le Programme des Nations 
Unies pour l'environnement (PNUE), l'Organisation 
météorologique mondiale (OMM) et le Conseil 
international pour la science (CIUS), vise à les 
développer. Le G OO S est conçu comme un réseau 
opérationnel mondial d'acquisition et de diffusion 
systématiques de produits et données sur l'état passé, 
présent et futur du milieu marin. Il est mis en place 
sous la forme de deux modules interdépendants et

1 C h an g er - "transfo rm er en  q u e lq u e  chose d 'au tre , faire passer à u n  autre  é tat ; 

modifier quelque chose, le rendre différent ; subir une modification d'aspect, de 
forme, de nature, devenir différent" (Larousse encyclopédique). Pour détecter ou  
prédire un changement il faut, par conséquent, pouvoir détecter et prédire des 
"états". En outre, le terme "changement" n'implique pas une dimension temporelle 
ou spatiale particulière. Il se produit des changements à de très nombreuses échelles 
(par exemple de quelques secondes à plusieurs siècles) et ce que l'on appelle vari­
abilité à une échelle est un changement à une autre.

convergents, à savoir : (1) un module océanique m on­
dial essentiellement chargé de détecter et de prévoir 
les changements du système océan-climat, d'amélior­
er les services océaniques (sous la direction du 
Groupe sur les observations océaniques pour l'étude 
du climat (OO PC), qui est coparrainé par le Pro­
gramme mondial de recherche sur le climat (PM RC), 
le Système mondial d'observation du climat (SMOC) 
et le GOOS) et (2) un module côtier chargé d'étudi- 
er les effets des changements à grande échelle du sys­
tème océan-climat et des activités humaines sur les 
écosystèmes côtiers, ainsi que les moyens d'améliorer 
les services océaniques (sous la direction du Groupe 
des observations relatives aux océans et aux zones 
côtières (COOP), qui est coparrainé par l'Organisa­
tion des Nations Unies pour l'alimentation et l'agri­
culture (FAO), le Programme international sur la 
géosphère et la biosphère (PIGB et le GOOS). Le 
rapport présente les recommandations du C O O P 
pour la conception du module côtier du GOOS. Il est 
divisé en trois sections :

1. Fondem ents et objectifs (prologue, chapitres 1 
et 2),

2. C onception (chapitres 3, 4, et 6) et
3. Principes directeurs initiaux applicables à la 

form ulation d 'un plan de mise en oeuvre 
(chapitre 7).

Le plan conceptuel décrit com m ent l'on se représente 
un système intégré et durable d'observation de l'océan 
côtier, en définit les éléments et indique com m ent ils 
s'articulent entre eux pour donner un système opéra­
tionnel. C'est un schéma de la manière dont la com ­
munauté des nations peut rentabiliser davantage l'util­
isation des ressources collectives pour s'atteler en 
temps plus opportun aux questions et problèmes
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environnementaux d'intérêt mutuel. C'est le premier 
pas vers la formulation d'un plan de mise en oeuvre 
qui devrait être achevé d'ici à fin 2004.

F o n d e m e n t s  e t  o b je c t ifs

Les écosystèmes fournissent davantage de biens et 
de services dans la zone côtière que dans toute autre 
région du globe. L 'augmentation rapide des modes 
d'utilisation des ressources côtières par l'hom m e et 
les changements à l'échelle planétaire du système 
océan-clim at rendent cette zone plus vulnérable 
aux risques naturels, y renchérissent le coût de la vie 
et d im inuent sa valeur pour les économ ies 
nationales. Les rivalités d 'intérêt entre commerce, 
loisirs, développem ent, protection de l'environ­
nem ent et gestion des ressources vivantes sont 
sources de litiges de plus en plus nom breux et pren­
nent un caractère de plus en plus politique. Le coût 
social et économ ique de décisions prises sans dis­
poser de renseignements pertinents s'accroît en 
conséquence. Il faut un système intégré d'observa­
tion et d'analyse afin de fournir les données et 
inform ations nécessaires pour atteindre les six 
objectifs ci-après :

1. améliorer la sécurité et l'efficacité des opéra­
tions en mer, qu elles soient menées par des 
gouvernem ents, des organisations ou des en tre­
prises commerciales ;

2. lu tte r contre les effets des catastrophes 
naturelles et les atténuer plus efficacement ;

3. améliorer la capacité à détecter et prévoir l'in­
cidence des changements climatiques à l'échelle 
mondiale sur les écosystèmes côtiers ;

4. réduire les risques pour la santé publique ;
5. protéger ou restaurer plus efficacem ent la 

salubrité des écosystèmes ;
6. régénérer les ressources marines vivantes et en 

assurer la pérennité.

La réalisation de ces objectifs est fonction du
développem ent de la capacité à détecter et prédire 
rapidem ent un large éventail de phénom ènes côtiers 
qui vont de modifications de l'état de la mer, d 'i­
nondations côtières et de l'élévation du niveau de la 
m er jusqu'à une augm entation du risque de mal­
adies, des modifications de l'habitat, des efflores­
cences algales nuisibles et une dim inution des pêch­
es. Bien que chacun de ces objectifs exige des d on­

nées et informations spécifiques, ils peuvent néces­
siter de nombreuses données communes. De
même, leurs impératifs de gestion de la com m uni­
cation des données sont similaires. U ne approche 
intégrée de la mise en place d 'un système d'obser­
vation polyvalent est par conséquent à la fois ju d i­
cieuse et rentable.

C o n c e p t io n  d u  s y s t è m e

La détection rapide et la prévision en temps voulu 
dépendent de la mise en place d 'un système d 'ob­
servation opérationnel qui fournisse régulièrem ent 
et en continu les données et l'inform ation requises 
sous la forme, et à l'échelle temporelle, spécifiées par 
les utilisateurs. Pour garantir aux utilisateurs la four­
niture régulière et en temps voulu de données et 
d'inform ation, un tel système doit associer efficace­
m ent trois sous-systèmes essentiels, à savoir : (1) un 
sous-système de surveillance (détection), (2) un 
sous-système d'acquisition, gestion et diffusion des 
données et (3) un sous-système d'assimilation et 
d'analyse des données reposant sur leur com préhen­
sion scientifique.

Ce faisant, il faut concevoir le module côtier de 
manière à répondre à de nombreuses questions, 
notam m ent la diversité des phénomènes côtiers rele­
vant des six objectifs fixés et la théorie des écosys­
tèmes en vertu de laquelle toute une gamme d'inter­
actions relie les phénomènes étudiés. Dans ce con­
texte, la conception du système doit également pren­
dre en compte les considérations générales ci-après :

• la conception , la mise en oeuvre et le 
développem ent du système d 'observation 
doivent être fonction des données et de l'infor­
m ation nécessaires aux groupes d'utilisateurs ;

• les phénom ènes étudiés sont généralem ent des 
manifestations locales de changem ents (par 
exemple le phénom ène ENSO, les sources te r­
restres de pollution, l'extraction de ressources 
vivantes) qui se propagent en passant de 
grandes à de petites échelles et en traversant 
juridictions nationales et limites entre m er terre 
et eau ;

• bien que ces six objectifs exigent chacun des 
données spécifiques, beaucoup leurs sont com ­
munes ;

• des norm es et protocoles m ondiaux d'observa­



tion ainsi que dechange et de gestion des d on­
nées sont nécessaires pour garantir un accès 
rapide et en temps voulu aux données et à l'in­
form ation ;

• beaucoup des éléments indispensables pour 
constituer le système d'observation sont d'ores 
et déjà en place, et ce, depuis longtemps ;

• il faut établir des mécanismes d évaluation per­
m anente et continue du système sur les plans 
de la rentabilité, de l'efficacité, du contrôle de la 
qualité, et de la fourniture en temps voulu des 
données et de l'inform ation ;

• les éléments du système d'observation néces­
saires pour améliorer les services océaniques et 
l'efficacité des opérations en m er ainsi que pour 
prévoir les risques naturels sont plus développés 
que ceux nécessaires à la protection écosys- 
tém ique de l'environnem ent et à la gestion des 
ressources vivantes.

Les considérations régionales portent notam m ent 
sur les points suivants :

• les priorités et la capacité à contribuer au sys­
tèm e d'observation et en tirer parti varient d'un 
pays et d'une région à l'autre ;

• la plupart des conventions et accords in terna­
tionaux visant à protéger l'environnem ent et 
assurer la gestion des ressources m arines 
vivantes ont une portée régionale ;

• les organismes nationaux et régionaux sont les 
instances les plus appropriées pour recenser les 
groupes d'utilisateurs, décider du développe­
m ent des produits et de leur marketing.

Par conséquent conception et mise en oeuvre 
doivent respecter le fait que les priorités varient 
selon les régions et devraient laisser aux participants 
régionaux le soin d'élaborer le système à leur 
échelle. Dans le m êm e temps, les six objectifs du 
module côtier du G O O S ont de nombreuses exi­
gences communes. C'est pourquoi un réseau m on­
dial d'observation peut créer des économ ies 
d'éch elles qui perm ettront d'am éliorer la 
rentabilité du système régional d'observation. Le 
présent rapport propose que les responsables de la 
gestion du réseau mondial com m un d'observation 
collaborent avec les alliances régionales pour le 
GOO S, ce qui aura des répercutions bénéfiques sur 
l'ensemble de la conception et de la gestion de ce 
dernier.

U n  fo r u m  m o n d ia l  d e  sy st è m e s

RÉGIONAUX D'OBSERVATION

Le module côtier doit indubitablem ent comprendre 
aussi bien des composantes à l'échelle régionale que 
mondiale. Le meilleur moyen d'y parvenir est de 
m ettre en place un mécanisme qui perm ette aux 
programmes nationaux et aux alliances régionales 
pour le G O O S de jouer un rôle significatif dans 
plusieurs directions : (i) coordonner le développe­
m ent d ’un réseau mondial d ’observation, de gestion 
des données et d ’analyse ; (ii) m ettre en place des 
norm es et protocoles internationaux de mesure, 
d'échange et de gestion des données, et d ’analyse ; 
(iii) faciliter le transfert de technologie et des con­
naissances ; (iv) établir des priorités pour le renforce­
m ent des capacités. Dans ce dispositif, le réseau m on­
dial:

• mesure et gère une série de variables communes 
nécessaires à la plupart des systèmes régionaux, 
voire tous (variables communes, chapitre 4) ;

• il met en place un réseau de références et de sta­
tions sentinelles ;

• et crée des liens entre observations côtières et 
mondiales et établit des interfaces entre modèles 
m ondiaux et côtiers (chapitre 5).

Les systèmes régionaux d'observation sont des com ­
posantes fondamentales du module côtier. Le réseau 
mondial ne fournira pas à lui seul toutes les données 
et informations requises pour détecter l'état des 
phénomènes étudiés et en prévoir les changements 
(ni même la majorité d'entre elles). Certaines caté­
gories de variables sont importantes à l'échelle 
mondiale, mais les variables étudiées et les 
échelles spatiotemporelles de mesure changent 
d'une région à l'autre selon la nature de la zone 
côtière et les besoins des utilisateurs. C'est notam ­
m ent le cas des variables concernant l'évaluation des 
stocks de poissons, les habitats essentiels de ces 
derniers, les mammifères et oiseaux marins, les espèces 
envahissantes, les algues nuisibles et les polluants 
chimiques. Pour ces catégories de variables, comme 
pour celles relatives par exemple à la glace de mer, qui 
n'intéressent que certaines régions du globe, les par­
ticipants des régions concernées sont les mieux placés 
pour décider exactement quoi mesurer, à quelles 
échelles spatiotemporelles et grâce à quelle association 
de techniques d'observation. De même, les prévisions
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destinées aux industries côtières dépendront par cer­
tains aspects de l'existence de plates-formes d'ex­
ploitation pétrolière et gazière off shore, de grands 
ports, de routes de navigation pour les ferries, de lieux 
de villégiature et de centres de loisirs. En se basant sur 
les priorités régionales, les systèmes régionaux d 'ob­
servation fournissent des données et informations 
adaptées aux besoins des parties prenantes, en partic­
ulier celles nécessaires à la gestion des pêcheries et des 
sources terrestres de pollution. Pour cela il faudra 
probablement mesurer les variables communes avec 
une meilleure résolution (d'un kilomètre ou moins 
par exemple) et en mesurer d'autres à des échelles plus 
fines. C'est ainsi que, les systèmes régionaux d'obser­
vations peuvent à la fois apporter leur contribution au 
réseau mondial et en tirer parti.

Le réseau côtier mondial, qui contribue à la 
rentabilité des systèmes régionaux d'observation 
et les relie entre eux et avec les systèmes m ondi­
aux d'observation océan climat, est thème central 
du Plan conceptuel du COOP.

P r im a u t é  d e  la  g e s t io n  d e s  d o n n é e s  
ET DU DÉVELOPPEMENT DES PRODUITS

Réduire la durée nécessaire pour acquérir, traiter et 
analyser des données de qualité connue est un objec­
tif essentiel qui exige la mise en place d'un sous-sys- 
tème intégré de gestion des données et de com m uni­
cation pour fournir des données aussi bien en temps 
réel qu'en différé et permettre aux utilisateurs d'ex­
ploiter des ensembles de données multiples provenant 
de nombreuses sources différentes. Il faudra à cette fin 
un réseau hiérarchisé réparti rassemblant des organisa­
tions nationales, régionales et mondiales qui utilisent 
des normes, matériels de référence et protocoles com ­
muns de contrôle de la qualité ; perm ettent d'accéder 
rapidement aux données et de les échanger (par 
exemple normes applicables aux métadonnées) ; et un 
archivage des données à long terme. U n tel réseau se 
développera progressivement en reliant et intégrant 
des centres de données et programmes de gestion 
nationaux et internationaux existants. Le Comité de 
la C O I sur l'Echange international des données et de 
l'information océanographiques (IODE) et la partie 
du Programme de la JC O M M  consacrée à la gestion 
des données perm ettent de superviser le développe­
m ent coordonné du sous-système intégré de gestion 
des données (chapitre 6).

Les groupes d'utilisateurs et les flux et produits de 
données dont ils ont besoin doivent orienter le 
développement du réseau d'observation. Simultané­
ment, l'accès rapide à des données multidisciplinaires 
provenant de nombreuses sources accélérera la m od­
élisation et l'élaboration de produits. C'est pourquoi 
un degré élevé de priorité doit être accordé à la créa­
tion de mécanismes visant à assurer la participation 
permanente de groupes d'utilisateurs à la définition 
des produits et à la mise en place, au fonctionnement 
et au développement du module côtier.

C'est essentiellement dans le cadre des pro­
grammes nationaux et des alliances régionales 
pour le GOOS (ARG) que 1' on peut identifier les 
groupes d'utilisateurs, préciser les besoins en don­
nées et information et affiner les produits de don­
nées au fil du temps à partir des informations fournies 
en retour par les utilisateurs et de nouvelles connais­
sances. La production, le marketing des produits de 
données et la publicité qui leur est faite sont indis­
pensables à un fort accroissement de la demande et 
par conséquent au développement du système d 'ob­
servation. Les principaux instruments actuellement 
disponibles pour assurer le marketing et élargir les 
groupes d'utilisateurs sont le Bulletin des produits et 
services du GOO S et le Bulletin de la JCO M M . Ils 
rendent compte des produits et des activités de 
développement les concernant et offrent aux utilisa­
teurs la possibilité de com m enter la qualité et l'utilité 
des produits du GOOS.

Le  s o u s - sy st è m e  d 'o b se r v a t io n

Le réseau mondial proposé a pour objet de mesurer et 
de gérer un ensemble relativement restreint de vari­
ables "communes" nécessaires à la plupart des sys­
tèmes régionaux d'observation, voire tous (chapitre 4 
annexe IV etV). O n assistera probablement à l'émer­
gence de variables communes à mesure que les 
alliances régionales pour le GOO S construiront avec 
le temps un réseau côtier mondial mais il est néan­
moins utile d'en sélectionner provisoirement une 
série dont s'inspireront la conception et la mise en 
oeuvre du réseau côtier mondial initial. C elles recom ­
mandées sont le niveau de la mer, la température et la 
salinité de l'eau, les courants vectoriels, les ondes de 
surface, la teneur en oxygène dissout et les nutriments 
inorganiques, l'atténuation du rayonnement solaire, la 
bathymétrie, l'évolution de la ligne de rivage, la taille

10



des sédiments et leur contenu organique, la biomasse 
benthique, la biomasse phytoplanctonique et les indi­
cateurs fécaux. Ces variables ont été choisies en fonc­
tion des données nécessaires aux six objectifs fixés et 
du nombre de groupes d'utilisateurs susceptibles d'en 
profiter. La liste établie suppute au mieux les besoins. 
Son importance réside dans le fait qu elle donne une 
idée des variables communes probablement néces­
saires et montre à quel point il importe d'améliorer la 
capacité de détecter les modifications des variables 
biologiques et chimiques et d'élaborer des modèles 
opérationnels représentant les processus b io ­
géochimiques et écologiques. L'évaluation des forces 
physiques qui s'exercent sur les structures et systèmes 
flottants constitue une part importante des services de 
prévision rendus aux opérateurs maritimes et ce type 
de produits est déjà très au point et abordé dans 
d'autres publications. Les différents aspects de la m od­
élisation des paramètres physiques sont étudiés au 
chapitre 5. Compte tenu de l'importance des facteurs 
environnementaux pour la détection comme pour la 
prévision des phénom ènes étudiés, la place 
prépondérante qu'ils occupent dans la liste provisoire 
établie pour le module côtier n'a rien de surprenant.

Il faudra combiner différentes techniques, relevant de 
trois grandes catégories générales, pour fournir les flux 
de données requises à savoir : la télédétection (observa­
tions synoptiques spatiales), la détection autonome in 
situ (séries temporelles à haute résolution) et l'échan­
tillonnage discret suivi d'une analyse en laboratoire 
(pour de nombreuses variables chimiques et 
biologiques). Le sous-système de surveillance devrait 
notamment comprendre (1) des réseaux de laboratoires 
côtiers, (2) le réseau mondial de marégraphes, (3) des 
plates-formes fixes, des mouillages et des véhicules 
autonomes, (4) des navires de recherche et de surveil­
lance chargés d'effectuer des observations sur la durée,
(5) des navires d'observation bénévoles et (6) des 
plates-formes terrestres, satellites et aéronefs de télédé­
tection.

Lia is o n  e n t r e  o b se r v a t io n s  
ET MODÈLES

La surveillance et la modélisation sont des processus 
interdépendants et la mise en place du système 
pleinement intégré exigera une synergie constante 
entre surveillance, progrès technologiques et formula­
tion de modèles prévisionnels (chapitre 5). Les m od­

èles joueront un rôle essentiel dans la mise en oeuvre, 
le fonctionnement et le développement du système 
d'observation. Ils sont très utiles pour évaluer quanti­
tativement des facteurs qui ne sont pas directement 
observés avec un degré de certitude connu, par exem­
ple l'état passé (prévisions a posteriori), présent (prévi­
sions immédiates) et futur (prévisions à terme) des 
systèmes marins côtiers et des estuaires, ainsi que les 
erreurs qui vont de pair. Il convient de noter que la 
notion de prévision immédiate exige la fourniture 
extrêmement rapide des données et leur traitement 
en temps réel ou quasi réel.

U n coup d'œil à la situation actuelle en matière d'as­
similation et de modélisation des données concernant 
les services océaniques et les risques naturels, les 
ressources marines vivantes, la santé publique et la 
santé des écosystèmes (chapitre 5) montre que la 
modélisation est plus avancée pour les services 
océaniques et les risques naturels que pour la détec­
tion et la prévision des changements qui affectent les 
phénom ènes exigeant la mesure de variables 
biologiques et chimiques, ce qui souligne l'impor­
tance de la recherche pour le développement du 
modèle côtier.

M ise  e n  pla c e  d u  sy st è m e

Pour développer les deux composantes mondiales du 
GOOS, océanique et côtière, il est absolument indis­
pensable de lier entre eux, d'améliorer et de compléter 
de manière sélective et efficace des programmes 
existants (chapitre 7). C'est l'association de processus 
nationaux, régionaux et mondiaux qui donnera le 
jou r au réseau côtier mondial. Bien que certains élé­
ments du système soient à l'échelle planétaire dès le 
départ (par exemple, le GLOSS, les observations 
depuis l'espace), ce sont des systèmes nationaux et 
régionaux d'observation côtière qui constitueront le 
système côtier mondial. Des alliances régionales pour 
le G OO S (ARG) sont instaurées pour concevoir et 
établir des systèmes d'observation régionaux qui 
deviendront les éléments constitutifs du module côti­
er (chapitre 3, section 3.1). O n les encourage à m et­
tre en place le module côtier grâce à des partenariats 
avec des programmes nationaux pour le GOOS, des 
Conventions sur les mers régionales, des organes 
régionaux responsables des pêches, des programmes 
relatifs aux grands écosystèmes marins et d'autres 
instances, selon les besoins.
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La mise en oeuvre, le fonctionnement et l'évolution 
d'un système permanent d'observation analogue à la 
Veille m étéorologique mondiale nécessitera des 
mécanismes gouvernementaux pour s'assurer que 
chaque système, ou élément de système, candidat passe 
par quatre étapes de développement :

1. élaboration de connaissances, technologies et 
modèles nouveaux par le biais de la recherche ;

2. essais répétés dans le cadre de projets pilotes afin 
de garantir la fiabilité des systèmes ou éléments de 
système et de s'assurer de leur acceptation par les 
milieux opérationnels et de la recherche ;

3. utilisation préopérationnelle afin de s'assurer que 
leur intégration au système d'observation donne 
des produits à valeur ajoutée ; et

4. intégration à un système opérationnel permanent 
d'observation.

Ce processus doit être sélectif et des critères pour faire 
passer les éléments constitutifs du GOOS du stade de 
la recherche au stade opérationnel doivent être établis 
en fonction des besoins des utilisateurs. Dans un pre­
mier temps, la mise en oeuvre du module côtier du 
GO O S devrait consister à améliorer le partage des 
données et produits provenant d'éléments de systèmes 
d'observation afin d'en amorcer l'intégration dans un 
système global. Les données historiques et les flux per­
manents de données existent en grand nombre mais à 
ce jou r beaucoup ne sont pas facilement accessibles 
aux nombreux utilisateurs potentiels.

R e c h e r c h e  e t  d é v e l o p p e m e n t  e n  v u e  
DE LA MISE EN PLACE D'UN SYSTÈME D 'OB­
SERVATION OPÉRATIONNEL

Les fondements scientifiques et techniques de la con­
ception du module côtier sont fournis par des pro­
grammes de recherche, notamment ceux du PIGB 
(Interaction terre-océan dans les zones côtières, 
L O IC Z ; dynamique des écosystèmes océaniques à 
l'échelle mondiale, GLOBEC ; Etude conjointe des 
flux océaniques mondiaux, JGOFS), l'Inventaire de la 
vie marine (CML), L'écologie et l'océanographie des 
efflorescences algales nuisibles à l'échelle mondiale 
(GEOHAB),le Programme international de recherche 
à long terme sur les écosystèmes (I-LTER) et les 
Etudes SIMBIOS (Sensor Intercomparisons and Merger for 
Biological and Interdisciplinary Oceanic Studies). Les con­
naissances et technologies issues de ces programmes de

recherche, et d'autres, seront nécessaires pour com ­
prendre toutes les possibilités qu'offre le système d'ob­
servation.
Celui -ci fournira à son tour en permanence des don­
nées garanties sur l'environnement extrêmement pré­
cieuses pour l'océanologie et l'enseignement en sci­
ences de la mer comme, dans une large mesure, les 
données nécessaires à la prévision du temps profitent à 
la m étéorologie ou com m e les prévisions
météorologiques numériques sont utiles aux sciences 
de l'environnement dans leur ensemble.

Les priorités en matière de recherche et développe­
m ent sont notamment :

• de formuler des modèles écosystémiques perm e­
ttant une assimilation et une analyse plus rapide 
des données biologiques et chimiques. L'objectif 
est d'en faire des modèles opérationnels suscepti­
bles d'être utilisés pour orienter le développement 
de systèmes, déterm iner des valeurs clima- 
tologiques pour les variables com m unes et 
détecter et prévoir en temps plus opportun les 
variations des phénomènes étudiés ;

• de définir les besoins de télédétection des vari­
ables communes et d'améliorer les méthodes de 
télédétection des eaux côtières. De continuer à 
lancer des satellites d'observation de l'océan et à 
mettre au point de nouveaux capteurs embarqués 
sur des satellites afin d'obtenir de meilleures 
observations, à plus haute résolution, des variables 
communes dans les milieux côtiers ;

• de définir les modalités de détection in situ de 
variables clés et d'intensifier la détection in situ 
dans les eaux côtières afin notamment de détecter 
plus rapidement des variables biologiques et 
chimiques avec une résolution plus élevée et au 
moyen de la télémétrie en temps réel.

C o o p é r a t io n , c o o r d in a t io n  
ET COLLABORATION

La stratégie mondiale intégrée d'observation sup­
pose la mise en place de trois systèmes liés d'observa­
tion, le Système mondial d'observation du climat 
(SMOC), le Système global d'observation terrestre 
(GTOS) et le GOOS, connus sous l'appellation com ­
mune de G 30S. En ce qui concerne le module côti­
er, le SM O C devrait fournir les données nécessaires 
pour chiffrer les forçages atmosphériques ; le GTOS
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celles requises pour chiffrer les apports d'origine ter­
restre ; et le module du GOO S relatif à l'océan m on­
dial indiquer les conditions à la limite de la haute mer 
et fournir les données nécessaires pour chiffrer les 
forçages à l'échelle de bassins.

Mettre en oeuvre le module côtier exigera une 
coopération, une coordination et une collaboration très 
complexe entre les pays et entre les programmes exis­
tants afin d'assurer l'émergence d'un système mondial à 
mesure que de nouveaux systèmes nationaux et 
régionaux entrent en service. L'harmonisation des

besoins de coordination à l'échelle mondiale et des 
besoins des utilisateurs en fonction des priorités 
nationales et régionales constituera un aspect crucial de 
ce processus. Actuellement, il n'existe pas de mécanisme 
international officiel pour le promouvoir et l'orienter. 
Il faudra une commission intergouvemementale 
comme la Commission technique mixte d'océanogra­
phie et de météorologie maritime (JCOMM, dotée 
d'organes consultatifs appropriés) pour faciliter la con­
clusion d'accords multilatéraux et s'occuper des ques­
tions juridiques que suscitera l'application de l'U N C - 
LOS et d'autres conventions internationales.
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Resumen

E l S is t e m a  M u n d ia l  d e  O b se r v a c ió n  
d e  l o s  O c é a n o s

Los acuerdos y convenciones internacionales pre­
conizan la seguridad en el mar, la ordenación eficaz 
del medio ambiente m arino y el aprovechamiento 
sostenible de sus recursos. El logro de Ios objetivos de 
esos acuerdos, que son importantes y constituyen un 
reto, depende de la capacidad de detectar con rapidez 
y suministrar oportunam ente predicciones de Ios 
cambios1 en una amplia gama de fenómenos marinos 
que afectan 1) la seguridad y eficacia de las opera­
ciones marinas; 2) la vulnerabilidad de las poblaciones 
humanas a Ios riesgos naturales; 3) la respuesta de Ios 
ecosistemas costeros al cambio climático mundial; 4) 
la salud y el bienestar públicos; 5) el estado de Ios 
ecosistemas marinos; y 6) la sostenibilidad de Ios 
recursos marinos vivos. Hoy dia no tenemos esas 
capacidades. La finalidad del establecimiento de un 
Sistema Mundial de Observación de Ios Océanos 
(GOOS) es desarrollarlas.

Los patrocinadores del G OO S son la Comisión 
Oceanográfica Intergubernam ental (COI) de la 
U NESCO, el Programa de las Naciones Unidas para 
el Medio Ambiente (PNUM A), la Organización 
Meteorológica Mundial (OMM) y el Consejo In ter­
nacional para la Ciencia (ICSU). El G O O S está con­
cebido como una red operativa mundial que acopia y 
difunde sistemáticamente datos y productos de datos

1 Cambio: ‘‘paso de un estado a otro; alteración o diferencia, variación de la condi- 
ción o apariencia física o moral” (traducción libre del artículo “change” del Webster’s 
N ew  Twentieth Century Unabridged Dictionary, N D T). Así pues, para detectar y 
predecir el cambio, se deben poder detectar y predecir “estados”. Además, la palabra 
“cambio” no entraña una dimensión temporal o espacial particular. Los cambios ocur­
ren en una amplia gama de escalas (segundos o siglos, por ejemplo) y  la variabilidad 
en una escala supone un cambio en otra.

sobre estados pasados, presentes y futuros del medio 
marino. El sistema de observación se está establecien­
do mediante dos módulos relacionados y conver­
gentes: 1) un módulo de Ios océanos mundiales ded­
icado principalmente a la detección y predicción de 
Ios cambios en el sistema océano-clima y al m ejo­
ramiento de Ios servicios marinos (dirigido por el 
Panel de Observación del Océano en relación con el 
Clima (OO PC), patrocinado conjuntamente por el 
Programa Mundial de Investigaciones Climáticas 
(PMIC), el Sistema Mundial de Observación del 
Clima (SMOC) y el GOOS) y 2) un módulo costero 
dedicado a Ios efectos de Ios cambios a gran escala en 
el sistema océano-clima y de las actividades humanas 
en Ios ecosistemas costeros, así como al mejoramien­
to de Ios servicios marinos (dirigido por el Panel 
sobre Observaciones de Ios Océanos y las Zonas 
Costeras (COOP), patrocinado conjuntam ente por la 
Organización de las Naciones Unidas para la A gri­
cultura y la Alimentación (FAO), el Programa Inter­
nacional sobre la Geosfera y la Biosfera (IGBP) y el
GOOS).

En este informe se presentan las recomendaciones del 
Panel sobre Observaciones de Ios Océanos y las 
Zonas Costeras (COOP) para el diseño del módulo 
de las zonas costeras del GOOS. Está dividido en tres 
secciones:

1) fundam entos y objetivos (Prólogo, Capítulos 1
y 2)

2) diseño (Capítulos 3, 4 , 5 y 6) y
3) directrices iniciales para la elaboración de un 

plan de ejecución (Capítulo 7).

En el plan detallado se expone la concepción de un 
sistema de observación integrado y permanente de
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las aguas oceánicas costeras, se definen Ios elementos 
del sistema y se explica cómo se relacionan éstos unos 
con otros para constituir un sistema operativo. El plan 
proporciona un marco cuyo objeto es que la com u­
nidad o Ios países hagan un uso de Ios recursos colec­
tivos más eficaz en relación con Ios costos, para tratar 
de m odo más oportuno asuntos y problemas am bi­
entales de interés común. Este es el prim er paso hacia 
la formulación de un plan de ejecución que se espera 
term inar para fines de 2004.

F u n d a m e n t o s  y  o b je t iv o s

Los bienes y servicios de Ios ecosistemas están más 
concentrados en las zonas costeras que en cualquier 
otra región del planeta. El rápido aum ento de Ios 
usos de Ios recursos costeros y Ios cambios m undi­
ales en el sistema océano-clim a están volviendo las 
zonas costeras más vulnerables a Ios riesgos na tu ­
rales, más caras y de m enor valor para las economías 
nacionales. Los conflictos entre el comercio, las 
actividades recreativas, el desarrollo, la protección 
ambiental y la ordenación de Ios recursos vivos se 
están volviendo cada vez más polémicos y su carga 
política es cada vez mayor. Están aum entando en 
consecuencia Ios costos sociales y políticos de deci­
siones mai fundamentadas. Se requiere un sistema 
integrado de observaciones y análisis que aporte Ios 
datos e inform aciones necesarios para el logro de 
Ios seis objetivos siguientes:

1) m ejorar la seguridad y eficacia de las opera­
ciones marinas llevadas a cabo por Ios gobier­
nos, Ios organismos o las empresas comerciales;

2) vigilar y atenuar más eficazmente Ios efectos de 
Ios riesgos naturales;

3) m ejorar la capacidad para detectar y predecir 
Ios efectos del cambio climático mundial en Ios 
ecosistemas costeros;

4) reducir Ios riesgos para la salud pública;
5) proteger y restaurar más eficazmente Ios eco­

sistemas sanos; y
6) restaurar y preservar Ios recursos vivos m ari­

nos.

El logro de estos objetivos depende de que se 
desarrolle la capacidad de detectar y predecir con 
rapidez una amplia gama de fenóm enos costeros, 
com o por ejem plo Ios cambios en el estado del 
mar, las inundaciones costeras y el aum ento del

nivel del mar, Ios mayores riesgos de enfermedad, la 
m odificación de Ios hábitats, las floraciones de algas 
nocivas y la dism inución de Ios recursos pesqueros. 
Aunque cada objetivo requiere datos e inform a­
ciones específicos, todos tienen muchas necesi­
dades de datos en com ún. Asimismo, las necesi­
dades en m ateria de gestión de com unicaciones de 
datos son análogas para Ios seis objetivos. Así pues, 
un enfoque integrado del establecimiento de un 
sistema de observación de usos múltiples es a la vez 
pertinente y eficaz en relación con Ios costos.

D is e ñ o  c o n c e p t u a l

La detección rápida y la predicción oportuna depen­
den del establecimiento de un sistema de observación 
operativo que proporcione de modo rutinario y 
continuo datos e informaciones en la forma y en las 
escalas cronológicas especificadas por Ios usuarios. A 
fin de garantizar el suministro oportuno y periódico 
de datos e informaciones a Ios usuarios, ese sistema 
debe enlazar eficazmente tres subsistemas esenciales: 
a) un subsistema de vigilancia (detección), 2) un sub­
sistema de acopio, gestión y difusión de datos, y 3) un 
subsistema de asimilación y análisis de datos basado 
en la comprensión científica.

C on tai fin, el m ódulo de las zonas costeras debe 
diseñarse para hacer frente a m uchos problemas, 
com o por ejemplo Ios fenóm enos costeros com ­
prendidos en Ios seis objetivos y la teoría de Ios 
ecosistemas que postula que Ios fenóm enos de 
interés están relacionados m ediante una jerarquía 
de interacciones. En ese sentido, el diseño debe 
tom ar en cuenta tam bién las consideraciones gen­
erales siguientes:

• Las necesidades de Ios grupos de usuarios en 
m ateria de datos e inform ación deben deter­
m inar el diseño, la aplicación y la elaboración 
del sistema de observación.

• Los fenóm enos de interés suelen ser expre­
siones locales de cambios (ios fenóm enos rela­
cionados con El N iño  y la Oscilación Austral 
(ENSO), las fuentes de contam inación te r­
restres, la explotación de Ios recursos vivos, por 
ejemplo) que se propagan desde escalas grandes 
hasta escalas más pequeñas pasando a través de 
las jurisdicciones nacionales y de Ios límites 
entre el aire, el mar y la tierra.
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• Si bien a cada uno de Ios seis objetivos corre­
sponden necesidades de datos específicas, éstos 
tienen muchas necesidades de datos en com ún.

• Se requieren norm as y protocolos mundiales 
relativos a las observaciones, el intercam bio y la 
gestión de datos para garantizar un acceso rápi­
do y oportuno  a Ios datos y la inform ación.

• M uchos de Ios elem entos que se necesitan para 
establecer el sistema de observación ya están en 
su lugar y lo han estado desde hace tiempo.

• Se deben establecer mecanismos para efectuar 
evaluaciones perm anentes y continuas del sis­
tema en relación con su rentabilidad, su efica­
cia, el control de calidad y el suministro opor­
tuno de datos e inform ación.

• Los elem entos del sistema de observación que 
se requieren para m ejorar Ios servicios m arinos 
y la eficacia de las operaciones marinas y pre­
decir Ios riesgos naturales están más desarrolla­
dos que Ios exigidos por una protección am bi­
ental y una ordenación de Ios recursos vivos 
basadas en Ios ecosistemas.

Entre las consideraciones regionales, cabe citar las 
siguientes:
• Las prioridades y la capacidad para contribuir 

al sistema de observación y aprovecharlo son 
distintas según Ios países y las regiones.

• La mayoría de Ios acuerdos y convenciones 
internacionales de protección del m edio am bi­
ente y de ordenación de Ios recursos m arinos 
vivos son de alcance regional.

• Los organismos nacionales y regionales son Ios 
medios más eficaces de determinar Ios grupos de 
usuarios, elaborar productos y comercializarlos.

Así pues, el diseño y la ejecución deben respetar el 
hecho de que las prioridades varían según las 
regiones, por lo que se debe dejar el diseño del sis­
tema en el plano regional a Ios interesados de las 
respectivas regiones. Al mismo tiem po, Ios seis 
objetivos del m ódulo de las zonas costeras del 
G O O S tienen m uchos requisitos en com ún. Por 
consiguiente, una red mundial de observaciones 
podría aportar economías de escala que permi­
tirían a Ios sistemas de observación regionales ser 
más eficaces en relación con Ios costos. En este 
informe se propone una colaboración entre la gestión 
de la red de observaciones mundial com ún y las alian­
zas regionales del GOOS. Esa estructura tendrá efec­
tos positivos en todo el diseño y la gestión del GOOS.

U n  F o r o  M u n d ia l  d e  S is t e m a s  d e  
O b se r v a c ió n  R e g io n a l e s

El módulo de las zonas costeras deberá incluir, desde 
luego, componentes a escala tanto regional como 
mundial. El m ejor modo de conseguirlo es a través de 
un m ecanismo que perm ita a Ios programas 
nacionales y a las Alianzas Regionales de G OO S un 
rol significativo en (1) la coordinación del desarrol­
lo de una red mundial de observaciones, gestión y 
análisis de datos; (2) el establecimiento de normas y 
protocolos comunes para las mediciones, el intercam­
bio y la gestión de datos; (3) facilitar la transferencia 
de conocimientos y de tecnología; y (4) fijar priori­
dades para la creación de capacidades. En este dis­
eño, la red mundial :

• mide una serie de variables comunes que la 
mayoría de Ios sistemas regionales necesitan, 
cuando no todos, y se ocupa de su gestión (las 
variables comunes, véase el Capítulo 4);

• establece una red de referencia compuesta de 
estaciones centinelas; y

• establece vínculos entre las observaciones relati­
vas a las zonas costeras y las observaciones 
mundiales y conecta Ios modelos mundiales con 
Ios de las zonas costeras (Capítulo 5);

Los sistemas de observación regionales son com po­
nentes esenciales del módulo de las zonas costeras. La 
red mundial no proporcionará por sí misma todos Ios 
datos e informaciones (o ni siquiera la mayor parte de 
ellos) que se necesitan para detectar el estado y prede­
cir Ios cambios de Ios fenómenos de interés. Algunas 
categorías de variables son importantes a escala 
mundial, pero las variables medidas y  las escalas 
espaciales y  cronológicas de medición cambian de 
una región a otra según la índole de la zona 
costera y  las necesidades de Ios usuarios. Se trata de 
variables relativas a las evaluaciones de las poblaciones, 
Ios principales hábitats de Ios peces, Ios mamíferos y 
aves marinos, las especies invasoras, las algas nocivas y 
Ios contaminantes químicos. Para estas categorías y 
para las variables como Ios hielos oceánicos que están 
limitadas a determinadas regiones del planeta, Ios 
interesados de las regiones en cuestión son Ios más 
aptos para adoptar las decisiones relativas a lo que hay 
que m edir exactamente, las escalas espaciales y 
cronológicas de medición y la combinación de técni­
cas de observación que se han de utilizar. Asimismo,
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algunos aspectos de la predicción para las industrias de 
las zonas costeras dependerán de la existencia de insta­
laciones de explotación de petróleo y gas en alta mar, 
puertos importantes, rutas de transbordadores, centros 
turísticos y recreativos. Basándose en las prioridades 
regionales, ios sistemas de observación regionales sum­
inistran datos e información que se ajustan a las necesi­
dades de ios interesados, en especial en materia de 
ordenación de ios recursos pesqueros y de vigilancia 
de las fuentes de contaminación terrestres. Esto puede 
suponer aumentos en la resolución a la que se miden 
las variables comunes (por ejemplo, hasta 1 km o 
menos), así como las mediciones de variables suple­
mentarias a escalas más reducidas. De ese modo, Ios sis­
temas de observación regionales contribuyen a la red 
mundial y al mismo tiempo sacan provecho de ella.

El plan detallado del CO O P está centrado en la 
constitución de una red mundial de zonas 
costeras que contribuya a la rentabilidad de Ios 
sistemas de observación regionales y  que Ios vin­
cule entre sí y  con Ios sistemas mundiales de 
observación del océano y  el clima.

La  p r im a c ía  d e  la  g e s t ió n  d e  d a t o s  y  
LA ELABORACIÓN DE PRODUCTOS

R educir el tiempo necesario para acopiar, tratar y 
analizar datos de calidad conocida es uno de Ios prin­
cipales objetivos cuyo logro supone el establecimien­
to de un subsistema integrado de gestión de datos y 
comunicaciones. Los objetivos son proporcionar 
datos en tiempo real y de modo diferido y permitir a 
Ios usuarios explotar múltiples series de datos proce­
dentes de múltiples fuentes distintas. Esto exigirá una 
red distribuida jerárquicamente de organizaciones 
nacionales, regionales y mundiales que funcione con 
normas, materiales de referencia y protocolos de con­
trol de calidad comunes, permita un rápido acceso a 
Ios datos y su intercambio (normas sobre metadatas, 
por ejemplo) y archive Ios datos a largo plazo. Esa red 
crecería por incremento gradual vinculando e inte­
grando Ios centros de datos y Ios programas de 
gestión nacionales e internacionales existentes. El 
Com ité de la C O I de Intercambio Internacional de 
Datos e Información Oceanográficos (IODE) y la 
serie de programas de gestión de datos de la 
JC O M M  ofrecen la posibilidad de supervisar el 
desarrollo coordinado del subsistema integrado de 
gestión de datos (Capítulo 6).

El sistema de observación debe desarrollarse tenien­
do en cuenta Ios grupos de usuarios y Ios flujos de 
datos y Ios productos que éstos requieren. Al mismo 
tiempo, el rápido acceso a datos pluridisciplinarios 
procedentes de distintas fuentes propiciará la m od- 
elización y la elaboración de productos. Por consigu­
iente, se debe conceder una elevada prioridad al 
establecimiento de mecanismos de participación per­
manente de Ios grupos de usuarios en la definición 
de productos y en el establecimiento, el fun­
cionamiento y el desarrollo del módulo de las zonas 
costeras.

Los programas nacionales del GOOS y las alian­
zas regionales del GOOS son el principal medio 
de determinar Ios grupos de usuarios, especificar 
Ios requisitos en materia de datos e información 
y perfeccionar Ios productos de datos con el tiem ­
po, basándose en las reacciones de Ios usuarios y en 
Ios nuevos conocimientos. La producción, la prom o­
ción publicitaria y la comercialización de Ios produc­
tos de datos son esenciales para suscitar una mayor 
demanda entre Ios usuarios y, por ende, para el desar­
rollo ulterior del sistema de observación. Los princi­
pales instrumentos de comercialización y divulgación 
de que se dispone en la actualidad son el boletín de 
productos y servicios del G O O S y el boletín de la 
JCO M M . En estas publicaciones se facilita inform a­
ción sobre productos y sobre actividades de elabo­
ración de productos, y se brinda a Ios usuarios la 
posibilidad de formular comentarios sobre la calidad 
y la utilidad de Ios productos del GOOS.

E l s u b s is t e m a  d e  o b se r v a c ió n

La red mundial propuesta tiene por objeto m edir y 
administrar una serie relativamente pequeña de vari­
ables “com unes” necesarias para la mayoría de Ios sis­
temas de observación regionales, cuando no todos 
(Capítulo 4, Anexos IV y V). Aunque es probable que 
las variables comunes vayan apareciendo en el tiem ­
po, a medida que las Alianzas Regionales de GOO S 
construyen la red mundial, es útil seleccionar una 
serie provisional de variables para ayudar a orientar el 
diseño y la instalación iniciales de la red mundial de 
zonas costeras. Las variables comunes recomendadas 
son el nivel del mar, la temperatura y salinidad del 
agua, las corrientes vectoriales, las olas de superficie, 
el oxígeno disuelto y Ios nutrientes inorgánicos, la 
atenuación de la radiación solar, la batimetría, Ios
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cambios en la posidon de la linea costera, el tamaño 
de Ios sedimentos y el contenido orgánico, la biomasa 
bentonica, la biomasa del fitoplancton y Ios indi­
cadores fecales. Estas variables se seleccionaron sobre 
la base de las necesidades en materia de datos de Ios 
seis objetivos y del número de grupos de usuarios 
que aprovecharían Ios datos e informaciones. Esta 
lista, elaborada según Ios criterios más plausibles, es 
importante porque permite tener una idea de lo que 
pueden ser las variables comunes y porque destaca la 
importancia de mejorar la capacidad para detectar Ios 
cambios en las variables biológicas y químicas y de 
elaborar modelos operativos para Ios procesos bio- 
geoquímicos y ecológicos. Las fuerzas físicas que se 
ejercen sobre las estructuras y Ios sistemas de 
flotación son una parte importante de Ios servicios de 
predicción para Ios agentes marítimos, y esos produc­
tos están ya bastante avanzados y se tratan en otras 
publicaciones. Los aspectos relativos a la m od- 
elización de Ios parámetros físicos se tratan en el 
Capítulo 5. Habida cuenta de la importancia de Ios 
factores ambientales en cuanto a la detección y la 
predicción de Ios fenómenos de interés, no es sor­
prendente que éstos predominen en la lista provi­
sional del módulo de las zonas costeras.

Será preciso combinar una serie de técnicas para pro­
porcionar Ios flujos de datos que se requieren. Estas se 
pueden clasificar en tres categorías: la teledetección 
(observaciones espacialmente sinópticas), la detección 
autónom a in situ (series cronológicas de alta resolu­
ción) y el muestreo diferenciado seguido del análisis 
de laboratorio (para muchas variables químicas y 
biológicas). El subsistema de vigilancia debe com ­
prender, entre otros, Ios elementos siguientes: 1) las 
redes de laboratorios costeros, 2) la red mundial de 
mareómetros, 3) las plataformas y las boyas fyas, y Ios 
vehículos autónomos, 4) Ios buques de investigación 
y estudio que efectúan observaciones continuas, 5) 
Ios buques de observación voluntarios y 6) la telede­
tección desde plataformas terrestres, satélites y aeron­
aves.

V in c u l a c ió n  d e  l a s  o b se r v a c io n e s  
Y LOS MODELOS

La vigilancia y la modelización son procesos recípro­
camente dependientes y el establecimiento del sis­
tema plenamente integrado exigirá una sinergia con­
tinua entre la vigilancia, Ios adelantos tecnológicos y

la formulación de modelos de predicción (Capítulo
5). Los modelos desempeñarán una función decisiva 
en la ejecución, el funcionamiento y el desarrollo del 
sistema de observación. Se trata de instrumentos 
importantes que se utilizan para estimar las cantidades 
que no se observan directam ente con certeza 
reconocida, esto es, para predecir Ios estados pasados 
(información retrospectiva), actuales (información 
actual) y futuros (información prospectiva) de Ios sis­
temas marinos costeros y Ios estuarios, así como Ios 
errores asociados a tales predicciones. Cabe observar 
que el concepto de información actual requiere un 
suministro y un tratamiento extremadamente rápidos 
de Ios datos en tiempo real, o en tiempo casi real. 
Una perspectiva general de la situación actual de la 
asimilación y modelización de Ios datos para Ios ser­
vicios marinos y Ios riesgos naturales, Ios recursos 
marinos vivos, la salud pública y la salud de Ios eco­
sistemas (Capítulo 5) muestra el estado avanzado de 
la modelización para Ios servicios marinos y Ios ries­
gos naturales en relación con la existente para la 
detección y predicción de Ios cambios en fenómenos 
que requieren mediciones de variables biológicas y 
químicas. Esto destaca la importancia que reviste la 
investigación para el desarrollo del módulo de las 
zonas costeras.

C o n s t it u c ió n  d e l  sist e m a

La elaboración de Ios componentes del G O O S rela­
tivos tanto a Ios océanos mundiales como a las zonas 
costeras depende en gran medida de que Ios progra­
mas existentes se vinculen, se mejoren y se com ­
pleten de m odo selectivo y  eficaz (Capítulo 7). La 
red mundial de zonas costeras se creará mediante una 
combinación de procesos nacionales, regionales y 
mundiales. Si bien algunos elementos del sistema 
serán mundiales en cuanto a su escala desde el p rin­
cipio (el GLOSS, las observaciones desde el espacio, 
por ejemplo), Ios sistemas de observación nacionales 
y regionales serán Ios elementos constitutivos de la 
red mundial de zonas costeras. Las alianzas regionales 
del G O O S se están estableciendo para planificar y 
establecer sistemas de observación regionales que se 
convertirán en Ios componentes básicos del módulo 
costero (Capítulo 3, Sección 3.1). Se alienta a las 
alianzas regionales del G O O S a que constituyan el 
módulo de las zonas costeras estableciendo relaciones 
de colaboración con Ios programas nacionales del 
GOOS, las convenciones sobre Ios mares regionales,
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Ios organismos regionales encargados de la actividad 
pesquera, Ios programas sobre Ios grandes ecosistemas 
marinos y otros organismos, según proceda.

El establecimiento, el funcionamiento y la evolución 
de un sistema de observación permanente, como la 
Vigilancia M eteorológica Mundial, exigirán m ecan­
ismos gubernamentales que garanticen el paso de Ios 
sistemas candidatos o Ios elementos de sistemas por 
las cuatro etapas de desarrollo siguientes:

1) la formulación de nuevos conocimientos, tec­
nologías y modelos mediante la investigación;

2) la experimentación reiterada en proyectos piloto 
para garantizar la fiabilidad y la aceptación por 
parte de Ios investigadores y Ios usuarios;

3) el uso preoperativo con objeto de que la incor­
poración al sistema de observación conduzca a la 
elaboración de productos con valor añadido; y

4) la incorporación a un sistema de observación 
operativo permanente.

El proceso debe ser selectivo y se deben establecer Ios 
criterios para el paso de Ios componentes básicos del 
GOOS de la fase de investigación a la fase operativa, 
partiendo de las necesidades de Ios usuarios. El primer 
paso para establecer el módulo de las zonas costeras del 
GOOS debe ser un mejor intercambio de Ios datos y 
productos disponibles procedentes de elementos de sis­
temas de observación, a fin de iniciar su integración en 
un sistema de observación. Existe una gran cantidad de 
datos históricos y de flujos de datos en curso, pero en 
la actualidad muchos de ellos no son de fácil acceso 
para Ios numerosos usuarios posibles.

In v e s t ig a c ió n  y  d e s a r r o l l o  d e  u n  
SISTEMA DE OBSERVACIÓN OPERATIVO

El fundamento científico y técnico para el diseño del 
módulo de las zonas costeras lo suministran progra­
mas de investigación como el IGBP (Interacción 
T ierra-O céano en las Zonas Costeras, LO ICZ; 
Dinámica de Ios Ecosistemas Oceánicos Mundiales, 
GLOBEC; y el Estudio C onjunto de Ios Flujos 
Oceánicos Mundiales, JGOFS), el Inventario de la 
Vida Marina (CML), el Programa Científico Interna­
cional sobre la Ecología y la Oceanografía Mundiales 
de las Floraciones de Algas Nocivas (GEOHAB), el 
programa internacional de investigación a largo plazo 
sobre Ios ecosistemas y el Sensor Intercomparisons and

Merger for Biological and Interdisciplinary Oceanic Stud­
ies (SIMBIOS). Para que el sistema de observación 
desarrolle plenamente su potencial se requerirán Ios 
conocimientos y las tecnologías generados por estos 
y otros programas de investigación. El sistema de 
observación proporcionará a su vez datos garantiza­
dos y continuos sobre el medio ambiente que reve­
stirán un enorm e valor para la ciencia y la educación 
marinas, del mismo modo que Ios datos necesarios 
para las predicciones meteorológicas son de provecho 
para la ciencia de la meteorología y que las predic­
ciones meteorológicas numéricas son de provecho 
para las ciencias del medio ambiente en su totalidad. 
Las prioridades en materia de investigación y desar­
rollo serán, entre otras, las siguientes:

• Elaborar modelos de ecosistemas para una asim­
ilación y un análisis más rápidos de Ios datos 
biológicos y químicos. El objetivo es integrar 
estos últimos en modelos operativos que puedan 
utilizarse para orientar el desarrollo del sistema, 
determ inar las climatologías para las variables 
comunes y detectar y predecir de m odo más 
oportuno Ios cambios en Ios fenómenos de 
interés.

• Establecer Ios requisitos para la teledetección de 
las variables comunes y mejorar la teledetección 
de las aguas costeras. Proseguir la instalación de 
satélites de observación de Ios océanos y elabo­
rar nuevos sensores en Ios satélites para efectuar 
mejores observaciones y de más alta resolución 
de las variables comunes en Ios medios costeros.

• Establecer Ios requisitos para la detección in situ 
de las principales variables y mejorar las observa­
ciones in situ en las aguas costeras, a fin de incluir 
una detección más rápida de las variables biológ­
icas y químicas con una mayor resolución y una 
telemetría en tiempo real.

C o o p e r a c i ó n ,  c o o r d i n a c i ó n  
Y COLABORACIÓN 

La Estrategia de Observación Mundial Integrada
supone el establecimiento de tres sistemas de obser­
vación relacionados entre sí: el Sistema M undial de 
Observación del Clima (SMOC), el Sistema Global 
de Observación Terrestre (GTOS) y el GOOS, que se 
conocen todos juntos como G 30S . A Ios efectos del 
m ódulo de las zonas costeras, se espera que el SM O C 
proporcione Ios datos necesarios para cuantificar la
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dinámica atmosférica; se espera que el GTOS pro­
porcione Ios datos necesarios para cuantificar las 
aportaciones terrestres; y se espera que el módulo de 
Ios océanos mundiales del G O O S proporcione las 
condiciones y Ios datos relativos a las zonas adya­
centes en alta mar necesarios para cuantificar la 
dinámica a escala de las cuencas.

La im plem entación del m ódulo de las zonas costeras 
requerirá un alto grado de cooperación, coordi­
nación y colaboración entre países y programas 
existentes, a fin de conseguir el establecimiento de 
una red mundial conform e vayan apareciendo más 
sistemas nacionales y regionales. U n aspecto decisi­

vo de este proceso será la arm onización de la 
necesidad de una coordinación mundial con las 
necesidades de Ios usuarios, basándose en las p rio r­
idades nacionales y regionales. En la actualidad, no 
existe ningún mecanismo internacional oficial que 
promueva y oriente este proceso. Se necesitará una 
comisión intergubernam ental, com o la Com isión 
Técnica Mixta sobre Oceanografía y M eteorología 
M arina (JC O M M , con sus correspondientes 
órganos consultivos) para facilitar Ios acuerdos m ul­
tilaterales y resolver Ios problemas jurídicos que 
plantea la aplicación de la Convención de las 
Naciones Unidas sobre el Derecho del Mar y otras 
convenciones internacionales.
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Paóonee pe3K>Me

rJIO E A JIbH A a CHCTEMA HAKITFOfTF.HHH 

3A OKEAHOM

Me>KflyHapoflHbie coraam eHH H  h  k o h b c h iih h  npH 3bi- 

BaioT K oóecneneH H io 6e3onacHOCTH Ha M ope, ac^c^eK- 

THBHOMy ynpaBJieHHio MopcKofi cpeflofi h  ycTOHHH- 

BOMy Hcnojib30BaHHio ee pecypcoB . PemeHHe Ba>KHbix 

h  cepbe3H bix 3aflan, nocTaBneHHbix b 3thx  floxyMeH- 

Tax, 33BHCHT OT B03M0>KH0CTH ÓblCTpOTO BblHB/ieHHH H 

oóecneneH H H  CBoeBpeM eHHoro nporH03HpoBaHHH 

HSMeHeHHH1 B HIHpOKOM CneKTpe HBJieHHH, CBH3aH- 

Hbix C MOpCKOH CpeflOH, KOTOpbie CKa3bIBaiOTCfl Ha CJie- 

flyioHieM: (l)6e3onacH O C T b h  3c|Dc|DeKTHBHOCTb M op- 

CKHX onepaitH H ; (2) yn3BHMOCTb HaceneHHH b c ry n a e  

CTHXHHHblX ÓeflCTBHfï; (3) peaKIJHH npHÓpe>KHbIX 3KO- 

CHCTeM Ha H3MeHeHne K/iHMaTa; (4) oxpaH a 3flopoBbH 

h  6/iarococTOflHHe HaceneHHH; (5) cocronH H e MopcKHX 

3KOCHCTeM; H (6) yCTOHHHBOCTb >KHBbIX MOpCKHX pe- 

cypcoB . Cei o;[iia mm TaKHMH b o 3m o>khocthm h He pac- 

nonaraeM . 3aflane pa3BHTHH t 3khx B03M0>KH0CTeH o iy -  

>KHT C03flaHHe DlOÓa/IbHOH CHCTeMbI HaÓjHOfleHHfl 3a

OKeaHOM ( r C H O ) .  C noH copaM H  T C H O  h b jh h o tc h  

Me>KnpaBHTejibCTBeHHafl OKeaHorpac^HHecKaa kom hc- 

ch h  (M O K ) KDHECKO, n p o rp aM M a OpraHH3an;HH 

OóbeflH H eH H bix H ai[H H  n o  OKpy>KaiomeH cp e^ e  

(K D H EII), BceMHpHaa M eT eoponom necK an opraH H 3a- 

d;hh (B M O ) h  Me>KflyHapoflHbiH coBeT n o  Hayxe 

(M C H C ). r C H O  3aflyMaHa Kax onepaTHBHan rao ó a /ib - 

Haa  ceTb, KOTopaa Ha CHCTeMaTHnecKOH ocHOBe o ó ec- 

nenHBaeT no/ryneHH e h  pacnpocT paH eH H e flaHHbix h  

npoflyKTOB flaHHbix o n p onm oM , HacTonmeM  h  6yj\y-

1 .  “ H 3 M e H H T b  -  B b i3 b iB a T b  n e p e x o f l  H 3  o f l H o r o  c o cT O H H H B  b  f l p y r o e ;  n p e o ó p a -  

3 0 B b IB a T b  HJIH f le J ia T b  H H b lM ; H 3M eH H TbC H  -  n p H O Ó p e T a T b  f lp y r y iO  B H einH IO IO  

4 > o p M y  h j i h  c o f le p a c a H H e ”  {Yaócmep, ïlonnuü uoeuü cnoeapb deadt^amoeo 
eexa - Webster’s New Twentieth Century Dictionary, Unabridged Dictionary). 
T aK H M  o 6 p a 3 0 M ,f l7 I H  B blH B JieH H H  H  n p 0 r H 0 3 H p 0 B a H H H  H 3 M eH eH H H  H aflO  H M eT b  

B 03M 0> K H 0C T b  BbIH BJIH Tb H  n p 0 T H 0 3 H p 0 B a T b  “ cO C T O H H H e”  IIO M H M O  3 T 0 T 0 , 

c jio B O  “ H 3 M e H e H H e ”  H e  n o f lp a 3 y M e B a e T  K O H K p e r a b ix  B p e M e H H b ix  h u h  n p o c T -  

p aH C T B eH H b lX  X a p a K T e p H C T H k . P Í3 M e H eH H H  npO H C X O flH T  B C aM bIX  pa3 H H H H b IX  

M a c iH T a ó a x  ( o t  c e x y H f l  f l o  c t o j i c t h h ) ,  h  t o ,  h t o  ä b j i ä q t c ä  n e p e M e H H H B  o c t b i o  b  

o flH H X  M a c iH T a ô a x ,  O K a 3 b iB a e T c a  H 3M eH eH H eM  b  f l p y r n x .

HieM COCTOHHHH MOpCKOH Cpeflbl. B OCHOBe pa3BHTHH 

3TOH CHCTeMbI HaÓjHOfleHHH HaXOflflTCH flBa B33HMO- 

CBH33HHbix h  Bee ó o jiee  c6/iH>KaiomHxcfl MOflyjm: 

(1) raoóa/ibH biH  OKeaHHnecKHH M oayjib, npoK fle  Bcero 

CBH33HHbIH C BblHB/ieHHeM H np0rH03Hp0B3HHeM  H3- 

MeHeHHH b CHCTeMe OKeaH-KUHMaT h  c coBepmeHCTBO- 

BaHHeM MopcKHX yc/iy r (pyKOBOflCTBO s th m  MOflyreM 

ocymecTBJHieT Tpynna n o  OKearoraecKHM Haó/nofle- 

HHHM 3a K7IHM3TOM (OOEIK), CnOHCOpaMH KOTOpOH 

HBJHHOTCH BceMHpHaa nporpaM M a n o  Hcc/ieflOBaHHio 

K7IHM3T3 (BEtHK), Eroóa/ibHaH CHCTeMa Haó/nofleHHH 

3a K7IHM3TOM (TCHK) h  rCHO); h  (2) npn6pe>KHbiH

MOfly/Ib, CBH3aHHbIH C BJIHflHHeM KpynHOMaCHITaÓHblX 

H3MeHeHHH b CHCTeMe OKeaH-KJiHMaT h  c aH TponoreH - 

HblM BTIHHHHeM Ha npHÓpOKHbie 3 KO CHCTeMbI, a T3K>Ke 

c coBepmeHCTBOBaHHeM MopcKHX y cn y r (pyKOBOflCTBO 

3THM MOflyreM ocym ecTB/nieT T pynna n o  Haó/iiofle- 

HHK3 3a npn6pe>KHbiMH panoHaM H (K O O E I), cnoH co- 

paMH KOTOpOH HBJHIIOTCfl EIpOflOBOJIbCTBeHHafl H CeUb- 

CK0X03HHCTBeHHaH OpraHH3aii;Hfl OÓbeflHHeHHblX 

HaiiHH (<EAO), Me>KflyHapoflHan nporpaM M a n o  reo - 

cc|)epe/6H oc4)epe (M I ir B )  h  TCHO). B HacToameM  

flOKnafle coflep>KaTCfl peKOMeHflaiiHH KOOEI n o  pa3pa- 

óoTKe npHÓpe>KHoro M opyjix  TCHO. floKnafl c o c to h t  

H3 Tpex nacT en:

1. 0 6 0 CHOBaHHe h  u,ejm  (BCTynneHHe h  raaBbi 1 h  2)

2. pa3pa6oTK a (raaBbi 3 ,4 ,  5 h  6 )

3. nepBOHana/ibHbie pyKOBOflamne npH H iinnb i pju i 

noflroTOBKH n n a H a  pea/iH3aii;HH (raaB a 7).

rb iaH  pa3pa6oTKH coflep>KHT xaparaepHCTHKy nofl- 

xofla k KOMnneKCHOH ycTOHHHBOH CHCTeMe Haójiiofle- 

HHH 3a npHÓpe>KHbiMH panoHaM H OKeaHa, onpeflene- 

HHe 37ieMeHTOB 3TOH CHCTeMbI, a T3K>Ke onHcaHHe 

xapaK Tepa hx  B3aHMOfleHCTBHH b HHTepecax Bbixo^a 

Ha ypoBeHb onepaTHBHOH CHCTeMbI. ELraH o ó e c n e n n - 

BaeT Ty ocHOBy, Ha KOTopofi Me>KflyHapoflHoe co o ó m e -
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CTBO MO>KeT ó o j i e e  p e H T a ó e s B H O  H c n o ;iB 3 0 B a T B  k o s -  

jieK T H B H B ie  p e c y p c B i  b  i j e / n i x  óojiee  C B o e B p e M e H H o ro  

p e m e H H H  S K O /to m H e c K H X  B o n p o c o B  h  n p o ó J i e M ,  n p e f l -  

C T aB JIfllO m H X  B 3aH M H B IH  H H T e p e C . 3 t 0  CJiy>KHT n e p -  

BBiM  n i a r o M  k  n o ^ r o T O B K e  m ia H a  p e a ; iH 3 a i i ;H H , k o t o -  

p B if i  f l o i m e H  6 b i t b  3 a B e p m e H  k  K O H iiy  2 0 0 4  r.

O b o c h o b a h h e  h  iifjth

T o B a p B i h  y c / i y r a  s k o c h c t c m  b  ó o u B m e f i  C T e n e H H  

cocpeflO T O M eH B i b  n p n 6 p e > K H B ix  p a f io H a x ,  s e M  b  j i i o ó b i x  

f lp y rH X  p e r H O H a x  M n p a .  B B ic T p o e  p a c n i n p e H n e  h c t i o / i b -  

3 0 B 3 H H ÍI M enoB eK O M  n p H Ó p e> K H B ix  p e c y p c o B  h  r n o ó a / i B -  

H B ie  H 3M eH eH H H  b  CHCTeM e O K eaH -K JiH M aT  f le n a io T  n p n -  

6pe> K H B ie  30H B I 6onee  y s3B H M B iM H  b  c / r y n a e  c t h x h h h b i x  

ó e flC T B H fi, ó o j i e e  f l o p o r o c T o s i n H M H  j\jm  npo> K H B aH H H  b  

HHX H M eH e e  IjeH H B IM H  flJIfl H aiJH O H ajIB H O H  3K O H O - 

M HKH. K oh4)J[H K T B I M Ö K fly  C C ^epaM H  T3KHX H H T e p e c o B , 

KaK Ó H 3H ec , f lo c y r ,  p a 3 B H T H e , o x p a H a  o x p y > K a io m e H  c p e -  

flB i h  y n p a B n e H H e  > k h b b im h  p e c y p c a M H ,  C TaH O B STC s B ce  

Ó O Jiee OCTpBIM H H n p H O Ó p e T a iO m H M H  nOTIHTHHeCKyEO 

O K paC K y. C oO T B eT C T B eH H O  p a C T e T  H CO Ii;H a;iB H O -3K O H O - 

M H H ecK aa  i je H a ,  K O T o p y ro  n p H x o f lH T c a  n n a r a T B  3 a  n p o -  

T H B o p e n a H iH e  f l p y r  f l p y r y  p e m e H H S .  H e o ó x o f lH M a  

K O M n n eK C H aa  CH CTeM a H a ó n io f le H H H  h  a H a ;iH 3 a  rjik 

o ó e c n e s e H H S  flaH H B ix  h  H H cJio p M aiiH H , K O T o p B ix  T p e -  

ó y e T  flocT H > K eH H e c n e f ly io m H X  m e c r a  u,ejiew.

