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Preface

Some could say that the Open Ocean Module of the
Global Ocean Observing System (GOOS), benefited
from the well known “science-technology push”. This
is not surprising, since most technological applications
that finally make their way into our everyday life, are in
their origins developed in this way. Market forces and
demand undoubtedly play a role, but technological and
knowledge vectors of development, do still maintain a
salutary independence and autonomy.

What is more surprising is that one can assert that the
Coastal Module of GOOS has been relentlessly pulled by
obvious societal needs accompanied by a dedicated group
of scientists, a distinct minority. These scientists strongly
believe that improving the availability of data and informa-
tion on a variety of oceanic and costal processes can effec-
tively provide a series of useful services that can eventually
stop and reverse the accelerated degradation of our coastal
resources. I strongly share their vision.

There is also another interesting contrast. In the Open
Ocean Module of GOOS, we are mostly addressing a
single-issue challenge: the role of the Ocean in climate
variability and climate change. To say that this is a sin-
gle issue, is of course a simplification, but in contrast
to the coastal domain it is certainly much simpler and
better focused. This goes hand in hand with the fact that
for studying climate through understanding the vari-
ability and distribution of heat and momentum in the
ocean at different scales, we have the needed science
more or less at hand. A well delimited, round scientific
ambit, with a good backbone theory and powerful tools
of application. Nobody should be taken by surprise that
much of the Open Ocean Module of GOOS has been
able to secure funding through a variety of national sci-
ence and technology budgets. It is mainstream science.

None of that applies to the coastal module. The coastal
module is multi-purpose and addresses many issues. It

deals with the physics of the ocean where it is usually
most difficult, at the limit or boundary layer, but it also
deals with chemistry, biology, biogeochemistry and so-
cio-economics. In terms of processes they are complex
and with many second and third order interactions. The
science involved is far from simple and much of it yet
needs to be done. I firmly believe that this module of
GOOS will develop driven mostly by its applications,
driven by the demand not by the supply of knowledge.
Applications of science are possible at any given time
of its development, if sufficient creativity and ingenuity
are applied to provide the solutions.

A case in point is the development of the tsunami warn-
ing system in the Pacific Ocean. The system depends on
one of the core networks that is part of the Coastal Mod-
ule of GOOS, the global sea-level network GLOSS. It
was not a major breakthrough in the geosciences that
moved the IOC to design the system. It was a clear case
of need. The system does not forecast tsunamis. Its pur-
pose is more humble. It is designed to use what we can
do, that is detect tsunamis in the ocean after they have
been generated, and to warn distant places of its pres-
ence. Since only a minority of strong, shallow earth-
quakes generates tsunamis, tsunami warnings cannot
be based on seismic information alone. When a strong
shallow earthquake occurs, the tsunami warning system
issues an “information bulletin” transmitting the seis-
mic information available and enters automatically in
a mode of “watch”. Travel times and arrival times of
the possible tsunami are calculated and sent to all par-
ticipating centers and the observing network is alerted.
As soon as the estimated arrival time to the first detec-
tion station has been surpassed and the instrument has
detected or not a tsunami, a tsunami warning can be is-
sued or the watch period can be cancelled. The system
goes on and off many times in a given year, triggered by
strong earthquakes, but only very few times issues a true
tsunami warning.
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Others things happen as well, sophisticated numerical
modeling to find the direction of propagation, focal
seismic modeling, etc., but the hard core depends on
this “procedure”, that is based on ingenuity, common
sense and the full exploitation of what knowledge and
technologies are at hand. The tsunami warning system
in the Pacific Ocean has evolved with technology. Com-
munications links today are different than when the
system was established, and today in addition to digital
tide-gauges connected through satellites, we have deep
ocean pressure sensors that can improve the design of
the observing network and shorten the response time of
the system as a whole.

The Coastal Module of GOOS is designed to improve ca-
pabilities to mitigate the effects of natural hazards. As in the
case of the tsunami warning system, the Coastal Module of
GOOS will be based and driven by applications, finding
the way to use available knowledge and technologies to

provide an important answer to a group of users. After the
Tsunami catastrophe on 26 December 2004 in the Indian
Ocean, the IOC has been called to lead the effort to es-
tablish a Tsunami Warning System for the Indian Ocean.
In doing so and in the emergency to act immediately we
resorted to one of the observing networks in the Coastal
Module of GOOS and started to upgrade tide gauges in
the GLOSS network to make them capable to detect tsuna-
mis. With the cooperation of many, we will put a system in
place that will prevent a similar catastrophic event to again
create such a huge loss of human life with its sequels of
trauma and pain. It is only appropriate that we dedicate this
publication to the memory of the victims of the December
Tsunami. mm

Patricio A. Bernal
Executive Secretary of IOC
Assistant Director General of UNESCO
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Executive Summary

Coastal nations worldwide are experiencing changes in
their coastal marine and estuarine systems that jeopar-
dize sustainable development, human health and safety,
and the capacity of marine ecosystems to support prod-
ucts and services valued by society. Changes of concern
include increases in the susceptibility of coastal popula-
tions to flooding, tsunamis, erosion and disease, habitat
loss, declines in living resources, harmful algal blooms,
and mass mortalities of marine mammals and birds.
Such trends reflect the combined effects of both natural
processes and human uses.

Because these changes, their causes and their effects
often transcend national borders, numerous interna-
tional treaties and conventions have been agreed to that
require sustained, routine and reliable observations of
oceanic, coastal, terrestrial and atmospheric systems on
local, regional and global scales. Implementation of the
coastal module of the Global Ocean Observing System
(GOOS) will provide the required data and information
on coastal marine and estuarine systems worldwide. As
such, coastal GOOS is an important contribution to the
Integrated Global Observing Strategy (IGOS) and the
Global Earth Observing System of Systems (GEOSS).

The coastal module of GOOS is intended to develop an
integrated and holistic approach to addressing six goals
for the public good:

* improve the capacity to detect and predict the effects
of global climate change on coastal ecosystems;

* improve the safety and efficiency of marine opera-
tions;

* control and mitigate the effects of natural hazards
more effectively;

* reduce public health risks;

* protect and restore healthy ecosystems more effec-
tively; and

* restore and sustain living marine resources more ef-
fectively.

Routine, continuous provision of reliable data and in-
formation required to address these goals will make
possible rapid and repeated assessments of the condi-
tion of coastal marine and estuarine systems; timely
predictions of the effects of extreme weather, climate
change and human activities; and the development eco-
system-based approaches to managing and mitigating
the effects of human activities and natural variability on
socio-economic systems that underpin the health and
well-being of human populations.

The Integrated Design Plan for the Coastal Module
of GOOS (I0C, 2003) calls for establishing regional
coastal ocean observing systems (RCOOSs) worldwide
and, through this process, the development of a Global
Coastal Network (GCN). The former has begun and
coordinated development of these regional observing
systems is needed to create a GCN that (i) measures,
manages and analyzes common variables needed by
all or most coastal nations and regions; (ii) establishes
sentinel and reference stations; and (iii) implements
internationally accepted standards and protocols for
measurements, data telemetry, data management and
modelling. The provisional common variables include
geophysical variables (temperature, salinity, currents,
waves, sea level, shoreline position, bathymetry, sedi-
ment grain size), chemical variables (dissolved inor-
ganic nutrients, dissolved oxygen, sediment organic
content), biological variables (faecal indicators, phy-
toplankton biomass, benthic biomass), and biophysi-
cal variables (optical properties).
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Implementation of the coastal module is justified in
terms of socioeconomic benefits, environmental con-
servation, sustainable development, and national com-
mitments articulated in international agreements and
treaties. This report proposes the actions needed to im-
plement the Design Plan. It includes organizational and
administrative proposals for governance and presents
practical recommendations for phased development of
the GCN through the establishment and networking of
GOOS Regional Alliances (GRAs), National GOOS
programmes, and existing global programmes.

Recommended Actions

With the completion of both Strategic Design and Im-
plementation Plans for the Coastal Module of GOOS,
the COOP makes the following recommendation:

* Dissolve COOP and request the GSSC to take on the
responsibility for the provision of science and tech-
nical guidance for implementing the coastal module
of GOOS. The GSSC must be expanded to include
the required areas of coastal expertise and given the
authority to include experts as needed. In collabo-
ration with the GRAs, the GSSC is to prepare, and
update as needed, an action plan for implementing
actions recommended herein and to periodically as-
sess progress toward achieving the goals and objec-
tives set forth therein. The action plan should include
recommendations for pilot projects needed to build
capacity globally.

B GOVERNANCE

The GCN will be implemented by nations, by GRAs
and by other international bodies supported by nations.
Needed are mechanisms to ensure the development of
a network of national and regional observing systems
that are locally relevant and globally coordinated. Such
mechanisms must (1) promote the development of re-
gional coastal ocean observing systems and services
worldwide; (2) promote the development of a GCN
through coordinated regional development; (3) engage
groups that use, depend on, manage or study marine
systems (collectively referred as “user groups”) in the
design, operation and improvement of a coastal GOOS
that meets their data and information needs on local to
global scales; and (4) effectively interface with the ex-
isting planning, oversight and implementation bodies
of GOOS, JCOMM, GTOS and GCOS.A mechanism

is needed to ensure that GRAs and national GOOS
programmes as a group will guide development of the
GCN to enable coordinated development of GRAs for
interoperability, and to facilitate data and information
exchange, technology transfer, and capacity building.

Recommended Actions

* Each GRA and national GOOS programme should
establish a Users” Forum to engage user groups in the
design, operation and improvement of regional coastal
ocean observing systems and the development of the
GCN. The forum should involve groups that use, depend
on, manage and study marine systems from all partnering
countries in the region to identify high priority products
and services and to use them to guide the development of
aregional coastal ocean observing system.

* Establish a mechanism to ensure that GRAs as a group
can function, with technical guidance from the GSSC
and in collaboration with JCOMM, as the internation-
al coordination, regulation and management mecha-
nism for developing coastal systems of observations,
data management, and analysis that includes the full
spectrum of required geophysical, biophysical, chemi-
cal and biological variables. The initial priority should
be rapid implementation of proven technologies and
procedures in regions that will benefit most, e.g. the
establishment of a tsunami warning system in the In-
dian Ocean modeled after the Pacific Tsunami Warn-
ing System.

* Establish an ad hoc joint JCOMM-GSSC Task Team
(JCOMM-Management Committee) to work in col-
laboration with the GRAs to establish requirements and
mechanisms for GCN implementation. This is a high,
immediate priority. Among those issues that should
be considered is the establishment by the grouping of
GRA:s of four working groups of experts in the follow-
ing areas: measurements (MWG), data management
(DMWG), modelling and analysis (MAWG), and ca-
pacity building (CPWG). These WGs would facilitate
exchanges of data, information, knowledge and tech-
nologies among regions; coordinate regional devel-
opment globally; and engage international research
programmes (e.g. LOICZ, GLOBEC, IMBER, GEO-
HAB), relevant regional programmes (Regional bod-
ies of the Tropical Cyclone Programme, Large Marine
Ecosystem Programmes, Regional Seas Conventions,
Regional Fishery Bodies, etc.) and operational agencies
(e.g. coastguards, port authorities, regulatory bodies) as
appropriate with the objective of ensuring timely de-
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velopment of operational capabilities for an end-to-end
system from measurements to applications that encom-
passes geophysical, biophysical, chemical and biologi-
cal variables as needed.

B IMPLEMENTING THE MEASUREMENT SUBSYSTEM

Both in situ and remote platforms will be used to mea-
sure the common variables as part of the GCN. In situ
measurement will be made at a sparse network of in
situ reference and sentinel sites and by existing global
programmes such as the global network of tide gauges
(GLOSS) and the global coral reef monitoring network
(GCRMN). A GCN that measures the common vari-
ables and manages the resulting data streams will be
established through two parallel processes: (i) the incor-
poration and extension of existing global programmes
for coastal needs; and (ii) regional development of tech-
niques that are scaled up for incorporation into the GCN.
The Measurement Working Group (MWG) is expected
to work with GSSC, GRAs, JCOMM and other organi-
zations as appropriate to coordinate the development of
both regional and global scale measurement (observing)
subsystems of the coastal module.

Recommended Actions for Regional Development
* The MWG should:

(1) compile and maintain a data base on variables
being monitored in each region, the responsible
organization(s), length and spatial extent of ob-
servations, temporal and spatial resolution of the
measurements, methods used and their precision,
developmental stage (research, pilot project, pre-
operational, operational), products and end users
of the data, and funding sources and levels (Much
of this information has been collated in some re-
gions such as Europe and North America);

(2) formulate a web-based version of the toolkit used
to select variables with an accompanying guidebook
for its use that can be downloaded from the web;

(3) lead an effort to ensure broad and effective coor-
dination among GRAs to harmonize the adoption,
development and use of common standards and
protocols for measurements, data telemetry, and
quality control globally; and

(4) develop procedures and the means to (i) implement
proven technologies and procedures in regions

where they are needed (e.g. ocean basin scale tsu-
nami warning systems), (ii) identify research pri-
orities for developing operational capabilities in all
regions, (iii) ensure conformance to internationally
accepted standards and protocols, and (iv) enable
efficient use of new knowledge and technologies to
improve operational capabilities.

Currently, operational capabilities are most advanced
for products and services that require observations of
geophysical variables (marine weather forecasts, early
warnings of coastal flooding, maritime services, search
and rescue, etc.). Implementing these elements of
GOOS in regions lacking such capabilities should be a
high and immediate priority.

Recommended Actions for Development of the Global
Coastal Network of Observations:

¢ In collaboration with GSSC, the IGOS Coastal Theme
Team, and JCOMM, the MWG should:

(1) Review the common variables to determine if vari-
ables should be added or dropped based on (i) the
number of GRAs that require and use data on them;
(ii) their significance as indicators of global chang-
es or as indicators of socio-economic impacts of
changes in coastal systems; and (iii) the technical
feasibility of incorporating them into the GCN as
an operational element of GOOS;

(2) Consistent with JCOMM procedures, adopt (or
establish as needed) and facilitate the implemen-
tation of international standards and protocols for
measuring the common variables and establish
requirements for their accuracy and time-space
resolution;

¢ The GSSC should:

(1) Collaborate with the GRAs to prepare and periodi-
cally update a global listing of national and region-
al monitoring programs that are candidates for the
GCN;

(2) Identify those programmes or elements thereof
that should be networked and incorporated into the
GCN, and recommend them to the JCOMM or the
GRAs as appropriate;

(3) Collaborate with the IGOS Coastal Theme
Team and the JCOMM Satellite Requirements
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“4)

(&)

Task Team to (i) compile assessments of tech-
niques, sensors, algorithms and data manage-
ment activities specifically for coastal waters
and prepare them if they are not available; (ii)
regularly review the quality and utility of coast-
al satellite products (in terms of required time,
space and spectral resolution) and make clear
recommendations for enhancements, includ-
ing improvements to algorithms, deployment
of new sensors and priorities for research and
development; (iii) formulate and recommend
standard procedures for calibration and valida-
tion of satellite products that are comparable
across regions; (iv) promote the development
of operational remote sensing capabilities for
ocean colour in coastal waters; and (v) formu-
late criteria for determining optimal locations
for calibrating remotely sensed data and vali-
dating satellite products; recommend locations
and requirements for measurements (time-space
resolution, accuracy) at each; and encourage
their establishment or continuation as a critical
component of the GCN.

Collaborate with the GRAs and the IGOS
Coastal Theme Team to formulate criteria for
determining optimal locations for sentinel sta-
tions, surveys and transects; recommend lo-
cations and requirements for measurements
(time-space resolution, accuracy) at each, and
encourage their establishment or continuation
as a critical component of the GCN.

Assess requirements for data telemetry region-
ally and globally and (i) document existing
data telemetry infrastructure; (ii) recommend
simple, cost-effective and robust technologies
that can be implemented immediately; (iii) pro-
mote the development and deployment of new
telecommunications systems as needed; (iv)
develop standards and protocols for telemetry
technologies used for GOOS in order to fa-
cilitate dissemination of the data for research
and operational purposes; and (v) promote
implementation of technical support programs
for telecommunications systems utilized for
GOOS.

B IMPLEMENTING THE DATA MANAGEMENT
SUBSYSTEM

The Data Management Subsystem (DMS) for the
coastal GOOS should have the following capabilities:
(1) process and archive data on the common variables
according to scientifically sound and well-documented
standards and formats; (2) distribute data on the com-
mon variables (observations and model outputs) in real
time and in “delayed” modes depending on the needs
of user groups and their technical capabilities (auto-
matic dissemination as well as “on demand”); and (3)
enable efficient access to data on the common vari-
ables and derived products (including forecasts, alerts
and warnings) by users who have a broad range of ca-
pabilities.

Most data will enter the DMS and be processed ini-
tially by national data centers or existing operational
agencies where the delivery of data and products can
be tuned to the needs of local users. In many areas,
regional clusters of national centers and operational
agencies will provide efficiencies of scale and allow
each GRA to take advantage of the diverse capabili-
ties provided by countries in the region. In addition,
where national centers do not exist, the development
of multi-national, regional data centers may be the
most cost-effective means of managing data. National
centers and regional clusters will manage data from
both regional coastal ocean observing systems and the
GCN. Global clusters will provide a final level of ag-
gregation for the common variables where well tested
global data communication, processing and manage-
ment tools can be brought to bear.

Operational agencies such as coastguards, pollution
control agencies, fisheries departments, flood warning
agencies, and regulatory bodies responsible for safety at
sea and on offshore o0il and gas platforms often have ef-
ficient but limited data management and data telemetry
networks already in place. These should be included in
regional data management subsystems both for acquisi-
tion of data, and the distribution of data products.

The development of a DMS for the GCN and for region-
al coastal ocean observing systems will be facilitated by
the formation of the Data Management Working Group
(DMWG). The DMS will develop most efficiently
through open software design. In carrying out the ac-
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tions recommended below, existing protocols and stan-
dards should be used whenever possible in preference to
developing new solutions.

Recommended Actions

* GSSC should work with the I-GOOS and the GRAs
to promote conformance to the IOC Data Policy
(http://ioc.unesco.org/goos/GOOSdm_final.pdf) and
the establishment and execution of international
agreements for timely data exchange among GRAs
and participating nations.

* In collaboration with national ocean data centers and
the IODE, the DMWG should promote the establish-
ment of regional and global data management clus-
ters as needed. The data management components of
operational agencies should be included.

* The DMWG should monitor the development of OBIS
and the U.S. DMAC subsystem for lessons learned,
to integrate OBIS into the DMS infrastructure, and
to determine which aspects of the U.S. effort can be
scaled up to help build the global infrastructure for
the DMS of the coastal module of GOOS.

¢ The DMWG, in collaboration with national GOOS
Programmes and ocean data centers, the JCOMM-
IODE Expert Team on Data Management Practic-
es, the Terrestrial Environmental Monitoring Sites
(TEMS) of GTOS, and international research pro-
grammes (e.g. IGBP and SCOR), should

(1) Determine metadata content and specify (or adopt
existing) metadata format standards; facilitate their
implementation for both historical data and data
streams generated by the GCN and regional coastal
ocean observing systems.

(2) Determine what search and browse capabilities
are needed and establish a standard machine-to-
machine interface (the data location service) that
enables the seamless transition from data discovery
to access.

(3) Develop web services standards and a comprehen-
sive data model for data transport between server
and client.

(4) Establish archival services.

(5) Explore the ability of the JCOMM-IODE infra-
structure to oversee the implementation of the
DMS for the coastal common variables of the
GCN. If needed, establish an oversight mechanism
for developing an integrating DMS that builds on

existing capabilities, includes non-physical vari-
ables, and enables interoperability among GRAs,
with the global ocean-climate observing system
(GOOS/GCOS) and the Global Terrestrial Observ-
ing System (GTOS), and with ocean research pro-
grammes (e.g. those sponsored by the IGBP and
SCOR).

B IMPLEMENTING THE MODELLING AND ANALYSIS
SUBSYSTEM

The purpose of a modelling subsystem is to assimilate
data generated from the measurement network (in situ
and remotely sensed observations) to (1) produce more
accurate estimates of the variables, their distributions,
and associated errors; (2) develop, test and validate
models, and (3) initialize and update models for im-
proved predictions. Model outputs include comprehen-
sive and integrated spatial representations of past (hind-
casts), present (nowcasts) and future (forecasts) states
of the coastal ocean.

Achieving these capabilities, or improving them, should
begin by engaging user groups to define data and in-
formation needs (products and services) and developing
and updating inventories of modelling capabilities and
activities that satisfy these needs. This will provide the
basis for selecting, developing and/or improving mod-
els through community-based modelling networks.

Recommended Actions

¢ The MAWG, in collaboration with GRAs, research
programmes, Large Marine Ecosystem Programmes,
and other bodies as appropriate, should

(1) Encourage and guide the development of Com-
munity Modelling Networks focused on regional
needs, technical problems and products.

(2) Develop and maintain an up-to-date inventory of
proven coastal models (organized by application);
make them available on the world wide web; and
recommend measures of model skill and opera-
tional status.

(3) Define a set of external metrics for quality control
and assurance and for user- satisfaction with coast-
al model products.
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¢ The MAWG should:

(1) Work with community modelling networks to pro-
mote access to (through a web-based inventory)
and development of freely available, well-docu-
mented models and software for data assimilation
and visualization.

(2) Promote pilot projects that will accelerate the de-
velopment of community models and metrics relat-
ed to ecosystem forecasting, including ecosystem-
based management of fisheries and water quality.

(3) Prepare and maintain an up-to-date inventory of
the data and observing requirements for coastal
models.

(4) Building on the experience gained by other groups
who have already developed similar measures for
other types of models (e.g. OOPC/GODAE for
deep ocean models), work with community model-
ling networks to define internal metrics that can be
used to assess the quality, internal consistency and
skill of the main classes of coastal models.

B DEVELOPING AND IMPROVING CAPACITY

A fully integrated GOOS that addresses all six societal
goals can be achieved only by improving coastal ob-
serving and reporting capabilities globally. Capacity
building is needed on two related fronts: (1) enabling
nations and GRAs in different stages of economic de-
velopment to establish coastal ocean observing systems
and to benefit from data and information provided by
GOOS and (2) developing new technologies and mod-
els through research that can be used to improve the op-
erational capabilities of regional coastal ocean observ-
ing systems and the GCN. Both can be achieved most
effectively by initiating cooperative projects with GRAs
that have focused, attainable objectives and will leave
a legacy of sustained observations, data management,
and analysis.

Recommended Actions

* With the assistance of GSSC and the GOOS-JCOMM
Capacity Building Programme, GRAs and National
GOOS Programmes should identify priority products
and services that require development of or improve-
ments in regional coastal ocean observing systems.

e The GOOS-JCOMM Capacity Building Programme
should establish centres of technical support at ex-

isting institutions that will provide advice and send
technicians to recipient countries or GRAs to facili-
tate the deployment, use and maintenance of new in-
struments and existing infrastructure.

* GSSC, in collaboration with the global body of
GRAs and the GOOS-JCOMM Capacity Building
Programme, should:

(1) Inventory and review existing capacity building ef-
forts relevant to coastal GOOS development and
recommend procedures for making more effective
use of their collective resources to achieve com-
mon goals. This should include aid and training
activities currently conducted by operational agen-
cies and their world organizations (e.g. the WMO
for meteorology, the International Maritime Orga-
nization (IMO) for shipping and ship management,
and equivalent bodies for ports and harbors, coast-
guards, etc.) that may be improved in developing
countries through additional funding, training, and
infrastructure development.

(2) Persuade international donors (including the GEF)
to fund partnerships between developing and devel-
oped nations to establish infrastructure for GOOS
through LME Programmes and other programmes
as appropriate.

¢ The CBWG should:

(1) Identify, develop and make available toolkits for
building capacity for all three subsystems (obser-
vations, data management and modelling).

(2) Advise the GOOS-JCOMM Capacity Building
programme on the establishment of procedures
for nations and GRAs to implement, operate and
improve regional coastal ocean observing systems
based on their own priorities.

(3) Work with the GRAs to design and implement pi-
lot projects that will enable the establishment of
sustained coastal ocean observing systems world-
wide, especially in regions that lack the resources
to develop such systems.

m PiLot ProJECTS

Pilot projects are an important mechanism for develop-
ing operational capabilities regionally and globally. To
these ends, two categories of pilot projects are recom-
mended: (i) those that build capacity in regions that lack
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the resources needed to contribute to and benefit from
coastal GOOS and (2) those that are needed to acceler-
ate the development of operational capabilities through
advances in science and technology.

Recommendations

* GSSC should review pilot projects recommended
herein; assess those that have been funded to deter-
mine their potential for incorporation into the GCN
(or adopted by other regions); identify those that
should be promoted for funding as coastal GOOS
pilot projects; and promote the development of new
pilot projects as needed.

* GSSC should work with the GRAs to identify re-
gional problems and requirements where solutions
could be obtained by implementing proven technolo-
gies and procedures for developing regional coastal
ocean observing systems and promote investments
in Pilot Projects (including training) that will lead in
time to permanent operational systems.

B PERFORMANCE EVALUATION

Systematic, rigorous and periodic assessments of per-
formance in terms of socio-economic benefits of data
and information provided by GOOS are critical to its
sustained development of observing systems. Perfor-
mance should be measured in terms of both how well
the system functions and the benefits it provides. Sys-
tem function should be measured in terms of (i) interop-
erability among GRAs and the GCN; (ii) the continuity,
quality, diversity and integration of data streams; and
(iii) improvements in operational capabilities. Benefits
should be measured in terms of (i) the number of new or
improved products traceable to the coastal module; (ii)
the number of groups that use these products; (iii) the
use of data and information provided by the system to
meet the requirements and conditions of international
conventions and agreements; and (iv) cost/benefit anal-
yses — measure the cost of the system against socio-eco-
nomic benefits.

Recommended Actions
¢ GSSC should:

(1) Promote implementation of the IGOS Coastal
Theme.

(2) Collaborate with the IGOS Coastal Theme Team
and the JCOMM Satellite Task Team to regularly
prepare an adequacy report on satellite-remote
sensing (sea surface temperature, altimetry, scat-
terometry, SAR and ocean colour for coastal wa-
ters), airborne remote sensing (e.g. LIght Detection
and Ranging instruments or LIDAR and Compact
Airborne Spectrometry Instrument or CASI), and
land-based remote sensing (e.g. High Frequency
radar); recommend procedures for improving them
(including algorithms) and developing new satel-
lite-based remote sensing capabilities.

(3) Collaborate with the GRAs to develop procedures
for conducting product-specific, impact-feasibility
procedures for assessing current operational capa-
bilities of the observing system and identify research
priorities for improving them.

(4) Establish procedures for periodically assessing
and updating the common variables and sampling
programs for the GCN, and for identifying priority
research activities needed to improve operational
observing capabilities.

¢ The MWG should:

(1) Promote and coordinate intercalibration activi-
ties (e.g. workshops, comparison of results from
measurements of reference material among labo-
ratories globally) among GRAs and national and
global programmes to improve and evaluate mea-
surements of the common variables.

(2) Identify existing standards and protocols, and de-
velop ones as needed, for measuring the common
variables recommended for use by data providers.

(3) Track progress in the development of new op-
erational capabilities, standards and protocols for
measuring the common variables and promote their
incorporation into operational observing systems
(GCN, regional coastal ocean observing systems).

* The DMWG should develop and promote the use
of performance indicators to assess timeliness and
continuity of data delivery, interoperability (develop-
ment and use of common standards and protocols)
and data exchange among regions and nations (bi-lat-
eral and multi-lateral agreements for data exchange
and their implementation).

* The CBWG should develop performance indicators
for four key, cross-cutting activities that are critical
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to establishing an end-to-end, user driven global ob-
serving system for the coastal ocean: (i) international
coordination and collaboration in implementing the
GCN (interoperability); (ii) capacity building in
terms of the effectiveness with which regional and
national priorities for developing all three subsys-
tems are identified and addressed; (iii) development
of operational capacity by the GRAs as a group; and
(iv) development and use of socio-economic indica-
tors that measure the effectiveness of more rapid de-
tection and timely predictions of the phenomena of
interest in terms of sustainable uses of the oceans and
resources they support. mm
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Résumé Analytique

Tous les pays cotiers du monde voient leurs systemes
cotiers marins et estuariens subir des modifications qui
menacent le développement durable, la santé et la sé-
curité humaines ainsi que la capacité des écosystemes
marins de fournir des produits et services intéressant la
société. Il est en particulier préoccupant d’observer que
les populations des zones cotieres sont de plus en plus
exposées aux inondations, aux tsunamis, a I’érosion,
aux maladies, a la perte de leur habitat, a la diminution
des ressources biologiques, aux efflorescences algales et
nuisibles, a la mortalité massive des mammiferes et des
oiseaux marins, tendances qui refletent les effets con-
jugués de processus naturels et d’activités humaines.
Parce que ces changements, ainsi que leurs causes et
leurs effets, dépassent souvent les frontieres nation-
ales, de nombreux traités et conventions qui exigent
I’observation prolongée, réguliere et fiable des systemes
océaniques, cotiers, terrestres et atmosphériques a
I’échelle locale, régionale et mondiale, ont été conclus.
La mise en ceuvre du module cdtier du Systeéme mon-
dial d’observation de 1’océan (GOOS) fournira les don-
nées et informations nécessaires sur les systémes cotiers
marins et estuariens du monde entier. En tant que tel, ce
module du GOOS constitue une importante contribution
a la Stratégie d’observation mondiale intégrée (IGOS)
et au Systeme mondial des systeémes d’observation de
la Terre (GEOSS).

Il vise a élaborer une approche intégrée et holistique de
la réalisation des six objectifs d’intérét public ci-apres :

* améliorer la capacité¢ de détecter et prévoir
I’incidence des changements climatiques mondi-
aux sur les écosystemes cotiers ;

* améliorer la sécurité et I’efficacité des opérations
en mer ;

*  mieux lutter contre les effets des catastrophes na-
turelles et les atténuer plus efficacement ;

e réduire les risques pour la santé publique ;

*  protéger ou restaurer plus efficacement la santé des
écosystemes ; et

*  régénérer les ressources marines vivantes et en as-
surer la pérennité plus efficacement.

La fourniture systématique et en continu des données
et informations fiables nécessaires pour atteindre ces
objectifs permettra d’évaluer rapidement et de facon
répétée 1’état des systemes cOtiers marins et estuariens
; de prévoir en temps voulu I’incidence des conditions
météorologiques extrémes, des changements clima-
tiques et des activités humaines ; et d’élaborer des ap-
proches écosystémiques de la gestion et de I’ atténuation
des répercussions des activités humaines et de la vari-
abilité naturelle sur les systemes socioéconomiques qui
sous-tendent la santé et le bien-étre des populations hu-
maines.

Le Plan conceptuel intégré pour le module cotier du
GOOS (COI, 2003) prone I’ établissement dans le monde
entier de systemes régionaux d’observation des océans
cotiers (RCOOS) et, par ce biais, la création d’un Ré-
seau cotier mondial (GCN). La premiere opération a dé-
marré et ces systemes régionaux d’observation doivent
étre développés de maniere coordonnée de facon a créer
un GCN qui (i) mesure, gere et analyse des variables
communes nécessaires a toutes les nations et régions
cotieres, ou a la plupart d’entre elles ; (ii) mette en place
des stations sentinelles et de référence ; et (iii) appli-
que des normes et protocoles internationalement admis
de mesure, de télémétrie, de gestion et de modélisation
des données. Les variables communes provisoirement
retenues comprennent des variables géophysiques (tem-
pérature, salinité, courants, vagues, niveau de la mer,
évolution de la ligne de rivage, bathymétrie, granulomé-
trie des sédiments), des variables chimiques (nutriments
inorganiques dissous, oxygene dissous, contenu orga-
nique des sédiments), des variables biologiques (indi-
cateurs fécaux, biomasse phytoplanctonique, biomasse
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benthique), et des variables biophysiques (propriétés
optiques).

La mise en place du module cdtier est justifiée par les
avantages socioéconomiques qui en découlent, la con-
servation de I’environnement, le développement durable
et les engagements nationaux énoncés dans des accords
et traités internationaux. Le présent rapport propose les
mesures nécessaires pour mettre en ceuvre le Plan con-
ceptuel.

Il comprend des propositions d’ordre administratif et or-
ganisationnel aux fins de la gouvernance et présente des
recommandations pratiques en vue de la mise en place
progressive du GCN par le biais de la création et de la
mise en réseau d’Alliances régionales pour le GOOS
(GRA), de programmes nationaux pour le GOOS et de
programmes mondiaux existants.

Actions recommandées

Le plan conceptuel stratégique et le plan de mise en ceu-
vre pour le module cotier du GOOS étant achevés, le
COOP recommande ce qui suit :

* Dissoudre le COOP et demander au GSSC de se char-
ger de fournir des conseils scientifiques et techniques
pour la mise en ceuvre du module cotier du GOOS.
Le GSSC doit étre €largi aux domaines nécessaires de
compétence concernant les zones cotieres et etre ha-
bilité a faire appel a des experts si besoin est. Il doit,
en collaboration avec les GRA, élaborer et mettre a
jour, s’il y a lieu, un plan d’action visant a mettre
en ceuvre les mesures recommandées ci-incluses et
évaluer périodiquement les progreés accomplis dans
la réalisation des buts et objectifs qui y figureront.
Le plan d’action devrait notamment faire des recom-
mandations sur les projets pilotes nécessaires pour
renforcer les capacités a 1’échelle planétaire.

B GOUVERNANCE

Le GCNseramisenplaceparlespays,les GRA etd’autres
organismes internationaux soutenus par des pays. Des
mécanismes sont nécessaires pour assurer le développe-
ment d’un réseau de systemes nationaux et régionaux
d’observation qui soit pertinent a 1I’échelle locale et coor-
donné a I’échelle mondiale. De tels mécanismes doivent
(1) promouvoir I’établissement dans le monde entier de

systemes et services régionaux d’observation des océans
cdtiers ; (ii) promouvoir la création d’un GCN par le biais
d’un développement régional coordonné ; (iii) faire par-
ticiper des groupes qui utilisent des systemes marins, en
sont tributaires, les gerent ou les étudient (collectivement
dénommés « groupes d’utilisateurs ») a la conception, au
fonctionnement et a I’amélioration d’un module cotier du
GOOS qui réponde a leurs besoins en données et en in-
formation, depuis I’échelle locale jusqu’a I’échelle mon-
diale ; et (iv) entretenir de véritables relations avec les
organismes existants de planification, de surveillance et
de mise en ceuvre du GOOS, de la JCOMM, du GTOS et
du SMOC. Un mécanisme est nécessaire pour veiller a ce
que les GRA et les programmes nationaux pour le GOOS
orientent, en tant que groupe, le développement du GCN
de fagon a permettre une mise en place coordonnée des
Alliances régionales assurant leur interopérabilité et a fa-
ciliter I’échange de données et d’information, le transfert
de technologies et le renforcement des capacités.

Actions recommandées

* Chaque GRA et programme national pour le GOOS
devrait créer un Forum des utilisateurs afin de faire
participer ces derniers a la conception, au fonc-
tionnement et a I’amélioration des systémes région-
aux d’observation des océans cotiers et a la mise en
place du GCN. Le Forum devrait faire intervenir
des groupes qui exploitent des systeémes marins, en
sont tributaires, les gerent et les étudient, dans tous
les pays partenaires de la région, afin de définir des
produits et services hautement prioritaires et faire ap-
pel a eux pour orienter le développement d’un sys-
teme régional d’observation des océans cotiers.

* Créer un mécanisme pour veiller a ce que les GRA
puissent, en tant que groupe, et avec le concours tech-
nique du GSSC et la collaboration de la JCOMM,
faire office de mécanisme international de coor-
dination, de régulation et de gestion de la mise en
place de systemes cotiers d’observation, de gestion
des données et d’analyse comprenant tout 1’éventail
nécessaire de variables géophysiques, biophysiques,
chimiques et biologiques. La priorité initiale devrait
étre accordée a I’application rapide de technologies
et de procédures €prouvées dans des régions qui
en tireront le meilleur parti, par exemple a la mise
en place d’un systeme d’alerte aux tsunamis dans
I’océan Indien sur le modele du Systeme d’alerte aux
tsunamis dans le Pacifique.
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e Créer une équipe spéciale ad hoc mixte JCOMM-
GSSC (JCOMM-Comité de gestion) chargée de tra-
vailler en collaboration avec les GRA afin de recens-
er les besoins et les mécanismes nécessaires a la mise
en place du GCN. Cette activité hautement prioritaire
doit étre entreprise immédiatement. Entre autres ques-
tions, il conviendrait d’étudier la création de quatre
groupes d’experts s’occupant des domaines ci-apres :
mesures (MWG, gestion des données (DMWG), mo-
délisation et analyse (MAWG) et renforcement des
capacités (CBWGQ)). Ils faciliteraient les échanges
de données, d’information, de connaissances et de
technologies entre les régions ; coordonneraient le
développement régional a I’échelle mondiale ; et fe-
raient appel a la participation de programmes inter-
nationaux de recherche (LOICZ, GLOBEC, IMBER,
GEOHAB par exemple), de programmes régionaux
pertinents (organes régionaux du programme sur les
cyclones tropicaux, programmes relatifs aux grands
écosystemes marins, Conventions sur les mers régio-
nales, organes régionaux des péches, etc.) et a des
organismes opérationnels (par exemple gardes-cotes,
autorités portuaires et organismes réglementaires)
s’il y a lieu afin d’assurer le développement en temps
voulu des capacités opérationnelles nécessaires a la
mise en place d’un systéme « de bout en bout » qui
aille des mesures jusqu’aux applications et compren-
nent, selon les besoins, des variables géophysiques,
biophysiques, chimiques et biologiques.

B MISE EN OEUVRE DU SOUS-SYSTEME DE MESURE

Des plates-formes in situ et des plates-formes €éloignées
seront utilisées pour mesurer les variables communes
dans le cadre du GCN. Les mesures in situ seront ef-
fectuées par un réseau clairsemé de sites sentinelles et
de références in situ et par des programmes mondiaux
existants comme le Réseau mondial de marégraphe du
GLOSS (Systeme mondial d’observation du niveau de
la mer) et le Réseau mondial de surveillance continue
des récifs coralliens (GCRMN). Un GCN mesurant
les variables communes et gérant les flux de données
qui en résultent sera mise en place en associant deux
processus paralleles : (i) I'intégration et I’extension des
programmes mondiaux existants pour les besoins co-
tiers ; et (ii) le développement régional de techniques
extrapolées a plus grande échelle en vue de leur inté-
gration au GCN. Le Groupe de travail sur les mesures
(MWG) devrait travailler de concert avec le GSSC, les

GRA, la JCOMM et d’autres organisations, si besoin
est, afin de coordonner le développement de sous-sys-
temes (d’observation) du modele cdtier de mesure a
I’échelle régionale et mondiale.

Actions recommandées en vue du développement
régional

e Le MWG devrait :

(1) constituer et tenir a jour une base de données sur
les variables qui font I’objet d’une surveillance
continue dans chaque région, I’ (les) organisation(s)
responsable(s), la durée et la portée spatiale des ob-
servations, la résolution temporaire et spatiale des
mesures, les méthodes utilisées et leur précision, le
stade de développement (recherche, projet pilote,
stade pré-opérationnel, opérationnel), les produits
et les utilisateurs finaux ainsi que les sources et les
niveaux de financement (beaucoup de ces informa-
tions sont d’ores et déja réunies dans certaines ré-
gions comme 1’Europe et I’ Amérique du Nord) ;

(2) élaborer une version Web de 1’ensemble d’outils
utilisés pour sélectionner les variables, accompag-
née d’un manuel d’utilisation susceptible d’étre
téléchargé depuis le Web ;

(3) conduire une opération visant a assurer une
large et véritable coordination entre les GRA
afin d’harmoniser [’adoption, 1’élaboration et
I’utilisation de normes et protocoles communs
pour les mesures, les télémesures et le contrdle de
la qualité a I’échelle mondiale ;

(4) définir des procédures et moyens permettant (i)
d’employer des technologies et procédures éprou-
vées dans des régions ou elles sont nécessaires
(par exemple des systemes d’alerte aux tsunamis
a I’échelle des bassins océaniques), (ii) de recenser
des priorités de recherche en vue du développe-
ment des capacités opérationnelles dans toutes les
régions, (iii) de veiller a la conformité aux normes
et protocoles internationalement acceptés, et (iv)
de permettre une utilisation efficace des nouvelles
connaissances et technologies afin d’améliorer les
capacités opérationnelles.

Actuellement, les capacités opérationnelles les plus per-
fectionnées sont celles destinées aux produits et servic-
es qui exigent I’observation de variables géophysiques
(prévisions météorologiques marines, alertes rapides
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aux inondations cotieres, services maritimes, recherche
et secours, etc.). Mettre ces éléments du GOOS en ceu-
vre dans des régions qui ne disposent pas de ces ca-
pacités devrait &tre hautement prioritaire a réaliser dans
I’immédiat.

Actions recommandées en vue de la mise en place
d’un réseau cotier mondial d’observation

* En collaboration avec le GSSC, I’équipe de I'lGOS
chargée du theme cdtier et la JCOMM, le MWG
devrait :

(1) faire le point des variables communes afin de déter-
miner s’il convient d’en ajouter ou supprimer cer-
taines en fonction (i) du nombre de GRA qui de-
mandent et utilisent des données y relatives ; (ii) de
leur importance en tant qu’indicateurs des change-
ments a 1’échelle planétaire ou qu’indicateurs des
répercussions socioéconomiques des changements
sur les systemes cotiers ; (iii) de la possibilité tech-
nique de les intégrer au GCN en tant qu’élément
opérationnel du GOOS ;

(2) conformément aux procédures de la JCOMM,
adopter (ou établir s’il y a lieu), des normes et
protocoles internationaux de mesure des variables
communes, en faciliter I’application et spécifier la
précision et la résolution spatiale exigées ;

¢ Le GSSC devrait :

(1) collaborer avec les GRA afin d’établir et de mettre
périodiquement a jour une liste mondiale de pro-
grammes nationaux et régionaux de surveillance
qui souhaitent faire partie du GCN ;

(2) 1identifier les programmes ou éléments de pro-
gramme qu’il conviendrait de mettre en réseau
et d’intégrer au GCN et les recommander a la
JCOMM ou aux GRA, selon le cas ;

(3) collaborer avec 1’équipe IGOS chargée du theme
cotier et 1’équipe spéciale chargée des besoins
de la JCOMM en maticre de satellites afin (i) de
constituer un corpus d’évaluations des techniques,
capteurs, algorithmes et activités de gestion des
données, en particulier pour les eaux coticres et
d’effectuer de telles évaluations s’il n’y en a pas
encore de faites ; (ii) d’examiner régulierement la
qualité et 'utilité des produits satellitaires rela-
tifs aux zones cotieres (en fonction de la résolu-

“

®)

tion temporelle, spatiale et spectrale requise) et de
recommander clairement des perfectionnements
notamment 1’amélioration des algorithmes, le dé-
ploiement de nouveaux capteurs et la définition de
priorités de recherche et de développement ; (iii) de
formuler et de recommander des procédures nor-
malisées d’étalonnage et de validation des produits
satellitaires qui soient comparables d’une région
a lautre ; (iv) de promouvoir le développement
de capacités de télédétection opérationnelle de la
couleur de 1’océan dans les eaux cotieres ; et (V)
de fixer des criteres pour déterminer les emplace-
ments les plus propices a I’étalonnage des données
obtenues par télédétection et a la validation des
produits satellitaires ; de recommander des sites ol
pratiquer les mesures et les spécifications exigées
en chaque lieu (résolution temporelle et spatiale,
précision) ; et d’encourager I’établissement ou le
maintien de ces criteres en tant que composante es-
sentielle du GCN ;

collaborer avec les GRA et I’équipe IGOS chargée
du theéme cotier, en vue de fixer des critéres pour
déterminer les emplacements les plus propices
a D’installation de stations de surveillance et a la
réalisation d’études et de transects ; recommander
des sites ou effectuer les mesures et les spécifica-
tions exigées a chaque emplacement (résolution
temporelle et spatiale, précision) et encourager
I’établissement ou le maintien des critéres en tant
que composante essentielle du GCN ;

évaluer les besoins de télémesures aux plans ré-
gional et mondial et (i) réunir des informations sur
les infrastructures existant dans ce domaine ; (ii)
recommander des techniques simples, rentables
et siires qui puissent étre appliquées immédiate-
ment ; (iii) promouvoir le développement et la
mise en place de nouveaux systemes de télécom-
munication, s’il y a lieu ; (iv) élaborer des normes
et protocoles pour les techniques de télémétrie
utilisées pour le GOOS afin de faciliter la diffu-
sion des données destinées a la recherche et a des
fins opérationnelles ; et (v) favoriser I’exécution
de programmes de soutien technique en faveur des
systemes de télécommunication utilis€s pour le
GOOS.
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Mise en oeuvre du sous-systeme de gestion de
données

Le sous-systeme de gestion des données (DMS) du mod-
ule cotier du GOOS doit avoir les capacités ci-apres :
(1) traiter et archiver des données sur les variables com-
munes en fonction de normes et formats scientifique-
ment rationnels et attestés ; (ii) diffuser des données sur
les variables communes (observations et résultats des
modeles) en temps réel et en différé, selon les besoins
des groupes d’utilisateurs et leurs capacités techniques
(diffusion automatique ainsi qu’a la demande) ; et (iii)
permettre un acces efficace aux données relatives aux
variables communes et aux produits dérivés (y compris
les prévisions, alertes initiales et avis de danger immi-
nent) aux utilisateurs qui disposent d’un large éventail
de moyens.

La plupart des données seront intégrées dans le DMS
et traitées initialement par les centres nationaux de
données ou des organismes opérationnels existants
en mesure d’adapter la fourniture des données et des
produits aux besoins des utilisateurs locaux. Dans bien
des cas, les groupes régionaux de centres nationaux et
d’agences opérationnelles apporteront une efficacité
d’échelle et permettront a chaque GRA de bénéficier
des diverses capacités offertes par les pays de la région.
De plus, 1a ou il n’existe pas de centres nationaux, la
création de centres régionaux multinationaux pourrait
étre le moyen le plus rentable de gérer les données. Les
centres nationaux et les poles régionaux geéreront aussi
bien des données provenant des systeémes d’observation
des océans cdtiers que du GCN. Des pdles mondiaux
assureront un niveau final d’agrégation des variables
communes. Des outils éprouvés de communication, de
traitement et de gestion des données a 1’échelle mon-
diale pourront étre mis a profit.

Certains organismes opérationnels, gardes-cotes,
agences de contrdle de la pollution, services des péch-
es, organismes d’alerte aux inondations et organismes
réglementaires responsables de la sécurité en mer et sur
les plates-formes pétrolicres et gazieres offshore par ex-
emple, ont souvent déja installé des réseaux efficaces de
gestion et de télémesure qui devraient étre inclus dans
les sous-systemes régionaux de gestion des données,
tant pour I’acquisition de ces derniéres que pour la dif-
fusion de produits dérivés.

La mise au point d’un sous-systeme de gestion des
données pour le GCN et pour des systemes régionaux
d’observation des océans cotiers sera facilitée par la
formation du groupe de travail chargé de la gestion des
données (DMWG). Le moyen le plus efficace pour €la-
borer le DMS est de concevoir des logiciels ouverts. 1l
conviendrait pour la réalisation des actions recomman-
dées ci-apres, d’appliquer chaque fois que possible les
protocoles et normes existants plutot que de mettre au
point de nouvelles solutions.

Actions recommandeées

¢ Le GSSC devrait, de concert avec I'I-GOOS et les
GRA, promouvoir la conformité a la politique de
la COI en matiere de données (http://ioc.unesco.
org/goos/GOOSdm_final.pdf) et 1’établissement
et ’application d’accords internationaux régissant
I’échange des données en temps voulu entre GRA et
participants.

* En collaboration avec les centres nationaux de don-
nées océaniques et I'lODE, le DMWG devrait pro-
mouvoir la mise en place, en tant que de besoin, de
poles régionaux et mondiaux de gestion des données
auxquels devraient étre intégrées les composantes
gestion des données des organismes opérationnels.

* Le DMWG devrait suivre le développement du sys-
teme OBIS et du sous-systeme U.S. DMAC (de ges-
tion et de communication des données) pour voir
quelles lecons en sont tirées, intégrer OBIS dans
I’infrastructure du DMS et déterminer quels sont les
éléments du sous-systtme mis en place aux Etats-
Unis susceptibles d’étre transposés a plus grande
échelle pour contribuer a batir I’infrastructure mondi-
ale nécessaire au DMS du module cétier du GOOS.

* Le DMWG devrait, en collaboration avec les pro-
grammes et centres de données océanographiques na-
tionaux pour le GOOS, I’équipe d’experts JCOMM-
IODE sur les pratiques de gestion des données, les
sites terrestres de surveillance de 1’environnement
(TEMS) du GTOS et certains programmes interna-
tionaux de recherche (par exemple PIGB et SCOR) :

(1) déterminer le contenu des métadonnées et fixer des
normes applicables aux formats de métadonnées (ou
adopter celles qui existent) ; faciliter leur applica-
tion aussi bien aux données historiques qu’aux flux
de données générées par le GCN et les systemes ré-
gionaux d’observation des océans cdtiers ;
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(2) déterminer les capacités de recherche et de naviga-
tion nécessaires et établir une interface normalisée
de machine a machine (service de localisation des
données) qui permette de passer graduellement et
sans solution de continuité de la découverte des
données a leur acces ;

(3) élaborer des normes pour les services Web et un
modele de données global pour le transport des
données entre serveur et client ;

(4) créer des services d’archive ;

(5) étudier la capacité de I’infrastructure JCOMM-
IODE a superviser la mise en ccuvre du DMS
pour les variables cotieres communes du GCN.
Si nécessaire, créer un mécanisme de supervision
pour constituer un DMS intégrateur qui exploite
les moyens existants, comprenne des variables
non physiques et permette 1’interopérabilité entre
les GRA, avec le Systeme mondial d’observation
de I'océan et du climat (GOOS/SMOC) et le
Systeme global d’observation terrestre (GTOS)
ainsi qu’avec des programmes de recherche océ-
anographique (par exemple ceux parrainés par le
PIGB et le SCOR).

B MISE EN OEUVRE DU SOUS-SYSTEME DE MODELISA-
TION ET D’ ANALYSE

L’objet d’un sous-systtme de modélisation est
d’assimiler les données fournies par le réseau de
mesure (observations in situ et obtenues par télédétec-
tion) afin (1) de fournir des estimations plus précises
des variables, leur répartition et les erreurs qui vont
de pair ; (2) de mettre au point, tester et valider des
modeles ; et (3) de lancer et mettre a jour des modeles
afin d’améliorer les prévisions. Les modeles fourniront
notamment des représentations spatiales completes
et intégrées de I’état passé (prévisions a posteriori),
présent (prévisions immédiates) et futur (prévisions a
terme) des océans cotiers.