1 . n o B B im e H H e  y p o B H H  6 e 3 o n a c H o c r a  h  3c|Dc|DeKTHB- 

HOCTH M o p cK H X  O n e p a iJ H H , n p H H e M  npO B O flH M B IX

KaK n p a B H T e u B C T B a M H , T aK  h  y n p o K f le r o iH M H  hjih

H aCTH BIM H  K O M naH H flM H ;

2 .  n o B B im e H H e  3c|Dc|DeKTHBHOCTH n p e f ly n p e > K f le H H f l  

CTHXHHHBIX Ó eflC TBH H  H  y M eH B H ieH H H  HX n o c j ie Æ -

c t b h h ;

3 .  c o B e p m e H C T B O B a H H e  n o T e H i i n a n a  j¡jia B B isB /ieH H H  

H n p 0 T H 0 3 H p 0 B a H H H  B 03fleH C T B H H  TJIO Ó ajIB H O rO  

H 3M eH eH H H  K7IHM 3T3 H a  n p H Ó p O K H B ie  3KOCHCTeMBIJ

4 .  y M e H B m e H H e  o n a c H O C T e fi,  y rp o > K a K )m H X  3 f lo p o B B io  

H a c e n e H H ii;

5 .  o ó e c n e n e H H e  ó o / i e e  3c|Dc|DeKTHBHOH 3 3 Ih h t b i  h  b o c - 

C TaH O B JieH H fl 3K OCHCTeM ;

6 .  BO CCT3H O B7ieH He H  C O X paH eH H e >KHBBIX M o p cK H X  

p e c y p c o B .

/],OCTH>KeHHe 3TH X  I je / ie H  33B H CH T OT p 3 3 B H T H S  B 0 3 -  

MO>KHOCTeH ÓBICTpOTO BBIH B/ieH H H  H n p 0 T H 0 3 H p 0 B a -  

HHH m n p o K o r o  K p y r a  S B /ie H H H  b  n p n 6 p e > K H B ix  p a ü o -  

H a x ,  H a H H H a a  c  H 3 M eH eH H S  y p o B H S  M o p s ,  3 a T o n n e H H H  

n o ó e p e > K H H  h  n o ^ e M a  y p o B H S  M o p s  h  K O H s a s  o n a c -  

HOCTHM H, C BS33H H B IM H  C 6 o /ie 3 H H M H , H 3 M eH eH H eM  C p e -

flBI O Ó H T aH H fl, B peflO H O C H B IM  IJB eT eH H eM  B o f l o p o c n e ü  

H y M e H B m e H H e M  BBDIOBa pB lÓ B I. X o T H  RUSI flOCTH>KeHHH 

Ka>KflOH u,emi T p e ó y i o T o i  c b o h  c n e iiH C ^ H H e cK H e  f la H -  

H B ie  H H H cjD O pM aiIH fl, H eoÓ X O flH M  H ÓOHBHIOH OÓTieM 

fla H H B ix  o ó m e r o  i  h h x  x a p a K T e p a .  A H a n o r m iH B iM  

o ó p a 3 0 M ,  eflH H B ie  n o T p e Ó H O c r a  c y m e c T B y io T  h  b  o t h o -  

H ie H H H  y n p a B n e H H f l  p a c n p o c T p a H e H H e M  fla H H B ix  b  

p a M K a x  B c e x  m e c T H  i i e n e f i .  TaK H M  o ó p a 3 0 M ,  K O M nneK C - 

HBiH n o f lx o f l  k  pa3B H T H K ) CHCTeM Bi H a ó J iio f le H H fl,  o ó e c -  

n e H H B a io m e H  flaH H B ie  i  M H O >K ecTB eH H Bix c |)o p M  h c -  

n o n B 3 0 B a H H f l ,  HBJHieTCfl KaK B ecB M a aK T y an B H B iM , TaK  

H peH T aÖ eT IB H B IM .

PA3PABOTKA KOH IIF .nilH H

B B ic T p o e  BBIH BJieH He H  C B O eB peM eH H O e n p 0 T H 0 3 H p 0 B a -  

H H e 33BHCHT OT C 0 3 flaH H fl CHCTeM Bi O n ep aT H B H B IX  H a - 

Ó Jiio fleH H H , o ó e c n e H H B a io m e H  n o c T O H H H o e  h  H e n p e -  

p B iB H o e  n p e f lo c T a B J ie H H e  H e o ó x o f lH M B ix  f la H H B ix  h  

HHC^JOpM aiIHH B TOH c |)o p M e  H  b  T e x  B peM eH H B IX  M a c - 

m T a ó a x ,  K O T o p B ie  K O H K peTH O  T p e ó y io T C f l n o j iB 3 0 B a T e -  

jisiM. T a x a s  CHCTeM a flo /D K H a o ó e c n e H H B a T B  3 c |)4 )eK T H B - 

H y io  y B S 3 K y  T p e x  B a r a e Ë m H X  noflC H C T eM  f l u s  r a p a H T H -  

p o B a H H o r o  C B o e B p e M e H H o ro  n p e f lo c T a B s e H H S  flaH H B ix  

H  HHC^JOpM aiIHH n O T p eÓ H T e /If lM  H a  nO C TO SH H O H  OCHO- 

B e: (1  ) nO flCH CTeM BI M O H H T O pH H ra  (3 0 H f lH p 0 B a H H S ) ;  ( 2 )  

noflC H C T eM B i f l u s  n o s y n e H H S  flaH H B ix , y n p a B s e H H S  h m h  

h  h x  p a c n p o c T p a H e H H s ;  ( 3 )  noflC H C T eM B i f l u s  C H H T e3a h  

a H a /iH 3 a  f laH H B ix  H a  o cH O B e  h x  H a y s H o r o  n o H H M a H H S .

I I p H  3TO M  n p H Ó p e> K H B iH  M O fly sB  flo iD K eH  ó b i t b  p a 3 p a -  

Ó O TaH  TaK H M  0 Ó p a 3 0 M , HTOÓBI O T B eS aT B  p e m e H H I O  

M HOTHX B o n p o c o B ,  BKJHOHafl M H O T O o 6 p a 3 H e  H B JieH H H  

b  n p H Ó p e> K H O H  3 0 H e ,  o x B a T B iB a e M B ix  m e c T B io  i i e s s M H ,  

a  T a io K e  T e o p H io  s k o c h c t c m , c o r a a c H O  K O T o p o f i  n p e f l -  

C T a B S f l lO m H e  H H T e p e C  S B J ie H H S  B 3 3 H M 0 C B S 3 3 H B I 

H e p a p X H e f l  B 3aH M O fleflC T B H H . B  CBH3H c 3T H M  n p H  p a 3 -  

p a ó o T K e  flo iD K H B i T3K>Ke yH H T B iB 3T B C s c s e f l y i o m H e  c o -  

o ó p a > K e H H fl r a o ó a s B H o r o  x a p a K T e p a :

•  p a 3 p a ó o T K a ,  p e a / iH 3 a ii ;H f l  h  p a 3 B H T H e  c h c t c m b i  

H aÓ jH O fleH H H  flOJ[>KHBI O p H eH T H p O B a T B C fl H a  

n o T p e Ó H O c r a  r p y n n  n o / iB 3 0 B a T e ; ie H  b  f la H H B ix  h  

HHĈ JOpMaiIHH;
•  n p e f lC T a B S f l io m H e  H H T e p e c  S B s e H H S  H B S s io T C fl 

x a p a K T e p H B iM  m c c t h b i m  n p o s B s e H H e M  H 3 M e H e - 

H H H  ( H a n p H M e p  S B J ie H H S  3 H C O ,  H 3 3 e M H B ie  

H C TO H H H K H  3 a r p S 3 H e H H H , H C T O H je H H e  >KHBBIX 

p e c y p c o B ) ,  K O T o p B ie  n e p e x o f lS T  H 3 K p y n H B ix  M a c -  

m T a ó o B  b  M e H B H iH e ,H e  c h h t b s c b  h h  c  H a iiH O H a /iB -  

HBIM H rp a H H I ja M H , HH  C T p a H H I^aM H  M e>Kfly aT M O - 

c 4 ) e p o f í ,  M o p e M  h  c y m e ñ ;
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•  XOTfl RJISL flOCTH>KeHHfl Ka>KflOH I ie /IH  T peÓ yiO T C fl 

CBOH c n e i i H c ^ m e c K H e  f la H H b ie  h  H H C ^ o p M a iiH H , 

H e o ô x o f lH M  h  ó o j iB m o H  o ó t e M  f la H H b ix  o ó m e r o

h h x  x a p a K T e p a ;

•  j\jm o ô e c n e n e H H f l  ó b i c T p o r o  h  C B o e B p e M e H H o ro  f lo -  

C T y n a  k  ß a H H b iM  h  H H C ^ o p M aiiH H  T p e ó y io T C H  r n o -  

ó a / ib H b ie  C T a H fla p T b i h  n p o T O K o n b i  b  o ó n a c T H  H a -  

6moj\emm, o Ó M eH a  flaH H b iM H  h  y n p a B n e H H H  h m h ;

•  M H o r a e  3 /ie M e H T b i,  H e o ô x o f lH M b ie  pjia  co 3 fla H H H  

C H C TeM bI H a ô J iio f le H H H , y>Ke c y m e c T B y io T ,  n p n n e M  

f la B H o ;

•  H eoÔ X O flH M O  C 0 3 fla T b  M eX aH H 3M bI jy i f l  nO C TO H H - 

H o r o  h  H e n p e p b i B H o r o  n p o B e f l e r o iH  ou ;eH O K  CHCTe- 

M b i c  TOHKH 3 p e H H H  e e  p e H T a ô e j ib H O C T H  h  a c ^ c ^ e K - 

TH B H O C TH , K O H TpO JIfl K 3H eC T Ba H  C B O eB peM eH H O T O

n p e f lo c T a B J ie H H f l  f la H H b ix  h  H H C ^ o p M a iiH H ;

•  T e  3 /ie M e H T b i C H C TeM bI H a ó /n o f le H H ï i ,  K O T o p b ie  

H y>K H bi rjisl c o B e p n ie H C T B O B a H H H  M o p cK H X  y c / r y r ,  

n O B b in ie H H H  aC^C^eKTHBHOCTH M o p cK H X  O n e p a iI H H  

H n p 0 T H 0 3 H p 0 B a H H H  CTHXHHHblX ÓeflCTBHH, ÓO Jiee 

p a 3 B H T b i,  n e M  3 / ie M e H T b i,  H e o ô x o f lH M b ie  rjm 
o x p a H b i  O K py> K aK )m eH  c p e ^ b i  H a  o c H O B e  n p H H -  

u ;H n a  SK O CH CTeM  h  rjix y n p a B n e H H H  > k h b m m h  

p e c y p c a M H .

C o o 6 p a > K e H H f l  p e m o H a n b H o r o  x a p a K T e p a  B K /n o n a io T  

c u e f ly io m H e :

•  n p H O p H T e T b l  H  B 03M 0> K H 0C T H  y n aC T H H  B CH CTeM e 

H aôJH O fleH H H  h  H 3B JieH eH H fl H 3 H e e  n p e H M y m e c T B  

y  p a 3 H b ix  C T p a H  h  p e r a o H O B  H e  o flH H aK O B b i;

•  6 o ;ib H IH H C T B O  M O K fly H ap O flH b lX  C O T JiaH ieH H H  H 

K O H B eH iiH H  0 6  o x p a H e  O K p y > K a io m e H  c p e ^ b i  h  

y n p a B J ie H H H  > k h b b im h  M o p cK H M H  p e c y p c a M H  H M e - 

10T p e r a o H a / ib H y E O  cc|D epy  fleH C T B H n;

•  3 a f la n a M  B b in B /ieH H H  r p y n n  n o ; ib 3 0 B a T e ; ie H ,  p a 3 p a -  

6 0 TKH n p o f ly K T O B  h  M a p K e T H H ra  b  H a n ô o j ib H ie H  

C T e n e H H  O T B e n a io T  H a ijH O H a /ib H b ie  h  p e m o H a n b -  

H b ie  o p r a H b i .

T aK H M  o 6 p a 3 0 M ,  p a 3 p a 6 o T K a  h  p e a ; iH 3 a ii ;H H  æ o i d k h b i  

y n H T b iB a T b  p a 3 J iH H H fl b  n p H o p H T e T a x  y  p a 3 H b ix  p e r n o -  

HOB h  o c T a B J if lT b  p a 3 p a 6 o T K y  CHCTeM Bi b  p e m o H a n b -  

HOM  M a c H iT a ô e  H a  y c M O T p e r o ie  3 a H H T e p e c o B a H H b ix  

C T o p o H  b  p e r a o H e .  O flH O B p eM e H H O  b  p a M K a x  rn e c T H  

i i e j i e f í  n p H Ó p o K H o r o  M opyjix  T C H O  c y m e c T B y e T  

M H o r o  o 6 ih ;h x  n o T p e Ó H O C T e f i .  C j ie f lO B a T e / ib H O , 

r n o 6 a n b H a n  c e T b  n a 6 / n o ; i e n n H  m o > k c t  o ô e c n e n H T b  

3 H a H H T e H b H y iO  3 K 0 H 0 M H K >  C p e ^ C T B , HTO n O B b IC H T  

p e H T a ó e n b H O C T b  p e r n o H a n b H b i x  c h c t c m  H a ó m o f t e -  

H H Ïi. B  H a c T o a m e M  f lO K /ia f le  n p e j y i a r a e T o i  p a 3 B H B a T b  

C O T pyflH H H eC T B O  M e>Kfly pyK O BO flCTB O M  TJIO Ô ajIbH O H  

c e T H  H a ô JH O fleH H H  h  p e r H O H a n b H b iM H  a / ib f lH c a M H

r C H O . T a K a a  C T p y K T y p a  n p H H e c e T  n o j i b 3 y  p a 3 p a 6 o T K e  

h  y n p a B J ie H H io  T C H O  b  u ;e ;io M .

IjIOEAJIbEIOE OBTj ETMHEHME PEFHOHAJIBHBIX 
CHCTEM HAB/TTOJTEHHH

O n e B H flH O , HTO n p H Ó p O K H b lH  M O fly /Ib  flOIDKeH BK7IIO- 

n a T b  K O M n o H e H T b i KaK p e m o H a ; i b H o r o , T a K  h  r a o ó a / i b -  

H o r o  M a c iH T a ó a .  H a n ó o / i e e  3c|Dc|DeKTHBHO s t o t o  

MOÏKHO flO Ó H TbC fl H a  OCHOBe O Ó T ieflH H eH H fl p e T H O - 

H a n b H b ix  CHCTeM  b  r a o ó a / i b H y i o  n p n ó p o K H y i o  c e T b  

H a ó J i io f le H H H  h  y n p a B J ie H H H  f la H H b iM H . B  p a M K a x  

T3KOH C T p y K T y p b i  r a o ó a / t b H a n  c e T b :

•  o ó e c n e n H B a e T  H 3 M e p e H H H  h  y n p a B / t e r o i e  n o  p u n y  

o 6 h j ; h x  n e p e M e H H b ix  n a p a M e T p o B ,  K O T o p b ie  H e o ó -  

X O flH M bl flJIfl Ó O H bH IH H CT Ba p e T H O H a/Ib H b lX  CHC- 

T eM , e c u H  H e  r j i x  B c e x  H 3 h h x  ( o ó m n e  n e p e M e H H b ie  

n a p a M e T p b i  -  c m . r a a B y  4 );

•  B b ic T y n a e T  b  K a n e c T B e  H H C ^ o p M a iiH O H H O - c n p a -  

BOHHOH C eTH  H  C eTH  C T aH IIH H  CJIO K eH H fl;

•  y c T 3 H a B 7 iH B a e T  M e > K f ly H a p o f lH b ie  C T a H f la p T b i  h  

n p o T O K O Jib i n p o B e f le H H H  H 3 M e p e H H H , o Ó M e H a  

flaH H b iM H  h  y n p a B n e H H f l  h m h ;

•  o ó e c n e n H B a e T  B 3 3 H M H y io  y B H 3 K y  n p n 6 p e > K H b ix  

H a ó J iio f le H H H  c  r a o ó a / ib H b iM H ,  a  T3K>Ke B 3 aH M O fle fi-  

C TB H e r j i o ó a j i b H o r o  h  n p n 6 p e > K H o r o  M O f ly jie f i  

( r a a B a  5 ); h

•  c o f le f ic T B y e T  c o 3 f la H H io  n o T e H i in a j io B .

P e m o H a n b H b i e  c h c t c m b i  H a ó /i io f le H H H  h b j h h o t c h  b 3>k - 

H eH H IH M H  K O M nO H eH T 3M H  C 0 3 flaH H fl n p H Ó p o K -

H o r o  M O flyjH i. D i o ó a j i b H a i i  c e T b  c a M a  n o  c e ó e  H e  o ó e c -  

n e n H T  CTa n p o u ;e H T O B  ( h j i h  fla>Ke ó o jib H iH H C T B a )  f la H -  

H B ix  h  H H C ^ o p M a iiH H , H e  o ó x o f lH M b ix  R jia  o n p e f le j ie H H H  

COCTOHHHH H  n p 0 T H 0 3 H p 0 B a H H H  n p eflC T aB /H H O H IH X  

H H T e p e c  H B n eH H ii. C y m e c T B y io T  K a T e ro p H H  n e p e M e H ­

H b ix  n a p a M e T p o B ,  H M e io u iH X  r n o ó a n b H y i o  3 H anH M O C T b, 

o ;[ i ia i< o  H 3 M e p n e M b ie  n e p e M e H H b ie  n a p a M e i p b i  h  n p o -  

C T p a H C T B e H H O -B p e M e H H b ie  M a c iu T a ô b i  H 3 M e p e H H Ïi b  

p a 3 H b ix  p e r n o H a x  H e  o ;[M iiai<O B bi h  s a i m c i i T  o t  x a p a K ­

T e p a  n p H Ö p e '/K iio H  3 0 H b i  h  o t  n o T p e Ö H O C T e ïi  n o n b 3 0 B a -  

T e n e ï i .  C io ; i a  b x o ; h i t  n e p e M e H H b ie  n a p a M e i p b i ,  K a c a -  

l o u i H e c a  ou;eH O K  o ö ^ e M a  p a 3 H b ix  K a T e r o p n i i  i k h b m x  

p e c y p c o B ,  o c H O B H b ix  c |d o p m c p e ; ib i  o Ö H T a iiH ii p b i ö b i ,  

M o p cK H X  M U e K O n H T a iO m H X  H nT H U ;, H H B a 3 H B H b IX  

B H g o B , B p e g o H O C H b ix  B o a o p o c n e ï i  h  x h m h h c c k h x  

3 a rp H 3 H H IO m H X  B e m e C T B . I lo  T aK H M  K a T e rO p H H M , 

p a B H O  K aK  h  n o  TaK H M  n e p e M e H H b iM  n a p a M e T p a M ,  

K O T o p b ie  a K T y a n b H b i a u n  i ie M iio i  HX p e i  H o n o B  ( i i a n p H -  

M e p  M o p c K o ï i  n e a ) ,  p e iu e i iH i i  o  t o m ,  h t o  H M e m io  c a e ; iy -  

eT  H 3 M e p B T b  H  B K aKHX n p O C T p a H C T B eH H O -B p eM eH H b lX  

M a c iH T a ö a x ,  a  TaK>Ke o  K O M n n eK c e  m c t o a h k h  i i a 6 a i o ; i e -

23



HHH flOJDKHbl npHHHMaTbCH 3aHHTepeCOBaHHbIMH 

CTopoHaMH b cooTBeTCTByiomHX perHOHax. A H a/io ran - 

HbiM o6pa30M , acneKTbi nporH 03npoB 3H H ii pjia  OTpac- 

jiefi npoMbini/ieHHOCTH b  npnópoK H O H  30He öy^yT 

3aBHceTb o t  HajiHHHH Hec|DTera30Bbix MopcKHX pa3 p a- 

ÓOTOK, KpynHbix nopTOB, napoM H bix MapmpyTOB, Ty- 

pHCTHHeCKHX KypOpTOB H peHTpOB OTflblXa. PyKOBOfl- 

CTByacb peraoH a/ibH biM H  npnopHTeTaM H, perHOHajib- 

Hbie CHCTeMbI HaóJiiofleHHH oóecnenH BaioT  flaHHbie h  

HHcJjOpMapHIO, yBH3aHHbie C nOTpeÓHOCTHMH 33HHTe- 

pecoBaHHbix CTopoH, b  ocoóeHHOCTH b  t o m ,  h t o  Kaca- 

eTCH ynpaBJieHHfl pbi6ojioBCTBOM h  Ha3eMHbix h c t o h -  

h h k o b  3arpH3HeHHH. C x o p ee  B cero, o t o  noBJieneT 3a 

COÓOH yBeuHHeHHe pa3peruaiom eH  cnocoÖ H O cra h 3 -  

MepeHHH n o  o 6 iu ;h m  nepeMeHHbiM napaM eTpaM  (Ha- 

npH M ep, flo oflH oro KHJioMeTpa h j i h  fla>Ke MeHee), a 

T3K>Ke noT peóyeT  H3MepeHHH n o  flonojiHHTejibHbiM 

nepeMeHHbiM napaM eTpaM  b  MeHbniHX M acnrraóax . 

rip H  OTOM peraoH ajibH bie c e r a  HaöJiiofleHHH öy^yT 

BHOCHTb CBOH BKJiafl B TJIOÓajIbHyiO CeTb H OflHOBpe- 

MeHHO no/ib30B aT boi ee npeHMymecTBaMH.

D ioóanbH an npn6pe>i<naH c e ra , cnocoöcT B yioinaii n o - 

BbiineHHK) peHTaöenbHOCTH perH O H anbH bix chctcm  

HaönioaeHHH h  oöecne 'iH B aio inaii hx yisii3i<y ;ipyi c 

; ipy io  m h  c raoôanbH biM H  chctcm3m h  iiaó/iio/ieiiMii 3a 

OKeaHOM h  KUHMaTOM, naxo;iHT«i b i ie iu p e  b h h m 3h h h  

nnaH a pa3pa6oTKH KOO I1.

PA 3BH TH E YIIPABJIEHHÍI AAHHbIMM H 
nPOAYKTOB -  I7IABHAÍI 3AAAMA

C o K p a m e H H e  B p eM e H H , T p e ó y e M o r o  p j i a  n o j ry n e H H H , 

o ó p a ó o T K H  h  a H a j iH 3 a  f la H H b ix  H 3 B e c T H o r o  K a n e c T B a , 

BBJiB eTCB  oflH O H  H 3  o c H O B H b ix  p e n e n ,  T p e ó y i o m e H  p a 3 -  

BHTHH K O M njieK C H O H  n o flC H C T e M b i y n p a B J ie H H H  p a H -  

H b iM H  h  K O M M yH H K apH H . 3 a p a H a  c o c t o h t  b  n p e p o -  

C T aB JieH H H  f la H H b ix  KaK b  pe>K H M e p e a j i b H o r o  B p e M e ­

H H , T aK  H  B pe>K H M e OTCpO H K H , a  T3K>Ke B TO M , H TO Ó bl 

f la T b  n 0 J I b 3 0 B a T e j n iM  B 0 3 M 0 > K H 0 C T b  H C n 0 J Ib 3 0 B a T b  

H a ó o p b l  M HO>KeCTBeHHbIX flaH H b lX  H 3 M HOTHX p a 3 J IH H - 

H blX  HCTOHHHKOB. 3 t 0  n O T p e Ö y e T  IH H pO K O H  H e p a p X H -  

n e c K O H  c e T H  H a p n o H a j i b H b i x ,  p e r n o H a j i b H b i x  h  B c e -  

M H p H b ix  o p ra H H 3 a u ;H H , K O T o p a n  p e ï ic T B y e T  H a  o c H O B e  

o 6 l u ; h x  C T aH flap T O B , c n p a B O H H b ix  M a T e p n a / io B  h  n p o -  

TOKOJIOB n o  K O H T p o jn o  K a n e c T B a  h  o ö e c n e n H B a e T  

ö b i c T p b i H  f l o c T y n  k  f la H H b iM  h  y n p a B J ie H H e  h m h  

( H a n p H M e p  C T a H p a p T b i  M e T a p a H H b ix ) ,  a  TaK>Ke h x  f l o n -  

r o c p o H H o e  x p a H e H H e .  Taxan c e T b  ö y p e T  p a 3 B H B a T b c a  

n o  n y r a  C B o e r o  y B e jn r a e H H H , n o p c o e p H H iH i  h  n p n c o -  

e f lH H a n  k  c e 6 e  c y m e c T B y i o m H e  H a p n o H a j i b H b i e  h  M e * -

A y H a p o f lH b ie  p e H T p b i  p a H H b ix  h  n p o r p a M M b i  y n p a B J ie -  

H H S . K o M H T e T  M OK n o  M O K p y H a p o p H O M y  o Ö M e n y  

O K eaH H H eC K H M H  fla H H b IM H  H H H C ^JO pM apH eH  (M O O fl) 
h  n p o r p a M M H a a  o 6 j i a c T b  O K O M M , C B H 3 a H H a n  c  

y n p a B J ie H H e M  p a H H b iM H , m o t j i h  6 b i  c n e p i iT b  3 a  C K O o p - 

Ä H H H p O B aH H b lM  p 3 3 B H T H e M  TaK O H  K O M njieK C H O H  n O fl-  

C H C T eM bi y n p a B J ie H H H  p a H H b iM H  ( r a a B a  6 ) .

Pa3BHTHe CHCTeMbI HaÓjIIOfleHHH flOJDKHO H anpaB - 

jiflTbCfl rpynnaM H  nojib30BaTejieH, a TaK>Ke noTOKaMH 

flaHHblX H npOflyKTOB, KOTopbie HM Hy>KHbI. OflHOBpe- 

MeHHO ÖbICTpblH flOCTyn K MHOTOflHCpHnjIHHapHblM 

flaHHbIM H3 MHOTHX HCTOHHHKOB ÓyfleT 3KTHBH3H- 

poBaTb co3flaHHe M openen h  pa3pa6oT K y npopyKTOB. 

TaKHM o6pa30M , B bicoK onpnopH TeTH oe BHHMaHHe 

cnepyeT ypejiHTb co3paHHio MexaHH3MOB npHBJieneHHH 

r p y n n  nojib30BaTejieH Ha nocTOBHHOH ocHOBe k  o n p e -  

flejieHHio npoflyKTOB h  k  co3paHHio, paóoT e h  pa3BH- 

THio npH6pe>KHoro Mopyjni.

HaiiHoiianbiiBie nporpaMMbi h peinoiianbiiBie anb- 
HHCbi rCHO oöecne'iHBaioT MaKCHMajibHO ocJxJjeKTHB- 
Hoe h nocTOHHHoe BbiHBJieHHe rpynn noni,30BaTeneii, 
yTOHHeHHe noTpeÔHOCTeïi b ;iaiiiii,ix h HHiJjopMapHH h 
;iopa6oTi<y npo;iyKTOB ;iaiiin,ix Ha ocHOBe oöparaoH 
CBH3H C n0JIB30BaTejI!IMH H HOBblX 3H3HHÍÍ. OcHOBHbl- 
MH cpegcTBaMH MapKeTHHra h pacnpocTpaiiennii hh- 
c[d o p m a i i, m m b iiacToiiinee BpeMii cny>KaT EiojuieTeHb 
npo;iyKTOB h ycjiyr TCHO h EiojuieTeHb OKOMM. Ohh 
cooömaioT CBe;ieiinii o npo;iyKTax h MeponpniiTHiix no 
hx pa3pa6oTKe, npegocTaBJUiH nojib30BaTejiHM B03- 
MOIKHOCTb BbICKa3aTb CBOH COOÖpa'/KeilHII O Ka'ieCTBe H 
nojib3e npoayKTOB TCHO.

n 0 3 , C H C T E M A  H A K /TTO JTEH H H

3aflaneH  npefljiaraeM ofi rjioóajibHOH ceTH HBjnieTCfl 

npoBefleHHe H3MepeHHfi h  fleiiTejibHOCTH n o  ynpaB Jie- 

HiiK) b OTHOineHHH cpaBHHTejibHO H eó o jib iu o ro  HaÓO- 

p a  “o ó m H x ” nepeM eHHbix napaM eTpoB , KOTopbie Tpe- 

óyioTCH óojibniHHCTBy perHOHajibHbix chctcm H aójno- 

fleHHH, ecjiH He BceM H3 h h x  (rjiaBa 4, npHJio>KeHHfl IV 
h  V). X oth BnojiHe BepoHTHO, HTO oó ipH e nepeM eH ­

Hbie napaM eT pbi öy^yT  BbiHBjniTbCfl n o  x o ^ y  pa3BH- 

TIIH H CTaHOBJieHHfl TJIOÓajIbHOrO OÓbeflHHeHHfl 

CHCTeM n;ejiecoo6pa3HO onpe^ejiH Tb npeflBapH Tejib- 

Hbifï H aóop  nepeM eHHbix napaM eTpoB , hto noM orjio  

6bi copHeHTHpoBaTb pa3paóoT K y h  peajiH3aii;Hio tjio- 

óajibH ofi npH - 6pe>KHOH c e r a  Ha HanajibHOM OTane. 

PeKOMeHflyeMbiMH o6 iu;h m h  nepeMeHHbiMH napaM eT- 

paMH HBJiflioTCfl ypoBeHb M opa, TeM nepaTypa h  cojie-
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HOCTB BO flB i, B e K T o p H B ie  T e n e H H H , b o j i h m  H a  n o B e p x -  

HOCTH M O p fl, p aC T B O p e H H B IH  K H CJIOpOfl H H e O p r a H H H e -  

CKHe n H T a T e z iB H B ie  B e m e c T B a ,  o c j i a ó J ie H H e  c o jm e H H O H  

p a f lH a i jH H ,  ó a T H M e T p H H , H 3M eH eH H H  ó e p e r o B o f i  j i h -  

H H H , o ó b e M  h  o p r a H H H e c K o e  c o fle p > K a H H e  OTJio>KeHHH, 

ó e H T H H e c K a a  Ó H O M a c c a , Ó H O M a c ca  c ^ H T o n n a H K T O H a  h  

n o K a 3 a T e / iH  c ^ e K a / ib H o r o  3 a rp n 3 H e H H H . 3 t h  n e p e M e H -  

H B ie  n a p a M e T p B i  ó b u iH  O T O ó p a H b i H a  o c H O B e  n o T p e ó -  

H O C T efi b  f la H H B ix  b  p a M K a x  r n e c T H  llen en ,  a  T aK >xe H a  

o c H O B e  H H CJia n o / ib 3 0 B a T e ; i e H ,  K O T o p B ie  ó b i j i h  6 b i  3 a -  

H H T ep eC O B aH B I B n O Jiy H e H H H  T3K H X  flaH H b IX  H HHc|DOp- 

M a ijH H . 3 t o t  “ y M 0 3 p H T e / iB H B iH ” n e p e n e H b  H M e e T  

B a jK H o e  3 H a n e H H e  b  t o m  n / i a H e ,  h t o  o h  n o 3 B O /H ie T  n o -  

HHTB, K 3K H M H  M o r y T  ó b i t b  o ó m n e  n e p e M e H H B ie  n a p a ­

M eT p B i, h  y K a 3 B iB a e T  H a  H e o ó x o f lH M O C T b  H a p a m H B a -  

HHH n O T e H IIH a /ia  C I je jIb lO  B blH B JieH H H  H 3 M eH eH H H  B 

Ó H O Jio rH H ecK H X  h  X H M H H ecK H X  n e p e M e H H B ix  n a p a M e -  

T p a x ,  a  T3K>Ke p a 3 p a ó o T K H  o n e p a T H B H B ix  M O fle n e f i ¿¡jia 

Ó H o re o x H M H n e c K H X  h  O K O JiorH H ecK H X  n p o i j e c c o B .  <D>h- 

3H H eC K H e CHJIBI, B 0 3 fleH C T B y K > m H e  H a  C T p y K T y p B I H 

n j i a B y n n e  c h c t c m b i ,  n r p a i o T  B a> K H yio  p o / iB  c  t o h k h  

3 p e H H H  n p e f lo c T a B J ie H H H  M o p c K H M  o n e p a T o p a M  y c / i y r  

n o  n p 0 r H 0 3 H p 0 B 3 H H K ) ,  H 3T H  n p o f ly K T B i y>Ke x o p o r n o  

p a 3 p a ó o T a H B i  h  o c B e m a i o T c n  b  a p y r n x  n y ó / iH K a i iH n x .  

A c n e K T B i M O fle /iH p o B a H H fl 4 )H 3 H H ecK H X  n a p a M e T p o B  

H 3 J ia ra io T C fl b  m a ß e  5. C  y n e T O M  B a> K H o ro  3 H a n eH H H  

SKOJIOTHHeCKHX (JiaK T O pO B  flJIH B BIH BJieH HH  H n p O T H O - 

3H pO B 3H H H  np eflC T aB JH H O H IH X  H H T e p e c  H B JieH H H  H e -  

y flH B H T e/iB H O , h t o  OHH ó y j iy T  33H H M 3T B  B e j i y m e e  M e c -  

T o  b  n p e f lB a p H T e jiB H O M  c n n c K e  ¿¡jia n p H Ó p e > K H o ro  m o -  

f ly j i i i .

R n a  o ó e c n e n e H H H  noT O K O B  H e o ó x o f lH M b ix  æ b h h b i x  

n o T p e ó y e T C H  K O M nneK C  p a 3 /iH H H O H  m c t o ä h k h .  O H a  

p a 3 fle jH ie T C fl H a  T p n  o ó m n e  K a T e r o p n n :  Ä H C T aH iiH O H - 

H O e 3 0 H f lH p 0 B a H H e  (H aÓ jH O fleH H H  c  M e T e o p o j io T H -  

n e cK H X  c n y T H H K O B ), aBT O H O M H B ie H aóJH O fleH H H  H a  M e- 

C T ax  ( c e p H H  n o  B p eM eH H B iM  p a ^ a M  H a ó /n o f le H H ïi  c 

B B icoK O H  p a 3 p e m a i o m e H  c n o c o Ó H O C T B io )  h  B b i ó o p o n -  

H B ie H 3 M ep e H H H  c  n o a i e p y i o m H M  j ia ó o p a T o p H B iM  a H a -  

JIH 30M  ( n o  M HOTHM  XHM HHeCKHM  H ÓHOJIOTHHeCKHM 

n e p e M e H H B iM  n a p a M e T p a M ) .  3 /ie M e H T B i n o ^ c H C T e M b i 

M O H H T o p H H ra  ä o j i j k h b i  B K JiioH aT B  a i e p y i o m e e :  ( 1 )  c e r a  

ó e p e r o B B ix  j t a ó o p a T o p H f i ;  (2 )  r / i o ó a / iB H y io  ceT B  M a p e o -  

rp a c j io B ;  (3 )  H enoflB H > K H B ie , 3 a n K o p e H H B ie  h  3 b t o h o m -  

H B ie n jia T iJ io p M B i; (4 )  H a y n H O -H c o ie f lO B a T e /ib C K H e  c y ^ a ,  

3 a H H M a io m H e c f l  h o c t o h h h b i m h  H a ó /n o f le H H H M H ; (5 )  

Â O Ô poB O JiB H B ie c y n a  H a ó /n o f le H H ïi ;  h  ( 6 )  Ä H C T aH iiH O H - 

H O e 3 0 H f lH p 0 B a H H e  C H 33eM H B IX  njiaT ljD O pM , cnyT H H K O B  

H CaM O JieTO B.

YBÍI3KA HAB/IFOAEHMM H MOAE/IEM

M oHHTOpHHT H MOflejIHpOBaHHe HBJHHOTCH B33HMO- 

33BHCHMBIM npOIjeCCOM, H p33BHTHe nOJIHOCTBIO HH- 

T erpH poB aH H O íí c h c tc m b i n o T p e ó y e T  o ó ecn en eH H H  

nocT O H H H oro  C H H ep reT H n ecK o ro  ac^c^eK Ta MOKjiy 

MOHHTOpHHTOM, COBpeMeHHOH TeXHOJIOTHeH H p a 3 p a -  

ó o tk o h  n p o ra o cT H n e cK H X  MOfle/iefí (rjiaB a  5 ) . I I o -  

c/ieflHHe ó y ^y T  n rp a T B  BajKHeHHiyio po /iB  b p e a /iH 3 a -  

IIHH, OnepaTHBHOH fleHTejIbHOCTH H pa3BHTHH CHCTe- 

MBI HaÓjIIOfleHHH. OHH CJiy>KaT IieHHbIMH CpeflCTBa- 

MH, H cnojiB 3yiom H M H C fl j¡jia KOJiHHecTBeHHBix on;e- 

HOK HBJieHHH, He n o jy io K am H X  npHM OMy H aó jn o fle - 

HHK), TO eCTB OHH n03BOJHIIOT np0T H 03H p0B aT B  n p O - 

H u io e , HB iH euiH ee h  ó y ^ y m e e  co cT O íran e  npHÓpe>K- 

HOH MOpCKOH CpeflBI H yCTBeB peK , a T3K>Ke OHIHÓKH, 

CBH3aHHbie C TaKHM n p 0 ra 0 3 H p 0 B aH H e M . OTMeTHM, 

h t  o n p o ra o 3 H p o B a H H e  H b m eH iH ero  c o c to h h h h  c p e -  

flbi T p eó y eT  K pafíH e ó b ic T p o ro  npeflCTaBJieHHfl h  o ó - 

p aóoT K H  flaH H bix b pe>KHMe p e a j ib H o ro  BpeMeHH h jih  

BpeM eHH, ÓJiH3Koro k peajibH O M y.

O Ó 3 o p  ceroflH H H iH ero  c o c to h h h h  accH M H jnm H H  flaH - 

HblX H MOflejIHpOBaHHfl B HHTepeCaX MopcKHX CJiyjKÓ 

h  npeflynpe>K fleH H fl c th x h h h b ix  óeflCTBHfí, >khbbix 

MopcKHX p e c y p c o B , o x p aH b i 3 f lo p o B b n  H acejieH H fl h  

3 flo p o B b n  3 k o CHCTeM (rjiaB a  5 )  CBHfleTe/ibCTByeT o 

BbICOKOM ypOBH e MOflejIHpOBaHHfl B H H T epecax  MOp- 

CKHX cjiyjKÓ h  npeflynpe>K fleH H fl c th x h h h b ix  ó e ^ c T - 

BHH n o  CpaBHeHHIO C HMeiOHIHMHCfl MOflejHIMH flJIfl 

BblflBJieHHfl H n p 0 rH 0 3 H p 0 B aH H fl H3MeHeHHH HBJie- 

HHH, KOTopbie TpeÓyiOT H3M epeHHfl ÓHOJIOTHHeCKHX H 

XHMHHecKHX n epeM eH H bix  n ap aM eT p o B . 3 t o  roB opH T  

o B3JKHOM 3HaneHHH npoB efleH H H  H aynH bix  H ccjieflo - 

B3HHH B nOflflep>KKy pa3BHTHfl npHÓpOKHOTO MOfly- 

Jlfl.

C 03A A H H E  CHCTEMbI

Pa3BHTHe h  r j io ó a jib H o ro  OKeaHHnecKoro, h  n p n ó p o K -  

H o ro  KOMnoHeHTOB rCHO b p e m a io m e ñ  CTeneHH 3 3 b h - 

c h t  o t  BbióopoHHOfi h  3c|)4)eKraBHOH yBH3KH, y K p en - 

jieHHH h  flono jiH eH H fl c y m e c T B y io m n x  n p o rp a M M  

(rjiaB a 7 ). D io ó an b H aii n pH Ó poK H aa ceTb óy^eT  co3flaH a 

Ha OCHOBe KOMÓHHaiIHH HaiIHOHajIbHblX, TJIOÓajIbHblX H 

p e rao H a /ib H b ix  n p o iie c c o B . X o th  HeKOTopbie 3/ieMeHTbi 

3TOH CHCTeMbi óyflyT  rjioóajibH biM H  n o  CBoeMy M ac- 

u iT a ó y  c caM o ro  H ana/ia  (H anpH M ep T7IOCC, H aó/iiofle- 

HHH H3 KOCMOca), HaijHOHajibHbie h  p e rao H a /ib H b ie  c h c -  

TeMbi Haó/iiofleHHH 3a npnópe>KHOH 3 0 h o h  óy^yT  kom -
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noHeHTaMH co3flaHHH rnoóa/iBHOH npHÓpoKHOïi c e ra . 

Co3flaK>TCfl perHOHanBHBie a/tbUHCbi ECHO ¿yin n n a - 

HHpoBaHHH h  pea;iH3aii;HH perHOHanBHBix c h c t c m  Ha- 

Ó/IIOfleHHH, KOTOpBie CT3HyT 37ieMeHT3MH C03flaHHH 

rno-6aj[B H oro  oó'BeflHHeHHH c h c t c m  (rnaB a 3, pa3fle;i 

3.1). K perHOHanBHBiM anBHHcaM ECHO oópam eH  

npH3BiB co3flaBaTB npHÓpoKHBiH MOflynB nyTeM yc- 

TaHOBJieHHfl, n o  M epe h c o ô x o æ h m o c t h ,  napTHepcKHX 

CBH3CH c HaiiHOHa/iBHBiMH nporpaM M 3M H  ECHO,
KOHBeHIIHHMH O peTHOHaJIBHBIX MOpflX, peTHOHajIB- 

HBiMH opraH aM H  n o  pbióo/ioBCTBy, nporpaM M aM H  n o  

KpynHBIM MOpCKHM 3 KO CHCTeMa M H flpyTHMH Op- 

raHaMH.

Pea/iH3aii;Hfl, o n ep a raB H an  flenTe/ibHOCTb h  pa3BHTne 

ycTOHHHBOH CHCTeMBi Haó/HOfleHHH, TaKOH, KaK Bce- 

M npH aa c/ry>K6a no ro flb i, noT peóyioT  npaBHTeziBCT- 

BeHHBix MexaHH3MOB a  oóecneneH H H  t o t o ,  h t o ô b i  

CHCTeMBi n u n  3/ieMeHTbi c h c t c m ,  B B icT ynaiom ne b  

KanecTBe KaHflHflaTOB, n p o x o ^ H /n i neTBipe CTa^nn 

pa3BHTHn:

1 . p a 3 B H T H e  HOBBIX 3 H 3 H H H , TeX H O JtO T H H  H  M O fle /ie H  

n y T e M  n p o B e f le H H H  H a y n H B ix  H c c n e f lO B a H H H ;

2 .  nocTOHHHoe T ecT npoB aH ne b paMKax nm ioT H bix 

npoeKTOB oôecneneH H H  HaflOKHOcra s t h x

3H3HHH, TeXHOJIOrHH H MOfle/ieH H HX npHHHTHH 

HaynHBiM h  onepaTHBHBiM cooôm ecTB aM H ;

3 .  hx  Hcno7iB30B3HHe Ha CTaflHH, npeflH iecTByio- 

m efi onepaTHBHOH, c y e /ib io  rapaHTHpoBaTB, hto 

hx  HHTerpaiiHH b CHCTeMy Haô/nofleHHH npH Be- 

fleT k noHB/ieHHio npo^yKTOB c floóaB/ieHHOH 

CTOHMOCTBIO; H

4 .  h x  H H T e r p a i iH H  b  C H C T eM y o n e p a T H B H B ix  H a ô / n o -  

f le H H H , o ô j i a f l a i o m y i o  y cT O H H H B O C T B io .

3 t o t  n p o y e c c  flo im eH  h o c h t b  ceneKTHBHBin xapaK - 

Tep, np n n eM  oie jiyeT  ycTaHOBHTB K p n T ep n n  i n e -  

peBOfla COCT3B7HIIOIHHX KOMnOHeHTOB rC H O  H3 Ha- 

yHHO-Hcc/ieflOBaTejiBCKOH CTaflHH b  onepaTHBH yio Ha 

ocHOBe noTpeÓHOCTefi no;ib30BaTe;ieH . üepBBiM  rua- 

roM  b  pea/iH3aii;HH npH Ó poK H oro  MOflyna ECHO 
flo/[>KHO 6 b i t b  óo jiee  coB epm eH H oe coBMecTHoe h c -  

n07IB30B3HHe CymeCTByiOHIHX flaHHBIX H npOflyKTOB 

37ieMeHTOB CHCTeM HaÔjHOfleHHH, C TeM HTOÓBI H3H3TB 

h x  H HTerpaijH io b  CHCTeMy Haô/nofleHHH. H cT o p m ie - 

CKne flaHHBie h  cero flm m iH H e noTOKH flaHHBix cy m e- 

CTByioT b  ó o j i b h i o m  oóbeM e, oflHaKO ôecnpem iT C T - 

BeHHBin flocT yn k o  m h o t h m  H3 h h x  y  ó o /iB in o ro  h h c -  

n a  noTeHiiHa/iBHBix no;ib30BaTe;ieH  OTcyTCTByeT.

H a YHHWE MCC/IEAOBAHMÍI H PA3PAEOTKH, 
CBfl3AHHbIE C CHCTEM OÏÏ OEIEPATHBHblX 
HAEJIK)J1,EHHH

H aynH O -T exH H necK yio  ocHOBy ¿yin p a3 p a6 o T K H  n p H - 

6pe> K H oro  M O flyna o ô e c n e n H B a io T  H ay n H b ie  n p o -  

rpaM M Bi, BK/Honaa n p orpaM M B i M IirB  (B3aHM OfleficT- 

B n e  Me>Kfly e y m e i!  h  OKeaHOM b  npH Ô poK H O ii 30H e - 

7 IO H K 3 ; D ioóa/tB H aii ÆHHaMHKa OKeaHHnecKHX 3 k o -  

CHCTeM - E7IO B EK ; C o B M e c ra o e  H3yneHH e noTOKOB 

M H poB oro  OKeaHa - C H I I M O ) ,  IlepenH C B  M opcK oii 

>KH3HH ( C M J I ) ,  DlOÔa/IBHafl 3KOJIOrHfl H OKeaHO- 

rpacJjH fl BpeflO H O CH oro i i b c t c h h h  B O flo p o cn e ii 

(E 3 0 X A B ) ,  M O K flyH apoflH aa n p o rp a M M a  “ f lo n r o e p o n -  

H oe H 3yneHH e s k o c h c t c m  (H -7 IT E P ) , a T3K>Ke n p o ­

rpaM M a “ B3aHM Hoe co n ocT aB neH H e h  oóbejiH H eH H e 

flaHHBix flHCTam iHOH Horo 30HflHpoBaHHH b  H H T epecax 

MOKflHCIIHn/IHHapHBIX H OKeaHHHeCKHX HCCJieflOBa- 

H H ii” ( C H M B H 0 3 ) .  3HaHHH h  T e x H o n o ra n , co3flaB a- 

eMBie Ha ocHOBe s t h x  h  Æ p y rax  HaynHBix n p o rp a M M , 

noT peóy ioT C fl ¿¡jia B cecT o p o H H eü  pea/iH3aii;H H c h c -  

TeMBi HaôJiiofleHHH. n o c n e flH flf l >Ke, b  c b o i o  o n e p e^ B , 

óyfleT  Ha nocTOflHHOii h  ra p aH ra p o B a H H O ii ocHOBe 

oôecneH H B aTB  SK onorH necK H e flaHHBie, npeflC T aB /ni- 

lo m n e  o rp o M H y io  yeHHOCTB r w i  MopcKHX HayK h  

o6pa30B aH H H  B HX OÔjiaCTH - BO MHOrOM nOflOÔHO 

t o  My, KaK flaHHBie, H eoôxoflH M B ie i n p o rH 0 3 0 B  

n o ro flB i, onH paioTC fl Ha M eT eo p o n o rH n ecK y io  HayKy, a 

M eT eopoT ioranecK H e n p o rH 0 3 B i b  yHc^poBOM c^opM aTe 

nOJIB3yiOTCfl flOCTH>KeHHflMH 3KOJIOrHHeCKHX HayK B 

ye/ioM .

n p H o p H T e T B i  fl/H i H ay H H B ix  H c c n e flO B a H H H  h  p a 3 p a 6 o -  

TOK 6 y n y T  B K JH onaT B  c n e f l y i o m H e  H a n p a B / te H H ii :

•  p a 3 p a 6 o T K a  M O f le n e ñ  s k o c h c t c m  jjjix óojiee  6 b i c t -  

p o i l  aCC H M H /H IIIH H  H a H a /I H 3 a  ÔHOJIOrH HeCK H X  H

X H M H necK H X  fla H H B ix . 3 a f l a n a  c o c t o h t  b  c o 3 f la H H H  

H a  3T O H  o c H O B e  o n e p a r a B H B i x  M O f le n e ii  p j i a  h c -  

n o j iB 3 0 B a H H f l  c  y e / iB io  H a n p a B /n iT B  p a 3 B H T H e  c h c -  

T eM B i, o n p e f l e /n iT B  K T iH M a T o n o rn n  i  o 6 i d ; h x  n e -  

p e M e H H B ix  n a p a M e T p o B  h  o ô e c n e n H B a T B  ô o / i e e  

C O B p eM eH H O e B B W B JieH H e h  n p o r H 0 3 H p o B 3 H H e  H 3 - 

M e H e H H ii b  H B /ie H H flx , n p e f lC T a B J H iio m H X  H H T e p e c ;

•  yC T 3H O B 7ieH H e n O T p e Ó H O C T e il B flH C T aH IIH O H H O M  

3 0 H f lH p o B a H H H  o 6 i d ; h x  n e p e M e H H b ix  n a p a M e T p o B  

H  p a 3 B H T H e  flH C T aH IIH O H H O rO  3 0 H f lH p 0 B a H H f l B 

n p H Ô p o K H b ix  B O flax . f l a n b H e i i m e e  p a 3 B e p T b iB a H H e  

c e r a  cny T H H K O B  pjia  H a ô J iio f le H H H  3 a  O K eaH O M , a  

T3K>Ke p a 3 p a 6 o T K a  HOBBIX C peflC TB  flH C T aH IIH O H - 

H o r o  3 0 H flH p o B a H H H  b  y e / n i x  n p o B e f le H H H  óojiee  

c o B e p m e H H b ix ,  c  óojiee  b b i c o k o h  p a s p e m a i o m e i i



cnocoÓHOCTBio, HaóJiiofleHHH 3a oómHMH n ep e- 

MeHHbiMH napaM eTpaM H b npn6pe>KHOH cpe^e;

•  ycTaHOBTieHHe noTpeÓHOCTefi b Haó/nofleHHHX Ha 

MecTax 3a ocho bh bim h  nepeMeHHBiMH napaM eT pa­

MH h  yxpem ieH H e B03M0>KH0CTeH t 3khx

HaójnofleHHH b npHÓpe>KHBix BOflax, BK/Honaa 

ó o jiee  ÓBicTpoe H3MepeHHe ÓHonorHHecKHX h  

XHMHnecKHX nepeMeHHBix napaM eTpoB c óo/iee 

BBicoKOH pa3pem aionj;eH  cnocoÓHOCTBio h  Tene- 

M eTpnio b pe>KHMe pea/iB H oro BpeMeHH.

COTPyjI,HHHECTBO, KOOPJIMHAUMÍI H 
COBMECTHAÍI JIEÍITE/TbHOCTb

KoMnaeKcnaa cTpaTeiwi raoôanB H B ix iia6/iio;ieiintt
noflpa3yM eB aeT  co3flaHHe T pex B3aHMOCBH3aHHBix 

CHCTeM HaÓjHOfleHHH: DlOÓa/IBHOH CHCTeMBi HaÓjHOfle- 

HHH 3a K7IHM3TOM (TCHK), DlOÓa/IBHOH CHCTeMBi 

HaóJiiofleHHH 3a c y m e ñ  (TCHC) h  Dioóa/iBHOH CHCTe- 

MBi HaóJiiofleHHH 3a OKeaHOM (TCHO), KOTopBie BKyne 

h o o i t  H33BaHHe TCH-3. B nepcneKTHBe npn6pe>K Horo 

MOflyjni o>KHflaeTcn, h to  TCHC óy^eT oóecnenHBaTB 

flaHHBie, HeoóxoflHMBie i KO/nraecTBeHHoro H3Mepe- 

HHH napaM eTpoB aTMOcc^epHBix HBneHHH, rCHC - 
HBueHHH Ha c y m e , a raoóa/iBHBiH OKeaHHnecKHH 

MOflyjiB rCHO - flaHHBie, K acaiom neca norpaHHHHBix

yCJIOBHH B OTKpBITOM OKeaHe, H flaHHBie, HeoÓXOflH- 

MBie pjia  KonHHecTBeHHoro H3MepeHHH napaM eTpoB 

HBTieHHH B M acruTaóe ÓaCCeHHOB.

Pea/iH3aii;Hfl npn6pe>K H oro M o^y/ni noT peóyeT  bbico- 

KOTO ypOBHH COTpyflHHHeCTBa, KOOpflHHaiIHH H COBMe- 

CTHOH fleiiTejiBHOCTH CTpaH h  cym ecTB yiom H X  

nporpaM M  i oóecneneH H H  4)opMHpoBaHHfl r/io - 

óa/iBHOH CHCTeMBi n o  Mepe t o t o ,  KaK k Herí 6y^yT n p n -  

COeflHHHTBCH BCe HOBBie H HOBBie HaiIHOHa/IBHBie H 

perHOHaiiBHBie c h c tc m b i. Ba>KHeHHiHM acneKTOM 

OToro n p o iie c c a  óy^eT co raacoB aro ie  noTpeÓHOCTefi b 

niOÓa/IBHOH KOOpflHHaiIHH C nOTpeÓHOCTHMH n0JIB30- 

BaTenefí, o ch o b b ib 3 io ih h m h c íi Ha HaiiHOHa/iBHBix h  

peraoH a/iBHBix npnopH TeT ax. B H acTonm ee BpeMH HeT 

oc^JHiiHajiBHoro Me>KflyHapoflHoro MexaHH3Ma, k o to -  

pBiíí H anpaB /nui 6bi o t o t  n p o iie c c  h  cnocoócTBOBan 

e ro  pa3BHTHio. U m i cojieHCTBHH 3aKJHoneHHio m h o to -  

CTopoHHHX coraarueH H H  h  perueHHH npaBOBBix 

B onpocoB , CBH33HHBIX c ocymecTBneHHeM KDHKJIOC 
h  f lp y ra x  Me>KflyHapoflHBix KOHBemtHH, noT peóyeT ca 

C03flaTB Me>KnpaBHTej[BCTBeHHyiO KOMHCCHIO, nofloó - 

Hyio OÓTieflHHeHHOH TexHHnecKOH KOMHCCHH n o  OKea- 

Horpac^JHH h  MopcKOH M eTeoponorH H  (OKOMM), 
BMeCTe C COOTBeTCTByiOIHHMH KOHCynBTaTHBHBIMH 

opraHaMH.
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Prologue

T h e  M a n d a t e  t o  E st a b l ish  a  G l o b a l  
O c e a n  O b s e r v in g  S y st e m

Intergovernm ental agreem ents that provide the 
legal basis for G O O S or stipulate national obliga­
tions for cooperation include (1) the 1982 U N  
C onvention on the Law of the Sea (UN CLO S, 
including the 1995 U.N. A greem ent on Straddling 
Fish Stocks and Highly M igratory Fish Stocks), (2) 
R egional Seas Conventions, (3) the Jakarta M an­
date, (4) the Ramsar C onvention on Wetlands, (5) 
the Global Plan of Action on Land-Based Sources 
of Pollution, (6) the Safety of Life at Sea (SOLAS) 
Convention, (7) the Second World Climate C o n ­
ference, and (3) two conventions and a programme 
of action signed at the 1992 U N  C onference on 
Environm ent and D evelopm ent (U N CED ) in R io 
de Janeiro (the Fram ework C onvention on Climate 
Change, C onvention on Biodiversity, and the P ro­
gramme of A ction for Sustainable D evelopm ent or 
Agenda 21).

The mandate to establish a Global Ocean Observing 
System (GOOS) was articulated and ratified as an 
international consensus in 1992 with the signing of the 
Framework Convention on Climate Change, the C on­
vention on Biodiversity, and the Programme of Action 
for Sustainable Development (Agenda 21) at the U N  
Conference on Environm ent and Development 
(UNCED) in Rio de Janeiro. In particular, Agenda 21 
calls for the establishment of a global ocean observing 
system that will enable effective management of the 
marine environment and sustainable utilization of its 
natural resources. Effective management and sus­
tained utilization o f the marine environment and 
its resources depend on our ability to detect and 
predict changes in the status o f coastal ecosys­
tems and living resources and their socio-eco­

nomic consequences. W e do not have this capa­
bility today. Successful implementation of the observ­
ing system will increase the value to society of research 
and monitoring in marine and estuarine ecosystems, in 
part by providing the data and information required to 
meet the conditions of existing international treaties 
and conventions and in part by providing the means to 
routinely assess and anticipate changes in the status of 
coastal ecosystems and living resources on national to 
global scales.

D e s ig n  a n d  Im p l e m e n t a t io n

The development of GO O S requires an internation­
ally accepted framework for linking, enhancing and 
supplementing existing m onitoring and research pro­
grammes. Agencies of the U N, including the Inter­
governmental Oceanographic Commission (IOC) of 
UNESCO, the United Nations Environment Pro­
gramme (UNEP), and the World Meteorological 
Organization (W M O), are working together, and 
with the International Council for Science (ICSU), 
as Sponsors, to design and im plement the GOOS. 
G OO S is one com ponent of the Integrated Global 
Observing Strategy (IGOS) that also serves the space 
agencies through the Com mittee on Earth Observa­
tion Satellites (CEOS), the Integrated Geosphere- 
Biosphere Programme (IGBP), and the World C li­
mate Research Programme (W CRP). In addition to 
G O O S, IGO S com prises the Global Climate 
Observing System (GCOS), the Global Terrestrial 
Observing System (GTOS), the World Weather 
Watch (W W W ), and the Global Atmosphere Watch 
(GAW).

T he effort to design the system and make the tran­
sition from concept to reality is led by the G O O S 
Steering C om m ittee (GSC). Overall responsibility



for the development of GOOS is delegated by the 
Sponsors to the IOC, which is advised by the joint 
IO C -W M O -U N E P  Intergovernmental Committee 
for GOOS (I-GOOS). I-G O O S is responsible for the 
formulation of policies and assists in gaining govern­
m ent approval of and support for implementation.The 
system is being developed by the Ocean Observations 
Panel for Climate (OOPC) and the Coastal Ocean 
Observations Panel (COOP). C O O P  is the result of 
the merger of the Coastal-GOOS (C-GOOS), Health 
O f The Oceans (H O TO ), and Living M arine 
Resources (LMR) panels (IOC, 1998a).

In 1999, an Action Plan was formulated for coordinat­
ing the in situ and satellite-based observations required 
to improve global scale weather forecasting (e.g., 
ENSO events and their effects regional patterns of 
rainfall and the frequence of tropical cyclones) and 
long-term climate predictions (IO C/W M O , 1999). 
The Action Plan gave rise to the Joint Technical C om ­
mission for Oceanography and Marine Meteorology 
(JCOMM) by the IO C  and the W M O. For the first 
time, coordination of and commitments for operational 
oceanography are under the aegis of an intergovern­
mental organization. JC O M M -1 met in Iceland in 
2 0 0 1 .

T h e  C o a s t a l  M o d u l e  o l  G O O S

The design and implementation of the coastal m od­
ule of G O O S will significantly improve the ability of 
participating nations to achieve their goals and the 
goals of international agreements and conventions 
for environmental protection, sustainable resources, 
healthy coastal marine and estuarine ecosystems, safe 
and efficient marine operations, and periodic assess­
ments of the status of marine ecosystems. To these 
ends, the terms of reference for the Coastal Ocean 
Observations Panel are as follows:

(1) Integrate and refine the design plans drafted by 
the H O T O , LM R , and the C -G O O S  panels to 
develop a unified plan for a coastal m odule of 
G O O S that will provide the data and inform a­
tion required for m ore rapid detection and 
timely prediction of the effects of global cli­
mate change and hum an activities on

• coastal m arine services (safe and efficient 
m arine operations and coastal hazards);

• public health and safety;
• the health of coastal m arine and estuarine 

ecosystems; and
• the sustainability of living m arine 

resources.
(2) The unified plan shall be consistent with the 

G O O S Design Principles.
(3) Develop mechanisms for m ore effective and 

sustained involvement of user groups in the 
design and im plem entation of the coastal 
m odule of GOO S.

(4) Develop mechanisms that enable effective syn­
ergy betw een research and the developm ent of 
a sustained observing system for coastal m arine 
and estuarine ecosystems.

(5) Form ulate an im plem entation plan that is 
coordinated w ith  the O O P C  plan for climate 
services, research and m arine services w ith due 
emphasis on

• integrated observations;
• data and inform ation management;
• data assimilation and m odelling for the pur 

poses of prediction and product develop 
ment;

• capacity building; and
• national, regional, and global prom otion of 

objectives and benefits of the observing 
system.

(6) Establish criteria and procedures for selecting 
observing system elem ents on global and 
regional scales, and recom m end the elements 
that will constitute the initial observing sys­
tem.

(7) Define procedures for ongoing evaluation of 
system com ponents, reliability of data streams, 
access to data, and applications.

T he design of coastal G O O S must take into 
account the changing mix of ecosystem types that 
constitute the coastal environm ent in different 
regions of the world and the time-space scales that 
characterize the phenom ena of interest w ithin 
them . In addition, although the emphasis is on 
“coastal”, the term s of reference for C O O P  make 
it clear that the observing system should extend 
into the deep sea to the extent that global carbon 
and nitrogen cycles, fisheries, the transport and 
effects of contam inants, and m ineral exploration 
and extraction are no t restricted to coastal ecosys­
tems. Consequently, the boundary betw een coastal
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and deep-sea ecosystems cannot be fixed geograph 
ically and will depend on the nature of the phe 
nom enon to be detected or predicted. In archipel

ago seas and sem i-enclosed sea basins the coastal 
m odule of G O O S will observe the w hole sea basin 
from coast to coast betw een adjacent states.
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1. Introduction

T he im portance of establishing the coastal m odule 
is related to two global patterns: (1) ecosystem 
goods and services are concentrated in coastal 
m arine and estuarine systems relative to  terrestrial 
and open ocean systems (Costanza et al., 1997; 
Daily et al., 2000); and (2) the num ber of people 
living, working, and playing w ithin 100 km of the 
coastline is high and increasing rapidly relative to 
m ore inland locations (Hinrichsen, 1998; Small et 
ah, 2000; Nicholls and Small, 2002).Today, there are 
over 5 billion people on earth, about 38% of w hom  
live in the coastal zone w ith in  100 km  of the coast­
line at elevations less than 100 m (Small and 
Nicholls, 2003).T he global population is predicted 
to more than double by 2050 w ith  the greatest 
increases occurring in the coastal zone (United 
Nations, 1996). As the num ber and density of peo­
ple living in the coastal zone increases, the demands 
on coastal systems to  support commerce, living 
resources, recreation, and living space and to 
receive, process, and dilute the effluents of hum an 
society will continue to grow, e.g., land-based 
sources account for about 80% of the annual input 
of contam inants to the coastal ocean (UNEP,
1995).

Coastal ecosystems are experiencing unprecedent­
ed changes as indicated by the occurrence of or 
increases in a diversity of phenom ena that represent 
a broad spectrum  of variability in time, space and 
ecological com plexity  (Table 1.1). A pparent 
increases in the occurrence of many of these phe­
nom ena indicate profound changes in the capacity 
of coastal ecosystems to support goods and servic­
es. T hey are making the coastal zone m ore suscep­
tible to natural hazards, m ore costly to live in, and 
of less value to national economies. Thus, it is like­

ly that, in the absence of a system for improved 
detection and prediction of the phenom ena of 
interest and their environm ental and socio-eco­
nom ic affects, conflicts betw een commerce, recre­
ation, developm ent, environm ental protection, and 
the m anagem ent of living resources will becom e 
increasingly contentious and politically charged. 
T he social and econom ic costs of uninform ed 
decisions will increase accordingly (Chapter 2).

1.1  P u r p o s e  a n d  S c o p e

T he purpose of the coastal m odule of G O O S is to 
establish a sustained and integrated ocean observ­
ing system that makes more effective use of exist­
ing resources, new knowledge, and advances in 
technology to provide the data and inform ation 
required to:

(1) Improve the safety and efficiency of m arine 
operations;

(2) M ore effectively control and m itigate the 
effects of natural hazards;

(3) Improve the capacity to detect and predict the 
effects of global climate change on coastal 
ecosystems;

(4) R educe public health risks;
(5) M ore effectively protect and restore healthy 

ecosystems; and
(6) M ore effectively restore and sustain living 

m arine resources.
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T a b le  1 .1.  Drivers of change (natural and anthropogenic forcings) and associated phenomena of interest in coastal marine 
ecosystems that are the subject of the coastal module of GOOS. Much of the reasoning behind this table is explained later in 
Chapters 4 and 5, and Annexes III and IV. Although a distinction is made between natural and anthropogenic forcings, there are 
few if any “natural” forcings that do not have a human signature of some sort (e.g., climate change, river and ground water dis­
charge, nutrient enrichment). Sea ice and certain tropical phenomena are omitted because they are not truly global in occur­
rence (Chapter 3; Figure 3.1).