Pour obtenir ces capacités, ou les améliorer, il con-
vient de commencer par faire participer les groupes
d’utilisateurs a la définition des besoins en données et
en informations (produits et services) et d’établir et de
mettre a jour des inventaires des moyens et activités de
modélisation répondant a ces besoins. C’est sur cette
base que s’opérera la sélection, le développement et/
ou I’amélioration de modeles par le biais de réseaux de
modélisation communautaires.

Actions recommandeées

* Le groupe de travail sur la modélisation et 1’analyse
(MAWG), devrait, en collaboration avec les GRA, les
programmes de recherche, les programmes relatifs
aux grands écosystemes marins et d’autres organismes
si besoin est :

(1) encourager et orienter la mise en place de réseaux de
modélisation communautaires, axés sur des besoins,
problémes techniques et produits régionaux ;

(2) établir et actualiser en permanence un inventaire des
modeles cotiers éprouvés (classés par application)
; les mettre a la disposition sur la Toile mondiale
(www) ; et recommander des mesures des capacités
du modele et de son statut opérationnel ;

(3) définir un ensemble de parametres externes de con-
trole et assurance de la qualité et de mesure de la
satisfaction des utilisateurs vis-a-vis des produits
des modeles cotiers.

e e MAWG devrait :

(1) s’efforcer, de concert avec les réseaux de modélisa-
tion communautaires, de promouvoir I’acces a des
modeles et logiciels d’assimilation et de visualisa-
tion des données, librement accessibles et bien doc-
umentes, et d’en favoriser 1’élaboration ;

(2) promouvoir des projets pilotes qui accélereront la
mise au point de modeles et parametres commu-
nautaires concernant la prévision écosystémique, y
compris la gestion écosystémique des péches et de
la qualité de I’eau ;

(3) établir et mettre en permanence a jour un inventaire
des données et observations nécessaires aux modeles
cotiers ;

(4) s’inspirer de I’expérience acquise par d’autres
groupes qui ont déja mis en place des mesures ana-
logues pour d’autres types de modeles (par exemple
I’OOPC/GODAE pour les modeles relatifs a la haute
mer), coopérer avec les réseaux de modélisation
communautaires en vue de définir des parametres
internes susceptibles d’étre utilisé€s pour évaluer
la qualité, la cohérence interne et les capacités des
principaux types de modeles cotiers.

B DEVELOPPER ET AMELIORER LES CAPACITES

Seule I’amélioration a 1’échelle mondiale des capacités
d’observation des cotes et de notification peut permettre
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la mise en place d’un systeme mondial d’observation de
I’océan pleinement intégré qui s’occupe des six objec-
tifs sociaux. Les capacités doivent étre renforcées a deux
niveaux interdépendants : (1) en permettant aux pays et
aux GRA qui sont a des stades différents de développe-
ment économique d’établir des systemes d’observation
des océans cotiers et de tirer parti des données et in-
formations fournies par le GOOS et (2) en mettant au
point par le biais de la recherche de nouvelles tech-
nologies et de nouveaux modeles qui pourraient servir
a améliorer les capacités opérationnelles des systemes
régionaux d’observation des océans cotiers et le GCN.
Le meilleur moyen d’atteindre ces deux objectifs est de
lancer en coopération avec les GRA des projets ciblés,
aux objectifs réalistes et qui laisseront derriere eux des
observations, une gestion des données et une analyse
sur la durée.

Actions recommandées

* Avec l'aide du GSSC et du programme GOOS-
JCOMM de renforcement des capacités, les GRA et
les programmes nationaux pour le GOOS devraient
identifier des produits et services prioritaires qui exi-
gent la mise en place ou I’amélioration de systemes
régionaux d’observation des océans cotiers.

* Le programme GOOS-JCOMM de renforcement des
capacités devrait créer dans des établissements ex-
istants des centres de soutien technique chargés de
donner des conseils et d’envoyer des techniciens a
des pays bénéficiaires ou a des GRA afin de facili-
ter le déploiement, I’utilisation et I’entretien de nou-
veaux instruments et des infrastructures existantes.

¢ Le GSSC devrait, en collaboration avec 1’ensemble
des Alliances régionales pour le GOOS du monde
entier et le programme GOOS-JCOMM de renforce-
ment des capacités :

(1) recenser et étudier les initiatives de renforcement
des capacités existantes utiles a la mise en place
du modele cdtier du GOOS et recommander des
procédures grace auxquelles exploiter plus effi-
cacement leurs ressources collectives pour atteindre
des objectifs communs. Il conviendrait d’y inclure
des activités d’aide et de formation actuellement
menées par des organismes opérationnels et les or-
ganisations mondiales correspondantes (par exem-
ple 'OMM pour la météorologie, I’Organisation
maritime internationale (OMI) pour les transports

maritimes et la gestion de la navigation et des or-
ganismes portuaires équivalents, les gardes-cotes,
etc.). Des crédits supplémentaires, I’intensification
de la formation et le développement des infrastruc-
tures pourraient améliorer ces activités dans les
pays en développement ;

(2) persuader des donneurs internationaux (y compris
le FEM) de financer des partenariats entre pays en
développement et développés afin de mettre en place
I’infrastructure nécessaire au GOOS par le biais de
programmes relatifs aux grands écosystémes marins
et d’autres programmes, selon les besoins.

¢ Le CBWG devrait :

(1) définir, élaborer et mettre a disposition des ensem-
bles d’outils de renforcement des capacités pour les
trois sous-systemes (d’observation, de gestion des
données et de modélisation) ;

(2) conseiller le programme GOOS-JCOMM sur le ren-
forcement des capacités en vue de 1’établissement
des procédures que les pays et les GRA utiliseront
pour mettre en place, gérer et améliorer des systemes
régionaux d’observation des océans cotiers en fonc-
tion de leurs propres priorités ;

(3) travailler avec les GRA a la conception et a la mise
en ceuvre de projets pilotes qui permettront la mise
en place de systemes durables d’observation des
océans dans le monde entier, surtout dans des ré-
gions qui n’ont pas les ressources nécessaires pour
les développer.

M PROJETS PILOTES

Les projets pilotes sont un bon moyen de développer des
capacités opérationnelles aux plans régional et mondial.
A cette fin, deux catégories de projets pilotes sont re-
commandées : (i) ceux qui renforcent les capacités dans
des régions qui n’ont pas les ressources nécessaires pour
contribuer au module cotier du GOOS et en tirer parti
et (ii) ceux qui sont nécessaires pour accélérer le dével-
oppement de capacités opérationnelles grace aux progres
scientifiques et technologiques.

Recommandations
* Le GSSC devrait examiner les projets pilotes recom-

mandés dans le présent document ; évaluer ceux qui
ont été financés (ou adoptés par d’autres régions)
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afin de déterminer s’il est possible de les intégrer au
GCN ; recenser ceux dont il conviendrait de favoriser
le financement en tant que projets pilotes du module
cotier du GOOS ; et promouvoir le développement
de nouveaux projets pilotes quand besoin est.

¢ Le GSSC devrait, de concert avec les GRA, identifier
des problemes et besoins régionaux auxquels il serait
possible de répondre en mettant en ceuvre des tech-
nologies et procédures éprouvées de mise en place de
systemes régionaux d’observation des océans cotiers
et promouvoir des investissements dans des projets
pilotes (y compris la formation) qui aboutiront le mo-
ment venu a des systemes opérationnels permanents.

B EVALUATIONS DES PERFORMANCES

Des évaluations systématiques, rigoureuses et périodiques
de I'intérét des données et de I’information fournies par
le GOOS d’un point de vue socioéconomique sont in-
dispensables pour qu’il continue de mettre en place
des systemes d’observation. L’évaluation de la perfor-
mance devrait consister a mesurer d’une part le bon
fonctionnement du systeme, et de I’autre, les avantages
qu’il procure. Son fonctionnement devrait étre mesuré
en fonction des parametres suivants : (i) interopérabilité
entre les GRA et le GCN ; (ii) continuité, qualité, diver-
sité et intégration des flux de données ; (iii) amélioration
des capacités opérationnelles. Les avantages devraient
étre mesurés en fonction (i) du nombre de produits nou-
veaux ou améliorés imputables au module cdtier ; (ii)
du nombre de groupes qui utilisent ces produits ; (iii) de
I’utilisation des données et de I’'information fournies par
le systeme pour satisfaire aux exigences et conditions des
conventions et accords internationaux ; (iv) d’analyses
colt/bénéfice - mesure du cofit du systeme par rapport
aux avantages socioéconomiques qu’il procure.

Actions recommandées
¢ Le GSSC devrait :

(1) promouvoir la mise en ceuvre du theme cotier de
I'IGOS ;

(2) collaborer avec 1’équipe IGOS chargée du theme
cotier et I’équipe spéciale de la JCOMM chargée
des satellites afin d’établir régulierement un rap-
port d’adéquation sur la télédétection par satellite
(température de surface de la mer, altimétrie, dif-

fusiométrie, SAR et couleur des océans pour les
eaux cdtieres), la télédétection aéroportée (par ex-
emple télémetre LIDAR et spectrometre compact
aéroporté CASI) et la télédétection terrestre (par
exemple radar haute fréquence) ; de recommander
des procédures permettant de les améliorer (y com-
pris des algorithmes) et de développer de nouvelles
capacités de télédétection par satellite ;

(3) collaborer avec les GRA pour mettre au point
des procédures permettant de mener des études
d’impact-faisabilité propres a chaque produit afin
d’évaluer les capacités opérationnelles actuelles du
systeme d’observation et de définir les priorités de
recherche qui permettront de les améliorer ;

(4) établir des procédures d’évaluation et de mise
a jour périodiques des variables communes et
des programmes d’échantillonnage du GCN et
d’identification des activités prioritaires de re-
cherche nécessaires pour améliorer les capacités
d’observation opérationnelles.

e Le MWG devrait :

(1) promouvoir et coordonner les  activités
d’interétalonnage (ateliers, comparaison des résul-
tats de mesures obtenues avec du matériel de ré-
férence par des laboratoires du monde entier) entre
les GRA et des programmes nationaux et mondiaux
afin d’améliorer et d’évaluer les mesures des vari-
ables communes ;

(2) recenser les normes et protocoles existants, et en
¢élaborer s’il y a lieu, afin de mesurer les variables
communes dont I’utilisation est recommandée par
les fournisseurs de données ;

(3) suivre I’état d’avancement de nouvelles capaci-
tés opérationnelles et de nouveaux protocoles et
normes destinés a la mesure de variables com-
munes et promouvoir leur intégration dans les sys-
temes d’observation opérationnels (GCN, systemes

régionaux d’observation des océans cdtiers).

* Le DMWG devrait définir des indicateurs de perfor-
mance permettant d’évaluer si les données sont fournies
en temps voulu et de maniere continue, de vérifier
I’interopérabilité (mise au point et utilisation de normes
et protocoles communs) et d’estimer les échanges de
données entre régions et pays (accords bilatéraux et
multilatéraux d’échange de données et leur application)
et favoriser I'utilisation de ces indicateurs.
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* Le CBWG devrait définir des indicateurs de perfor-
mance pour quatre activités transversales essenti-
elles indispensables a la mise en place d’un systeme
d’observation mondial de bout en bout adapté aux
utilisateurs pour I’océan cotier, a savoir : (i) coordi-
nation et collaboration internationales pour la mise en
ceuvre du GCN (interopérabilité) ; (ii) renforcement
des capacités se fondant sur I’efficacité avec laquelle
les priorités régionales et nationales en vue du dével-
oppement des trois sous-systemes sont identifiées et
traitées ; (iii) développement de la capacité opéra-
tionnelle des GRA en tant que groupe ; et (iv) défi-
nition et utilisation d’indicateurs socioéconomiques
mesurant |’efficacité de la détection plus rapide et de
la prévision en temps voulu des phénomenes présent-
ant un intérét pour 1’exploitation durable des océans
et des ressources qu’ils fournissent.
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Resumen Dispositivo

En las naciones costeras de todo el mundo, los cambios
que estdn experimentando los sistemas costeros marinos
y de los estuarios amenazan el desarrollo sostenible, la
salud y la seguridad humanas, asi como la capacidad de
los ecosistemas marinos para contribuir a la generacién
de productos y servicios de utilidad para la sociedad.
Entre los cambios que provocan inquietud figuran el
aumento de la vulnerabilidad de las poblaciones cos-
teras a las inundaciones, los tsunamis, la erosioén y las
enfermedades, la pérdida de los hébitat, la disminucién
de los recursos vivos, las floraciones de algas nocivas
y la mortalidad masiva de mamiferos y aves marinos.
Estas tendencias reflejan los efectos combinados de los
procesos naturales y los usos humanos.

Debido a esos cambios, sus causas y sus efectos que
a menudo trascienden las fronteras nacionales, se han
firmado numerosos tratados y convenios internaciona-
les que exigen una observacion de rutina permanente y
confiable de los sistemas ocednicos, costeros, terrestres
y atmosféricos en escalas local, regional y mundial. El
establecimiento del Mddulo sobre las Zonas Costeras
(“mddulo costero”) del Sistema Mundial de Observa-
cién de los Océanos (GOOS) proporcionara los datos e
informacidn necesarios sobre los sistemas costeros ma-
rinos y estuarios en todo el mundo. En este sentido, el
modulo costero del GOOS es una importante contribu-
cion a la Estrategia de Observacion Mundial Integrada
(IGOS) y al Sistema Mundial de Sistemas de Observa-
cion de la Tierra (GEOSS).

El médulo costero del GOOS supone la elaboracién de
un enfoque holistico e integrado para alcanzar seis me-
tas de interés publico:

* mejorar la capacidad de detectar y predecir los efec-
tos del cambio climdtico mundial sobre los ecosiste-
mas costeros;

* aumentar la seguridad y eficiencia de las operaciones
marinas;

* vigilar y mitigar con mayor eficacia los efectos de los
peligros naturales;

* reducir los peligros para la salud publica;

ii proteger y devolver la salud a los ecosistemas mds
eficazmente; y

e restaurar y mantener con mds eficacia los recursos
marinos vivos.

El suministro sistemdtico y continuo de los datos e in-
formacion confiables que se necesitan para alcanzar esas
metas permitird evaluar de manera expedita y repetida
la situacién de los sistemas marinos costeros y estu-
arios, predecir a tiempo los efectos de los fendmenos
meteoroldgicos extremos, del cambio climdtico y de las
actividades humanas, y elaborar metodologias basadas
en el ecosistema con fines de gestion y mitigacién de los
efectos de las actividades humanas y la variabilidad nat-
ural sobre los sistemas socioeconémicos que sostienen
la salud y el bienestar de las poblaciones humanas.

El Plan de Disefio Estratégico Integrado para el Médulo
de Observaciones Ocednicas Costeras del GOOS (COI,
2003) dispone el establecimiento de sistemas regionales
de observacion ocednica de las zonas costeras en todo
el mundo y, mediante este proceso, el establecimiento
de una Red Mundial de Observaciones Costeras (GCN).
Ya se ha dado comienzo al primero y se necesita un de-
sarrollo coordinado de estos sistemas regionales de ob-
servacion para crear una GCN que i) mida, administre y
analice las variables comunes que necesitan todas o casi
todas las naciones y regiones costeras; ii) establezca
estaciones centinela y de referencia; y iii) aplique nor-
mas y protocolos, aceptados en el plano internacional,
para mediciones, telemetria de datos, gestion de datos
y modelos. Las variables provisionales comunes son
de orden geofisico (temperatura, salinidad, corrientes,
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oleaje, nivel del mar, posicién de la linea de costa, ba-
timetria, tamafo de los granos sedimentarios), quimico
(nutrientes inorgdnicos disueltos, oxigeno disuelto, con-
tenido de sedimentos orgdnicos), bioldgico (indicadores
fecales, biomasa de fitoplancton, biomasa bentdnica) y
biofisico (propiedades Opticas).

El establecimiento del mddulo costero se justifica en
términos de beneficios socioecondmicos, conservacion
ambiental, desarrollo sostenible y compromisos nacio-
nales articulados en acuerdos y tratados internacionales.
En el presente informe se proponen las medidas nec-
esarias para poner en practica el Plan de Disefio Estra-
tégico. Se trata de medidas organizativas y administrati-
vas para la direccién y recomendaciones précticas para
el desarrollo en fases de la GCN mediante la creacién
y la estructuracion en redes de las Alianzas Regionales
del GOOS (GRA), los programas nacionales del GOOS
y los programas mundiales existentes.

Medidas que se recomiendan

El Panel sobre Observaciones de los Océanos y las Zo-
nas Costeras (COOP) recomienda que, una vez finaliza-
dos el Disefio Estratégico y los planes de ejecucion del
Moddulo sobre las Zonas Costeras del GOOS:

Se disuelva el COOP y se pida al Comité Cientifico de
Direccion del GOOS (GSSC) que se encargue de sumi-
nistrar orientaciones cientificas y técnicas para el desar-
rollo del mddulo costero del GOOS. Se deberia ampliar
el GSSC incorporando las especialidades costeras que
proceda, y autorizarlo a integrar expertos segtin sea nec-
esario. En colaboracion con las GRA, el GSSC deberia
preparar y actualizar, cuando sea preciso, un plan de
accion para aplicar las medidas que se recomiendan y
evaluar periddicamente los avances en la consecucién
de las metas y objetivos fijados. Este plan de accién
debe comprender recomendaciones sobre proyectos pi-
loto que contribuyan al aumento de capacidades en todo
el mundo.

B Mgcanicos DE DIRECCION

La GCN serd establecida por los paises, las GRA y otros
organos internacionales apoyados por los paises. Se
necesitan mecanismos para asegurar el establecimiento
de una red de sistemas nacionales y regionales de ob-
servacion, de relevancia local y coordinados en el plano

mundial. Tales mecanismos deben: 1) promover en todo
el mundo el desarrollo de sistemas y servicios region-
ales de observacion ocednica de las zonas costeras; 2)
promover el establecimiento de una GCN mediante el
desarrollo regional coordinado; 3) hacer participar a
grupos que utilizan, administran o estudian los sistemas
marinos, o que dependen de ellos (denominados colec-
tivamente “grupos de usuarios”), en el disefio, manejo
y perfeccionamiento de un médulo costero del GOOS
que responda a sus necesidades de datos e informacién
en las escalas local a mundial, y 4) interactuar eficaz-
mente con los érganos existentes de planificacion, su-
pervision y ejecucion del GOOS, la Comision Técnica
Mixta COI-OMM sobre Oceanografia y Meteorologia
Marina (JCOMM), el Sistema Global de Observacién
Terrestre (GTOS) y el Sistema Mundial de Observacién
del Clima (SMOC). Hace falta un mecanismo mediante
el cual las GRA y los programas nacionales del GOOS
agrupados puedan orientar el desarrollo de la GCN a
fin de permitir el desarrollo coordinado de las GRA
con miras a su compatibilidad operativa, y facilitar el
intercambio de datos e informacion, la transferencia de
tecnologia y el aumento de capacidad.

Medidas que se recomiendan

Que cada GRA y programa nacional del GOOS organi-
cen un Foro de Usuarios para incorporar a los grupos de
usuarios al disefio, manejo y perfeccionamiento de los
sistemas regionales de observacion ocednica de las cos-
tas y el establecimiento de la GCN. En el Foro deberian
participar grupos que utilizan, administran o estudian
los sistemas marinos, o que dependen de ellos, de todos
los paises que colaboran en la regidn, a fin de definir los
productos y servicios de més alta prioridad y utilizarlos
para orientar el desarrollo de un sistema regional de ob-
servacién ocednica de las costas.

Establecer un mecanismo que asegure que las GRA
puedan funcionar como grupo, con orientacion técnica
del GSSC y en colaboracién con la JCOMM, que es
el organo internacional de coordinacidn, regulacion y
gestion para el establecimiento de los sistemas de ob-
servacion de las costas, gestién de datos y andlisis de la
gama completa de variables relevantes de tipo geofisico,
biofisico, quimico y bioldgico. La prioridad inicial ha de
ser la instalacion rdpida de tecnologias y procedimien-
tos de incuestionable eficacia en las regiones a las que
mds puedan beneficiar, por ejemplo, el establecimiento
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de un sistema de alerta contra tsunamis en el Océano
Indico segiin el modelo del Sistema de Alerta contra los
Tsunamis en el Pacifico.

Crear un equipo de trabajo especial conjunto JCOMM-
GSSC (Comité de Direccién de la JCOMM) que tra-
baje en colaboracién con las GRA para establecer los
requisitos y mecanismos adecuados para estructurar la
GCN. Se trata de una prioridad elevada que exige me-
didas inmediatas. Entre las cuestiones que deben con-
siderarse figura el establecimiento, por las agrupaciones
de GRA, de cuatro grupos de trabajo de especialistas
en los dmbitos siguientes: mediciones (MWG), gestién
de datos (DMWG), modelos y andlisis (MAWG), y au-
mento de capacidad (CPWG). Estos grupos de trabajo
facilitarian el intercambio de datos, informacién, cono-
cimientos y tecnologias entre las regiones, coordinarian
a nivel mundial el desarrollo regional, e incorporarian
a programas internacionales de investigacién (por
ejemplo LOICZ, GLOBEC, IMBER o GEOHAB), pro-
gramas regionales importantes (6rganos regionales del
Programa de Ciclones Tropicales, los programas sobre
Grandes Ecosistemas Marinos, convenciones sobre los
mares regionales, drganos regionales de pesca, etc.) y
a los 6rganos operacionales (por ejemplo, guardacos-
tas, autoridades portuarias, 6rganos de reglamentacién),
en funcién de las necesidades, con el fin de asegurar
el desarrollo oportuno de las capacidades operacionales
para establecer un sistema integral que abarque de la
medicién a las aplicaciones y que considere las corre-
spondientes variables geofisicas, biofisicas, quimicas y
bioldgicas.

B ESTABLECIMIENTO DES SUBSISTEMA DE
MEDICIONES

Se utilizardn plataformas in situ y remotas para medir
las variables comunes de que se ocupa la GCN. Las
mediciones in situ se efectuardn en una red dispersa
de lugares de referencia y lugares centinela, y medi-
ante programas mundiales existentes tales como la red
mundial de mareémetros (GLOSS) y la Red Mundial
de Vigilancia de Arrecifes Coralinos (GCRMN). La
GCN, que medird las variables comunes y administrard
los flujos de datos resultantes, se establecerd mediante
dos procesos paralelos: i) la incorporacion y extension
de los programas mundiales existentes para las necesi-
dades costeras; y ii) el desarrollo regional de técnicas
que habran sido adaptadas para su incorporacién a la

GCN. El Grupo de Trabajo sobre Mediciones (MWG)
trabajard con el GSSC, las GRA, la JCOMM vy otras or-
ganizaciones seglin proceda para coordinar el desarrollo
de subsistemas del médulo costero para la medicidn
(observacion) en escalas regional y mundial.

Medidas que se recomiendan para el desarrollo
regional

* El Grupo de Trabajo sobre Mediciones (MWG) ha
de:

1) compilar y mantener una base de datos sobre las
variables que se miden en cada region, la o las or-
ganizaciones responsables, el alcance temporal y
espacial de las observaciones, la resolucién tem-
poral y espacial de las mediciones, los métodos
utilizados y su precision, la etapa de desarrollo (in-
vestigacion, proyecto piloto, fase preoperacional,
fase operacional), los productos y usuarios finales
de los datos, y las fuentes y magnitud de la finan-
ciacién (una gran parte de esta informacion ya ha
sido compilada en algunas regiones como Europa
y América del Norte);

2) preparar una version para la Web de los instrumen-
tos utilizados para seleccionar las variables, junto
con un manual de instrucciones de uso de esos in-
strumentos, que pueda descargarse de Internet;

3) encabezar un esfuerzo de coordinaciéon amplia y
efectiva entre las GRA para armonizar la adopcion,
la elaboracidn y el uso de normas y protocolos co-
munes destinados a la medicion, la telemetria de
datos y el control de la calidad en todo el mundo;
y

4) elaborar procedimientos y medios para: i) aplicar
tecnologias y procedimientos de probada eficacia
en las regiones en que se necesitan (por ejemplo,
sistemas de alerta contra los tsunamis en escala
ocednica); ii) determinar las prioridades de la in-
vestigacion para desarrollar las capacidades op-
eracionales en todas las regiones; iii) asegurar la
conformidad con las normas y protocolos interna-
cionalmente aceptados; y iv) permitir el uso efici-
ente de nuevos conocimientos y tecnologias para
mejorar las capacidades operacionales.

En la actualidad, las capacidades operacionales mads
avanzadas se refieren a los productos y servicios que ex-
igen observaciones de variables geofisicas (prondsticos
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meteoroldgicos marinos, alerta temprana contra inunda-
ciones costeras, servicios maritimos, bisqueda y rescate,
etc.). El establecimiento de estos elementos del GOOS
en las regiones donde faltan esas capacidades deberia
tener alta prioridad y recibir atencién inmediata.

Medidas que se recomiendan para el establecimiento
de la Red Mundial de Observaciones Costeras:

En colaboracion con el GSSC, el Equipo sobre el tema
costero de la IGOS y la JCOMM, el MWG deberfa:

1) examinar las variables comunes para determinar
cudles deben afiadirse o descartarse, basandose en:
i) el nimero de GRA que necesitan y utilizan datos
sobre ellas; ii) su valor de indicadores de cambios
mundiales o de las repercusiones socioeconémicas
de los cambios en los sistemas costeros; y iii) la
viabilidad técnica de su incorporacién en la GCN
en calidad de elemento operacional del GOOS;

2) ateniéndose a los procedimientos de la JCOMM,
adoptar (o crear si es preciso) y facilitar la apli-
cacion de normas y protocolos internacionales para
la medicién de las variables comunes y establecer
criterios relativos a su precision y resolucién tem-
poral y espacial.

El GSSC deberia:

1) colaborar con las GRA para preparar y actualizar
periédicamente una lista mundial de los programas
nacionales y regionales de vigilancia que podrian
integrarse en la GCN;

2) localizar los programas o elementos que podrian
integrarse en red en la GCN, y recomendarlos a la
JCOMM o a las GRA, segtn proceda;

3) colaborar con el Equipo sobre el tema costero de la
IGOS y el Equipo de Trabajo de la JCOMM sobre
el Uso de Satélites para: 1) compilar evaluaciones
de técnicas, sensores, algoritmos y actividades de
gestion de datos especificamente relacionadas con
las aguas costeras, y elaborarlas si no se dispone de
ellas; ii) examinar periddicamente la calidad y utili-
dad de los productos relativos a las costas obtenidos
por satélite (en términos de resolucién temporal,
espacial y espectral) y formular recomendaciones
claras sobre su ampliacién, comprendidos el per-
feccionamiento de los algoritmos, la instalacion de
nuevos sensores y las prioridades de investigacion

y desarrollo; iii) formular y recomendar proced-
imientos normalizados de calibracién y validacién
de productos de satélites, comparables entre las re-
giones; iv) promover el desarrollo de capacidades
operacionales de teledeteccion del color de océano
en las aguas costeras; y v) formular criterios para
determinar los lugares 6ptimos para calibrar datos
teledetectados y validar productos de satélites; re-
comendar lugares y los requisitos para las medicio-
nes (resolucién temporal y espacial, precisién) en
cada uno; y propiciar su establecimiento o continu-
acién como componente critico de la GCN;

4) colaborar con las GRA y el Equipo sobre el tema
costero de la IGOS a fin de formular criterios para
determinar los lugares Gptimos para las estaciones
centinela, estudios y transecciones; recomendar
lugares y los requisitos para las mediciones (reso-
lucién temporal y espacial, precisién) en cada uno;
y propiciar su establecimiento o continuacién como
componente critico de la GCN;

5) evaluar las necesidades regionales y mundiales de
telemetria de datos, y 1) documentar la infraestruc-
tura existente para telemetria de datos; ii) recom-
endar tecnologias simples, econémicas y robustas
que puedan instalarse de inmediato; iii) promover
la creacion e instalacion de nuevos sistemas de tele-
comunicaciones donde sea necesario; iv) elaborar
normas y protocolos para tecnologias de telemetria
utilizadas para el GOOS a fin de facilitar la difusion
de los datos con fines de investigacion y operacio-
nales; y v) fomentar la ejecucién de programas de
apoyo técnico para sistemas de telecomunicacio-
nes utilizados para el GOOS.

B ESTABLECIMIENTO DEL SUBSISTEMA DE GESTION DE
DATOS

El Subsistema de Gestiéon de Datos (DMS) para el
moédulo costero del GOOS deberia ser capaz de: 1)
procesar y archivar datos sobre las variables comunes
de acuerdo con normas y formatos cientificamente
s6lidos y bien documentados; 2) distribuir datos so-
bre las variables comunes (observaciones y productos
modelo) en tiempo real y diferido en funcién de las
necesidades de los usuarios y sus capacidades técnicas
(difusién automadtica y a pedido); y 3) permitir el ac-
ceso eficiente a los datos sobre las variables comunes
y productos derivados (comprendidos los prondsticos,
alertas y avisos).
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La mayor parte de los datos ingresardn en el DMS y serdn
tratados inicialmente por los centros nacionales de datos
u organismos operacionales existentes alli donde el sumi-
nistro de datos y productos pueda adaptarse a las nece-
sidades de los usuarios locales. En muchas zonas, agru-
paciones regionales de centros nacionales y organismos
operacionales proporcionardn eficiencias de escala y per-
mitirdn a cada GRA aprovechar las diversas capacidades
ofrecidas por los paises de la regién. Ademads, cuando no
existan centros nacionales, el establecimiento de centros
de datos regionales, multinacionales, podria ser el medio
mds econdmico para la gestién de los datos. Los centros
nacionales y las agrupaciones regionales se encargardn
de la gestion de datos procedentes tanto de los sistemas
regionales de observacion ocednica de las zonas costeras
como de la GCN. Las agrupaciones mundiales propor-
cionardn una agregacioén final de las variables comunes
donde se disponga de instrumentos eficaces de comuni-
cacion, tratamiento y gestion de datos mundiales.

Los organismos operacionales como los guardacostas,
los servicios de vigilancia de la contaminacidn, los de-
partamentos de pesca, los 6rganos de alerta contra las
crecidas y los 6rganos de reglamentacion encargados de
la seguridad en el mar y en las plataformas de gas y
petréleo en alta mar, a menudo ya han instalado redes,
eficaces pero limitadas, de gestion y de telemetria de da-
tos. Estas redes deben ser integradas a los subsistemas
regionales de gestién de datos tanto para la adquisicién
como para la difusién de los productos de datos.

La constitucién del Grupo de Trabajo sobre Gestién de
Datos (DMWG) facilitara el establecimiento de un DMS
para la GCN y para los sistemas regionales de observacién
ocednica de las zonas costeras. La DMS se desarrollard
con la mayor eficacia mediante el disefio de programas in-
formadticos de cddigo abierto. Al aplicar las medidas que
se recomiendan a continuacién serfa preferible utilizar,
cuando sea posible, los protocolos y normas existentes en
lugar de elaborar nuevas soluciones.

Medidas que se recomiendan

El GSSC deberfa trabajar con el I-GOOS y las GRA para
promover la conformidad con la politica de la COI en
materia de datos (http://ioc.unesco.org/goos/GOOSdm_
fi nal.pdf) y el establecimiento y la aplicacién de acuer-
dos internacionales con miras al intercambio oportuno
de datos entre las GRA y las naciones participantes.

En colaboracidn con centros nacionales de datos ocean-
ogréficos y el IODE, el DMWG deberia propiciar, segin
proceda, el establecimiento de agrupaciones regionales
y mundiales de gestién de datos. Deberfan incluirse los
componentes de gestion de datos de los organismos op-
eracionales.

El DMWG deberia observar de cerca la evolucion del
OBIS y del subsistema DMAC de los Estados Unidos
para aprovechar la experiencia, integrar el OBIS en la
infraestructura del DMS y determinar los aspectos de
la iniciativa estadounidense que se podrian adaptar para
contribuir a establecer la infraestructura mundial del
DMS del médulo costero del GOOS.

El DMWG, en colaboracién con los programas naciona-
les del GOOS y los centros nacionales de datos ocean-
ogréficos, el Grupo de Expertos JCOMM-IODE sobre
Précticas de Gestion de Datos, los Lugares de Segui-
miento de Ecosistemas Terrestres (TEMS) del GTOS
y los programas internacionales de investigacidn (por
ejemplo, el IGBP y el SCOR) deberian:

1) determinar el contenido de los metadatos y es-
pecificar las normas de formato de metadatos (o
adoptar las existentes), facilitar su aplicacion tanto
a los datos histdricos como a los flujos de datos
generados por la GCN vy los sistemas regionales de
observacion oceanica de las zonas costeras;

2) determinar las capacidades de investigacién e in-
dagacion que se necesitan y establecer una interfaz
estdndar entre maquinas (servicio de localizacién
de datos) que permita pasar fluidamente de local-
izacion de los datos a su acceso;

3) preparar normas de servicios Web y un modelo in-
tegral de datos para su transferencia entre el servi-
dor y el cliente;

4) establecer servicios de archivos;

5) examinar la capacidad de la infraestructura de
JCOMM-IODE para supervisar el desarrollo del DMS
para las variables costeras comunes de la GCN. De ser
necesario, establecer un mecanismo de supervisién
para desarrollar un DMS integrador que aproveche
las capacidades existentes, incluya las variables no
fisicas y permita la compatibilidad operacional entre
las GRA, con los sistemas de observaciéon mundial
del océano y el clima (GOOS y SMOC) y el GTOS, y
con los programas investigacién ocednica (por ejem-
plo, los patrocinados por el IGBP y el SCOR).
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M ESTABLECIMIENTO DEL SUBSISTEMA DE MODELOS Y
ANALYSIS

El Subsistema de Modelos tiene por objeto asimilar los
datos generados por la red de mediciones (observaciones
in situ y por teledeteccion) para: 1) producir estimacio-
nes mds precisas de las variables, sus distribuciones y er-
rores conexos; 2) elaborar, ensayar y validar modelos, y
3) establecer y actualizar modelos para obtener mejores
prondsticos. Los modelos permiten generar representa-
ciones espaciales detalladas e integradas de los estados
pasado, actual y futuro de las costas ocednicas.

Para realizar o mejorar esas capacidades se deberia co-
menzar por incitar a grupos de usuarios a definir necesi-
dades de datos e informacién (productos y servicios) y a
preparar y actualizar inventarios de las capacidades para
elaborar modelos que respondan a esas necesidades. De
este modo se contard con una base para seleccionar,
elaborar o mejorar modelos gracias a redes comunitar-
ias dedicadas a los modelos.

Medidas que se recomiendan

EI MAWG, en colaboracién con los GRA, con programas
de investigacion, los programas sobre Grandes Ecosiste-
mas Marinos y otros érganos pertinentes, deberia:

1) propiciar y orientar la alentar la creacién de redes
comunitarias dedicadas a los modelos, centradas
en las necesidades regionales y en problemas y
productos técnicos;

2) preparar y mantener actualizado un inventario de
modelos costeros de utilidad comprobada (orga-
nizados por aplicacion), ofrecer el acceso a ellos
a través de la WWW y recomendar pardmetros de
aptitud de los modelos y de estado operacional;

3) definir una serie de pardmetros externos para el
control y la garantia de calidad y para la satisfac-
cion de los usuarios con los modelos costeros.

El MAWG deberia:

1) trabajar con las redes comunitarias dedicadas a los
modelos para promover el acceso libre y gratuito
(mediante un inventario disponible en la WWW) a
modelos y programas informdticos bien documen-
tados para la asimilacién y visualizacién de datos,
o fomentar su elaboracion;

2) promover proyectos piloto que aceleren la elabo-

racién de modelos y pardmetros comunitarios rela-
cionados con la prediccién del ecosistema, com-
prendida la gestidn, sobre la base del ecosistema,
de las pesquerias y la calidad del agua;

3) preparar y mantener actualizado un inventario de
las necesidades de datos y observaciones para los
modelos costeros;

4) aprovechando la experiencia de otros grupos que
ya han elaborado normas de medicién similares
para otros tipos de modelos (por ejemplo, modelos
sobre el alta mar del GODAE-OOPC), trabajar con
las redes comunitarias sobre modelos para definir
pardmetros internos que sirvan para evaluar la cali-
dad, la coherencia interna y la aptitud de las princi-
pales categorias de modelos costeros.

B CREACION Y MEJORAMIENTO DE LA CAPACIDAD

Un GOOS plenamente integrado que aspire a alcanzar
las seis metas sociales sdlo podra ser establecido mejo-
rando en todo el mundo las capacidades de observacion
y preparacién de informes sobre las costas. Hace falta
un aumento de capacidades en dos frentes relacionados
entre si: 1) permitir a los pafses y a las GRA en diferen-
tes etapas de desarrollo econémico establecer sistemas
de observacion de las costas ocednicas y aprovechar los
datos e informacién suministrados por el GOOS, y 2)
elaborar nuevas tecnologias y modelos mediante la in-
vestigacion, que puedan ser utilizados para mejorar las
capacidades operacionales de los sistemas regionales de
observacién ocednica de las zonas costeras y la GCN. La
manera mds eficaz de lograr ambas cosas es emprender
proyectos cooperativos con las GRA, que tengan objeti-
vos centrados y viables, y que dejardn un legado de ob-
servaciones, gestion de datos y andlisis permanentes.

Medidas que se recomiendan

Con la asistencia del GSSC y el programa de aumento
de capacidades GOOS-JCOMM, las GRA vy los pro-
gramas nacionales del GOOS deberian determinar las
prioridades en materia de productos y que exigen el
establecimiento de sistemas regionales de observacién
ocednica de las zonas costeras o su perfeccionamiento.

El programa de aumento de capacidades GOOS-
JCOMM deberia establecer centros de apoyo técnico en
las instituciones existentes, que asesoren y envien téc-
nicos a los paises receptores o a las GRA para facilitar
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la instalacién, el uso y el mantenimiento de los nuevos
instrumentos y de la infraestructura existente.

El GSSC, en colaboracién con el érgano mundial de
las GRA y el programa de aumento de capacidades
GOOS-JCOMM, deberia:

1) inventariar y examinar los esfuerzos existentes de
aumento de capacidades en relacién con el esta-
blecimiento del GOOS sobre las zonas costeras
y recomendar procedimientos que permitan apr-
ovechar con mayor eficacia sus recursos colecti-
vos para alcanzar las metas comunes. Habria que
incluir la ayuda y las actividades que actualmente
llevan a cabo los organismos operacionales y sus
organizaciones mundiales (por ejemplo, la OMM
para la meteorologia, la Organizacién Maritima
Internacional (OMI) para el transporte maritimo
y la gestion de las naves, u 6rganos equivalentes
para los puertos y darsenas, guardacostas, etc.)
que puedan mejorarse en los paises en desarrollo
mediante financiacién adicional, formacién y de-
sarrollo de la infraestructura;

2) convencer a los donantes internacionales (en-
tre ellos el FMAM) de que financien alianzas
entre paises en desarrollo y desarrollados para
crear infraestructuras para el GOOS mediante
los programas sobre LME y otros programas
pertinentes.

El CBWG deberia:

1) definir, elaborar y facilitar juegos de materiales
para fortalecer las capacidades en los tres sub-
sistemas (observaciones, gestion de datos y mod-
elos).

2) asesorar al el programa de aumento de capacid-
ades GOOS-JCOMM sobre la creacion de pro-
cedimientos para que los paises y las GRA es-
tablezcan, manejen y mejoren sistemas regionales
de observacion ocednica de las zonas costeras
sobre la base de sus propias prioridades;

3) trabajar con las GRA en el disefio y ejecucion de
proyectos piloto que permitan establecer sistemas
sostenibles de observacién ocednica de las zonas
costeras en todo el mundo, especialmente en las
regiones donde escasean los recursos necesarios
para ese fin.

B PRrOYECTOS PILOTO

Los proyectos piloto son un importante mecanismo para
desarrollar las capacidades operacionales en los planos
regional y mundial. Con este fin se recomienda la re-
alizacién de proyectos piloto de dos categorias: i) los
que fortalecen las capacidades en las regiones donde
faltan los recursos necesarios para contribuir al médulo
costero del GOOS y aprovechar sus ventajas; ii) los que
permiten acelerar el desarrollo de las capacidades oper-
acionales mediante el avance cientifico y tecnoldgico.

Recomendaciones

La GSSC deberia examinar proyectos piloto como los
que se recomiendan evaluar los que han recibido finan-
ciacién (o que han sido aprobados por otras regiones)
para determinar si es posible incorporarlos en la GCN),
determinar cudles habria que promover para que sean
financiados como proyectos piloto del mddulo costero
del GOOS, y promover la ejecucién de nuevos proyec-
tos piloto en funcién de las necesidades.

El GSSC deberia colaborar con las GRA para deter-
minar los problemas y necesidades regionales que po-
drian resolverse mediante tecnologias y procedimientos
manifiestamente eficaces para establecer sistemas re-
gionales de observacion ocednica de las zonas costeras
y promover las inversiones en proyectos piloto (entre
otras cosas de capacitacion) que con el tiempo den lugar
a sistemas operacionales permanentes.

B EVALUACION DE RESULTADOS

Las evaluaciones sistemadticas, rigurosas y periddi-
cas de resultados en términos de los beneficios socio-
econdmicos de los datos e informacién suministrados
por el GOOS son criticos para el desarrollo sostenido de
sistemas de observacion. Los resultados deben ser me-
didos en relacidn tanto con la manera en que el sistema
funciona como con los beneficios que otorga. El func-
ionamiento del sistema ha de medirse en términos de:
1) compatibilidad operacional entre las GRA y la GCN;
ii) la continuidad, calidad, diversidad e integracién de
los flujos de datos; y iii) el mejoramiento de las capaci-
dades operacionales. Los beneficios han de medirse en
términos de: i) el ndmero de productos nuevos o mejo-
rados relacionados con mddulo costero; ii) el nimero
de grupos que utilizan esos productos; iii) el uso de
datos e informacién suministrados por el sistema para
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responder a las exigencias y condiciones estipuladas
en las convenciones y acuerdos internacionales; y iv)
andlisis de costos del sistema en relacién con sus ben-
eficios socioecondmicos.

Medidas que se recomiendan
El GSSC deberia:

1) promover la ejecucién del tema costero de la
IGOS;

2) colaborar con el Equipo sobre el tema costero de la
IGOS y el Equipo de Trabajo de la JCOMM sobre
el Uso de Satélites para preparar periddicamente
un informe de adecuacién sobre teledeteccién por
satélite (temperatura de la superficie del mar, al-
timetria, dispersometria, radar de abertura sintética
(SAR) y color del océano para las aguas costeras),
teledetecciéon mediante aeronaves (por ejemplo, in-
strumentos de deteccion y localizacién por ondas
luminosas o LIDAR, y espectrometro compacto
aerotransportado o CASI), y teledeteccidn en tierra
(por ejemplo, radar de alta frecuencia); recomen-
dar procedimientos para mejorarlos (algoritmos
incluidos) y desarrollar nuevas capacidades en
teledeteccidn por satélite;

3) colaborar con las GRA en el disefio de métodos de
aplicacién de procedimientos relacionados especi-
ficamente con los productos y de viabilidad en rel-
acion con el impacto, a fin de evaluar las actuales
capacidades operacionales del sistema de observa-
cién y determinar cudles son las investigaciones
prioritarias necesarias para mejorarlas.

4) establecer procedimientos para evaluar y actualizar
periédicamente las variables comunes y los pro-
gramas de muestreo para la GCN, y para determi-
nar cudles son las actividades prioritarias de inves-
tigacion necesarias para mejorar las capacidades
operacionales de observacidn.

El MWG deberia:

1) promover y coordinar las actividades de intercali-
bracién (por ejemplo, talleres, comparacion, entre
laboratorios de todo el mundo, de resultados de
mediciones de materiales de referencia) entre las
GRA y los programas nacionales y mundiales para
mejorar y evaluar las mediciones de las variables
comunes;

2) localizar las normas y protocolos existentes y
elaborar los que sean necesarios, para medir las
variables comunes cuyo uso recomiendan los prov-
eedores de datos;

3) informarse sobre el desarrollo de nuevas capa-
cidades operacionales, normas y protocolos para
medir las variables comunes y fomentar su incor-
poracién en los sistemas operacionales de obser-
vacion (GCN, sistemas regionales de observacién
ocednica de las zonas costeras en curso de for-
macion).

El DMWG deberia elaborar y promover indicadores
de resultados para evaluar la puntualidad y continuidad
del suministro de datos, la compatibilidad operacional
(elaboracién y utilizacién de normas y protocolos co-
munes) y el intercambio de datos entre regiones y na-
ciones (acuerdos bilaterales y multilaterales sobre inter-
cambio de datos, y su aplicacion).

El CBWG deberfa elaborar indicadores de resultados
para cuatro actividades transversales criticas para el es-
tablecimiento de un sistema mundial integral de obser-
vacion ocednica de las zonas costeras centrado en los
usuarios: i) la coordinacién y colaboracién internacio-
nales en la creacion de la GCN (compatibilidad opera-
cional); ii) el aumento de capacidades en términos de
la eficacia con que se definen y abordan las prioridades
regionales y nacionales para el desarrollo de los tres
subsistemas; iii) el desarrollo de capacidad operacional
por las GRA como grupo; y iv) la elaboracién y el uso
de indicadores socioeconémicos que midan la eficacia
de la deteccion mds rdpida y los prondsticos oportunos
de fendmenos de interés para el aprovechamiento sos-
tenible de los océanos y los recursos que alberga.
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PABOYEE PE3IOME

B npubpexxHbIX CTpaHax BCEro MUpPa IPOUCXOIUT U3-
MeHeHHUe TPUOPEKHBIX MOPCKHUX M 3CTYapHBIX CUCTEM,
HaXOMAIIMXCSA Ha UX TEPPUTOPUH, YTO CO3IAET YIPO3y
UL YCTOMYIMBOTO PasBUTHSL, 3IOPOBBSI U 6€30IT1aCHOCTH
Ye/I0BEKa, @ TaKXKe CIIOCOOHOCTH MOPCKUX 9KOCHCTEM
MOJIEP)KUBATh TIPOAYKTBI M YCIYIM, MMEIOINe LeH-
Hoe 3HavYeHue s obiectBa. K nsMeHeHUsIM, KOTOPbIE
BBI3BIBAIOT 03a00YE€HHOCTh, OTHOCATCS BCe OOJbIIIas
[TOIBEP)KEHHOCTh HACe/TeHUsI HPUOPEKHBIX PANOHOB
OIIACHOCTH HaBOJHEHHIA, I[yHaMH, 9PO3HUH, a TAK)Ke pac-
IpOCTpaHeHus 60JIe3Hel, yTPAThl KUIHIL, UCTOIIEHHUS
YKHBBIX PECYPCOB, BPEIOHOCHOTO IIBETeHHsI BOLIOPOCIIEN,
MacCOBOM THOeTH MOPCKUX MJIEKOUTAIONIUX U ITHII.
Takue TeHIEHIIUU OTPA’KAIOT COBOKYITHOE BO3/IEHCTBHE
KaK PUPOMIHBIX, TAK M aHTPOTIOTEHHBIX ITPOIECCOB.

[TocKoIbKY 3TH H3MEHEHHs, UX IPUIMHBI U OC/IECTBHUS
3a4aCTyI0 BBIXONAT 32 PAaMKHM HAllMOHA/IbHBIX TPAHUII,
OBUIO HPHHATO MHOTO MEXKIYHApPOIHBIX JOTOBOPOB U
KOHBEHI[HIA, B CBA3U C KOTOPBIMHU TPeOyeTCs IIPOBeIeHHE
YCTOMYUBBIX, PEIY/IPHBIX U HANEKHBIX HAOMIONEHUIT 32
OKeaHUIeCKUMU, TIPUOPEKHBIMU, HA3eMHBIMH U aTMOC-
(bepHBIMH CHCTEMaMU MECTHOM, PETHOHAIBHOM H IJIO-
6ampHOM Macmitabax. CospmaHue IpUOPEKHOTO MOIYIIS
[no6anbHOI cucreMbl Habmonenuit 3a okeanom (I'CHO)
[IO3BOJIMT MO/TYYaTh HEOOXOAUMBIE TaHHbIe U HHbOPMa-
IIMIO O TIPHOPEKHBIX MOPCKHX U 9CTYapPHBIX CHCTEMAX 110
BCEeMY MHpY. B 9T0OM OTHOILIEHHH TPHOPEKHBIIH KOMIIO-
HeHT 'CHO sB1seTcs BaXHBIM BKIagoM B KoMIUIeKkcHYIO
crpareruto rnobanpubix Habmopenuit (KCI'H) u B Dno-
6anpHyo cucteMy cucteM Habmonenus 3emmu (TEOCC).

[Tpubpexusiit Monyns 'CHO mnosBomut paspaborarsb
KOMIUIEKCHBIM M IEJIOCTHBIM ITOAXON K HOCTHIKEHHUIO
IIIeCTH 1e/ieil B MHTepecax 06IecTBeHHOTO 61ara:

*  TOBBIIIEHHE CIOCOOHOCTH OOHApPY)XeHHUS U IIPO-
THO3UPOBaHMs BO3IEHCTBUS KIUMATUIECKUX U3-
MeHeHUIT Ha IPUOPEeXHbIE KOCHCTEMDbI;

*  moBbllleHre 6e30macHOCTH U 3Gb(PEeKTUBHOCTH
MOPCKHUX OTIepPaIIHii;

+  6omee 3 deKTUBHBIN KOHTPOIb U CMATYEHHE T10-
CJIENICTBUI CTUXUIHBIX OeICTBUIL;

*  yMeHbIIICHUE PUCKOB [UIS 3MOPOBBS HAaCEICHHUS;

+  6omee addexTuBHAS 3aIIUTa U BOCCTAHOBJIEHUE
37I0POBBIX 9KOCHCTEM;

+  Goree 3ddeKTHBHOE BOCCTAHOBJIEHHE W TIOMIEP-
YKaHHe YXMBBIX MOPCKHX PeCyPCOB.