“Natural”
FORCINGS

• Global warming and sea level rise
• Storms and other extreme weather events
• Seismic events
• Ocean scale currents
• Waves, tides and storm surges
• River and ground water discharges

Anthropogenic • Physical restructuring of the environment
• Alteration of the hydrological cycle
• Harvesting living and nonliving resources
• Alteration of nutrient cycles
• Sediment inputs
• Chemical contamination
• Inputs of human pathogens
• Introductions of non-native species

Marine Services, 
Natural Hazards and 
Public Safety

PHENOMENA OF INTEREST
• Fluctuations in sea level
• Changes in sea state
• Changes in surface and sub-surface currents
• Coastal flooding events
• Changes in shoreline and shallow water bathymetry

Public Health • Seafood contamination
• Increasing abundance of pathogens (in water, shellfish)

Ecosystem Health • Habitat modification and loss
• Changes in biodiversity
• Eutrophication
• Changes in water clarity
• Harmful algal events
• Invasive species
• Biological affects of chemical contaminants
• Disease and mass mortalities of marine organisms
• Chemical contamination of the environment

Living Resources • Abundance of exploitable living marine resources
• Harvest of capture fisheries
• Aquaculture harvest
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Achieving these goals depends on more timely 
detection and prediction2 of local phenomena that 
reflect the structure and function of coastal3 ecosys­
tems and the external forcings that impinge on them 
(Table 1.1).This requires observations and estimates 
(usually model calculations) of physical and ecosys­
tem properties and processes, of interactions among 
coastal marine and estuarine ecosystems, and of

exchanges across the land-sea boundary, the air-sea 
interface, and the boundary between shelf and deep- 
sea waters (Figure 1.1).Thus, the design of the coastal 
module of G O O S must take into consideration both 
the complex nature of the coastal environment and 
the multiple forcings that impinge on them  (e.g.,
C helton et al., 1982; Steele, 1985; Powell, 1989; 
N R C , 1994; Cloern, 1996).

F ig u r e  1 .1 .  Changes in the phenomena of interest reflect both the internal (physical, biological, chemical and geological) 
dynamics of coastal ecosystems and exchanges of energy and matter with terrestrial, atmospheric and deep ocean systems.This 
schematic reflects the context of limited-area numerical models used to predict changes in properties and processes. To under­
stand and predict changes in coastal ecosystems, it is often necessary to quantify the states and rates of exchanges at the land-sea 
boundary (L), the air-sea interface (A), and the boundary used to delineate the coastal environment and the deep sea (S). W ith­
in coastal ecosystems, both benthic (B) and pelagic (P) properties and processes must be measured.

1 .2  La r g e  S c a le  E x t e r n a l  F o r c in g s

Although the phenom ena of interest tend to be local 
in scale, they are globally ubiquitous a pattern that 
suggests they are, more often than not, local expres­
sions of larger scale forcings of natural origin, anthro­
pogenic origin, or both. External forcings include 
inputs of energy (e.g., winds, tides, currents and 
waves, solar radiation) and materials (e.g., freshwater, 
sediments, nutrients, organic matter, contaminants, 
organisms) from terrestrial, atmospheric, and oceanic 
sources (Figure 1.1). In addition to the combined 
effects of these inputs, the effects of hum an activities 
are increasing rapidly in magnitude and complexity 
due to changing inputs related to rapid increases in

? » »
For the purposes of the coastal module of GOOS, “prediction” is defined in its

broadest sense to include nowcasts and forecasts as well as estimates (interpolating,
extrapolating) of quantities or distributions that are not directly observed.o i( fi

F or th e  pu rposes o f th e  coastal m odu le , “coastal” refers to  reg iona l m osaics of

habitats in clu d in g  in te rtid a l habitats (m angroves, m arshes, m ud  flats, rocky  shores, 

sandy beaches), sem i-enclosed  bodies o f w ater (estuaries, sounds, bays, fjords, gulfs, 

seas), b en th ic  habitats (coral reefs, seagrass beds, kelp  forests, hard and soft bo ttom s) 

and th e  o p e n  w aters o f th e  coastal ocean  to  th e  seaward lim its o f th e  Exclusive E c o ­

n o m ic  Z o n e  (EEZ), i.e., from  th e  head  o f tid e  to  th e  o u te r  lim its o f  th e  E E Z .T h e  

“coastal z o n e ” refers to  th e  land m arg in  w ith in  100 k m  o f th e  coastline o r  less th an  

100 m  above m ean  lo w  tide, w h ic h  ever com es first (Small et al., 2000; N icho lls  and 

Small, 2002).

population density, hum an alterations of hydrological 
and nutrient cycles and associated increases in the 
inputs of nutrients and contaminants from land- 
based sources, destruction of marine and estuarine 
habitats, commercial and recreational fisheries, and 
introductions of invasive species and pathogens. Large 
scale forcings that impact socio-economic systems, 
coastal ecosystems, and living m arine resources 
include the following:

• Basin scale oscillations such as the El N iho- 
Southern Oscillation (e.g., Barber and Chavez, 
1986; Dayton andTegner, 1984;W ilkinson et al., 
1999; Kudela and Chavez, 2000; Arcos et al., 
2001), the N orth  Pacific Decadal Oscillation 
(e.g., Francis and Hare, 1994), and the N orth  
Atlantic Oscillation (e.g., Pearce and Frid, 1999);

• Global climate change including global w arm ­
ing, sea level rise, and changes in the hydrologi­
cal cycle (e.g., Bolin et al., 1986; Mikolajewicz et 
al., 1990; Barry et al., 1995;Warrick et al., 1996; 
Najjar et al., 2000);
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• Changes in inputs of water, sediments, n u tri­
ents and contam inants (chemicals and patho­
genic organisms) from coastal drainage basins 
due to  hum an activities (e.g., Limburg and
Schmidt, 1990; V itousek et al., 1997; Jickells, 
1998; H ow arth et ah, 1991; H ow arth et ah, 
2 0 0 0 ) ;

• Extraction of living m arine resources (e.g., 
H oude and R utherford, 1993; Pauly et ah, 
1998; Jackson et ah, 2001); and

• Introductions of hum an pathogens, non-native 
species, and oil spills related to the globalisa­
tion of com m erce (e.g., shipping -  ballast 
water discharge, seafood shipments) and the 
translocation of species from one region to 
another (e.g., Carlton, 1996 and references 
therein).

The importance o f quantifying these forcings in 
the design o f the coastal m odule of GOOS  
underscores the need for an integrated approach 
that coordinates the development o f the coastal 
module o f GOOS w ith the ocean-climate m od­
ule, GTOS (Annex V I), and the development of 
the IGOS.

1 .3  E c o s y s t e m  D y n a m ic s

T he structure and function of m arine ecosystems 
are, to a great extent, dependent on physical process­
es. Changes in biological, chemical and geological 
properties and processes are related through a h ier­
archy of physical-ecological interactions that can be 
represented by robust models of ecosystems dynam ­
ics (Section 5 and N ihoul and Djenidi, 1998; H of­
m ann and Lascara, 1998; Rothschild and Fogarty, 
1998; Robinson, 1999; Liu et al., 2000; Cloern, 
2001, Moll and Radach, 2001). Coastal ecosystems 
are constrained by irregular coastlines and a shallow, 
highly variable bathymetry. W ithin coastal ecosys­
tems, interactions between intertidal, benthic and 
pelagic communities enhance nutrient cycles, p ri­
mary productivity and the capacity of coastal ecosys­

tems to support goods and services relative to ocean­
ic systems. Physical and biological processes resonate 
over shorter time scales (higher frequencies) and 
over a broader spectrum of variability compared to 
both  terrestrial and deep, open ocean systems. C on­
sequently, populations and processes in coastal 
ecosystems are more variable on smaller space and 
shorter time scales than is typical for either oceanic 
or terrestrial ecosystems.

T he time-space relationships of turbulent mixing, 
generation times of m arine organisms, life histories, 
hom e ranges, and trophic dynamics suggest a close 
coupling between physical and biological processes 
over a broad range of time (hours - decades) and 
space (1 -1000 km) scales (Figure 1.2). Biological 
and physical processes exhibit characteristic scales of 
variability that are related in a multidimensional 
continuum  of time, space and ecological complexity 
(Gardner et al., 2001), i.e., large spatial scales tend to 
be associated w ith long time scales and w ith greater 
biodiversity, and small scales tend to be associated 
w ith short time scales and w ith less biodiversity 
(e.g., Odum , 1971; D iam ond and May, 1976; Steele, 
1985; Dickey, 1991; Costanza et al., 1993). O n the
scale of the ocean basins and their circulations, the 
distribution and abundance of species are related to 
water mass distributions, large scale current regimes, 
mesoscale eddies, and frontal systems. At smaller 
scales, the abundance and distribution of organisms 
are related to interactions between turbulent mixing 
and biological attributes such as motility, m echa­
nisms of nutrient uptake and feeding, and patterns of 
reproduction and development. Thus, the scale- 
dependent linkage o f ecological processes to the 
physical environment is fundamental to under­
standing and predicting spatial and temporal vari­
ability and pattern (e.g., variance spectra and frag­
m entation, tim e-space substitution) and size- 
dependent trophic interactions from small organisms 
w ith short generation times (e.g., bacteria and phy­
toplankton) to large organisms w ith longer genera­
tion times (e.g., macrobenthic and fish populations).
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Figure 1.2. Temporal and spatial scales for selected forcings and phenomena of interest. The forcings and phenomena of 
interest exhibit characteristic scales of variability that, when taken together, form a broad continuum of variability from hours 
to decades and meters to thousands of kilometres. Most of the phenomena of interest are local expressions of larger scale forc­
ings of natural origin, anthropogenic origin, or both. Thus, a broad spectrum of variability from global to local scales must be 
observed to quantify and predict the effects of large scale forcings on coastal ecosystems.

1 .4  A n  E c o s y s t e m -B a s e d  A p p r o a c h

Clearly, changes in or the occurrence of the phe­
nomena of interest reflect both the structure and 
function of coastal ecosystems and the external forc­
ings that impinge on them. Thus, managing and m it­
igating the effects of hum an activities and climate in 
an ecosystem context is emerging as a unifying 
theme for environmental protection, resource m an­
agement, and integrated coastal area management
(N R C , 1999a and b; Sherman and Duda, 1999;

UNEP, 2001; and Chapter 2 of this report). Im ple­
m enting an ecosystem-based approach requires the 
ability to engage in adaptive management4, a process 
that depends on the capability to routinely and rap­
idly detect changes in the phenom ena of interest and 
to provide timely predictions of them. W e do not 
have this capability today. W hile many physical 
processes are forecast on a routine basis, the fron­
tier of development, and the biggest demand, is for 
operational ecosystem models required for adaptive 
management.

 ̂ The formulation and implementation of environmental policies is an iterative 
procedure that acknowledges uncertainty rather than the implementation o f “stat­
ic” answers. Adaptive management is the process by which decisions are made based 
on the current state and projected changes in the state o f the environment, as well 
as on economic and social considerations. Implementation of the adaptive manage­
ment approach requires continuous monitoring and rapid assessments of changing 
ecological and economic conditions.
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Box 1.1. F is h e r ie s  M a n a g e m e n t

The Intergovernmental Reykjavik Declaration on 
Responsible Fisheries committed signatory States, 
inter alia, to “advance the scientific basis for develop­
ing and implementing management strategies that 
incorporate ecosystem considerations and which will 
ensure sustainable yields while conserving stocks and 
maintaining the integrity of ecosystems and habitats 
on which they depend.’’Thus, ecosystem-based fishery 
management explicitly takes into account fishing 
effects on critical habitat, trophic structure and ecosys­
tem function, and the role of physical environmental 
forcing. In this context, the “Workshop on the Ecosys­
tem Approach to Management and Protection of the 
N orth  Sea” (Oslo, 15-17 June, 1998) identified m oni­
toring as a key component of an ecosystem approach 
(Sætre et al., 2001).

Although efforts to understand fisheries in an ecosys­
tem context have increased in recent years, species- 
specific management continues to be the norm  in 
most regions. However, the global escalation in fishing

pressure on fish populations and increasing recogni­
tion of the importance of direct and indirect effects of 
fishing on the carrying capacity of ecosystems for liv­
ing resources has led to greater emphasis on learning 
how to manage fisheries in an ecosystem context
(NRC, 1999a; UNEP, 2001).

Preservation of biodiversity is an essential component 
of this approach. Ecosystem-based management seeks 
to overcome the limitations of single-species manage­
m ent which does not account for the effects of har­
vesting both target and non-target species, of changes 
in trophic dynamics, and of habitat-related impacts. 
Ecosystem-based management is predicated on the 
recognition that ecosystems provide a broad spectrum 
of goods and services that are essential to the integri­
ty of the biosphere and to human welfare. Manage­
m ent of living marine resources, therefore, requires 
consideration of both the need to sustain harvests and 
the need to sustain ecosystem processes that support 
biodiversity and maintain water quality.

A new approach is needed that enables adaptive 
m anagem ent th rough  routine, continuous and 
rapid provision of data and inform ation over the 
broad spectrum  of time-space scales required to 
link ecosystem (local) scale changes to basin and 
global scale forcings. We are, in fact, on the cusp of 
a revolution that will make such an approach feasi­
ble. T he revolution is occurring on two related 
fronts: (1) advances in observing and modelling 
capabilities and (2) the em ergence of operational 
oceanography. Key drivers of rapid increases in 
observing and modelling capabilities are advances 
in data com m unications and com puting power; 
rem ote and in situ sensing; the capacity to measure 
key physical, biological and chemical variables syn- 
optically in time and space; and m ethods for link­
ing observations to models. These advances are, for 
the first time, m aking it possible to visualize 
changes in the four dimensions of space and time 
and to quantify the effects of anthropogenic and 
climatic forcings. The tim e is right to establish an 
integrated ocean observing system that capitalizes 
on current and em erging technologies and know l­
edge.

1.5 T h e  R e s e a r c h  B a se

T he diversity of issues to be addressed and their com ­
plex and interdisciplinary nature also underscore the 
importance of synergy between research programmes 
and the development of the coastal module. Research 
programmes and observing systems are mutually 
dependent processes that define a continuum  of 
related activities. The observing system will be of 
limited value if it is not based on sound science and 
designed to improve through research and develop­
m ent (improved understanding, models, sensor tech­
nologies, assimilation techniques). Likewise, research 
is of limited value if it is not conducted in the con­
text of larger scale observations in both time and 
space (long term  time-series, synoptic observations 
on large spatial scales). Although both research pro­
grammes and observing systems may have many ele­
ments in common, the development of the observing 
system is driven by societal needs while research pro­
grammes are driven by scientific hypotheses. The 
purpose of the observing system is to detect and pre­
dict patterns of change. In contrast, the purpose of 
environmental research is to test hypotheses con­



cerning the causes and consequence of environm en­
tal changes. Thus, environm ental research pro­
grammes are finite in duration while the observing 
system must be sustained in perpetuity.These consid­
erations have important implications for the design 
and implementation of the observing system.

1 .6  C o o p e r a t io n , C o o r d in a t io n  a n d  
C o l l a b o r a t io n

Establishing the coastal module of GOO S requires 
unprecedented levels of cooperation, coordination and 
collaboration among government ministries and agen­
cies, regional bodies, and existing research and m oni­
toring programmes. By building on existing activities, 
capabilities, and infrastructure, and by using a phased 
implementation approach, work can start immediately 
to achieve the vision. N ew  technologies, past invest­
ments, evolving scientific understanding, advances in 
communications and data processing, and pressing 
societal needs combine to provide both the opportu­
nity and the motivation to initiate an integrated 
observing system for coastal waters immediately. The 
major pieces missing are an internationally accept­

ed global design; international commitments of 
assets and funds; and partnerships among nations, 
regional associations, institutions, data providers 
and users.

This report proposes the strategic design for the glob­
al component of the coastal module of GOOS. It is 
divided into three sections: (1) rationale and goals 
(Prologue, Chapters 1 and 2), (2) design (Chapters 3, 
4, 5 and 6), and (3) initial guidelines for formulating an 
Implementation Plan (Chapter 7).The plan presents a 
vision for the coastal module of GOOS; defines the 
three subsystems that constitute an integrated system 
of observations, data management and analysis; and 
describes how they relate to each other to achieve an 
operational system. It articulates a framework for 
coordinating the development of an international sys­
tem that makes more cost-effective use of collective 
resources to assess the state of the marine environ­
ment, to detect changes more rapidly, and to provide 
more timely predictions of changes and their impacts 
on society. This is the first step toward the formulation 
of an implementation plan which is expected to be 
completed by the end of 2004.
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2. Coastal Ecosystems:
The Human Dimension

As discussed in Chapter 1, increasing hum an activity 
in the coastal zone is a major driver of changes in the 
phenomena of interest in coastal waters. The latter 
are related to rapid increases in population density, 
hum an alterations of hydrological and nutrient cycles 
and associated increases in the inputs of nutrients and 
contaminants from land-based sources, destruction of 
marine and estuarine habitats, commercial and recre­
ational fisheries, and introductions of invasive species 
and pathogens. A recent report by the United 
Nations Joint Group of Experts on the Scientific 
Aspects of M arine Environm ental Protection 
(GESAMP) concludes that, although there have been 
some notable successes in controlling the effects of 
hum an activities on land-based sources of marine 
pollution that have improved water quality in some 
coastal ecosystems (e.g., sewage treatment in devel­
oped countries), the global degradation of the marine 
environment continues and is intensifying in many
places (GESAMP, 2001a).

B eginning w ith a sum m ary of hum an dem ograph­
ics and the value of coastal ecosystems, this chapter 
describes a broad spectrum  of hum an activities and 
related environm ental changes, the m anagem ent of 
w hich would benefit from an integrated ocean 
observing system. Emphasis is placed on hum an 
activities and their impacts on m arine and estuar­
ine ecosystems rather than on the m arket value of 
goods and services provided by coastal systems. 
Im provements in safety and efficiency m arine 
operations that depend prim arily on the m easure­
m ent and analysis of physical variables are discussed 
elsewhere (e.g., Adams et ah, 2000; D roppert et al., 
20 0 0 ) .

H um an activities and their environmental conse­
quences are treated in five broad categories: (1)

hum an modifications and physical alterations of the 
coastal zone and associated contaminant inputs; (2) 
introductions of non-native species; (3) oil spills; (4) 
hum an health risks; and (5) harvesting living marine 
resources. The central theme is the role of hum an- 
induced stressors in the coastal environm ent. 
A lthough the potential consequences of sea level rise 
are not addressed explicitly, the effects of hum an 
activities on coastal habitats should be considered in 
this context. Most estimates of global mean sea level 
rise are in the range of 38 to 55 cm over the next 100 
years (Warrick et al., 1996). According to Nicholls 
and Leatherman (1995), a 1 m rise in sea level (the 
worse case scenario) will affect 6 million people in 
Egypt with a loss of 15% of agriculture land, 13 m il­
lion in Bangladesh with a drop of 16% in rice pro­
duction, and 72 million in China with a loss of a m il­
lion km 2 or more of agriculture land. In addition to 
direct land-loss, sea level rise is expected to exacer­
bate current trends of habitat loss (tidal marshes, sea 
grasses, coral reefs) and declines in fisheries, alter ero­
sion patterns, damage coastal infrastructure, contam i­
nate wells and coastal aquifers w ith salt, and affect the 
efficiency of sewage treatment systems in coastal 
cities w ith resulting impacts on public health (WHO,
1996).

2 .1  H u m a n  P o p u l a t io n  D y n a m ic s

2.1.1 Population Growth in the Coastal Zone

The rapid increase in population density along the 
w orld’s 450,000 km of coast line (Pinet, 1999) is a 
striking feature of hum an demographics that charac­
terizes the last 2000 years of hum an development and 
growth (Chapter 1). The present population of 
coastal areas exceeds the total global population of 
just fifty years ago (Bowen and Crumbley, 1999).
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Although estimates of the proportion of the hum an 
population living in the coastal zone vary widely
(30% -  50%, e.g., GESAMP, 2001b; Small and 
Nicholls, 2003; Shuval, 2003), it is clear that coastal 
populations are large and growing rapidly within 100 
km of the coastline at altitudes less than 100 m (Small 
et al., 2000).The rapid increase in population densi­
ty along the w orld’s coastlines reflects both indige­
nous growth and migrations from inland areas 
(NOAA, 1998). The latter is a consequence of sea­
sonal increases in population (tourism, migrant 
workers) and more perm anent increases as migrants 
become residents.

T he last decades of the 20th Century witnessed 
unprecedented growth in tourism and recreation 
along the shoreline. By most measures, recreational 
use of the coastal zone has become the world’s largest 
economic sector and a major source of revenue for 
infrastructure development and improvement. The 
World Tourism Organization estimates nearly 700 
million international arrivals during 2000, an increase 
of 7.4 % over 1999. Receipts from international 
tourism are estimated to be 476 billion USD, a 
growth of 4.5 % over the previous year. Since 1985, 
the num ber of international tourist arrivals has more 
than doubled.

Box 2.1. P o p u l a t io n s  a t  R isk

Coastal populations are impacted by a variety of natu­
ral hazards including erosion, saltwater intrusions, sub­
sidence, tsunamis and floods due to both storm surges 
and rivers. Exposure to such natural hazards is expect­
ed to increase due to both increases in population den­
sity in low lying coastal areas and the effects of global 
climate change (e.g., sea level rise and possible increas­
es in the frequency of extreme weather events). 
Recent estimates of the global distribution of people 
show the following (Nicholls and Small, 2002; Small 
and Nicholls, 2003):

(1) The number of people inhabiting the near-coastal 
zone (within 100 km of the shoreline -  distance -  
and 100 m of mean sea level -  height) is about 
1.9 IO9 or about 38% of the 1990 global popula­
tion (a figure that is considerably lower than is 
often quoted, e.g., Hinrichsen, 1998).

(2) About 40% of the near-coastal population inhab­
its 4% of the near-coastal land area at local popu­
lations densities of about 1,000 people km2. The 
most densely populated near-coastal areas are in 
Europe and south, southeast and east Asia. Thus, 
despite the concentration of people near coasts, 
the majority of land area within the near-coastal 
zone is relatively sparsely populated.

(3) While eleven of the world’s fifteen largest cities 
(> 10,000 people km2) are located in the near­
coastal zone, only about 10% of the near-coastal 
populations live in these cities. Most of the 
exposed population is in small cities and in rural 
settings such as densely populated deltaic areas

(1,000 people km2). However, urbanization is 
expected to continue at rapid rates, and these pat­
terns are likely to change.

Although analyses such as this reveal important pat­
terns, there is considerable uncertainty associated with 
these and other estimates of population densities in the 
coastal zone (Small et al., 2000). We know that coastal 
populations are growing and urbanizing, but current 
exposure to natural hazards is poorly quantified.This is 
partly due to the lack of a consistent definition of the 
“ coastal zone.” In addition, while quantifying popula­
tions exposed directly to natural hazards is conceptu­
ally straightforward, indirect exposure, including wider 
socio-economic impacts, is not. For example, storm 
surges directly affect life and livelihoods within a short 
distance of the shoreline while indirect impacts may be 
much broader if infrastructure and services such as 
waste water treatment facilities, ports, agriculture, and 
power plants are incapacitated.

More accurate estimates of population distribution are 
not only important for estimating risks of exposure to 
natural hazards, they provide a measure of the direct 
human pressure on the coastal zone. Consequently, 
improved estimates of coastal population and hazard 
exposure would benefit many user groups from the 
insurance industry and policy makers responsible for 
sustainable development to those concerned with 
improving regional estimates of the effects of global 
climate change and the design of global observing sys­
tems.
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Coastal m igration is associated w ith  significant cul­
tural transform ations in the countries experiencing 
it. M ost m igration is from rural to urban environ­
ments. Two thirds of cities w ith  over 2.5 million 
inhabitants and 14 of the w orld’s “m egacities” 
(> 10 m illion people) are w ith in  100 km  of the 
coast. The rapid growth of large cities along the 
coastline is associated w ith  unique cultural, eco­
nomic, and environm ental characteristics and prob­
lems (World Bank, 1991; U N , 1998). As described
in the following sections, the developm ent of 
coastal megacities and the rapid increase in num ber 
of people in the coastal zone are causing changes in 
coastal ecosystems that are im portant to the health, 
safety and well being of hum an populations on a 
global scale.

2 .1 .2  Value o f  Ecosystem Goods and Services 
in  the Coastal Zone

R ecognition  of the unintended consequences of 
hum an activities on coastal ecosystems has led to 
increased interest in understanding the costs of 
environm ental degradation and the value of more 
enlightened m anagem ent. A m ajor reason people 
are attracted to coastal environm ents is related to 
access to goods and services from natural resources 
and recreation, to aesthetic appreciation (Table 
2.1). Based on a comprehensive assessment of the 
value of ecosystem goods and services on a global 
scale, Costanza et al. (1997) concluded that their 
global value is on the order of 33 trillion USD per

year. Significantly, their estimates suggest that 
m arine ecosystems provide 64% of these goods and 
services w ith coastal systems, w hich account for 
about 10% of the w orld’s surface area, providing 
38% of the global total. A lthough controversial, this 
and other analysis (e.g., Daily et al., 2000) clearly 
establish the im portance of coastal ecosystems in 
term s of their value to society.

Major efforts have been initiated to refine such esti­
mates and to develop an accepted methodology for 
determining the value of non-marketable goods and 
services. An approach gaining broad support within 
the coastal community is the establishment of ecosys­
tem values based on three categories of use (Turner
and Adger, 1995;Turner, et al., 2000; Cesar, 2000). As 
summarized in Table 2.1, direct use values are mar­
ket-based; indirect use values are goods and services 
provided by ecosystems that cannot be bought and 
sold in the market place; and non-use values are based 
on cultural and aesthetic factors that transcend the 
view of nature as a collection of marketable objects. 
Natural systems hold intrinsic values that can only be 
articulated in their contribution to social, cultural, psy­
chological, and aesthetic needs. It is only through 
recognition that natural systems provide value through 
all three of these classes that an effective assessment can 
be made of their value to society.Table 2.1 summarizes 
these categories as they are related to these critical 
coastal habitats. Similar tabulations could be made for 
other coastal habitats such as tundra coasts, polar 
coasts, Mediterranean coasts, etc.

43



Table 2.1. Values provided by coral reefs, tidal marshes and mangrove forests.

DIRECT USE VALUES
• Provide protected, spawning environment for commercially and recreationally 

valuable species. Seventy-five percent of commercially caught species in tropical 
systems spend some time in mangroves or are dependent on food chains traced 
to mangrove systems. Coral environments provide up to 25% of total finfish pro­
duction in developing countries (Souter and Linden, 2000).

• Provide active recreational values to recreational divers and hunters. Provide 
passive recreations value to naturalists. Florida reefs contribute an estimated 1.6 
billion USD to local economies (Birkeland, 1997).

• Provide hardwood for construction, charcoal and wood chips (mangroves). Pro­
vide coral jewellery and construction material for jetties and other coastal struc­
tures, (corals).

• Provide a rich resource for the development of medicines and other products. 
Half of all cancer research is concentrating on active compounds from marine 
organisms (Fenical, 1996).

Capture Fisheries

Tourism/Recreation

Manufactured Products

Pharmaceutical and Biotechnology 
Products

INDIRECT USE VALUES
Flood Protection/Coastal Stabiliza­
tion

Nutrient Cycling/Toxics Retention 

Groundwater Replenishment 

Biological Support/Habitat

• Provide flood control for coastal and estuarine systems and shoreline protection 
from erosion by oceanic swells and tropical storms. Estimates in eastern Eng­
land estimate the stabilization and protection value of coastal river wetlands at 
45 USD per meter of bank (RAMSAR, 2001). Near Boston, the flood control 
value of the 3,800 hectares of the Charles River are estimated to provide 17 mil­
lion USD annual value (Tiner, 1984).

• Provide depositional environments for sediment-bound nutrients. Wetland plants 
recycle nutrients limiting introduction to coastal waters. For certain toxics wet­
land systems can serve to reduce inputs to coastal/marine waters.

• Provide replenishment to underground aquifers. In Florida, a single 223,000 
hectare swamp has been valued at 25 million USD per year for freshwater 
recharge/storage value (RAMSAR, 2001).

• Provide value in the form of biodiversity.

NON-USE VALUES
• Provide cultural and aesthetic value that help define the history and culture of 

coastal communities.
Cultural and aesthetic

2 .2  P h y sic a l  A l t e r a t io n s  o f  t h e  
C o a st a l  Z o n e

Habitat m odification and loss are am ong the clear­
est effects of increasing hum an activities in the 
coastal zone. A comprehensive treatm ent of this 
subject and associate contam inant inputs and their 
effects is no t attem pted here. Rather, examples 
given below illustrate the broad scope of hum an 
impacts on coastal habitats. W e emphasize that the

message is not to forego development in the 
coastal zone, but to engage in scientifically 
informed development that considers both criti­
cal (short-term) and chronic (long-term) impacts 
of human activities on environmental quality and 
the quality o f life. Sustained developm ent of the 
coastal zone requires sustained observations that 
provide the data and inform ation needed to realize 
the benefits of fostering a symbiotic relationship 
betw een econom ic vitality and ecosystem health.
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2.2.1 Land-use and Land-based Sources o f Pollution

Recognizing that the Global Terrestrial Observing 
System (GTOS) will explicitly address land-use prac­
tices and that coordination with GTOS is critical to 
achieving the goals of G OO S (Annex VI), this sec­
tion provides an overview of land-use practices in the 
coastal zone that significantly affect coastal marine 
and estuarine ecosystems by modifying or destroying 
critical habitats or by altering fluxes of water, sedi­
ments, nutrients, chemical contaminants, and hum an 
pathogens from land to estuarine and marine sys­
tems. A thorough review of land-based sources and 
hum an activities affecting the health and uses of 
coastal marine and estuarine systems may be found in 
GESAMP (2001a). Three categories of land -use are 
discussed: urban development, the construction of 
dams, and agriculture.

Urban development (including the construction of 
roads and causeways, land reclamation, and hardening 
the shoreline) and agriculture alter the coastal zone 
through deforestation and the destruction or modifi­
cation of critical habitats including tidal wetlands 
(mangrove forests, marshes, mud flats) and coral reefs. 
It has been estimated, for example, that 50% of the 
world’s tidal wetlands have been lost due to hum an 
activities (Spalding et al., 1997; Kelleher et al., 1995; 
Gilbert and Janssen, 1998; Mitsch et al., 1994;Tiner, 
1984; CEC, 1995). Such changes not only cause 
declines in species diversity and living resources, they 
make coastal populations more susceptible to natural 
hazards; increase the fluxes of water, sediments and 
nutrients from land to the sea; and decrease the aes­
thetic value of coastal environments.

The construction of dams has been practiced for 
thousands of years as a means to store water for 
hum an consumption and irrigation, control flooding, 
and generate electricity. At least 45,000 dams have 
been built, and nearly half of the w orld’s rivers have 
at least one large dam (5-15 meters high with reser­
voirs of more than 3 million m 3). More than 300 
“giant” or “m ajor” dams (at least 150 meters) have 
been constructed. Although dams have made signifi­
cant contributions to hum an development, unin­
tended environmental impacts include alteration of 
nutrient cycles, salt contamination of freshwater sup­
plies, declines in coastal fisheries, and increases in 
coastal erosion (Soares, 1998).

In addition to its impacts on coastal zone habitats, 
the development of m odern agriculture was made 
possible by the use synthetic inorganic fertilizers, the 
production and application of which has increased 
nearly 10 fold over the last 50 years on a global scale. 
This has altered the global nitrogen cycle and lead to 
a rapid increase in the flux of nitrogen and phos­
phorus to coastal waters via surface runoff, ground­
w ater discharge and atm ospheric deposition 
(Vitousek et ah, 1997; H owarth, 1998). These 
processes, and increases in the discharge of sewage 
wastes, are the primary causes of coastal eutrophica­
tion and associated declines in water quality (e.g., 
oxygen depletion, increases in turbidity), loss of crit­
ical habitats such as coral reefs and sea grass beds 
(N R C , 2000), and declines in living m arine 
resources. O ver-enrichm ent of coastal waters may 
also be increasing the probability of harmful algal 
events, the growth of non-native species, and losses 
of biodiversity (N R C , 2000). Consequently, the flux 
of nutrients from land-based sources is considered to 
be a major cause of environmental degradation in 
coastal m arine and estuarine ecosystems (e.g., 
Howarth et al., 2000). N u trien t enrichm ent is rapid­
ly increasing in developing countries and is consid­
ered by many to be am ong the most significant pol­
lution problems in coastal ecosystems.

Concurrent increases in pesticide use in agriculture 
have also resulted in chemical contamination of estu­
arine and marine environments and living resources. 
Pesticides (e.g., aldrin, chlordane, DDT, dieldrin, 
endrin, heptachlor, mirex, toxaphene) are classified as 
persistent organic pollutants (POPs). The primary 
routes by which these compounds are delivered to 
coastal ecosystems are surface runoff and point 
source discharges. For the oceans as a whole, w ind- 
borne atmospheric deposition accounts for over 90% 
of total inputs (Duce et al., 1991).

O ther major land-based sources of POPs include 
releases of industrial chemicals (e.g., PCBs, hexa- 
chlorobenzene, dioxins and furans) and petroleum 
hydrocarbons. Oil contamination is addressed in sec­
tion 2.4 below.

2.2.2 Dredging and Trawling

Two major activities that physically alter subtidal 
habitats are dredging and bottom  trawling. Clark
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(1977) characterized dredging as the “single greatest 
threat to coastal ecosystems.” In addition to dredging, 
bottom  trawling can have a significant impact on soft 
bottom  habitats and the organisms that inhabit them. 
Watling and Norse (1998) estimate that about 60% of 
the global continental shelf area has been swept by 
bottom  trawls. The long-term  impacts of this are 
unknown but are likely to be substantial.

Dredged sediments currently constitute between 
80% and 90% (by volume) of all anthropogenic 
materials dumped into the ocean. Several hundred 
million m 3 of coastal sediments are dredged and dis­
posed of annually worldwide (Pinet, 1999). And, 
while large-scale capital construction and port m ain­
tenance dredging receives most attention, it is im por­
tant to note that the cumulative effect of small scale 
dredging for a broad range of coastal development 
projects may equal or exceed larger scale activities.

2 .3  In t r o d u c t io n s  o f  N o n - n a t iv e  
S p e c ie s

Today, shipping transports 80% of all commodities 
traded globally. An unintended consequence is the 
introduction of non-native species. For the first time, 
whole plankton communities are being transported 
on a global scale between continents as ships take on 
and discharge their ballast water. Today, it is estimat­
ed that 80,000 vessels carry 12 billion tons of ballast 
water yearly holding the potential to carry in excess 
of 4,500 different species.

The economic cost of these introductions can be 
h igh.The Black Sea anchovy fishery had been valued 
at 250 million U SD /year before its collapse as a con­
sequence of the invasion of the ctenophore M. leidyi 
(Harbison and Volovik, 1994). In the United States 
two introduced mollusk species have been particular­
ly devastating. The zebra mussel was first found in 
Lake St. Clair after having been introduced through 
the dumping of European ballast water in the Great 
Lakes. It has since spread into m uch of the eastern 
United States where densities have reached as high as 
70,000/m 2 in some locations. High mussel densities 
can clog water intake and filtration systems in various 
coastal installations and deprive indigenous species of 
food, oxygen and space. It is estimated that zebra 
mussels cause upwards of 5 billion USD in damage 
and associated control costs annually. Costs associated

w ith the introduction of the Chinese clam in San 
Francisco bay have been estimated to reach 1 billion 
USD annually (Pimentel et al., 1999).

2 .4  P e t r o l e u m  H y d r o c a r b o n s

In addition to fouling shorelines, petroleum hydro­
carbons are toxic to many marine organisms (marine 
mammals, seabirds, fishes) and can reduce growth, 
alter feeding behaviour, and lower reproductive suc­
cess.

Although accidental oil pollution from massive dis­
charges from oil tankers and rigs tend to be spectac­
ular and alarming (e.g., 1989 Exxon Valdez in the 
Gulf of Alaska; 1979-80 blow out of Ixtoc in the Bay 
of Campeche; Saddam Hussein’s intentional release 
of oil from Kuwait’s Sea Island storage facility and 
destruction of over 600 oil wells in 1991), these 
events account for only about <50% of the release of 
petroleum hydrocarbons to the global ocean (Hin- 
richsen, 1998; National Safety Council, 1998). Oil 
pollution from land-based sources and “routine” 
operations of ships (ballast water, bilge slops, and tank 
washing) and oil rigs (seepage, oil-based muds used 
for drilling) account for most of the remainder.

M uch of the oil discharged into the ocean accum u­
lates in shallow benthic sediments and the intertidal 
zone where it can foul shorelines; cause mass m ortal­
ities (marine mammals and seabirds) and habitat loss 
(destruction of mangrove forests and sea grass beds); 
contaminate living marine resources (filter feeding 
bivalves in particular); inhibit growth; alter feeding 
behaviour; and lower reproductive success (Hinrich- 
sen, 1998; National Safety Council, 1998). Light oils 
such as naphtha and gasoline are especially toxic to 
marine life and people who consume contaminated 
fish and shellfish.
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Box 2 .2 . O il  P o l l u t io n  o f  t h e  M a r in e  E n v ir o n m e n t

Mediterranean Sea
Some 600 million m -tons of petroleum products 
(20% of the world’s supply) are shipped into and 
through the M editerranean Sea every year. About 1 
million m -tons per year are released into the Sea. O f 
this, about 50% comes from routine ship operations. 
The remaining 50% comes from land-based sources 
via surface runoff (Pastor, 1991; Pearce, 1995; Buck­
ley, 1992).

North Sea
Oil and gas platforms account for 75% of the oil pol­
lution in the N orth  Sea (MacGarvin, 1990) via seep­
age and the intentional release of oil-based drilling 
muds (used to ease the passage of the drill and shaft 
through deep layers of bottom sediment and rock). 
About 2,000 km2 of seafloor in the United Kingdom’s 
portion of the N. Sea are contaminated with oil-based 
muds and cuttings, and biological effects on marine 
organisms have been documented up to 5 km from 
platforms. Cod, saithe and haddock caught within this 
zone contain elevated levels of hydrocarbons in their 
tissues, and filter feeders such as mussels have 10 times 
the tissue burden of mussels from uncontaminated 
areas (North Sea Task Force, 1993).

G u lf o f Alaska
The worst oil spill in U.S. history occurred in Prince 
William Sound in 1989 when the Exxon Valdez went 
aground and spilled 257,000 barrels of crude oil pro­

ducing an oil slick 26,000 km2 and contaminating 250 
km of coastline (Lewis, 1989). About 5,000 sea otters,
300.000 seabirds, and 300 bald eagles perished. C om ­
mercial fishing, valued at 130 million USD (salmon, 
halibut, herring, shellfish), crashed completely and 
effects on shallow water and intertidal plant and ani­
mal communities are expected to be long-lasting
(Steiner, 1995).

G ulf o f Mexico
The world’s largest oil spill occurred in the Bay of 
Campeche when the Ixtoc exploratory well blew out 
in June, 1979. Over the next 290 days (until the well 
was capped), 475,000 m-tons of oil were released into 
the Gulf ’s waters. Hundreds of oil-soaked crustaceans 
were washed up on gulf beaches, but the full extent of 
the ecological disaster was not assessed (Henrichsen,
1981).

Arabian G ulf (Persian Guii)
At the end of the 1991 Gulf War, the valves of Kuwait’s 
Sea Island storage facility were opened sending 4 - 8  
million barrels of oil into the Gulf, creating an oil slick
3.000 km2 in area and contaminating 560 km of shore­
line in Kuwait and Saudi Arabia (including all m an­
grove forests and 90% of intertidal marshes). A mass 
mortality of seabirds (about 30,000 cormorants and 
terns) was documented and damage to the Saudi 
coastline was estimated to be on the order of 700 mil­
lion USD (UNEP, 1992a, b).

2 .5  T h e  C o a st a l  O c e a n  a n d  H u m a n  
H e a l t h

Four categories of contaminants directly are risks to 
hum an health: (1) naturally occurring biotoxins pro­
duced by marine organisms; (2) indigenous bacteria
(3) non-indigenous viruses and bacteria; and (4) 
chemicals contam inants (metals, hydrocarbons, 
POPs, radionuclides). Consum ption of contaminated 
seafood is the primary route of hum an exposure, but 
illness also occurs through direct exposure to con­
taminated seawater (e.g. bathing) and inhalation of 
aerosols. The distributions of and hum an exposure to 
waterborne contaminants depend on interactions 
between hum an activities (e.g., sewage discharge,

swimming, seafood consumption), ocean circulation, 
the growth and distributions of marine organism, and 
the weather (N R C , 1999b).This reality underscores 
the importance of developing an integrated approach 
to m onitoring and controlling public health risks in 
the coastal zone that encompasses the effects of ocean 
processes on the distribution and abundance of 
hum an pathogens and toxic agents (IOC, 2001).

2.5.1 M arine Vectored Disease

The cost of marine-vectored public health risk is 
substantial. Globally, Shuval (2003) estimated that 
exposure to pathogens by bathing in contaminated 
seawater and consum ing contam inated seafood

47



resulted in losses of 8.8 billion U SD /year during the 
1990s. M uch of this can be attributed to the dis­
charge of untreated sewage. Inputs of untreated 
sewage are not only a major cause of coastal eutroph­
ication, they are a major source of hum an pathogens 
that increase hum an health risks associated with 
swimming and the consumption of seafood from 
contaminated environments. Consequently sewage 
treatment has been a high priority in most developed 
countries where municipal wastewater treatment is 
provided for 60% to 90% of the population (W RI, 
1998). However, in the vast majority of developing 
countries, sewage treatment prior to discharge into 
coastal waters is m uch less common. In fact, the pro­
portion of populations served by treatment facilities 
in developing countries has decreased over the last 
three decades as increases in treatment have not been 
able to keep pace with population growth. As recent­
ly as 1975, sewage treatment was provided for more 
than 70% of the urban population living in develop­
ing countries (GESAMP, 200lb).Today, that number 
is less than 50%. W hen both urban and rural popula­
tions are included, it is estimated that sewage treat­
m ent is not provided for nearly 70% of the glob­
al population (UN EP/GPA, 2000). Improvements 
in sewage treatment and coastal ecosystem manage­
m ent would reduce this loss by a substantial percent­
age. Although such estimates are rough, they illus­
trate the potential socio-economic benefits of an 
integrated ocean observing system.

Seafood consumption accounts for 11%, 20% and 
70% of food-borne diseases in the U.S., Australia and 
Japan, respectively (Eyles, 1986; NAS, 1999). A recent 
review of the reported outbreaks of food-borne dis­
ease in the U.S. concluded that seafood consumption 
is the major source of food-borne disease in general 
(CSPI, 2002). Preliminary estimates of the cost of 
consuming raw or lightly steamed shellfish from con­
taminated waters (sewage, marine biotoxins) suggest 
that economic losses are on the order of 16 billion 
USD annually (Shuval, 2003).

The num ber of marine-beach bathing days has been 
estimated (for both  international and domestic 
coastal tourists) to be about 1.7 billion per year (Shu­
val, 2003). A visit to the beach is probably the single 
most direct and visceral contact most people have 
w ith the coastal ocean. Its value to an individual 
clearly includes and transcends its economic value.

Shuval (2003) estimated that the excess risk of suf­
fering from gastroenteritis, respiratory, and eye disease 
is greater than 200 million cases per year globally 
w ith economic losses on the order of 1.5 billion 
USD per year. Although these are rough estimates, it 
is clear that quantitative and comprehensive treat­
m ent of socio-economic costs and benefits require 
more efficient and sustained observations to establish 
trends, to implement cost-effective controls, and to 
evaluate the efficacy of such controls.

2.5 .2  H armful Algal Events

Harmful algal events can impose significant impacts 
both on the health of humans and on coastal flora and 
fauna. Toxic events caused by microalgae and other 
protozoans are having negative socio-econom ic 
impacts on a global scale. Socio-economic costs associ­
ated with harmful algal events include the closure of 
shellfish beds, seafood contamination and health risks, 
and declines in tourism. Examples include the follow­
ing (GEOHAB, 1998):

• During 1987-1993, the estimated cost to the U.S. 
was over 35 million USD per year. W hen eco­
nomic multipliers are taken into account, the esti­
mated cost increases to over 100 million USD per 
year.

• In Japan, the average economic loss to the aqua­
culture industry caused by noxious blooms is 
about 1 billion yen per year due to both mass 
mortalities and contamination of shellfish with 
PSP and DSP toxins. Efforts to decrease nitrogen 
and phosphorus in water and sediments have led 
to a decrease in frequency of mass mortalities and 
contamination.

• In Mexico, 45% of the environmental emergencies 
reported in 1996 were associated with toxic algal 
blooms. Toxin analysis revealed levels well above 
standards of the World Health Organization, and 
economic losses were substantial due to seizure of 
molluscs from the market and hospitalisation.

• Since the first record of a toxic dinoflagellate 
bloom in 1983, over 2000 PSP poisoning cases in 
the Philippines have caused 115 deaths with eco­
nomic losses of 10 million Philippine Pesos for 
each PSP event.

Extrapolation of these experiences to the more than 
50 countries that experience significant harmful algal
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events suggests that the socio-economic impact of 
these events is significant.

2 .6  H a r v e s t in g  L iv in g  M a r in e  
R e s o u r c e s

Living marine resources have sustained hum an cul­
tures for millennia as an essential source of protein 
and a cornerstone of maritime commerce and trade. 
The fishery resources of the sea were long thought to 
be inexhaustible. However, increasing fish harvests 
have resulted in declines in many previously abun­
dant fish and shellfish populations, and it is clear that 
hum an consumption is outstripping the production 
capacity of the world’s wild fisheries (e.g., Pauly et 
al., 1998). W ith widespread over-capitalization and 
associated declines in catch per unit effort, the eco­
logical, economic, and social consequences of over­
exploitation have become increasingly manifest. A 
change in how fisheries are managed is clearly need­
ed. Two attributes of the system are particularly 
im portant in terms of developing new management 
strategies for sustaining m arine fisheries. First, 
seafood markets have become internationally linked 
making clear the need to better integrate manage­
m ent efforts globally. Second, there is a clear need for 
the implementation of ecosystem-based fishery m an­
agement practices, w ith effective enforcement of reg­
ulations, limits, and the establishment of marine pro­
tected areas (Pauly et al, 2002).

The last fifteen years has been witness to major 
changes in the global seafood industry (FAO, 2000). 
About 47% of current capture fisheries characterized 
as fully exploited and are at or near the estimated

maximum sustainable production potential. Nearly 
28% of current capture fisheries are characterized as 
overexploited, depleted, or recovering from depletion 
while 25% are classified as under-exploited or m od­
erately exploited As the demand for fish-protein has 
increased and capture fisheries have become unsus­
tainable under current fishing practices, aquaculture 
has taken on an increasingly central role in meeting 
demand, particularly in developing countries. At the 
same time, international trade in seafood has become 
more diverse creating an exceptionally porous inter­
national market.

O f particular note is the period 1984-1994 when 
major changes in the global structure of the industry 
occurred. During this decade seafood production (cap­
ture fisheries and aquaculture) increased from 89 mil­
lion tons to 120 million tons. Capture fisheries 
increased by only 17% during this period and have lev­
elled off in recent years. In contrast, aquaculture pro­
duction expanded by 170% accounting for 60% of the 
total 31 million ton increase during the decade (FAO, 
2000). Aquaculture currently accounts for 30% of 
seafood consumption worldwide (FAO, 2000). In 
developed countries, aquaculture production increased 
by 25% (2.8 million tons in 1984 to 3.5 million tons in 
1994) while capture fishery landings declined by 26% 
(42 million tons in 1984 to 31 million tons in 1994). In 
contrast, the production of both capture fisheries and 
aquaculture increased in developing countries by 34% 
and 68% respectively (FAO, 2000).These trends toward 
a global, interdependent harvest of capture and aqua­
culture fisheries highlight the need to establish a glob­
al strategy to understand the interplay between market 
forces and changes in coastal ecosystems.
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3. Conceptual Design

3 .1  T h e  G l o b a l  C o a st a l  N e t w o r k

This Design Plan for the coastal module considers 
many factors. These include (1) the need to address a 
broad diversity of phenomena encompassed by the six 
goals (Chapter 1, Section 1.1); (2) the six goals of the 
coastal module have data and information require­
ments in common; (3) the phenomena of interest tend 
to be local expressions of larger scale forcings; (4) 
ecosystem theory posits that the phenomena of inter­
est are related through a hierarchy of interactions; and
(5) the kinds of ecosystems and resources that consti­
tute the “coastal ocean” and priorities for detection and 
prediction differ among regions5 . In addition, the 
design of the coastal module must take into considera­
tion the following:

• Most international agreements and conventions 
that target marine pollution and living marine 
resources are regional in scope (Prologue);

• National and regional bodies provide the most 
effective venue for identifying user groups and 
specifying their data and information require­
ments.

Thus, the design plan for the coastal module respects 
regional differences and leaves the design and imple­
mentation of regional observing systems to stake­
holders in their respective regions. At the same time, to 
the extent that the six goals of the coastal module of 
GOOS have many data requirements in common, a

 ̂The scientific, scale-dependent definition o f a region is the next larger scale that 
m ust be o bserved  to  u n d ers tan d  th e  local scale o f  in te rest. R e g io n s  g enerally  do  

n o t reco g n ize  n a tio n a l ju risd ic tio n s . T h u s, u n d e rs ta n d in g  and p red ic tin g  changes 

in th e  p h e n o m e n a  o f in te res t requ ires in te rn a tio n a l c o llab o ra tio n  in  m ost cases.

^ A v ariab le  is defined  as a p ro p e r ty  o r  rate  th a t  has a range  o f  values and can  be 

m easured  w ith  k n o w n  p rec is io n  and  accuracy  ( tem pera tu re , salinity, c u rre n t  speed 

and d irec tio n , c h lo ro p h y ll-a  c o n c en tra tio n , etc.).

global network of observations provides economies 
of scale that minimizes redundancy and allows 
regional observing system to be more cost-effec­
tive. To these ends, the coastal module includes both 
global and regional scale components that link global, 
regional and local scales of variability through a hierar­
chy of observations, data management and models. 
Such a linked hierarchy can best be established through 
a mechanism such as the GOO S Regional Forum that 
allows national G OO S programmes and GO O S 
Regional Alliances (GFIAs) to play significant roles in
(1) the development of the global coastal network; (2) 
the establishment of common standards and protocols 
for measurements, data management, and analyses; (3) 
facillitates the transfer of technology and knowledge; 
and (4) the determination of priorities for capacity 
building.

The global network measures and processes variables 
that are required by most regional systems (Figure 3.1). 
These are the common variables6 . Depending on 
national and regional priorities, GOOS Regional 
Alliances (GFIAs) may increase the resolution at which 
common variables are measured, supplement common 
variables with the measurement of additional variables, 
and provide data and information products that are tai­
lored to the requirements of stakeholders in the respec­
tive regions. Thus, GFIAs both contribute to and ben­
efit from the global network.

It must be emphasized that the global network will 
not, by itself, provide all of the data and informa­
tion required to detect and predict changes in or 
the occurrence of many of the phenomena of 
interest (Table 1.1). There are categories of variables 
that are important globally, but the variables measured 
and the time-space scales of measurement change from
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region to region. These include stock assessments for 
fisheries management; biologically structured habitats 
(coral reefs, seagrass species, intertidal marshes and 
mangrove forests); marine mammals, turtles and birds; 
harmful algae, and contaminants. Decisions on what 
variables to measure (e.g., species of fish to be targeted 
for management purposes, species of chemical contam­
inants), the time and space scales of measurements, and 
the mix of observing techniques are best made by 
stakeholders in each region. Thus, the establishment 
of regional observing systems will be critical to 
detecting and predicting most of the phenomena of 
interest in the public health, ecosystem health and 
living marine resources categories.

Figure 3.1. Schematic relationship between the global net­
work and GOOS Regional Alliances (GRAs). Solid vertical 
lines represent the 14 common variables that would be 
measured and processed as part o f the global network 
(Chapter 4). Dashed lines represent regional enhancements 
by GRAs (discs), such as sea ice in polar regions, or coral 
characteristics in the tropics. Geographic boundaries of 
regional systems will not be fixed in space; they may over­
lap; and they will be determined by the time and space scales 
of the phenomena of interest that are high priorities in each 
region.

The global network of coastal observations is the 
focus o f this design plan. In addition to economies 
of scale and improved cost-effectiveness, the global 
network establishes, maintains, and improves the 
observational, data management and modelling infra­
structure that benefits national and regional observ­
ing systems in several im portant ways!

• optimise data, inform ation and technology 
exchange;

• facilitate capacity building;
• provide a network of reference stations and sites 

(including “sen tinel” stations that provide 
advanced warnings of events and trends and 
enable adaptive m onitoring for improved detec­
tion and prediction);

• establish internationally accepted standards and 
protocols for measurements, data dissemination 
and management;

• link the large scale network of observations for 
the ocean-climate module to the local scales of 
interest in coastal ecosystems and provide infor­
m ation on open boundary conditions and 
atmospheric forcings; and

• provide the means for comparative ecosystem 
analysis required to understand and predict vari­
ability on local scales of interest.

The selection of a provisional set of com m on vari­
ables for the global coastal network is described in 
Chapter 4.

3.2 A M u l t i - P u r p o s e  O b s e r v in g  
S y s te m

The problem of detecting and predicting the present 
state and changes in coastal environments has many 
facets, and comprehensive characterization of all 
changes on a global scale is clearly not possible. H ow ­
ever, it is feasible to develop an inclusive and effective 
approach for detecting and predicting the effects of 
external forcings on many of the phenomena of inter­
est (Table 1.1; Annex II). The importance of physical 
processes in structuring the pelagic environment and 
scale-dependent linkages of ecological processes to the 
physical environment (Chapter 1) suggest there is a 
relatively small set of variables that, if measured 
with sufficient resolution for extended periods over 
sufficiently large areas, will serve many needs from 
forecasting the effects of tropical storms and harmful 
algal events on short time scales (hours to days) to pre­
dicting the environmental consequences of human 
activities and climate change on longer time scales 
(years to decades).These are the “com m on” variables.

The design and phased im plementation of the coastal 
module will be guided by the following considera­
tions (Figure 3.2):

GRAs

G R A  1

G R A  2
cn

G R A  3cn

G R A  4

Global Network
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(1) T he data requirem ents for improved climate
prediction and coastal m arine services are, for C

the most part, com m on to all of the them es to £
CU

be addressed by the coastal module. Safe and .0
efficient coastal m arine operations and the Ç7
m itigation of natural hazards require accurate Ph

nowcasts and tim ely forecasts of storms and Q
coastal flooding; of coastal current-, wave-, and 
ice-fields; and of water depth, tem perature and 
visibility. T he set of variables that must be 
measured and assimilated in near real time 
include barom etric pressure, surface wind vec­
tors, air and water tem perature, sea level, 
stream flows, surface currents and waves, and 
ice extent. T he use of models in supporting 
forecasts for coastal m arine operations by gov­
ernm ent agencies and commercial companies 
is discussed in Section 5.2.1.

(2) In addition to these variables, m inim izing pub­
lic health risks and protecting and restoring 
coastal ecosystems require timely data on envi­
ronm ental variables needed to detect and pre­
dict changes habitats and in biological, chem i­
cal and geological properties and processes, 
e.g., distributions of habitat types, concentra­
tions of nutrients, suspended sediments, con ­
taminants, biotoxins and pathogens; attenua­
tion  of visible light; biomass, abundance and 
species com position of plants and animals; and 
habitat type and extent. M itigating the effects 
of natural hazards and reducing public health 
risks also requires a predictive understanding of 
the effects of habitat loss and m odification 
(barrier islands, tidal wetlands, sea grass beds, 
etc.) on the susceptibility of coastal ecosystems 
and hum an populations to them.

(3) In addition to data on the state of m arine 
ecosystem, the demands of protecting living 
m arine resources and m anaging harvests (of 
wild and farm ed stocks) in an ecosystem con­
text require tim ely inform ation on population 
(stock) abundance, distribution, age- (size) 
structure, fecundity, recruitm ent rates, m igra­
tory  patterns, and m ortality rates (including 
catch statistics).

B iodiversity  &
T •» r i sLiViKs

D e g r e e  o f  D ifficu lty , D e v e lo p m e n t  T im e

Figure 3.2. Time-dependent development o f a fully inte­
grated observing system. Predictions of most o f the phenom­
ena of interest require the same physical and meteorological 
data acquired for effective marine services and forecasting 
natural hazards. Those elements o f the observing system 
required for improved marine services and forecasts o f natu­
ral hazards are most developed (including the required oper­
ational models) while those required for ecosystem-based 
management of living resources are least developed. Given 
current capabilities and the importance of physical processes 
to the phenomena of interest in the ecosystem health and liv­
ing marine resources categories, initial development of the 
global system will target the measurement and processing of 
physical variables and those biological and chemical vari­
ables that can be measured routinely and for which products 
can be clearly defined. As feasible, non-physical variables 
should be incorporated now. As technologies and procedures 
for rapid measurement and analysis o f additional biological 
and chemical properties are developed, they will be incorpo­
rated into the system.

As discussed in Chapter 7, Figure 3.2 provides a con­
ceptual framework for the phased implementation of 
the coastal module recognizing that (1) all o f the 
major goals can and must be addressed from the 
beginning and (2) current operational capabilities 
from sensors to models dictate initial emphasis on 
marine services, climate prediction, and natural 
hazards. Thus, the system will be designed to evolve 
and incorporate biological and chemical variables as 
new technologies, knowledge and operational m od­
els are developed.

3 .3  E l e m e n t s  o f  a n  E n d - T o -E n d  
O b s e r v in g  S y st e m

Both detection and prediction depend on the devel­
opm ent of an integrated and sustained observing sys­
tem that effectively links measurements to data m an­
agement and analysis for more timely access to data 
and delivery of environmental information (Nowlin
et al., 1996, 2001; Malone and Cole, 2000).The sys-
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tem  must be integrated to provide multi-disciplinary 
(physical, chemical and biological) data and inform a­
tion to many user groups. Linking user needs to 
measurements to form an end-to-end, user-driven 
system requires a managed, two-way flow of data and 
information among three essential subsystems (Fig­
ure 3.3):

• The observing subsystem (networks of plat­
forms, sensors, sampling devices, and measure­
m ent techniques) to measure the required vari­
ables on the required time and space scales;

• The communications netw ork (data dissemina­
tion and access) and data management subsystem 
(telemetry, protocols and standards for quality 
assurance and control, data dissemination and 
exchange, archival, user access); and

• The data assimilation, analysis and modelling 
subsystem.

The observing subsystem for the global coastal network 
is described in more detail in Chapter 4. It consists of 
the global infrastructure required to measure the 
com m on variables and transmit data to the com m u­
nications network and data management subsystem. 
The infrastructure consists of the mix of platforms, 
samplers, and sensors required to measure the com ­
m on variables with sufficient spatial and temporal 
resolution to capture im portant scales of variability in 
four dimensions. This will require the synthesis of 
data from remote sensing and in situ measurements 
involving various combinations of six categories of 
m onitoring elements: (1) a network of coastal labo­
ratories; (2) the global network of coastal tide gauges 
(GLOSS); (3) fixed platforms, moorings, drifters and 
underwater vehicles; (4) research and survey vessels, 
ships of opportunity (SOOP) and voluntary observ­
ing ships (VOS, SeaKeepers); (5) remote sensing from 
satellites and aircraft; and (6) remote sensing from 
land-based platforms. Many of these observing tech­
nologies are already deployed to some extent, and a 
global approach is needed to obtain the necessary 
integration.

Data communications and management link measure­
ments to applications (Chapter 6).The six m onitor­
ing elements must be linked from the beginning by 
an integrated data management structure.The objec­

tive is to develop a system for both real-time and 
delayed m ode data that allows users to exploit m ulti­
ple data sets and data products from disparate sources

USER DRIVEN 
END-TO-END SYSTEM 

User Groups/Applications, e.g. ship 
routing, search and rescue, coastal 

zone management

Analysis, Models, Data Requirements

Data Communications & Management

Observing Subsystem

Figure 3.3. The observing system consists of three subsys­
tems the development of which is driven by user-require- 
ments, technical capabilities, and the sustainable investments 
in infrastructure (capitalization) and operations (including the 
required technical expertise). Note that, depending on capa­
bilities and needs, user groups may access data from any one 
or all of the subsystems directly.

in a timely fashion.The development of this com po­
nent of the system should be the highest priority for 
implementation.

Data assimilation and modelling are critical com po­
nents of the observing system (Chapter 5). Real-tim e 
data from remote and in situ sensors will be particu­
larly valuable in that data telemetered from these 
sources can be analysed to (1) produce more accurate 
estimates of the distributions of state variables, (2) 
develop, test and validate models, and (3) initialise 
and update models for improved forecasts of coastal 
environmental conditions and, ultimately, changes in 
the phenomena of interest in the categories of 
ecosystem and public health and living marine 
resources. A variety of modelling approaches (statisti­
cal, empirical, theoretical, num erical) will be 
required.
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4. The Initial Subsystem
for Coastal Observations

4 .1  T h e  C o m m o n  V a r ia b le s

The global coastal system will measure and manage a 
relatively small set of com m on variables that are 
required by most regional observing systems to 
detect or predict changes in phenomena of maxi­
mum interest to users (Table 1.1). This requires an 
objective procedure for selecting the properties and 
processes (i.e., variables) that, when measured global­
ly, best serve to describe the present state and predict 
changes in the coastal ocean. Consistent w ith the 
GO O S Design Principles (IOC, 1998b), the variables 
must be reported in a timely fashion (real time or 
delayed mode as required) and suitable for measure­
m ent in a global system of sustained, routine, and 
reliably calibrated observations.

Many types of variables m erit consideration for 
inclusion in the Coastal M odule (Annex IV). Some 
are already measured routinely in many parts of the 
world; others are recognized as being im portant for 
describing or predicting dynamic processes or signif­
icant trends, but are not measured systematically in 
coastal environments; and still others are measured 
more for research than for routine operations. All 
should be considered for inclusion, either as com m on 
variables for the global coastal system or in regional 
systems operated by GRAs. An important task is to 
develop a procedure for rationalizing a long list of 
measurable properties and processes into a small set 
of com m on variables to be measured globally. This 
must be guided by the need to detect and predict, in 
a global context, the state of coastal marine systems 
and changes that occur in them.

Comprehensive characterization of all changes on a 
global scale is not possible. However, it is feasible to

develop an inclusive and effective approach to char­
acterizing the effects of external forcings on phe­
nomena of primary interest to users. The process 
begins with a ranking procedure, followed by a 
review of results, then practical evaluation.

4 .2  S e l e c t i n g  t h e  C o m m o n  V a r ia b le s

The com m on variables have been selected using a 
systematic process based on an objective procedure 
that addresses the needs of users, followed by a con­
sensus-based review derived from the expertise and 
experience of a broad range of scientists. The goal is 
to identify the minimum number o f variables that 
must be measured to detect and predict changes 
that are important to the maximum number of  
user groups. This was accomplished by identifying 
user groups, phenomena of interest, predictive models, and 
variables to detect or predict change (Table 4.1). Then, 
variables were ranked according to the num ber of 
phenomena they can help to detect or predict. To 
emphasize the importance of users, each phenom e­
non was weighted by the num ber of user groups 
interested in it. The procedure is described in detail 
in Annex IV.

It is im portant to note that, although the process itself 
is objective, the results are subjective to the extent 
that the selection of user groups, phenom ena of 
interest, predictive models and candidate variables 
influences the outcome. As described in Annex IV, 
care was taken to ensure that the lists were represen­
tative if not comprehensive. In particular, the list of 
user groups was intended to be a reasonable and bal­
anced sampling of the spectrum of user groups that 
are likely to benefit from the Coastal Module; lists of 
phenomena and models were based on Table 1.1 and
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models described in Chapter 5 (which were likewise 
selected to be representative). Also, many variables 
were exempted from the process for selecting com ­
m on variables, either because they will be measured

as part of other global observing systems or because 
they require regional approaches and will be consid­
ered in the design of national and regional observing 
systems (Section 3.1, Fig 3.1., and Box 4.1).

Box 4.1. V a r ia b le s  M e a s u r e d  a s  P a r t  o f  O t h e r  I n t e g r a t e d  G l o b a l  
O b s e r v in g  S y s t e m s  A n d  S h a r e d  b y  t h e  C o a s t a l  M o d u l e

M any variables that will be measured as part of the 
global coastal system were no t considered in the 
selection of com m on variables for one of two rea­
sons: (1) they are or will be measured as part of 
o ther global observing systems, or (2) the variable 
is better considered regionally, either because it is 
no t global in extent or because the measurem ent 
depends on geographic location. G O O S R egional 
Alliances publish inform ation on locally im portant 
variables and sources of data and data products.

Some observing system variables will be measured 
by other observing systems, but no t necessarily on 
the scales required by the global coastal system or 
regional systems. T hey include m eteorological
variables (GCO S, O O P C ), p C 0 2 (O O P C / 
GCOS); surface and groundw ater transports of 
water, nu trien ts , sedim ents and contam inants 
(GTOS) and remotely sensed properties of surface 
waters, includ ing  ocean co lou r (CEO S and 
IGOS). For many of the same reasons that they 
were included in their respective observing sys­
tems, they are also needed to describe and predict 
change in coastal environments. Observations of 
these variables are thus essential to the Coastal 
M odule of GO O S, and these shared variables will 
be included in the design of the global coastal sys­
tem. T he CO OP, working in collaboration w ith 
GRAs, must specify observing requirem ents (spa­
tial and tem poral resolution, precision and accura­
cy) for coastal ecosystems. For example, the IGOS 
Ocean Them e (2000) describes current rem ote 
sensing capabilities (research and operational) and 
requirem ents for the global ocean (open ocean

case 1 waters for the most part).T he next step is to 
extend this analysis into the coastal environm ent 
(shallow, closer to the land margin, higher fre­
quency variability — case 2 waters for the most 
part) and to specify requirem ents for in situ meas­
urem ents for both  validation of remotely sensed 
data products and the detection of changes in four 
dimensions. These issues will be addressed in the 
C O O P  im plem entation plan.

Variables to be considered by G O O S R egional 
Alliances (GRAs)

M any variables are demonstrably im portant for 
detecting and predicting change in coastal systems, 
but they are no t appropriate for global im plem en­
tation. They are:

• Variables of regional significance that are no t 
global in extent (e.g., sea ice);

• Categories of variables that would be defined 
or measured differently depending on geo­
graphic location (e.g., chemical contam ination 
including oil spills, extent of biologically 
structured habitat; including coral reefs, oyster 
reefs, mangrove forests, sea grass beds, and kelp 
beds).

A lthough these categories of variables were no t 
considered for the global coastal system (Table
4.2), they are essential to describing current state 
and predicting changes in coastal regions, and it is 
expected that they will be considered for im ple­
m entation by GRAs.



Table 4.1. Lists used in the process for selecting common variables.

U s e r  G r o u p s  P h e n o m e n a  o f  I n t e r e s t  P r e d ic t iv e  M o d e l s  Va r ia b l e s  t o  D e t e c t

S t a t e  o r  P r e d ic t  C h a n g e

Shipping

Marine energy and mineral 
extraction

Insurance and re insurance 

Coastal engineers 

Fishers (commercial, recre­
ational, artisanal)

Agriculture

Aquaculture

Hotel - restaurant industry 

Consulting companies 

Fisheries management 

Search and rescue 

Port authorities and services 

Weather services 

Government agencies responsi­
ble for environmental regulation 
(pollution issues)

Freshwater
management/damming 

Public health authorities 

National security (including 
navies)

Wastewater management 

Integrated coastal management 

Emergency response agencies 

Tourism, Ecotourism 

Conservation groups (including 
environmental NGOs) 

Consumers of seafood 

Recreational swimming 

Recreational boating 

News media 

Educators

Scientific community 

Charting, navigational services

Sea state, forces on structures 

Coastal flooding 

Surface currents 

Rising sea level 

Changes in shoreline and shal­
low water bathymetry 

Chemical contamination of 
seafood

Fluman pathogens in water and 
shellfish

Flabitat modification and loss 

Eutrophication / oxygen deple­
tion

Changes in species diversity 

Biological responses to contam­
inants (pollution)

Flarmful algal events 

Invasive species 

Water clarity

Disease and mass mortalities in 
marine organisms 

Chemical contamination of the 
environment (includes oil spills) 

Flarvest of capture fisheries 

Aquaculture harvest 

Abundance of exploitable living 
marine resources

Storm surges

Waves

Currents

Coastal erosion, sediment 
transport

Risk assessment: seafood 
consumption

Risk assessment: direct contact 

Chemical contamination of 
seafood

Flabitat modification / loss 

FlABs - population dynamics 

Anoxia / hypoxia 

Invasive species 

Pollution effects - population 

Water quality model 

Capture fishery production / 
sustainability 

Aquaculture production / 
sustainability - finfish 

Aquaculture production / sus­
tainability - shellfish 

Sequential population analysis 

Community dynamics 

Ecosystem dynamics 

Oil slick transport and dispersal

Attenuation of solar radiation 

Changes in bathymetry 

Benthic biomass 

Benthic species diversity 

Biological oxygen demand 

Neutral red assay 

Cytochrome p450 (biomarker: oil) 

Cholinesterase (pesticides) 

Metallothionein (trace metals) 

Currents

Dissolved inorganic nutrients (N, P, 
Si)

Dissolved oxygen 

Eh in sediment 

Faecal indicators 

Fisheries: Landings and effort 

Nekton biomass 

Incident solar radiation 

Nekton species diversity 

Particulate organic C & N 

PH
Phytoplankton biomass 
(chlorophyll)

Phytoplankton species diversity >
20 pm

Primary production

Salinity

Sea level

Sediment grain size, organic content

Changes in shoreline position

Surface waves

Total organic C and N

Total suspended solids

Water temperature

Zooplankton biomass

Zooplankton species diversity

Coloured dissolved organic matter -
CDOM

Seabird abundance 

Seabird diversity
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4.2.1 Results o f the ranking exercise

A total of 36 variables were ranked (Table 4.2). Given 
the general importance of physical processes, it is not 
surprising that the top six were physical variables. 
The second group of six was dominated by benthic 
variables, and the third group of seven was dom inat­

ed by chemical and biological properties of the water 
column. It is noteworthy that benthic variables (sed­
im ent grain size and organic content, benthic bio­
mass, Eh in sediments, and benthic species diversity) 
received high rankings, a result that reflects the 
importance of benthic-pelagic coupling in coastal 
ecosystems (Chapter 1).

Table 4.2. Ranks of the common variables after the first complete ranking exercise. The variables are ranked according to the 
number of phenomena of interest that they can help to detect and predict, with each phenomenon weighted by the number of user 
groups interested in it (see Annex IV). Final ranks are consistent with the better rank for detection or prediction.

RANK VARIABLE RANK VARIABLE

1 Sea level 19 Coloured dissolved organic matter -  CDOM

2 Water temperature 20 Fisheries: Landings and effort

3 Currents 21 Primary production

4 Changes in bathymetry 22 Total organic C and N

5 Salinity 23 Neutral red assay

6 Surface waves 24 Incident solar radiation

7 Sediment grain size, organic content 25 Total suspended solids

8 Benthic biomass 26 Cholinesterase (pesticides)

9 Changes in shoreline position 27 Cytochrome p450 (e.g., oil)

10 Dissolved oxygen 28 Metallothionein (trace metals)

11 Eh in sediment 29 Zooplankton biomass

12 Benthic species diversity 30 Particulate organic C and N

13 Dissolved inorganic nutrients (N, P, Si) 31 Zooplankton species diversity

14 Phytoplankton biomass (chlorophyll) 32 Biological oxygen demand

15 Phytoplankton species diversity > 20 pm 33 pH

16 Attenuation of solar radiation 34 Seabird diversity

17 Nekton species diversity 35 Nekton biomass

18 Faecal indicators 36 Seabird abundance

The combined rankings in Table 4.2 provide a basis 
for selecting the com m on variables, but they do not 
reveal exactly how many variables should be retained 
in the final list. Breaks in the distributions of ranked 
scores for both detection and prediction guided the 
decision to include the 14 top-ranked variables in a 
preliminary list of com m on variables (Annex IV).

4 .3  R e v is io n s  B a s e d  o n  S c ie n t if ic  
E x p e r ie n c e  a n d  E x p e r t is e

Results of the matrix process are the first step toward 
and a principal guide for identifying the common 
variables for the global coastal system. The next step 
was to review the preliminary list of 14 variables to 
ensure that selection of common variables based on

the rankings was acceptable to all Panel members 
based on their expertise and experience.Variables were 
retained if it was felt they could be measured with suf­
ficient resolution to provide the information required 
to detect or predict changes in a timely fashion. C om ­
pelling reasons for adding variables to the list also were 
considered. Reasons would include large benefit rela­
tive to the cost for making the measurement and the 
degree to which its measurement would increase the 
value of measurements already on the list.

U pon review, the decision was made to include fae­
cal indicators (rank 19) and the attenuation of solar 
radiation (rank 16) and to drop benthic species diver­
sity and sediment Eh. The rationale for making these 
changes are as follows:
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As docum ented in C hapter 2, the econom ic 
and public health impacts of contam ination by 
sewage are severe. This con tam ination  is 
tracked by routine m easurements of faecal 
indicators.The benefit of including faecal ind i­
cators in the list of com m on variables, and the 
relative ease and low cost of im plem entation, 
justifies inclusion of faecal indicators in the list 
of com m on variables.
Observations of the attenuation of solar radia­
tion  reveal m uch m ore than the light available 
for water colum n or benthic photosynthesis — 
they reflect changes in the constituents of the 
water colum n as influenced by eutrophication 
and sedim ent load. Secchi depth, a simple 
measure of attenuation, has been measured 
routinely for many decades and is dem onstra­
bly useful for docum enting change in coastal 
environm ents. R equ irem en ts for capacity 
building are minim al and cost is almost n o th ­
ing. In regions of the developing world influ­
enced by changes in land use, this may be one 
of the only quantitative measures of water 
quality that could be made w ith  adequate res­
o lution to docum ent change. C om parison 
w ith  m ore discrim inating radiom etric meas­
ures of attenuation can be made routinely. 
Thus, the attenuation of solar radiation is 
included in the list of com m on variables.

• A lthough biological diversity is clearly an 
im portant param eter of ecosystem health and 
the carrying capacity of ecosystems for living 
resources, the identification and enum eration 
of species globally is a m ajor challenge: target 
species groups will vary from region to region 
and the m ethods and expertise required are 
n o t suitable at this time for incorporation into 
a global system of routine observations using 
tim e-tested, standard techniques.

• T he routine m easurem ent of sedim ent Eh in a 
global system may be problematic due to  prob­
lems w ith instrum ent reliability and the need 
for vertically resolved measurements. This, and 
the fact that the m easurem ent is som ewhat 
redundant w ith dissolved oxygen, led to the 
decision to drop Eh from the list of com m on 
variables, w ith the recognition that this and 
other variables may be added to the system as 
technology advances.

T he Panel also decided to list sedim ent grain size 
and organic conten t as two separate variables, 
bringing the num ber of recom m ended com m on 
variables to  15 (Table 4.3; A nnex IV). This list of 
variables for the global coastal system is supple­
m ented by the shared variables from other observ­
ing systems (Box 4 .1 ;Table 4.3).



Table 4.3. Common variables recommended by the Panel to be measured as part of the global coastal system (Annex IV). 
Additional variables, shared with other observing systems, are also recommended for inclusion in the global coastal system.

PHYSICAL c h e m ic a l BIOLOGICAL

Sea level
Temperature
Salinity
Currents
Surface waves
Bathymetry
Shoreline position
Sediment grain size
Attenuation of solar radiation

Sediment organic content 
Dissolved inorganic nitrogen, phos­
phorus, silicon 
Dissolved oxygen

Benthic biomass 
Phytoplankton biomass 
Faecal indicators

Variables Measured as Part of Other Integrated Global Observing Systems and Recommended
to be Shared by the Coastal Module

M eteorological 
Variables 
(GCOS, OOPC)

Chemical Variable
(Atmosphere /  Ocean) 
(OOPC/GCOS)

Rem otely Sensed Variables 
at the Sea Surface 
(CEOS, IGOS)

Land M argin
Variables
(GTOS)

Air temperature 
Vector winds 
Humidity
Wet and dry precipitation 
Incident solar radiation

p C 0 2 Temperature
Salinity
Elevation (currents)
Roughness (winds)
Ocean colour
(chlorophyll, attenuation of solar 
radiation)

Surface and Groundwater 
Transports of:
• Water
• Nutrients
• Sediments
• Contaminants

This procedure for selecting com m on variables is 
only a first step in deciding which measurements 
will be included in the global coastal system.
Clearly, the full list of com m on variables will emerge 
as the coastal module develops over time. The pur­
pose of this exercise was to determ ine at the outset 
the most useful variables to observe w ithout consid­
ering in detail the methods of measurement, their 
feasibility, or their impact on the ability to detect 
present state or predict changes in a timely fashion. 
These issues will be addressed in the implementation 
plan.

4 .4  E v a l u a t in g  t h e  P o t e n t ia l  
C o m m o n  Va r ia b l e s

The procedure for identifying com m on variables did 
not address explicitly the requirements to character­
ize changes in coastal ecosystems by assessing 
exchanges at boundaries and internal dynamics 
(Chapter 1, Figure 1.1), nor was it intended to pro­

vide the capability for comprehensive descriptions of 
the status or changes in ecosystem characteristics. 
This is because the global coastal system is but one 
element of the Coastal Module, designed to con­
tribute to and benefit from the regional elements. It 
is thus im portant to examine the list of com m on and 
shared variables, along w ith variables not included in 
the list, to determine what aspects of ecosystem 
change the global coastal system could detect and 
predict, and what must be provided by regional ele­
ments. This evaluation should reveal what the 
global coastal system can provide to regional and 
national elements, and it should highlight the 
observations that must be made by regional e le­
ments in order to characterize coastal ecosystems 
effectively.

4.4.1 Classification o f Variables

Following a classification based on Figure 1.1, vari­
ables are listed in Table 4.4 according to the environ-
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mental context of each measurement. An additional 
and no less important category is added, biotic assess­
ments. This category includes a broad range of obser­
vations that generally require direct manipulation or 
taxonomic identification of organisms. These taxo­
nomic, physiological and biochemical characteristics of 
organisms and communities reflect environmental 
forcings and integrate responses over ecologically rele­
vant scales.They are also some of the most direct meas­
ures of living marine resources and environmental 
impacts of contaminants and environmental forcings, 
exactly what the Coastal Module is designed to detect 
and predict. The list of biotic assessments would be 
much longer if it included more fisheries data and vari­
ables to be considered by GOOS Regional Alliances.

It can be concluded from examination of the classi­
fied variables that sustained and systematic measure­

m ent and analysis of the 15 com m on variables, 
together w ith those shared with other global observ­
ing systems, will provide descriptions of external 
drivers (forcings), exchanges across major boundaries, 
and the internal dynamics of coastal systems, thereby 
detecting and predicting change, mostly in the phys­
ical and chemical environment and lower trophic 
levels, all of which exert bottom -up control on 
ecosystems. It is also very clear that biotic processes 
and the status of higher trophic levels w ill not be 
characterized as part o f the global coastal net­
work. This highlights the importance of measuring 
and processing biological and chemical variables by 
GOO S Regional Alliances that are then analysed in 
the context of global system data and socio-econom ­
ic and public health indicators to gain an integrated 
view of the status of and changes in coastal ecosys­
tems.
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Table 4.4. Variables organized into the classification scheme consistent with Figure 1.1, with the addition of biotic assess­
ments (observations that generally require direct manipulation or taxonomic identification of organisms). The recommended 
common variables are in bold, as well as those recommended for sharing with other global observing systems (greater resolu­
tion may be required for the global coastal system). Many variables are not exclusive to one category.

CONTEXT VARIABLES CONTEXT VARIABLES

Air-Sea

Water Column 
and Shelf- 
Ocean

Sea level
Water temperature 
Currents 
Salinity 
Surface waves

Shared with other systems: 
Meteorological variables: (air tempera­
ture, vector winds, humidity, wet and dry 
precipitation, incident solar radiation) 
pC 0 2
Remotely sensed variables: (temperature, 
salinity, currents, winds, ocean colour)

Water temperature
Currents
Salinity
Dissolved oxygen 
Dissolved inorganic nutrients 
Phytoplankton biomass (chlorophyll) 
Attenuation of solar radiation 
Faecal indicators
Coloured dissolved organic matter 
Primary production 
Total organic C and N 
Total suspended solids 
Zooplankton biomass 
Particulate organic C and N 
Biological oxygen demand 

pH
Nekton biomass

Land-Sea

Benthic

Biotic
Assessments

I Sea level
Changes in shoreline position 
Faecal indicators

Shared with other systems:
I Surface and groundwater transports of water, 
I nutrients, sediments and contaminants 

(including faecal indicators)

Changes in bathymetry 
Sediment grain size 
Sediment organic content 
Benthic biomass 
Eh in sediment

Benthic species diversity 
Phytoplankton species diversity 
(>20 pm)
Nekton species diversity 
Fisheries landings and effort 
Neutral red assay 
Cholinesterase assay 
(pesticides)
Cytochrome p450 (e.g., oil)
Metallothionein (trace metals)
Zooplankton species diversity 
Seabird diversity 
Nekton biomass 
Seabird abundance

The initial list of variables for the global coastal sys­
tem  will be updated in the implementation plan 
through an impact versus feasibility (I-F) analysis of 
potential techniques for each variable. Impact is a 
subjective assessment of the relative value of the tech­
nique for making quality measurements of the vari­
able in question with adequate resolution on the 
required time-space scales. Feasibility is an appraisal 
of the degree to which observational techniques can 
be used in a routine, sustained and cost-effective fash­
ion, i.e., the extent to which they are operational. For

many com m on variables, more than one measure­
m ent technique will be identified depending on 
regional capacities and the applications for which the 
variable is used. Once the I-F analysis is completed 
for each variable, techniques will be categorized in 
one of the following four categories: suitable for 
incorporating into the observing system now (oper­
ational), suitable for pre-operational testing, ready for 
evaluating as part of a pilot project, or requires addi­
tional research and development (Section 7.3).W hen 
different measurement systems are employed, com pa­
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rability of measurements must be assured. The same 
I-F analysis will be applied to the variables measured 
as part of other integrated global observing systems 
and recommended to be shared by the Coastal M od­
ule. Additional com m on variables may be added as 
they are needed and routine measurements become 
feasible.

4 .5  E l e m e n t s  o f  t h e  O b s e r v in g  
S y st e m

Measurements from both the global and regional 
observations systems provide data from three general 
sources: discrete sampling followed by measurements 
(e.g., samples of water, sediments, or organisms are 
collected and taken to a laboratory where measure­
ments are made); in situ sensing (the sensor is in the 
environment where the measurement is made); and 
remote sensing (from satellites, aircraft, and land- 
based platforms). Discrete sampling and in situ meas­
urements such as profiles of salinity and temperature 
may be made from docks, small boats, ships, and fixed 
platforms. Autonom ous in situ measurements can be 
made from fixed platforms, drifters, gliders, 
autonomous vehicles, and remotely operated vehi­
cles. R em ote sensing provides context for in situ 
measurements, and combination of remote and in situ 
measurements are required for detecting and predict­
ing changes in 4-dimensions. In situ sensing also pro­
vides critical ground-truth information for remote 
sensors. Coastal observatories for in situ and remote 
sensing are expected to become important com po­
nents of the observing subsystem as the technologies 
for these platforms and associated sensors develop
(Glenn et ah, 2000b).

The elements of the global and regional observing 
systems must be linked to form an integrated system 
of observations.These elements include: (1) network 
for coastal observations; (2) the global network of 
coastal tide gauges; (3) fixed platforms, moorings, 
drifters, and underwater vehicles; (4) research and 
survey vessels, SO O P and VOS; (5) remote sensing 
from satellites and aircraft; and (6) remote sensing 
from land-based platforms.

4.5.1 Network for Coastal Observations

The coastal network links local communities, aca­
demic research laboratories, government laboratories

(operational and research laboratories), industries, 
environmental N G O s and universities to record and 
disseminate information on local changes in the con­
text of regional and global scales of variability. It is 
anticipated that the network will provide the infra­
structure for capacity building and the opportunity 
for all interested countries to contribute and partici­
pate in a meaningful way. It has been designed to 
interface directly with the data flows and manage­
m ent scheme but it should be realized that imple­
m enting the coastal module on a global scale will be 
a major challenge.

The proposed structure of the N etw ork for Coastal 
Observations involves three levels of participation 
with two-way flows of data and information:

(1) Level 1 would involve concerned citizens, envi­
ronmental groups, NG O s, high schools and sim­
ilar organizations. These participants would 
require the support and assistance from R egion­
al GO O S Alliances. Participants would need to 
be trained and provided with the means (e.g., 
instruments, supplies, kits) for sampling, making 
measurements (in some cases), and recording 
results (data and meta data; see Section 7.4). Data 
would be communicated (electronically or o th ­
erwise) to a level 2 participant capable of storing 
and transmitting data electronically. It is im por­
tant that the principles of capacity building are 
applied here.

(2) Level 2 would include institutions such as indus­
tries, hydrographic services, coastal administra­
tions, universities and navies that have the 
resources and expertise to routinely collect sam­
ples, to measure the required variables (in some 
cases), and to store and transmit data in electron­
ic formats in a timely fashion. Training and the 
development of com m on protocols for measure­
ments, metadata, and data exchange will also be 
im portant at this level (see Section 7.3 and 7.4). 
Participants at this level directly or indirectly 
involve the greatest diversity of user groups. One 
im portant potential advantage of involving these 
organizations would be inclusion of the vast 
am ount of data that are collected routinely in 
the near-shore region but are not generally 
available outside the region (e.g. compliance 
m onitoring).
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(3) Level 3 would include operational government 
agencies with statutory responsibility for marine 
environmental management and safety, research 
laboratories, which may in some cases also be uni­
versities and would function as regional hubs 
(which may also function as regional synthesis or 
application centres) providing general guidance, 
training and advice to level 1 and level 2 partici­
pants. They will link schools, environmental 
groups, industry and operational agencies in a 
given region. Hubs will be linked to form a glob­
al network that may also function as the com m u­
nication network for the global system (Section
6.3.2).They will have all of the capabilities of level 
1 and 2 participants, but with a broader spectrum 
of expertise and resources to design and imple­
m ent measurement programmes and to store and 
analyse diverse data types from many sources.The 
organizations in Level 3 may also add to the net­
work by (i) providing analytical services to level 1 
and level 2 providers; (ii) implementing standards 
for data quality; and (iii) providing an interdiscipli­
nary or time-space context for more robust inter­
pretations of data.

Coastal laboratories provide access to local marine and 
estuarine ecosystems, and they can be equipped with 
the facilities to support many of the sampling 
approaches of the observing system described above. 
Consequently, regional networks of coastal laborato­
ries in some countries will address a broad range of 
issues that are critical to the successful implementation 
of the Coastal Module. These include the following:

• Establish long-term time series observations to capture 
important high and low frequency variability - M ea­
surements of many biological and chemical vari­
ables in sustained time-series are feasible and 
cost-effective in ecosystems that are near coastal 
laboratories. These capabilities are critical to the 
successful developm ent of index sites (see 
below), coastal observatories, ocean colour algo­
rithms for case 2 waters, calibration and m ainte­
nance of in situ sensors, and land-based remote 
sensing.There are also already a significant num ­
ber of established time-series stations taking a 
variety of physical, chemical and biological 
measurements. It is critical to the success of 
GO O S that these stations become an integral 
part of the Coastal Module.

• Support the development of “test beds ” - The devel­
opm ent of sensing and communications tech­
nologies are critical to the evolution of a fully 
implemented, multidisciplinary observing sys­
tem  that includes the measurement of key bio­
logical and chemical properties and real-time 
telemetry of data for timely forecasts. The rela­
tively easy access to coastal sites makes the coast 
an excellent area for testing technologies and 
methodologies used in the wider G O O S effort.

• Promoting public awareness and support - Coastal 
laboratories often engage in public outreach 
activities that can be used to raise community 
awareness of m arine environments, changes 
occurring in them, and the benefits of ocean 
observations.

Additionally, level 2 and 3 participants may provide 
the support base for coastal observatories and index 
sites where variables are intensely monitored, new 
technologies are tested and experiments are conduct­
ed on scales which allow the development of a pre­
dictive understanding of the processes controlling 
ecosystem change. T he unique and critical aspects of 
index sites are as follows:

• Multiple variables and rate processes are measured 
on the time and space scales required to determine 
and model the causes and consequences of envi­
ronmental variability and change;

• Baseline or reference conditions are established as 
a means to resolve long-term change from short­
term variability (e.g., the development of clima­
tologies for biological and chemical variables) ;

• Procedures are developed to integrate diverse data 
from different sources collected on different time 
and space scales to visualize change in four dimen­
sions;

• Test sites are established to accelerate the develop­
ment of new sensor technologies and dynamic 
models to test hypotheses and predict changes; and

• Technologies and models are transferred from 
research to operational modes to improve the 
capacity of the observing system to serve the 
needs of a broader mix of users.

Index sites provide a critical link between large-scale 
survey and m onitoring programmes and the basic 
research required to understand causal relationships 
and predict change in coastal waters. They may
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incorporate observatories or test beds. Some labora­
tories running index sites may also function as 
regional synthesis or application centres, where 
activities such as the integration of remote sensing 
information into regional data sets are centred. Index 
sites, such as those designated by L O IC Z and coastal 
sites of the Long Term Ecosystem Research network 
(LTER), should be strategically located to determine 
how external forcings (e.g., inputs from river 
drainage basins and ocean basin scale changes such as 
EN SO  events and the N A O  and PDO) are expressed 
in coastal ecosystems.

4.5.2 The Global Network o f Coastal Tide Gauges

The 1997 Im plementation Plan for the Global Sea 
Level Observing System (GLOSS) called for the 
establishment of a global core network of approxi­
mately 270 stations with a roughly even global dis­
tribution and of which approximately two thirds are 
in operation. The plan also defined sets of gauges for 
altimeter calibration, for the m onitoring of long­
term  trends in sea level and ocean circulation. The 
plan calls for data collection w ith delays of between 
1-12 months and recognizes the importance of the 
global network to the calibration of satellite meas­
urements.

GLOSS has agreed in principle to measure select­
ed com m on variables at gauged sea level sites. T he 
schedule for reporting data would have to be accel­
erated. T he most straightforward variables to m o n ­
itor are air pressure, salinity and water tem perature. 
Air pressure is particularly im portant in the analy­
sis of sea level data because of the inverse relation­
ship betw een air pressure and sea level, i.e., a 1 mb 
increase in air pressure is associated w ith a 1 cm 
decrease in sea level. (It should be noted that there 
has been a reduction in air pressure measurements 
by m eteorological agencies for several years in the 
tropics, and the addition of the proposed new  tide 
gauge sites m ight help to  rectify this problem.) In 
some cases it may be possible to equip GLOSS sta­
tions w ith sensors no t only for air pressure, salinity 
and tem perature but also for wind, waves, currents, 
chlorophyll a, nu trien t concentrations and optical 
properties. T he advantages of such enhancem ents 
are obvious, and the approach is consistent w ith the 
G O O S design philosophy of building on existing 
infrastructure.

In addition to GLOSS there are a num ber of other 
groups undertaking work on sea level that is relevant 
to the coastal module of GOOS. For example, the 
International GPS Service for Geodynamics (IGS) is 
beginning to add continuous GPS to tens of tide 
gauges around the world. O ne goal is to define the 
absolute vertical position of the tide gauges to w ith­
in a few cm in order to calibrate and validate meas­
urements of sea level by satellite-borne altimeters. 
Another goal is to measure the vertical rate of dis­
placement of the tide gauges on time scales of 
decades. If accuracies of better than 1 m m /year over 
a 10 -year period could be achieved it may be possi­
ble to separate the effects of vertical crustal move­
m ent from oceanic effects and allow for better pre­
dictions of sea level rise.

The GLOSS system provides the sea level data for the 
global COOP. In addition, there are other local tide 
gauges operated by national agencies which can pro­
vide additional data within the structure of GRAs, 
sometimes with real time delivery of data and the use 
of models to forecast regional sea level patterns.

4.5.3 Fixed Platforms, Moorings, Drifters, and 
Underwater Vehicles

There have been significant improvements over the 
last decade in the instrumentation for measuring 
water properties from fixed platforms, moorings, ver­
tical profilers, remotely operated vehicles (ROVs), 
autonom ous underwater vehicles (AUV), surface 
autonom ous vehicles, gliders and drifting buoys
(Dickey et al., 1998, 2002; Glenn et al., 2000b).
M oorings can now provide routine measurements of 
m eteorological (wind, air pressure, temperature, 
humidity, incident solar radiation) and physical vari­
ables (water temperature and salinity, currents). Sen­
sors have also been developed for sustained 
autonom ous measurements of dissolved oxygen, 
nutrients, pH, and a variety of optical properties 
including fluorescence, turbidity, ocean colour and 
attenuation of solar radiation. Although many of 
these sensors are commercially available and have 
been deployed for extended periods, they are not 
generally operational in the sense of providing guar­
anteed data streams during sustained, routine use in 
coastal water. Progress in this direction has been 
good, however. There have also been developments 
in telemetry that allow users to communicate with
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remote platforms in coastal waters to download data 
and change sampling strategy (e.g. Chavez et. al.,
1999).

There are several benefits of enhancing the distribu­
tion of instrumentation, fixed platforms, offshore 
m oored buoys and autonomous mobile sensor sys­
tems. They include:

• M ore accurate predictions of extreme marine 
weather;

• Improved nowcasts and forecasts of wind and air 
pressure fields that can be used to drive hydro- 
dynamic models;

• Detection of transient events and subsurface fea­
tures that would be missed by discrete sampling 
or remote sensing;

• M ore rigorous calibration and validation of 
satellite remote sensing (e.g. winds, surface tem ­
perature, currents, sea level, estimates of chloro­
phyll from ocean colour) and continuity of data 
on cloudy days;

• An expanded database of ocean variability 
which will improve our understanding of how 
the coastal ocean works, including ecosystem 
dynamics, and accelerate the development and 
validation of predictive models.

O ne group of offshore platforms that could carry 
additional sensors is the m oored buoys and fixed sta­
tions used by the World Weather Watch (W WW) to 
m onitor atmospheric variability over the ocean (pro­
grammes of the IO C -W M O  Data Buoy Coopera­
tion Panel). A nother set of offshore platforms is the 
rigs used for hydrocarbon exploitation. Such plat­
forms contribute to the W W W  in many areas, and 
EuroG O O S has developed a m onitoring network 
based on fixed structures in the N orth  Sea.

Surface drifters are effective tools for tracking currents 
in the open ocean and in coastal waters. Position is 
reported by satellite and the drifters can be equipped 
with sensors for temperature, salinity, incident solar 
radiation and ocean colour, so they can be used to 
track the dynamics of local features.The advantages of 
drifters include relatively low cost and easy deploy­
ment. However, drifters are inherently uncontrollable 
and measurements are not easily verified after extend­
ed deployments. Autonomous vehicles such as gliders 
offer the advantages of both drifters (access to waters

away from fixed platforms or ships) and fixed plat­
forms (opportunity for calibration and maintenance). 
They can measure many variables and show strong 
potential for incorporation into measurement systems 
for the coastal module of GOOS.

Biofouling and corrosion affect the quality of meas­
urements taken above and below the ocean surface. 
In addition to frequent maintenance, a few steps, such 
as the use of copper, mechanical wipers and other 
anti-fouling measures, can be taken to minimize the 
problem. Vandalism has been recognized as a major 
threat to observational systems by the international 
community. The problems of both vandalism and 
biofouling may be solved to some extent through the 
use of bottom  m ounted profiling packages that spend 
a significant am ount of time below biologically active 
surface layers.

4.5.4 Ships o f O pportunity and Voluntary 
Observing Ships

Ships of O pportunity (e.g., SOOP) and Voluntary 
Observing Ships (VOS) provide valuable oceano­
graphic and meteorological data on a global scale. 
These ships make im portant contributions to the 
World Weather Watch and hence weather forecasting. 
The O O P C  has included Ships of O pportunity and 
Voluntary Observing Ships as an im portant part of 
their observing strategy for the global ocean.

In coastal ecosystems, the use of ferries (e.g., “Ferry 
Box” project of EuroGOOS), and privately owned 
vessels operating in coastal waters (e.g., Seakeepers) 
making specific measurements are two examples of 
ship-based observation systems. These systems use 
custom made measurement modules to collect data 
such as sea surface temperature, salinity, oxygen, 
nitrate, sound velocity, fluorescence, light attenuation 
and light scattering, redox levels, pH, coloured dis­
solved organic material, turbidity, and chlorophyll. 
Assuming the problem of calibration of sensors can 
be addressed, routine measurement of conditions 
along critical corridors, sounds and straits would be 
particularly valuable to the Coastal Module.

4.5.5 Research Vessels and Repeat Surveys

There are many repeat surveys by research vessels, for 
example, in the Northwest Atlantic, where standard­
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ized ecosystem surveys (for abundance, species com po­
sition, size, age, maturity, diseases, and trophic linkages 
of finfish and some shellfish; measures of primary pro­
ductivity; Zooplankton volume and species; and physi­
cal variables) are made from research vessels for hun­
dreds of representative stations covering thousands of 
square kilometers, up to six times per year, with some 
time series forty years long. Many other examples can 
be found worldwide. Incorporating these types of data 
streams as well as measurements from other vessels 
including fishing industry vessels will increase the avail­
ability and coverage of data to the Coastal Module 
considerably and will increase the ability of the Coastal 
Module to have biological data incorporated into the 
observing system. The continuation of time-series and 
establishment of new time-series are critically impor­
tant to documenting changes in coastal environments. 
Research ships, albeit cost-intensive, will also in future 
support considerably the Coastal Module with stan­
dardized surveys on monitoring lines and grids. These 
level 3 contributions also provide data on broader space 
and time-scales and interdisciplinary interpretation of 
monitoring variables.

There is also the potential to use industry vessels from 
water authorities, oil and gas exploration companies, 
and the fishing industry, which maintain lines of quasi­
permanent stations on critical sections along which 
hydrographic and biological variables are monitored. 
Underway sensing systems such as continuous plank­
ton recorders (i.e., Sir Alister Hardy Foundation for 
Ocean Science) could be installed on the vessels that 
conduct these sections. The data from regular surveys 
could be usefully combined with the underway meas­
urements to provide estimates of integral fluxes of 
quantities like mass and nutrients along the shelves as 
well as early detection of regime shifts that affect the 
structure and function of marine ecosystems. Such 
fluxes, in combination with data from other sources, 
could be most useful in providing boundary condi­
tions or limited area models of the shelf. Cross-shelf 
transects (“corridors”) will also be needed to deter­
mine environmental trends and cross-shelf gradients 
between land and the open ocean.

4.5.6 Remote Sensing from Land-based Platforms

High frequency radar systems using “ground waves” 
such as C O D A R  have been developed to estimate sur­
face current and wave fields that are useful for a variety

of purposes including ship routing and near-shore nav­
igation, search and rescue, fishing operations, the miti­
gation of oil spills, and forecasts of harmful algal bloom 
trajectories.These systems can achieve a dynamic range 
of 200 km or more from the shore line with a spatial 
resolution of order 0.5 km and near real-time data 
telemetry (e.g., 20 minute delay time).The less devel­
oped “sky wave” system potentially can have a range of 
thousands of kilometres.

Land-based radiometers can be used to map surface 
temperature over a range of a few kilometres. Finally, 
video cameras with time-lapse capability also can be 
used to monitor variations in sea state averaged over 
several wave periods.This has allowed, for example, spa­
tial patterns in beach morphology to be monitored and 
related to external forcing functions such as incident 
wave energy.

4.5 .7  Remote Sensing from Satellites and Aircraft

A suite of satellites and satellite technologies is avail­
able for remote sensing of the marine environment. 
Active and passive sensors are able to detect visible, 
infrared, and microwave portions of the electromag­
netic spectrum to measure four basic properties of 
the ocean: ocean colour, temperature, height and 
roughness. Such measurements are used to observe 
surface distributions of com m on variables as follows:

• O cean-colour sensors m onitor the spectral 
properties of water-leaving radiance in the visi­
ble domain to describe the distributions of sev­
eral properties in the surface layer of the ocean, 
including Chi a, the penetration of sunlight and 
the concentration of suspended sediments 
(Annex V ).

• Both infrared (IR) and microwave sensors are 
used to m onitor sea surface temperature (SST). 
As for ocean-colour, infrared sensors cannot see 
through clouds. Passive microwave sensors can 
measure SST through clouds but w ith less accu­
racy and spatial resolution.

• Microwave sensors can be used to detect sea sur­
face height (ocean topography, altimetry), sur­
face waves (altimeters and synthetic aperture 
radar, SAR), winds at the sea surface (ocean vec­
tor winds, scatterometry) and sea ice (SAR). 
Microwave radiometry may also provide the 
means to measure sea surface salinity.
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For references to sources of inform ation on existing 
m arine remote programmes by various national 
space agencies see C EO S Publications, IGOS 
"Ocean T hem e", and E uroG O O S Publications 
N o .6 and 16.

The importance of remote sensing and the integra­
tion of remote and in situ sensing for long-term  
observations are well established for the open ocean 
(IOC, 1998a; www.igospartners.org). Extending and 
improving (e.g., greater spatial and temporal resolu­
tion) these capabilities for applications in near-shore, 
coastal waters is critical to the development of the 
coastal module of GOOS.

http://www.igospartners.org


5. Combining Observations and Models

The term  model is used here in the broadest sense. It 
is taken to cover simple statistical relationships (e.g. 
rules of thumb, dose-response relationships, multiple 
and multivariate regression models), more sophisti­
cated statistical constructs (e.g. state space models, 
neural networks, virtual population analyses, network 
analysis), dynamical models based on first principles 
(e.g. storm surge models, numerical ecosystem m od­
els in both Lagrangian and Eulerian form) and, final­
ly, coupled models of the biotic and abiotic com po­
nents of the marine ecosystem (e.g. coupled atmos- 
phere-ocean-wave-sediment-biogeochemistry m od­
els).

Modelling and the making of observations are com ­
plementary activities. The blending of tim e-depend­
ent dynamical models and observations is becoming 
increasingly im portant in oceanography and is usual­
ly referred to as data assimilation. It is used to update 
the m odel’s state, parameters and forcing in a manner 
that is consistent with the observations. Models with 
a data assimilation capability have been developed for 
physical conditions on continental shelves and in the 
deep ocean, and specially designed programmes are 
being carried out to test their effectiveness (e.g. 
GODAE). Data assimilation is not restricted to phys­
ical models; traditional nutrient-phytoplankton-zoo- 
plankton models also are developing the capacity to 
use data more effectively.

The goals of this chapter are to define the role of 
models in the design and operation of the coastal 
observing system (section 5.1), and provide a rough 
assessment of their predictive capabilities (section
5.2). Data assimilation is discussed in section 5.3 and 
some problems and opportunities for coastal m odel­
ling are discussed in the final section.

5 .1  T h e  R o l e  o f  M o d e l s

5.1.1 Estimating the State o f the Marine 
Environment

The main value of models is in the estimation of 
quantities that are not observed directly. As discussed 
below, models can be used to interpolate between, 
and extrapolate, observations that are sparsely distrib­
uted in space or time. The more advanced interpola­
tion-extrapolation methods use data assimilation 
techniques to blend, in an optimal fashion, observa­
tions and dynamical models. This can lead to high- 
resolution gridded reconstructions of conditions that 
prevailed during earlier periods. Models can also be 
used to estimate the present and, more importantly, 
future states of the coastal ocean and its living 
resources. The estimation of past, present and future 
states is generally referred to as hindcasting, nowcast­
ing and forecasting, respectively7 .

Hindcasting generally refers to the reconstruction 
of historical conditions based on all available data 
for a given period. It has many applications. O ne is 
the reconstruction of past population sizes of 
exploited  fish species using in form ation  on 
observed catches and some basic biology. A nother 
application that is especially relevant to G O O S is 
the developm ent of ‘clim atologies’ for specified 
periods. T he determ ination of the mean, second 
and higher m om ents of variability are of funda­
m ental im portance to environm ental science and 
are required products for eng ineering  design 
(Koblinsky and Smith, 2001). Climatologies are

y
All three types of estimation procedure are described by the generic term  

"prediction" in this document. See Chapter 1, footnote 1.



also required for effective m anagem ent of coastal 
resources and as a background against w hich to 
in terpret recent changes in m arine ecosystems. 
Hindcasts from physical models can be used to syn­
thesize scattered measurements of variables such as 
water tem perature, salinity, sea level, nutrients and 
radio-nuclides, and produce consistent estimates of 
the three dimensional state of coastal systems. Such 
inform ation can be used to  interpret, for example, 
changes in the abundance of commercially im por­
tant fish stocks, the frequency and m agnitude of 
harm ful algal blooms, trends in the loss of coral 
reefs, and the spatial and tem poral extent of bottom  
water oxygen depletion. N ow casting provides an 
estimate of the present state of coastal m arine 
ecosystems and living resources, using all inform a­
tion  available up to the present time. For example, 
nowcasts are used to assess the current status of 
exploited fish stocks, to ensure safe navigation in

shallow water and can be used to guide adaptive 
sampling of m arine ecosystems based on real-time 
estimates of current conditions. Forecasting the 
future state of the coastal m arine ecosystem and 
living resources is arguably the most im portant 
application of models. For example, models have 
been used for many years to forecast storm  surges 
and wave spectra w ith a lead-tim e of hours to days. 
M odels have also been used for decades in fisheries 
science to forecast abundance of commercially 
im portant fish stocks w ith  lead times of years. 
M odels can also be used to generate plausible cli­
m ate change ‘scenarios’, taking into account both 
natural variability and anthropogenic forcing. The 
schematic for a generic nowcast-forecast system, 
based on a num erical ecosystem m odel of the glob­
al coastal ocean, is shown in Figure 5.1.

Atmospheric forcing by analyses Atmospheric forcing forecast

t-14

Assimilation of real time observations

Ocean FORECAST

Figure 5.1.. Schematic of a nowcasting and forecasting system for a numerical model of the global 
and coastal ocean ecosystem. Up to day t 1, observations are assimilated into a numerical model of the 
ocean forced by atmospheric analyses and a ‘nowcast’ is produced. The blending of data and 
models before day t produces ‘hindcasts’ or analyses. At day t the atmospheric forcing is switched to 
forecast, the observations do not correct the model anymore and an ocean forecast is produced.

5.1.2 Toward a Predictive Understanding

The development of a fully integrated observing sys­
tem  will require a strong and ongoing interaction 
between the groups responsible for establishing and 
running the observing system and the modellers. Sci­
entists interested in fundamental questions about 
how marine systems work also have an important 
role to play. A brief discussion of the connections 
between observing, modelling and understanding 
m arine systems is given below:

Observations o  Models: Models of marine 
ecosystems cannot function w ithout observations; 
they are needed to specify initial and boundary con­
ditions and help set model parameters. Conversely, 
models can be used to m onitor the quality of real­
time data streams and detect (and rectify) problems 
w ith sensors and data telemetry. Models can help 
determ ine what to measure and at what resolution, 
and also help design more effective ocean observing 
systems. For example Observing System Simulation 
Experiments (OSSEs) simulate data from various
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designs in order to assess the effectiveness of the 
designs in making predictions.

Observations o  Understanding: For most of its 
history, oceanography has been a descriptive science 
dependent on in situ measurements for the identifi­
cation, and understanding, of im portant phenomena 
and processes. Similarly, marine biology and ecology 
have progressed as a result of observational and 
process studies carried out on limited time and space 
scales. More recently, satellite-based sensors have pro­
vided spatially synoptic observations of surface prop­
erties that have significantly advanced our under­
standing of the oceans and marine plant life on glob­
al scales. Conversely, scientific understanding helps 
determine what to measure and at what resolution. It 
also helps to identify keystone and surrogate variables 
that can be used as indicators of future changes that 
are easier to measure than the primary variables of 
interest (e.g., the male sex characteristics of female 
gastropods as an indicator of marine pollution).

Understanding o  Models: The development of 
GO OS will depend on continued advances in under­
standing and the formulation of more robust models. 
The interplay between models and understanding 
often leads to the identification of causal linkages 
among variables that can be used to build predictive 
models based on a mechanistic understanding of the 
structure and function of ecosystems. Models often 
provide the clearest expression of what is understood 
about complex systems (e.g., ecosystems in which the

flows of energy and nutrients are governed by non­
linear interactions among many different kinds of 
organisms and their environment) and often provide 
the most effective way of formulating and testing 
hypotheses about how such systems work.

Observing, modelling and scientific enquiry are m utu­
ally dependent activities. The users of GO OS data and 
its products will benefit directly from all three activi­
ties. If one activity fails to develop it will most cer­
tainly hinder development of the coastal observation 
module.

5 .2  O v e r v ie w  o f  M o d e l s

The coastal module is designed to provide the infor­
m ation required to more effectively manage and m it­
igate the effects of hum an activities and climate vari­
ability on marine services and public safety, living 
m arine resources, public health, and ecosystem 
health. A very brief overview of selected models for 
each of these four themes is given below. The intent 
is not to provide comprehensive reviews but rather 
an indication of the scope of the models and their 
products, their operational status and predictive capa­
bilities.

A summary of the typical data requirements for the 
models discussed below is given in Table 5.1. Sum ­
maries of typical model products, and an assessment 
of operational status and skill, are given in Tables 5.2 
and 5.3 respectively.
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Table 5.1. Summary of typical data requirements for the models mentioned in the text.

Storm Surges Wind stress, air pressure, precipitation, river runoff, sea level, bathymetry
Shoreline Change Waves, sediment grain size, sea level, wind, freshwater sediment load, bathymetry, coastline 

geomorphology, currents, human alterations
Currents and Hydrogra­

phy

High-resolution atmospheric forcing, sea level, temperature, salinity, currents, river runoff, 
bathymetry

Surface Waves Winds, air temperature, surface temperature, waves, sea level, ice cover
Sea lee lee properties and ice velocity, under-ice temperature and salinity, wind and air temperature over 

ice, currents, snow thickness, bathymetry
Tsunamis Seismic activity, sea level, bathymetry
Single Species Catch (by age group or size class if possible), size-dependent growth rates (if catch by size class 

is used), maturation rates, natural mortality rates, time series of catch and effort, mean weights 
of size or age classes, stock-recruit relationships

Multiple Species Catch (by species, age group or size class if possible), size-dependent growth rates (if catch by 
size class is used), maturation rates, natural mortality rates, time series of species-specific catch 
and effort, mean weights of size or age classes, stock-recruit relationships, composition of the 
diet by size or age class

Ecosystem In addition to currents, hydrogaphy and nutrients, flows of materials (e.g. carbon) or energy 
among ecosystem components, which could include detritus, primary producers, microzooplank- 
ton, mesozooplankton, macrozooplankton, benthos, fish, nektonic invertebrates, marine mam­
mals, seabirds, and harvesters

Faecal Pollution Faecal coliform bacteria enetrococci concentrations, wind, currents, hydrography, distribution 
and description of waste treatment and outfalls, location of shellfish breeding and harvesting 
areas, location of beaches

Health Risk/Dose- 
Response

Official statistics and/or prospective epidemiological studies of
enteric/gastrointestinal/enterovirus and respiratory disease occurrence among individuals 
exposed and not exposed to bathing waters of known indicator organism concentration, and 
exposed and not exposed to raw shellfish of known focal indicator/virus concentrations

Water Quality Hydrological and atmospheric forcing, dissolved inorganic nutrients, phytoplankton chlorophyll, 
dissolved and particulate organic matter, toxic contaminants, dissolved oxygen, Zooplankton, 
suspended sediments, water clarity, benthic nutrient regeneration, oxygen demand

Water Clarity Spectral irradiance and light scattering at several depths, concentrations of dissolved organic 
matter, suspended sediments, phytoplankton pigments

Aquaculture In addition to currents, hydrography and dissolved inorganic nutrients, food supply, turbidity, 
concentrations of particulate organic matter, phytoplankton biomass (e.g., chlorophyll-a), sea 
level, bathymetry

Ecotoxicology Specific contaminants and/or their metabolites, various measures of population-level 
consequences
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Table 5.2. Typical products (available and planned) from the models mentioned in the text.

Storm Surges Warnings of coastal flooding with a lead-time of hours to days
Shoreline Change Predictions of shoreline and nearshore evolution in response to external forcing
Coastal Currents and Hydrog­
raphy

Hindcasts, nowcasts and forecasts of coastal ocean currents and temperature and salinity 
fields

Surface Waves Forecasts of wave conditions with lead times of hours to days
Sea lee Short-term and seasonal forecasts of ice properties and ice motion
Tsunamis Forecasts of tsunami arrival with lead times of minutes to hours
Single Species Reconstruction of past and present abundance levels, forecasts of abundance under differ­

ent management strategies
Multiple Species Time-varying patterns of predation mortality, optimal (sustainable) levels of harvest for 

exploited communities, evaluation of harvesting strategies for multi-species assemblages
Ecosystem Indicators of ecosystem status, evaluation of impacts of harvesting strategies on non­

exploited resources, evaluation of impacts of global change on exploited and non-exploited 
resources

Focal Pollution Evaluation of whether beaches/shellfish harvesting areas and shellfish meet 
local/regional/international health guidelines and standards. Help establish the optimum 
combination of waste treatment level, length and depth of outfall sewers, and the number 
of multiple discharge manifold pipes at the end of outfalls

Health Risk/Dose-Response Estimates of increased incidence of gastroenteritis and respiratory infections caused by 
bathing in contaminated water, and infectious diseases from consuming raw shellfish har­
vested in faces-contaminated waters

Water Quality Cornerstones for large-scale expenditures aimed at mitigating the effects of anthropogenic 
nutrient inputs

Water Clarity Standardized water clarity calculations and analysis of remotely sensed images
Aquaculture Information required to help manage aquaculture operations and regulate their environ­

mental impacts
Ecotoxicology Predictions of the fate and effects of anthropogenic chemicals with limited application as 

routine ecotoxicological tools in natural ecosystems

Table 5.3. Assessment of the overall operational status, complexity and predictive capabilities of the models mentioned in 
the text. L = low, M = medium, H = high.

Storm Surge Operational M H
Shoreline Change Pilot to pre-operational M - H L
Currents and Hydrography Pilot to pre-operational H M
Surface Waves Operational H H
Sea lee Operational H M - H
Tsunamis Operational M M - H
Single Species Operational L - M H
Multiple Species Pilot M - H L -M
Ecosystem Research and development M L
Focal Pollution Pre-operational M M
Health Risk/Dose-response Research and development M M
Water Quality Pre-operational H M
Water Clarity Operational L - H M
Aquaculture Pilot L - H M - H
Ecotoxicology Pre-operational L - H L -M
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It is im portant to note that the focus of this section 
is models that are relevant to global scale or ubiqui­
tous problems. This does not mean that site-specific 
ecosystem models and the variables that define them 
are not important. They are. The choice of models 
simply reflects the focus of the design plan on a glob­

al system (Chapters 1 and 3) and, to a large extent, 
the selection of global system variables (Chapter 4). 
Local models, often at very high resolution (less than 
1 km) and with extra site-specific variables, are the 
responsibility of the GRAs.

Box 5.1. C h a r a c t e r i s t i c s  o f  O p e r a t i o n a l  M o d e l s

Given users will demand results of known quality, all 
models that are termed operational should have the 
following characteristics:

• Clear and complete documentation describing the 
underlying concepts (equations where appropri­
ate), simplifying assumptions, inputs and model 
outputs;

• Quantitative descriptions of model-data misfits 
based on rigorous validation using all available his­
torical synoptic data by;

• An institution or organization that is responsible 
for the model’s routine operation and its quality 
and continuity of forecasts;

• A clearly identified funding pipeline for the next 
decade.

Thus, operational models will have moved through the 
research and development, pilot project, and pre-oper­
ational stages before being certified as operational. 
These preliminary stages are required so that pilot 
projects can generate definitive validation tests that are 
executed during the pre-operational stage.

5.2.1 Marine Services and Public Safety

This is the them e for which operational models are 
most advanced and for which the most useful and 
reliable products are available. For example, useful 
forecasts have been made of storm surges and sea 
state for decades. More recently three-dimensional 
models of the deep ocean and adjacent shallow seas

are being used to nowcast and forecast the vertical 
and horizontal structure of currents, temperature, 
salinity, sea ice, and sea level. Ocean models are also 
being coupled with atmospheric forecast models to 
allow for the air-sea exchange of m om entum , heat 
and water and thereby achieve more realistic now ­
casts and forecasts of the coupled atmosphere-ocean 
system (Figure 5.2).
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Figure 5.2. Schematic showing the relationships among open and coastal ocean observations and the various types of 
models used to produce forcing functions (time dependent boundary conditions), analyses and forecasts.

Ocean and shelf models can be coupled with ‘applica­
tion’ modules to predict, for example, sediment trans­
port, ice formation, advection-diffusion of passive and 
active tracers, the trajectories of oil slicks and search- 
and-rescue targets, and high-resolution port hydrody­
namics.They can also be coupled with biogeochemical 
process models and water quality models to predict the 
evolution of primary and secondary producers and, for 
example, anoxia and hypoxia. Work is underway to 
couple ocean-shelf models with hydrological models of 
river basins and thereby achieve more realistic forecasts 
of terrestrial sources of freshwater and hence coastal 
flooding. Models are also being developed for shallow 
water (less than 10 m in depth) where complex, non­
linear processes like wave breaking must be tackled. 
Brief summaries are given below of some of the more 
specialized forecast models that fall under the heading 
of Marine Services and Public Safety.

S to r m  S u rges

Given the tremendous loss of life that can accompa­
ny coastal flooding8 , considerable effort has been

expended in developing effective schemes for fore­
casting storm surges (e.g. Pugh, 1987). As a conse­
quence many regions now have effective surge fore­
cast models that provide warnings of coastal flooding 
with a lead-time of hours to about one day. For the 
N orth  Sea, for example, a storm tide warning service 
operated by the U.K. Meteorological Office provides 
not only flooding alerts for coastal communities but 
also information that helps determine if the Thames 
Barrier is to be raised to protect London from flood­
ing. (Flather (2002) reviews the operational systems 
that are presently used for real-time forecasting of 
surges for northwest Europe.)

The horizontal decorrelation scale of storm surges is 
generally m uch larger than that of non-tidal currents 
or the velocities of advected, buoyant objects like oil 
slicks or life-rafts9. O ne consequence of this differ-

o
6,000 lives were lost in Galveston Texas in 1900, 2,000 around the southern 

North Sea in 1953 and 500,000 in Bangladesh in 1970.

^ Spatial differences in sea level are related to horizontal integrals o f surface cur­
rents and wind stress and therefore tend to be of larger scale than current or wind.
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ence in scale is that it is generally easier to forecast 
changes in sea level associated with surges than sur­
face currents or trajectories as long as accurate fore­
casts of the wind and air pressure fields are available. 
In fact for extra-tropical regions with relatively wide 
continental shelves (e.g. northwest European Shelf, 
eastern Canadian Shelf) it has been shown that rela­
tively simple, depth-integrated models w ith constant 
water density can provide useful surge forecasts. A 
case in point is the east coast of Canada where a sim­
ple model of this type is now run operationally and 
can provide surge forecasts that are accurate to w ith­
in about 10 cm w ith a lead-time of about 1 day. 
(Good examples of the accuracy of operational surge 
forecasts for a range of coastal environments for the 
east and west coasts of the U.S.A. can be obtained 
from h ttp ://w w w .nw s.noaa.gov/tdl/etsurge).

S h o relin e  C h an ge

Most models of shoreline change have been simple 
“line models” that have focused on how the shore­
line changes with variations in deep-water wave con­
ditions and wave transformation processes related to 
shoaling, refraction, diffraction and frictional dissipa­
tion, changes in sediment supply, and even the place­
m ent of engineering structures in the nearshore 
zone. More sophisticated numerical models calculate 
patterns of shoreline erosion and accretion due to the 
long-shore sediment transport, and thereby the time- 
evolution of the shoreline shape and position. (See 
Komar (1998) and references therein.)

The most advanced models are fully three-dimension­
al and calculate cross-shore sediment transport and 
profile changes, as well as alongshore sediment trans­
port rates. Further development of three-dimensional 
models will require a better understanding of a num ­
ber of complex nearshore phenomena and processes 
including infragravity and edge waves, and the 
processes responsible for generation of complex bot­
tom  topography such as systems of nearshore bars.

Predicting coastal erosion, including the erosion of 
cliffs, is a m uch more difficult problem than predict­
ing the effect of wave action on sedimentary coast­
lines. A num ber of additional factors have to be taken 
into account including, for example, the combined 
effect of waves and sea ice in some higher latitude 
regions.

C oasta l C urrents and  H yd rograp h y

Three-dimensional hydrostatic and non-hydrostatic 
models are now  used routinely to forecast coastal 
ocean currents and temperature and salinity fields on 
continental shelves (Brink and Robinson, 1998).The 
numerical scheme underlying the models can be 
based on finite elements, which allows the horizon­
tal resolution to be increased in areas of particular 
interest, or finite differences in which case it is possi­
ble to nest higher resolution submodels w ithin larg­
er scale models that provide the required open 
boundary conditions. In some cases it is com puta­
tionally advantageous for the larger-scale model to be 
based on physics that is simplified relative to the nest­
ed submodel. For example coastal models must 
include a free surface to predict tides (and in some 
situations may relax the hydrostatic assumption) 
while larger scale, deep ocean models (to which 
coastal models may be coupled) often have a rigid lid 
and are usually hydrostatic (Haidvogel and Beckman,
1998).

In contrast to storm surge models, current models are 
usually baroclinie and calculate the full three-dim en­
sional structure of all hydrodynamic state variables 
including horizontal currents, sea level, temperature 
and salinity. This class of model is thus suitable for 
coupling with models of, for example, marine bio­
geochemistry, water quality, and hydrology (including 
submodels of river catchment basins that can ulti­
mately forecast river runoff and thereby extend the 
predictability of coastal models). It is expected that 
new technologies (e.g. AUVs, HF radars) and ‘coastal’ 
satellite sensors will increase the forecast skill of these 
models in the near future.

S u rface  W aves

Operational forecasting for the open ocean is usually 
made using a global model domain with rather coarse 
horizontal resolution in order to capture the remote 
generation of wind waves and their great-circle propa­
gation toward the coast as swell. Wave forecasting on 
regional scales requires finer spatial resolution and care­
ful treatment of the local coastal boundary and bottom 
topography. A coastal version of the third-generation 
wave models (which allow for nonlinear wave-wave 
interaction directly) has been developed to deal with 
these issues (e.g., Booij et al., 1999).
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The typical resolution of the present coastal wave 
models is between 10 and 30 km. User requirements 
are becom ing m ore diversified and finer 
temporal/spatial information about the coastal wave 
field is required. The com puter burden of third gen­
eration wave models has made it difficult to increase 
spatial resolution in shallow water. To overcome this 
difficulty, a new third-generation coastal wave model 
with m uch finer spatial resolution (better than 1 km) 
has been developed and is undergoing testing and 
evaluation by the research community. As the coast is 
approached a num ber of additional phenomena can 
become im portant and sophisticated models, some 
now commercially available, have been developed by 
the nearshore engineering community.

As for surges, the primary driver of wave models is 
the wind and the need for accurate wind forecasts 
cannot be overemphasized. Initial conditions for 
wave models are determ ined from in situ measure­
ments and remotely sensed observations. Precise 
wave information along coastal lines and accurate 
bottom  topography are also essential in coastal wave 
models.

S ea  le e

Sea ice can interfere with offshore activities such as 
offshore drilling, marine transportation, fishing and 
search and rescue missions and can pose a serious 
hum an threat in high latitude oceans. Similarly the 
freeze-up of harbours and rivers can also affect the 
economy and quality of life of people living in high 
latitude coastal communities.

Sea -ice models predict the formation, concentration 
and thickness distribution, internal pressure, and the 
velocity of sea-ice. Many models have been devel­
oped over the past 40 years. The early models con­
sidered only the thermodynamics of sea-ice and 
wind forcing of ice over an inactive ocean. However 
during ice formation and growth, brine is rejected 
from the ice resulting in an increase in surface salin­
ity. During ice melt, freshwater is released into the 
upper ocean.The change in the upper-ocean proper­
ties can in turn  change the heat and water transfer 
rates at the ice-water interface, and hence the ice dis­
tribution. Failure to include such feedbacks between 
the ocean and sea ice can lead to large errors in 
model predictions.

Improvements in sea ice models have come from 
coupling sea-ice and ocean models, better numerics 
and data, improved parameterisations of ice rheology 
and ice-ocean and ice-atmosphere processes. C ou­
pled ice-ocean models for ice prediction have been 
developed and implemented for many coastal areas 
including the Baltic Sea (Haapala and Leppaeranta, 
1996), east coast of Canada (e.g. Yao et al., 2000, 
Saucier and Dionne, 1998) and the Arctic Ocean 
(Riedlinger and Preller, 1991). Further improvements 
of regional sea-ice models will include coupling to 
large-scale ice-ocean models, coupling to atm ospher­
ic boundary layer models, and data assimilation.

O il Spills

Oil pollution from both land and ocean-based 
sources can pose a serious threat to coastal ecosys­
tems (section 2.4). Once a marine spill has occurred, 
sophisticated models can be used to forecast its tra­
jectory, evolution and environmental impact (e.g.
French, 1998).

Physical conditions in the upper layer of the ocean 
control, to a large extent, the fate of surface slicks. 
The surface flow, which is forced by a range factors 
(e.g. local wind and waves, tides, density gradients, 
deep ocean effects), determines the horizontal move­
m ent of the oil. W hile drifting with the surface flow, 
the slick can be diffused by turbulent motions and 
m odified by m any physical/chem ical/biological 
processes including spreading, evaporation, émulsifi­
cation, entrainm ent, sedim entation, biochem ical 
decay and contact w ith coastlines and sea ice 
(Spaulding, 1988). Advection and weathering of sur­
face slicks can be usefully forecast with lead times of 
about a week by the present generation of models, 
some of which are commercially available. (The 
processes controlling the breakdown of hydrocarbons 
into relatively benign products on time scales of 
months are relatively poorly understood.). Three- 
dimensional models are also now being used to pre­
dict the entrainment and subsurface transport of the 
oil, and its possible resurfacing (e.g. French, 1998).

Oil forecast models require good initial conditions 
for the spill including its extent, volume and chem i­
cal properties. These models also require forcing at 
their surface and lateral boundaries. The coastal 
ocean observing system has an im portant role to play
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in providing data to regional atm ospheric-ocean- 
wave models (Figure 5.2) that will lead to better 
forecasts of surface winds, currents and wave condi­
tions.

T su n a m is

The surface elevation generated by a sharp vertical 
m otion of the sea floor during an earthquake can 
radiate waves away from deep ocean source regions. 
Given that such seismically-excited motions have 
wavelengths of order 100 km, they propagate as shal­
low water waves in the deep ocean and enter coastal 
waters as a tsunami. W hile propagating across the 
deep ocean, their amplitude is small (order 1 meter) 
compared to their wavelength. This implies gentle 
slopes of the sea surface and difficulty of detection 
using conventional m ethods. As the tsunami 
approaches shallow water however their amplitude 
can amplify leading to severe flooding and devasta­
tion with serious loss of life. Although tsunamis are 
rare, their impact is so profound that they are treated 
as a serious threat in the coastal zone.

To model the generation of a tsunami a source model 
is used to determ ine the initial vertical displacements 
of the sea surface caused by earthquakes or other seis­
mic activities. The subsequent propagation of the 
tsunami is modelled based on the shallow-water wave 
equation. It is believed that linear theory can accu­
rately predict the propagation of the tsunami in 
depths exceeding 500 m; in coastal seas shallower 
than about 50 m, other dynamical effects, such as 
advection of m om entum  and bottom  friction, must 
be taken into account. To simulate the shoaling and 
flooding of the tsunami, it is im portant to specify 
accurately both the nearshore bathymetry and the 
coastline (e.g.,Shuto, 1991).

W hen a tsunami is generated in the far field (i.e. dis­
tances greater than about 1000 km), it can take sev­
eral hours to travel to the coastal region of interest. 
Inform ation on the tsunam i propagation from 
remote sites can be usefully m onitored by arrays of 
widely separated coastal tide gauges and used to ini­
tialise the propagation model (e.g. the International 
Tsunami W arning System was established to forecast 
the arrival of tsunamis in remote parts of the Pacific 
basin (h t tp :/ /io c .u n esco .o rg /iocw eb/activ ities/
tsunami.htm).

5.2.2 Living M arine Resources

T he development of conceptual and mathematical 
models has played a central role in marine biology 
and ecology as a tool for synthesis, prediction, and 
understanding. This activity has encompassed the 
development of models for single species, m ulti­
species communities, and for whole ecosystems (e.g. 
H ofm ann and Lascara, 1998; H ofm ann and 
Friedrichs, 2002).T he use of models has proven espe­
cially im portant because marine systems are typically 
not amenable to controlled experimental manipula­
tion and alternate strategies involving the interplay of 
observation and modelling are critical. For applied 
problems such as fishery management and environ­
mental protection, models are essential for predicting 
outcomes of proposed management actions (e.g., 
Moll and Radach, 2001; and Fischer et al., 2000).

T he development of hindcasts, nowcasts, and fore­
casts of the status of living marine resources is an 
integral com ponent of fishery research and manage­
ment. These models depend on an extensive existing 
observing system designed to m onitor catches, fish­
ing effort, and demographic characteristics of the 
catch (size and /o r age structure). In many areas, fish­
ery-independent scientific surveys have also been 
conducted to m onitor ecosystem status. The most 
com m on type of model used for hindcasts and now ­
casts is sequential population analysis in which the 
abundance and survival rates for each age or size class 
of a population are determined (e.g. Q uinn and 
Deriso 1999). O ther models of production processes 
at the population level are routinely used to set m an­
agement targets and limits to exploitation and to 
evaluate the effects of alternative m anagem ent 
actions.

Considerable attention has recently been directed to 
the development of models and management strate­
gies to m eet broader ecosystem-based management 
strategies (including protection of vulnerable habi­
tats, preservation of ecosystem structure and func­
tion). The coastal module of G O O S can make an 
im portant contribution to the development of model 
and management strategies directed at these higher 
levels of organization (multispecies and ecosystem 
levels) by complementing the existing extensive 
efforts in place to m onitor population trends in 
exploited living marine resources.
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M u ltip le  S p ec ies  D y n a m ic s

Explicit representation of species groups or assem­
blages in multi-species models has been undertaken 
in a num ber of marine systems (Hollowed et al., 
2000;W hipple et al., 2000). Most often, these models 
consider interactions among members of identified 
communities of organisms and typically span a lim it­
ed num ber of trophic levels. Predator-prey and com ­
petitive interactions have been most extensively 
modelled. In contrast to individual species models, 
these models provide explicit representations of 
interacting species and can be used, therefore, to 
examine the implications of changes in the relative 
abundance of species within biological communities.