Perynﬂpﬂoe IIpenocTaBjIeHUE Ha MIOCTOAHHOU OCHOBE
HaOe)KHbBIX TAHHBIX U I/IHq)OpMaIH/H/I, H€O6XOIH/IMI)IX 1A
IOCTUXKEHUA ITUX Le/IeN, ITO3BOIUT 6bICTpO 1 MHOTIO-
KpaTHO IIpOBOAUTDH OLEHKY COCTOSHHUA HpI/I6p€>KHbIX
MOPCKUX U 3CTYapHBIX CUCTEM; COCTAB/IATH CBOEBPEMEH-
HbI€ ITPOTHO3bL BO3JEUCTBUA IKCTPEMAIBHBIX ITOT'OTHBIX
YC)'IOBI/II;I, KJIMMAaTUYEeCKUX U3MEHEHUN U NEeATE/IbHOCTH
YECIIOBECKA; paSpaéaTbIBaTb OCHOBAHHBIC HA 9KOCHUCTEMAX
IIOAXOIbI K PETYIMPOBAHUIO U CMATIEHUIO BIINAHUS Y€-
JIOBEYECKOU IeATE/IbHOCTU M €CTECTBEHHOM U3MEHYMBO-
CTU Ha COUAIbBHO-IKOHOMUNYIECKNE CUCTEMbBI, KOTOPbIE
00eCIIeYnBaoT 300POBbE U 61ar0COCTOsAHIE HACE/IEHHUSL,

KommnexkcHbrit KOHIEITYa/IbHBIM IUIAH CO3JAaHUS IIPU-
6pexxnoro monyns 'CHO (MOK, 2003 r.) npegycma-
TpuBaeT (OPMUPOBaHME PETHOHATbHBIX CHCTEM Ha-
6monenuit 3a mpubpexxnoit 3ouoi okeana (PCHII30)
[0 BCEMy MHPY M pPasBUTHe B XOIE€ 3TOrO Mmpolecca
[no6anpHoit mpubpexuoit cetu (I'TIC). Ilo mepso-
My HaIpaBJeHHIO paboTa y>ke Havanach, U Tpedyercs
CKOOPIMHUPOBAHHOE PAa3BUTHE STHX PETHOHATbHBIX
cucreM HabmoeHwit st cosmanus takoi [TIC, koro-
past obecreynBasa Obl BO3MOXHOCTDH (i) M3MepeHus,
OpUMEHEHUs] ¥ aHa/IM3a OOIIUX TIepeMeHHbIX mapame-
TPOB, HEOOXOMUMBIX JJISI BCEX WM GOMBIINHCTBA TIPH-
OpeXHBIX CTPaH U PEruoHOB; (ii) CO3MAHUS OMOPHBIX
U KOHTPOJIBbHBIX CTaHIHI; (iii) IpUMeHeHUs] MeXIyHa-
POIHO COTJIACOBAHHBIX CTAHIAPTOB U IIPOTOKOJIOB IS
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U3MePEeHNUH, Te/IeMEeTPUH [TaHHBIX, YIPABIEHUS TaHHBI-
MU 1 MonenupoBanus. K unciy npenBapurensHbIX 06-
IIIMX TIepEMEHHBIX TAPAMETPOB OTHOCATCS reodusmde-
CKUe TiepeMeHHbIe (TeMIepaTypa, COeHOCTb, TeUeHUs,
BOJIHBI, YPOBEHb MOPsI, TIOTIOKeHNe OGeperoBoli THHUH,
GaTMeTpus, 3ePHUCTOCTD OCATKOB), XUMUIECKHE ITepe-
MeHHbIe (pacTBOPeHHbIE HEOPTaHUYECKHE IHUTATENb-
HbIE BEIIECTBA, PACTBOPEHHBII KUCTIOPOI, CONEP>KAHIe
B 0CAIKaX OPraHMYECKHX BeIEeCTB), OGUOMTOTHUECKIE
nepemeHHbIe ((heKabHbIe TOKa3aTe/n, GUTOTIAHKTOH-
Hast buomacca, Gentudeckas 6uomacca) u 6uodusuve-
CKHe TiepeMeHHbIe (OTTHIeCKIe CBOMCTBA).

Cospanne npHOPEXHOTO MOAY/IS OIPABIAHO C TOYKH
3peHUsI 3KOHOMMYECKUX BBITOJ], COXPAaHEHUS OKpYXKa-
IOIIeH Cpefbl, yCTOMYHUBOTO PAa3BUTHSA, @ TAK)Ke HAI[MO-
HaJIbHBIX 00513aTe/IbCTB, IPUHATBIX B MEKIYHAPOIHBIX
COIJIAIIEHUAX M [OroBopax. B HacTosmeM [oxiaje
IpeIIaraloTCsl Mepbl, HeOOXONUMBIE UL peann3aliiuu
KonuenryanbHOro miana. B Hero BKIIOYeHbI IPEUIOKe-
HUA OPTaHU3AI[MOHHOTO ¥ AAIMUHUCTPATUBHOIO XapaK-
Tepa IIA Lie/lell YIPaBIeHHUs U IPAaKTUIeCKUe PeKOMEeH-
manuu A nostanHoro passutusa I'TIC mocpencTBom
dbopmMupoBaHUs 1 00 beTNHEHNS PETHOHATbHBIX a/TbsTH-
coB 'CHO (PAT), narmonanpubix mporpamm ['CHO u
CYILIECTBYIOIIHX [06a/TbHBIX IIPOrPAMM.

Pexomendyemvie meput

C y4eToM 3aBepIIeHUs cocTaBleHUsT CTpaTermyecKoro

KOHIIETITYaIbHOTO IUTaHa U [Tnana cosmanus mpubpex-

noro moxyast TCHO KOOI cdopmynuposana cienyio-

IITYIO PEKOMEH/IAITHIO:

+ Pacnycturs KOOIT u ob6parutscs k PHKT ¢ mpocs-
60i1 B39Tb Ha ce0s1 OTBETCTBEHHOCTD 3a 0OecIedeHue
HayYHOTO U TeXHHMIECKOTO PYKOBOACTBA pabOTOIL 11O
cospanuio npubpexxunoro monyiss 'CHO. PHKT posn-
JKeH OBITh PACIINPEH, IJIsl TOTO YTOOBI OH OXBAaThIBAII
OPUOPEKHYIO TEMATHKY, U eMY IO/DKHBI ObITh IIPeIo-
CTaBJIeHbI TIOIHOMOYHSI TIPUBJIEKATh B CIy4ae HeoO-
XOIMMOCTH 3KCrepToB. Bo B3ammopetictBuu ¢ PAT
PHKT no/mkeH HOATOTOBUTH U HPU HEOOXOMUMOCTH
OOGHOBJIATH IUIAH JEHCTBUI U OCYLIECTBICHUS pe-
KOMEH/IOBAaHHBIX MeP M IEePUOTUYECKH ITPOBOTUTD
OLIEHKY IIporpecca Ha IyTH K TOCTYDKEHHUIO IIOCTaB-
JIEHHBIX Ilejlei M 3amad. IDmaH peiicTBUHM [O/DKeH
BKJIIOYATh PEKOMEH/IAIIUU B OTHOIICHWU MWIOTHBIX
POEKTOB, HEOOXOMUMBIX /ISl CO3/IAHUS TOTEHITHAA
B 100a/IbHOM MacIIITaoe.

B Bornproch! YIIPABJIEHUS

®opmuposanue ITIC 6ynmer obecreduBaTbCs CTpaHa-
My, PAT u npyrumu Me>xnyHapogHBIMU OpTaHAMHU IIPU
HofJepXKKe PasJMYHbIX cTpaH. HeoOXonuMpl MexaHuU3-
MBI, 06eCIIeYnBaIoOIINe Pa3BUTHE CETH HAI[HOHATbHBIX
U PErHOHAJIBHBIX CHCTeM HAOJIOfIeHHI, OTBEYAIOIINX
MECTHBIM IOTPeOHOCTAM M CKOOPJMHHPOBAHHBIX Ha
r106anpHOM ypoBHe. Takue MexaHM3MbI JTO/DKHBI (1)
COmeNcTBOBATh (POPMUPOBAHHIO PETHOHATBHBIX CHCTEM
n ory6 HaOmoneHui 3a MpUOPEKHOI 30HOM OKeaHa
10 BceMy MupY; (2) conericTBoBath passutuio I'TIC Ha
OCHOBE CKOOPIMHHPOBAHHBIX PETMOHANIBHBIX MepOo-
npusATHi; (3) IPUB/IEKATh IPYIIIBI, KOTOPbIE HCIIO/Ib3Y-
I0T, PETYIMPYIOT ¥ M3YYalOT MOPCKUE CHCTEMBI WIH 3a-
BUCAT OT HUX (B COBOKYITHOCTH Ha3bIBaeMble «IPYIIIIBI
[0JIb30BATeNei»), K pa3paboTke, obecredeHHI0 PyHK-
MOHUPOBAHMS M COBEPIIEHCTBOBAHHUIO MTPUOPEKHO-
ro moxyns 'CHO, orBedarorriero ux norpe6HOCTAM B
IaHHBIX U MH(GOPMALMK B MaclITabax OT MECTHOTO [0
r106anpHOTO; (4) UMeTh 3b()EeKTUBHYIO B3aUMOCBSI3b C
cymectBytoumu opranamu [CHO, CKOMM, I'CHC u
I'CHK, xoTopsle 3aHMMAIOTCS BOIIPOCAMHU ITAHHPOBA-
HUS ¥ OCYIIECTB/IeHUA. TpebyeTcss cOOTBETCTBYIOIIHI
MeXaHU3M I o0ecrieueHus Toro, yToosl PAT u Hanno-
HanbHble TporpamMmbl [CHO xak otnenbHast rpymnma Ha-
npassn passutre [TIC B memsax ckoopIMHUPOBAaHHO-
ro ¢popmupoBanust PAT u obecriedeHrs BOSMOKHOCTH
MX JIy4ILEero B3aMMOJIEHICTBHS, a TAKOKe 00/IerdeHns 06-
MeHa HHGpOpMaIueil ¥ TaHHbIMH, TIepeIady TEXHOJIOTUH
U CO37IaHMs TIOTEHITHAIA.

Pexomendyemvie mepoi

* Kaxnomy PAT u kaxmo#l HallMOHAIbHOM IIPOTpaM-
me 'CHO crenyer opranusoBath GoOpyM IO/IB30-
BaTesel Ui MPUBJIEYEHUA I'PYII MOJb30BaTeIeN K
paspaboTke, obecriedyeHNI0 (YHKIMOHUPOBAHUS H
COBEPIIEHCTBOBAHUIO PErMOHAJIBHBIX CUCTEM Ha-
6/mIoMIeHNH 32 IPUOPEKHOM 30HOI OKeaHa U K pas-
sutuio ['TIC. Heobxomumo, 4ro6sr B paboTe TaKOro
dbopyma ygacTBOBaMHM TPYIIIBI, KOTOPBIE UCIIOMb3Y-
IOT, PETYIIMPYIOT ¥ U3Y4alOT MOPCKHME CUCTEMBI UIH
3aBUCAT OT HUX, U3 BCEX ITAPTHEPCKUX CTPaH B JlaH-
HOM PeruoHe B /X OIpee/IeHN s BbICOKOIIPUOPH-
TeTHBIX IIPOINYKTOB U YCIIYT, & TAK)Ke UCII0Ib30BaHUA
UX JUIsS OPUEHTHPOBAHUs PabOThI 10 CO3JIAHUIO Pe-
THOHAIBHOM CHCTEMBI HAOMIONEHUH 3a IPHOPEKHOI
30HO¥M OKeaHa.
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Cosmarh MexaHU3M, IT03BOJIAIOLINI 06eCIIeIUTh BO3-
MOXXHOCTh (QyHKUIMOHMpOoBaHus PAT kak ormeins-
HOI TPYNIIBI Ha OCHOBE TEXHUYECKUX YKasaHUI CO
croponsl PHKI' u Bo B3aumopeiictsun co CKOMM
B KadecTBE MEXIYHApOTHOTO KOOPAUHALIMOHHOTO,
PETYIUPYIOIIETr0 ¥ YIPABJICHYECKOTO MeXaHH3Ma,
IpefHa3HAYEHHOTO /IsI (POPMHUPOBAHUA TPUOPEX-
HBIX CHCTeM HaO/IIONeHNIl, YIIPaBIeHUs JaHHBIMU U
IIPOBEMICHNS aHA/IM3a C OXBATOM BCETO CIIEKTpPa HeoO-
XOTUMBIX Teo(U3UIeCKUX, OHODUZNIECKUX, XUMU-
YeCKUX U OMOTOTHIEeCKHX [TePEMEHHBIX ITaPAMETPOB.
Ha mnepBoHauaspHOM 9Tame IPUOPHUTET CIEAYeT
IPENOCTaBUTh OBICTPOMY IIPHMEHEHHIO B PerHOHaX
IIPOBEPEHHBIX TEXHOJIOTUI ¥ IIPOLENyP, KOTOpBIE
IPUHECYT HauOOJIbIIINE BBITOMIBI, HAIIPUMEP CO3/ia-
HUe CUCTeMBI IPeIyIPeXaeHus O iyHaMu B MHmii-
CKOM OKeaHe 110 06pasity CHCTeMbl IPenypeXKieH s
o IryHaMHu B TuxoM oxeaHe.

Yupenuth Ha COBMeCTHOI ocHOBe CeluaabHyIo Iie-
neByto rpyniry CKOMM-PHKT (CKOMM - Komurer
II0 BOIIPOCaM YIIPaBJIeHYs ), KOTOpast OyzeT paboTaTh
BO B3auMonerictuu ¢ PAT ¢ iesbio onpeneieHus mo-
TpebHOCTel M MexaHn3MoB s peausanuu [ TIC. 3o
OmiKaiiias BBICOKONpUOpUTETHAs 3agada. K aucmy
TeX BOIIPOCOB, KOTOPBIE CIEAYeT PACCMOTPETh, OTHO-
cutcs cospanue myteM oObennuenus PAT derbipex
PpaboUrX TPYIIIT 3KCIEPTOB B CIEAYIOIINX 00IACTIX:
usmepenust (PTU), ynpasnenue manueiMu (PTY]),
mopemupoBanre u ananmu3 (PTMA) u cosmanue mo-
teryana (PI'CII). Otu paboune rpymmsl MOIU Obl
CrI0coOCTBOBAaTh OOMeHy MaHHBIMM, HMHGOpPMALU-
eif, 3HAaHUAMHU M TeXHOTOTHSIMH MEX[Y perHOHAMU;
KOOPAMHHUPOBATh PETMOHANBbHOE PasBUTHE Ha IJIO-
6a7bHOM YpOBHE; 06ecCreuyuBaTh yJacTHe B CIydae
HEOOXOIMMOCTH MEXKIYHAPOIHBIX HCCIeI0BaTe/Ib-
ckux nporpamm (Hanpumep, TIOVK3, TTTOBEK, IM-
BEP, TOOBIIB), cOOTBETCTBYIOIINX PErHOHATBHBIX
IporpamMm (pernoHa bHbIE OPraHbl IPOTPAMMBI TI0
TPOIMYIECKUM IIUKJIOHAM, IPOTPAMMBI IT0 KPYIIHBIM
MOPCKHUM 39KOCHCTeMaM, KOHBEHIIUI O PernOHab-
HBIX MOPSIX, PETHOHA/IbHbIE OPTaHbI PHIOOIOBCTBA U
T.]I.) ¥ OTIEPAaTHUBHBIX yIPEKIEHNUI (HalpUMep, Opra-
HBI 6epPeroBOi OXPaHbl, KOHTPOTUPYIOIIE OPraHbI)
B pellleHHH 3amadu 00ecredeHus CBOEBPEMEHHOTO
PasBUTHA OIEPATUBHBIX BO3MOYKHOCTEH CKBO3HOI
cucTeMbl (OT IPOBENEHUST U3MEPEHUN IO PelIeHUs
IPUK/IaTHBIX 33/1a4), OXBAThIBAIOLIEH B C/Iyyae He00-
XOIUMOCTH TeodusnIeckue, 61uodusnIecKme, XUMK-
YecKue U OMOIOrHuecKue IepeMeHHbIe.

B Co3IAHUE HOICUCTEMBI [IISI USMEPEHMI

Iist mpoBeneHNsT U3MEPEHUI OOLIUX IepPeMeHHBIX Ma-
pametpos B KadecTBe yacTu [TIC 6ynyT ucronb3oBaTh-
C KaK CPeICTBa M3MEpEHU in situ, Tak ¥ y#a/jeHHBIE
wiaTGopMel. MisMepeHus in situ 6ymyT MpoBOAUTHCS Ha
OCHOBE PEIKOil CeTH MECTHBIX OIIOPHBIX M KOHTPOJIb-
HBIX IYHKTOB, @ TAK)KE B PaMKax CYILIECTBYIOIINX IJIO-
6abHBIX [IPOTPaMM, TaKUX, KaK IJI0OalbHAs CETh Ma-
peorpados (IJIOCC) u rnobanpHast ceTh MOHUTOPUHTA
kopawioBeix pudos (I'CMKP). dopmuposanue I'TIC,
[I03BOJISIOIIIEH IPOBOIUTD U3MEPEHHUE OOIIIHX [IepeMeH-
HBIX IIaPAMETPOB U OCYIIeCTB/IATH YIIPaB/IeHHE IT0TyYa-
eMBIMH B pesy/brare 3TOr0 IIOTOKaMH IaHHBIX, Oyaer
obecreunBaThCs Gmaromaps AByM Iapajule/IbHbIM IIPO-
neccam: (i) MCIOIb30BaHUE U PACIIMPEHUE CYILECTBY-
IOIIMX [I00aTbHBIX MPOTrPaMM JUISl YIOBIETBOPEHHUS
HOTPeOHOCTEN, CBA3AHHBIX C IPUOPEKHON 30HOM; (ii)
peruoHajIbHas pa3paboTKa METOJIOB U3MEPEeHUIl, afiall-
tupyembix i BKmodenus B ITIC. Ilpenmonaraercs,
yro Pabouyas rpyma no usmepenusm (PTU) 6yner meii-
ctBoBaTh B coTpynHudectBe ¢ PHKI, PAI, CKOMM y, B
cIy4ae HeO0OXOJUMOCTH, C JPYTUMHU OPraHU3ALMAMHU C
1e/1bI0 KOOPAMHALINY PasBUTHS MOCUCTEM U3MEPEHUI
(HabmIomeHMIT) KaK PerMOHAMIBHOTO, TAK U IJI006ATbHOTO
MaciTaba st IpuOPEKHOT0 MOTYIIS.

Pexomendyemvie mepovi 0151 pazéumus dessmeavHOCHU
Ha pezuoHANbHOM YPo6He

* PI'U cnenyer:

(1) obecmednTb COCTaBICHHE M BeleHHe 0asbl NaH-
HBIX O IIEPEMEHHBIX IapaMeTpax, MOHHTOPHHT
KOTOPBIX OCYIIECTB/SETCS B KaKIOM PernoHe, 06
OTBETCTBEHHBIX OPTaHU3ALMUAX, MPOJODKUTENb-
HOCTH ¥ IPOCTPAHCTBEHHOM OXBaTe Hal/IIOfeHUI,
BPEMEHHON U IIPOCTPAHCTBEHHON Pas3pelarolei
CITIOCOOHOCTH M3MEPEHHUI, UCIOIb3YeMbIX METO-
[ax ¥ X TOYHOCTH, CTAAUH paspaboTKu (Mccmeno-
BaHMsI, HWIOTHBIN IIPOEKT, JOIKCIUTYaTal[MOHHAS,
OllepaTHBHAs ), IPOAYKTAX U KOHEYHBIX [10/b30Ba-
Te/ISIX IAHHBIX, @ TAK)Ke 00 HCTOYHHKAX U YPOBHSX
¢buHaHCHpOBaHUS (BO MHOTHX CIy4asiX JUIsi TAKOH
nHbOpMaIUK [TPOBEIEHO CPaBHEHHE 10 HEKOTO-
PbIM pervoHaM, TakuM, kak EBpoma u CeBepHas
Amepuxa);

chopMyIHPOBATh KOHILIEIIINIO Pa3pabaTbIBAeMOro
Ha 6aze lHTepHeTa HA6OPA CPENCTB, TPUMEHSIEMBIX
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151 0T6Opa IepeMEHHBIX [TAPaMeTPOB, C COIIPOBO-
IUTEIBHBIM CIIPABOYHMKOM II0 €ro HCIIOIb30Ba-
HHUIO, KOTOPBIIT MOXKHO 3arpy3uTh u3 MHTepHeTa;

(3) BO3DIABUTH PabOTy IO 0OECIIEUEHHIO IITHPOKOI U
acpdextuBHOIM KoopruHauu Mexxny PAT ¢ 1iesbio
COIIACOBAHMUSI MTOPSI/IKA IPUHSITHS, PaspaboTKH U
HCIIONB30BAaHUs OOIINX CTAHAAPTOB U IPOTOKO-
JIOB [UIs1 U3MEPEHUIL, TeJIeMETPUH TaHHBIX M KOH-
TPOJISI Ka4eCTBa Ha [TTOOATbHOM YPOBHE;

(4) paspaborarh poLEAYpPBI U cpencTBa i (i) mpuMe-
HEHMsI [IPOBEPEHHBIX TEXHOJIOTHIT 1 ITPOLEAYP B TeX
PEernoHax, rjae OHU HeoOXOnUMbI (HaIpUMep, CHCTe-
MBI ITPEAYIIPEKACHNS O IlyHaMH B MacIuTabax oxe-
aHu4eckoro GacceitHa); (ii) ompeneneHus IPHOPH-
TETOB HMCCICTOBAHUIL [T PasBUTUS ONEPATHBHBIX
BO3MOYKHOCTEI BO BCeX PernoHax; (iii) obecrevyenus
COOTBETCTBHSI MEXIYHAPOIHO IIPUHATHIM CTaH/Ap-
TaM U npotokonam; (iv) obecrevenus 3ddexTus-
HOTO HCIIO/Tb30BAHHS HOBBIX 3HAHUIT M TeXHOIOTHI
IUIs paCIIMpPeH s OTIePaTHBHBIX BO3MO>KHOCTEIL.

B HacTosIIee BpeMs OIepaTUBHbIE BO3MOXKXHOCTH Hau-
6ojtee pasBUTHI B OTHOILEHUH IPOLYKTOB U YCIIYT, KO-
TOpBIe TPeOYIOT IIPOBENeHUs HAOTIONCHHII 3 Te0(U3H-
YeCKUMH IIepeMeHHBIMH (MOPCKHe TIPOTHO3BI IIOTOJBI,
paHHee NpeNylNpeXaeHne 0 HABOJHEHUAX B MPUOPEX-
HOJI 30HE, MOPCKHUE CITY>KOBI, IIOUCK U CIIaCeHHe U T.1.).
®opmuposanue atux 3nementos I'CHO B pernonax,
I7ie OTCYTCTBYIOT TaKHe BO3MOYXHOCTH, HO/DKHO OBbITh
OJTHOII U3 MIePBOCTENEHHBIX OMIIDKANIINX 3a/a4.

Pexomendyemvie mepvt 0ns passeumus Inobanvhoii
npuopesxcroii cemu Ha000eH Ui

* B corpymauvectse ¢ PHKI, Ipynnoit KCI'H no npu-
6pexnoit remaruke 1 CKOMM PI'U crnenyer:

(1) mpoBectu 0630p OOUINX epeMeHHBIX TAPAMETPOB
IJIS1 OTIpee/IeHHs TOTO, KaKHe IIepeMeHHbIe Clle-
ayeT NOOGaBUTH WIN UCKIIOUUTH C y4eTOoM (i) Juc-
na PAT, KOTOpbIM HEOOXOAUMBI TaHHBIE 10 ITHM
[epeMeHHBIM U KOTOPBIE UX UCIOMb3YIoT; (ii) Mx
BaOKHOCTU B KavyeCTBe IMOKasareseil ra06aabHbIX
M3MEHEeHU WK TTOKa3aTesiel COIUaTbHO-9KOHO-
MHUYECKOTO BO3IENCTBHUS 3TUX U3MEHEHHI B IIPHU-
OpeXHBIX cHcTeMax; (iii) TeXHUIeCKOI BO3MOX-
HOCTH BKJIIOYeHUs Takux nepemeHHbIX B ITIC B
KauecTBe orepatuBHoro snementa 'CHO;

(2) B coorBerctBuu ¢ mporenypamu CKOMM mpu-

HATH (WIH, B CTy4ae HeOOXOIMMOCTH, YCTAHOBHTB )
MEXIYHapOJHble CTAHAAPTHI U IIPOTOKOJIBI ISl
M3MepeHusi OOIIMX MepPeMeHHBIX MapaMeTpPoB U
COTIEIICTBOBATDh UX IPUMEHEHHUIO, a TaKKe ChopMy-
JIMPOBATH TPeOOBAHUS B OTHOIIIEHUH X TOYHOCTH,
BPEMEHHON M IPOCTPAHCTBEHHON paspeliaroien
CII0COOHOCTH;

* PHKT cnenyer:

(1) ocymecrBaare corpygHuiectBo ¢ PAI ¢ menbio
HOATOTOBKY U HEePUOIUIECKOr0 OOHOBICHUS I7I0-
Oa/IbHBIX ITepeYHell HAllMOHAIbHBIX U PEerMOHA/Ib-
HBIX [POTPAMM MOHHTOPHHIA, KOTOPbIe MOXKHO
npenoxuthb 1 I'TIC;

(2) ompenenaTh Te MPOrpaMMBbl WIN 3TE€MEHTBI 9TOTO
HepeyHs, KOTOpble ClenyeT OObeNUHATh U BKJIO-
4ath B ITIC, ¥ IpencTaB/IATh 10 HUM PEeKOMeH[a-
1y, coorBetctBeHHO, CKOMM unu PAT;