M ulti -species sequential population analysis is an 
extension of sequential population analysis that can 
be used to account for the effects of predator-prey 
interactions in an exploited com m unity (Hollowed 
et al., 2000;W hipple et al., 2000).The features of the 
models follow the single species structure outlined 
above w ith the addition of information on the diet 
of the species in the model. These models allow a 
partitioning of natural mortality into a predation 
com ponent and a com ponent due to other sources of 
mortality such as disease. Estimates of total consum p­
tion of a prey item are treated as a removal term  just 
as harvesting represents a loss term . Multi-species 
sequential population analyses are data intensive and 
have been employed in fewer settings than their sin­
gle species counterparts. Examples of regional appli­
cations include the N orth  Sea and the Georges Bank 
region of the N orthw est Atlantic.

Extension of single species production models to 
assemblages of interacting species have been applied 
in both non-structured (bulk biomass) and dem o- 
graphically structured forms. These models typically 
include explicit terms for various forms of biological 
interactions, particularly com petition and predation 
with the objective of determ ining the com m unity- 
wide effects of exploitation.This approach recognizes 
that, in a com m unity of interacting species, the yield 
of all species cannot be simultaneously maximized 
since changes in the abundance of each species affect 
the abundance of interacting species.

N on-structured multi-species models have included 
forms in which individual species are not explicitly

modelled and only the total yield from an assemblage 
of interacting species is considered and biological 
interactions are implicit. These models have been 
employed particularly where separation by species is 
not possible (e.g., high diversity tropical fisheries, 
Ralston and Polovina, 1982). O ther forms include 
specific consideration of com petition and predation 
in an extension of the classical Lotka-Volterra equa­
tions incorporating harvesting mortality. The yield of 
individual species as well as the total yield from all 
species is modelled.

Multi -species analogues of age- or stage-structured 
production  models have been less com m only 
employed. These models do perm it consideration of 
age, or size, specific processes that can be critical in 
devising management strategies. For example, preda­
tion mortality is often highest on pre-recruits and 
models that explicitly consider the biological interac­
tions in the stock-recruitm ent relationship are more 
realistic.

E c o sy ste m  D y n a m ic s

Models of whole ecosystems have been developed 
for some marine systems with direct consideration of 
nutrient inputs and representation of each trophic 
level from primary producers through top predators 
(e.g. Pauly et al., 2000; Baretta et al., 1995). Because 
of the complexity of these ecosystems, aggregate 
species groups are often used to represent at least 
some trophic levels, thus reducing the overall num ber 
of compartments in the model to a more manageable 
size, e.g. phytoplankton in two or three size classes, 
m icrozooplankton, gelatinous m acrozooplankton, 
copepods, filter feeding fish, and predatory fish. The 
recognized im portance of the developm ent of 
ecosystem-based management approaches highlights 
the need to develop operational ecosystem models 
for the purposes of fisheries management. Ecosys­
tem-based management recognizes the importance 
of essential fish habitats, multi-species interactions, 
and nutrient cycling as parameters of the growth, 
abundance and distribution of exploitable fish stocks. 
Accordingly, it is critical to understand and predict 
both direct and indirect effects of hum an activities on 
m arine ecosystems including the following:

(1) alterations in food web structure and changes in 
biodiversity that may result from fish harvests or

79



nutrient over enrichm ent (thereby altering food 
supplies or predation rates);

(2) habitat loss or modification due to hum an activ­
ities or natural hazards (thereby decreasing rates 
of recruitm ent and increasing exposure to pred­
ators) ; and

(3) introductions of non-native species that may 
reproduce and grow (and outcom pete native fish 
stocks, produce biotoxins that cause mass m or­
talities of fish or make fish toxic to humans, or 
modify essential fish habitat).

Models have been developed of energy flow and uti­
lization in marine ecosystems, using information on 
standing stocks of individual species, or aggregate 
trophic groups, and the flows of energy or material 
between the living and non-living (e.g. detritus) 
components of the ecosystem. Analytical approaches 
have been used to yield outputs on some functional 
properties of the ecosystems, such as the magnitude 
of recycling, flow diversity, and the efficiency of 
energy flows. The advantage of standardized 
approaches is that comparative analyses across many 
ecosystem types are possible within a com m on 
framework.

Ecosystem network models provide static snapshots 
of ecosystem processes under certain mass balance 
assumptions. Dynamic ecosystem simulation models 
have also been developed and applied to these fishery 
systems (Hollowed et al., 2000; W hipple et al., 2000; 
Pauly et al., 2000). Typically these models provide 
high resolution on the upper trophic levels (particu­
larly exploited species) w ith more aggregated system 
representations at lower trophic levels.

5.2.3 Public Health

Models that have been developed to predict hum an 
health effects and related impacts (hospitalisation, 
death etc.) from environmental data are useful as long 
as due consideration is given to their limitations. Of 
these, perhaps the most significant is the reality that 
current models are able to provide useful predictions 
mainly w hen the pathology is caused by exposure to 
a single agent, e.g., poisoning caused by a biotoxin 
produced by a species of harmful algae. However, for 
many diseases that are related to seafood consum p­
tion or environmental exposure, other factors may be 
involved. For example, the extent to which neurobe-

havioural deficits are caused by prenatal exposure to 
methyl mercury from contaminated seafood is diffi­
cult to quantify statistically because many other envi­
ronmental and genetic factors may also be involved. 
W ith this limitation in mind, examples are given 
below of the use of models in addressing two im por­
tant public health issues.

P red ic tin g  D isp ers io n  o f  Faecal In d ica tors and  
P ath ogen s

Predictive models have been developed by engineers 
and marine scientists to estimate the dilution, disper­
sion and decline of faecal pollution indicator organ­
isms from wastewater discharges to the sea. These 
models take into consideration the three main m ech­
anisms involved: (1) dilution by turbulent mixing; (2) 
advective transport; and (3) the rate of decay of the 
pollutant, decrease in toxicity of the organism, or 
mortality (including the rate of dormancy) as a func­
tion of environmental factors such as photochemical 
oxidation, increases in salinity, predation, and starva­
tion.

Experience w ith the use of such models and con­
ventional wisdom indicates that the maxim um  
degree of dilution obtainable by the je t plume dis­
charge to the surface is in the order of 10:1. The 
additional dilution obtainable by dispersion and dif­
fusion through the advective flow and lateral move­
m ent of the plume after it has risen to the surface is 
usually no more than an additional 10:1 to 20:1, so 
the concentration of a pathogen by dilution alone 
may be on the order of 100:1 to 200:1. In addition, 
although bacterial mortality rates vary as a function 
of local conditions, numerous field studies indicate 
that the rates at which the concentration of active 
bacteria decline, expressed as T90 (the time for 90% 
reduction in concentration), ranges from 60 to 120 
minutes.

If standards for the acceptable bacterial levels for 
bathing or shellfish harvesting have been established 
by regulatory agencies, then it is possible to use these 
dilution-bacterial mortality models to help establish 
the optimum  combination of waste treatment level, 
length and depth of the outfall sewer, and the num ­
ber of the multiple discharge manifold pipes at the 
end of the outfall required to m eet or exceed such 
standards.
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H ealth  R isk  R ela ted  to  M arine T oxins

Since 1977, researchers at the University of M iam i’s 
Rosenstiel School of M arine and Atmospheric Sci­
ence have developed a database (Ciguafile) of ciguat­
era cases that is among the largest in the world. Spa­
tial density analysis of the data revealed hotspots near 
Puerto R ico and the Bahamas that are being used to 
map ciguatoxic reefs and can be used to calculate 
health risks based on statistical models. GIS allows for 
linkages and analysis of databases on oceanographic 
environmental conditions. Such maps provide a 
means to explore relationships between environm en­
tal factors and the distribution of risk, thereby devel­
oping a more mechanistic understanding that can be 
used to develop and improve models of health risks 
associated with diseases such as ciguatera.

5.2.4 Ecosystem Health

Num erous international conventions and agreements 
focus on protecting and restoring healthy ecosystems. 
Changes in the following phenomena are widely 
accepted indicators of changes in the condition or 
health of marine and estuarine ecosystems: (1) habi­
tat modification and loss, (2) loss of biodiversity, (3) 
eutrophication and chemical contamination (declines 
in water quality), (4) harmful algal events, (5) inva­
sions of non-native species, and (6) diseases in and 
mass mortalities of marine organisms. Currently, an 
enormous range of models is available to predict the 
effect of anthropogenic impacts on ecosystem health. 
This section reviews the current status of modelling 
for eutrophication (water quality, water clarity, aqua­
culture) and ecotoxicology associated with chemical 
contamination.

W ater Q u a lity

Water quality models represent a class of numerical 
simulation models used to assess and forecast respons­
es of water quality variables to changes in loading 
rates (e.g. nutrients, organic matter, toxic contam i­
nants) from point and diffuse sources in coastal 
watersheds (e.g., Cerco and Cole 1993).These m od­
els often serve as cornerstones for large-scale expen­
ditures aimed at mitigating the effects of anthro­
pogenic nutrient inputs.The structure of these m od­
els is similar to coupled biophysical models used in 
oceanographic simulations (e.g., Fasham et al., 1990,

Sarmiento et al., 1993), with external inputs (hydro- 
logical and climatological) driving the model and 
physical circulation com puted to transport materials 
that are also altered by biogeochemical kinetic 
processes (e.g., Cerco and Cole, 1993). M odern water 
quality models also employ relatively sophisticated 
representations of fundamental ecological and bio­
geochemical processes occurring in sediments and 
associated exchanges of nutrients, oxygen and organ­
ic matter between sediments and overlying water 
(e.g., DiToro, 2001).

Most water quality models emphasize "bottom-up" 
(nutrient) control on biogeochemical processes with 
minimal focus on "top-down" (consumer) control 
and ecological feedback processes that influence 
flows of energy and nutrients and link primary pro­
ducer and consumer populations (e.g., Kemp and 
Bartleson, 1991, Ross et al., 1993, Kremer et al.,
2000). Such models are usually calibrated and vali­
dated using historical data. Available large data sets 
derive and drive these models, though calibration is 
usually done using informal trial-and-error methods 
or linear optimisation programming approaches (e.g., 
Lung, 1989). Generally, more formal data assimilation 
methods (section 5.3, Lawson et al., 1996) have not 
been applied to water quality modelling. Although 
water quality models are typically very well calibrat­
ed for dissolved oxygen and phytoplankton blooms, 
they are seldom checked against basic parameters 
such as total primary production or respiration that 
define and constrain dynamics of coastal ecosystems.

W ater C larity

Water clarity models are used to describe the light 
field at a given depth in order to feed into phyto­
plankton or benthic plant productivity models. Since 
models of water clarity rely on the predictably of 
light behaviour with depth depending on the relative 
quantities of absorbing and scattering components, 
they are also used to understand the constituents of 
the water which contribute to a change in water 
clarity over a given time period.The constituents that 
can be m onitored optically are suspended solids, dis­
solved organic matter, and phytoplankton biomass. 
Water clarity models range from relatively simple 
mathematical relationships based on the physical 
behaviour of light in water to more complex algo­
rithms associated w ith remote sensing.
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A q u acu ltu re

Models for coastal aquaculture operations fall into 
one of two categories: (1) those used to evaluate the 
environmental impacts of aquaculture on coastal 
ecosystems (e.g. excess organic loading from sedi­
m entation of faeces or excess food, regeneration of 
ammonia, removal of suspended organic matter), and
(2) those used to estimate growth rate and maximum 
sustainable yield in terms of numbers of organism 
and /o r their biomass. The latter often employ m od­
els similar to LM R  models.

Mass balance equations that treat the culture area or 
volume as consumers of organic m atter (food) and 
producers of organic m atter (biomass and waste) are 
at the heart of most aquaculture models. Such m od­
els are coupled to hydrodynamic models that supply 
and remove food and wastes. Models of sedimenta­
tion may contain more complex hydrodynamics 
because it is necessary to resolve the benthic bound­
ary layer in order to parameterise deposition and 
resuspension. M oreover, these models may be 
extended to the consequences of increased carbon or 
nitrogen loading for which benthic submodels of 
nutrient regeneration are necessary (Chapelle et al., 
2000 ).

The form of these models varies from box models (e.g. 
Dowd, 1997) to three dimensional circulation models 
coupled to ecosystem models (e.g. Pastres et al., 2001). 
Correspondingly, the hydrodynamic component ranges 
from bulk flushing times to exchange coefficients to 
matrices of current velocities on a model grid. A recent 
development in these models has been their incorpo­
ration of GIS as a means of running the model or inte­
grating output (Pastres et al., 2001).This allows model 
output in the form of maps depicting seston depletion, 
growth, and biodeposition.

In addition to the physical model, a bioenergetic 
m odel of the culture species is often used to estimate 
biomass production and waste output based on food 
supply. These models are robust at predicting growth 
from a given set of food conditions, since the bioen­
ergetics of most cultured species are well docum ent­
ed (e.g. Grant and Bacher, 1998). Depending on the 
goal of the model, there may be submodels for other 
ecosystem components including nutrients, phyto­
plankton and Zooplankton. R ecent studies have

focused on the effects of the culture hardware (lines, 
nets, anchors) on circulation which is especially rele­
vant in heavily utilized, shallow bays.

Overall, models of aquaculture impact and seston 
depletion have reached the stage of being actively 
used for both the management of aquaculture oper­
ations and the regulation of their environmental 
impacts. It is im portant to note however that (1) 
although the required software is becoming com ­
mercially available, significant investment is required 
to implement m onitoring programmes and develop 
circulation models that are, for the most part, site- 
specific; (2) waste production models suffer from 
some of the same empirical weaknesses as sediment 
transport models in that erosion thresholds and sink­
ing speeds of natural particles are often not well 
known.

E c o to x ic o lo g y

In recent decades, significant effort has been devoted 
to determ ining the transport, availability, fate, relative 
toxicities, and biological effects of a diverse range of 
anthropogenic chemicals. A key feature of ecotoxi­
cology is its reliance on the use of models of various 
kinds to extrapolate from laboratory studies to the 
field, from individuals to communities, and from 
effects of single chemicals to multiple effects of com ­
plex mixtures, i.e., to extrapolate from experimental 
observations to effects in nature.

Many efforts to model toxicity rely heavily on dose- 
response relationships. By establishing relationships 
between chemical exposure and toxicity in the labo­
ratory, toxicity thresholds, concentrations at which 
50% of the test population dies, etc. can be predicted 
and used with appropriate safety factors for environ­
mental legislation. Mechanisms of toxicity have also 
been studied using models of receptor-ligand inter­
action. These early models are the foundation from 
which more elaborate attempts have been made to 
predict toxicity and make risk assessments (Klaasen 
and Eaton, 1991).

Models have been developed to predict exposure, 
biological affects, and the consequences of remedial 
action (Whelan et al., 1987). A variety of models is 
available for determ ining the persistence of organic 
pollutants (Roberts et al., 1981), the fate of inorgan­
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ic compounds (e.g. Dolan and Bierman, 1982), the 
spéciation of metals (e.g. M IN TE Q A I -  Brown and 
Allison, 1987) and chemical spills (Brown and Silver, 
1986). There are also available models that estimate 
exposure to environmental pollutants (Mackay, 1991; 
OECD, 1989).

Efforts have been made to model the toxicity of 
chemicals to give at least some insight into potential 
effects. One of the most highly developed approach­
es is based on Quantitative Structure-Activity R ela­
tionships (QSARs; Nendza, 1998). Based on em piri­
cal extrapolations, these models are used to estimate 
the parameters relating to fate and effects and hence 
identify contaminants of particular concern. W ith 
regard to biological effects, models are available for 
predicting pollutant-induced changes at all levels of 
biological organization (see Levine et al., 1989). 
Models of molecular and toxicological mechanisms 
were briefly alluded to earlier.

In recent years, models that have been developed p ri­
marily for studying population dynamics in an eco­
logical context have been modified for use in eco­
toxicology. This has permitted preliminary investiga­
tions of the relationships between pollutant exposure 
and population-level consequences (Suter, 1993) 
which are tuned to reflect the impact of varying 
degrees of environmental stress, whether natural or 
anthropogenic, on the population in question.

Similarly, at the com m unity and ecosystem levels, 
models exist for predicting changes in structure and 
function that have been validated to varying degrees 
(Barnthouse, 1993).The key to using these models in 
an ecotoxicological context is to provide evidence 
that pollutants specifically contribute to the observed 
or predicted changes in populations, communities 
and ecosystem.

In summary, an enorm ous range of models are avail­
able to predict both the fate and effects of anthro­
pogenic chemicals. However, at this stage our lack of 
understanding and in some cases our ability to meas­
ure relevant parameters, has hampered their applica­
tion as routine ecotoxicological tools in natural 
ecosystems.

Advances in ecotoxicological modelling have been 
thwarted both by a lack of understanding of num er­

ous biological and ecological processes, and by tech­
nical limitations which have prevented proper field 
validation of model predictions. In the confines of 
the laboratory such models usually operate quite 
well. However, ecotoxicological models for applica­
tion at the level of individuals and above, that are rel­
evant in the assessment and prediction of changes in 
ecosystem structure and function, have proved 
extremely difficult to establish.

5 .3  D a t a  A ssim il a t io n

Data assimilation is a numerical procedure for com ­
bining observations and dynamical models. It has 
long been an essential com ponent of weather fore­
casting where it is used to continuously reinitialise 
forecast models based on differences between previ­
ous forecasts and newly available data (Daley, 1991). 
M odern data assimilation techniques have also been 
used to reconstruct the three dimensional state of the 
global atmosphere over the last 50 years in what are 
usually referred to as reanalyses (e.g. the N C EP 
reanalysis, Kistler et al., 2000).

Data assimilation has uses beyond hindcasting, now- 
casting and forecasting. It can provide a quality con­
trol mechanism for operational observing systems. 
Specifically assimilation models can identify, in an 
operational mode, suspect observations and possibly 
reject them  based on comparison with correspon­
ding model predictions, taking into account the sta­
tistical distributions of the errors. A sequence of bad 
observations can help identify a faulty instrument 
that needs to be repaired in a timely fashion. Adjoint 
models are part of four dimensional, variational 
(4DVar) assimilation schemes. They can be used to 
assess the value of observations made at arbitrary 
locations and times and, in principle, be used to 
improve the design of observing systems.

Data assimilation schemes are most advanced for 
atmospheric models although the data assimilative 
physical oceanographic models are closing the gap 
(e.g. Robinson 1999, Lozano et al., 1996). In fact 
many of the more advanced techniques, such as 
extended and ensemble Kalman filtering, 4DVar and 
the incremental approach10 , have already been tried

^ T h e  incremental approach uses a simpler model and its adjoint to guide a more 
sophisticated model along a trajectory that is consistent with observations.
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for shelf seas and oceans. Data assimilation has not 
been used widely in the modelling of non-physical 
properties of coastal ecosystems (Robinson and Ler- 
musiaux, 2002). However, this will likely change over 
the next decade w ith the increasing power of com ­
puters and new observations from the coastal observ­
ing system.

The predictability of coastal ecosystems is limited by 
(1) errors in specifying the external forcing, (2) 
uncertainties in the initial and open boundary con­
ditions, including lateral boundaries for coastal m od­
els (and trophic levels for ecosystem models), (3) the 
complexity, and inherent nonlinearity, of coastal 
ecosystems which can make even the formulation of 
a quantitative model challenging. W hen attempting 
to make forecasts, data assimilation is used primarily 
to help reduce uncertainties in the initial and open 
boundary conditions.

The basic idea behind data assimilation is straightfor­
ward, particularly if explained in Bayesian terms 
using concepts such as prior and posterior distribu­
tions. The devil of course is in the details, particular­
ly when it comes to assimilating sparse, noisy data 
into highly non-linear, computationally expensive 
models. T he assimilation of data into coastal ecosys­
tem  models presents a num ber of technical problems 
including:

• The strongly non-linear form of ecosystem 
models. This can cause strong feedbacks across 
multiple trophic levels and possibly chaotic 
behaviour.

• The high dimensionality of complex ecosystem 
models. For circulation models, the dimension of 
the state space is 5. It could be larger by at least 
an order of magnitude for complex ecosystem 
models. This means the specification of error 
biases and covariances will be difficult (assuming 
a statistical description of errors in terms of first 
and second moments is even adequate). It also 
means the ‘optimal’ solution will be hard to find 
(multiple minima will likely exist in the penalty 
function to be minimized) and error bars will 
require extensive computation.

• The long m em ory of some components of the 
coastal ecosystem.This will make specification of 
initial conditions difficult.

• Rapid variability in both space and time (e.g. rip

currents, edge waves, river plumes, patchy harm ­
ful algal blooms). H igh-resolution models are 
required.

• Computational costs. Data assimilation often 
comes down to the inversion of large matrices. 
The assimilation of data into complex ecosystem 
models will require advances in supercomputers 
and parallel architectures. M odern assimilation 
techniques such as the ensemble Kalman filter­
ing and the incremental approach will probably 
play an im portant role.

• Extremes. Many users are interested in extreme 
events (e.g. sea levels with long return periods, 
concentration of a pollutant above a high thresh­
old). This will complicate both the forward 
modelling and the assimilation, including possi­
bly the definition of the penalty function.

R ecent developments in the extraction of inform a­
tion from observations include neural network and 
genetic algorithms.These techniques have not gener­
ally been compared w ith the more traditional m eth­
ods of data assimilation. Neural networks and genet­
ic programming should arguably be used in addition 
to the classical field estimation techniques to pre- or 
post-process the observations and /o r determ ine the 
values of free parameters in the numerical models.

In summary, the role of data assimilation in bringing 
together models and data in order to increase the 
predictability of marine ecosystems, help design bet­
ter observing systems and control the quality of data, 
makes it of central importance to COOP.

5 .4  C o n c l u s io n s  a n d  D is c u s s io n

Models will play a critical role in the design and 
operation of the coastal observing system and the 
generation of products. There will be considerable 
overlap of interest and activity between the range of 
models developed and operated in a standardised 
global mode, and smaller scale, higher resolution 
models that include variables specific to a region, an 
estuary, or the near-shore environment. The latter 
will typically be developed w ithin the GRAs, 
although the same model m ight be used or shared 
between several GRAs. Coastal models also require 
information on the terrestrial inputs and so close 
coordination of the activities of C O O P  w ith GCOS 
and GTOS will be required for both model develop-
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m ent and operations. If the coastal module is to 
realize its full potential, modelling must be inte­
grated ab initio into the observing system’s design, 
operation and ongoing evaluation. Although the 
above overview of models is not comprehensive, it is 
possible to draw the following conclusions.

A large num ber of models are being used to address 
a wide range of coastal issues.The models are used to 
predict, for example, storm surges and waves, the size 
of fish stocks, and the effect of nutrient pollution on 
coastal ecosystems. This presents both opportunities 
and challenges for implementation of the coastal 
module. The models have been developed to solve 
real problems so the links between modellers and 
users are being made and m uch useful infrastructure 
is already in place. This is not the case of a modelling 
solution looking for a problem to solve. O n the other 
hand, the range of models and their data require­
ments makes the design of an integrated observing 
system a complex task, arguably a challenge far 
greater that that faced in the design and im plemen­
tation of the global ocean module of GOOS.

Most of the models described under M arine Services 
and Public Safety are either fully operational or pre- 
operational and data assimilation is well advanced. 
For the remaining three themes (living marine 
resources, public health, and ecosystem health), an 
operational capability is generally at least five years 
away and data assimilation has yet to have a signifi­
cant impact. This is an im portant reason for design­
ing the observing system to both predict changes and 
make the observations required to develop and vali­
date non-physical models as they become opera­
tional.

Accurate atmospheric forcing fields are essential if 
the physical models and their many application m od­
ules are to make useful predictions. In fact when the 
preliminary ranking of com m on variables was per­
formed w ith meteorological variables included, wind 
was found to be the most im portant variable for pre­
diction. Unfortunately the coastal zone is a difficult 
place to make atmospheric forecasts with its rugged 
orography and strong land-sea contrasts of tem pera­
ture, humidity and surface roughness. The present 
generation of regional atmospheric models has a h o r­
izontal resolution of about 20 km. This is arguably 
too coarse in coastal regions, particularly when

attempting to forecast the trajectories of buoyant 
objects, like oil slicks, harmful algal blooms, and life- 
rafts, or the effect of processes that depend on high­
er order moments of the wind like local wave gener­
ation and the breakdown of vertical stratification.The 
development of high resolution, and possibly n on­
hydrostatic, atmospheric models will be critical to the 
successful development of the coastal module.

Data assimilation will play an increasingly im portant 
role in the design and operation of the observing sys­
tem and the generation of products for users. This is 
entirely consistent with the situation in weather and 
open ocean forecasting. However, data assimilation 
poses a num ber of problems that are particularly 
acute in the coastal zone including (1) the high 
space-time variability of the coastal and nearshore 
physical environment (e.g. tides, river outflows), (2) 
the multidisciplinary aspects of ecosystem models, (3) 
the practical difficulties of making observations on 
the appropriate scales, and (4) developing observing, 
modelling and assimilation strategies to deal with 
highly episodic and extreme events.

It is also im portant to recognize that all aspects of 
data assimilation for biological and chemical process­
es will be dependent on improvements in capabilities 
for measuring appropriate variables on scales that 
must be resolved to develop and validate models. 
Promising approaches include sensing of chlorophyll 
concentration from satellites and moorings, autom at­
ed nutrient analysers, and acoustic systems for assess­
ing distributions of Zooplankton and fish.

C om m unity models have proven to be very useful in 
oceanography. Examples include, but are not limited 
to, the Princeton Ocean Model (used widely for shelf 
problems over the last decade) and the Parallel Ocean 
Programme (POP, developed by the Los Alamos 
National Laboratory and used for deep ocean stud­
ies). Such models are used by broad communities of 
scientists for fundamental research and the generation 
of useful products such as operational forecasts of sur­
face currents and sea level. A similar com m unity- 
based approach would also accelerate the develop­
m ent of models for biogeochemical problems.

Ongoing and systematic evaluation of the modelling- 
assimilation system will be essential for the coastal 
module to be effective. At least two levels of evalua­
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tion will be required. The first type of evaluation is 
an internal evaluation of model skill based on well- 
defined and internationally accepted metrics. For 
physical variables defined at fixed points (e.g. coastal 
sea level), this will usually be straightforward (e.g. 
root mean square difference between observed and 
forecast sea level). For forecast quantities like the 
position of fronts, the probability of the occurrence 
of a harmful algal bloom, and more complex quanti­
ties forecast by integrated ecosystem models, the sit­
uation becomes even m ore difficult. Generally 
accepted metrics will have to be defined however if 
progress in modelling is to be quantified. Again it will 
be worthwhile learning from the experience of the 
atmospheric forecasters who not only have to evalu­
ate skill in forecasting point measurements but also 
precipitation fields w hich have patchiness character­
istics that, superficially at least, are similar to those of 
biological variables like phytoplankton biomass. 
Coordination of efforts in defining metrics with 
deep ocean modellers will similarly be useful. The 
second type of evaluation will provide a measure of 
the usefulness of the model products. This will nec­
essarily involve the users and may be more qualitative 
than the internal evaluation, at least initially. This 
external evaluation will be facilitated by the develop­
m ent of user-oriented model products, software 
interfaces and visualization tools that allow users to 
explore the model output.

As m entioned above, the oceanographic com m unity 
is moving toward coupled models, e.g. shelf and 
deep ocean, shelf and atmosphere, water properties 
and harmful algal blooms. It would appear useful to 
think about coupling shelf models w ith basin scale 
models developed under the auspices of the O O PC . 
Simply put, the coastal models need the basin scale

models for open boundary conditions; the basin 
scale models need the shelf models to simulate cor­
rectly processes such as cross shelf exchange and 
buoyancy input from rivers, as well as to transform 
open ocean predictions into forms of interest to 
users. Two-way coupling of models is not an easy 
task; it must solve a num ber of problems including 
different space-time resolutions of models, different 
physics and parameterisations, and different num eri­
cal schemes. Collaboration of deep ocean and coastal 
modellers at an early stage in the development of the 
coastal observing system would appear a sensible 
move and one that could, in the first instance, be 
achieved through exchange of personnel, specialized 
workshops, modelling networks, and jo in t C O O P - 
O O P C  pilot projects. Tangible products that could 
result from such a collaboration include com m unity 
models and application modules for use by the sci­
entific community.

For observations and models to manifest their full 
effect on the reasoned and effective development of 
coastal policy, additional efforts to link to socio-eco­
nom ic factors must be made. R ecent efforts to utilize 
a Driver-Pressure-State-Impact-Response (DPSIR) 
model show some promise in this regard (Figure 5.3; 
Annex X). W ithin this framework, data describing 
larger-scale social dynamics (drivers), hum an forcing 
on environmental systems (pressures), the social ben­
efits gained and costs imposed (impacts) by changes 
to environmental conditions (state) are conceptually 
linked to responsive regulatory approaches (respons­
es). W hile still at an early evolutionary stage this 
approach could serve to build more operational 
models and serve as an organizing framework for the 
articulation and analysis of a broad suite coastal sys­
tem  and socio-economic indicators.
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Driver
Resident coastal population 
patterns in land use/land 
cover development of coastal 
industry sectors

Response

Pressure

Capacity
Building

Analysis

Policy dynamics 
Institutional change

Impact

Coastal wetland alteration 
Introduction of industrial POPs/metals 
Introduction of coastal agricultural fertilizers

Certain socio-economic indi 
cators can describe system 
drivers or the sustainability 
of give state character

Cost of marine-vectored disease 
Value of recreational bathing 
Value of commercial ñshing

Adapted from: IUCN (2000) 
European Commission (2000)

Changes in nutrient dynamics 
Contaminant burden in marine sediments

Figure 5.3. Schematic showing the Driver-Pressure-State-Impact-Response model.
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6. Data Management and
Communications Subsystem

6 .1  O b je c t iv e s

The objective is to develop an integrated data m an­
agement and communications system (DMAC) that 
efficiently transmits large volumes of multi-discipli­
nary data (in real-time, near-real-time, and delayed 
modes) from many sources (in situ measurements, 
autonomous in situ sensors, remote sensors) directly to 
users for a broad diversity of applications including 
data assimilating models that process the measure­
ments into maps, plots, forecasts, and environmental 
statistics (e.g., climatologies). The system should pro­
vide a user interface which allows non-experts or 
external customers to access data and obtain answers 
to practical questions, as well as providing the profes­
sional scientist, engineer, or value-added specialist, 
with a mechanism for manipulating, merging, process­
ing, and modelling data to achieve specialised prod­
ucts. The data management system is also an essential 
tool for assessing, designing, managing and up-grading 
GOOS. To these ends, the development of DMAC 
must be coordinated with the development of the 
observing and modelling subsystems to ensure that 
there are no delays in achieving operational status.

This chapter sets for a framework and guidelines for 
the establishment of such an integrated DM AC sys­
tem. It aims to raise awareness of im portant data 
management issues. Mechanisms are recommended 
for establishing, maintaining and assessing the observ­
ing system; and guidelines are provided for capacity 
building in data management and communication.

6 .2  B a c k g r o u n d

The interface with the coastal module of GOO S for 
most users will occur through the data management 
and communications system. Contributors of data

should be able to transmit data into the system with a 
minimum obligation to convert their data to special­
ized data formats or re-structuring of data sets, provid­
ed basic conditions of data quality and metadata stan­
dards are met. While it may be possible to provide a sin­
gle portal for data users for one-stop access, this will 
inevitably be a simplified front end for the data m an­
agement system that supports all the GOO S activities 
in the coastal ocean. Local access points will tend to 
focus first on national or regional (GRA) data sources 
and models for coastal waters in their vicinity. A cen­
tralised access point which is suitable for all types of 
customers, requesting data from any coast in the world, 
and designed to a common standard, may itself be an 
unattainable ideal. It is more likely that such a contact 
point will direct the user to other more specialized or 
regional product delivery centres, or would be restrict­
ed to a limited number of variables. The construction 
of specialized customer-related access points can then 
be carried out by delegated teams of experts who 
know the needs of different customers define the user 
software which is most suited to them.

Previous chapters have shown that the data manage­
m ent services needed to support the many facets of 
activity in the Coastal Ocean are themselves complex 
(Figure 6.1). In the open ocean, globally, and for the 
terrestrial hinterland, there will be adjacent services 
which provide boundary conditions and long-term  
forecasts. These services include the data manage­
m ent system for GCOS, the ocean com ponent of 
GOOS, O O PC , and the data services of GTOS on 
land. Each G O O S Regional Alliance (GRA) will 
develop its own data services, and individual agen­
cies, laboratories, and commercial organizations may 
provide additional special products in this context. 
G RA  coastal services will interface w ith global data 
systems for GOOS.
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Figure 6 .E Functional components of the Data Management and Communication System for the coastal module of GOOS. 
(Modified from the OCEAN.US, 2002, p. 85).

The data management system will provide facilities 
for two data tracks, one in real-time (or near-real- 
time) and one in delayed mode. Both tracks may be 
based on the same data sources and transmission sys­
tems, but the data follow different routes and are 
processed differently depending on user requirements 
(Figure 6.2). The delayed m ode track may also 
involve data from measurements that take time to 
complete. Real-tim e data transmission implies that 
measurements are made automatically and transmit­
ted to users w ithin minutes to hours for nowcasts and 
tim ely forecasts (before the phenom ena have 
changed beyond the limits of predictability, see 
Chapter 5). W here a process changes slowly, data 
delivery may take longer. Near-real-tim e implies a

delay in data processing, usually of days to months, so 
that the user receives a higher quality product, and 
one that is valuable for management or understand­
ing of the process, but is too late to use as a forecast. 
Delayed m ode data can be processed to the highest 
levels of quality control, analysed for errors, checked 
for long-term  stability and consistency of trends, and 
archived for long-term  use. This process may take 
months to years.

T he real-time track will transmit data in an autom at­
ed way to modelling centres so that data can be 
incorporated in models which provide nowcasts and 
forecasts, as described in Chapter 5. Rapid transmis­
sion of data is essential if the products described in
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Chapter 5 are to be generated. This capability exists 
in only a few regions and is currently limited to 
meteorological and physical data. The delayed mode 
track provides the highest level of data quality con­
trol. The real-time data and model products can also 
be checked after first use for up-grading and addi­
tional quality control to ensure that all relevant data 
are preserved for final archival. Similarly climatic data 
and standardised anomalies and statistics can be pro­
vided to the modellers from the archived data and 
time series in order to compute expected values and 
anomalies.

This pattern of different rates of data delivery is sta­
ble, economic, and efficient. It is stable because there 
is an inevitable trade-off between speed of delivery, 
latency, and the ability to carry out the most detailed 
quality control, or process the most difficult data 
types.Thus the data presented to real-time modellers 
comprises a limited range of variables, (at present 
mostly physical variables), and the accuracy may be 
restricted, while some observations have to be dis­
carded because of suspected errors which could be

corrected given more time. Nevertheless, the value of 
processing data in time to make forecasts is such that 
it is w orth accepting these limitations.

Given more time, the same data from the same 
instruments can be checked more exhaustively, m ar­
ginal data can be corrected and included in the data 
set, and extra error-checking procedures can be run, 
sometimes depending upon the availability of other 
data types, or instrument recalibration.The enhanced 
accuracy is valuable, because long-term  data sets and 
time-series used to detect climate variability and cli­
mate change must not include avoidable random 
errors or statistical bias. Also, instrumental data which 
cannot yet be automated, including many chemical 
and biological parameters, can be included in delayed 
mode archives. As instrumentation improves it should 
be possible to include more of these variables in the 
real-time data track. This approach to data manage­
m ent is economic and efficient, because the same 
suite of instrumentation, and the same data transmis­
sion technology, provides both the real time and the 
delayed mode data.
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Effective coordination will be a high priority  in 
developing the system. C ollaboration and coopera­
tion  am ong data providers will be facilitated, so 
that data products conform  as far as possible to 
G O O S norm s and standards. W ell-defined m ethods 
of data collection, data formats and data archiving, 
as well as data exchange practices must be estab­
lished, along w ith m ethods for controlling and 
assuring the quality of these data and m eta-data.

6 .3  D a t a  P o l ic y

T he coastal G O O S data policy will be consistent 
w ith  the G O O S design principles, the IO C  data 
policy (IOC R esolution  1.9, 1961), and the policy 
of free exchange of m eteorological data (at the cost 
of retrieval only) of World W eather Watch and 
W M O  (W M O  R esolution 40), and the data p rin- 
ciples established by JC O M M . Accordingly, the 
coastal G O O S data policy will be based on the fol­
lowing guidelines:

• Full and open sharing and exchange of coastal 
G O O S relevant data and products for all users 
in a timely m anner at the lowest possible cost.

• Archival preservation of all coastal G O O S 
data, through the existing system of IO D E  data 
centres and W D Cs. If no suitable data centre 
exists for a specific set of data, such centres 
should be established.

• As part of the end-to -end  data and inform a­
tion framework, all coastal G O O S data sets 
should have one or m ore designated custodi­
ans, w ho have the capacity and responsibility 
for long-term  data archival, and provision of 
data access as required, as well as for generating 
selected sets of standard products.

• W here appropriate, real time data m anagem ent 
at the local and regional scales can be provid­
ed by governm ent agencies w ith statutory 
responsibility for the m aintenance of coastal 
safety, fisheries, and the control of pollution. 
Data procedures to be established by JC O M M , 
w ith  data then transferred to  the global archive 
system.

T he coastal G O O S data m anagem ent and com m u­
nications system will be im plem ented in a m anner 
consistent w ith  that of G O O S (IOC, 2001). C lear­
ly, developm ent of the global coastal netw ork of

G O O S depends on the coordinated developm ent 
of GRAs and the establishment of data m anage­
m ent procedures consistent w ith  the G O O S data 
policy.

6 .4  O r g a n iz a t io n

T he initial data m anagem ent and com m unication 
system will grow in an increm ental way by linking 
and integrating existing national and international 
com m unication networks and data m anagem ent 
program m es. Several en d -to -en d  systems may 
develop, each contributing one or m ore data types 
and providing data to o ther parts of the global sys­
tem  as required. Each of these systems is likely to 
involve several organizations w ith varying expertise 
and emphasis. T he great challenge will be to 
achieve a constructive balance betw een bottom -up 
and top-dow n developm ent on a global scale. T he 
developm ent of the coastal m odule faces many 
challenges that are not addressed by existing b od­
ies, but for w hich existing practices may apply.

6.4.1 E xisting  Infrastructure and Expertise

Im plem enting and improving an integrated DM AC 
system for the coastal m odule will depend on the 
involvement of existing data m anagem ent com po­
nents and the developm ent of new ones. Two exist­
ing organizations have the potential to give signif­
icant support to coastal GO O S, the IO C  C om m it­
tee on IO D E  and the program me area on data 
m anagem ent of JC O M M . In addition, there are 
many regional programmes w ith well-established 
data m anagem ent activities that could be of con ­
siderable benefit to coastal G O O S (Figure 6.3). 
However, international (and often national) m ech­
anisms are generally lacking for m ost types of geo­
logical, chemical, biological and ecological data. An 
appropriate m echanism must be established that 
will enable coordination and collaboration am ong 
these programmes to  achieve the goal of an in te ­
grated DM AC system that manages bo th  real-time 
and delayed m ode data streams.

92



Scheme of the Info-BOOS - the BOOS’s information system.
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Box 6.1. IODE

The International Oceanographic Data and Informa­
tion Exchange (IODE) System was established in 1961 
to “enhance marine research, exploration and devel­
opment by facilitating the exchange of oceanographic 
data and information between participating Member 
States”. Recognizing that the best approach to achiev­
ing this objective is through a network of data centres 
distributed among the member countries, the IODE 
programme is built on (1) Designated National Agen­
cies (DNAs) that assist with data exchange; (2) N ation­
al Oceanographic Data Centres (NODCs) that inter­
face with data providers within their respective coun­
tries, archive data and provide access to data; and (3) 
Responsible N O D C s (RNODCs), that, in addition to 
their N O D C  functions, provide specialised services for 
specific data types. Successful implementation of the 
coastal module of GOOS would require enhancing 
this network through a variety of mechanisms such as: 
(a) establishing N O D C s in countries that do not have 
one and will be acquiring large volumes of data, (b) 
through modernisation to facilitate more timely access 
to integrated data sets and products, and (c) through 
provision of N O D C  services to other countries that 
do not have and have no plans to establish NOD Cs.

Joint T echnical C o m m iss io n  for O cean ograp h y  
and M arine M eterorology

From the JC O M M  Terms of Reference:

Implementation o f data management systems
Development and implementation, in cooperation 
with the Commission for Basic Systems (CBS), the 
Com mittee for International Oceanographic Data 
and Information Exchange (IODE), the Interna­
tional Council of Scientific Unions (ICSU), and

For a significant range of data sets related to the fields 
of meteorology and physical oceanography, the exist­
ing data management and communication structures 
of the World W eather Watch of the W M O, the 
JC O M M , and the IO C  Com mittee on IO D E could 
be adapted to include the requirements of coastal 
GOOS. However, there are problems arising from the 
present terms of reference and existing expertise in 
IO D E  and JC O M M . IO D E has extensive experi-

other appropriate data management bodies, end-to- 
end data management systems to m eet the real-time 
operational needs of the present operational systems 
and the global observing systems; cooperation with 
these bodies in seeking commitments for operation 
of the necessary national compilation, quality con­
trol, and analysis centres to implement data flows 
necessary for users at time scales appropriate to their 
needs.

Delivery o f products and services
Provision of guidance, assistance and encouragement 
for the national and international analysis centres, in 
cooperation with other appropriate bodies, to prepare 
and deliver data products and services needed by the 
international science and operational programmes, 
Members of W M O, and Members States of IOC. 
Monitoring of the use of observations and derived 
products and suggesting changes to improve quality. 
Coordination of the safety-related marine meteoro­
logical and associated oceanographic services as an 
integral part of the Global Maritime Distress and Safe­
ty System of the International Convention for the 
Safety of Life at Sea (SOLAS).

Assistance in the documentation and management 
o f the data in international systems
Development of co-operative arrangements with the 
data management bodies of IOC, ICSU, and WMO, 
such as IODE, the Commission of Climatology (CCI) 
and the ICSU World Data Centres to provide for 
comprehensive data sets (comprising both real-time 
and delayed mode data) with a high level of quality 
control, long term  documentation and archival of the 
data, as required to meet the needs of secondary users 
of the data for future long term  studies.

ence with all data types (physical, chemical, geologi­
cal, biological, and ecological) but is primarily con­
cerned with data archival and delayed m ode dissem­
ination. IO D E data typically take several months to 
several years to reach archival centres. In addition, 
data obtained by governmental pollution manage­
m ent agencies, fisheries agencies, navigational 
authorities, coastal defence agencies, and m eteoro­
logical offices are not usually handled by IODE.
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IO D E possesses the expertise to manage many of the 
non-physical data types, but captures only a limited 
proportion of the data generated and manages those 
data in delayed m ode.The marine components of the 
national m eteorological offices represented in 
JC O M M  have extremely sophisticated m ethodolo­
gies for obtaining and processing meteorological and 
physical variables in real time, but have very little 
experience w ith non-physical variables. Further­
more, the combined skills of the international m ete­
orological and oceanographic communities working 
jointly in JC O M M  functions well in the open ocean 
where the required spatial scales of resolution are 
coarse ( >1 0  km) relative to coastal waters (< 1 km). 
In coastal waters a m uch broader spectrum of vari­
ability must be captured and the relevant scales differ 
depending on both location and the phenom ena of 
interest.Thus, there are serious challenges and gaps in 
the international institutional structures for data 
management for coastal waters that must be over­
come in the design and implementation of the 
coastal module.

In some regions these institutional problems have 
been partially solved at national and local levels, since 
government agencies have statutory obligations to 
process data from multiple sources to m eet practical 
operational goals such as water quality management, 
or control of coastal erosion (e.g., Buch and Dahlin, 
2000; Droppert et al., 2001). Nevertheless, this 
process of piece-meal local development will lead to 
a non-standard mosaic of mini-systems that will pro­
hibit rapid data and information exchange. This is 
precisely w hat coastal G O O S seeks to avoid. 
Although the goals of coastal G O O S data manage­
m ent are clear, the institutional and organizational 
structure at the international level is still not well 
suited for coastal observations of non-physical vari­
ables. These problems should be analysed and pre­
pared carefully for presentation to the second m eet­
ing of JC O M M , with the objective of agreeing on 
solutions.

N ew  approaches and technologies will be needed 
because of the multiplicity of data sources and data 
types, the multiplicity of users and their varying 
needs, and the overarching concerns of quality assur­
ance, timeliness, and ease of access to data and data 
products. Historically programmes were developed 
independently by different groups to address specific

issues and mission-based goals. Most of the global 
databases have been developed for physical data, but 
global databases for non-physical variables are begin­
ning to emerge. The Ocean Biogeographic Inform a­
tion System (OBIS) of the Census of M arine Life 
(CoML) is an im portant example. CoM L is an inter­
national science programme to assess and explain the 
diversity, distribution, and abundance of life in the 
oceans. OBIS will provide a global information por­
tal where systematic, genetic, ecological and environ­
mental information on marine species can be cross­
searched, and where these interconnected sources of 
information can be integrated into value-added 
products such as derived data, maps and models. The 
goals of OBIS are to:

• Energize regional, national and international 
scale development of ocean biogeographic and 
systematic databases;

• Foster collaboration and interoperability by pro­
m oting standards for technology, storage, docu­
mentation, and transfers;

• Advance integrated biological and oceanograph­
ic research by supporting a multidisciplinary 
ocean information portal; and

• Speed the dissemination of and public access to 
ocean biogeographic information while appro­
priately addressing the issue of intellectual prop­
erty rights.

OBIS will be a global netw ork of databases of ocean 
geospatial survey data, synoptic ocean environmental 
data, and species-specific data (taxonomy, specimen, 
DN A  sequences, etc.).The distributed system of data 
will be accessible through the OBIS information 
portal and software tools for searching, data acquisi­
tion, mapping and analysis will be built and made 
available to the whole community. OBIS will devel­
op and promote technology standards to achieve an 
optimal level of interoperability among its members. 
OBIS will seek to grow in concert with GBIF and 
become a major tool for ocean biogeography and 
systematics. OBIS databases include the following:

• Fishnet distributed biodiversity information sys­
tem,

• Development of a dynamic BIS for the Gulf of 
Maine,

• Biogeoinformatics of Hexacorallia (corals, sea 
anemones, and their relatives),
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• Expansion of CephBase as a biological p ro to ­
type for OBIS,

• Biotic database of Indo-Pacific m arine m ol­
luscs,

• Z ooG ene, a D N A  sequence database for 
calanoid copepods and euphausids,

• Diel, seasonal, and interannual patterns in Z o o ­

plankton and m icronekton species com posi­
tion in the subtropical Atlantic, and

• Census of m arine fishes.

URLs for these databases can be found in Annex IX.

6.4.2 Data Management Clusters at Different 
Spatial Scales

Most users of GO O S data and information reside in 
the coastal zone where the effects of global climate 
change and land-use practices in coastal drainage 
basins play out on local to regional scales in terms of 
a broad range of phenomena. The challenge then is 
to develop an integrated DM AC system that acquires 
and serves diverse data and information on local to 
global scales.The proposed solution is to manage data 
in distributed clusters at the local, national/regional, 
and global levels (Figure 6.4).

Such an approach is a pragmatic response to  the 
scale problem. In this scheme, many com ponents of 
the system (Figure 6.1) and the two data tracks 
(Figure 6.2) can occur at any cluster level (Table 
6 . 1).

• Local clusters consist of organizations that col­
lect, process, and assure the quality of the data. 
They will also be responsible for data dissemi­
nation and, in some cases, local data archival. 
T he local netw ork will provide the infrastruc­
ture for transferring data and data products via 
the web, or otherwise as appropriate. In the 
coastal context, there are a large num ber of 
such organizations, w ith  w idely differing 
capacities. There may be cases where an organ­
ization is collecting coastal G O O S data sets, but 
is no t able to perform  some of the functions 
outlined above. In such cases, mechanisms 
should be identified that will enable sustained 
participation, e.g., through capacity building or 
by providing the means to com m unicate data 
to a site that has the above capabilities. In all 
cases, quality assurance is the responsibility of 
the data provider.
National and Regional clusters are the first 
level in which diverse data types from many dif­

ferent sources are collated and for 
which additional quality assurance and 
control (Q A /Q C ) occurs. For the 
most part, these data management 
organizations will not themselves be 
responsible for the development of 
data-products. However, the data m an­
agement subsystem must be designed 
to be responsive to user needs. This 
will be an evolving process in which 
experience and new knowledge results 
in more and better products. Data 
management at this cluster level will 
involve coordination of both real-time 
and delayed mode data tracks, and the 
combination of data inputs from many 
different research organizations and 
government operational agencies with 
statutory obligations in the coastal 
zone. In particular, oceanographic, 
meteorological, environmental and 
natural resource agencies will have to 
collaborate closely. Many products
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Figure 6.4. Clusters of data management
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required to m eet user requirements can be gener­
ated and distributed at this level by transmitting 
data rapidly to appropriate analysis and service 
centres. For those countries that do not have 
N O D C s, a national coordinator for coastal 
GO O S data management should be designated to 
develop procedures for performing these func­
tions (e.g., identify Responsible Local Centres, 
work with existing N O D C s or with global C en­
tres). One centre in a national or regional cluster 
may be designated as a “lead centre” that is 
responsible for reporting chronic data quality 
problems to the Global Steering Committee as 
the first step in resolving problems of data quali­
ty. This function may also be performed by a 
global centre.
Global Data M anagem ent and Synthesis C en ­
tres are needed to provide a global context for 
local and regional scale variability and change,

to serve key regions, and to address key issues. 
Such centres w ould becom e the building 
blocks of a global netw ork of data m anage­
m ent and synthesis centres, the functions of 
w hich would be coordinated by a Global 
S teering C om m ittee. T he W orld O cean o ­
graphic Data Centres (WDCs) established by 
ICSU  provide one m odel that could be used to 
guide the developm ent of infrastructure, poli­
cies and procedures for the dissemination and 
m anagem ent of coastal G O O S data. A ddition­
al systems, perhaps developed under the aus­
pices of JC O M M , are needed to manage real­
time global data sets and the distribution of 
global coastal data products. T he responsibili­
ties of the existing centres (Figure 6.5) may 
have to be expanded and additional centres 
developed to cover the full range of variables 
under coastal GOO S.

Figure 6.5. Existing data centres under IOC/ICSU.
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Table 6.1. Functions performed by the organizations in each cluster

LOCAL CLUSTER NATIONAL/REGIONAL CLUSTER GLOBAL CLUSTER

• sustained collection of data on one 
or more common variables and vari­
ables measured as part of regional 
enhancements:

• quality assurance and quality control 
of the data:

• provision of network access to data 
sets in a time frame that is appropri­
ate to the application, real-time and 
delayed mode:

• provision of network access to com­
prehensive meta-data for all data sets 
collected by participating organiza­
tions: and

• timely delivery of data sets, and 
associated meta-data, to designated 
national/regional centres in the data 
management structure.

• actively seek and acquire quality 
controlled data from local and 
national sources:

• develop and implement QA/QC 
procedures based on international 
standards:

• effect the exchange of data of 
known quality in real-time and 
delayed mode:

• inventory and archive quality 
controlled data in accordance 
with international standards and 
protocols: and

• timely dissemination of data, 
data products and information as 
appropriate

• collate data from National/Regional 
Centres and directly from marine 
and coastal science organizations 
and individual scientists:

• establish international data stan­
dards and exchange protocols for 
real-time and delayed mode:

• monitor the performance of the 
international data exchange system 
and report their findings to the 
Global Steering Committee and the 
IOC Secretariat:

• establish global databases:
• enable problem-specific data syn­

thesis:
• establish online services to provide 

data and data-products to users: and
• provide an information directory of 

products and services.

At all stages of data management there should be 
strong scientific oversight to advise on the following:

• analysis and quality control techniques,
• meta-data requirements for understanding and 

interpreting the data,
• time frames for delivering the data, and
• data sets and data products required at the vari­

ous stages of the data flow.

Ease of access to integrated data is important. Data, 
data products and information will be managed using 
a highly distributed system involving many organiza­
tions, databases, and clients spread globally. The 
coastal module of G O O S will make use of the Glob­
al Observing System Information Centre (GOSIC), 
designed to serve as a single entry point for users of 
the G 30S  data and information, supplemented as 
necessary at local, national and global levels.

Experience with distributed data systems has dem on­
strated the need for strong coordination to ensure 
high-level performance. It would be the combined 
responsibility of JC O M M  and IO D E to provide such 
coordination, and particularly to:

• Monitor, analyse, and report on the data flows 
w ith the help of automated systems and data 
flow information in digital form provided by 
participating centres.

• Specify data flow m onitoring products that are 
necessary to automate the data flow m onitoring 
function and work with the participating centres 
to effect their implementation.

• Facilitate the work of science panels in develop­
ing a comprehensive set of products by identify­
ing potential data products that are already being 
made available by centres and making recom ­
mendations to the appropriate panel for their 
consideration for G O O S products.

• Provide informational documents to be made 
available through GOSIC and other organiza­
tions.

6.4.3 Data Archives

Permanent archival of all data is an essential component 
of data management. Final archives need to be identi­
fied for all GOOS data sets as part of the implementa­
tion plan for each GOOS project. Scientific panels 
should identify the meta-data that is to be collected and



stored with the data in the archives. As a minimum, a 6.4.4 Data Management Infrastructure
permanent archive generally must agree to:

accept the data and all available supporting 
meta-data,
store the data either in their original form or in 
a form from which all the original data and 
meta-data can be recovered, 
refresh or update the medium  on w hich the data 
and meta-data are stored so that both are read­
able in the future, and
provide the data and all supporting meta-data to 
users on request, free of charge, or at the cost of 
reproduction.

The three-cluster, hierarchical approach to data m an­
agement proposed above will require infrastructure 
development. At the national and regional level, good 
communication should be established among institu­
tions and countries, to facilitate cooperation and to 
make maximum use of existing facilities. C om m uni­
cation channels m ight need to be established via a 
formal structure or agreement. GRAs will play an 
im portant role in liaison among interested parties.

Box 6 .2 .  T h e  I n f o r m a t i o n  T e c h n o l o g y  I n f r a s t r u c t u r e

To detect and predict changes in coastal marine and 
estuarine ecosystems, there is a great need to capture 
in detail their baseline physical, geological, chemical, 
and biological properties. In these regards, three relat­
ed developments now enable oceanographic research 
and the management of marine ecosystems and 
resources with an unprecedented degree of realism: 
enhanced observational capabilities, improved num er­
ical models, and effective methods for linking observa­
tions to models. However, many aspects of these activ­
ities are severely limited by the information technolo­
gy infrastracture (ITI). A requirement of the GOOS, is 
the development of fast and reliable data links to assure 
rapid delivery of ocean observations to operational 
centres and scientists, in situ and remote sensing have 
increased the volume of data required for detection 
and prediction by over two orders of magnitude in the 
last 10 years.

Physical and ecological models for coastal ecosystems 
have been developed and are beginning to show rea­
sonable skill (See for example, Moll and Radach,
2001).These models in themselves are costly in terms 
of IT  requirements (computing power, network speed, 
etc.).When they are linked via data assimilation to data

streams for the purpose of operational, real-time fore­
casts, their IT  requirements increase dramatically. For 
example, a single 4-day forecast cycle of currents, tem ­
perature and salinity at a single location using an 
ensemble-based assimilation technique, requires about 
100 cpu hours on an advanced parallel computer and 
the transfer of 10 gigabytes of data. Scaling up such a 
system on a global scale and the incorporation of 
chemical and biological variables will increase IT 
requirements by several orders of magnitude. The ITI 
requirements for GOOS are expected to demand 
about 1,000 times the current capacity over the next 5 
to 10 years.The most critical bottlenecks will be in the 
availability of CPU cycles, memory and mass-storage 
capacity, and network bandwidth. Significant chal­
lenges in software development also exist. These 
include re-engineering models and data assimilation 
packages to make more efficient use of massively par­
allel computers; the requirem ent for significant 
advances in visualization techniques to translate 
increasing volume of data and model output; and the 
need for well- designed, documented and tested com ­
munity models of all types. Finally, exacerbating these 
challenges is the extreme shortage of skilled ITI tech­
nical personnel.

GRAs have already faced the necessity of providing 
rapid, often real-time, communications between a 
wide range of agencies. The GRAs w hich have 
developed most rapidly tend to be those formed 
around semi-enclosed seas, and therefore they have

learned to process data which matches closely the 
requirements of COOP. The full range of agencies 
working in a semi-enclosed sea such as the Baltic, 
Mediterranean, or Japan Sea, includes the M eteoro­
logical Offices, Navies, Charting agencies, Ministries



of Ports, Fisheries, Environm ental Protection, 
Tourism, Oil and Gas exploitation, etc., and they 
have needs for the kind of products from numerical 
models described in Chapter 5. By combining access 
to data sets which are transmitted in real time, and by 
various schemes of real-tim e autom ated data 
exchange and data access between agencies, it has 
proved feasible to assemble com m on data sets for 
processing in models (Figure 6.3). Examples are the 
storm surge and sea level models of the N orth  Sea 
(NO OS), wind wave and sea ice models in the Baltic 
(BOOS), and 3-dimensional predictions of tempera- 
ture-salinity fields in the M editerranean (MFS).

Redundancy should be built into the data manage­
m ent subsystem, e.g., by using m irror data sites and 
by executing the same models at different computing 
centres. However, it is likely that infrastructure will 
be deficient in many regions at the local and nation­
al level and capacity building will be required. 
Capacity-building initiatives must be preceded by 
careful planning to ensure that all elements of the 
subsystem are sustainable in terms of the required 
local hum an and financial resources. Some elements 
of planned redundancy could be used to develop 
capacity off site, in partnership with institutions or 
countries where the local circumstances do not cur­
rently favour a full membership in any of the clusters.

T he prim ary com m unications tool for coastal 
G O O S will be the Internet. However, in many 
countries Internet communications are poor, or are 
prohibitively expensive. Until Internet com m unica­
tion is globally feasible for the data management and 
communication subsystem, provision must be made 
for the possibility of transferring data and inform a­
tion via other media.

6 .5  S t a n d a r d s

6.5.1 Q A /Q C  and Metadata

Ideally, observations should be unambiguous meas­
ures of the target variables. Measurements made by 
different laboratories, programmes, and governments 
must be directly comparable, irrespective of where 
and when they were made, and sufficiently precise 
and accurate to detect and predict change. Although 
models can integrate observations and fill gaps in 
time and space in principle, model outputs will be

compromised by input data that are of variable qual­
ity. Differences in quality can be avoided by adopting 
com m on standards for measurements and can be 
accommodated for modelling if measurements of 
error are included with observations.

T he development of Q A /Q C  procedures for coastal 
G O O S must m eet the following requirements:

• Measurements are made by well-trained and 
motivated personnel who understand how the 
data are to be used;

• The sampling programme is designed to provide 
data that are representative of the variables sampled 
(in both time and space) and to ensure that the 
appropriate meta-data accompany each sample;

• Instrum ents are routinely calibrated against 
authentic reference standards; and

• Q C  and recorded meta-data docum entation 
must be applied to the successive stages of data 
transmission, merging, and analysis.

Meta-data should include information such as envi­
ronmental conditions under which samples were col­
lected, measurements made that are needed to inter­
pret the data, and sampling and analysis techniques. 
Those responsible for making measurements should 
regularly participate in inter-calibration and inter­
comparison exercises and should be willing to sub­
jec t their sampling and measurement procedures to 
external vetting.

There will be a requirement for developing a variety 
of software to m eet the required data processing and 
Q A /Q C  standards. O ne could follow the example of 
GTSPP and partition this task among a group of vol­
unteer data centres. This will reduce duplication and 
ensure consistency and adherence to standards. All 
software and procedures must be documented.

A Q A /Q C  plan should be developed for each vari­
able measured as part of coastal GOOS. These plans 
should specify standards for short-term  accuracy and 
long-term  stability. For standards to be used, there 
needs to be broad-based agreement on what the 
standards should be.

In some cases data quality might be difficult to 
improve in the short term  and it may not be possible 
for standards to be followed. These data should nev­
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ertheless be included as part of the data base, but 
should be flagged. Manuals that describe materials 
and methods should be routinely published, but it 
should not be necessary to prescribe the precise 
method of measurement. This flexibility should make 
it possible for more countries to participate, and 
should encourage the development of improved 
methods. Q A /Q C  plans should include inter-cali- 
bration and inter-comparison exercises for each vari­
able as well as procedures for validation and verifica­
tion. In this regard, numerical modelling can be an 
effective tool for quality control by providing the 
means to test for internal consistency of complex sys­
tems (e.g., mass balance of material flows among 
ecosystem components and pool size of each com ­
ponent). Differences between first estimate predic­
tions and observations made at several intervals over 
time can also provide a sensitive test for biases, cali­
bration drift and outliers.

6.5.2 Real-tim e and Delayed Modes

Atmospheric forecasters have known for many years 
that trade-offs must be made between timely access 
to data and its quality. The same will be true for 
marine forecasters. Some users will need to sacrifice 
some data quality in exchange for quicker delivery of 
products, whereas others can afford to wait longer for 
high quality data. For example, models that predict 
the coastal signature of EN SO  events m ight use 
many sources of variable quality data to provide reli­
able early warnings, whereas climate research models 
might need high quality data, but w ithout urgency. 
Different models could require the same data on the 
same variable (e.g. sea surface temperature), but with 
different constraints regarding quality and real-time 
versus delayed mode access.

U nder current conditions, detecting and modelling 
changes in marine ecosystems are retrospective activ­
ities (hindcasting) that can take months or even years. 
Biological and chemical variables are typically vari­
able in space and time and their measurement is often 
a tim e-consum ing, labour-intensive process that 
requires the collection of samples and subsequent 
processing in the laboratory (i.e., they cannot be 
detected in real time). Nevertheless, while most phys­
ical variables can be regarded as "mature" in the 
world of data management and modelling, and most 
biogeochemical variables are not "mature", present

research is resulting in a steady improvement in the 
ability to make real-time and near-real-time ecosys­
tem forecasts and analyses. Such rapid analyses of 
m arine biogeochemical processes are valuable in 
forecasting harmful algal blooms (HAB), manage­
m ent of fish-farms and shell-fish-farms, public health 
regarding bathing waters, and the management of 
estuarine pollution. The gradual improvement and 
calibration of ecosystem models through long-term  
trials is an exciting frontier in coastal oceanography 
(Moll and Radach, 2001).

W here these observations are linked to research pro­
grammes, there can also be difficulties in accessing 
the data in a timely fashion because of issues of ow n­
ership. However, one- or two-year lags between sam­
ple collection and nowcasts may be acceptable when 
ecological changes have long time scales (e.g., 
declines in seagrass beds caused by nutrient enrich­
ment, decadal scale oscillations in fish populations) 
and mitigation measures are likely to take years to 
realize their effects.

6.5.3 Related Activities

Considerable effort has been invested elsewhere in 
defining standards and procedures. For example, 
W O CE and W M O  standards (with recent modifica­
tions as part of Argo and other programmes) exist for 
physical variables, and JGOFS standards exist for cer­
tain biological variables. Standards for data, meta-data 
and instruments have been developed also under 
ICES and regional G O O S programmes. It is to be 
expected that m uch will be learned from the experi­
ences of meteorologists in setting up the World 
Weather Watch and its global telecommunication 
system.They have already had to face the problems of 
timely access to data and its quality assurance and 
control. Pilot projects such as GODAE (the Global 
Ocean Data Assimilation Experiment) will be invalu­
able in helping to establish guidelines for making 
ocean m onitoring and prediction a routine activity in 
a m anner similar to weather forecasting and will help 
achieve the goals of GOOS.

6 .6  D a t a  S t r e a m s

The diversity of data types that will be collected and 
applied to the coastal zone is large. These will 
include, but not be limited to, observed data, derived
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data and data products, and predictions and modelled 
data, along with appropriate meta-data. Data can be 
acquired from a large number of different sources 
including many that are not a part of GOOS. In this 
regard, it is highly unlikely that every organization will 
choose to use the same database software to manage 
their data, so standard protocols for data exchange will 
be needed which can be overlaid on both existing and 
future software packages. W here existing standards 
exist, they should be used if possible.

Rapid access to data and data-products requires that 
data flows efficiently from instruments to end users 
and, concurrently, to aggregation centres, modelling 
centres and thence to users, as well as into distributed 
archives for retrospective analysis and archival (Figure 
6.2). There is an immediate need to reduce the time 
required for these operations. Many phenomena of 
interest in the categories of marine services and pub­
lic safety (e.g., harmful algal events, contamination of 
a bathing beach) must be detected in near real-time 
and predicted w ith sufficient lead time to be useful to 
users of the marine environment and its resources 
(e.g., commercial shipping, search and rescue, fishers, 
recreational boaters, people living close to the coast).

The data formats and transfer methods will depend 
on the data type(s). Furthermore, the time frame 
associated w ith ‘real-time’ and ‘delayed m ode’ will 
depend on the data type and application. The time 
frame for data access will also vary. Consequently, it is 
imperative that coastal GO O S defines the time line 
for each data type and explores existing data trans­
mission techniques, using these as possible models 
and building blocks for developing the fully integrat­
ed data management subsystem. GTS may be one 
option, but it is not an integrated system, and it may 
be most effective to restrict the use of GTS for data 
required to make weather forecasts and issue w arn­
ings.