(3) BsammopeiictBoBath ¢ Ipymmoit KCI'H mno mpu-
Opexxnoit Tematuke 1 ¢ Lenesoit rpynoir CKOMM
II0 HOTPEOHOCTAM B CITy THUKOBBIX HAO/MIONEHUAX B
nensax (1 06061eHNs OlLEHOK METOIO0B, JaTYUKOB,
QJITOPUTMOB U IEATEIBHOCTH II0 YIIPAB/ICHHIO TaH-
HBIMH, 0COOEHHO B OTHOILIEHUH IIPHOPEKHBIX BOJ,
U IIOATOTOBKH TaKHX OL[EHOK, €CJIU OHH OTCYTCTBY-
1oT; (ii) perymsipHoro o63opa kadecTBa M IOIe3-
HOCTH CITyTHHKOBBIX IIPOAYKTOB IO NMPUOPEKHOM
30He (B IUTaHe HEOOXOOMMOI BPEMEHHOI, IPO-
CTPAaHCTBEHHOM M CIIEKTPA/JIbHOM Ppaspelaroniein
CIIOCOOHOCTH) M IIOAITOTOBKM YETKUX pPEeKOMeEH-
Jaluil OTHOCHUTEIBHO MOJCPHHU3AINHY, BKIIOYASL
COBEpPILIECHCTBOBAHHE QJITOPHTMOB, pasMelleHHe
HOBBIX JIATYMKOB M OTIpefie/ieHie IPUOPUTETOB I
HCCIenoBaHui 1 pa3paboTok; (iil) popmymuposa-
HUS U PeKOMEHJIALMY CTAHAAPTHBIX IIPOLIERYP UL
Ka/MOPOBKU U TOATBEPXKIECHHUA JIOCTOBEPHOCTH
CITy THUKOBBIX IPOJIYKTOB, COITOCTaBUMBIX MEX/Y
peruoHamy; (iv) copeiicTBUS PasBUTHUIO OIEPaTHB-
HBIX BO3MO>KHOCTeI TUCTAHIIMOHHOTO 30HINPOBa-
HYSI /11 HAO/TIONIEH NS [[BeTa OKeaHa B IIPHOPEKHBIX
Bopax; (v) GopMyIupoBaHus KpUTEpHEB OIperie-
JIeHUSI ONTUMAJIbHBIX MECTOIIOJIOXKEHUI /IS Kalu-
OpOBKHU NaHHBIX JUCTAHIMOHHOIO 30HIUPOBAHUS
U TIOATBEPXKIEHUSI JOCTOBEPHOCTH CITy THUKOBBIX
IPOJIyKTOB; IOATOTOBKU PEKOMEH/IALINII OTHOCHU-
TEJIBHO MeCT IIPOBENEHUs M3MepeHUil M Tpebo-
BaHUII K HUM, IIPEIBSBISEMBIX B KOKIOM CITydae
(BpeMeHHas U IPOCTPAHCTBEHHAsA paspellaloiias
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CIIOCOOHOCTD, TOYHOCTD); MOOLIPEHHs OPTaHK3a-
U WIK POJO/DKEHNs TAKUX U3MEPEHUIT B Kade-
cTBe Kputnieckoro kommonenTa [TIC;

(4) BsaumonetictBoBath ¢ PAI' u Ipynmoit KCI'H mo
pUOPEKHOI TeMaTHKe B Le/IsiX GOPMYyTHPOBaHMUS
KPHUTEPHEB JUIsl OIPENie/IeHUs] ONITUMATbHBIX MeCT
pasMellleHHst KOHTPOIbHBIX CTAHIUI, TPOBEICHNUS
CBEMOK U M3y4eHHUS Ppa3pe3oB; PEKOMEHIOBATh
MeCTa TIPOBeIeHUsT U3MEPEeHHIT U TPeOOBaHUS IS
HUX B KaXJIOM C/lydae (BpeMeHHas U NPOCTpPaH-
CTBEHHAs Pa3penanlas CHoCOOHOCTh, TOYHOCTD),
a TaK>Ke ITOOIIPATH IPOBEIeHUE WIN TPOIO/DKeHNEe
TaKUX U3MEPEHUI B KaueCTBE KPUTHICCKOTO KOM-
morenTa [TIC;

(5) TpoBOOMTH OLEHKY MOTPEOHOCTE! B TeleMETPHU
IaHHBIX Ha PErHOHaIbHOM U IJI00ATbHOM YPOBHSIX
u (i) moproraBnMBaTh JOKYMEHTAIMIO IO CYIle-
CTBYyIOLIEH HHPPACTPYKTYPE TeIeMETPUH IaHHBIX;
(ii) peKOMEHIOBAaTh TPOCTbIe HENOPOTOCTOSIIIIIE
U HA[Ie)KHbIe TEXHOJOTHU, KOTOPble MOYKHO IPH-
MEHATh He3aMeIuTenbHo; (iii) comeiicTBOBaTh B
cIydae HeOOXONMMOCTH paspaboTKe M pasBepTHI-
BaHMIO HOBBIX TEJIEKOMMYHHKAI[HOHHBIX CHCTEM;
(iv) paspabarpIBaTh CTAHIAPTHI U IPOTOKOJIBI IS
TEXHOJIOTUH Te/leMeTPHH, uctonb3yeMbix B [CHO,
IJISL COMIEICTBUS PACIIPOCTPAHEHHIO JAHHBIX B HC-
C/Ie[IOBATeIbCKUX U OIEPATUBHBIX Le/IX; (V) co-
IefICTBOBATb OCYIECTBIEHHIO MPOTPAMM TEXHH-
YeCKOM IOJIEPXKKH JUISl TeIeKOMMYHHKAI[MOHHBIX
CHCTeM, UcTonb3yeMbIX B Leasax [CHO.

[ | COSILAHI/IE ITOACUCTEMDI YIIPAB/IEHUS JAHHBIMHI

[Toncucrema ympasinenust manubiMu (ITY]]) mns mpu-
6pexxroro monynss 'CHO po/mkHa BBIIOTHATH CIIELYIO-
e ¢ynkiun: (1) 06paboTka U apXUBaLUs TAHHBIX 00
061II1X [IepeMEHHBIX ITapaMeTpax B COOTBETCTBUH C Ha-
YIHO 000CHOBAaHHBIMU U XOPOIIIO JJOKYMEHTHPOBaHHbI-
MM CTaHapTamu ¥ (opmaramy; (2) pacipocTpaHeHue
MAHHBIX 00 OOIIMX TepeMeHHbIX IMapameTpax (Habo-
IeHWs ¥ pe3y/IbTaThl MOIEIUPOBAHUS) B PEKHUMAX pe-
QJIBHOTO BPEMEHU U «3aIIa3[bIBaHUA» B 3aBUCMOCTH OT
HOTPeOHOCTEl IPYIIIT [10/Ib30BATE/IEN ¥ X TeXHHIECKHX
BO3MOXKHOCTeI! (aBTOMaTHYIECKOe PaCIIpOCTPaHEHHE, pac-
CBUIKA TIO «3a1rpocy»); (3) obecredenne ahdexkTHBHOTO
IOCTYIA K TaHHBIM 00 OOIIMX MepeMeHHBIX TapaMeTpax
1 K IPOM3BOIHBIM MTPOLYKTaM (BK/IIOYast IIPOTHO3BL, Tpe-
BO>KHbIE COOOIIEHNA Y OINOBEIIeHHs) I II0/Ib30BaTe-

Jieit, 061a/JAI0IIVX IITMPOKUMH BO3MO>KHOCTAMH.
DonpmmHCTBO fHaHHBIX OynyT mocrymars B IIVI u
IePBOHAYAJIBHO O00OpadaThIBaTbCsl HALMOHAIBHBIMU
L[EHTPaMHU TAaHHBIX WIN CYIIECTBYIOIIMMH OIlepaTHB-
HBIMH YYPeXICHUAMH, IJie IPeJOCTaB/IeHIe JaHHBIX
U IIPOOYKTOB MOXKET OBITb COIIACOBAHO C IIOTPEOHO-
CTAMHU MeCTHBIX II0/Ib30BaTesIeil. Bo MHOTHX 06/1acTsaX
pernoHaIbHbIC KJIACTEPhbl HAIMOHAIBHBIX LICHTPOB U
OIIEPAaTHBHBIX y4YpexaeHuit obecreyar 3¢ddeKTUB-
HOCTb JeATe/IbHOCTH O1arofiaps ee MaciTaby 1 1o3Bo-
naT Kaxpomy PAT rcnonbsoBaTh IpeMMyIIECTBA TEX
Pas3IMIHBIX BO3MOXKHOCTE, KOTOPbIE IPENOCTABIAIOT
CTpaHbI B COOTBETCTBYIOIIEM peruoHe. B monoHenme
K 9TOMY, TaM, Ile He CYIIeCTBYeT Hal[MOHA/IbHBIX LICH-
TpoB, Hanbosee 3pHeKTUBHBIM, C TOYKU 3PEHUS 3a-
TparT, COCOO0M YIIpaB/leHUs TaHHBIMH MOXKET OBITH
CO3[laHHe MHOT'OHAIIMOHA/IBHBIX PerHOHA/IbHBIX LICH-
TPOB NaHHBIX. HallMoHaIbHbIE EHTPBI U PETHOHA/Ib-
HBbIe KJIaCTepBI OyAyT 0OecrednBaTh yIpaB/IeHe TaH-
HBIMH, [IOCTYIAIOIINMU KaK OT PeTHOHA/IbHBIX CUCTEM
HaO/TIOIEHHIT 32 TIPUOPEKHON 30HOM OKeaHa, TaK U OT
I'TIC. HauBsbIciiuit ypoBeHb arperanuu 06X nepe-
MEHHBIX ITapaMeTpoB obecIedar IJI0OaIbHble KIacTe-
PBI, Tlie MOTYT HCIIOIb30BaThCsI XOPOILIO OIPOOOBaH-
HbIe CPEICTBa Ilepefayd M 0OpabOTKM ITI0OATBHBIX
IAHHBIX, @ TAK)KE YIIPABJICHNUS UMU.

3avgactyio 9 peKTHBHbIe, HO OTPaHUYEHHbIE CHCTEMBI
YIIpaB/IeHNs JAHHBIMU U TeJIeMETPHU TaHHBIX UMEIOT-
Cs1 Y TaKUX OIePaTHBHBIX YUPEKMIEHHIT, KaK Geperopas
OXpaHa, CIy>KObI KOHTPOJIS 32 3arpssHEeHHEM, YIIpaBJIe-
HHsL 110 BOIIPOCAM PBIOOJIOBCTBA, CIIY>KOBI IIPEIyIpeK-
IIeHHUs 0 HABOIHEHHUSIX, a TAK)KE PETYIUPYIOLIHe OPTaHbl,
OTBETCTBEHHbIE 32 6€30IIaCHOCTh HAa MOpe M Ha MOp-
CKMX He(TAHBIX ¥ Ia30BbIX IIaTdopmax. Takue cTpyk-
TYPbI CJIEAYeT BKIIOYATh B PETHOHAJIbHBIE MTOICUCTEMBI
yIIpaB/IeHNs JAaHHBIMU KaK B L[e/IX TOTyYeHHs TaHHBIX,
TaK ¥ PAaCIPOCTPAHEHUS [IPOAYKTOB TaHHBIX.

Passuturo I1V]] mns I'TIC u pernoHaabHBIX CHCTEM Ha-
OnmtoieHnit 3a IpUOPEKHON 30HOM OkeaHa OyneT cro-
cobcTBoBaTh cosmanue Pabodeir rpymmbl O yrpas-
nennto manHbiMu (PTYID). Passutue ITYIl mamnbosee
adexTHBHO MOXHO 06€CIevnuTh C MOMOIIBIO IIPHU-
MeHeHHsI OTKPBITOrO IIPOrpaMMHOro obecriedenus. B
IpOIlecce OCYIIECTBICHUSI PEKOMEHIYeMbIX HIDKE Mep,
10 BO3MO>KHOCTH, IIPEANIOYTHTEILHO HCIIOIb30BATh Cy-
IIECTBYIOIIME TIPOTOKOJIBI M CTAH/APTHI, @ He paspaba-
TBIBAaTh HOBBIE PEIIICHMUS.
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Pexomendyemvie mepot

« PHKT crmegyer npoBOgUTh pabOTy COBMECTHO C
MI'CHO u PAT mia obecriedeHUs COOTBETCTBUS
nonmutuke MOK B ornorennu panusix (http://ioc.
unesco.org/goos/GOOSdm_final.pdf), a taxxe 3a-
KTIOYEeHUsT U OCYIIeCTBICHUS MEXIYHAPOTHBIX CO-
[JIALIEHUH /11 CBOEBPEMEHHOro OOMeHa JaHHBIMH
Mexay PAT 1 yyacTByIOIIMMY CTPaHaMH.

* B coTpymHMYecTBe ¢ HAI[MOHAIbHBIMHU IIeHTPaMU
okeannueckux ganubix ¥ MOO]I PTY]I crenyer co-
IeCTBOBATh CO3MAHUI0 B C/Iydae HEOOXOMMMOCTH
PErHOHA/IbHBIX U IJI00aIBHBIX KIACTEPOB I10 YIIPaB-
jaeHuo faHHbIMU. CjefyeT BKIIOYAaTh KOMIIOHEHTBI
yIIpaBJieHUs TAHHBIMU, UMEIOILIHeCs y OIIePATUBHBIX
YIPpEeKIEHUM.

+ PI'V]I meobxomumo cinemuth 3a pasBuruem OBUC u
nopcuctemsl CIITA IMAK n1s usyueHust HakoIUIeH-
HOTO ombITa C 1enbio nuterpaunu OBUC B nudpa-
crpykTypy IIV]l, a Taxoke onpejiesieHus TOro, Kakue
acriexTsl nopcucteMbl CIIIA MoryT ucnonb3oBaTh-
Csl ISl CONEMCTBUSA CO3HAHHUIO II06aIbHOM HHPpa-
crpykrypsl IV B pamkax HpUOPEXHOTO MOMYJIs
I'CHO.

* PI'VIl B coTpymHMYeCTBE C HAallMOHAJbHBIMU IIPO-
rpammamu 'CHO u mieHTpaMy OKeaHMYECKUX HaH-
HbIX, Ipynmne sxcneprop CKOMM-MOO]I no npax-
THKe yIIpaBIeHUs JaHHBIMHU, CTAHIIUAM HA3eMHOTO
akomorudeckoro Mouutopunra (CHOM) TDimobasb-
HOIt cuctembl HabmopeHus 3a cyiueit (TCHC), a tak-
Ke MeXTYHapOTHBIM HCCIe0BATeIbCKUM IIPOTpaM-
mam (Harpumep, MIITB u CKOP) crenyer:

(1) ompenmenuTh cofmep)KaHUWe METANaHHBIX M YKasaTh
(MM IPUHATH CYIIECTBYIOLINE) CTaHIApThl Gop-
Mara MeTaJaHHbIX; COIEHCTBOBATh MX IPHMEHe-
HUIO B OTHOIICHUM KaK UCTOPHYECKUX JAHHBIX,
TaK U IIOTOKOB JAaHHBIX, HocTynaomux ot I'TIC u
PETHOHATBHBIX CHCTEM HAOMIOfIEHHIT 32 TPUOPEX-
HOM 30HOM OKeaHa;

(2) ompenenuTh, Kakue TPeOYIOTCS CPEACTBA IOMCKA
U MPOCMOTPa, U YCTAHOBUTH CTAHAAPT HHTEP-
(eticoB «mannHa-MammHa» (C1y>x6a JToKaru3a-
WY JAHHBIX) I 06eCredeHnst IUIABHOTO TIepe-
X0fa OT OOGHAPYKEHHS TaHHBIX K TOCTYITY K HUM;

(3) paspaboTarh CTaHHAPTHI BeO-YCIYyT U BCeOOBEM-
JIOIIYI0 MOJE/Nb JAHHBIX IS Iepefadd TaHHBIX
MEXIy CepBEPOM H IIOIb30BATENIEM;

(4) cospmath Ccy>XOBI apXUBALINY;

(5) wusyuurts cnocobHOCTh HHPpacTpyKTypsl CKOMM-
MOOQ]] obecrieunBaTh KOHTPO/Ib 33 peansaliyein
ITY]] B oTHOLIEHUHU OOIIMX IIEPeMEHHBIX ITapame-
TpoB 10 mpubpexuoit sone B pamkax [TIC. [Ipu
HEOOXOIMMOCTH CO3[aTh MEXaHH3M KOHTPOJIS 32
pasButieM KoMiviekcHoi ITY]I, xoTopslil Oymet
UCIIOIb30BATh CYIIECTBYIOIINE BO3MOXHOCTU U
BK/IIOYaTh He(U3HYeCKHe MepeMeHHble, a TaK-
e obecrieunBarh B3anmonerictere Mexnay PAL, ¢
[o6anbpHO crucTeMOi HAOMIONEHU 32 KJIMMaTOM
(TCHO/I'CHK) u I'mo6anbHoit cucTeMoii Habmome-
uuit 3a cyureit (TCHC), a Takxe ¢ mporpaMMmamu
OKeaHWYeCKUX HCCIeOBaHMil (HAaIpUMep TeMH,
xoropsle punancupyrorcs MIITB u CKOP).

B Co3IAHUE HOJCUCTEMbI MOJIETAPOBAHMS U
AHAJIU3A

lesnpro MOACHCTEMBI MOJICIMPOBAHMS SIBJISCTCS ACCH-
MIWISILIUS JAHHBIX, HOCTYIAIOIINX OT CEeTH M3MEPEHUN
(HabmromeHKs in situ ¥ AUCTAaHIMOHHOE 30HIMPOBAHHUE)
st (1) mpoBenenwst 60/1ee TOYHOI OIEHKHU TIEPEMEHHBIX
[apaMeTpOB, UX pacIipele/ieHus, a TAK)Ke COOTBETCTBY-
IOIIMX IIOTPEIIHOCTel; (2) pa3paboTKH, ONpoOOBaHMUS
u anpobupoBanus momesneil; (3) BHeOpeHUs U 0OHOB-
JIeHUSI MOJe/iell B Ie/MsAX COBEPIIEHCTBOBAHUS IPO-
THOSMPOBaHMs. [IPOAYKTHI TAKUX MOJE/IEH BKIIOYAIOT
BCeOObEeMITIOIINE U KOMIUIEKCHBIE NTPOCTPAHCTBEHHbIE
OIMCAHUSI MPOLUIOTO (PEeTPOCHEKTUBHOIO), HbIHEII-
Hero (COBpeMeHHOro) U Oynyiuero (IIpOrHOSHPYeMOro)
COCTOSIHMS TPUOPEKHOI 30HbBI OKeaHa.

PaboTy 1Mo CO3TAaHMIO WIH COBEPIIEHCTBOBAHHMIO TaKUX
CPEJICTB CJIefyeT HAYMHATh C IPUBJICYEHHS TPYIII [10/Ib-
30BaTesIell K OTPEIeIeHUIO TTOTPEOHOCTE B IAHHBIX U
uHbopManny (IPOAYKTAX U YCIyrax), a TAKXKe COCTaB-
JeHUss ¥ OOHOBJICHUS IIepeYHel CPefcTB M CIOCOO0B
MOJIeTUPOBAHNUS, KOTOPBIE ITO3BO/ISIOT YAOBIETBOPATH
9TH MOTPEOHOCTU. ITO 06ECIIeYUT OCHOBY WIS 0TOOPA,
paspaboTKK 1/WIN COBEPILICHCTBOBAHMS MOJIE/IeH C I10-
MOILIBIO CeTeil MOIeINPOBAHUS, IeHCTBYIOIIUX Ha Oase
Pa3THIHBIX COOOIIIECTB.

Pexomendyemvie mepoi
+ Pa6oueil rpymme 1o MOIEIMPOBAHMIO U aHAIH3Y

(PTMA) B corpynumudectBe ¢ PAL, HayYHbIMU TIpO-
rpaMMaMHy, MPOTrpaMMaMU IO KPYIIHBIM MOPCKUM
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9KOCHUCTEMAM U, B CITyYae HeOOXOIUMOCTH, C IPYTHMHU
OpraHaMu CJIefyer:

(1) mMOOIIPSTH U HATIPABIATH PA3BUTHE CETEN MOIEIH-
POBaHUS, IEHCTBYIOIIUX Ha 6a3e PasTUIHBIX CO00-
LIeCTB, y/ie/Isisi BHUMaHUe PerHOHaIbHBIM IIOTPe0-
HOCTSIM, TEXHHYECKIM TIPO6IeMaM U IPOILYKTaM;

(2) cocTaBUTh U IIOCTOSIHHO OOHOBJIATH II€peueHb
onpoOOBaHHBIX IPUOPEKHBIX Mopenent (op-
raHMW30BaHHBII I10 MPUHIUITY MPAKTUIECKOTO
[IPUMEHEHUS); PA3MECTUTD TepeveHb 3TUX MO-
neseit Ha VIHTepHETe; pEeKOMEHIOBATH KPUTEPUU
OILIEHKH BO3MO)KHOCTEN U OTIEPATUBHOTO CTaTy-
ca MoJeJiei;

(3) ompenenuTh psig BHEIIHUX IMOKa3aTesreil Uil KOH-
TpOJist ¥ 06ecIiedeHHst KaIeCTBa M BBIACHEHHUS TOTO,
B Kakoil Mepe MPOAYKThI MPUOPEKHOTO MOMYIs
YLOB/IETBOPSIIOT OTPEOHOCTH I10/Ib30BATE/EH.

+ PI'MA cnenyert:

(1) paboTaTh B COTPYRHMYECTBE C CETSMH MOJIEIHPO-
BaHMs, JIEHCTBYIOIIMMH Ha 6ase pasIMIHBIX CO-
00111eCTB, I paclIMpPeHHst JOCTYNa (C IOMOIIBIO
[epeyHs, pasMeIleHHOro B VHTepHeTe) K UMeo-
[IUMCS B CBOOOIHOM MO/TB30BAHUH, XOPOIIIO JIO-
KYMEHTHPOBAHHBIM MOJEISAM M KOMIIBIOTEPHBIM
[porpaMmam, a TaKkXXe COfIeCTBOBATh pa3paboTke
TAKUX MOJIEJIEN ¥ [TPOTPAMM B [e/IAX ACCUMUTALIIN
Y BU3Ya/IM3alMH ITAaHHBIX;

(2) comeiicTBOBATh OCYIIECTB/IEHUIO IHMIOTHBIX IMPO-
€KTOB, [TO3BOJISIOIINX YCKOPUTH PaspaboTKy Mofe-
JIel U TIOKasareser Ha 6ase COOOIIECTB Ui MpPO-
THO3UPOBAHUS COCTOSIHUS 9KOCUCTEM, B TOM YHUCIIE
B I[E/ISAX YIIPAB/IEHUS PHIOOIOBCTBOM M KAY€CTBOM
BOJIHBIX PECYPCOB, HA OCHOBE 9KOCHCTEMHOTO IOJI-
X0[a;

(3) cocTaBUTH M MOCTOSIHHO OOHOBJIATH IE€PEYeHb I0-
TpeOHOCTEN B JAHHBIX U HAOIIOMEHUAX U [IPH-
OpEKHBIX MOJIeIIelt;

(4) Ha OCHOBe OITBITA, HAKOIUIEHHOTO JPYTHUMHU TPYII-
[IaMHu, y>ke pa3paboTaBIIMMK aHAIOTHYHbIE KPHTe-
PHU OLIEHKHU IS IPYTUX THUIIOB MoJieseil (Hampu-
mep, OOITK/TOJAE myst Mopeseit Try6 OKOBOIHBIX
Y4aCTKOB OKeaHa), B3aUMOMIEHCTBOBATh C CeTAMMU
MOJIeTUPOBaHUsl Ha 6ase pasIMYHBIX COOOIIECTB
B IIeJISIX OIpele/ieHHsi BHYTPEHHUX ITOKasarerieit,
KOTOpPbIe MOTYT OBbITh MCIIO/Ib30BAHBI YISl OLIEHKU
KavyecTBa, BHYTPEHHEN COIMIACOBAHHOCTH M TEXHHU-
KU OCHOBHBIX KJIACCOB ITPUOPEKHBIX MOJIE/TETL.

B PA3BUTHE U COBEPIIEHCTBOBAHUE IIOTEHITUAJIA

ITonnoctpio unterpuposannas 'CHO, opuenTHpOBaH-
Has Ha JIOCTU KEHHUE BCEX IIeCTH IIOCTAaBJIeHHBIX Iie/el
00111eCTBa, MOXKET OBITh CO3IAHA TOIBKO ITyTeM COBEP-
IIICHCTBOBAHMA B IIOOAIBHOM MaciuTabe MOTEHIMana
I TpOBefieHNsl HAOMIOZIeHUIT B TIPUOPEXHON 30He U
IPENOCTaBICHUs  COOTBETCTBYIOIIEH HH(MOPMALIUHL
YKpeluleHHe IOTeHIHaaa HeOOXOOUMO OCYIIECTB/IATH
IO IBYM HarpaBaeHUAM: (1) cosmanue B cTpaHax u PAL,
HAXOJAIINXCA Ha Pas/THIHBIX CTAMUAX 9KOHOMHYECKOTO
Pa3BUTHSL, YCIOBUIL 1711 (POPMUPOBAHUS CUCTEM HAOTIO-
TIeHUi 3a TPUOPEKHOI 30HOI OKeaHa U MCIIONb30BaHUS
IDaHHBIX M uHPpOpManuny, nocrymaoumx or I'CHO;
(2) paspaboTka Ha OCHOBE UCC/IEOBAHUIL HOBBIX TEXHO-
JIOTUH ¥ MOJIe/Ielt, KOTOPbIe MOTYT OBITh UCIIO/Ib30BAHBI
IIA PacIIMpeHHs OIlePAaTHBHBIX BO3MOKHOCTEIH Perno-
HaJIbHBIX CHCTeM HaOMIoNeHNn il 3a PUOPEKHOI 30HOMN
okeana u I'TIC. O6e atu 3amauu Haubonee adeKkTHs-
HO MOYKHO PEIIaTh ITyTeM OCYILECTBIEHNUsA, COBMECTHO
¢ PAT, pas3iu4HBIX IPOEKTOB, Iiepel KOTOPBIMU OyIyT
IIOCTaBJIEHbI Y€TKHUE, BIIOTHE NOCTIDKUMBIE IeTH U KO-
TOpBIE ITO3BOJIAT 00ECIIEYUTh YCTONIUBOE IPOBEMICHHE
HaOJIIOfeHNUIL, YIIpaBJIeHUe TaHHBIMU M COOTBETCTBYIO-
IIYI0 aHATUTUYECKYIO paboTy.