M oored sensor arrays for m onitoring water quality, 
nutrients, suspended sediments, chlorophyll, and 
some contaminants have been operated successfully 
in automatic mode for several years in some coastal 
environments, and instrument suites are being devel­
oped and tested for measuring similar variables on 
routine repeated sections operated by commercial 
vessels in coastal waters. Such data sets, combined 
w ith the output from hydrodynamic models, and

supplemented by remote sensed data, provide the 
optimistic basis to start trials of operational ecosystem 
m odelling and forecasting. Further research is 
required to extend the range of chemical variables 
which can be measured automatically w ithout labo­
ratory analysis, and to provide more rapid ways of 
assessing biological parameters.

An important com ponent of the data management 
subsystem will be to identify, secure and provide 
access to historical data sets that may be in danger of 
loss or degradation of storage media, i.e., data archae­
ology and rescue. This will be particularly important 
for coastal G O O S as many old data sets may still be 
in filing cabinets or on individual PCs instead of 
being ‘managed’.

6.7 P r o v id in g  a n d  E v a l u a t in g  D a t a  
S er v ic e s

T he coastal module of G O O S will not be the 
panacea for all regional needs, and mechanisms are 
needed to selectively incorporate existing national 
and international programmes, specify and develop 
products and services, and to endure that the observ­
ing system improves its capacity to m eet the data and 
information needs of users. Development of the data 
management and communications subsystem will be 
the primary integrator of the observing system, the 
“life b lood” of the system that links all of its com po­
nents. Thus, the extent to which G O O S is able meet 
the data and information requirements of its user 
com m unity will be critically dependent on the per­
formance of the D MAC subsystem.

Performance evaluation must be an integral part of 
the implementation of coastal GOOS. Two im por­
tant aspects of the data management subsystem are 
timely access to and analysis of data. Data manage­
m ent must be maintained and upgraded to ensure 
continuity of the data streams and the routine provi­
sion of high quality data and data-products. Proce­
dures to m onitor the quality of the data must occur 
as close to the data source as possible to ensure pre­
cision and accuracy. The continuity of data streams 
and access to data must also be monitored. Evalua­
tion, maintenance and enhancements should occur at 
all levels in the DM AC subsystem, and procedures 
must be developed to ensure that information on 
quality and data flow is exchanged between each
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cluster in the hierarchy. Finally, as the observing sys­
tem develops and matures, mechanisms should be 
established by which end users are able to provide 
critical feedback on the timeliness and quality of the 
data and analyses provided. It will also be necessary to 
modify and enhance the technology behind the data

subsystem as measurement programmes gain new 
technology, as hardware and software capabilities 
increase, and as demands for new products and serv­
ices evolve. As the system is built and a client-base is 
established, additional products and services will have 
to be provided.
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7. Preliminary Guidelines
for Implementation

7 .1  G e n e r a l  C o n s id e r a t io n s

T he global coastal netw ork will develop through a 
com bination of global, regional, and national 
processes. Linking operational elements that are 
global in scope and scaling up selected national and 
regional operational systems consistent w ith  the 
G O O S Design Principles will no t only require 
guidance from user groups, it will require a high 
level of international coordination and collabora­
tion to ensure the em ergence of a global system 
(from measurements to data and product m anage­
ment) as national, regional and global scale ele­
ments come on line. G O O S will evolve by im prov­
ing access to data and inform ation in response to 
user needs; by increasing the resolution, duration 
and spatial extent of observations; and by inco rpo­
rating new  technologies and m odels.To these ends, 
im plem entation of the coastal m odule must con ­
sider the following:

• Inputs of energy and m atter to coastal ecosys­
tems from atm ospheric, oceanic and land- 
based sources must be quantified. Thus, the 
developm ent of the coastal m odule must be 
coordinated w ith the O O P C , G C O S and 
GTOS.

• T he integration of satellite-based and in situ 
observations must be coordinated w ith  CEOS, 
the IO C C G , and other international bodies to 
improve rem ote and in situ sensing capabilities 
for detecting changes in biological and chem ­
ical properties and processes. As a part of this 
process, the IGO S O cean T hem e report should 
be up-dated and extended to  include shallow, 
nearshore, and turbid coastal waters.

• Data m anagem ent groups for the purposes of 
weather prediction, improved m arine services

and m ore efficient and safe m arine operations 
have evolved two parallel and interconnected 
procedures for processing m eteorological and 
physical oceanographic data. A procedure for 
processing real-tim e data w ith  autom ated 
quality control for num erical nowcasts and 
forecasts of the weather and surface m arine 
conditions (temperature, currents, waves) and a 
delayed m ode system for the highest levels of 
accuracy, archival and use in off-line modes 
and long-term  climate predictions. Both sys­
tems require m ajor investment to increase 
capacity for handling m uch larger volumes of 
m ore diverse data (biological, chemical and 
geological variables), greater distribution of 
m odel outputs, and rapid exchange of large 
volumes of data betw een data centres.

• M any of the elements of a global coastal n e t­
w ork are in place, and a user-driven (applica­
tions) process is needed to selectively identify 
and link existing operational systems that are 
global in scope and globalise (scale up) select­
ed elements of national and regional observing 
systems.

• M easurements and models must becom e oper­
ational through mechanisms that prom ote and 
enable pre-operational testing, proof of con ­
cept pilot projects and research required to 
develop an integrated system. Im proving the 
capacity for rapid detection of changes in b io ­
logical and chemical variables and developing 
operational ecosystem-based models should be 
a high priority.

• M ajor investments in capacity building at all 
levels will be needed to ensure that developing 
nations are able to benefit from and contribute 
to the observing system.
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All of these challenges must be addressed from the 
beginning and, in so doing, must involve stake­
holders from research, operational and user com ­
m unities. A scientifically and technically sound 
approach to im plem entation that is both  feasible 
and effective requires an iterative process that 
engages all three groups in an ongoing dialogue to 
ensure the developm ent of a global system that 
meets national and regional requirements.

7 .2  E s t a b l is h in g  t h e  G l o b a l  C o a s t a l  
N e t w o r k

T he global coastal netw ork will come into being 
by selectively linking existing global programmes 
and elements, by linking existing regional and 
national programmes and elements, and by enhanc­
ing and supplem enting these over time. These 
activities will be predicated on m eeting user 
requirem ents for sustained data streams and prod­
ucts. T h e  im p lem entation  will be phased as 
described in Sections 3.2 and 7.3.

7.2.1 Data Sharing, Product Development and  
M arketing

T he design and im plem entation of G O O S must be 
guided by the identification of user groups and the 
data streams and products and m odel outputs they 
require (Chapters 4 and 5; Fischer and Flemming, 
1999; Kite-Powell et ah, 1994; N O A A -IO C , 1996; 
Stel and M annix, 1997; Adams et al., 2000). P ro­
duction, advertising and marketing data products 
are essential to the developm ent of broad user

dem and and, therefore, to  the developm ent of the 
observing system. GRAs and national G O O S pro­
grammes provide the prim ary venue for product 
developm ent w hich  should beg in  w ith  the 
exchange of existing data and inform ation and col­
laborative developm ent of operational models. H is­
torical data and ongoing data streams exist in large 
num bers, but many are no t now readily accessible 
to  potential users. C urren t m arketing and outreach 
tools include the G O O S Products and Services 
Bulletin (h ttp ://ioc .unesco .o rg /gpsbu lle tin /) and 
the JC O M M  B ulletin.These Bulletins report p rod­
ucts and product developm ent activities and pro­
vide a means for user feedback on the quality and 
usefulness of G O O S products. As useful as these 
bulletins are, the establishment of user forums for 
product developm ent and user feedback by GRAs 
should be a high priority  for im plem enting and 
developing the coastal module.

O pportunities to  m arket products and to assess user 
requirem ents also involve collaboration w ith  spe­
cific user com m unities such as the International 
M aritim e O rganization (IM O), the World Health 
Organization (W H O ), the W orld Tourism O rgani­
zation (W TO), and the International O cean Insti­
tute (IOI). In addition, the private sector can be 
expected to  play an im portant role in product 
developm ent and marketing. As is the case for 
atm ospheric products, private firms will assess user 
needs and will employ the available data and infor­
m ation to produce value-added products for those 
users, thus adding econom ic benefit to the observ­
ing system.
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B o x  7 .1 . D e v e l o p in g  a  U s e r  B a s e : T h e  C a s e  o f  In t e g r a t e d  C o a st a l  A r e a  
M a n a g e m e n t

Integrated coastal area management of the environ­
ment and living resources depends on the ability to 
repeatedly assess and anticipate changes in the status of 
coastal ecosystems and living resources on national to 
global scales. Efforts to provide such assessments 
increased dramatically during the 1990s (Parris, 2000). 
Examples are the Global Environmental Outlook pro­
duced by U N EP (w w w .unep.org/unep/eia/geol), 
reports of the World Resources Institute 
(www.wri.org/), including the Pilot Analysis of Glob­
al Ecosystems (www.wri.org/wr2000; a precursor to 
the Millennium Ecosystem Assessment: www.millen- 
niumassessment.org/en/index.htm), and the State of 
the N ation’s Ecosystems produced by the Heinz C en­
ter under the auspices of the U.S. Office of Science 
and Technology (O’Malley and Wing, 2000). These 
attempts (which are ongoing) reveal that the data 
required to compute quantitative indicators on nation­
al and global scales are generally difficult to acquire, 
inadequate, or nonexistent. Results of both PAGE and 
the U.S. effort lead to the following conclusion:

If assessments of the status of coastal ecosystems and 
resources are to be quantitative and comprehensive, 
and if they are to be repeated in a timely fashion for 
decision makers and the public at regular intervals, 
major improvements are needed in the kinds, quality

and quantity of data collected and in the efficiency 
with which data are disseminated, managed, and 
analysed.

The most important problems that require immediate 
attention are as follows:

• inefficient data management systems that do not 
provide rapid, user-driven access to diverse data 
from disparate sources;

• lack of standards and protocols for measurements, 
data exchange, and data management;

• undersampling (insufficient resolution in time 
and space to estimate distributions of key proper­
ties and processes with statistical certainty) ;

• lack of spatially and temporally synoptic observa­
tions of key physical, chemical and biological 
variables;

• lack of operational models for rapidly assimilating 
and analysing data.

The coastal module of GOO S is being designed to 
address these problems. One of the more important 
products that the coastal module will make possible is 
scientifically credible, quantitative, routine and period­
ic assessments of the status of coastal ecosystems on 
regional to global scales.
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B o x  7 .2 . G O O S  U s e r  S c e n a r io s

(1) Water Levels for Coastal Managers: Water lev­
els may vary because of tides, storm surges, wave 
heights, and secular changes in sea level. Each of these 
may act independently or in concert. All of these vari­
ables can be monitored, modelled, and predicted. To 
improve the control and mitigation of coastal flooding 
(especially from storm surges), coastal managers need 
to know how water levels may vary along a particular 
stretch of coast on seasonal and inter-annual time 
scales. M uch of the same information will also be 
required by the local managers of ports and the ship­
ping industry for controlling access to ships (load­
ing / unloading) and estimating the maximum tonnage 
of cargo ships are able to load based on predictions of 
water depth.

(2) Surface Currents, Wave Heights and Sea lee  
for Offshore Oil Exploration and Extraction: The
development of oil and gas fields in deep water and 
under Arctic conditions w ithin national EEZs 
demands increasingly accurate forecasts of surface cur­
rents, vertical current profiles, wave heights and sea ice 
to improve the efficiency and safety of operations. Pre­
dicting current profiles and the total impact of currents 
on moorings, drill strings, and submerged equipment 
is one of the oil industries highest priorities. Increas­
ingly, oil production will use well-heads that are on or 
under the seabed, but estimates of maximum wave 
height will still be required where production takes 
place from platforms, and ice forecasts for the longer 
term will be essential in polar regions. Required vari­
ables for forecasting include, wave height, ice dynam­
ics, and surface and subsurface current velocities.

(3) Dissolved O xygen for Environmental Protec­
tion (water quality management): Increases in 
nutrient pollution from anthropogenic sources over 
the last 50 years has caused an increase in the volume 
of coastal bottom waters that becomes seasonally 
hypoxic or anoxic in coastal marine and estuarine 
ecosystems that are affected by river discharge. C on­
trolling nutrient loading from land-based sources (e.g., 
fertilizers, animal wastes, sewage discharge) and mini­
mizing the areal and temporal extent of bottom water 
oxygen depletion requires coupled drainage basin 
hydrolic, coastal hydrodynamic, and nutrient dynamic

models that can be used to evaluate the efficacy of 
nutrient management decisions and predict the 
impacts of different scenarios of land-use practices. 
Required variables for prediction include fresh water 
and nutrient fluxes associated with river flow (surface 
runoff) and ground water discharge, vector winds, 
water level, incident radiation, water temperature, and 
chlorophyll concentrations.

(4) Rapid D etection and Prediction o f Harmful 
Algal Blooms: The incidence of harmful algal 
blooms (HABs) appears to be increasing in coastal 
waters. The primary issues of concern are (1) protect­
ing public health and water quality (paralytic shellfish 
poisoning, diarrhetic shellfish poisoning, amnesic shell­
fish poisoning, neurotoxic shellfish poisoning, and res­
piratory irritation and skin lesions in swimmers and 
beach goers), (2) effects on aquaculture production 
(e.g., shellfish bed closures, mass mortalities, contami­
nation), (3) economic impacts (minimize or prevent 
declines in revenues from fisheries, aquaculture, 
tourism; decreases in property value), and (4) the dis­
semination of useful information to the public. The 
following data-products are high priorities: (1) early 
alerts (location, magnitude, species) that an event is in 
progress; (2) timely forecasts of the trajectory of the 
event in time and space; and (3) predictions of where 
and when an event is likely to occur (advance notice 
of the probability an event will occur). Achieving these 
goals depends on rapid detection of the initiation of a 
HAB event and coupled coastal circulation-popula­
tion dynamics models to forecast where and when 
such an event is likely to impact human activities and 
living resources. The minimum set of variables to be 
measured are as follows: (1) real-time wind fields 
(updated 3-4 times/day), freshwater fluxes (rainfall, 
rivers, ground water) and related inputs of sediments 
and nutrients (daily rates updated weekly) ; and (2) sur­
face currents and waves, sea surface temperature and 
chlorophyll distributions updated daily; vertical profiles 
(with measurement at surface, pycnocline, near bottom 
as a minimum) of temperature, salinity, dissolved oxy­
gen, inorganic nutrients (N, P, Si), chlorophyll, 
coloured dissolved organic matter, and cell densities of 
HAB species updated at weekly (small number of sta­
tions) to monthly intervals (more stations).
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7.2.2 The Importance o f Regional Bodies

T he Governing Council of U N E P has repeatedly 
endorsed the form ulation and im plem entation of 
regional action plans to control m arine pollution 
and manage coastal m arine and estuarine resources. 
Developm ent of the coastal m odule of G O O S will 
depend on harm onizing the need for a global n e t­
work w ith user needs based on national and region­
al priorities. Thus, im plem entation of the coastal 
module will require the support and participation

of at least four groups of regional bodies and activ­
ities: (1) national G O O S programmes and G O O S 
Regional Alliances (GRAs), (2) R egional Fishery 
Bodies (RFBs), (3) R egional Seas Programmes 
(RSPs) and (4) Large M arine Ecosystem approach­
es (LMEs) (Figure 7.1). These provide the prim ary 
means by w hich user requirements and regional 
priorities will be established (cf., UNEP, 2001), and 
their coordinated support will be needed to im ple­
m ent, operate and develop the coastal m odule 
(Annex VIII).

Q  S [  r p r u i e r t !  m pen p u n  I i on G E f r tM E  i p p i a r e d

Figure 7.1. Status of the Large Marine Ecosystem programme (LMEs). Projects (O) in various stages of planning (100 - 
500 thousand USDs) and projects (© ) under implementation with funding from the Global Environmental Facility (15 - 40 
million USDs). Those indicated in dark grey are potential LMEs.

There is great potential for collaboration among 
RFBs, RSPs, LMEs and GOO S. GOO S provides an 
organizational framework for the coordinated devel­
opm ent of ecosystem based management approaches 
to resource management and environmental protec­
tion. Successful collaboration among RFBs, RSPs 
and LMEs on regional scales is critical to the timely 
and cost-effective implementation of the coastal 
module of GOOS, and there are signs that this is 
beginning to occur. For example, in 1997 the Inter­
national Council for the Explorations of the Sea 
(ICES) form ed a S teering G roup on G O O S 
(SGGOOS) to draft an action plan for how ICES can

play a leadership role in the establishment of GOOS 
in the N orth  Atlantic with emphasis on operational 
fisheries oceanography in the N orth  Sea. SGGO O S 
was reconstituted in 1999 as the jo in t IC ES-IO C  
Steering Com m ittee on G O O S which includes rep­
resentatives from the G O O S Project Office and 
EuroGOOS. PICES is moving in a similar direction. 
In 2001, the U N EP Governing Council endorsed a 
resolution calling for a closer relationship between 
RSPs and the development of GOO S. The IO C  
Assembly, at its 21st session (July 2001) endorsed a 
similar recommendation calling for G O O S to work 
closely with U N EP at the regional level to assist in
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implementing RSPs. Shortly thereafter, the IOC, 
ICES, OSPAR, the N orth  Sea Conferences and 
EuroG O O S sponsored a SG GOO S workshop to ini­
tiate planning for a N orth  Sea Ecosystem GO O S 
pilot project.The goal of the project is to implement 
an ecosystem-based approach to environmental pro­
tection and fisheries management. If successful, this 
could provide a model for regional development of 
the coastal module.

7.2.3 Potential Global Building Blocks

Very few operational elements are both coastal and 
global in scale. Examples of global elements relevant 
to the development of the coastal module include 
(but are not limited to) the W M O  data management 
systems, GLOSS and IOD E. GLOSS, a critical com ­
ponent of the coastal module, consists of a global net­
work of tide gauges providing sustained data streams 
that are managed and analysed globally. The IO D E 
was established in 1961 to facilitate the exchange of 
oceanographic data and information among partici­
pating m em ber states (see section 6). Most opera­
tional systems relevant to the global coastal system are 
regional in scope. O f these, CalCOFI, C PR , and 
IBTS are examples of programmes that emphasize 
biological observations that could be scaled up to 
address phenomena in the ecosystem health and liv­
ing marine resources themes; BOO S is highlighted as 
an end-to-end system for efficient and safe marine 
operations that provides a physical-meteorological 
framework for the development of ecological capac­
ity (which is occurring as of this writing); and 
G C R M N  is highlighted to illustrate the importance 
of public awareness and involvement in developing 
and sustaining an observing system. Both global and 
regional programmes are described in more detail in 
Annex VII. GRAs have a great responsibility to col­
laborate with the C O O P  to coordinate the develop­
m ent of the Global Coastal Network, in exchanging 
data which are truly global in nature, and in devel­
oping those aspects of G O O S that target their 
respective regional needs.

Satellite data are a significant source of coastal infor­
mation for GOOS, despite limitations of present sen­
sors to provide near-shore data (e.g., altimetry breaks 
down within 20 km of the shoreline; algorithms that 
translate water leaving-radiance into chlorophyll 
concentrations in case II waters are in the research

and development stage), to resolve gradients on scales 
less than 1 km, and to provide data from regions of 
persistent cloudiness. For the most part, the smaller 
the sensor footprint and the higher the spatial reso­
lution of the product, the greater the value for coastal 
purposes. At present, satellite sea surface temperature, 
ocean colour, surface vector winds, precipitation and 
some components of the air-sea heat flux are avail­
able for the outer reaches of the EEZ in most coastal 
environments. Even w hen not directly applicable for 
coastal purposes, these data can contribute to the skill 
of coastal models through larger-scale products that 
provide offshore boundary conditions for coastal 
models. Calibration of satellite data with in situ data 
is very im portant in the highly variable coastal zone. 
Most of the present satellite data are now from 
research, not operational, missions. It is im portant to 
move these to operational status.

7.2.4 Capacity Building

Many nations do not have the resources, technologies 
or expertise to develop national or regional observ­
ing systems or to contribute to the global network 
w ithout significant assistance. Thus, capacity building 
must be an early priority for the global coastal sys­
tem. This is the greatest challenge to the im plemen­
tation of G O O S on a global scale.

T he goal of capacity building is to enable all nations 
to contribute to and benefit from the observing sys­
tem. Achieving this goal will require partnerships 
between the com m unity of donor nations and recip­
ient nations. Capacity building will generally involve 
a mix of activities from technology transfer (to build 
the infrastructure required for observations, data 
communications networks and management, m odel­
ling, and product development subsystems) and train­
ing, to public outreach activities intended to educate 
the public, donor organizations, government m in­
istries, and other stakeholders.

In collaboration with other capacity building activi­
ties (by W M O, IO C C G , GLOSS, G C R M N , and 
IPHAB), the GO O S Capacity Building Panel and 
the JC O M M  Programme Area for Capacity Building 
will articulate capacity building needs and promote 
capacity building activities. Approaches must be tai­
lored to regional needs and cultures and should 
include active com m unity participation and aware-
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ness building (from government ministries and p ri­
vate enterprise to N G O s and volunteers). Above all, 
a sustained com m itm ent will be required by the 
com m unity of industrialized nations. Participating 
nations and donor organizations must recognize the 
need to sustain commitments beyond initial training 
and technology transfer programmes. Immediate p ri­
orities include the following:

• increase public and political awareness of envi­
ronmental problems and the benefits of detect­
ing and predicting changes in coastal ecosystems 
especially the connection to public health;

• entrain stakeholders in the design and develop­
m ent of the observing system on local to 
regional scales;

• enlist academic institutions, environm ental 
research laboratories and government ministries 
to commit resources and expertise;

• incorporate existing capabilities and support and 
improve them  according to the guidelines pro­
vided by the design plan for the coastal module 
(this includes incorporation of relevant existing 
data streams into the system);

• make use of computer-assisted and distance 
learning activities via the world wide web and 
interactive video networks; and

• develop the infrastructure for the com m unica­
tions network and provide the required training 
for data and inform ation dissemination, 
Q A /Q C  and archiving.

Initially, increasing public and political awareness in 
developing countries will be particularly important. 
In many cases, these countries will have to be con­
vinced that more and better information on the 
marine environment will benefit their economies 
and the well being of their citizens.The focus should 
be on the value of information on marine ecosystems 
and the value-added aspect of investing in an inter­
national system. Above all, a sustained com m itm ent 
will be required by the com m unity of industrialized 
nations. Participating nations and donor organiza­
tions must recognize the need to maintain capacity 
once it has been built.

7 .3  P h a s e d  Im p l e m e n t a t io n

A sustained observing system, such as the World 
Weather Watch, is a new concept for oceanographers

and marine ecologists, and there is an ongoing debate 
over what constitutes a system for sustained observa­
tions and what does not (Nowlin et al., 2001). 
Research projects intended to test hypotheses and 
develop new capabilities (from measurements to 
models) are finite in duration, and it cannot be 
assumed that every successful technique developed 
for research purposes should be incorporated into a 
sustained observing system. Such an approach is nei­
ther practical nor cost-effective.Thus, a mechanism is 
needed to select and incorporate candidate observing 
system elements into the sustained observing system.

In the development of current operational capabili­
ties (e.g., EN SO  forecasts), candidate systems typical­
ly pass through four stages on the path from a 
research project to operational modes (Nowlin et al., 
2001).They are as follows:

(1) The development of observational (platforms, 
sensors, measurement protocols, data telemetry) 
and analytical (e.g., models) techniques for 
research purposes;

(2) Acceptance of the techniques by research and 
operational communities gained through repeat­
ed testing and pilot projects11 designed to

11 \  pilot project is an organized, planned set of activities with focused objectives 
designed to provide an evaluation of technology, methods, or concepts the results 
of which are intended to advance the development o f the sustained, integrated 
observing system. As such, pilot projects have a defined schedule of finite duration. 
Guidelines for reviewing an endorsing pilot and pre-operational projects are as fol­
lows: (i) Projects may be regional in scope; they may target any stage in the end- 
to-end system as outlined in i-iv above; and they may be enabling research or proof 
of concept projects, (ii) Projects must be organized and planned sets of activities 
with well defined objectives, a specified schedule with milestones, specified deliv­
erables (products), and a finite lifetime, (iii) A clear statement must be made of how  
the project will significantly benefit the design, implementation, or development of 
CGOOS on regional (multi-national) to global scales. That is, the project must be 
justified in terms of how successful completion o f its goals w ill improve the system’s 
capacity to provide data and information for potential applications that are relevant 
to the needs of the user community. W hen appropriate, the project should be 
developed in collaboration with user groups, (iv) Projects must have funds in hand 
or have identified sources of funding, (v) It is expected that projects w ill function 
autonomously under the oversight of CO O P or of a regional or national GOOS  
body as appropriate.

These criteria are intended to enable the objective selection of pilot projects that 
will benefit the development of GOOS and its users. They are not intended to be 
restrictive or exclusive if significant value can be achieved. For example, projects 
that address specific development needs at any stage of the end-to-end system, such 
as sensor development and improved assimilation techniques and models, w ill be 
eligible for endorsement providing it is clear how  successful achievements of the 
project s goals w ill benefit the observing system and its users.

Finally, it must be emphasized that mechanisms for the transition of pilot and pre- 
operational projects to an operational mode based on accepted and objective crite­
ria have yet to be established. This problem must be addressed immediately, for, in 
the absence of such a mechanism, there will be little motivation to develop the pilot 
projects required to build a sustained and integrated system.
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demonstrate their utility and sustainability in a 
routine, operational mode;

(3) Pre-operational use of techniques and data by 
the research, operational and user communities 
to ensure that incorporation into the observing 
system leads to a value added product (is more 
cost-effective than functioning in isolation) and 
to ensure that incorporation does not com pro­
mise the integrity and continuity of data streams 
and product delivery; and

(4) Incorporation of techniques and data into the 
observing system with sustained support and 
sustained use. A critical aspect of incorporation 
into G O O S will involve the timely provision of 
data and metadata via an integrated data m an­
agement system as described in Chapter 6.

Mechanisms must be established to promote activi­
ties in each of these stages and to selectively transi­
tion successes from stage to stage based on the 
requirements of user groups. Programmes such as 
W O  CE have experience of this transition, and w ith­
in the GRAs many local developments have been 
tested and converted successfully to operational sta­

tus. These examples can be cloned between GRAs 
through the Regional G O O S Forum.

T he private sector plays im portant roles in the oper­
ational meteorological community. Industry m anu­
factures sensors and platforms. Commercial enter­
prises add value to the weather forecast of the 
National Weather Services and provide specialized 
forecast services to a wide range of customers. As the 
global and regional observing systems develop, there 
will be many similar opportunities for the private 
sector.

Technologies, understanding, requirem ents and 
applications will advance and change w ith tim e and 
mechanisms must be established to ensure that the 
observing system incorporates these changes as user 
needs becom e better defined and new  technologies 
and models are developed. Thus, although present­
ed as a linear sequence, in practice all four stages 
will develop in parallel w ith  feedbacks am ong all 
stages. Examples of programmes and elements that 
are in each of the four stages are given in Annex
VII.

B o x  7 .3 . E x a m p l e s  o f  O b s e r v in g  S y s t e m  E l e m e n t s  t h e  R e p r e s e n t  O p e r a t io n a l , 
P r e - O p e r a t io n a l , a n d  P il o t  P r o je c t  S t a g e s  (f r o m  N o w l in  e t  a l ., 2001)

• An example of an observing system that has pro­
gressed through research, pilot project, and pre- 
operational stages to become operational is the 
ENSO observing system in the tropical Pacific 
(Nowlin et al., 2001). In the 1980s, the Tropical 
Ocean-Global Atmosphere (TOGA) research 
project began to develop detection capabilities, 
scientific understanding and models required to 
predict ENSO events. This developed into a 
multi-national pilot project during the 1980s and 
early 1990s. W ith the successful development of 
predictive skill based on routine observations, the 
pilot project became pre-operational in 1994 and 
in 1999 became an operational component of 
GOOS.

• The T O PEX /Poseidon satellite altimeter mis­
sion for precise measurements of sea surface

height is an example of an observing system 
technology that has been proven in the research 
com m unity and is now pre-operational.

The Global Ocean Data Assimilation Experiment 
(GODAE) is a one-time pilot project to demonstrate 
the feasibility and practicality of real-time global ocean 
data assimilation and numerical modelling for short- 
range open ocean forecasts, boundary conditions to 
extend predictability of coastal regimes, initialise cli­
mate forecast models; and research. A related sampling 
technology that is in the pilot project stage is the Argo 
project which is deploying several hundred 
autonomous profiling floats to measure and telemeter 
temperature and salinity data for the upper ocean 
(0 - 2000 m).
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7.4 C o o r d in a t io n  a n d  O v e r s ig h t

At present, there are no formal mechanisms in place 
to coordinate and link GRAs as they develop, to 
prom ote the developm ent of the global coastal n e t­
work (linking global systems and scaling up nation­
al and regional systems), to formulate and adopt 
com m on standards and protocols (measurements, 
data com m unications and management, product 
development), and to prom ote comm unity-based 
m odelling activities.

As many of the phenomena of interest (e.g., in the cat­
egories of human health, ecosystem health and living 
marine resources) transcend national borders and the 
EEZs of coastal states, intergovernmental mechanisms 
are needed to facilitate multi-lateral agreements, coor­
dinate observing activities, and implement observing 
systems required to achieve the goals of international 
conventions. Several mechanisms are envisioned as 
offering avenues for coordination and oversight of the 
system. These include the following:

• GOOS National Programmes are basic build­
ing blocks of GO OS. Therefore they should pro­
vide the first level of coordination and oversight 
for the global coastal network.

• GRAs could provide the mechanism for coordi­
nating requirements for data and products among 
the GRAs, LMEs, RSPs, RFBs, and IO C  and 
W M O  regional organizations. Such coordination 
is essential to reduce duplication of effort and to 
harmonize the use of observations among various 
regional users having distinct requirements.

• JCOMM was established by the W M O  and the 
IO C  to provide a consistent framework for the 
collection, archival, distribution and utilization of 
data for oceanographic and marine meteorologi­
cal applications. The terms of reference for 
JC O M M  allow for the inclusion of ecological 
and socio-economic elements of the coastal m od­
ule (non-physical variables). Under the guidance 
of scientific and operational programmes of the 
IO C  and W M O, JC O M M  is charged with devel­
oping, maintaining, coordinating and guiding the 
operation of the global meteorological and

oceanographic observing systems to m eet the 
needs of member nations.This includes (1) evalu­
ation of the effectiveness of the observing system 
on a continuing basis; (2) development of a data 
management system to meet real time operational 
needs (in collaboration with the CBS, IODE, 
ICSU and other appropriated bodies); (3) provi­
sion of guidance, assistance, and encouragement 
for national and international analysis centres to 
prepare and deliver data products and services (in 
collaboration with the Global Maritime Distress 
and Safety System of SOLAS); and (4) reviewing 
and enhancing the capacity of members of the 
IO C  and W M O  to benefit from and contribute 
to GOOS and GCOS. JC O M M  is to consider (1) 
the extent to which efficiencies can be achieved 
by maximizing the types of observations obtained 
from various platforms (satellites, aircraft, drifters, 
gliders, moorings, ships, etc.) and (2) the bound­
ary between the data and information provided 
by the observing system and their applications. 
The observing system will provide products and 
assessments of the state of the ocean, but will not 
effect specific applications, e.g., the observing sys­
tem will provide descriptions of the SST, wind, 
and current fields required for an ENSO predic­
tion, but will not make the actual prediction.

• GOOS Regional Alliances as a group could 
com plem ent the activities of JC O M M . A group 
such as the Regional GOO S Forum could pro­
vide the mechanism to establish trans-regional 
user requirements, specify associated required 
products, coordinate measurements and sharing 
of technical information among GRAs, assess 
the effectiveness of the system and recommend 
needs to JCO M M .

Decisions regarding mechanisms for the coordination 
and oversight of the global coastal network are need­
ed soon because implementation of that network is 
beginning. JC O M M  can take on board non-physical 
observations, associated products, standards, etc. either 
directly by the formation of appropriate sub-bodies 
of JC O M M  or through linkages to appropriate 
organizations that can deal w ith non-physical vari­
ables on behalf of JCO M M .
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ANNEX II -  The Phenomena of Interest: 
Definitions

In t r o d u c t io n

The phenomena of interest, grouped according to 
Table 1.1 , are described below for consistency and as 
an aid to determining the variables that must be meas­
ured to detect or predict variability in them. A major 
goal of the coastal module of GOOS is the develop­
ment of an integrated observing system for the provi­
sion of data and information required to anticipate 
changes and prepare for an uncertain future over a 
broad range of scales in time and space. In addition to 
improving nowcasts and forecasts of changes in the 
physical environment for safe and efficient marine 
operations and public safety (surface currents and 
waves, storm surges, coastal erosion, etc.), successful 
development of the coastal module is critical to 
improving the ability of governments to mitigate the 
effects of external forcings (climate changes and 
human activities) on ecosystems and people and to 
sustain, protect and restore marine habitats, living 
resources and ecosystems. Critical to improving the 
ability of governments to perform these functions are 
repeated, quantitative assessments of the state of coastal 
marine ecosystems in terms of their capacity to sup­
port goods and services. To this end, the integrated 
observing system should be designed to detect and 
predict changes in the broad spectrum of physical and 
ecological phenomena described below.

The variability exhibited by coastal environments and 
the organisms that inhabit them reflect the effects of 
external forcings (e.g., ENSO events, global warming, 
nutrient loading to surface waters from coastal 
drainage basins) and characteristics of ecosystems 
themselves (e.g., geomorphology, circulation and m ix­
ing regimes, physical-biological-benthic-pelagic cou­
pling, and a diversity of biogeochemical and trophic

interactions). Overfishing is among the oldest of a 
sequence of major anthropogenic forcings of coastal 
ecosystems that include nutrient enrichment, chemi­
cal contamination, physical alteration of habitats, intro­
ductions of invasive species and the production of 
green house gasses.The effects of any of these forcings 
cannot be effectively addressed independently of one 
another or of natural sources of variability (e.g., 
extreme weather events, tides, large scale currents and 
waves, species succession and evolution). Variations in 
fish stocks, biodiversity, habitats, and the resiliency of 
marine ecosystems to external forcings are not inde­
pendent but related through complex non-linear and 
stochastic interactions. Consequently, the present state 
of the marine environment and changes in the phe­
nomena of interest can only be predicted with accept­
able skill if they are rapidly detected and quantitative­
ly understood in terms of both the compounding 
effects of larger scale forcings (occurring in the oceans, 
on land, and in the atmosphere) and the hierarchy of 
interactions that define marine ecosystems.

A . M a r in e  S e r v ic e s  a n d  P u b l ic  S a f e t y

1. Forecasts and Changes in  Sea State, Surface 
Currents, Current Profíles, Sea Level and Shallow  
Water Bathymetry12

Nowcasts and forecasts of sea state, sea level and 
coastal circulation patterns are of critical importance 
to safe and efficient marine operations including 
shipping, port operations, search and rescue opera­
tions, fishing, recreational boating and swimming,

^  N ow casts and forecasts o f fog  and sea ice are im p o rta n t m arin e  services in  som e 

regions (e.g., high latitudes, coastal upwelling regions) but are not considered to be 
global in extent. These should be the subject of regional enhancements.
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and the extraction of natural resources. Sea state 
describes the wave environment at the air-sea inter­
face and is measured in terms of amplitude, frequen­
cy and direction. W ind, wave, and current data are 
now managed on a gridded field basis, often with 
directional spectra. Accurate bathymetric maps and 
predictions (hindcasts, nowcasts and forecasts) of sea 
level are also required for coastal circulation models 
(for research and operational purposes) and, there­
fore, for the coupled physical-biological models 
needed to predict changes in the status of marine 
ecosystems and the living resources they support, i.e., 
prediction of most of the phenomena of interest 
requires data (measured or calculated) on sea level, 
surface waves, circulation, and /o r bathymetry.

2. Shoreline Changes and Coastal Flooding

Coastlines are constantly eroding and accreting from 
routine and episodic events associated w ith tides, 
winds, waves, storm surges, sediment resuspension 
and transport by rivers, tectonic processes and hum an 
modifications of the coastal zone. The latter include 
the construction of dams, harbours, breakwaters, and 
inlets; dredging to maintain shipping channels; sand 
mining; extraction of ground water; and modifica­
tions of biologically structured habitats (sea grass 
beds, kelp beds, tidal marshes, mangroves, oyster reefs, 
and coral reefs). These habitats help stabilize soils and 
sediments thereby buffering and the effects of wave 
action and the extent of coastal flooding. Thus, the 
consequences of hum an modifications include the 
mobilization of sediments and alterations of sediment 
transport patterns, subsidence, and increases in the 
susceptibility to coastal flooding.

B . P u b l ic  H e a l t h

Hum an health risks are related to the presence and 
concentration of pathogens, chemical contaminants, 
and biotoxins produced by harmful algae. Humans 
are exposed to these sources of pathology via the 
food they eat, direct contact w ith seawater and 
inhalation of aerosols.

1. Chemical Contamination o f Seafood

There is a broad spectrum of chemical contaminants 
that are health risks to humans via seafood consum p­
tion.Those of hum an origin include synthetic organ­

ic chemicals often called Persistent Organic Pollu­
tants (POPs, e.g., PCBs, polychlorinated biphenyls 
and furans, DDT, chlordane, and heptachlor), Poly- 
cyclic Aromatic Hydrocarbons (PAHs, products of 
the thermal degradation of petroleum), and metals 
and organometal complexes (most notably Cd, 
M eHg, and T B T ). Toxins produced by harmful algae 
are treated below. For the most part, the relative sig­
nificance of these chemicals as hum an health risks 
varies regionally depending on climate and oceano­
graphic conditions, the culture of the population 
(i.e., the am ount and type of seafood consumed) 
extent and kinds of industrial development, and agri­
cultural practices (cf.,Table 5 in “A Strategic Plan for 
the Assessment and Prediction of the Health of the 
Ocean, May 1996, IO C /IN F -1044, U N ESC O ). To
the extent that circulation patterns and geom orphol­
ogy influence the distribution and fate of contam i­
nants, these factors will also be im portant in assessing 
the probability of hum an exposure (N R C , 1999b).

2. H um an Pathogens

T he prim ary sources of hum an pathogens are 
untreated hum an sewage and animal wastes (enteric 
bacteria). R outes of hum an exposure include seafood 
consum ption (especially raw shellfish), ingestion of 
seawater, and direct (skin) exposure to water or sedi­
ments. To the extent that circulation patterns and 
geom orphology influence the distribution and con­
centration of pathogens, these factors will also be 
im portant in assessing the probability of hum an 
exposure. Physical and meteorologically forced m od­
els can help predict dispersion and transports.

Among the microbial agents responsible for seafood 
borne illnesses, viruses are the most com m on cause 
of infection, followed by bacteria and protozoa 
(N R C , 1999b). Shellfish are the major vectors of viral 
infections. Among the bacteria, Vibrio vulnificus has 
been implicated in shellfish poisoning and wound 
infections. Vibrio spp., E. coli, Shigella spp. and Salmo­
nella spp. can also be contracted from ingestion of 
seafood or water. Less is known about protozoa 
induced illnesses. Giardia spp. and Entamoeba gastrilis 
have been epidemiologically linked to scuba diving 
in sewage contaminated waters.The concentration of 
coliform bacteria in the water column is the most 
commonly measured indicator of pathogen contam ­
ination. C urrent estimates of the cost to society of
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exposure to these pathogens via bathing in polluted 
waters and consumption of seafood are $1.6 billion 
and 7.2 billion USD, respectively.

C . S t a t u s  (H e a l t h ) o f  M a r in e

AND ESTUARINE ECOSYSTEMS

To the extent that currents, turbulent mixing and 
geomorphology and associated features (fronts, pycn- 
oclines, boundary layers) influence the distribution, 
concentration and fate of material inputs (e.g., inor­
ganic and organic nutrients, chemical contaminants, 
pathogens, non-native species) in coastal ecosystems, 
these factors will also be im portant in predicting 
changes in the phenomena of interest discussed 
below.

1. Habitat Modification and Loss13

The habitats targeted by the coastal module are those 
of the intertidal (mangrove forests, tidal marshes, mud 
flats, and beaches) and relatively shallow subtidal 
zones (kelp forests and other attached macroalgae, 
seagrass beds, coral and oyster reefs). These habitats 
are im portant for recreation and provide food and 
refuge for a high diversity of organisms, including 
commercial and recreational fish populations. They 
play major roles in sustaining living resources, pro­
viding habitat for marine organisms, maintaining 
shoreline stability, mitigating the effect of storm 
surges and coastal flooding, and controlling the flux­
es of nutrients, contaminants and sediments from 
land to coastal ecosystem. Thus, changes in these 
habitats have significant affects on marine biodiversi­
ty, fisheries, recreation and tourism, the susceptibility 
of hum an populations to extreme weather, the capac­
ity of coastal ecosystems to assimilate and recycle 
nutrients mobilized by hum an activities, and on the 
provision of aesthetically pleasing environments
(N R C , 1994; Mitsch et al., 1994; Boehleri, 1996; 
Maragos et al., 1996).

The distribution and areal extent of these habitats are 
affected by both climatic forcings (e.g., changing pat­
terns of heat flux and rainfall) and anthropogenic 
activities (e.g., excess nutrient inputs and over fish­

^  Habitat modifications due to oxygen depletion, harmful algal events, and inva- 
sive species are treated elsewhere.

ing). Coral reef bleaching and increases in the sus­
ceptibility of corals to disease are believed to be relat­
ed to increases in temperature caused by ENSO 
events and global warming. Overfishing, nutrient 
enrichm ent and coastal erosion are also causes of 
coral reef loss. Mangrove forests are being cut down 
for firewood and to provide space for aquaculture 
operations (e.g., shrimp farming). Losses of sea grass 
beds occur as a consequence of wasting disease, 
nutrient enrichment, coastal erosion and sediment 
loading, land reclamation, harvesting bottom  fish and 
shellfish, and dredging. Tidal marshes are susceptible 
to sea level rise, subsidence, canalisation, invasive 
species, and land use practices (e.g., coastal develop­
m ent and hardening the shoreline, water consum p­
tion, dams) that affect their sediment budgets and 
pore water chemistry.

The distribution and abundance of biologically 
structured habitats (mangrove forests, sea grass beds, 
coral reefs, etc.) vary regionally depending on water- 
depth, -clarity, -temperature, and salinity. For exam­
ple, salt marshes are prom inent features of coastal 
ecosystems in South Asia and the SW Atlantic but 
not in South Africa, the SE Pacific, or the Arctic. 
Coral reefs are confined to warm, clear waters of the 
tropics and subtropics (e.g., SW Pacific, Caribbean), 
and mangroves are particularly abundant in west- 
central Africa, the SW  Atlantic, the west coast of 
Central America, the north  coast of South America 
and the SE Pacific.

2. Eutrophication

The structure and function of coastal ecosystems 
depend on inputs of nutrients (N, P, Si, Fe, etc.) from 
external sources (the deep ocean, coastal drainage 
basins and the atmosphere). Excess inputs of nutrients 
(nutrient over-enrichm ent or nutrient pollution -- 
usually forms of nitrogen, phosphorus, or both) result 
in a phenom enon called “eutrophication”. “Excess” 
is typically defined in terms of outcomes. These 
include accumulations of organic m atter (often in the 
form of algal biomass but also as organic detritus, dis­
solved organic matter, or some combination of 
these), increases in bacterial production, and the 
development of hypoxic (dissolved oxygen < 2 ppm) 
or anoxic (no dissolved oxygen, often associated with 
the production of hydrogen sulphide which is toxic 
to many aerobic organisms) conditions. Oxygen
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depletion of bottom  waters is nearly always a conse­
quence of excess nutrient enrichm ent and associated 
accumulations of organic matter. There is also clear 
and unequivocal evidence that increases in the fre­
quency and extent (spatial and temporal) of bottom  
water hypoxia and anoxia are directly related to 
increases in diffuse and point source inputs from 
anthropogenic sources (Howarth et al., 2000; Kemp 
and Boynton, 1997; N ixon, 1995; Peierls et al., 1991).
Thus, the phenom ena of eutrophication will be 
quantified here in terms of the frequency and extent 
of hypoxia in coastal ecosystems.

Excess nutrient enrichm ent may also promote losses 
in biodiversity, mass mortalities, decreases in water 
clarity, habitat loss (e.g., coral reefs, sea grass beds), the 
growth of HABs and non-native species, and changes 
in the abundance of exploitable living m arine 
resources. However, because these phenomena are 
often the consequence of other factors than nutrient 
enrichm ent and have significant implications in 
terms of ecosystem structure and function that are 
not directly related to nutrient enrichment, these 
phenom ena are treated separately below.

For the most part, excess inputs of nutrients to semi­
enclosed bodies of water and near-shore coastal 
ecosystems (e.g., in waters less that 50 m deep and 
w ithin 50 km of the coastline) are related to hum an 
activities that mobilize nitrogen and phosphorus and 
increase their export from coastal drainage basins and 
airsheds via surface and ground water discharges and 
atmospheric deposition. For example, over the past 
100 years, nitrate concentrations in the world’s rivers 
have increased by as m uch as 20 fold, largely as a con­
sequence of a rapid increase in the pool of fixed N  
(due mostly to anthropogenic fixation of N  for fer­
tilizers) and to related increases in point (sewage) and 
diffuse (mobilization of nitrogen by deforestation, 
fertilizer use, acid rain) inputs. Increases in anthro­
pogenic inputs are reflected in the correlation 
between riverine N  exports to coastal ecosystems 
and the population density of their watersheds. Evi­
dence is growing that such increases in N  loading are 
responsible for the loss of habitat (seagrasses, coral 
reefs) and for increases in the occurrence and m agni­
tude of seasonal anoxia. Given the effects of such 
changes on critical fish habitat and the migrations of 
anadromous fish, it is likely that these effects are low ­
ering the carrying capacity of ecosystems for

exploitable fish and shellfish stocks. The effects of 
excess nutrient enrichm ent can also be exacerbated 
by over fishing, especially when the exploited species 
are filter feeders such as oysters, clams and mussels.

T he measurement and control of eutrophication are 
often the subject of local, national, and m ulti-nation­
al agreements concerning coastal seas, so that matters 
of definition and measurement become acutely sen­
sitive and political. O perational agencies w ith 
responsibility for this management will benefit from 
increased research, and improvements in operational 
observations and modelling.

3. Changes in Biodiversity

O f the various levels of biological diversity (from 
molecular to ecosystem levels of organization), the 
most com m on indices of biodiversity are based on 
the num ber of species and the distribution of abun­
dance among species. C urrent estimates (which are 
most likely underestimates) place the num ber of 
marine species at about 200,000 w ith representatives 
from 32 phyla, 15 of which are found exclusively in 
the marine realm.This is in marked contrast with the 
terrestrial environment where there is an estimated 
12 million species, over 90% of which are from two 
phyla: insects and flowering plants.

T he rate of species extinction has been estimated to 
have been about 1 per year prior to the evolution of 
people compared to the current rate of 100-10,000 
species per year (Norse, 1996). Changes in species 
diversity are related to large scale changes in the 
ocean-climate system (e.g., ENSO, PDO, NAO) and 
to more local scale changes such as habitat loss or 
modification (e.g., coral reef bleaching, declines in 
mangrove forests due to shrimp farming, loss of sea­
grasses due to nutrient enrichment), oxygen deple­
tion, invasions of non-native species, fishing, mass 
mortalities of marine organisms, and harmful algal 
events.

4. Harm ful Algal Events

There is growing evidence that coastal ecosystems 
are experiencing an escalating and disturbing trend 
in the incidence of problems associated w ith harm ­
ful algae, including hum an illness from contam inat­
ed shellfish or fish, the closure of shellfish beds, mass
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mortality of cultured finfish, and the death of marine 
mammals and seabirds (Anderson et al., 2002 and 
references therein; h ttp ://io c .u n esco .o rg /h ab ). 
Increases in harmful algal events may also be associ­
ated w ith the loss of biodiversity in some regions. As 
a result, governm ent ministries responsible for pub­
lic health and industries involved in the harvesting 
and marketing of sea food (wild and farmed) are rec­
ognizing the need for m ore timely detection of 
HAB events and for the development of a predictive 
understanding of w hen and where such events are 
most likely to occur. Tim ely access to such inform a­
tion is required to (1) protect public health, (2) con­
trol and mitigate ecological and economic impacts, 
and (3) disseminate relevant, accurate and useful 
inform ation in a timely fashion to coastal com m uni­
ties and industries that are impacted or likely to be 
affected by such events.

Although harmful algal events are often referred to as 
harmful algal blooms (HABs) or “red tides”, it must 
be recognized that: (1) HAB species represent a broad 
spectrum of taxa (dinoflagellates, diatoms, cyanobac­
teria, raphidophytes, prymnesiophytes, and pelago- 
phytes) and trophic levels (e.g., autotrophic, het- 
erotrophic, mixotrophic) that are referred to collec­
tively as “algae”; and (2) many HAB species cause 
problems at low cell densities, i.e., a bloom is not 
necessarily required for a HAB event to occur.There 
are two general groups of HABs: (1) those that pro­
duce toxins that contaminate seafood, increase the 
susceptibility to disease, and kill marine animals; and
(2) those that cause problems by virtue of their high 
abundance or biomass (oxygen depletion, habitat 
loss, and starvation, respiratory or reproductive failure 
in marine animals). The latter are discussed in the 
context of coastal eutrophication.

For the purposes of the design plan, a harmful algal 
event may be one or more of the following: (1) a 
bloom of a HAB species that is known to produce 
toxins harmful to marine life or to humans; (2) mass 
mortalities of marine organisms caused by HAB 
species; (3) non-lethal manifestations such as lesions, 
increased parasite load, or decreased reproductive 
capacity caused by HAB species; or (4) the occur- 
rence of hum an illness caused by a HAB species. 
There are approximately 5,000 species of microalgae 
in the world. O f these, about 100 fall into one or 
more of these categories. These species produce a

spectrum of toxins that typically fall into one of the 
following categories: paralytic shellfish poisoning, 
diarrhetic shellfish poisoning, amnesic shellfish poi­
soning, neurotoxic shellfish poisoning, and Ciguatera 
fish poisoning. Lesions, respiratory irritation, and 
m em ory loss may also occur via contact with water 
or exposure to aerosolised toxins or irritants. For the 
most part, the relative significance of toxic species 
varies regionally depending on environmental condi­
tions conducive to growth and to the production of 
toxins by microalgae (Smayda and Shimizu, 1993; 
h ttp ://ioc.unesco.org/hab).

5. Invasive Species

As the global m ovem ent of ships, people and com ­
modities has increased, the num ber of introductions 
of non-native species has also increased (global dis­
persal). T he num ber of successful new invasions 
(invasive species) appears to have increased dramat­
ically during the 1970s and 1980s, perhaps as a con­
sequence of the com bined effects of global disper­
sal, habitat loss and modification, nutrien t enrich­
m ent and over fishing in coastal ecosystems (Carl­
ton, 1996). Increases in the occurrence of invasive 
species may be a factor in the loss of biodiversity in 
some regions. T he list of recent invaders includes 
several species of benthic algae, SAV, toxic dinofla­
gellates (e.g., Alexandrium catenella in Australia), 
bivalves (e.g., the zebra mussel in the Great Lakes 
and the Chinese clam in San Francisco Bay), poly­
chaetes, ctenophores, copepods, crabs and fish. Such 
invasions can profoundly alter the population and 
trophic dynamics of coastal ecosystems. For exam ­
ple, the introduction of the ctenophore Mnemiopsis 
leidyi caused the collapse of the anchovy fishery in 
the Black Sea by preying on the anchovy’s preferred 
food, copepods; the introduction of the m acroben- 
thic green algae, Caulerpa taxifolia, displaced a 
diverse com m unity of sponges, gorgonians, and 
other seaweeds over thousands of square meters in 
the northern  M editerranean; and the introduction 
of the Chinese clam (Potamocorbula amurensis) has 
severely limited phytoplankton production in San 
Francisco Bay.

6. Water C larity

Reductions in water clarity can occur as a conse­
quence of numerous factors including coastal erosion
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and sediment transport, sediment resuspension, phy­
toplankton growth, overfishing of filter feeding 
bivalves, and inputs of nutrients and organic matter 
from point (e.g., sewage discharges) and diffuse 
sources (surface and ground water flows, atm ospher­
ic deposition). Underwater light is essential for pho­
tosynthesis, the growth and maintenance of many 
habitats (e.g., coral reefs, seagrasses, benthic macroal­
gae) and vision. Photosynthesis supports most bio­
logical production in the ocean; habitats such as coral 
reefs, kelp beds, and sea grasses are im portant habitats 
for living resources and biodiversity; and vision is an 
im portant parameter of reproduction and feeding 
(trophic interactions and the transfer of phytoplank­
ton production to higher trophic levels, including 
commercially im portant fisheries). Consequently, 
changes in water clarity can have profound influ­
ences on coastal ecosystems.

Solar radiation is attenuated rapidly in most coastal 
waters influenced by land-runoff (inputs of sedi­
ments, coloured dissolved organic matter, particu­
late organic m atter and nutrients associated w ith 
surface water runoff), high phytoplankton produc­
tivity, and sedim ent resuspension. M easurements of 
attenuation in several wave bands can resolve the 
effects of sediments, coloured dissolved organic 
matter, and phytoplankton. Thus, in addition to 
being an im portant determ inant of prim ary pro­
ductivity, the attenuation of solar radiation can be 
an im portant tracer of phytoplankton, sedim ent 
transport, coastal erosion, areal extent and location 
of buoyant plumes and effluent discharges, nu trien t 
supply, and the environm ental m obility of inorgan­
ic and organic pollutants, inorganic particles, and 
detritus and living particulate matter.

7. Disease and Mass Mortalities in  Marine 
Organisms

Fish, shellfish, marine mammals, turtles and sea birds 
experience mass mortalities and strandings (that typ­
ically lead to death) that have been related to disease, 
parasitism, harmful algal blooms, hypoxia, oil spills, 
diversions of freshwater, and climate change. The 
num ber of such events and assessments of their caus­
es can be considered indicators of the health of 
m arine ecosystems and their capacity to support liv­
ing resources.

D . S t a t u s  o f  L iv in g  M a r in e  
R e s o u r c e s

1. Changes in Harvest (both Capture Fisheries and 
Aquaculture)

M ore than 90% of the marine fish catch comes from 
coastal ecosystems and, in 1997, fish provided about 
6% of the total protein consumed by humans. The 
species composition of fish landings varies among 
regions and is changing through time as landings of 
the larger, more valued species (e.g., salmon, tuna, 
sword fish, haddock, cod, hakes, redfish, flounders) 
decline. About 1 billion people, mostly in developing 
countries, rely on fish as their primary source of ani­
mal protein. Global fish and shellfish landings from 
both capture fisheries and aquaculture increased from 
less than 20 million m etric tons in the early 1950s to 
more than 100 m -tons in the late 1990s. The rate of 
increase has decreased from about 6% per year dur­
ing the 1950s and 1960s to 1.5% during the 1980s 
and 1990s.The FAO estimates that by 2010 fish land­
ings will drop to about 75 million tons unless aqua­
culture production doubles and fishing pressure is 
reduced to sustainable levels.

D uring the late 1980s and early 1990s, seafood pro­
duction (capture fisheries and aquaculture) increased 
from 89 million tons to 120 million tons. Capture 
fisheries increased by only 17% during this period 
and has levelled off in recent years. In contrast, aqua­
culture production expanded by 170% accounting 
for 60% of the total 31 million ton  increase during 
this period (FAO, 2000). Aquaculture currently 
accounts for 30% of seafood consumption worldwide 
(FAO, 2000). In developed countries, aquaculture 
production increased by 25% (2.8 million tons in 
1984 to 3.5 million tons in 1994) while capture fish­
ery landings declined by 26% (42 million tons in 
1984 to 31 million tons in 1994). In contrast, the 
production of both capture fisheries and aquaculture 
increased in developing countries by 340% and 68% 
respectively (FAO, 2000).

T he FAO has developed three indicators that would 
help assess the condition of global fisheries: (1) total 
landing by year for each fishery region; (2) the ratio 
of piscivore to zooplanktivore biomass based on 
annual landings; and (3) percent catch by trophic 
level. W ith the exception of the eastern Indian
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Ocean, piscivore landings have either peaked (NE 
Pacific, N E  Atlantic, western Indian Ocean, western 
central Pacific) or declined (eastern central Pacific, 
N W  Atlantic, N W  Pacific).

It should be emphasized that aquaculture practices 
can have significant environmental impacts including 
the degradation of water quality due to the concen­
trated production of wastes, alteration of marine food 
webs due to the introduction of non-native or genet­
ically altered species and to the removal of forage fish 
to use as food (e.g., salmon net pen aquaculture), 
habitat loss or modification (e.g., removal of m an­
grove stands for shrimp m ariculture), the spread of 
disease, and increases in the incidence of harmful
algal blooms (N R C , 1992, 1996a, 1996b; Cham ber- 
lain, 1997; Folke and Kautsky, 1992).

2. Changes in  the Abundance o f Exploitable Living  
Marine Resources

Sustained declines in the spawning stocks of marine 
fish, measured in term  of total biomass and abun­
dance, result in the loss of commercial fisheries, 
changes in the trophic structure and nutrient dynam­
ics, and, in extreme cases, extinction. Such declines 
may also contribute to habitat loss (e.g., coral reefs), 
the development of invasive species and harmful algal 
blooms. Ecosystem level effects such as these tend to 
be species specific or trophic level specific (e.g., filter 
feeding bivalves versus piscivores). Early detection of 
trends in the abundance of spawning stocks of 
exploitable marine resources is critical to ecosystem- 
based fisheries management.
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ANNEX III -  Design Principles

There are two com m on misconceptions concerning 
the concept of an “operational” observing system 
(Nowlin et al., 2001).The first is that there is a clear 
distinction between research and operational pro­
grammes. There is not. The second is that data 
streams and applications do not have to be closely 
linked. They do. As is the case in m eteorology oper­
ational activities grow out of a rich foundation of sci­
entific research. Using a tree as a metaphor, opera­
tional programmes are like the branches of a tree that 
grow from the trunk and roots, the research base. 
Both will prosper and grow as the strength of one 
enhances the strength of the other. The development 
of the EN SO  observing system is a good example of 
this type of synergy. A related and im portant require­
m ent is that the credit for building and sustaining 
GO O S must not be limited to the end members of 
the end-to-end system alone (the data gatherers and 
users). All of those involved, from measurements and 
data acquisition to data management, analysis and 
applications must be acknowledged and receive cred­
it for their contributions to the system.

The development of the coastal module of GO O S 
will be guided by the G O O S Design Principles 
(IOC, 1998b) that have been tailored for the purpos­
es of the coastal com ponent. T he users of the data 
and data-products will interact w ith both technical 
experts and scientists to drive the processes of design­
ing, operating and improving the system in response 
to the evolving needs of user groups. As the coastal 
module develops, it must become more than the sum 
of its parts. The system will not be an opportunistic 
assembly of whatever m ight be available. It will 
develop by selectively incorporating, enhancing and 
supplementing existing programmes consistent with 
the needs of participating nations. To these ends, the

design of the coastal module of G OO S will be guid­
ed by the following principles:

• O p eration a l
For the purposes of GOO S, an operational observ­
ing system is one in which data streams and products 
are sustained into the foreseeable future and are pro­
vided routinely and systematically as specified by the 
users (uninterrupted, timely delivery of data and 
information with sufficient precision and accuracy). 
The successful achievement of the goals of the coastal 
module of G OO S requires that it be designed to 
capture the spectrum of environmental responses 
(the temporal and spatial dimensions of variability) to 
external forcings that are relevant to the phenomena 
of interest (Table 1.1). Observations must be sus­
tained in perpetuity to capture episodic events and 
long-term  trends (document both high and low fre­
quency variability), enhance scientific analysis, and 
support model predictions.

• In tegrated
The observing system must not only be sustained, it 
must be integrated (Figure III. 1).The observing system 
will be integrated from measurements (remote and in 
situ sensing; synoptic measurements of physical, biolog­
ical and chemical properties over a broad range of time 
and space scales) to data management (multiple data 
types from disparate sources) and analyses that are 
responsive to the needs of multiple end-users.

In addition, the observing system will provide data 
and inform ation for m arine operations and on 
changes in coastal ecosystems that require regional to 
global (international) approaches for rapid detection 
and timely prediction (e.g., local expressions of larg­
er scale changes).
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F igure I I I .l .  The extent to which programmes are sustained and integrated. Sustained is the assurance that observations 
will be continued in perpetuity. An observing system is integrated to the extent that the measurement programme is multi­
disciplinary (physical, chemical and biological variables measured synoptically in time and space) and the observing system 
is designed to address the needs of multiple user groups. Most programmes are either sustained or integrated. Very few are 
both. For example, Numerical Weather Predictions (NWP) and the Global Sea Level Observing System (GLOSS) are sus­
tained, but not integrated. Likewise, research programmes such as the Land-Ocean Interactions in the Coastal Zone (LOICZ), 
Global Ocean Ecosystem Dynamics (GLOBEC), Global Ecology and Oceanography of Harmful Algal Blooms (GEOHAB), 
and the Joint Global Ocean Flux (JGOFS) programmes are integrated but not sustained. O f the examples given here, taken 
together, the monitoring programmes of the Regional Fishery Bodies (RFBs such as ICES and the IBSFC) and Regional Seas 
Conventions (RSCs such as the Barcelona Convention) come closest to the vision of the coastal module of GOOS in terms of 
being multi-disciplinary and sustained (MFS - Mediterranean Forecasting System, BOOS - Baltic Operational Observing Sys­
tem, GODAE - Global Data Assimilation Experiment).

The coastal module of G O O S is being designed and 
implemented as a com ponent of GOO S and in col­
laboration with GCO S and GTOS. To date, few, if 
any, programmes are both integrated and sustained. A 
sustained com m itm ent will be required of GOOS 
partners to establish, maintain, validate, make accessi­
ble, and distribute high quality data that m eet inter­
nationally agreed upon standards.

• D a ta  M a n a g em en t
An integrated data and information management 
system will be developed that ensures rapid access to 
diverse data and information of known quality from 
many sources by all users.

• U sers
T he observing system will provide data and derived 
data-products that address a broad spectrum of user 
needs14. This Design Plan identifies observations 
required to achieve defined objectives and, where 
possible, describes how they will be applied to the 
needs of users. Examples of objectives and products 
for the category of ecosystem health are given in
Table III.l

^  The products of the coastal module of GOOS will depend on the level of data 
analysis required by user groups ranging from “raw” (unprocessed) data and cali­
brated data for scientists to  near-real time predictions and more highly processed 
data for education and commercial use. At the present time, it is not clear where in 
the continuum from data to derived products the non-commercial role o f GOOS 
ends and the commercial development of products begins.
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Table I II .l. Examples of objectives and associated products corresponding to the phenomena of interest in the Ecosystem 
Eiealth categoiy of Table 1.1.

More timely detection and prediction of 
changes in the areal extent of biologically 
structured habitats.

Annual report of the spatial distribution (GIS) of biologically structured habi­
tats by region and globally (specified as tidal marsh, mangrove stands, sea- 
grasses, macrobenthic algae, coral reefs and shellfish beds).

More timely detection of changes in species 
diversity of benthic, pelagic, and planktonic 
flora a fauna.

Annual report of the number of marine and estuarine at risk species that are 
increasing, decreasing or stable by region and globally.

More timely detection and improved pre­
diction of coastal eutrophication on regional 
and global scales for coastal marine and 
estuarine ecosystems.

Weekly hindcasts of the sea surface chlorophyll-a field (mean for past week) 
for coastal waters < 200 m in depth by region.

Annual report of the proportion of brackish water (<32 psi) that experiences 
hypoxia for periods of 1 month or more by region and globally (in terms of 
surface area).

More timely detection and improved pre­
diction of the presence, growth, movement, 
and toxicity of toxic algal species.

Annual report of the frequency of harmful algal events that have high, medi­
um, and low intensity in terms of both spatial and temporal extent for each 
region and U.S. coastal waters.

For hot spots (areas and seasons that have a history of HAB events), weekly 
reports on the distribution and abundance of selected HAB species.

For hot spots, weekly forecasts (updated daily) of the trajectory of HABs and 
where and when blooms are likely to affect beaches, shellfish beds and aqua­
culture operations.

More timely detection of non-native species 
and improved predictions of the probability 
they will become invasive species.

Annual report on the occurrence of non-native species in semi-enclosed bod­
ies of water for each region where occurrence is measured in terms of both 
surface area affected and number of species.

More timely detection and improved pre­
dictions of mass mortalities of fish, marine 
mammals and birds.

Annual report on the frequency of standings and mass mortalities of marine 
organisms for each region and U.S. coastal waters.

For hot spots (areas and seasons with a history of mortality events), weekly 
updates on the occurrence of standings and mortality events.

Improved predictions of the effects of habitat 
modification and loss on species diversity.

Annual report of the distribution and abundance of marine and estuarine at 
risk species relative to the distribution of biologically structured and abiotic 
(hard and soft bottom substrates, mud flats) habitats.