Pexomendyemvie mepot

* C nomomsio PHKT u IIporpammsr TCHO-CKOMM
10 co3ganuio norexnuana oya PAI 1 HanlMoHa/IbHBIX
mporpamm I'CHO cremryeT ompenenTh NPUOPUTET-
Hble TIPOAYKTHI U YCIYTH, KOTOPbIe TPeOYIOT pasBu-
TUS WIN YCOBEPIIEHCTBOBAHMSA PETMOHA/IbHBIX CHU-
CTeM HabTIONeHUT 32 TPUOPEKHOI 30HOI OKeaHa.

* B pamxkax IIporpammer 'CHO-CKOMM no cospa-
HHIO TIOTEeHIMana crenyetT chOpMHPOBATH MPU CY-
LIECTBYIOIIMX YYPEKAEHUAX LEHTPBl TEXHUYECKON
HOJJIEPXKKH, KOTOPbIe Oy/y T TPEIOCTAaB/IATh KOHCY/Ib-
TallUM ¥ HAIIPaB/ATh TEXHUYECKUX CIELUANTUCTOB B
IpUHUMalolue cTpadbl Wik B PAD s copelicTBus
PpasMelLeHHIO, UCIIONIb30BAHUIO U 9KCIUIyaTallHOHHO-
MY OOCTY>KHBAaHHIO HOBBIX MHCTPYMEHTOB U CyIIle-
CTBYIOLIEH HHPACTPYKTYPBI.

+ PHKT B coTpymHHYecTBe C ITI06AJIbHBIM OPraHOM
PAT u ITporpammoit [CHO-CKOMM 1o cospanuio
IIOTEHIIMAJIa CIENYeT:

(1) mpoBectu yueT M 0030p CYLIECTBYIOIIUX MEpPO-
IPHUATHIL B 06/IACTH CO3AaHMs MOTEHIIHAA, KOTO-
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pble CBA3aHBI C Pa3BUTHEM IPUOPEKHOTO MOLYIIA
I'CHO, u pexoMeHI0BaTh IPOLEAYPbI IIst 0becIe-
yenus: 6ojee 3(PEKTUBHOTO HMCIIOMB30BAHUSI UX
COBMECTHBIX PeCypcoB I JOCTHKEHUSA OOIIHX
1esteit. Takas e Te/IbHOCTD TO/DKHA BK/IIOYATh Me-
POTIPHUATHS IO OKA3aHUIO OMOIIHU U 1podeccro-
HaJIbHO ITOITOTOBKE, KOTOPBIE B HACTOSIIIEe BpeMs
[IPOBOISATCS OIEPATUBHBIMU YUPEKACHUSAMU U UX
BCEMHPHBIMHU OpraHusanusmu (Hampumep, BMO
B OTHOIICHHH METeOpPOJIOTHH, MEeXIyHapomHO
mopckoit opranusanueit (MIMO) B oTHOIIeHUM
CY/IOXOIICTBA M €0 PeryMPOBaHUS 1 SKBUBAJICHT-
HBIMH OpPTaHaMHU B OTHOILIEHWHU IIOPTOB, aBaHel,
OeperoBoit OXpaHsl U T.I.) U KOTOPbIE MOTYT OBITh
Y/IYUIIIEeHbI B Pa3BUBAIOIINXCS CTPaHaX Oarogaps
IOTIOIHUTEIbHOMY (DHHAHCHPOBAHHUIO, ITOATOTOB-
Ke KaJIpOB ¥ Pa3BUTHIO HH(PACTPYKTYPbI;

(2) ybemuth MeEXIYHAPONHBIX [OHOPOB (BK/IIOYAs
[9®) B Heob6xOmMMOCTH (DUHAHCHPOBAHUS Iap-
THEPCTBA MEX/y PasBUBAIOIIMMUCS U Pa3BUTHIMU
CTpaHaMH B IeEIAX CO3MaHUs HHQPPACTPYKTYpPbhI
s TCHO ¢ nomompio mporpaMm no KMO u, ipu
HEeO0OXOIUMOCTH, IPYTHX IIPOTPAMM.

+ PI'CII crenyer:

(1) ompemenutb, paspaboTaTh U CHOENATh JOCTYIHBI-
MU HabOPBI CPENCTB /IS CO3AAHMS MOTEHIIHATA B
OTHOILIEHHH BCeX Tpex IopcucTeM (HabmoneHus,
yIpaB/ieHNe JaHHBIMU U MOJIE/TUPOBAHHE);

(2) xoucynsruposars [Iporpammy TCHO-CKOMM no
CO3/IaHHIO MTOTEHIIHA/Ia OTHOCUTEIBHO Pa3paboTKH
npouenyp st crpad u PAT B nensx dopmuposa-
HUSI, OTIEPATHBHOTO HCIIONb30BAHMS M COBEPIIIEH-
CTBOBAHMSI PETMOHA/IbHBIX CHUCTEM HAOTIONEHNUI
3a TPHOPEXHOI 30HOI OKeaHa C yIeTOM HX COO-
CTBEHHBIX IPHOPHTETOB;

(3) corpymumyars ¢ PAI' B pene paspabotkm u
OCYIIECTB/ICHHS IIMIOTHBIX IPOEKTOB, KOTOPbIE
obecriedaT BO3MOXXHOCTH CO3IAHUS YCTOMYMBBIX
cucteM HabMIOmeHWIT 32 MPUOPEKHON 30HOM
OKeaHa II0 BCeMy MHpY, OCOOEHHO B peruoHax,
HCIIBITHIBAIOIINX HEXBATKY PECYPCOB IS Pa3BUTHS
TaKNX CUCTEM.

B IIWIOTHBIE IPOEKTBI

[TunotubIe IIPOEKTHI ABJIAIOTCA BaXXHBIM MEXaHU3MOM
Ppa3BUTHSA OIIEPATHBHBIX BO3MOXXHOCTEH Ha pernoHaib-

HOM U [I06aTbHOM YPOBHSX. B 9THX Ie/ISIX peKOMeHy-
IOTCS JIBE KaTeTOPUM IIOTHBIX MPOEKTOB: (i) MPOEKTHI,
HO3BOJISAIOLIME CO3IaBaTh MIOTEHIMA B PETMOHAX, UCITBI-
THIBAIOIINX HEXBATKY PECYPCOB, HEOOXOMUMBIX IS TOTO,
4TOOBI YYaCTBOBATh B CO3NAHMU HPHOPEKHOTO MOAYIISL
['CHO u mony4yats OT Hero 1ob3y; (ii) IPOeKThI, He06X0-
IUMBIe JUISl yCKOPEHHOTO PACIIIMPEeHHs OIIePATUBHBIX BO3-
MOYXHOCTEJ Ha OCHOBE JJOCTVDKEHMUI HAYKU U TEXHUKH.

Pexomendauuu

« PHKT crenyer mpoBecTH 0030p pPEeKOMEHIYEeMbIX
31eCh TWIOTHBIX IPOEKTOB; OCYIIECTBUTH OILEHKY
IPOEKTOB, HOMYy4YMBINUX (UHAHCUPOBAHUE, C Lie-
JIbIO OTIpefie/IeHs UX IOTEeHIMaNa Ui BKIOUEHUs
B I'TIC (w1 pacnpocTpaHeHus Ha IPYTUe PEerHoHbI);
OIIPENIE/IUTL ITPOEKTHI, KOTOPBIM CJIEAyeT OKa3aTh
HOIIEPXKKY B LeAAX (UHAHCHPOBAHMS B KadeCTBe
HMWIOTHBIX IIpoeKToB npubpexnoro moxyns [CHO;
COZIEHICTBOBATD B CTy4ae HEOOXOMMOCTH paspaboTke
HOBBIX INMIOTHBIX ITPOEKTOB.

+ PHKTI crenyer corpynundats ¢ PAT B nensax ompene-
JIEHUsI PeTHOHA/IBHBIX IPO6/IeM U IIOTPpeOHOCTel, pe-
IIIeHUe WIH YIOBIETBOPEHHE KOTOPBIX MOXKET OBITH
o6ecrieyeHo myTeM NPUMEHEHHs POBEPEHHBIX TeX-
HOJIOTMI M TIPOLEAYP Ui Pa3BUTHA PETMOHAIbHBIX
cucTeM HaOJTIOfIeHHIT 32 TPUOPEKHON 30HOM OKeaHa,
a TakXXe COMNEeNCTBOBATh MHBECTUIUAM B IHIOTHBIE
IPOEKTHI (BK/IIOYAs IIOATOTOBKY CIIELIUATUCTOB), KO-
TOPbIE CO BpEMEHEM ITPUBENYT K CO3AHUIO TIOCTOSAH-
HBIX OTIEPATUBHBIX CUCTEM.

B OIEHKA 9®OEKTUBHOCTH

CucremaTn4ecKoe, CTporoe 1 MepuogHIecKoe poBele-
HHe O1[eHOK 9()(EeKTHUBHOCTH C TOUKHU 3PEHUS COL[HATb-
HO-9KOHOMHYECKOJI MO/Ib3bI OT JAHHBIX M HHGOpPMa-
1y, noaydaemsix 6maropaps [CHO, nmeer kputndecku
B&)KHOE 3HAYEHHUE JUIs YCTOMIMBOTO PasBUTHS €0 CH-
cteM HabmomeHHN. IPGeKTUBHOCTD paboTHL CreyeT
M3MEePATH KaK B IUIaHe YCHENTHOro GYHKIIMOHHPOBAHHUS
CHCTEM, TaK U II0JIyIaeMbIX OT HUX BbIrof. OyHKIMOHHU-
pOBaHHUe CHUCTEM CJIefyeT OLIEHMBATh C Y4ETOM CJIely-
Iomux Kpurepues: (i) B3anmopeiictsue Mexny PAT u
['TTH; (ii) HeIpepbIBHOCTD, Ka4eCcTBO, pasHOOOpasue U
MHTeTPalyA HOTOKOB IaHHBIX; (iil) COBepIIIeHCTBOBAaHIE
OllepaTHBHBIX BO3MOXKHOCTEN. BbIrOZIBI CllefiyeT olleHu-
BaTh B IiaHe: (i) KOMMYECTBA HOBBIX WM YCOBEPILIEH-
CTBOBAHHBIX IIPOJYKTOB, OTHOCUMBIX K IPHOPEKHOMY
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Monyo; (ii) YMC/Ia TPYII, UCIOMB3YIOUIUX 3TH MPO-
nykThl; (iii) MCIIONB30BaHMS NAHHBIX M MHQOpPMAIUH,
MOCTYMAOIINUX OT 3TON CUCTEMBI IS YIOBIETBOPEHHUS
HOTPeOHOCTEN U YCTIOBUI MEXIYHAPOIHBIX KOHBEHITHI
U corIallieHuit; (iv) aHaMsa 3aTpat/BbITOL — U3MEPEHHs
3aTpar Ha CUCTEMY B CPABHEHHUH C COI[HATbHO-3KOHOMHU-
YeCKMMMU BBITOJaMHU.

Pexomendyemvie mepot
* PHKT cnenyer:

(1) comeiicTBOBaTH paboTe MO MPUOPEKHON TeMaTHKe
KCT'H;

(2) corpynunuars ¢ Ipynmoit KCI'H o npubpexxHoit
temaTuke U Llenesoit rpynmoit CKOMM no crryt-
HUKOBBIM HAOJIOfICHUAM B ILIe/ISIX ITOATOTOBKU Ha
Pery/IsIpHOII OCHOBe NOKIANoB 00 afieKBaTHOCTU
CITyTHUKOBOTO IMCTaHI[MOHHOTO 30HIMPOBAHUSA
(TeMmeparypa MOPCKOM IOBEPXHOCTH, aJIbTHMe-
Tpus, ckarrepomerpusi, CAP u 1iBeT okeaHa B IIpH-
OpEe>KHBIX BOJIAX), IUCTAHIIMOHHOTO 30HIMPOBAHUA
C JIeTaTe/JIbHBIX aINaparoB (HaIpUMep, Ja3epHbIil
nokarop MK-puanasona win JIMJAP u xommaxt-
HBIIl aBHAIIMOHHBIN crekTpoMerp win KACH),
AMCTaHIOHHOTO 30H/IMPOBAHMUS C IOMOIIIBIO IIPH-
60poB Ha3eMHOT0 6a3upoBaHMsI (HAIPUMep, BHICO-
KOYaCTOTHBIN pajiap); PeKOMEHIOBAThb NPOIIey PbI
[0 MX COBEPIIEHCTBOBAHHIO (BK/IIOYAS aITOPUT-
MBI) U paspaboTKe HOBBIX CPEICTB AUCTAHI[HOHHO-
TO 30H/IUPOBAHMUA CO CITy THHKOB;

(3) corpynunyars ¢ PAT ciienbio paspaboTKH IpoLenyp
[IPOBEMEHNsT UCCTEOBAHHI, OPUEHTHPOBAHHBIX Ha
KOHKpPETHBIE IIPOAYKTBI, aHa/IU3a UX Iie/lecoobpas-
HOCTH U BO3JCHCTBHS JUIS OLIEHKU CYIL[ECTBYIOLIUX
OIIePAaTUBHBIX BOSMOKHOCTEH CHCTeM HaOIO/IeHHI
U OIIpele/ieHUs UCCIeOBaTe/IbCKUX IIPHOPUTETOB
IUIsl COBEPIIIEHCTBOBAHMS TAKUX CUCTEM;

(4) ycraHaBIMBaTh IPOLENYPHI IS MEPHOTMIECKON
OLIEHKU ¥ OOHOBJICHHA OOIIMX IIePeMEeHHBIX Iapa-
MeTpOB 1 mporpamm 3adopa npo6 mis nesteit I'TIC, a
TAaK)Ke OIpeNeIeHNs] IPHOPUTETOB UCCIETOBATEb-
CKOl JIeATe/IbHOCTH, HeOOXOIMMOH IS pacIiupe-
HYSI BO3MOYKHOCTEH OIIePAaTHBHBIX HAOIIOIEHHI.

* PI'U cnenyer:

(1) mopmmep)XMBaTh M KOOPAMHUPOBATDH JEATENTHHOCTD
I10 B3aMMHOI1 KaTuOPOBKe (HaIlpuMep, IPOBeneHe

CeMHHAPOB, CPABHEHHE Pe3y/IbTaTOB H3MEPEHHUIT I10
9TAJIOHHBIM MaTepHaTaM MeXIy Tab0paTopusMu
Bcero mupa) Mexxny PAT U HallMOHATLHBIMH U T/I0-
6a/IbHBIMK IPOTPAMMAMH C 1IE/IBI0 COBEPIIIEHCTBO-
BAHUS ¥ OL[EHKY M3MEPEHHUIT B OTHOLIEHHUH 00X
MepeMeHHBIX TAPAMETPOB;

(2) BBUBIATH CYIIECTBYIOLIHME CTAHIAPTHI M IIPOTO-
KOJIBI 1 pa3pabarbIBaTh, B CIy4ae HEOOXOMUMOCTH,
HOBbIE I U3MepeHHs OOIINX TepeMEHHBIX Ma-
paMeTpoB, KOTOpPbIe PEKOMEHIYIOT HCIIONb30BATh
pOBaNepbl JaHHBIX;

(3) oTCIeXHMBaTH MPOTPecc B CO3TAHUU HOBBIX OIepa-
THBHBIX BO3MO>KHOCTETL, CTAHAAPTOB U IIPOTOKOJIOB
11 ©3MePEeHMsI TlepeMeHHBIX [TaAPAMeTPOB U COZIET-
CTBOBATH WX BKIIOYEHUIO B OTIEPATUBHBIE CHCTEMBI
naomopennit (I'TIC, pernoHanpHbIe CHCTEMBI Ha-
OmrozieHuit 3a IPUOPEKHOI 30HOH OKeaHa).

* PI'YIl crenyer paspaboTaTh M HOOIIPATH HCIIONb-
30BaHHUe IToKasaTeeil 3 PeKTUBHOCTH IJIsI OLIEHKU
CBOEBPEMEHHOCTH M HENPEPHIBHOCTU MPENOCTaB-
JIeHWsI JAHHBIX, (DYHKIHOHATHBHON COBMECTUMOCTH
(paspaboTka u mpuMeHeHHE OOIIUX CTAHAAPTOB U
MIPOTOKO/IOB) U 0OMeHa IAHHBIMU MEXKJy peroHa-
MU ¥ CTpaHaMH (IByCTOPOHHHE ¥ MHOTOCTOPOHHUE
coraiieHusi 06 oOMeHe JaHHBIMH M MX OCYILECT-
BJIEHHE).

+ PICII cremyer paspaborars mokasarenu 3¢ dexTus-
HOCTH ISl YeThIpeX K/II0YeBBbIX CKBO3HBIX BHIIOB Jie-
ATENbHOCTH, KOTOPbIE UMEIOT KPUTHIECKOE 3HaYCHHE
IJIsI CO3MAHUSI KOMIUIEKCHOM, OPUEHTHPOBAHHON Ha
[0/Ib30BaTe/IsI [I06ATbHOM CHCTeMbl HAaOTIONEeHUI
3a MpUOPEXHBIMH pafioHaMM OKeaHa: (i) MEXIyHa-
POMHAast KOOPAUHAIUSA U COTPYTHUYIECTBO B JieJie CO3-
mauust [TIC (BO3MOKHOCTH COBMECTHOH paboThI);
(ii) cosmanue moTeHnuana B wiane 3(pheKTUBHOCTU
OTIpefie/IeHHsI M Peasu3allii PeTHOHATbHBIX U HAIlH-
OHJIBHBIX MPUOPHUTETOB (HOPMHUPOBAHUS BCEX Tpex
nopcucTem; (iii) pasBUTHE OMEPATUBHBIX BO3MOXKHO-
creit PAT B xauectBe rpymisbl; (iv) paspaboTka U uc-
[I0/Ib30BAHUE COLMATbHO-9KOHOMUYECKHUX [TOKasare-
Jeit Juist usameperus 3G HexTHBHOCTH 60s1ee 6BICTPOTO
00OHapy>KeHHUsI U CBOEBPEMEHHOTO ITPOTHO3UPOBAHUS
SIBJICHUIT, TIPEJICTAB/IAIOIINX HHTEPEC C TOYKH 3PeHHUs
YCTOMYUBOTO HCIIOJIb30BAHMS OKEAaHOB U PECYPCOB,
KOTOpBIE OHU MOJIIEP>KUBAIOT.
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Prologue

B EARTH OBSERVATIONS AND THE GLOBAL (OCEAN
OBSERVING SYSTEM

Changes in physical and ecological states of marine sys-
tems, often caused by human activities, directly affect the
safety and well being of human populations (Field et al.,
2002; GESAMP, 2001; IWCO, 1998; Watson et al., 1998).
Coastal marine and estuarine ecosystems (Jackson et al.,
2001) and human populations (Nicholls and Small, 2002)
are especially vulnerable to the negative impacts of these
changes. These realities have led to numerous international
agreements that require sustained and routine observations
of oceanic and coastal systems to achieve their goals, includ-
ing the following:

¢ UN Convention on the Law of the Sea (UNCLOS, in-
cluding the agreement on Straddling Fish Stocks and
Highly Migratory Fish Stocks),

* Regional Seas (target water quality) and Fisheries Man-
agement Conventions and Agreements,

* Jakarta Mandate (biodiversity),

¢ Ramsar Convention on Wetlands,

* Global Plan of Action on Land-Based Sources of Pollu-
tion,

 Safety of Life at Sea (SOLAS) Convention,

* Framework Convention on Climate Change,

* UN Conference on Environment and Development
(UNCED) (Rio de Janeiro, 1992),

» Convention on International Trade in Endangered Spe-
cies (CITES), and

* UNCED Programme of Action for Sustainable Develop-
ment (Johannesburg, 2002).

In 2003, over thirty nations agreed to a declaration at the
Earth Observing Summit' affirming the need “to monitor
continuously the state of the Earth, to increase understand-

1 http://www.earthobservationsummit.gov/declaration.html
2 http://earthobservations.org/docs/IPTT_201-1web.pdf
3 http://www.igospartners.org/

ing of dynamic Earth processes, to enhance prediction of
the Earth system, and to further implement our international
environmental treaty obligations”, and, thus the need for
“timely, quality, long-term, global information as the basis
of for sound decision making.” The declaration called for
the following:

* Improved coordination of strategies and systems for ob-
servations of the Earth and identification of measures
to minimize data gaps, with a view to moving toward a
comprehensive, coordinated, and sustained Earth obser-
vation system or systems;

* A coordinated capacity building effort to involve and
assist developing countries in improving and sustaining
their contributions to earth observing systems including
access to and effective utilization of observations, data
and products, and related technologies;

* The exchange of observations recorded from in situ, air-
craft, and satellite networks, dedicated to the purposes of
the Earth Observing System, in a full and open manner
with minimum time delay and minimum cost, recogniz-
ing relevant international instruments and national poli-
cies and legislation; and

* Formulation of a 10-year Implementation Plan for a
Global Earth Observing System of Systems (GEOSS)
that builds on existing systems and initiatives.

A draft of the 10-year plan has been completed® and will
be used as the basis for negotiating the final plan at the fifth
meeting of the Group on Earth Observations (GEO) in late
2004.

Establishing a global system of observations for the coastal
ocean as part of the Integrated Global Observing Strategy
(IGOS)* will be a major contribution toward establishing
the GEOSS and an important step toward making it
possible for the world’s nations to achieve the goals
and requirements of international agreements and con-
ventions.
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B DEVELOPING THE COASTAL MODULE OF THE
GLOBAL OCEAN OBSERVING SYSTEM

The Global Ocean Observing System (GOOS) is evolv-
ing as two interdependent modules, one for the global
ocean and one for coastal marine and estuarine systems
(I0C, 1998). The global module is primarily concerned
with improving marine weather forecasts and marine
services, predicting basin scale oscillations (e.g. the
ENSO, PDO, NAO), and predicting decadal scale cli-
mate changes (e.g. global warming and sea level rise).
Initial plans for this module have been completed (I0C,
1999) and implementation has begun®.

Applications of data and information from the global
module for mitigating and controlling the effects of
natural hazards and climate change on ecosystems and
socio-economic systems are most valuable in the coast-
al zone where human population density is highest and
growing rapidly (Nicholls and Small, 2002) and ecosys-
tem goods and services are most concentrated (Costanza
etal., 1997). Thus, the use of data and information from
the global ocean module for these purposes depends to
a significant extent on implementing the coastal module
both regionally and globally.

The coastal module® is primarily concerned with es-
tablishing an observing system that provides data and
information required to mitigate and manage the effects
of natural hazards (e.g. tsunamis, tropical storms), cli-
mate change (e.g. sea level rise, warming) and human
activities (e.g. land-use practices, extraction of natural
resources, shipping) on coastal systems and their ca-
pacity to sustain goods and services of value to human
society. To these ends, the Integrated Design Plan for
the coastal module (IOC 2003, p. 51-54) calls for the
implementation of regional coastal ocean observing
systems and the networking of these systems globally
to form a Global Coastal Network (GCN). The former
has already begun.

Regional observing systems are most advanced in the
developed world and less advanced or non-existent in the

http://www.wmo.ch/web/gcos/publications
http://ioc.unesco.org/goos/docs/GOOS_125_COOP_Plan.pdf
http://www.ceos.org/
http://www.pol.ac.uk/psmsl/programmes/gloss.info.html
http://www.gcrmn.org/

http://www.seagrass.net/

developing world. In addition, although global observ-
ing programmes exist (e.g. satellite-based remote sens-
ing®, marine meteorology, global tide gauge network’,
global coral reef monitoring network®, and the global
seagrass monitoring network®), a multidisciplinary GCN
that incorporates these into an integrated system of ob-
servations, data management, and data analysis has yet
to be established. Here we present the COOP plan for
the phased evolution of such a GCN through the estab-
lishment and networking of GOOS Regional Alliances
(GRAs), National GOOS programmes, and existing
global programmes. The plan focuses on policies and
procedures for establishing regional scale coastal ocean
observing systems. This is an “organic” plan that should
be updated periodically and used to guide the formula-
tion and implementation of action plans as GRAs ma-
ture, the diversity of user groups grows, and new tech-
nologies and understanding enable the evolution of a
fully integrated and comprehensive system. mm



BOX 1. POTENTIAL ECONOMIC BENEFITS OF AN INTEGRATED GLOBAL OBSERVING

SYSTEM (CHEVES, 2003)

For developed countries, national institutions
providing weather, climate and water services
to their citizens contribute an estimated $20-$40
billion U.S. each year to their national econo-
mies. Topical cyclones and tsunamis caused
damage estimated at $300 billion U.S. during
1990-1999. Natural hazards have a dispropor-
tionate impact on developing countries where
they a major barriers to sustainable develop-
ment. Although risks cannot be completely
eliminated, improved forecasts made possible
by integrated global ocean, climate and terres-
trial observing systems will reduce the loss of
life and property and help to mitigate their ef-
fects on renewable resources.

The annual cost of electricity could be decreased
by > $1 billion U.S. by improving the accuracy
of regional weather forecasts by 0.5°C through
improved ocean-climate observations.

Through improved models and more accurate
and timely estimates of sea surface current and
wave fields, the cost (economic and environmen-
tal) of oil pollution can be reduced significantly
by more efficient and effective deployment of
clean-up equipment. A 1% reduction in oil spill
volume in the Gulf of Maine alone is estimated
to save $750,000 U.S. per year.

Shipping accounts for 95% of transported goods
worldwide. More accurate and timely forecasts
of water depth in ports and harbors will allow
ships to carry more cargo increasing the safety
of profits of marine operations. More accurate
and timely forecasts of surface current and wave
fields will reduce time and fuel costs through
more effective ship routing!®.