• C ost-E ffec tiv e
The development of the coastal module of G OO S 
involves more cost-effective use of existing data, 
expertise and infrastructure than is currently realized, 
i.e., the entire process from measurements to prod­
ucts will be cost-effective. The coastal module of 
GOO S can come into being by selectively incorpo­
rating, enhancing and supplementing existing pro­
grammes based on regional priorities and user needs. 
It will become a comprehensive system of observa­
tions through shared use of infrastructure from meas­

urement systems and platforms to communication 
networks, data management systems, assimilation 
techniques, and modelling.This will require national, 
regional and global coordination to minimize dupli­
cation and costs, optimise the temporal-spatial scales 
of observation, and maximize the availability data and 
information to participating nations.

• S y ste m  P erfo rm a n ce  and E v o lu tio n
Products must ensure social and economic benefits 
that justify the operational costs of the observation
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system. If the coastal module is to develop and evolve 
as patterns of use change (as they surely will) and as 
the capacity to observe and analyse changes 
improves, there must be an ongoing constructive 
feedback between those groups that make measure­
ments and provide the data and those that use the 
resultant data and information for their own purpos­
es. Mechanisms will be established to (1) evaluate the 
functioning of the system, (2) assess the value of the 
information produced, and (3) improve the system as 
new capabilities become available and user require­
ments evolve.

• C a p a city  B u ild in g
A substantial investment in capacity building by the 
com m unity of industrialized nations is essential to 
achieve the goals of the coastal module. Capacity 
building programmes and mechanisms for sharing 
knowledge, expertise and technologies must be insti­
tutionalised to enable all nations to contribute to and 
benefit from the development of the coastal module 
of GOOS. In this regard, the com m unity of nations 
must reject the notion of poverty as a hum an condi­

tion if effective management and sustainable utiliza­
tion of the marine environment and its natural 
resources are to be achieved on a global scale (Kim 
Hak -su, 2002 Asia-Pacific Forum on Environment 
and Development).

• R esearch
It must be recognized at the onset that many of the 
measurements, data m anagem ent protocols, and 
models required for a comprehensive, fully integrat­
ed, multi-disciplinary observing system are not oper­
ational, that m uch work is needed to develop and 
determ ine those products that are most useful, and 
that capabilities and resources vary enormously 
am ong nations. Hypothesis-driven research that 
results in new knowledge, improved technologies, 
and more powerful models is of critical importance 
to the development of the coastal module of GOOS. 
Im plementation of the coastal module of GOO S 
must create a more constructive and timely synergy 
between hypothesis-driven research, the detection of 
patterns of variability, and the generation of inform a­
tion in response to user needs.
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ANNEX IV -  Procedures for Selecting 
Common Variables

This Design Plan for the Coastal M odule includes 
selection of com m on variables for a global system of 
observations in coastal environments. The goal is to 
identify the minimum number o f variables that 
must be measured to detect and predict changes 
that are important to the maximum number of 
user groups. The selection process was based on a 
ranking procedure that addresses the needs of users, 
followed by a consensus-based review derived from 
the expertise and experience of a broad range of sci­
entists (Chapter 4). Processes based on this model 
should also be useful for identifying the variables that 
will be measured as part of national and regional 
observing systems.The approaches could be modified 
to identify appropriate socio-economic and public 
health indicators; these will be included in the 
Coastal Module, but are not considered here.

A . In it ia l is in g  t h e  p r o c e s s

An objective and transparent procedure for identi­
fying com m on variables was developed as follows: 
variables are ranked according to the num ber of 
phenom ena they can help to detect an d /o r predict, 
w ith each phenom enon weighted by the num ber of 
user groups interested in it. T he selection process 
begins w ith lists that represent the scope of the 
coastal m odule of G O O S and the variables that 
m ight be measured in a global system. Four lists 
were constructed through an iterative consultation 
w ith C O O P  members:

• User groups. The Coastal M odule is intended to 
serve the needs of many user groups including 
industries, government agencies and ministries, 
teaching institutions, the public, nongovernm en­
tal organizations, and the com m unity of research

scientists. User groups provide or depend upon a 
broad range of services or products. These 
include: the management of coastal ecosystems 
and living resources; protection of public health; 
safeguards for marine operations; and prediction 
of the effects of anthropogenic influences or cli­
mate change. A list of user groups (Table IV. 1) 
guides the selection of common variables; it is not 
intended to be exhaustive, but rather a reasonable 
sampling of the spectrum of user groups that are 
likely to benefit from the Coastal Module.

• Phenomena of interest include properties and 
processes such as sea-state, coastal erosion or 
accretion, changes of living resources or their 
habitats, and chemical contamination of seafood, 
all of which are detectable and potentially pre­
dictable (Table IV. 2; Annex II). Users of the 
Coastal M odule will be interested in the occur­
rence of or changes in the phenom ena of inter­
est.

• Variables for detecting and predicting change are 
properties or rates that can be measured with 
known precision or accuracy (e.g., temperature, 
bathymetry, and total suspended solids), and 
which could potentially be included in the glob­
al system of the coastal module of G O O S (Table 
IV 3a).The list is not intended to be exhaustive. 
Rather, it is intended to include variables that 
could, in principle, be measured as part of a 
global infrastructure of sustained, routine, and 
robustly calibrated observations. These variables 
are ranked as described below and then evaluat­
ed for selection as com m on variables for the 
coastal module of GOOS. Many variables were 
exempted from the process for selecting com ­
m on variables, either because they will be meas­
ured as part of other global observing systems
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and will be incorporated from them  into the 
global coastal system, or because they require 
regional approaches and will be considered in 
the design of national and regional observing 
systems (Box IV. 1; Table IV. 3b).

• Predictive models. Many coastal phenomena can be 
predicted with models, ranging from rules of 
thumb, through statistical models, to sophisticated 
coupled atmosphere-ocean simulations based on 
first principles (Chapter 5). Predictive models 
include nowcasts (modelled fields of properties 
based on limited observations), to forecasts on 
scales from hours to decades or longer. All of these 
models must be driven by observations which are 
not necessarily the same as those required to 
detect the phenomena (e.g., winds need not be 
measured to detect coastal flooding, but they must 
be measured to predict it). A representative list of 
models is presented in Table IV4.

B . P r o c e d u r e  f o r  r a n k in g

THE VARIABLES

Ranking for identification of com m on variables is 
achieved by weighting the variables according to the 
num ber of phenomena of interest that they can help 
to detect and predict, w ith each phenom enon 
weighted by the num ber of user groups interested in 
it. Decisions are made through an objective and 
transparent ranking procedure, based on the lists of 
user groups, phenom ena of interest, variables to 
detect and predict change, and predictive models.

After the lists were carefully reviewed, four matrices 
(Tables IV. 5 -  IV. 8) were prepared for use in the 
ranking exercise. Ranks of the variables are obtained 
by the following steps (see Figure IV. 1):

(1) Each phenom enon of interest is scored accord­
ing to the num ber of user groups interested in 
detecting the occurrence of or change in it
(Table IV. 5).

(2) Variables are scored by counting the num ber of 
phenom ena that each variable can detect change 
in (Table IV. 6).

(3) These variables to detect change are ranked (Table 
IV. 6) according to their scores from step (2), 
w ith each phenom enon weighted by the num ­
ber of user groups interested in it.

(4) Models to predict change are weighted by 
counting the num ber of user groups interested 
in each prediction (Table IV 7).

(5) Each variable is scored according to the num ber 
of models that require it for input (Table IV.8).

(6) These variables to predict change are ranked (Table 
IV 8) according to their scores from step (5), with 
models weighted by the number of user groups 
interested in the predictions, from step (4).

In the ranking exercise, when phenom ena of interest, 
variables, and models were scored, three entries were 
allowed: 0 (no or insignificant relevance), 1 (signifi­
cant, but partial or indirect relevance), and 2 (direct 
relevance). The middle category is not a catch-all; a 
relationship was scored only if it is significant.
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Box IV. 1. V a r ia b le s  M e a s u r e d  a s  P a r t  o f  O t h e r  I n t e g r a t e d  G l o b a l  O b s e r v in g  
S y s t e m s  A n d  S h a r e d  b y  t h e  C o a s t a l  M o d u l e  o f  G O O S

Many variables that will be measured as part of the 
global coastal system were not considered in the selec­
tion of common variables for one of two reasons: (1) 
they are or will be measured as part of other global 
observing systems; or (2) the variable is better consid­
ered regionally either because it is not global in extent 
or because the measurement depends on geographic 
location.

Some observing system variables will be measured by 
other observing systems, but not necessarily on the 
scales required by the global coastal system or region­
al systems. They include meteorological variables
(GCOS, O O PC), p C 0 2  (O O PC /G C O S); surface
and groundwater transports of water, nutrients, sedi­
ments and contaminants (GTOS) and remotely sensed 
properties of surface waters, including ocean colour 
(CEOS and IGOS). For many of the same reasons that 
they were included in their respective observing sys­
tems, they are also needed to describe and predict 
change in coastal environments. Observations of these 
variables are thus essential to the Coastal Module of 
GOOS, and these shared variables will be included in 
the design of the global coastal system. The COOP, 
working in collaboration with GIRAs, must specify 
observing requirements (spatial and temporal resolu­
tion, precision and accuracy) for coastal ecosystems. 
For example, the IGOS Ocean Them e (2000) 
describes current remote sensing capabilities (research 
and operational) and requirements for the global ocean 
(open ocean case I waters for the most part).The next

step is to extend this analysis into the coastal environ­
m ent (shallow, closer to the land margin, higher fre­
quency variability — case 2 waters for the most part) 
and to specify requirements for in situ measurements 
for both validation of remotely sensed data products 
and the detection of changes in 4 dimensions. These 
issues will be addressed in the C O O P  implementation 
plan.

Variables to be considered by G O O S  Regional 
Alliances (GRAs)

Many variables are demonstrably important for detect­
ing and predicting change in coastal systems, but they 
are not appropriate for global implementation. They 
are:

Variables of regional significance that are not global in 
extent (e.g., sea ice).
Categories of variables that would be defined or meas­
ured differently depending on geographic location 
(e.g., extent of biologically structured habitat; includ­
ing coral reefs, oyster reefs, mangrove forests, seagrass 
beds, and kelp beds).

Although these categories of variables were not con­
sidered for the global coastal system, they are essential 
to describing change in coastal regions, and it is 
expected that they will be considered for implementa­
tion by GRAs. Some examples are presented in Table
IV3b.



Table IV. 1. User groups. This list is intended to be a reasonable sampling of the spectrum of user groups 
that are likely to benefit from the Coastal Module. The relative number of users from each sector influences 
the result; users are listed by sector to illustrate the balance that was chosen for this ranking.

U l Shipping
U2 Marine energy and mineral extraction
U3 Insurance and re-insurance
U4 Coastal engineers
U5 Fishers (commercial, recreational, artisanal)
U6 Agriculture
U7 Aquaculture
U8 Hotel - restaurant industry
U9 Consulting companies

U10 Fisheries management
U II Search and rescue
U12 Port authorities and services
U13 Weather services
U14 Government agencies responsible for environmental regulation (pollution issues)

U15 Freshwater management/damming
U16 Public health authorities
U17 National security (including navies)
U18 Wastewater management
U19 Integrated coastal management
U20 Emergency response agencies
U21 Ecotourism, Tourism
U22 Conservation and amenity (including environmental NGOs)
U23 Consumers of seafood
U24 Recreational swimming
U25 Recreational boating
U26 News media
U27 Educators
U28 Scientific community
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Table IV. 2 Phenomena of interest (see Annex II). The Coastal Module should provide observations that can be used to detect 
or predict the occurrence of or changes in these phenomena.

PI Sea state
P2 Coastal flooding
P3 Surface currents
P4 Rising sea level
P5 Changes in shoreline and shallow water bathymetry

P6 Chemical contamination of seafood
P7 Human pathogens in water and shellfish
P8 Habitat modification and loss
P9 Eutrophication / oxygen depletion

P10 Changes in species diversity
P l l Biological responses to contaminants (pollution)

P12 Harmful algal events
P13 Invasive species
P14 Water clarity
P15 Disease and mass mortalities in marine organisms
P16 Chemical contamination of the environment (includes oil spills)
P17 Harvest of capture fisheries
P18 Aquaculture harvest
P19 Abundance of exploitable living marine resources

Table IV.3a. Variables for detecting or predicting the occurrence of or changes in the phenomena of 
interest. These are properties or rates that can be measured with known precision or accuracy and which 
could potentially be included in the global coastal system.

V I Attenuation of solar radiation V19 Particulate organic C and N
V2 Changes in bathymetry V20 pH
V3 Benthic biomass V21 Phytoplankton biomass (chlorophyll)

V4 Benthic species diversity V22 Phytoplankton species diversity > 20 pm
V5 Biological oxygen demand V23 Primary production
V6 Neutral red assay V24 Salinity

V7 Cytochrome p450 (biomarker: e.g., oil) V25 Sea level
V8 Cholinesterase (biomarker: pesticides) V26 Sediment grain size, organic content
V9 Metallothionein (biomarker: trace metals) V27 Changes in shoreline position

VIO Currents, and current profiles V28 Surface waves, direction, spectrum
V ll Dissolved inorganic nutrients (N, P, Si) V29 Total organic C and N
V12 Dissolved oxygen V30 Total suspended solids

V13 Eh in sediment V31 Water temperature
V14 Faecal indicators V32 Zooplankton biomass
V15 Fisheries: landings and effort V33 Zooplankton species diversity

V16 Nekton biomass V34 Coloured dissolved organic matter - CDOM
V17 Incident solar radiation V35 Seabird abundance
V18 Nekton species diversity V36 Seabird diversity
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Table IV.3b. Examples of variables for regional and national systems. These variables are essential to detecting and predict­
ing change, but they would not be defined in the same way throughout the global system and might not be relevant globally 
(e.g., sea ice). Lists of variables such as this could be reviewed and considered in the design of regional elements of the Coastal 
Module. Socio-economic and public health indicators will also be reviewed for the design of regional elements. The GOOS 
Regional Alliances are expected to take responsibility for many of these factors.

Artificial radionuclides Metal toxins in sea food
Bio-assays of contaminant effects Metals/organometals
Biogenic toxins in sea food Nekton species
Coastline geomorphology Optical properties of surface waters
Extent of biologically structured habitat PAHs
Fisheries: Recruitment rates for exploitable species Petroleum hydrocarbons
Fisheries: By-catch Pharmaceuticals
Fisheries: Diet of exploitable fish species Phytoplankton species
Fisheries: Fishing effort POPs
Fisheries: Landings by species Sea ice
Fisheries: Locations and frequency of habitat disturbance Sediment chemical composition
Fisheries: Size spectrum of exploitable populations S tandings and mass mortalities
Fisheries: Spawning stock biomass of exploitable populations Suspended plastics and plastics/liter on seashore
Human pathogens Tar balls on the seashore
Macrobenthic species Toxins in humans
Marine mammals/birds species Zooplankton species
Meiobenthic species Zooplankton biomass

Table IV.4. The representative list of predictive models that was used in the ranking procedure.

M l Storm surges
M2 Waves
M3 Currents
M4 Coastal erosion
M5 Risk assessment: seafood consumption
M6 Risk assessment: direct contact
M7 Chemical contamination of seafood
M8 Habitat modification / loss
M9 HABs - population dynamics
M10 Anoxia / hypoxia
M il Invasive species
M12 Pollution effects - population
M13 Water quality model
M14 Capture fishery production/sustainability
M15 Aquaculture production/sustainability - finfish
M16 Aquaculture production/sustainability - shellfish
M17 Fisheries: Sequential population analysis
M18 Fisheries: Community dynamics
M19 Fisheries: Ecosystem dynamics
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Although the needs of users figured heavily in the 
ranking, scientists, rather than users, provided p ri­
mary input for the exercise. Scientific expertise is 
needed to fill in the matrices because many of the 
questions require technical knowledge: for example, 
a resort owner is no t likely to know  w hat variables 
should be measured to predict beach erosion, and 
the operator of a fish farm may not be aware that

many harmful algal blooms can be detected by 
measuring the attenuation of solar radiation. As the 
Coastal M odule is im plemented and regional sys­
tems are developed, it will be im portant to involve 
the user com m unity in this type of process; it will 
improve the representation of user interests and 
educate all stakeholders about the benefits of 
G O O S in the process.

U2Ö

User Group Phenomenon Seore Rank
4 7

7  4

4 7

5 5

V ariab le

Figure IV. 1. Procedure for ranking variables to detect change. Each phenomenon of interest from Table IV.2 is scored (indi­
cated here with lines) for the number of user groups (from Table IV. 1) interested in it. Then, each variable to detect or predict 
change (Table IV.3) is scored for a phenomenon if it can detect the occurrence of or a change in it. The thickness of lines shows 
how the phenomena are weighted according to the number of interested user groups. Scores for the variables are then ranked. Pre­
dictive models (Table IV.4) replace phenomena of interest in the ranking of variables to predict change. For clarity, only positive 
scores are represented: during the ranking procedure, scores of 0, 1, or 2 (not relevant, significant, but indirect or partial relevance, 
directly relevant) were allowed. The scores presented here are for illustration and do not represent the results of the exercise.
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Table IV.5. Weighting of phenomena of interest by user group. This truncated example (see Tables IV. 1 and 
IV. 2 for full listings) shows how phenomena of interest are scored according to user groups interested in them 
(2 for direct interest, 1 for significant but indirect or partial interest). The scores presented here and in the fol­
lowing three matrices are for illustration and are somewhat arbitrary. Responses of panellists were used to gen­
erate rankings.
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Boating U25 2 2 0 0 1 2
News media U26 0 2 0 2 1 0
Educators U27 0 2 1 1 2 0.5
Scientists U28 2 2 2 2 2 2

Total Score 12 13 8 8 6 9
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Table IV.6. Procedure for ranking variables to detect change. Variables (fully listed in Table IV.3) are scored (2 for direct rele­
vance, 1 for significant but indirect or partial relevance) if they can be measured to detect the occurrence of or change in a phe­
nomenon of interest. Otherwise, the score is 0. Each phenomenon is weighted for user groups (bottom row: from Table IV.5) and 
the weighted variables are ranked in the final column (rankings among only 8 variables are shown).
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Biological Oxygen
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Currents V10 0 0 2 0 0 0 16 7.5

•
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Surface Waves V28 2 2 0 0 0 0 50 1
Total Organic C and N V29 0 0 0 2 0 2 17 4
Total Suspended Solids V30 0 0 0 2 0 1 25 5
Zooplankton Biomass V32 0 0 0 2 1 2 40 3
Weighting of
Phenomenon
for User Group 12 13 8 8 6 9
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Table IV.7. Weighting of predictive models by user group. The procedure is directly comparable to that 
described for weighting phenomena of interest (Table IV.5), but here, models to predict change are scored 
according to the user groups interested in the prediction. As with the other tables, this truncated example is for 
illustration; scores of panellists were compiled for the rankings.

Predictive Model
Sto

rm
 

su
rg

es

W
av

es

Co
as

ta
l 

er
os

io
n

In
va

siv
e 

sp
ec

ie
s

W
at

er
 

qu
ali

ty
 

m
od

el

Fi
sh

er
ie

s:
 S

eq
ue

nt
ia

l 
po

pu
la

tio
n 

an
al

ys
is

CO 05
User Group —I

S
OO
S

CO
S

i——1
S

—1
S

i——i
S

Shipping Ul 2 2 0 1 1 0
Energy U2 2 2 1 0 1 0
Insurance U3 2 2 2 0 0 0
Coastal engineers U4 2 1 2 1 2 0

•
•
•

•
•
•

Boating U25 2 2 1 1 0 0
News media U26 2 2 1 1 1 1
Educators U27 0 0 1 1 1 1
Scientists U28 2 1 2 2 1 2

Total Score 14 12 10 7 7 4
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Table IV.8. Procedure for ranking variables to predict change. The table is directly comparable to that for weighting of variables 
by phenomena of interest (Table IV.6), but here, variables for predicting change are scored for each model that needs measure­
ment of that variable for input (Table IV. 2). Prior to ranking of weighted variables in the final column, each predictive model score 
is weighted for user groups (bottom row: from Table IV.7).
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Attenuation of Solar
Radiation VI 0 0 0 1 1 1 18 8
Changes in Bathymetry V2 2 i 2 0 0 1 64 3
Biological Oxygen Dent tndV5 0 0 0 2 2 2 36 5.5
Currents V10 2 2 2 1 2 2 101 1

•
•
•

•
•
•

Surface Waves V28 2 2 2 0 0 0 72 2
Total Organic C and N V29 0 0 0 2 0 2 22 7
Total Suspended Solids V30 0 0 2 2 0 2 42 4
Zooplankton Biomass V32 0 0 0 2 2 2 36 5.5
Weighting of Model
for User Group 14 12 10 7 7 4

C. I m p le m e n ta t i o n  o f  t h e  r a n k i n g  led to m inor modifications of the lists, which
EXERCISE were altered after consultation w ith C O O P  pan­

ellists. The results served as provisional scores for 
The ranking procedure requires individual responses each matrix element.
for 2,432 relationships between users, phenomena, (2) The matrices were distributed to all panel m em - 
variables and models. Few if any experts or users 
could score each with confidence, yet the process 
requires information on each relationship in order to 
generate the ranking. The challenge is to obtain 
expert guidance from many respondents w ithout 
burdening individuals with the need to provide 
2,432 responses, many of which m ight be to ques­
tions beyond their expertise or interests. The follow­
ing procedure was used to facilitate the ranking 
process:

(1) A group of six C O O P  panel members met to fill 
out the four matrices by consensus. Discussions
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bers, who were encouraged to fill them  out indi­
vidually or in small groups, including colleagues 
and potential users if possible. Special software 
was developed to facilitate filling in the matrices. 
Provisional scores were shown in the matrices 
for initial guidance; respondents were asked to 
endorse or change any or all of the scores. Only 
these endorsements or changes were retained for 
the final ranking. Provisional scores were provid­
ed so each respondent could generate a com ­
plete set of scores for ranking w ithout being 
forced to focus on questions that he or she did 
not wish to answer.



(3) For each element of the four matrices, the 
endorsements and changes of scores were aver­
aged and compiled as illustrated in Tables IV. 5 to 
IV.8 to generate two ranked lists: variables to 
detect change (and assess current state) and variables 
to predict change (Figure IV. 2).

(4) The final rankings for the selection process for 
com m on variables was determ ined by the better 
rank for detection or prediction (Table IV.9). In 
this way, a variable that is particularly important 
in either role is favoured. Since one or more 
respondent either endorsed or changed each ele­
m ent of the matrices, the provisional scores car­
ried no weight in the final tabulation.

T he combined rankings in Table IV.9 provide a basis 
for selecting the com m on variables, but they do not 
reveal exactly how many variables should be retained 
in the final list. Plots of the scores for both detection 
and prediction show patterns in the ranked variables 
that can be used for this purpose (Figure IV.2).Vari­
ables can be grouped in four categories (A, highest 
ranking to D, lowest ranking) according to disconti­
nuities in the distributions of scores for both detec­
tion and prediction. Ten variables for detection and 
13 for prediction fell within the first two groups.The 
two lists combined comprise the 14 top-ranked vari­
ables in Table IV9.

Figure IV.2. Variables for detection and predic­
tion of change, in ranked order, with their scores 
from the ranking exercise nonnalized to the aver­
age for either detection or prediction. The vari­
ables are grouped in four categories (A, highest 
ranking to D, lowest ranking) according to dis­
continuities in the distributions of scores for both 
detection and prediction.
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Table IV.9. Ranks of the common variables after the first complete ranking exercise. The variables are 
ranked according to the number of phenomena of interest that they can help to detect and predict, with 
each phenomenon weighted by the number of user groups interested in it. Final ranks are consistent with 
the better rank for detection or prediction.

R a n k  Va r ia b l e  R an k  Va r ia b l e

1 Sea level 19 Coloured dissolved organic matter - CDOM
2 Water temperature 20 Fisheries: Landings and effort
3 Currents 21 Primary production
4 Changes in bathymetry 22 Total organic C and N
5 Salinity 23 Neutral red assay
6 Surface waves 24 Incident solar radiation
7 Sediment grain size, organic content 25 Total suspended solids
8 Benthic biomass 26 Cholinesterase (pesticides)
9 Changes in shoreline position 27 Cytochrome p450 (e.g., oil)
10 Dissolved oxygen 28 Metallothionein (trace metals)
11 Eh in sediment 29 Zooplankton biomass
12 Benthic species diversity 30 Particulate organic C and N
13 Dissolved inorganic nutrients (N, P, Si) 31 Zooplankton species diversity
14 Phytoplankton biomass (chlorophyll) 32 Biological oxygen demand
15 Phytoplankton species diversity > 20 pm 33 PH
16 Attenuation of solar radiation 34 Seabird diversity
17 Nekton species diversity 35 Nekton biomass
18 Faecal indicators 36 Seabird abundance

D . R e v ie w  o f  R e su l t s  a n d  S e l e c t io n  
o f  t h e  C o m m o n  Va r ia b l e s

Results of the matrix process are the first step toward 
and a principal guide for identifying the com m on 
variables for the global coastal system. The next step 
was to review the preliminary list of 14 variables to 
ensure that selection of com m on variables based on 
the rankings was acceptable to all Panel members 
based on their expertise and experience. Variables 
were retained if it was felt they could be measured 
with sufficient resolution to provide the information 
required to detect or predict changes in a timely 
fashion. Compelling reasons for adding variables to 
the list also were considered. Reasons would include 
large benefit relative to the cost for making the 
measurem ent and strong com plem entarity w ith 
measurements already on the list.

U pon review, the decision was made to include fae­
cal indicators (rank 19) and the attenuation of solar 
radiation (rank 16) and to drop benthic diversity and 
sediment E h.T he rationale for making these changes 
are as follows:

• As documented in Chapter 2, the economic and 
public health impacts of contam ination by 
sewage are severe. This contamination is tracked 
by routine measurements of faecal indicators. 
The benefit of including faecal indicators in the 
list of com m on variables, and the relative ease 
and low cost of implementation, justifies inclu­
sion of faecal indicators in the list of com m on 
variables.

• Observations of the attenuation of solar radia­
tion reveal m uch more than the light available 
for water column or benthic photosynthesis - 
they reflect changes in the constituents of the 
water column as influenced by eutrophication 
and sediment load. Secchi depth, a simple meas­
ure of attenuation, has been measured routinely 
for many decades and is demonstrably useful for 
docum enting change in coastal environments. 
Requirem ents for capacity building are minimal 
and cost is almost nothing. In regions of the 
developing world influenced by changes in land 
use, this may be one of the only quantitative 
measures of water quality that could be made 
w ith adequate resolution to docum ent change. 
Comparison with more discriminating radio­
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metric measures of attenuation can be made 
routinely.Thus, the attenuation of solar radiation 
is included in the list of com m on variables.

• A lthough biological diversity is clearly an 
im portant parameter of ecosystem health and 
the carrying capacity of ecosystems for living 
resources, the identification and enumeration of 
species globally is a major challenge: target 
species groups will vary from region to region 
and the methods and expertise required are not 
suitable at this time for incorporation into a 
global system of routine observations using 
time-tested, standard techniques.

• The routine measurement of sediment Eh in a 
global system may be problematic due to prob­
lems w ith instrument reliability and the need for 
vertically resolved measurements. This, and the 
fact that the measurement is somewhat redun­
dant w ith dissolved oxygen, led to the decision 
to drop Eh from the list of com m on variables, 
w ith the recognition that this and other variables 
may be added to the system as technology 
advances.

The Panel also decided to list sediment grain size and 
organic content as two separate variables, bringing 
the num ber of recommended com m on variables to 
15 (Table IV. 10). This list of variables for the global 
coastal system is supplemented by the shared vari­
ables from other observing systems (Box IV. 1 ; Table
IV10).

This procedure for selecting com m on variables is 
only a first step in deciding which measurements 
will be included in the global coastal system .The

purpose of this exercise was to determ ine at the ou t­
set the most useful variables to observe w ithout con­
sidering in detail the methods of measurement, their 
feasibility, or their impact on the ability to detect or 
predict changes in a timely fashion. These issues will 
be addressed in the implementation plan.

This list of variables for the global coastal system will 
be finalized in the implementation plan through an 
impact versus feasibility (I-F) analysis of potential 
techniques for each variable. Impact is a subjective 
assessment of the relative value of the technique for 
making quality measurements of the variable in ques­
tion with adequate resolution on the required time- 
space scales. Feasibility is an appraisal of the degree to 
which observational techniques can be used in a rou­
tine, sustained and cost-effective fashion, i.e., the 
extent to which they are operational. For many com ­
m on variables, more than one measurement tech­
nique will be identified depending on regional 
capacities and the applications for w hich the variable 
is used. Once the I-F analysis is completed for each 
variable, techniques will be categorized in one of the 
following four categories: suitable for incorporating 
into the observing system now (operational), suitable 
for pre-operational testing, ready for evaluating as 
part of a pilot project, or requires additional research 
and development. W hen different measurement sys­
tems are employed, comparability of measurements 
must be assured.The same I-F analysis will be applied 
to the variables measured as part of other integrated 
global observing systems and recommended to be 
shared by the Coastal Module. Additional com m on 
variables may be added as they are needed and rou­
tine measurements become feasible.
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Table IV.IO. Common variables recommended by the Panel to be measured as part of the global coastal system (Annex IV). 
Additional variables, shared with other observing systems, are also recommended for inclusion in the global coastal system.

PHYSICAL CHEMICAL BIOLOGICAL

Sea level
Temperature
Salinity
Currents
Surface waves
Bathymetry
Shoreline position
Sediment grain size
Attenuation of solar radiation

Sediment organic content 
Dissolved inorganic nitrogen, phos­
phorus, silicon 
Dissolved oxygen

Benthic biomass 
Phytoplankton biomass 
Faecal indicators

Variables Measured as Part of Other Integrated Global Observing Systems and Recommended
to be Shared by the Coastal Module

M eteorological 
Variables 
(GCOS, OOPC)

Chem ical Variable
(Atmosphere /  Ocean) 
(OOPC /  GCOS)

Rem otely Sensed Variables 
at the Sea Surface 
(CEOS and IGOS)

Land M argin
Variables
(GTOS)

Air temperature 
Vector winds 
Humidity
Wet and dry precipitation 
Incident solar radiation

p C 0 2 Temperature
Salinity
Elevation (currents)
Roughness (winds)
Ocean colour
(chlorophyll, attenuation of solar 
radiation)

Surface and Groundwater 
Transports of:
• Water
• Nutrients
• Sediments
• Contaminants
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ANNEX V -  Description of the 
Common Variables

In many cases the references for the specific methods 
are annotated. However, many of the detailed m eth­
ods can be found in three specific reference areas. 
The Protocols for the Joint Global Flux Study 
(JGOFS) Core Measurements, (IOC, 1994); Biologi­
cal Oceanographic Processes (Parsons et al., 1984a); A 
Practical Handbook of Seawater Analysis (Strickland 
and Parsons, 1972) and A Manual of Chemical and 
Biological M ethods for Seawater Analysis (Parsons et 
al., 1984b).

P h y s ic a l  v a r ia b l e s

B a th y m etry

Water depth affects, directly or indirectly, virtually 
every indicator of change in coastal ecosystems
(Mann, 1976; Petersen et al., 1997; IO C /S C O R
2002).The response of marine ecosystems to m ete­
orological forcing and inputs of water, sediments, 
nutrients and contaminants are, to a great extent, 
governed by water depth and the proximity of the 
benthos to the air-sea interface. The near-shore zone 
is particularly energetic region where waves shoal 
and interact with the shape of the seabed. In addition 
to navigational needs, an accurate knowledge of 
bathymetry is essential to further the understanding 
and prediction of coastal processes and predict long­
term  trends in shoreline evolution. Overall a good 
knowledge of bathymetry is critical for the coastal 
ocean observing system.

A num ber of m ethods are available to survey 
bathymetry across the coastal ocean. In deeper water, 
single beam echosounders have been used to map the 
seafloor. Although this m ethod is inexpensive, the 
temporal and spatial resolution are relatively poor.

M ulti-beam acoustic swath mapping systems have 
been used to map large areas of the seafloor with 
accuracy on the order of 1 m. Although they offer 
excellent spatial resolution, these systems are very 
expensive and the swath w idth decreases consider­
ably in shallow water. M oving closer to shore, near­
shore bathymetry can be measured through direct 
contact with the bed or it can be inferred by meas­
uring water depth. M ethods of direct measurement 
include the traditional hand-held rod and transit, 
amphibious vehicles, and survey sleds. These tech­
niques can provide accurate results but have limited 
spatial and temporal resolution. A single beam 
echosounder m ounted on a je t ski provides a quick, 
inexpensive, portable survey m ethod that can operate 
in moderate sea states, shallow water (1 m), and veg­
etated environments (Dugan et al., 1999). A m otion 
sensor and GPS receiver must be m ounted on the je t 
ski to determine position and orientation. Airborne 
scanning LIDAR allows seamless surveying across the 
air-sea interface, providing fast, rapid-response sur­
veying of large coastal areas with high spatial and 
temporal resolution (Lillycrop et al., 1997). Although 
airborne LIDAR allows access to hazardous and 
remote regions the accuracy is limited by vegetation 
and a penetration depth of less than 50 m .T he pen­
etration depth may be further limited by turbidity. 
Video imagery analysis is a developing technique 
whereby video images of the near-shore region are 
collected from elevated land-based or airborne cam­
era platforms. Recently, video image analysis 
employed advanced photogram m etric techniques 
and linear wave theory to estimate water depth from 
wave celerity (Stockdon and H olm an, 2000). 
A lthough this m ethod offers relatively poor accuracy, 
it provides an inexpensive means of making long­
term  measurements of nearshore bathymetry w ith­
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out deploying instruments into a damaging environ­
ment. Standardised gridded bathymetric data sets are 
needed to provide the boundary conditions for all 
types of hydrodynamic and ecosystem models. The 
compilation of these gridded arrays is a major under­
taking, using archived and m odern data.

S ea  Level

Rapid increases of sea level on time scales of hours 
can cause severe flooding of low lying coastal regions 
and dramatic loss of life. Rapid decreases in sea level 
can cause problems in the safe navigation of large 
vessels in shallow water. Sea level is a basic state vari­
able of the coastal ocean and is closely related to sur­
face currents and the density field. It should therefore 
not be surprising that tide gauges can provide a cost- 
effective way of m onitoring variations in the surface 
flow, particularly flows through straits, and the flush­
ing rates of coastal embayments. Sea level observa­
tions can also be assimilated into shelf models to help 
define im portant quantities that are not observed 
directly such as open boundary and initial condi­
tions. O n time scales of decades and longer, measure­
ments of sea level with respect to stable fixed points 
on land can provide an indirect measure of vertical 
crustal movement, global warming of the w orld’s 
ocean, melting of Antarctic ice sheets, and deep-sea 
circulation.

The most direct way of measuring sea level is with 
coastal tide gauges. Many of these gauges were 
installed in harbours for navigation purposes and a 
large database is now available for analysis. (The data­
base managed by the Permanent Service for Mean 
Sea Level contains almost 49,000 station-years of 
m onthly and annual mean from over 1,800 tide 
gauge stations around the world. Approximately 
2,000 station-years of data are added each year.). 
There is considerable interest at the present time in 
using Global Positioning System measurements at 
tide gauge sites to measure directly the rate of verti­
cal land movements w ith the goal of removing it 
from the observed sea level record (see 
h t tp : / /w w w .n b i.ac .u k /psm sl/landm ove.htm l for 
recent references.) It is possible to make indirect 
measurements of sea level variability about an 
unknown mean in offshore regions using bottom  
pressure gauges. If the water density is reasonably 
constant then bottom  pressure generally agrees with

sea level to better than one centimetre. Sensor drift 
can become a problem for deployments approaching 
a year in length. Satellite altim eters (e.g. 
TO PEX /Poseidon, Jason) are providing extremely 
valuable information on the global distribution of sea 
level and these data are being assimilated into opera­
tional models of the deep ocean.The coastal sea level 
distributions are more difficult to m onitor with 
altimeters; the high spatial and temporal (e.g. tidal) 
variability require particular case must be exercised to 
avoid aliasing sea level and bathymetry.

C urrents

This is one of the basic state variables of the coastal 
ocean. Along with the wind, currents control the 
transport and distribution of water masses, nutrients, 
plankton, suspended sediments, point source dis­
charges, river plumes, life rafts, oil slicks, sea ice and 
icebergs, etc. C urrent patterns are important for nav­
igation; the location and design of bridges, piers, off­
shore platforms and mariculture operations; and the 
development and location of fronts, eddies, and 
multi-layered circulation patterns that influence the 
abundance and distribution of marine organisms 
through their effects on reproduction, feeding, and 
recruitm ent (Powell, 1989; Levin, 1992; H ood et al., 
1999).

T he coastal velocity field varies on time scales of sec­
onds (surface waves) through hours (tides), days 
(meteorological events) to seasons and years, over 
horizontal space scales of 10s of metres to 10s of kilo­
metres and vertical scales of 0.1 to 200 metres. It is a 
challenge to select the appropriate instrument to 
observe the appropriate velocity statistics for a partic­
ular application. In many short to medium  time scale 
biological or pollution process studies, it is important 
to track a patch of water in which a process is taking 
place. Here currents can be observed w ith surface 
and sub-surface drifters that are carried by the cur­
rent and are positioned visually, by ship radars, or by 
radio, acoustic or satellite positioning systems. For 
many other applications one needs to measure cur­
rents in a fixed reference frame. This is usually 
accomplished by m ooring current meters for periods 
of weeks to months. Older current meters use rotors 
or propellers to measure speed; some more recent 
models use electromagnetic flow or travel time 
acoustic sensors. Each has advantages and disadvan­
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tages with regard to resolution, accuracy, sensor sta­
bility and power requirements. A more recent instru­
m ent, the Acoustic D oppler C urren t Profiler 
(ADCP) measures the Doppler shift in back scattered 
acoustic signals to estimate both the horizontal and 
vertical current components at selected distances 
from the instrument. Instead of a single velocity 
value, these instruments observe the velocity profile 
over depth ranges of up to 400 metres. ADCPs have 
solved the problem of observing changes in velocity 
with depth; however, describing the structure of the 
current field in the horizontal remains a challenge. 
C urrent meters and their moorings are expensive 
and it is difficult to fund an array that covers suffi­
cient area w ith a sufficiently fine resolution to resolve 
all of the features of interest. ADCPs are also m ount­
ed on research vessels and these can be used to 
explore the horizontal structure of a current field. 
Surface current patterns can be observed by measur­
ing the frequency-dependent Bragg back scattering 
of an HF radio signal by surface waves. The Doppler 
shift of the back-scattered signal is analysed to infer 
the axial com ponent of the surface current. By using 
two or more transceiver stations one can estimate the 
horizontal surface current over a selected shelf 
region.These systems, called C O D A R , have ranges of 
100-150 km, w ith horizontal resolution of order 3 
km. Combinations of C O D A R  systems and moored 
ADCPs can describe the 3D structure of current 
fields in shelf and coastal regions.

S u rface W aves

Waves and associated turbulence have significant 
effects on a wide range of processes from coastal ero­
sion and sediment transport to species composition 
of littoral communities, habitat loss or modification, 
extent of anoxia and the dispersal of oil slicks. The 
importance of waves to safe navigation is undeniable 
and is reflected in the operational wave forecasting 
systems that are run by meteorological centres in 
many nations. Coastal flooding is often the result of 
a combination of high tide, surge and waves.They are 
a major determ inant of beach dynamics and can gen­
erate mean alongshore currents. Ocean surface waves 
are one of the most im portant mechanisms for tw o- 
way coupling of the atmosphere and ocean: when 
waves are generated by winds, some of the atmos­
pheric m om entum  that would otherwise pass direct­
ly into currents is radiated away from the generation

area. Waves are also responsible for a feedback of the 
ocean surface to the atmosphere through their m od­
ifications of the wind stress that drives them.

Systematic wave measurements have been made for 
the last several decades. During the early half of the 
twentieth century visual observations from transport 
and passenger ships constituted the bulk of the avail­
able wave data. These were referenced to the well- 
known Beaufort scale, relating wave heights and 
wind speeds to features on the sea surface, such as the 
prevalence of whitecaps, spray, streaks and foam 
(http://lavoieverte.qc.ec.gc.ca/m eteo/secrets_stlau- 
rent/beaufort_scale_e.htm). Although the Beaufort 
scale is still used, instrumented measurements have 
since replaced it in all scientific field experiments, in 
situ instruments are usually buoys. Operational buoys 
such as archived by national governments, usually 
measure only wave heights, obtained from 
accelerom eters. These instrum ents have been 
deployed for the last two decades, off N. America, 
Europe, Japan and other areas.

For dedicated field experiments, during this time, 
directional buoys are used. These measure the three 
basic components of pitch and roll. M odern direc­
tional waveriders are about a m eter in diameter, 
allowing easy deployment, are powered by batteries 
or by solar panels. Wave height data can be transmit­
ted via satellite for assimilation into real-time marine 
forecasts. M ore intensive experiments in coastal 
waters may involve wave staff arrays, as deployed via 
a spar buoy, for example as in the recent Sandy-Duck 
campaign (h t tp : / / anole.rsm as.m iam i.edu/peop le / 
mdonelan.html) off N orth  Carolina. Comparable 
directional measurements (to directional waverider 
buoy) are also being made from bottom  AD CP cur- 
rent-profiling instruments h ttp ://w w w .adcp .com / 
waves.html particularly for shallow and coastal 
waters. Rem otely sensed data from satellites involves 
images from altimeters and SA R (synthetic aperture 
radar) instruments.The basic physical mechanisms are 
reasonably well understood (Hasselmann et ah, 
1985), and have been reviewed recently by Dowd et 
al., (2001). Recently the state-of-the-art for airborne 
remote sensing has moved to SRA (Surface C ontour 
Radar) which is a scanning radar that images the 
wave topography and the resultant data is trans­
formed into directional wave spectra (Walsh et al.,
1996).
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T em p eratu re S a lin ity

Temperature is one of the key state variables of 
physical oceanography and directly affects circula­
tion and mixing. It is an indicator of both short and 
long time scale changes in therm odynam ic condi­
tions. Temperature and salinity data can also be used 
together for water mass tracing and for water mass 
m ixing estimates. They are also used for com puting 
dynamic height, w hich can be used for determ ining 
horizontal geostrophic currents w ith respect to a 
reference level at depth. By using tem perature along 
w ith salinity and pressure measurements, water den­
sity can be easily determ ined using a w ell-know n 
equation of state. Stratification, or a gradient in den­
sity in the vertical dimension, is one of the im por­
tant parameters relevant to mixing. Two com m on 
forms of m ixing processes involve (1) gravitational 
instability: denser water tem porarily overlying less 
dense water and (2) shear instability. Chemical and 
biological species are transported and mixed as a 
result of density and thus tem perature variability on 
a range of time and space scales. In particular, many 
chemical and biological processes are affected by 
and often correlated w ith tem perature on time 
scales of a day, the annual cycle, and on to the in ter­
annual (e.g., El N iho-S outhern  Oscillation) and 
decadal (N orth Atlantic Oscillation and Pacific 
Decadal Oscillation) scales. Long-term  changes in 
tem perature may affect the health of kelp, coral 
reefs, and generally ecosystem structures (e.g., fre­
quency of harmful algal blooms) and population 
dynamics and fisheries.

Measurements of temperature are now most com ­
monly measured in situ electronically using therm is­
tors (reviews by Dickey et al., 1998; Dickey, 2002). 
These are used as part of shipboard profiling con- 
ductivity-temperature-pressure (CTD) systems as 
well as autonom ous sampling platforms including 
m oorings, drifters, profiling floats, autonom ous 
underwater vehicles (AUVs), and gliders. They can 
also be deployed ship-based or airborne expendable 
bathythermographs (XBTs and AXBTs, respective­
ly). Aircraft and satellite platforms can provide sea 
surface temperature measurements regionally and 
globally. Each platform has specific advantages in 
terms of temporal and spatial resolution and coverage
(e.g., Dickey, 2002).

Salinity, like temperature, is a key variable of physical 
oceanography. Many of the points made concerning 
temperature above are relevant for salinity and meas­
urements of the two are frequently done concurrent­
ly when possible in order to maximize informational 
content in regard to circulation and mixing. In coastal 
regions, variability in salinity often dominates tem per­
ature in terms of importance for stratification, mixing, 
and water movement because of freshwater input 
through rivers and groundwater (e.g., buoyancy driv­
en flows), especially during storm events. Horizontal 
fronts in salinity are common features. Salinity is often 
well correlated with coloured dissolved organic matter 
(CDOM ) concentrations. Salinity changes, like tem ­
perature, are important for many marine organisms 
and the coastal ecosystem in general.

Salinity is typically measured using concurrent con­
ductivity and temperature (e.g., CTD) measurements 
deployed from the platforms described in the tem per­
ature subsection (reviews by Dickey et al., 1998; Dick­
ey, 2002). Special expendable devices (XBTs with 
added conductivity sensor) are available. Rem ote sens­
ing of salinity using aircraft is being developed for 
coastal applications and some demonstration experi­
ments have been successfully executed. Extension to 
satellite-based measurements is in the research and 
development stage at present. Two salinity remote 
sensing satellites are currently under development by 
ESA and NASA with launches scheduled for 2006-07. 
These satellites are expected to have sensor accuracy 
and precision and spatial resolution suitable for open 
ocean and coastal applications.

S h ore L ine P o sitio n

The present position of the coastline is affected by a 
great num ber of factors some linked to natural caus­
es (dynamic coastal processes) and others to hum an 
influence in the coastal zone. As a result of the inter­
action of these factors the coastline can become sta­
ble, accrete (deposition) or recede (erosion). Two of 
the main problems related to erosion are related to 
hum an occupation of the coastline (urbanization), 
and loss of natural habitats.

For purposes of coastline management and land-use 
planning, records of coastline changes over the last
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hundred years or at least several decades, provides 
evidence of m edium -term  erosion rates. Certain 
coastal locations have experienced drastic shoreline 
displacement (on the order of 3 to 10 m/year) due 
entirely to natural processes over scales of decades. If 
we add the effect of extreme events like hurricanes, 
this rate can be even higher.

The historic evolution of the coastline should be 
determined using selected methods according the 
regional capabilities and resources. In the more sim­
ple case, all the overlapping aerial photographic cov­
erage available should be obtained. For best results, a 
spacing of 5 to 10-year intervals is required. In order 
to be able to obtain good results, distortions in the 
photographs must be corrected. The best scales for 
comparison are under 1:20,000. In areas where the 
erosion problems are accentuated, satellite photos can 
be used for the same purpose. D uring the last five 
years, DGPS (Digital Global Positioning System) sur­
veys have been completed more frequently (m onth­
ly or yearly) to m onitor the coastline.

Once the “critical areas” to be m onitored are deter­
mined, a programme of benchmarked beach profile 
m onitoring should be planned. Beach profiles survey 
should be conducted frequently (weekly or monthly) 
and extreme events monitored. Repeat DGPS sur­
veys can also be used as a powerful tool to m onitor 
zone of coastal retreat or areas of “habitat loss.”

A tten u a tio n  o f  S o lar R a d ia tio n

Light is the critically im portant factor for photosyn­
thesis, and photosynthesis supports most biological 
production in the ocean; in turn, light is required for 
vision, and vision is essential to many trophic inter­
actions and reproductive behaviours which structure 
m arine ecosystems. Consequently, variations in 
underwater light due to the attenuation of solar radi­
ation w ith depth strongly influence primary produc­
tion and food web dynamics, and they play a key role 
in determ ining the extent of habitats such as coral 
reefs, seagrass beds and kelp forests.

The attenuation of solar radiation in the water is 
determined by constituents that absorb and scatter 
light. These include phytoplankton, suspended sedi­
m ent, and coloured dissolved organic m atter 
(C D O M  or gelbstoff). Thus, observations of the

attenuation of solar radiation reveal m uch more than 
the light available for photosynthesis or vision — 
they reflect changes in the constituents of the water 
column as influenced by eutrophication, sediment 
load and runoff from land.

The attenuation of solar radiation can be measured 
or estimated using several approaches:

• The Secchi Disk, a 30 -cm white plate, is lowered 
into the water until it is no longer visible (the 
Secchi depth). Easily and inexpensively, Secchi 
depth provides a quantitative, though imprecise 
record of water clarity. It has been measured 
routinely for many decades and is demonstrably 
useful for docum enting change in coastal envi­
ronments. Requirem ents for training are m ini­
mal and cost is almost nothing. In regions of the 
world with limited resources for ocean observa­
tion, this may be one of the only quantitative 
measures of water quality that could be made 
w ith adequate resolution to docum ent change.

• Attenuation of photosynthetically active radia­
tion (PAR; 400 - 700 nm) is estimated with pro­
filing instrum ents.The depth of 1% surface PAR 
is a useful and readily interpretable variable that 
can be measured routinely in a consistent way in 
waters of sufficient depth. The measurement of 
PAR attenuation in a global system could be 
problematic because routine procedures do not 
exist for calibrating sensor response to subsurface 
irradiance spectra.

• Penetration of sunlight in one narrow waveband 
(e.g., 490 nm) is readily measured w ith sensors 
that can be rigorously calibrated. Subsurface lay­
ers of absorbing material can be detected with 
profiling instruments or with chains of sensors 
on moorings, but the nature of the absorbing 
material cannot be inferred.

• Attenuation at several wavelengths can be meas­
ured with radiometers on profiling instruments 
or moorings. Concentrations of chlorophyll a, 
C D O M  and suspended sediment can be esti­
mated in m uch the same way as for ocean 
colour, except that subsurface features such as 
layers can be resolved. The approach is not as 
well developed as for ocean colour, however.

• Measurements of water leaving radiance (ocean 
colour) from radiometers on ships, aircraft and
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satellites can be used to estimate the attenua­
tion of sunlight in surface waters. W hen sus­
pended sediment is a dom inant influence, sen­
sors designed to measure sea surface tem pera­
ture can also be used to derive estimates of 
water clarity.

S e d im e n t G rain S ize

Sediment type and composition (including grain size 
distribution) are major factors governing the distri­
bution of benthic organisms, sediment transport and 
bottom  friction. Sediment transport has a direct 
effect on the bathymetry of coastal regions, including 
relatively rapid changes in coastline associated with 
the in filling of jetties, beach loss, and migration of 
manmade and natural channels. O ther bathymetric 
effects include the migration and growth of sand 
ridges (with length scales on the order of a tidal 
excursion), wave energy refraction, reflection and 
dissipation over sand bars, and the evolution and 
growth of ebb-tidal deltas. Bottom  sediment type 
and composition exert strong control over local sed­
im ent resuspension. High concentrations of suspend­
ed sediment can generate sediment size-dependent, 
apparent density stratification near the bed.This strat­
ification feeds back into the estimation of bottom  
shear stress and friction.

T he techniques com m only used for granulom etric 
analysis are: (1) sieving and pipetting, and (2) set­
tling. Sieving is effective for grains that are sand size 
and coarser (> 0.062 mm.). For m ud w hich is com ­
posed of silt (< 0.062 m m  and > 0.0039 mm) and 
clay (< 0.0039 mm) the grain size is determ ined by 
sedim entation, settling in water filled tube. In the 
sieving m ethod, the sample (generally m ore than 20 
grams) is shaken through a series of screen, and the 
particles retained on each screen are weighed to 
obtain the weight frequency distribution of the 
sample.The finer material (silt and clay) are analysed 
by settling m ethod using a simple pipette or a sedi­
m entation balance. T he settling velocities of the 
grains are converted to sizes w ith the help of 
Stokes's Law (Ws = C d2) where: W s is settling 
velocity; d is grain diam eter and C includes the var­
ious constants represented by: particle density, fluid 
density, acceleration of gravity and fluid viscosity. 
Both the sieved and the pipetted data are merged to 
determ ine grain size distribution.

In a settling tube, the sand material (0.50 to 0.75 
grams) is allowed to settle through a long colum n of 
water, and the am ount of sediments settled are auto­
matically recorded against time with the help of an 
analytical balance. Gibbs et al. (1971) developed an 
empirical equation to predict fall velocities for differ­
ent particle sizes and water temperatures. Most m od­
ern equipm ent yields continuous records of settling 
times. W hereas Stokes's Law is no t valid for sizes 
greater than 0.1 mm but the Impact Law (Ws = 
C 2d) is, the settling times are converted to grain 
sizes w ith the help of experimentally determ ined 
curves for single, spherical quartz grains. C orrec­
tions for grain shape and density are necessary 
because both  have a great influence on settling 
velocity. These corrections can be made by conver­
sion of sphere diameters produced w ith Gibbs 
equation to that of natural grains using the equation 
of Baba and Komar (1981).There exists no known 
m ethod of measuring settling velocity of gravel and 
coarser grained sediments in the laboratory. This 
forces the m erging of data derived by settling veloc­
ities w ith sieve data as a reasonable alternative to 
account for all size classes. Once the raw data on the 
“size” distribution of samples, various means to 
obtain summary statistical parameters that represent 
characteristics of these distribution exists.

C h e m ic a l  v a r ia b l e s

O rg a n ic  M atter in  S ed im en ts

M ost sediments contain some remains of the 
organisms that were deposited w ith  the sediment. 
In many sediments, these remains are no longer 
recognizable, but occur as widely disseminated 
decom position products of cellular m aterial or 
skeletal units. T he abundance of organic m aterial 
can provide in fo rm ation  abou t the sedim ent 
source, as well as, the depositional environm ent, 
such as productiv ity  of the overlying waters 
(upwelling areas), dissolved oxygen, and at least 
indirectly, the activity of bo ttom  currents at the 
boundary  layer sed im ent-w ater. Generally, in 
m arine and estuarine sediments the total content of 
organic m atter increases directly w ith the am ount 
of fine sediments, specifically m ud (silt-1-clay).

Carbon, the most abundant element, constitutes 
about half of the tissue on an ash-free basis. Thus
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organic carbon analysis provides the most sensitive 
and reliable way for the abundance of biogeneous 
material in the sediment. Nitrogen and phosphorus 
are m uch less abundant than carbon and exhibit 
m uch greater variation. Sulphur also occurs as a con­
stituent of certain organic compounds, but its abun­
dance in sediments is not a useful indicator of the 
abundance of organic matter. Although we are con­
sidering organic matter in terms of carbon, nitrogen, 
phosphorus, and other elements, it actually consists of 
a complex mixture of high molecular weight com ­
pounds including, lipids, carbohydrates, proteins, pig­
ments and cellulose.

A complete analysis of the organic m atter in sedi­
ments would ideally include the abundance of all 
compounds.

There are three main approaches to analyse organic 
matter:

• W eight loss by ignition or oxidation by H 20 2. 
W eight loss on ignition is based on w eight loss 
of sample heated to 550 °C for four hours. It is 
a simple and rapid technique. M inimal equip­
m ent is required. Such methodology, however, 
have a poor reproducibility and is no t useful in 
clay-rich sediments. T he oxidation by H 20 2 
has the same issues as loss on ignition, how ev­
er the reproducibility may be fair to  poor and 
detects only easily oxidized com ponents.

• W et-ox idation  techniques. Basically these 
techniques involve using a strong oxidizing 
agent such as chromic acid or potassium per­
manganate in an acid, (usually sulphur acid) to 
oxidize organic matter.

• E lem ental analysis. This is the preferred 
methodology. This analytical procedure selec­
tively oxidizes or breaks down the carbon 
com pounds and measures the gases released. 
For total carbon determ ination it is essential 
that all carbon com pounds are broken down or 
oxidized.The higher the tem perature the more 
reproducible the results. This analysis uses a 
com bustion m ethod in a pure oxygen environ­
m ent to  convert the accurately weighed sam­
ple into the simple gases C 0 2, H 20 , and N 2. 
This is the preferred m ethod but initial p u r­
chase to the C H N  analyser and consumables 
are expensive.

D isso lv ed  In o rg a n ic  N itro g en , P h o sp h o ru s and  
Silica

External loads and internal stocks of nutrient (inor­
ganic and organic) drive the supply of organic m at­
ter in marine ecosystems, thus the concentrations of 
nutrients provide indirect information on the gener­
al trophic status from oligotrophy to hypertrophy. 
N utrients of interest are nitrogen, phosphorus and 
silica. Concentrations in the euphotic zone are often 
low in the presence of phytoplankton growth. D ur­
ing non-grow th periods dissolved inorganic nutrient 
concentrations are m uch higher and yield inform a­
tion about the carrying capacity of the coastal 
ecosystems and on decadal scale changes in nutrient 
availability. Below the euphotic zone and /o r pycno- 
clines, higher nutrient concentrations are the result of 
remineralisation in the water column and reflux from 
the sediments. Highest concentrations are encoun­
tered at the river mouths where changes in concen­
trations indicate varying precipitation patterns and 
changes in hum an land use. Variations in concentra­
tions available for the primary production of organic 
m atter depend on physical, chemical and biological 
processes that govern external loads, uptake, recy­
cling, export to aphotic depths and sediments, as well 
as burial in and reflux from the sediments. As there is 
no linear relationship between hum an mediated 
external loads and concentrations of dissolved inor­
ganic nutrients in the system; long term  measure­
ments of nutrients are needed in concert w ith meas­
urements of related environmental variables (temper­
ature, salinity, dissolved oxygen) for the detection of 
decadal and secular trends in the effects of anthro­
pogenic nutrient loading on water quality and living 
m arine resources. Besides the impacts of changes in 
total amount, major deviations in the ratios of dis­
solved inorganic nutrient concentrations (N:P:Si) 
from that of the requirements of primary producers 
can have profound consequences in terms of species 
succession and the occurrence of HABs. Such devia­
tions may also indicate changes in nitrogen fixation 
and denitrification.

W hen drawn from water bottles samples for nutrient 
analysis should be taken immediately after those for 
dissolved oxygen from the water bottle. Sample may 
be frozen at -20 °C. Prolonged storage of samples is 
not advisable, even if deep-frozen. Besides sampling 
from discrete depth (water bottles) continuous flow
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analyses is recom m ended for high spatial resolution, 
particularly w hen com bined w ith an auto-analyser. 
T he principle of the nutrien t analysis, autom ated 
and manual, is a quantitative chemical conversion of 
the nutrien t in question into a coloured substances, 
the extinctions of w hich can be measured spec- 
trophotometrically. For dissolved inorganic nitrogen 
the reactive species nitrate, n itrite and ammonia 
should be measured. Absolutely clean procedures 
are needed, as particularly am m onia and phosphate 
are sensitive to  contam ination. C oncentrations 
should be given in molar units (|tmol kg"1). A 
detailed description of the m ethods including 
detection limits, reagents and quality assurance pro­
cedures is given in the JGOFS Protocols (1996, 
JGOFS R eport No. 19, 170 pp.).

D isso lv ed  O x y g e n

Dissolved oxygen (DO) is an im portant habitat 
parameter for both  aerobic and anaerobic het- 
erotrophic organisms. T he distribution of dissolved 
oxygen is an integrative measure of the dynamic 
balance between photosynthetic oxygen produc­
tion, biological and chemical consum ption, physical 
transport and exchange processes across the air-sea 
interface. Changes in dissolved oxygen provide a 
means to assess (1) the trophic status (oligotrophic 
to hypertrophic) and (2) the alteration of habitats 
(e.g., development of anoxia). T he calculated per­
cent saturation of oxygen is also a measure to dif­
ferentiate between situations of excess autotrophic 
production  (and thus export of organic 
m atter/nu trien ts from the euphotic zone) and those 
of a balance betw een autotrophy and heterotrophy 
(conservation of organic carbon nutrients w ithin 
the euphotic zone). Oxygen concentrations indicate 
the extent to w hich coastal ecosystems are sources 
or sinks of organic carbon and changes in the b io ­
geochemical cycles of biologically im portant ele­
m ents including nitrogen, phosphorus, and iron. 
Thus, changes in dissolved oxygen are related to 
many indicators of environmental change including 
accumulations of organic matter, harmful algal 
blooms (HABs), carbon storage and export, habitat 
loss, changes in biodiversity, and fish recruitm ent. 
Long-term  measurements of D O  (together w ith 
related variables such as temperature, salinity, n u tri­
ents and phytoplankton biomass) are needed to 
detect and predict the tem poral and spatial extent of

changes in coastal ecosystems that are caused by 
natural variability and anthropogenic activities 
(nu trien t inputs and explo itation  of living 
resources).

W hen using water bottles samples for oxygen are the 
first to be drawn from a water bottle to avoid con­
tamination from atmospheric oxygen. This must also 
be avoided w hen filling the sample flask, particularly 
w hen the water is undersaturated w ith oxygen. The 
analysis follows the W inkler procedure, w hich 
through several reagents forms an am ount of iodine 
equivalent to the oxygen content of the sample. This 
is titrated then w ith a thiosulfate. The endpoint may 
determ ine either visually or by a detector for UV- 
transmission, or potentiom etric. These different 
assessments of the endpoint give comparable preci­
sion. Oxygen may also be measured by probes con­
nected to the C TD  system as well as moorings, plat­
forms and autonomous vehicles to increase spatial or 
temporal resolution, however, these results have to be 
calibrated frequently by a W inkler procedure. C on­
centrations should be given as num ber of micromoles 
of the gas 0 2 in seawater (|tmol kg"1). A detailed 
description of the m ethod and of quality assurance 
procedures is given in the JGOFS Protocols (1996, 
JGOFS report No. 19, 170 pp.).

B io l o g ic a l  v a r ia b l e s  

B en th ic  B io m a ss

Benthic organisms are animals living on the seabed. 
Some of them  (e.g. sea cucumbers, crabs, shrimps, 
urchins and sea stars) may dwell on the surface of the 
seabed, and they are called epifaunal benthos. Those 
burrow into sediment (e.g. worms, clams and bur­
rowing anemones) are called infaunal benthos. 
M arine benthos play an im portant role in marine 
food chain, and provide im portant food sources for 
fisheries. They also play an im portant role in decom ­
position of organic matters and nutrient recycling. 
Since most benthic animals have limited range and 
are relative long lived, conditions of benthic com m u­
nities are often indicative of environmental changes 
and pollution occurring in the area.

Benthic biomass refers to the biomass of benthic ani­
mals. Total benthic biomass may provide useful infor­
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mation on the general condition of benthic com m u­
nities. Increase in organic/nutrient input often result 
in changes in benthic biomass, and changes in species 
number, abundance and benthic biomass (SAB) along 
pollution gradient have been well documented. As a 
general rule, as organic matter increases slightly, there 
will be an increase in num ber of species. Further 
increase in organic matter createsan increase in ben­
thic biomass, until a point (the “ecotone po in t”) is 
reached, species, abundance and biomass will all 
decrease sharply. Provided the Productivity/Biomass 
(P/B ratio) is known, benthic biomass may be used 
to extrapolate secondary productivity of benthic ani­
mals. In an unstressed environment, the biomass 
curve is always above the abundance curve whereas 
in severely stressed environment the abundance curve 
is above the biomass curve. U nder an intermediate 
level of stress, the two curves will cross each other.

Benthic biomass is easy to measure. Infaunal benthos 
is often sampled by grabs (e.g. van Veen grab, Smith 
McIntyre grab or Petersen grab, depends on sediment 
type and sea conditions). The sediment samples are 
normally sieved in running seawater (using a 0.5 mm 
or 1 mm mesh), and animals retained on the mesh are 
collected, preserved (in 4% buffered formalin), identi­
fied and their biomass measured. Because of their 
small size, 0.1% rose Bengal in seawater may be used 
to stain the animals in order to facilitate sorting. Sugar 
flotation method may also be used to extract small 
size animals from sediment. Epifaunal benthos may be 
sampled using a variety of sampling gear such as rock 
dredge, oyster dredge, anchor dredge, Agasssiz trawl, 
beam trawl or shrimp trawl, depending upon the type 
of seabed and water depth. Unlike sampling by grab 
(which is generally accepted as quantitative sampling), 
sampling efficiency of dredging and trawling are nor­
mally <50% and samples obtained by dredging and 
trawling are, at the best, semi-quantitative. As such, 
care should be taken when comparing data derived 
from different studies and different sampling equip­
ment. Benthic biomass may be expressed as g wet 
weight, g dry weight, g ash-free weight, or mg-carbon 
per unit area (usually n r2) .

P h y to p la n k to n  B io m a ss

Phytoplankton are critically im portant to life in the 
sea, and their dynamics must be assessed to under­
stand the ecological effects of hum an activities in the

coastal zone, the influences of climate variability on 
coastal ecosystems, and the possible causes of vari­
ability in fisheries and other living marine resources. 
Harmful algal events have significant impacts on 
aquaculture, hum an health and coastal ecosystems 
and these impacts are increasing in many regions; it is 
therefore very im portant to describe the occurrence 
of harmful species in the context of phytoplankton 
dynamics worldwide. The contributions of phyto­
plankton to food webs and biogeochemical cycling 
depend on their concentration, m orphological/bio­
chemical characteristics, and growth rates. At a m ini­
mum therefore, effective assessment of phytoplank­
ton in coastal ecosystems requires measurements of 
phytoplankton biomass.

Chlorophyll a (Chi a) is the most common proxy for 
phytoplankton biomass. O f the plant pigments found 
in phytoplankton, Chi a (or its variant di-vinyl chloro­
phyll a) is the only one that is present in all species of 
phytoplankton. Consequently, the concentration of 
chlorophyll is a key biological variable in coupled phys­
ical/biological models, though caution is required 
because the relationship between Chi a and biomass 
(measured in terms of carbon, nitrogen or dry weight) 
can vary by over an order of magnitude due to changes 
in species composition and physiological state. Chloro­
phyll a can be measured directly on discrete samples 
using standard extraction and fluorometric or spec- 
trophotometric methods. High performance liquid 
chromatography yields more accurate results and meas­
urements of co-occurring pigments. However, the 
method is slow and expensive. Microscopic examina­
tion of preserved samples is the most direct method for 
determining the abundance and estimated biomass of 
phytoplankton species; automated methods using 
either flow cytometry or image recognition are being 
developed and tested.

Measurements of ocean colour and chlorophyll fluo­
rescence are m uch better suited for continuous or 
synoptic observations of variations in Chi a. N ear­
surface Chi a is estimated from ocean colour detect­
ed by sensors on satellites, aircraft, ships, fixed plat­
forms and sensors floating at the surface. Assessment 
in coastal waters is complicated by co-occurring sub­
stances, so direct sampling of surface waters with 
concurrent radiometric measurements is used to 
develop and validate models for estimating Chi a 
from ocean colour.
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Chlorophyll a fluorescence is also measured routine­
ly in research and m onitoring. Fluorometers on 
moorings, autonomous vehicles and ships can pro­
vide continuous records related to the variability of 
chlorophyll a. F requent calibration is required 
because the relationship between fluorescence and 
chlorophyll a is strongly influenced by ambient light, 
species composition and physiological condition of 
phytoplankton in ways that are somewhat dependent 
on the instrument.

F aecal In d ica tors

A significant portion of the hum an body wastes and 
wastewater flows of the populations living in areas 
contiguous to the sea, laden w ith  pathogenic 
microorganisms, find their way into the w orld’s 
coastal waters. The coastal waters of the world, con­
tiguous to and in the vicinity of hum an habitations, 
are more often than not, polluted with a constant 
daily flux of fresh hum an faecal pathogens.

There is epidemiological evidence that enteric/gas- 
trointestinal and respiratory diseases can be associat­
ed with, and are caused by bathing/swimm ing in 
m arine coastal waters contaminated with pathogenic 
microorganisms from domestic wastewater sources. 
The evidence from 22 highly credible epidemiolog­
ical studies, which have been analysed by the W H O, 
clearly supports the conclusion that the rate of cer­
tain enteric and respiratory infections and disease 
among bathers compared to unexposed non-bathers, 
increases steadily w ith increasing concentrations of 
faecal indicator organisms and have been described 
by a series of dose-response relationships. The dose- 
response relationships presented in these studies pro­
vide a sound scientific basis for estimating the risk of 
infection and disease among marine bathers as a 
function of the concentration of faecal indicator 
organisms in the seawater.

Seafood, particularly filter-feeding bivalves normally 
eaten uncooked, is a commonly implicated vehicle 
for the transmission of infectious diseases caused by 
enteric microorganisms, including bacteria and virus­

es, that enter the coastal m arine environm ent 
through the disposal of urban/dom estic wastewater 
from land based sources or ships to the sea.

Filter feeding bivalve shellfish/molluscs such as oys­
ters, mussels, clams and cockles are particular suscep­
tible to bacterial and viral contamination since they 
feed by sieving large volumes of seawater, many times 
their own weight, and concentrate and retain food 
particles, including faecal particles containing patho­
genic microorganism.Thus, such shellfish, filter-feed- 
ers, whose breeding areas are often placed near 
sources of nutrients such as wastewater outfalls or 
polluted estuaries are particularly prone to concen­
trate high levels of pathogens.

The hygienic/sanitary quality standards for drinking 
water, recreational waters and shellfish harvesting 
waters for the past 100 years have been based on 
determ ining the concentration of faecal indicator 
organisms such as Esherichia coli, coliform bacteria 
or faecal coliform bacteria. The public health ration­
al for this has been that these easily detectible, non- 
pathogenic bacteria, which are ubiquities in normal 
faces and domestic wastewater serve as universal sur­
rogates for the broad spectrum of dozens or even 
hundreds of potential water-borne pathogenic bacte­
ria, viruses and protozoans. In recent years bacterio­
phages have become more accepted as possible indi­
cators of viral pollution. However, the only truly 
accurate m ethod of determ ining the degree of con­
tamination of the shellfish harvested in the field or in 
the market is to assay them  for enteroviruses.

The most authoritative and widely accepted publica­
tion with laboratory methods for the detection and 
quantitative measurement of the concentration of 
bacterial faecal indicator organisms, enteroviruses and 
coliphages are those contained in the latest edition of 
Standard Methods for the Analysis of Water and Waste­
water published by the A PH A /A W W A /W EF (1998) 
(American Public Health A ssociation/A m erican 
Water Works Association and the Water Environment 
Federation).
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ANNEX VI -  Linking the Coastal 
Modules of GOOS and GTOS

The effects of land-based hum an activities on the 
oceans are especially pronounced in coastal marine 
and estuarine ecosystems (Chapters 1 and 2) and 
GO O S must rely on GTOS to quantify surface and 
groundwater discharges and associated inputs of sed­
iments, contaminants, and nutrients. Consequent 
changes in coastal waters that impact hum an health 
and safety and their capacity to support goods and 
services also affect the socio-economics of coastal 
States. For example, freshwater (buoyancy) and nu tri­
ents (phytoplankton production) from terrestrial 
ecosystems are inputs to coastal water quality models 
that are used to predict and control hum an activities 
on land (e.g., sewage treatment and discharge, agri­
culture) ; data on hum an labour pools can be input for 
fishery models; and coastal storm surge models pro­
vide predictions of flood risks that impact insurance 
rates and are used for evacuating coastal populations. 
In short, land- and water-based changes in the coastal 
zone are intertw ined by purpose, geographic posi­
tion, user groups, variables, and products. These real­
ities underscore the importance of coordinating the 
development of the coastal modules of G OO S and 
the Global Terrestrial Observing System (C-GTOS), 
and it highlights the need for an integrated approach 
to the coastal zone w ithin the framework of the 
IGOS. Planning for the coastal module of GOO S is 
m uch farther along than that for GTOS. Thus, 
GTOS can and should build heavily on the design of 
the coastal module of GOOS.

B o u n d a r i e s  b e t w e e n  t h e  C o a s t a l  
M o d u l e s  o f  GOOS a n d  GTOS

The boundaries of the two coastal modules overlap 
in many respects. For the purposes of the coastal 
m odule of G OO S, “coastal” refers to regional

mosaics of habitats including intertidal habitats (man­
groves, marshes, mud flats, rocky shores, sandy beach­
es), semi-enclosed bodies of water (estuaries, sounds, 
bays, fjords, gulfs, seas), benthic habitats (coral reefs, 
seagrass beds, kelp forests, hard and soft bottoms) and 
the open waters of the coastal ocean to the seaward 
limits of the Exclusive Economic Zone (EEZ). 
GTOS is responsible for freshwater (rivers, streams, 
lakes and ground water) and terrestrial systems, 
including coastal drainage basins, barrier islands, and 
land “reclamation” (land fills). In this context, many 
of the phenomena of interest for the coastal module 
of G O O S (Chapter 1) are also of interest to C- 
GTOS. These include coastal flooding, extreme 
weather, coastal erosion, trajectories of oil spills and 
harmful algal blooms, sea-level rise, changes in shore­
line, habitat loss, spread of w ater-borne disease, and 
aquaculture.Thus, the two systems overlap geograph­
ically in the intertidal and this overlap is reflected in 
the kinds of phenomena the two systems should be 
responsible for detecting and predicting.

The two systems also overlap in terms of the human 
dimension on at least three fronts. First, hum an activ­
ities are major drivers of environmental changes in 
both terrestrial and marine systems and these changes 
have socio-econom ic consequences that affect 
hum an behaviour. People and their environment 
interact through complex feedback loops that may 
have destabilizing or stabilizing influences. U nder­
standing the nature of these feedbacks should be a 
high priority for both coastal modules. O ne chal­
lenge to addressing these feedbacks w ithin the 
observing system framework are the different scales 
of variability that characterize changes in terrestrial 
and coastal marine and estuarine ecosystems and the 
relationship of these changes to the scales on which
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humans alter these environments, i.e., primary pro­
ducers and habitats in coastal marine and estuarine 
ecosystems tend to be more variable on shorter time 
scales than is typical of terrestrial ecosystems (Chap­
ter 1). Thus, while the coastal module of GO O S 
emphasizes the importance of high-resolution time 
series observations, observations of the dynamics of 
terrestrial ecosystems and hum an activities tend to 
focus on larger time scales. Thus, coordination of the 
two coastal programmes requires agreements on the 
scales of observation that benefit both.

Second, there is m uch overlap in potential user 
groups. C om m on user groups include coastal engi­
neers, agriculture, mining, aquaculture, port authori­
ties and services, national weather services and p ri­
vate sector weather services, land-use planners and 
developers, government agencies for environmental 
protection, public health authorities, coastal manage­
m ent, emergency m anagem ent agencies, coastal 
communities, tourism, conservation groups, recre­
ation, news media, educators, and the scientific com ­
munity. Users that have been previously identified for 
C -G T O S include the following:

• GTOS and other observing system programmes 
and in particular those associated w ith coastal 
waters (e.g., COOP, Baltic Operational O ceano­
graphic System, B O O S; Global Sea Level 
Observing System, GLOSS);

• The research community, including individual 
scientists and programmes such as the European 
Land-O cean Interaction Studies (ELOISE), 
Land-Ocean Interactions in the Coastal Zone 
(LOICZ), and I-LTER;

• Programmes associated w ith global change or 
global issues (e.g., IGBP, GPA, Coastal Zone 
M anagement Centre);

• Conventions, including the U N  Framework 
Convention on Climate Change, the Ramsar 
Convention on Wetlands, Convention on Bio­
logical Diversity, and Regional Seas Conven­
tions;

• Policy makers and environmental managers 
(e.g., European Environment Agency, National 
Oceanic and Atmospheric Administration of the
USA);

• Modellers working the range in scale from par­
ticular species populations of economic or social 
value to global climate change and biosphere

response (e.g., Tool to Assess Regional and 
Global Environmental and health Targets for 
Sustainability [TARGETS, Rotmans and de 
Vries 1997]);

• Non-governm ental organizations for industry, 
transportation, tourism, agriculture, fisheries and 
environm entalism  (e.g. European Chem ical 
Industry Council, Wetlands international, 
Birdlife international).

Thus, the "scales" of user may also have to be coor­
dinated between the two programmes as well as the 
"scales" of measurement.

Third, largely as a consequence of one and two, inte­
gration of observing elements and regional enhance­
ments will involve government agencies that con­
tribute to and benefit from both G O O S and GTOS.

D e s ig n  o f  t h e  C o a st a l  M o d u l e

An im portant element of the observing subsystem 
for the coastal module of G O O S is the N etw ork of 
Coastal Observations (Chapter 4). Many of the 
coastal laboratories that will constitute this N etw ork 
have been identified as part of the Terrestrial Ecosys­
tem  M onitoring Sites (TEMS) netw ork w ithin 
GTOS. In addition, Long-Term Ecological Research 
(LTER) sites, including coastal sites, are part of the 
GTOS design and are included in the GTOS Glob­
al Hierarchical Observing Strategy (GHOST). The 
latter will play an important role in data acquisition 
and processing for the GTOS, and regional synthesis 
centres (Chapter 6) may serve both GOO S and
GTOS.

R em ote sensing is critical to both G O O S and 
GTOS. It provides spatial coverage unavailable by any 
other means.Thus, it is an integral part of G O O S and 
GTOS and explicitly a hierarchical level within 
GHOST. Com m on modes of remote sensing (espe­
cially land-based platforms, satellites and aircraft) will 
bridge the two coastal programmes. Some sensors 
will be unique to each programme, but some are 
common. It will improve the effectiveness and effi­
ciency of both programmes if the commonalities can 
be identified. Images may be able to be gotten, 
stored, analysed and managed with cost savings and 
efficacy.
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The linkages between land and sea and between envi­
ronmental changes and socio-economics are highly 
national and regional in character. Consequently, coor­
dinated development of the coastal module of GOOS 
and C -G TO S will be most important on the region­
al scale -  especially in terms of the acquisition and 
processing of in situ observations. Overlap of products 
and user groups may promote duplication in observ­
ing and data management subsystems. As the design 
plan for C -G TO S has not been developed, it is not 
known how the need for both regional and global 
approaches will be addressed. As the plan begins to 
form and be implemented, the need may first be to 
ensure collection of information and then to avoid 
duplication with the coastal module of GOOS. If 
duplication is to be avoided during the implementa­
tion of the programmes, considerable coordination 
will be needed, especially for data communications 
and management. The respective implementation 
plans must address this issue.

In terms of modelling, GTOS has not begun to iden­
tify models, but interaction at this level is highly likely 
and will need coordination. Coordination may involve 
(1) jo in t use of same models (e.g., sediment transport, 
coastal erosion) and (2) use of separate models that can 
be linked (e.g., Storm surge models linked to evacua­
tion plan models, and ecosystem models).Two m odel­
ling areas in which interaction is quite obvious are 
public health and effects of anthropogenic activity on 
ecosystems. But others also exist. Furthermore, some 
issues of modelling are universal. There will be a need 
for quality observations and assimilation processes in 
both programmes. There is also a need for transparent 
decision making for model construction, verification, 
validation and analysis. Again, the two programmes 
must maintain communication among those responsi­
ble for modelling.

The data management and communication subsys­
tem of the coastal module of G O O S builds on exist­
ing systems. GTOS should begin a programme to 
assess the applicability of these existing systems. 
M uch of the data management and communication 
subsystem will have to conform to the agencies 
responsible for the data. W here the agencies are the 
same for both the coastal module of G O O S and C- 
GTOS, the rules and processes should be the same. 
Also, some issues are universal (e.g., Q A /Q C ) and 
therefore should be similar for both programmes. But 
details w ithin existing agencies and development of 
procedures for newly formed networks need special 
attention. Both observing systems have guidelines, 
and these guidelines need to be coordinated. The 
hierarchical design of the coastal module of GOO S 
may be considered by GTOS or compatibility of 
GTOS systems to this is needed.

C o n c l u s io n s

T he coastal m odule of G TOS is in the early stages 
of design. It is clear that linkages w ith the coastal 
m odule of G O O S are not only warranted, but also 
necessary for a successful observing system for the 
coastal zone. T he opportunities for linkage are at all 
levels of system design from user groups and the 
phenom ena of interest to observations and data 
m anagem ent. There are many opportunities to 
make more effective use of resources and to achieve 
economies of scale. But for these to be realized, 
considerable coordination and collaboration will be 
necessary. As a first step, GTOS has been represent­
ed in the developm ent of the design plan for the 
coastal m odule of G O O S.T he next step is to estab­
lish a jo in t com m ittee charged w ith ensuring the 
two systems are integrated and develop to the ben ­
efit of both.
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ANNEX VII -  Examples of Potential 
Building Blocks of the Coastal Module

Examples of operational systems, pre-operational and 
pilot projects, and research programmes that the 
design and implementation of the coastal module 
depend on are listed below. Selectively linking 
operational systems based on user needs (which  
includes m eeting the terms and conditions of 
international conventions and agreements) and 
enhancing those projects and programmes that 
are likely to improve operational capabilities is 
the highest priority for initiating the global com ­
ponent o f the coastal module. The summaries of 
programmes and projects that follow are not intend­
ed to be a comprehensive listing of candidate pro­
grammes. They are intended to illustrate the kinds of 
programmes that should be considered. For those 
programmes that are considered to be operational, 
guidelines are needed to officially recognize them  as 
an element of G OO S and for their incorporation 
into the coastal module.

A lthough sustained operational remote sensing of 
the oceans is clearly of fundamental im portance to 
achieving the goals of GOO S, this subject is not 
addressed here. O perational satellite capabilities 
w ith sufficient redundancy to ensure continuity and 
consistency am ong different sensors and missions 
(sea surface tem perature from infrared imagery; 
global scale sea level, large scale surface currents and 
wave height, and wind speed from altimetry; ocean 
vector winds from scatterometry; sea ice, surface 
wave spectra, and oil slicks from synthetic aperture 
radar; sea surface chlorophyll from ocean colour) 
have focused on open ocean environments and case 
I waters (ocean colour) and generally lack the spa­
tial resolution required for coastal systems (< 500 
m ), especially for shallow inshore waters and estuar­
ies. R em ote sensing of coastal ecosystems will be

addressed in detail by the im plem entation plan for
the coastal module.

O p e r a t io n a l  S y st e m s

• The CalCOFI is a regional programme that was 
established by the United States in 1950 in 
response to the collapse of the California sardine 
fishery. Its goal is to docum ent long-term  eco­
logical changes in the m arine environment 
(temperature, salinity, nutrient concentrations, 
and the biomass and taxonomic composition of 
phytoplankton, Zooplankton, and forage fish) 
that influence the capacity of the California 
C urrent system to support marine fisheries. It is 
a collaboration between academic institutions 
and government agencies (University of Califor­
nia, U.S. National Marine Fisheries Service, and 
the California D epartm ent of Fish and Game). 
The initial programme extended from northern 
California to mid-Baja California with a large 
array of stations (> 600 stations along 36 
inshore-offshore transects roughly norm al to the 
California Current) sampled at m onthly inter­
vals (hydrocasts, plankton tows). Although the 
programme was reduced in scope in 1984, ( <7 0  
stations sampled are quarterly intervals along 
transects between San Diego and San Luis Obis­
po), it is among the longest continuous, system­
atic, interdisciplinary m onitoring programmes of 
an open coastal ecosystem in the world which 
measures many of the core variables identified 
above (temperature, salinity, nutrients, attenua­
tion coefficient, turbidity, phytoplankton bio­
mass and floristic composition).

• The C P R  survey of the N orth  Atlantic and 
N orth  Sea, which has been conducted monthly
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since 1946, provides data on seasonal, annual and 
interannual variations in the abundance and 
composition of phytoplankton and Zooplankton 
(Warner and Hays, 1994).These data have been 
used to develop plankton “climatologies” for the 
region. They also reveal the effects of basin scale 
climatic variability on the structure and function 
of the N orth  Atlantic ecosystem (Fromentin and 
Planque, 1996; Beaugrand et al., 2002).This pro­
gramme is expanding into the Pacific Ocean and 
is being incorporated into some LMEs.
The IBTS of the N orth  Sea has been conduct­
ed quarterly since 1970 to assess the distribution 
and abundance of herring, sprat, mackerel, cod, 
haddock, whiting, saithe, and Norwegian pout in 
the context of distributions of temperature, 
salinity and nutrient concentrations. This has 
allowed the development of “climatologies” for 
these species and provides data needed for 
ecosystem-based fishery management.
BO OS is a collaboration between government 
agencies of the countries surrounding the Baltic 
Sea (Germany, Poland, Lithuania, Latvia, Estonia, 
Russia, Finland, Sweden, and Denmark) that are 
responsible for m onitoring and modelling the 
Baltic and for providing marine forecasts and 
other services for the marine industry, environ­
mental organizations, and other end users. 
Through the shared use of infrastructure, expert­
ise and data, the goals of BO OS are to: (1) 
improve services to m eet the requirements of 
environmental and maritime user groups; (2) 
increase the cost-effectiveness of investments in 
ocean observations; (3) further develop the m ar­
ket for operational oceanographic products by 
identify new customers; (4) provide high quality 
data and long time series required to advance the 
scientific understanding of the Baltic Sea; and (5) 
provide data and forecasts to protect the marine 
environment, conserve biodiversity, and m onitor 
climate change and variability.
The G C R M N  is an international programme 
that was established in 1997 in response to a 
global scale degradation of coral reefs in the 
tropics from East Africa and Southeast Asia to 
the Caribbean. It is sponsored by the IOC, 
U N EP and IU C N . The goals of the G C R M N  
are to: (1) improve the conservation, manage­
m ent and sustainable use of coral reefs and relat­
ed coastal ecosystems by providing data and

information on the trends in biophysical status 
and social, cultural and economic values of these 
ecosystems; and (2) provide individuals, organi­
zations and governments w ith the capacity to 
assess the resources of coral reefs and related 
ecosystems and collaborate within a global net­
work to docum ent and disseminate data and 
information on their status and trends. The col­
lection of data and information on reef status 
and trends began in 1997. Regional nodes have 
been created w ithin participating countries to 
coordinate training, m onitoring, and data m an­
agem ent in regions based on the U N E P 
Regional Seas Programme: Middle East, western 
Indian Ocean and east Africa, south Asia, east 
Asia, the Pacific, and the Caribbean and tropical 
Americas. The first report on the status of coral 
reefs was published in 1998 (Wilkinson, 1998). 
There are at least two im portant features of the 
G C R M N  that are relevant to coastal module 
beyond the degradation of coral reefs and the 
living resources and recreational activities they 
support: (1) its emphasis on com m unity aware­
ness through the involvement of all users in the 
collection of data on status and trends and (2) 
the significance of coral reef bleaching as an 
early warning and potential effects of global cli­
mate change (Wilkinson et al., 1999).

P r e - O p e r a t io n a l  P r o je c t s

Two pre-operational projects are highlighted that 
illustrate the advanced state of the art of forecasting 
systems that are based on observations of physical and 
meteorological variables and numerical models of 
physical processes.

• The Mediterranean Forecasting System (MFS) is 
a collaboration between environmental agencies 
of Cyprus, Egypt, France, Greece, Italy, Israel, 
Malta, Spain, Norway and the United Kingdom. 
The overarching goal is the prediction of marine 
ecosystem variability from sea surface tempera­
ture and salinity and currents to primary produc­
tion on time scales of days to months. The scien­
tific rationale for the system is based on the 
hypothesis that coastal hydrodynamics and 
ecosystem fluctuations are intimately connected 
to the large-scale general circulation.The empha­
sis to date has been on demonstrating the utility



of near real time (NRT) forecasts of basin scale 
currents. N R T  data from networks of voluntary 
observing ships (SST, SSS), moored autonomous 
in situ sensors (temperature, salinity, currents), and 
satellites (sea surface height, SST) and data assim­
ilation techniques are used to produce 3-, 5- and 
10-day forecasts for 3-m onth periods for the 
entire basin.

• An interim  partnership of 10 countries in the 
South China Sea region aims to facilitate oper­
ational coastal wave and storm surge forecasting 
for all of the partners. Based on a previous 
national project in Vietnam, a more structured, 
multi-national, regional project has been im ple­
m ented. A survey of the needs and priorities for 
operational forecasting has been conducted to 
identify gaps in ocean m onitoring networks and 
numerical forecasting capabilities. The area is 
prone to strong winds, waves and storm  surges 
in connection w ith tropical cyclones, and con­
sequently this project benefits from the support 
and contribution by the IO C /W M O  Tropical 
Cyclone Programme. The interim  partners have 
m et once for a workshop on operational sys­
tems in Hanoi (2002) and will m eet again for a 
follow-up workshop in Malaysia in July, 2003. 
T he goals of the second workshop are: (1) to 
agree on com m on, regional priorities of ocean 
m onitoring; (2) to enable all partners to utilize 
and apply a standard suite of num erical 
wave/storm  surge forecasting models; (3) to 
develop forecasting and hindcasting scenarios 
from tropical cyclone forcings; (4) to learn by 
means of inverse modelling to define require­
ments for an ocean m onitoring netw ork in sup­
port of forecasting; and, ultimately, (5) to 
strengthen the interaction w ith end users. This 
project will help to crystallize the development 
of the coastal module of G O O S and of linkages 
between the open ocean and coastal modules of 
G O O S in the region. Consequently, the project 
enjoys the support of the IO C  Perth Office, the 
IO C /W E ST PA C  secretariat in Bangkok, the 
W M O  and the N orw egian M eteorological 
Institute. A lthough the project is focused on 
physical and meteorological processes at pres­
ent, its success is facilitating international col­
laboration in the region and catching the inter­
est of m arine biologists in Indonesia and the 
Philippines.

P il o t  P r o je c t s

Six pilot projects (GOTOS, GHRSST, NSEAM, 
RAMP, SeagrassNet, and OBIS) are highlighted 
below because they illustrate the broad spectrum of 
phenomena of interest that the coastal module is 
intended to address, and they represent projects that 
were established w ith the goal of establishing or 
becoming part of an operational observing system.

• The Global Ocean Tim e Series Observatory 
System (GOTOS) will provide high resolution 
time series of vertical distributions of ocean-cli- 
mate related properties at fixed locations in both 
oceanic and coastal environments. In addition to 
data from profiling floats and satellites, these data 
are critical to improving estimates of ocean- 
atmosphere gas fluxes, phytoplankton productiv­
ity, and bottom  processes (geophysical and bio­
logical) on regional to global scales. Although 
shipboard sampling at fixed sites is part of the 
m ix of platforms, autonomous, m oored sensors 
for real time telemetry of meteorological, physi­
cal, biological, chemical and geological data is 
emphasized. Coastal sites are located in regions 
where basin scale ocean variability is likely to be 
expressed locally. Sentinel sites are selected to be 
representative of meteorological, physical, chem ­
ical, biological or geological provinces and to 
provide data required to quantify im portant 
processes and validate models.

• The Global Ocean Data Assimilation Experi­
m ent (GODAE) High Resolution Sea Surface 
Temperature (GHRSST) pilot project has been 
established to give international focus and coor­
dination to the development of a new genera­
tion of global, multi-sensor, high-resolution, SST 
products. In this decade (2003 - 2013), enhanced 
ocean sampling from satellites (e.g., ENVISAT, 
EOS, ADEOS, MSG) and in situ platforms (e.g., 
Argo and GOTOS) is expected. G H R SST will 
capitalize on these developments to demonstrate 
the benefits of integrated global ocean SST 
products. The goal is to rapidly and periodically 
provide high resolution (time and space) SST 
products that m eet the needs of GODAE, the 
scientific community, operational users and cli­
mate applications at a global scale.

• The N orth  Sea Ecosystem Assessment and M an­
agement (NSEAM) is a jo in t project of ICES,
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EuroG OOS, the IO C , and OSPAR (Euro- 
G O O S Publication 15, October 2000) to assist 
in the development of an ecosystem-based 
approach to fisheries management. As articulated 
at the September, 2001 workshop, the goal of 
this pilot project is to develop an ecosystem 
approach to N orth  Sea management that is 
more cost-effective and to establish an integrat­
ed approach to the management of fisheries and 
oceanographic data.
The Rapid Assessment of Marine Pollution 
(RAMP) pilot project is intended to provide sen­
sitive rapid assessments of contamination from 
discharges of sewage and chemical pollutants, as 
well as of physical stresses associated with land 
reclamation and development of coastal areas for 
tourism and industrial activities. RAM P has been 
designed to test and provide easy-to-use, inex­
pensive chemical and biological markers that can 
be used to assess pollution and improve environ­
mental management. A RAM P pilot project was 
initiated in Brazil in 1997. R A M P’s immunoas- 
say-based tests provide an inexpensive, rapid and 
highly selective means of measuring specific 
chemical compounds and have been used to diag­
nose medical conditions for many years. R ecent­
ly the technology has been directed towards envi­
ronmental contaminants in water, food and soil 
samples. The analyses can be run by relatively 
unskilled personnel in the field and provide obvi­
ous advantages for developing countries. Limited 
trials have proved of great interest and some envi­
ronmental agencies are discussing incorporation 
of such techniques for screening. The choice of 
determinants amenable to detection by the rapid 
chemical analyses procedures is broad and thus 
the most relevant contaminants were selected fol­
lowing surveys and discussions with the Brazilian 
partners. PAH, P C B ’s, organochlorine and 
organophosphorous pesticides, selected herbicides 
and fungicides have all been identified as relevant 
environmental contam inants/pollutants. B io­
markers used in the RAM P programme are sim­
ple to use, inexpensive and reliable. They provide 
a means of detecting deterioration in the condi­
tion of biota from contaminated sites. Progress to 
date in Brazil has been excellent. Based on the 
early success of the work, plans have developed to 
establish RAM P programmes in the Caribbean, 
the Black Sea, and Vietnam.

• The global Sea Grass M onitoring N etw ork 
(SeagrassNet) was established during the 3rd 
International Seagrass Biology Workshop in 
1998 (Manila, Philippines) to function as the 
primary mechanism for serving the data and 
information needed by the World Seagrass Asso­
ciation (WSA) to promote research and provide 
advice to management agencies and the public 
on the protection and restoration of sea grass 
communities. Objectives are: to (1) develop an 
observing system to assess the status (areal extent 
and health) of seagrass ecosystems worldwide;
(2) facilitate data and information exchange 
among scientists; (3) develop models to predict 
the effects of global climate change and hum an 
activities on seagrass ecosystems; and (4) enhance 
training and education and disseminate inform a­
tion on seagrass beds, their importance as essen­
tial fish habitat, their ecological significance, and 
their contribution to the well-being of hum an 
coastal populations.

• The Ocean Biogeographical Information Sys­
tem  (OBIS), part of the Census of M arine Life, 
is an effort to create and maintain a dynamic 
global data system for marine biological and 
environmental data. The initial vision and strate­
gy of OBIS, formulated at the 1st International 
OBIS Workshop in 1999 (Washington, D.C.), is 
that of “an on-line, world-wide marine atlas 
infrastructure providing scientists w ith the capa­
bility of operating in a 4-dimensional environ­
m ent so that analysis, modelling, and mapping 
can be accomplished in response to user demand 
through accessing and providing relevant data.” 
The system will provide a global information 
portal where systematic, genetic, ecological, and 
environmental information on marine species 
can be cross-searched and where information 
can be integrated into value added products such 
as derived data, maps, and models. OBIS is to be 
managed as a federation of database sources that 
allows interoperability among autonom ous data 
systems. OBIS is an Associate m em ber of the 
Global Biodiversity Inform ation Facility
(GBIF).

E n a b l in g  R e s e a r c h

Achieving the goals of the coastal module will
depend to a great extent on the establishment of syn-



ergistic relations with hypothesis driven research pro­
grammes. T he knowledge and technologies generat­
ed by these programmes will improve the observing 
system through: (1) the development of a more com ­
prehensive quantitative understanding of the causes 
and consequences of environmental change; (2) more 
effective and less expensive technologies for real time 
m onitoring and data telemetry; (3) improved capabil­
ities to visualize and analyse change in near real-time; 
and (4) the development of models for improved pre­
diction of current conditions, future events and envi­
ronmental changes.

The coastal module of G O O S will provide the spa­
tial and temporal framework of observations required 
to understand the global and long-term  significance 
of results from research on targeted ecosystems. A 
high priority will be coordination and collaboration 
among related programmes to enable timely access to 
and analysis of the diverse data required to detect 
changes in coastal indicators and to develop predic­
tive capabilities. Programm es such as L O IC Z , 
GLOBEC, GEOHAB, SIMBIOS, and LMEs are crit­
ical to the development of the coastal module.

• The broad goal of Land-Ocean Interaction in 
the Coastal Zone (LOICZ) is to determ ine the 
fluxes of materials (emphasis on water, sedi­
ments, and carbon, nitrogen, and phosphorus 
compounds) into, w ithin, and from coastal 
ecosystems. L O IC Z  activities are organized into 
four focus areas: (1) The effects of changes in 
external forcings on coastal fluxes; (2) Coastal 
biogeochemistry and global change; (3) Carbon 
fluxes and trace gas emissions; and (4) Econom ­
ic and social impacts of global change in coastal 
systems. Two major goals to be achieved by the 
end of this 10-year programme are global esti­
mates of C, N  and P budgets for the coastal 
ocean and an assessment of specific data and 
techniques needed to improve and track changes 
in these budgets in local ecosystems and on 
regional to global scales.

Recognizing that L O IC Z  has a finite “life” (1992- 
2002, subject to current negotiations in IGBP), 
mechanisms are needed to ensure that the data, 
knowledge, tools, and netw orks developed by 
LO IC Z  are incorporated as appropriate. It is expect­
ed that the coastal module will encourage the devel­

opm ent of observing system elements required to 
docum ent and predict the consequences of changes 
in biogeochemical cycles and fluxes to, within and 
from coastal ecosystems; and will promote the use of 
new knowledge and technological advances (sensors, 
models, data management) generated by L O IC Z for 
applied purposes and provide the framework of 
observations required to extrapolate research results 
to coastal systems that have not been the subject of 
an in-depth L O IC Z  study.There are two areas where 
collaboration betw een the coastal m odule and 
L O IC Z  could begin immediately: data management 
and applications of the L O IC Z  coastal typology.

The work of the jo in t JG O FS/L O IC Z  Continental 
Margins Task Team will be im portant in this regard. 
The major goal of the task team is to determ ine the 
role of the continental margins in the fluxes of car­
bon, nitrogen and phosphorus. Close collaboration 
between this effort and future development of 
G OO S will be required to enable G O O S to effec­
tively utilize the scientific knowledge generated by 
the continental margins studies. This will enable 
research results from research programmes to be 
extrapolated to coastal ecosystems on a global scale 
using data from the GOOS.

• T he Large M arine Ecosystem (LME) Pro­
gramme is developing procedures for assessing 
and managing the effects of hum an activities in 
an ecosystem context. This approach uses a 
“modular strategy” for linking science-based 
assessments of changing states of marine ecosys­
tems to the socio-economic benefits of sustain­
ing ecosystems goods and services, (Sherman, 
1994; Sherman and Duda, 1999). LMEs include 
coastal drainage basins and the coastal ocean 
(estuaries to the edge of the continental shelf or 
the outer margins of coastal current systems). 
Most of the world’s coastal zone is divided into 
50 regional LMEs (the modules) that support 
about 95% of the w orld’s fisheries.

• T he Global O cean Ecosystem Dynamics 
(GLOBEC) project was initiated in 1991 to 
understand and model the effects of physical 
forcings on the distribution, diversity and pro­
ductivity of animal populations (zooplankton in 
particular) in marine ecosystems. Emphasis is on
(1) the dynamics of zooplankton populations 
relative to phytoplankton and fish predators, and
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(2) the influence of physical processes on zoo­
plankton dynamics. Research projects are organ­
ized around 4 themes: (1) building a foundation 
for the developm ent of ecosystem models 
through retrospective analysis of historical data­
bases; (2) conducting process studies; (3) devel­
oping predictive models through interdiscipli­
nary coupled modelling-observational systems; 
and (4) cooperating w ith other research pro­
grammes to understand interactions among 
marine, terrestrial and atmospheric systems.

• The Global Ecology of Harmful Algal Blooms 
(GEOHAB) programme was established in 1998 
(sponsored by S C O R  and the IOC) to provide 
a framework for research designed to improve 
the prediction of harmful algal events by deter­
mining the mechanisms underlying their popu­
lation dynamics through interdisciplinary 
research, modelling, and an enhanced observa­
tional network. Three major questions will be 
addressed: (1) W hat are the environmental fac­
tors that determine the changing distribution of 
HAB species, their genetic variability and the 
biodiversity of associated communities? (2) W hat 
are the unique adaptations of HAB species that 
determ ine when and where they occur and the 
extent to which they produce harmful effects?
(3) W hat are the effects of hum an activities (e.g., 
nutrient enrichment) on the occurrence of 
HABs? How do HAB species, their population 
dynamics and com m unity interactions respond 
to changes in their environment?

GEOH AB will foster scientific advancement in the 
understanding of HABs by encouraging and coordi­
nating basic research. International cooperation to 
conduct research in comparable ecosystems is 
encouraged. Improved global observing systems will

be required to resolve influences of natural environ­
mental factors and anthropogenic effects on distribu­
tions and trends in HAB occurrence. This will be 
greatly facilitated through strong links between
GEOHAB and GOOS.

• The Sensor Intercomparison and M erger for 
Biological and Interdisciplinary Oceanic Studies 
(SIMBIOS) was initiated by NASA in 1994 to
foster information exchange and collaboration 
between satellite missions for the remote sensing 
of ocean colour. R em ote sensing of ocean 
colour is a high priority for the development of 
the coastal module. Given that ocean colour 
provides the only global scale window into 
marine ecosystems on synoptic scales, it would 
be unthinkable to develop plans for m onitoring 
marine ecosystems w ithout the benefit of satel­
lite data on ocean colour. Ongoing and project­
ed ocean-colour missions are highly com ple­
mentary in many im portant respects, but the 
sensors employed differ in design and capabili­
ties. The goal is to develop methods to combine 
data on ocean colour from an array of inde­
pendent satellite systems (e.g., SeaWiFS, MOS, 
M ODIS, OCTS, POLD ER) to ensure consis­
tency and provide data products based on accu­
rate and integrated spatial and temporal patterns 
of ocean colour. The strategy to achieve this tar­
gets three goals: (1) quantify the relative accura­
cies of products from international ocean-colour 
missions; (2) improve the compatibility among 
products; and (3) develop methods for generat­
ing merged global products for more com pre­
hensive and detailed spatial and temporal cover­
age. O f particular importance to the coastal 
module is the development of algorithms for 
case 2 waters.
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Table V II. 1. Examples of projects and programmes that provide the scientific and operational basis for the coastal module 
of GOOS. For more information, see Annex IX for a list of corresponding URLs.

Global Climate Variability and Predictability (CLIVAR) Programme
Sensor Intercomparisons and Merger for Biological and Interdisciplinary Oceanic Studies 
(SIMBIOS)
World Climate Research Programme (WCRP)
Large Marine Ecosystems (LMEs)
Census of Marine Life (CoML)

Regional Land-Ocean Interactions in the Coastal Zone (LOICZ)
Global Ecology and Oceanography of Harmful Algal Blooms (GEOHAB) 
Global International Waters Assessment (GIWA)
Global Ocean Ecosystem Dynamics (GLOBEC)
Large Marine Ecosystems (LMEs)

Global Global Ocean Data Assimilation Experiment (GODAE), Argo, & GHRSST 
Global Time Series Observatory System 
Global Sea Grass Network (SeagrassNet)
Ocean Biogeographical Information System (OBIS)

Regional Adriatic Sea Integrated Coastal Areas and River Basin Management System (ADRICOSM) 
Caribbean Coastal Marine Productivity (CARICOMP)
Mediterranean Network to Assess and Upgrade Monitoring and 
Forecasting Activity (MAMA)
Quickly Integrated Joint Observing Team (QUIJOTE)
Rapid Assessment of Marine Pollution (RAMP)

Global

Regional

TOPEX/Poseidon Satellite Altimeter Mission

Mediterranean Forecasting System (MFS) 
Vietnamese Forecasting System (VFS)

Global Global Sea Level Observing System (GLOSS)
Global Investigation of Pollution in the Marine Environment (GIPME) 
International Oceanographic Data and Information Exchange (IODE) 
International Panel on Harmful Algal Blooms (IPHAB)

Regional Arctic Monitoring and Assessment Programme (AMAP) 
California Cooperative Fisheries Investigations (CalCOFI) 
Continuous Plankton Recorder (CPR) Survey 
Baltic Operational Observing System 
Global Coral Reef Monitoring Network (GCRMN)
ICES Bottom Trawl Survey (IBTS)
International Tsunami Warning System in the Pacific (ITSU) 
Regional Fishery Bodies (with conventions)
Regional Seas Programmes (with conventions)
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ANNEX VIII -  Regional Bodieso

GOOS Regional Alliances: The GOO S Steering 
Committee has established policies to guide the devel­
opment of GRAs that focus on sustained ocean obser­
vations and the associated development of product and 
services (http://ioc.unesco.org/gpsbulletin/). GRAs 
are formed to implement activities that require multi­
national coordination to meet national priorities for 
detecting and predicting changes in coastal marine 
environments and resources. As such, GRAs should 
provide the framework for coordinating the synergistic 
development of RFBs, RSPs, and LMEs.

To be recognized as a regional alliance, a GRA must 
include definable elements that contribute to the 
GOO S in accordance with the G OO S Principles. 
Based on reviews by GOOS executive bodies and the 
GSC, a G R A  will receive recognition through 
endorsement by the I-G O O S followed by approval of 
the Assembly of the IOC. Together with national 
G O O S Programmes, GRAs (including national 
GOO S programmes) are seen as the primary mecha­
nism for implementing the integrated design plan for 
the coastal module of GOOS. Existing national 
GOO S programmes and GRAs are shown in Table 
VIII. 1.

Regional Fishery Bodies: RFBs have been estab­
lished as a mechanism for multilateral management of 
fisheries within regions that extend beyond national 
jurisdictions. The first, the International Council for 
the Exploration of the Sea (ICES), was established in 
1902 for cooperative research and monitoring of the 
NE Atlantic (including the N orth Sea and the Baltic) 
and its resources. Since the formation of ICES, over 30 
regional fisheries bodies have been established with 
missions that range from promoting scientific collabo­
ration and providing advice to government ministries

to regulatory authority for fisheries management
(Table VIII. 2).

Some RFBs have mandates based on geographic areas 
while others target specific species within a geograph­
ic area. In general, the activities of RFBs relate to the 
impact of fishing on fisheries and ecosystems, the 
impact of land-based activities on fisheries, the impact 
of climate on fisheries, and ecosystem monitoring. A
few RFBs (CCAMLR, GFCM, IATTC, IBSFC, ICES, 
IPHC, IWC, NASCO, NPAFC, PICES and SPC)
explicitly incorporate the concept of ecosystem-based 
management, but most have not formally adopted this 
approach.

Regional Seas Programme, Conventions and 
Action Plans: Beginning in the late 1960s, it was rec­
ognized that controlling marine pollution would be 
most effective through region-specific agreements. The 
first agreement of this type was adopted in 1972 (Oslo 
Convention, which has been superseded by the 
OSPAR Convention), and subsequently (1974) UNEP 
initiated the Regional Seas Programme. The UNEP 
Regional Seas Programme presently includes 14 
regions (Table VIII. 1) with over 140 coastal States and 
territories participating in it. There are also two non- 
U N EP Regional Seas programmes, OSPAR for the 
Arctic and NE Atlantic and H ELCOM  for the Baltic.

Regional Seas Conventions (RSCs) and action plans 
are the responsibility of the Division of Environmental 
Conventions and provide the primary mechanism for 
U N EP to respond to chapter 17 of Agenda 21 (Pro­
tection of the oceans, all kinds of seas, including 
enclosed and semi-enclosed seas, and coastal areas; and 
the protection, rational use and development of their 
living resources).
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Table V III. 1. Table VIII. 1. National GOOS Programmes (having provided national reports to the GOOS Project Office as 
of January 2003) and GOOS Regional Alliances (GRAs), Regional Seas Conventions and Action Plans (RSCs), and Regional 
Fisheries Bodies (RFBs).

1) NEAR-GOOS NW Pacific N. Pacific Marine Science Organization (PICES) 
Pacific Salmon Commission

2) NE Pacific PICES
North Pacific Anadromous Fish Commission 
International Pacific Halibut Commission

3) Pacific Islands East Asian Asian-Pacific Fisheries Commission (APFIC)
GOOS South Pacific Inter-American Tropical Tuna Commission 

Secretariat of the Pacific Community (SPC) 
South Pacific Forum Fisheries Agency (FFA)

4) Under
development

SE Pacific South Pacific Permanent Commission (CPPS)

5) NW Atlantic Fisheries Organization

6) BOOS Baltic International Baltic Sea Fishery Commission
NOOS North Sea International Council for the Exploration of the Sea (ICES)
EuroGOOS NE Atlantic North Atlantic Salmon Conservation Organization 

NE Atlantic Fisheries Commission

7) Black Sea 
GOOS

Black Sea

8) Under
development

Reg.
Coordination 
Unit for East 
Asian Seas

Asia-Pacific Fisheries Commission

9) IOCARIBE
GOOS

Caribbean Western Central Atlantic Fishery Commission

10) EuroGOOS
MedGOOS

Mediterranean General Fisheries Commission for the Mediterranean

ID SW Atlantic Joint Technical Commission for Argentina/Uruguay 
Maritime Front
International Commission for the Conservation of Atlantic 
Tuna

12) GOOS West & International Commission for SE Atlantic Fisheries
Africa Central Africa Fisher Commission for the Eastern Central Atlantic

13) IOGOOS Eastern Africa 
Red Sea & Gulf 
of Aden 
South Asian

Indian Ocean Tuna Commission
Regional Commission for Fisheries (Arabian Sea)
SW Indian Ocean Fishery Commission

14) EuroGOOS North Atlantic Marine Mammal Commission
Commission for the Conservation of Antarctic Marine 
Living Resources

1) China, Japan, Republic of Korea, and Russian Federation; 2) Canada and U.S.A.; 3) Australia, New Zealand and South Pacific 
Applied Geoscience Commission (on behalf of island nations in the region); 4) Chile, Colombia, Ecuador and Peru; 
5) Canada and U.S.A.; 6) Belgium, Finland, France, Germany, Holland, Iceland, Norway, Poland, Russian Federation, Spain and 
UK; 7) Georgia, Russian Federation and Ukraine; 8) Australia, China, Malaysia and Vietnam; 9) Colombia, Cuba and U.S.A.; 10) 
Croatia, Cyprus, France, Italy, Malta, Slovenia and Spain; 11) Argentina and Brazil; 12) Gambia, Guinea, Nigeria and South Africa; 
13) Australia, India, Kenya, Mauritius, South Africa, Tanzania and U.S.A; 14) Canada, Norway, Russian Federation and U.S.A.
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R egional Seas Programmes are im plem ented, in 
m ost cases, through legally binding conventions 
under the authority  of the contracting parties or 
intergovernm ental bodies. RSCs generally include 
five com ponents: environm ental assessment, envi­
ronm ental m anagem ent (including the control of 
land-based sources of pollution), environm ental 
legislation, institutional arrangem ents and financial 
arrangements. T he m ore m ature RSCs have devel­
oped protocols for im plem enting global conven­
tions and agreem ents such as the C onvention on 
Biological Diversity (CBD), the C onvention on 
In terna tional Trade in Endangered Species 
(CITES), the Basel Convention, and the Global 
Programm e of A ction for the Protection of the 
M arine Environm ent from Land-Based Activities
(GPA)15 .

The Large Marine Ecosystem Approach: Large 
m arine ecosystems (LMEs) define a scale of obser­
vation and research based on the spatial and tem po­
ral scales of fish population dynamics and trophic 
interactions upon w hich fish production depends. 
D uring the 1990s, the coastal ocean was divided 
into LMEs in order to  prom ote ecosystem-based 
m anagem ent of fisheries. T he regions encompassed 
by LMEs are large (typically in excess of 200,000 
km 2) and are characterized by distinctive hydro­

graphic regimes, geom orphology, productivity, and 
the trophic levels of the predom inant fisheries 
(Sherman, 1991). T he legal framework for ecosys­
tem -based m anagem ent of living m arine resources 
was set forth  in the U nited N ations C onvention for 
the Law of the Sea.

The approach is based on the implementation of five 
related modules: (1) productivity (primary productiv­
ity, diversity and production of Zooplankton, hydro- 
graphic variability), (2) fishery resources (species 
diversity, abundance and distribution of species), (3) 
ecosystem health (extent and quality of habitat, bo t­
tom  water oxygen depletion, harmful algal blooms, 
diseases in marine organisms, etc.), (4) socio-eco­
nomics (effects of hum an activities on the sustainabil­
ity of ecosystem goods and services, 
http://ioc.unesco.org/gpsbulletin/), and (5) gover­
nance (adaptive management, stakeholder participa­
tion). Recently, international donor agencies (e.g., the 
Global Environmental Fund and The World Bank) 
have shown interest in funding regional programmes 
based on the LME approach. To date, 30 countries in 
Asia, Africa, and Eastern Europe have made com m it­
ments to ecosystem-based assessment and manage­
m ent practices in support of Chapter 17 in Agenda 
21 with the initiation of LME projects.

^  Recognizing that 80% of pollution in the oceans comes from land-based 
sources, the international community in 1995 agreed to initiate the Global Pro­
gramme o f Action (GPA) for the Protection of the Marine Environment from 
Land-Based Activities. The GPA seeks to establish an integrated approach to 
management and to mobilize support for developing countries to participate. 
The Regional Seas Programme was identified as key mechanism for implemen­
tation of the GPA. The goal is to  establish an ecosystem-based approach on a 
regional scale to  ensure integrated and sustained management of the marine 
environment and its living resources. The Montreal Declaration (from the inter­
governmental review of the GPA, 30 November, 2001) commits participating 
nations to improve and accelerate the implementation of the GPA by “ (a) taking 
appropriate action at national and regional levels to strengthen institutional 
cooperation among, inter alia, river-basin authorities, port authorities and coastal 
zone managers; and to incorporate coastal management considerations into rel­
evant legislation and regulations pertaining to watershed management; (b) 
strengthening the capacity of local and national authorities to  obtain and utilize 
sound scientific information to engage in integrated decision making, with 
stakeholder participation, and to apply effective institutional and legal frame­
works for sustainable coastal management; (c) strengthening the Regional Seas 
Programme to play a role in, as appropriate, coordination and cooperation (i) in 
the implementation of the GPA, (ii) w ith other relevant regional organizations, 
(iii) in regional development and watershed management plans, and (iv) with 
global organizations and programmes relating to implementation o f global and 
regional conventions; (d) improving scientific assessment of the anthropogenic 
impacts on the marine environment, including, inter alia, the socio-econom ic 
impacts; (e) enhancing state o f the oceans reporting to better measure progress 
toward sustainable development goals, informing decision making (such as set­
ting management objectives), and improving public awareness and helping assess 
performance; and (g) improving technology development and transfer, in accor­
dance with the recommendations o f the United Nations General Assembly.
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Table V III.2 . Regions and countries where marine resource ministries (fisheries, environment, finance) are supportive of 
ecosystem-based resource assessment and management.

Bay of Bengal Bangladesh, India, Indonesia, Malaysia, Maldives Myan­
mar, Sri Lanka, Thailand

PDF Block B funding approved; 
executing agency - FAO

South China Sea Cambodia, China, Indonesia, Malaysia, Philippines, 
Sumatra, Thailand, Vietnam

Implementation funding approved; 
executing agency - UNEP

Yellow Sea China, Republic of Korea Implementation funding approved; 
executing agency - UNDP

Agulhas Current Madagascar, Mozambique, South Africa PDF Block B funding approved; 
executing agency - UNEP

Benguela Current Angola, Namibia, South Africa Funding approved; executing agency 
UNDP

Canary Current Cape Verde, Gambia, Guinea, Guinea Bissau, 
Mauritania, Morocco, Senegal

PDF Block funding approved; 
executing agency - UNEP

Guinea Current Angola, Benin, Cameroon, Congo, Côte d ’Ivoire, 
Gabon, Ghana, Guinea, Liberia, Nigeria, Sao Tome & 
Principe, Sierra Leone, Togo

Project in phase 2; executing agency - 
UNIDO

Somali Current Kenya, Tanzania PDF Block B funding approved - 
executing agency UNEP

Caribbean Sea Bahamas, Barbados, Belize, Brazil, Colombia, Costa 
Rica, Cuba, Jamaica, Mexico, Panama, St. Lucia, 
Trinidad & Tobago, Venezuela (IOCARIBE members)

PDF Block A funding approved; 
executing agency - UNESCO/IOC

Humboldt Current Chile, Ecuador, Peru In planning phase
Pacific Central America Columbia, Costa Rica, Ecuador, El Salvador, Guatemala, 

Mexico, Nicaragua, Panama
In planning phase

Baltic Sea Denmark, Estonia, Finland, Germany, Latvia, Lithuania, 
Poland, Russia, Sweden

Implementation funding approved; 
executing agency - World Bank
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ANNEX IX -  URLs of Programmes and
Projects Relevant to the Coastal Module

of GOOS

Argo - http://ww w -argo.ucsd.edu/
Biodiversity/BIOM AR -  http://www.biomareweb.org 
CalCOFI -  http://www-mlrg.ucsd.edu/calcofi.html 
CLIVAR -  http://www.clivar.ucar.edu/hp.html
C -G O O S Strategic Design Plan -  http://ioc.unesco.org/iocw eb/iocpub/iocpdf/ill46.pdf 
Chesapeake Bay M onitoring Programme -  http://www.chesapeakebay.net/Program.htm 
Coastal population -  http://www.LDEO.columbia.edu/~small/CoastalPop.html 
C O D A R  -  h ttp ://m arine.rutgers.edu/cool/coolresults/papers/oi_london_kohut.pdf 
C O O P -  http://ioc.unesco.org/goos/coop_co.htm
Economic Valuation of Wetlands, Ramsar Convention Bureau, Gland, Switzerland -  
http : / / www. ramsar. o rg/lib_val_e_ind ex. h tm .
Ecosystem Models -  http://www.ecopath.org
Environmental Indicators, European System -  http://www .e-m -a-i-l.nu/tepi/firstpub.htm  
EuroGOOS -  h ttp ://www.soc.soton.ac.uk/O T H E R S /E U R O G O O S /eurogoosindex.html 
GCOS -  http://193.135.216.2/web/gcos/gcoshome.html 
GEBCO -  http://www.ngdc.noaa.gov/m gg/gebco/
GEOHAB -  http://ioc.unesco.org/hab/G EO H A B.htm  
GESAMP -  http://gesamp.imo.org
GLCCS (Global Land Cover Characteristics Database) -  http://edcdaac.usgs.gov/glcc/glcc.html 
Global distribution of people -  http://www.ldeo.columbia.edu/~small/ContPhys.html 
Global M onitoring for Environment and Security -  http://gm es.jrc.it/
Global observing systems information centre -  http://www.gos.udel.edu
Global Programme of Action for the Protection of the Marine Environment from Land-based Activities (GPA) -  
h ttp :/ /  www.gpa.unep.org
GLOBEC -  http://www.pm l.ac.uk/globec/m ain.htm  
GODAE -  http://www .bom .gov.au/bm rc/ocean/GO D AE/
GOOS -  http://ioc.unesco.org/goos/
GOOS Capacity Building Strategy -  h ttp ://ioc.unesco.org/goos/key5.htm #cap 
GOOS 1998 Prospectus, -- http://ioc.unesco.org/goos/Prospe98/Contents.html 
GOOS Products and Services Bulletin -  http://ioc.unesco.org/gpsbulletin/
GTOS -  http://www.fao.org/gtos
GTOS Carbon Observation (TCO) data warehouse -  http://www .fao.org/gtos/TCO .htm l
H O T O  -  http://ioc.unesco.org/goos/hoto.htm
IBOY -  http://www.nrel.colostate.edu/IB0Y/index2.htm l
ICES -  http://ww w .ices.dk/
IGBP -  http://www.igbp.kva.se 
IGBP/OCEAN S -  http://www.igbp.kva.se/obe/
Invasive Species -  http://www.invasivespecies.gov 
IO C C G  -  http://www.ioccg.org
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ANNEX X -  Linking Socio-economic 
Factors and Environmental Dynamics

During the past decade various efforts have attempted 
to develop organizing frameworks that conceptually 
link human and environmental dynamics. Perhaps, 
most notably has been the evolution of thought on the 
Pressure-State-Response (PSR) framework. W ithin 
the Pressure-State-Response (PSR) model, popu­
larised by the O EC D  (OECD, 1993), environmental 
problems and solutions are simplified into variables 
that stress the cause and effect relationships between 
human activities that exert influence on the environ­
ment (pressure), the condition of the environment 
(state), and society’s policy and regulatory reaction to 
the condition (response).The original P -S -R  descrip­
tions focused on anthropogenic pressures and respons­
es. One of several problems was that the original defi­
nitions did not effectively factor natural causes into the 
pressure category. Therefore, natural variability and 
episodic events had no real place in the model. While 
anthropogenic forcing is often an important, if not 
dominant, factor in environmental change, efforts that 
ignore other influences may lead to the imposition of 
unwarranted regulatory constraints that hold little, if 
any, promise to improve environmental quality.

In part, this challenge led some, most notably the 
United Nations Commission on Sustainable Devel­
opm ent to describe a Driving Force-State-Response 
model. A primary modification here was to expand 
the concept of “pressure” to incorporate, social, eco­
nomic, institutional and natural system pressures 
(UNEP, 2000). However, even w hen “driving force” 
replaces “pressure”, the model does not explicate a 
category to account for the underlying reasons for 
the pressures. To analyse policy options and resource 
allocation in environmental management, it is essen­
tial to have a grasp of the root causes of the problems 
being addressed (GIWA, 2002). A model that meas­

ures pollutants but gives no information about the 
social conditions surrounding driving pollutant 
introduction (e.g., changes in the organization of 
watershed agriculture or coastal industrial produc­
tion) is not providing the data needed to inspire 
meaningful change.

Another element missing from the P -S -R  model is 
an examination of hum an motivation responding to 
the state of environmental conditions. W hile social 
stewardship of the environment should be an essen­
tial com ponent of environmental policy, it is not the 
sole motivation. Social resources are not infinite. 
Expenditures of time, energy and effort are priori­
tised according to a rich and often conflicting suite 
of factors. Certainly, one of those factors should be 
the social costs imposed or benefits gained through 
changes in the quality of supporting environments. 
The social impact of environmental change is an 
essential factor in influencing policy. An indicator 
system that records the state but not the impact 
essentially assumes that every change in the pressure, 
state, or response should be given the same am ount 
of attention or resources. Realistically, all IC M  efforts 
are a careful balancing of priorities. Including indica­
tors that measure impacts to humans and the ecosys­
tem makes the model a more useful management 
tool.

Thus, challenges to the initial P -S -R  model have 
contributed to the refined and expanded approach 
described as the D river-Pressure-S tate-Im pact- 
Response Model by, among others, the European 
Commission (2000).W ithin this model:

D rivers describe large-scale socio-economic condi­
tions and sectoral trends such as patterns in coastal
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lanci use and land cover, and growth and development 
in coastal industry sectors.
Pressures such as patterns of coastal wetland alter­
ation, the introduction of industrial POPs/metals and 
fertilizer use in the coastal watershed hold the ability 
to directly affect the quality of coastal environments. 
State indicators describe observable changes in 
coastal environmental dynamics and in functions 
describing sustainable development.
Impacts are the discrete measured changes in social 
benefit values linked to environmental condition such

as the cost of marine-vectored disease, loss of recre­
ational bathing beach value, or losses to commercial 
fishing value due to contaminant burdens; and, 
Response indicators are described as the institu­
tional response to changes in the system (primarily 
driven by changes in state and impact indicators).

Figure 5.3 represents the D -P -S -I-R  approach and 
includes illustrative examples of indicators and indi­
cator classes that could contribute to refinements of 
the framework w ithin a coastal context.
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ANNEX XII -  Acronyms

ADCP Acoustic Doppler C urrent Profiler
ADEOS Advanced Earth Observing Satellite (Japan)
APHA American Public Healdi Association
ARIES Australian Resource Information and Environment Satellite
AUV Autonomous Underwater Vehicle
A V H R R Advanced Very High Resolution Radiometer
AWWA American Water Works Association
AXBT Airborne Expendable Batiiythermograph
BOOS Baltic Operational Oceanographic System
CalCOFI California Cooperative Fisheries Investigation
CAOS Co-ordinated Adriatic Observing System
C A R IC O M P Caribbean Coastal M arine Productivity (Launched by UNESCO)
CBD Convention on Biological Diversity (Rio de Janeiro, 1992)
CBS Commission for Basic Systems (WMO)
CC A M LR Commission for the Conservation of Antarctic M arine Living Resources
CCI Commission of Climatology
C D O M Coloured Dissolved Organic Matter
CEC Commission of the European Communities
CEOS Com m ittee on Earth Observation Satellites
C -G O O S Coastal Panel of G O OS
C -G TO S Coastal module of GTOS
Chi Chlorophyll
CITES Convention on International Trade in Endangered Species
CLIVAR Climate Variability and Predictability
C O D A R High Frequency Coastal Radar
CoM L Census of M arine Life
C O O P Coastal Ocean Observations Panel (GOOS)
C P R Continuous Plankton Recorder
CSPI Center for Science in the Public Interest (USA)
DMAC Data M anagement and Communications System
DNA Designated National Agency
D PSIR Driver-Pressure-State-Impact-Response
EEZ Exclusive Economic Zone
ENSO El N iño Southern Oscillation
ENVISAT ENVIronm ent SATellite (ESA)
EOS Earth Observation Satellite/Eartia Observation System
ESA European Space Agency
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EU European Union
EuroGOOS European G O OS
FAO Food and Agriculture Organization of the United Nations
GAW Global Atmosphere Watch
GBIF Global Biodiversity Information Facility
GCOS Global Climate Observing System
G C R M N Global Coral Reef M onitoring Network
GEBCO General Bathymetric Chart of the Oceans
GEOHAB Global Ecology of Harmful Algal Blooms
GESAMP Group of Experts on the Scientific Prospects of M arine Environmental Protection
G H O ST Global Horizontal Sounding Technique
GH RSST High Resolution Sea Surface Temperature
GIPME Global Investigation of Pollution in the M arine Environment (IOC)
GIS Geographic Information System
GIWA Global International Water Assessment
GLCCS Global Land Cover Characteristics Database
GLOBEC Global Ocean Ecosystem Dynamics
GLOSS Global Sea Level Observing System
GODAE Global Ocean Data Assimilation Experiment
GOSIC Global Observing System Information Centre
GO TO S Global Ocean Tim e Series Observatory System
GPA Global Programme of Action for the Protection of the M arine

Environment from Land-based Activities (UNEP)
GPS Global Positioning System
GRA G O OS Regional Alliance
GSC G O O S Steering Com m ittee
GTOS Global Terrestrial Observing System
HAB Harmful Algal Bloom
H ELC O M Helsinki Commission Baltic M arine Environment Protection Commission
H O T O Health of the Oceans (IOC)
IAEA International Atomic Energy Agency
IATTC Inter-Am erican Tropical Tuna Commission
IBOY International Biodiversity Observation Year
IBSFC International Baltic Sea Fishery Commission
IBTS International Bottom  Trawl Survey of the N orth  Sea
ICES International Council for the Exploitation of the Sea
ICM Integrated Coastal Management
ICSU International Council for Science
IGBP International Geosphere - Biosphere Programme
I-G O O S IO C -W M O -U N E P  Intergovernmental Com m ittee for the Global Ocean Observing System
IGOS Integrated Global Observing Strategy
IGS International GPS Service for Geodynamics
I-LTER International LTER
IO C Intergovernmental Oceanographic Commission (of UNESCO)
IO C C G International O cean-Colour Coordinating Group
IO D E International Ocean Data and Information Exchange programme (IOC)
IPHAB Intergovernmental Panel on HABs (IOC)
IPH C International Pacific Halibut Commission
ITSU International co-ordination group for the TSUnami Warning System in the Pacific (IOC)
IU C N International U nion for the Conservation of Nature (and Natural Resources)
IW C
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JC OM M Joint Technical Commission for Oceanography and M arine Meteorology (IO C-W M O )
JDIMP Joint Data and Information Management Panel
JGOFS Joint Global Ocean Flux Study
LIDAR Light Detection and Ranging
LME Large M arine Ecosystem
LM R Living M arine Resources
LO ICZ Land-Ocean Interaction in the Coastal Zone (IGBP)
LTER Long-Term Ecosystem Research network
MAMA M editerranean Network to Assess and upgrade the M onitoring 

and forecasting Activity in the basin
MFS M editerranean Forecasting System
M ODIS M oderate Resolution Imaging Spectroradiometer
M OS Modular Optoelectronic Scanner
MSG Meteosat Second Generation
NAO N orth  Atlantic Oscillation
NASA National Aeronautics and Space Administration (USA)
NASCO N orth  Atlantic Salmon Conservation Organization
N EA R -G O O S N orth  East Asian G O OS
N EM O Naval Earth Map Observer (USA)
N G O Non-governm ental Organization
N O  A A National Oceanic and Atmospheric Administration (USA)
N O D C National Oceanographic Data Centre (IODE)
NPAFC Nol tii Pacific Anadromous Fish Commission
N R C National Research Council (Canada/USA)
N R T Near Real Tim e
NSEAM N orth  Sea Ecosystem Assessment and Management
N W P Numerical Weather Prediction
OBIS Ocean Biogeographical Information Systems
O CTS Ocean Colour and Temperature Scanner
O ECD Organization for Economic Co-operation and Development
O O PC Ocean Observations Panel for Climate (GCOS-GOOS-W CITP)
O O SD P Ocean Observing System Development Panel
O SPA RCO M Convention Commission for the Protection of the M arine Environment

of the North-East Atlantic
OSSE Observation System Simulation Experiments
PAGE Past Global Changes (IGEP)
PAH Polycyclic Aromatic Hydrocarbons
PAR Phosynthetically Active Radiation
PCB Polychlorinated Biphenil
PD O Pacific Decadal Oscillation
PICES N orth  Pacific M arine Science Organization
P O LD ER Polarization and Directionality of the Earth's Reflectances
POP Persistant Organic Pollutant
PSP Paralytic Shellfish Poisoning
PSR Pressure State Response
Q U IJO TE QUickly Integrated Joint Observing TEam
Q A /Q C Quality Assurance and Quality Control
RAM P Rapid Assessment of M arine Pollution
RFBs Regional Fishery Bodies
R N O D C Responsible N O D C
RSC Regional Seas Convention
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RSP Regional Seas Program m e/Convention (UNEP)
SAR Synthetic Aperture Radar
S C O R Scientific Com m ittee on Oceanic Research
SEAS Shipboard Environmental Data Acquisition System
SeaWiFS Sea-viewing W ide Field-of-view Sensor
SIMBIOS Sensor Intercomparison and Merger for Biological and Interdisciplinary

Oceanic Studies (NASA)
SOLAS Safety of Life At Sea
SO O P Ship O f O pportunity Programme
SPC South Pacific Commission
S RA Surface Contour Radar
SSS Sea Surface Salinity
SST Sea Surface Temperature
TEM A Training, Education and M utual Assistance (IOC)
TEMS Terrestrial Ecosystem M onitoring Sites
TO G A Tropical Ocean and Global Atmosphere
U N CLO S United Nations Convention on the Law of the Sea
U N EP United Nations Environment Programme
U N ESC O United Nations Educational, Scientific and Cultural Organization
VOS Voluntary Observing Ships
W C M C World Conservation M onitoring Centre
W C R P World Climate Research Programme
W EF Water Environment Federation
WESTPAC IO C  Sub-Commission for the Western Pacific
W H O World Health Organization
W M O World Meteorological Organization
W O CE World Ocean Circulation Experiment
W R I World Resources Institute
WSA World Seagrass Association
W W W World Weather Watch
XBT Expendable Bathythermograph
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