The Global Burden of Human Disease, caused
by sewage pollution of coastal waters is esti-
mated at 4 million lost ‘man-years’ every year,
which equals an economic loss of approximately
16 billion US$ a year''. The annual income from
recreational activities in the world’s coastal
zone (including the use of bathing beaches and

seafood consumption), which is estimated to be
on the order of $100 billion U.S. per year, is
threatened by pollution from land-based sources
from both point (e.g., increases in the discharge
of partially treated waste water containing hu-
man pathogens, nutrient pollution, and toxic
chemicals) and non-point sources (e.g., inputs
of contaminants through surface runoff and at-
mospheric deposition). Improved estimates of
these inputs and models of coastal circulation
and water quality will reduce risks of human ex-
posure, provide the data and information needed
for more effective control of anthropogenic in-
puts, and recreational income.

In recent years, the economic losses caused by
Harmful Algal Blooms (HABs) worldwide are
causing great concern. Recently, HAB outbreaks
along Chinese coast have been estimated to be
greater than $1.2 billion U.S. An HAB (NSP)
outbreak in 1987-88 closed more than 400 km of
North Carolina coastline for shellfishing during
the peak harvesting season, causing economic
losses estimated at $25 million. More rapid de-
tection and timely predictions of HABs will re-
duce economic losses.

Nearly 75 per cent of fisheries are categorized
as overfished or fished to the limit, and large
fish stocks have fallen to 10 per cent or less of
their numbers at the onset of commercial fishing
(Balmford et al. 2004)'2. The associated eco-
nomic losses are very large ($ billions) and im-
possible to realistically measure. Establishment
of the coastal module of GOOS is required to en-
gage in ecosystem-based, adaptive management
of fisheries and other living marine resources as
the means to restore and sustain healthy stocks
of living marine resources.

10  http://www.us.weathernews.com
11 http://www.gpa.unep.org/pollute/sewage.htm
12 http://www.pnas.org/cgi/content/abstract/0403239101
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1. Meeting Societal Needs in the Coastal Ocean

B 1.1 THE IMPLEMENTATION STRATEGY - OVERVIEW

The coastal module of GOOS is being implemented by
nations, GOOS Regional Alliances (GRAs), and inter-
national bodies supported by nations. Coordinated de-
velopment of a sustained and integrated observing sys-
tem for the coastal ocean on a global scale requires a
dual-track approach that addresses (i) the unique needs
of individual nations and GRAs for data and informa-
tion on coastal marine and estuarine systems as well as
(i1) needs that are common to all or most nations and
GRAs. The rationale for and the conceptual design of
such a system are given in the Integrated Design Plan
(I0C, 2003; p.51-54) and summarized in Chapters 1 and
2 herein. A governance structure for managing devel-
opment of the coastal module is also recommended in
Chapter 2. Recommended actions for implementing the
observing, data management, and data analysis subsys-
tems are set forth in Chapters 3, 4 and 5, respectively.

Developing a fully integrated, multi-disciplinary global
system for the coastal module of GOOS is especially
challenging for at least two reasons: (1) monitoring and
research activities in much of the world’s coastal ocean
are non-existent or primitive at best; and (2) operation-
al capabilities for detecting, assessing and predicting
changes in public health risks, ecosystem health, and the
sustainability of living marine resources are poorly de-
veloped relative to those for marine operations, weather
forecasting, and climate prediction. Meeting these chal-
lenges will require major investments in capacity build-
ing (Chapter 6).

Pilot projects (section 1.5 below) are critical to the de-
velopment of both regional coastal ocean observing
systems and the GCN. Throughout the document, pilot

projects are given as examples to illustrate processes
of implementation. Because of their importance in ac-
celerating implementation, a set of pilot projects is de-
scribed in Chapter 7 to highlight the kinds of efforts that
will be needed.

Sustained operation and development will require the
support of data providers, a diverse community of end-
users, and sponsors. For the more complex and ad-
vanced operational activities this can best be achieved
through the formulation and repeated use of metrics or
indicators that measure system performance in terms of
the sustained provision of required data streams, quality
control, access to data, efficient linkages between re-
search and the development of operational capabilities,
and the provision of data-products at rates and in forms
specified by the users. Thus, the implementation strate-
gy concludes with a chapter on developing performance
metrics (Chapter 8).

Finally, this plan represents the work of the Coastal
Ocean Observations Panel (COOP), invited experts, and
the IOC-GOOQOS Secretariat (Annex I). This implemen-
tation strategy presents recommended first steps that
should be taken to develop an integrated and sustained
observing system for the coastal ocean on a global scale.
This is a “living document” that will need to be updated
periodically as the coastal module evolves in response
to growing demand for data and information, advances
in technology and understanding, and funding by par-
ticipating countries.

With the completion of this strategic plan, the COOP
will have completed its charge, and a new panel should
be formed to formulate and promote action plans for
implementing this strategic plan.
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Action 1.1: The COOP recommends that it be dis-
solved once the “Implementation Strategy for the
Coastal Module of the Global Ocean Observing
System” has been approved by the GSSC and the
I-GOOS. The GSSC should take on the responsibil-
ity for the provision of science and technical guid-
ance for implementing the coastal module of GOOS.
The GSSC must be expanded to include the required
areas of coastal expertise and given the authority
to include experts as needed. In collaboration with
the GRAs, the GSSC should periodically assess
progress in implementing the coastal module and
prepare, and update as needed, an action plan for
implementing actions recommended herein. The ac-
tion plan should include recommendations for pilot
projects needed to build capacity globally.

B 1.2 AN INTEGRATED APPROACH TO MEETING
SociETAL NEEDS

The coastal module of GOOS is intended to develop
an integrated'® and holistic approach to achieving
six societal goals:

* improve the capacity to detect and predict the ef-
fects of global climate change on coastal ecosys-
tems;

* improve the safety and efficiency of marine op-
erations;

* more effectively control and mitigate the effects
of natural hazards;

* reduce public health risks;

* more effectively protect and restore healthy eco-
systems; and

* more effectively restore and sustain living marine
resources.

Coastal systems are experiencing unprecedented
changes and becoming more susceptible to natural
hazards (e.g. tsunamis, storm surge flooding), more
costly to live in, and less able to support living re-
sources. A broad spectrum of phenomena from
global warming and sea level rise to harmful algal
blooms (HABs) and losses of biodiversity (Figure
1.1) are exhibiting troubling trends in their magni-
tude or frequency. Industries working in the coastal
zone need ever more detailed information to com-

ply with environmental standards and to reduce
accidents. Trends such as these are related to both
natural processes and increasing human demands on
coastal ecosystems to support commerce, living re-
sources, recreation, and living space and to receive,
process, and dilute the effluents of human society.
Informed management for sustained use of these
goods and services requires the capacity to routine-
ly and rapidly assess the state and health of marine
systems, detect changes on a broad spectrum of time
and space scales, and provide timely predictions of
likely future states. We do not have this capacity to-
day.

Examples of the data-products needed to achieve
the goals that establishment of the coastal module
will make possible are listed in Table 1.1. Although
each of these goals and associated products have
unique requirements for data and information, there
are also many shared data and information needs.
Likewise, many of the requirements for data com-
munications and management are similar across all
six goals. Thus, an integrated approach to develop-
ing this multi-use, multi-disciplinary observing sys-
tem is feasible, sensible, and cost-effective. Some
installations can be started at once on a pragmatic
basis, but the fully integrated system meeting all
six goals will take many years. In particular, sys-
tems that have proven useful in one region (e.g. the
Tsunami Warning System in the Pacific, Box 1.1)
should be established in other regions with similar
risks as soon as possible.

In addition to sustained and timely provision of
marine data and information to decision makers,
achieving these goals will require an informed and
supportive public. Thus, the developers of the coast-
al module will work closely with UN agencies to
facilitate public access to and use of GOOS data and
information.

13 An integrated system efficiently links observations to models via a data
management and communications subsystems that provides rapid ac-
cess to diverse data from many sources (Chapters 2 — 5); is multidis-
ciplinary (measures and manages meteorological, physical, chemical,
biological and geological data); provides rapid access to diverse data
from many different sources; and serves data and information required
for many applications.
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BOX 1.1. OVERVIEW OF THE PACIFIC TSUNAMI WARNING SYSTEM

The Pacific Tsunami Warning System (PTWS)
monitors seismic activity and sea level throughout
the Pacific Basin to provide early warning and mit-
igate the impacts of tsunamis on the populations
and economies of 26 participating nations. As part
of an international cooperative effort to save lives
and protect property, the U.S. National Oceanic and
Atmospheric Administration’s (NOAA) National
Weather Service operates tsunami warning centers
in Palmer, Alaska and Ewa Beach, Hawaii. The lat-
ter serves as the regional Tsunami Warning Center
for Hawaii and as a national/international warning
center for tsunamis that pose a Pacific-wide threat.
This international warning effort became a formal
arrangement in 1965 when the Hawaii center as-
sumed the international warning responsibilities of
the Pacific Tsunami Warning System (PTWS).

Tsunami Watch and Warning Determination — The
PTWS detects, locates, and determines the magni-
tude earthquakes that are likely to cause tsunamis
in the Pacific basin and its margins. When the lo-
cation and magnitude of an earthquake meet speci-
fied criteria for tsunami generation, a warning
(arrival time, sea level) is issued to alert coastal
populations of an imminent tsunami hazard. The
International Tsunami Information Center of the
Intergovernmental Oceanographic
monitors and evaluates the performance and effec-
tiveness of the Pacific Tsunami Warning System.
This encourages the most effective data collec-

Commission

tion, data analysis, tsunami impact assessment and
warning dissemination to all PTWS participants.
Tsunami Warning Dissemination — Tsunami
watch, warning, and information bulletins are dis-
seminated to appropriate emergency officials and
the general public by a variety of communication
methods. Tsunami watch, warning and information
bulletins are disseminated to local, state, national
and international users as well as the media. These
users, in turn, disseminate the tsunami informa-
tion to the public, generally over commercial ra-
dio and television channels. The NOAA Weather
Radio System, based on a large number of VHF
transmitter sites, provides direct broadcast of tsu-
nami information to the public. The U.S. Coast
Guard also broadcasts urgent marine warnings
and related tsunami information to coastal users
equipped with medium frequency (MF) and very
high frequency (VHF) marine radios. Local au-
thorities and emergency managers are responsible
for formulating and executing evacuation plans for
areas under a tsunami warning. The public should
stay-tuned to the local media for evacuation orders
should a tsunami warning be issued. And, the pub-
lic should NOT RETURN to low-lying areas until
the tsunami threat has passed and the “all clear” is
announced by the local authorities.

http://www.geophys.washington.edu/tsunami/general/warning/warning.html
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SOCIETAL GOALS EXAMPLE PRODUCTS

Weather & Climate

(1) Improved estimates of surface fields of temperature,
salinity, currents & waves; (2) Improved estimates of air-
sea exchanges of heat, water, and carbon; (3) Improved
predictions on seasonal and longer time scales.

Maritime Operations

(1) Maintain navigable waterways more effectively; (2)
Route ships more safely & cost-effectively; (3) Improved
search, rescue, and emergency response capabilities; (4)
Safety forecasts for offshore energy production.

Natural Hazards

(1) Improved forecasts of the temporal and spatial extent
of storm surge coastal flooding; and tsunamis; (2) Rapidly
detect and predict the effects of habitat modification and
loss in the coastal zone on flood and health risks; (3) Dis-
seminate and provide rapid access to real-time observa-
tions and warnings of hazards.

Public Health

(1) Establish international standards for estimating risks
of illness or injury from exposure to pathogens, toxins,
and hazards (water contact); (2) Establish international
standards for estimating risks of illness from consuming
seafood.

Ecosystem Health

(1) Regional climatologies for sea surface temperature,
salinity, dissolved nutrients, chlorophyll-a, and harm-
ful algal blooms; (2) More timely assessments and pre-
dictions of changes in the distribution and condition of
benthic (coral reefs, sea grasses, mangroves, and tidal
marshes) and pelagic (hydrography, currents and waves,
anoxia) habitats and species diversity; (3) More timely
assessments and predictions of the distribution and tox-
icity of harmful algae, presence of invasive species, and
occurrence of diseases in and mass mortalities of marine
animals (fish, mammals, & birds).

Living Resources

(1) More accurate & timely predictions of annual fluc-
tuations in spawning stock size, distribution, recruitment,
and sustainable yields for exploitable fish stocks; (2)
Detect changes in the spatial extent and condition of es-
sential fish habitat more rapidly; (3) Improve assessments
and predictions of the effects of fishing on habitats and
biodiversity; (4) Establish and monitor the effectiveness
of Marine Protected Areas.

Table 1.1. The six societal goals and examples of products needed to achieve these goals. Collectively, the six goals
have common requirements for data and information. For example, search and rescue, health risks of exposure to patho-
gens while swimming, and forecasts of the trajectories of oil spills and harmful algal blooms all required nowcasts of
surface current fields. The coastal module of GOOS is being designed and implemented to meet common data require-
ments and to provide data needed to serve products such as those listed.
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®m 1.3 AN OBSERVING SYSTEM FOR SUSTAINED USE
oF THE OCEANS AND ITS RESOURCES

Sustainable use of marine systems and the goods and
services they support depends on (1) efficient coupling
between advances in the environmental sciences and
their application for the public good (Figure 1.2) and
(2) our understanding of the interdependency of eco-
logical and socio-economic systems (section 1.2.2).
Today, there are unacceptable disconnects between
these processes on both counts (Malone et al., 1993;
Bowen and Riley, 2003). Although the challenges
are many, coordinated development of the coastal
modules of GOOS and GTOS provides an important
means to bridge the gap between science and man-
agement through the routine and repeated provision
of scientifically credible, quantitative assessments of
the status of coastal ecosystems across the land-sea
interface on local, regional and global scales.
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Figure 1.1. The state and health of marine systems
are defined by the phenomena of interest which are often
local expressions of larger scale forcings that may be of
natural origin, anthropogenic origin, or both. (IOC, 2003).
Forcings include natural hazards (extreme weather, tsu-
namis, volcanic activity, earthquakes), global climate
change, land-based sources of pollution, extraction of
natural resources, shipping (including oil spills and intro-
duction of non-native species), dredging and the construc-
tion of dams. As a group, these forces and phenomena
span a broad spectrum of variability in time, space and
ecological complexity.

Research Meteorologists

World Weather Watch
Observing System

Numerical Weather
Predictions

Oceanography
Marine&Estuarine Science
Landscape Ecology

Global Ocean
Observing System

* ICM
* Environmental Protection
* Resource Management

¢ Coastal Engineering

Figure 1.2. The observing system for the World Weather Watch is operational (routine, continuous provision of data
and products of known quality) with guaranteed data streams and products (numerical weather and climate predictions).
Numerical weather nowcasts and forecasts are not dependent on the meteorological research community directly, but the
observing system benefits from meteorological research through improved technologies and models. The observing sys-
tem also contributes to advances in the science of meteorology and to improved predictions of climate change on decadal
time scales. However, its primary purpose (and motivation for government funding) is to predict the weather for the
public good. A similar, but far more complex system, is needed for coastal and oceanic environments. It is more complex
in terms of the sheer number of variables, the multiplicity of site-specific processes, the diversity of applications and the

multi-disciplinary science foundation required to develop a fully integrated system that addresses all six societal goals.
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1.3.1 Ecosystem-Based Management

All coastal ecosystems are subject to multiple forc-
ings from both natural and anthropogenic sources,
and the effect of one is often exacerbated by others
(e.g. storm surge hits a coast community at high tide;
oyster harvests increase the susceptibility of estuaries
to eutrophication). Changes in frequency or long-term
trends in the magnitude of the phenomena of interest
(frequency of tropical cyclones, interannual declines
in fish catch, seasonal oxygen depletion, episodic
harmful algal blooms, etc.) reflect both the dynamics
of coastal ecosystems and the nature of the external
forces that impinge on them directly or indirectly via
the propagation of variability across global, regional,
and local scales. Thus, implementation of the coastal
module must take into account the effects of both natu-
ral processes and human uses.

However, current efforts to manage human uses and miti-
gate their impacts, and those of natural hazards, typically
focus on specific human activities (e.g. fishing mortality,
sewage pollution, physical alteration of habitats), specific
habitats and places (mangrove forests, marshes, coral reefs,
sea grass beds, estuaries, flood plains, etc.) or individual
species (fisheries management, identification of endan-
gered species). In most circumstances, due consideration
is not given to the propagation of variability and change
across multiple scales in time, space (Arcos et al., 2001;
Beaugrand et al., 2002; Platt et al., 2003) or ecological
complexity (Botsford et al., 1997; Gardner et al., 2001).

As environmental research reveals the ecological dynam-
ics governing the distribution and abundance of organisms
and their interactions with each other and their environ-
ment, ecosystem-based management is emerging as a uni-
fying approach to safe and efficient marine operations, nat-
ural hazard mitigation, environmental protection, resource

BOX 1.2. THE ANNAPOLIS PROTOCOL: AN ECOSYSTEM-BASED APPROACH

TO PUBLIC HEALTH

Tourism is the most important source of revenue
for many coastal states. When access to bathing
beaches is denied due to elevated concentrations
of pathogenic microorganisms, significant declines
in the value of tourism to national economies often
result. The development of an integrated and sus-
tained observing system that provides the data and
information for rapid detection of pathogens and
timely forecasts of exposure risk (by combining
current fields with indicators of risk) would be of
great societal benefit. The issue of assessing and
forecasting risk has recently been addressed by
the “Annapolis Protocol.”® The protocol highlights
the limitations of using a single indicator organ-
ism and the need for a more comprehensive and
integrated effort. Two microbial indicators of fae-
cal contamination were selected for this sampling
study protocol: faecal streptococci/enterococci
sulphite-reducing Clostridium/Clostridium
perfringens. Guidelines are provided for the estab-
lishment of a beach classification scheme that uses
a suite of factors (e.g., proximity to likely sources
of contamination, levels of wastewater treatment,
riverine inputs, seasonal variations in human pop-
ulation density, and patterns of coastal circulation)

and

to assess potential health risks and recommend
best management practices for risk mitigation.

Several governments have used the Annapolis Pro-
tocol to establish a more comparable, consistent
and integrated approach to bathing beach quality. °
Most recently, the initial intergovernmental pro-
cess was revisited and a revised and expanded set
of guidelines were released by the World Health
Organization.© Implementation of the Coastal
Module of GOOS with the development of mea-
surements and products will allow nations to
achieve the objectives of the Annapolis Protocol
and expand the concept to measurement of many
other parameters.

a  WHO/SDE/WSH/99.1 — Health-Based Monitoring of Recreational
Waters: The Feasibility of New Approach (the Annapolis Protocol).

b  U.S.E.PA., National Beach Guidance and Required Performance
Criteria for Grants, June 2002, EPA-823-B-02-004 (http://www.epa.
gov/waterscience/beaches/grants/guidance/all.pdf); New Zealand,
Ministry of the Environment, Microbiological Water Quality Guide-
lines for Marine and Freshwater Recreational Areas June 2003, Ref.
ME474.
http://www.mfe.govt.nz/publications/water/microbiological-quality-
jun03/index.html

¢ Guidelines for Safe Recreational Water Environments — Vol. 1:
Coastal and Fresh Waters. WHO, 2003, ISBN 92 4 1545801. http://
whqlibdoc.who.int/publications/2003/9241545801_contents.pdf
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management, land-use planning and environmental engi-
neering (NRC, 1999; Sherman and Duda, 1999; UNEP,
2001; Cicin-Sain and Knecht, 1998; Brander et al., 2003;
Turrell, 2004). This is especially significant in coastal sys-
tems where the combined effects of habitat alterations,
land-based sources of pollution, over fishing, harmful al-

gal blooms, and invasive species are most severe (Botsford
et al., 1997). Ecosystem-based strategies consider the ef-
fects of human activities in the context of natural variabil-
ity and change, e.g. changes in hydrographic regimes and
fish landings (Francis et al., 1998; Peterson and Schwing,
2003; Reid et al., 2003a).

BOX 1.3. TIME SERIES OF SARDINES/ ANCHOVIES-CLIMATE IN PACIFIC

The coherence in catches of sardines throughout the
Pacific and alteration in the dominance of anchovies
and sardines in long-term catch records have been re-
lated to decadal scale cycles in air and water tempera-
tures, atmospheric circulation, atmospheric carbon
dioxide levels, and ecosystem indicators (Chavez et
al. 2003). Alternating periods of sardine- and ancho-

vy-dominance are associated with alternating periods
of warm and cold water caused by the Pacific Decadal
Oscillation (PDO). These relationships illustrate that
ecosystem-based, adaptive management of these
fisheries must account for low frequency changes in
hydrographic regimes that, in this case, appear to be
related to the PDO.
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Implementing a strategy of ecosystem-based manage-
ment requires the capability to engage in adaptive man-
agement, a decision making process that depends on rou-
tine and rapid detection of changes in the state of coastal
ecosystems and on timely predictions (with estimates of
uncertainty) that such changes will occur, both of which
depend on the sustained and routine provision of data
and information on oceans and coasts. Recent attempts
to quantify the state of coastal marine and estuarine eco-
systems on regional to global scales demonstrate the in-
adequacy of current monitoring and data management
activities (Malone et al., 2004).

1.3.2 Indicators of the State of Marine Systems

Societal needs can only be met efficiently, and continued
investment in coastal ocean observing systems justified, if
the efficacy of environmental management decisions based
on data and information from ocean observations can be
measured. For some applications, such as ship routing and
search and rescue, benefits are relatively easy to determine.
However, where coastal observing systems are intended to
support management of many activities in intensively used
regions or in a fragile ecosystem, more complex methods
for monitoring success or failure are required. In these cases,
there is an immediate need for regional and global scale ma-
rine indicators that can be used as cost-effective tools for
ecosystem-based management, understanding the impacts
of human activities, managing for sustainable human uses,
promoting collaboration among nations and disciplines, and
establishing standards and protocols for data collection and
quality assurance (Corcoran, 2003; Malone et al., 2004).

Marine indicators must be credible and command the at-
tention of decision makers. Like economic indicators, in-
dicators of the state of marine systems are needed because
it is not possible to measure everything, everywhere, all
of the time. Providing the data needed to monitor indica-
tors over time can help to determine whether problems
are developing, whether action is necessary, and what ac-
tion is likely to be most effective. Changes in indicators
over time can also be used to evaluate the efficacy of past
decisions and actions. Some indicators of the state of the
physical environment (e.g. global mean temperature of
the atmosphere, heat content of the oceans, atmospheric
carbon dioxide) are in use today. A manageable set of in-
dicators of comparable power for public health risks, the
condition of marine ecosystems, and the sustainability of
living marine resources is clearly needed.

The development of a consistent set of internationally ac-
cepted indicators that describe the state of ecosystems and
natural resources on national, regional and global scales
has been elusive, in part because of the lack of accepted
criteria for evaluating indicators and in part because the
data required to quantify them repeatedly and routinely
over time are lacking or difficult to access. Implemen-
tation of the coastal module of GOOS will address the
latter once data requirements have been specified and
implementation has begun. To provide a common frame-
work for indicator development, a checklist of criteria for
evaluating indicators has been prepared (NRC, 2000):

* Does the indicator provide information on the state or
condition of important ecosystems, habitat or living
resources on appropriate scales in time and space?

* Is the indicator based on generally accepted models of
the structure and function of the system to which it is
applied?

* Is the indicator reliable and what is the evidence for
this? Does the indicator serve its intended purpose in
terms of accuracy, sensitivity, precision and robustness
(the indicators ability to provide useful assessments in
the context of environmental “noise”)?

* Have the data requirements for calculating the indi-
cator repeatedly at appropriate rates, with known ac-
curacy and precision, and on appropriate time-space
scales been determined?

* Are the required, quality controlled data available in
real time or delayed mode as specified by the users?

* What technical and conceptual skills must the data
providers possess for users to have confidence in the
indicator?

¢ [s the indicator comparable or compatible with indica-
tors in use elsewhere, and is it consistent with interna-
tionally accepted standards?

* s the indicator cost effective in terms of the cost of
providing the required data and its effectiveness to de-
cision makers?

Improved models of ecosystem dynamics and the ability
to more rapidly detect changes in those variables required
to parameterize and initialize these models are needed to
establish a set of indicators that meet these criteria. Emer-
gence of the science of ecological forecasting (Clark et
al., 2001; Hofmann and Friedrichs, 2002) and rapid ad-
vances in sensor technologies, capacity for real-time data
telemetry, and computing power are making it possible to
achieve this goal. Development of the coastal module of
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Figure 1.3. Example schematic of the Driver-Pressure-State-Impact-Response (DPSIR) model. Drivers describe large-
scale patterns of human activity, e.g. agricultural practices and the use of fertilizers in a drainage basin. The resulting pres-
sure is in the form of increases in nitrogen and phosphorus loading which change the state of coastal marine ecosystems by
causing algal blooms and depletion of oxygen (anoxia) in bottom water. Algal blooms result in the loss of sea grass beds
and benthic habitats reducing the carrying capacity of the marine ecosystem for living resources and associated declines in
fish landings or consumer demand (impact). Government institutions respond by regulating the use of fertilizers by agricul-
ture (driver) to control nutrient loadings (pressure), etc. In this example, all of the arrows are one way. However, feedbacks
(2-way arrows) often occur among compartments. For example, the driver (agriculture community) may fight the passage
of laws to regulate fertilizer use (response) resulting in a different outcome. Grey compartments indicate human activities
that have social and economic consequences. White compartments indicate environmental conditions.

GOOS as part of the Integrated Global Observing Strat-
egy and the Global Earth Observing System of Systems!*
will provide the framework for linking these advances to
provide data at rates and in forms required for routine and
regular reports on state and state changes in marine sys-
tems and for ecosystem-based, adaptive management.

1.3.3 A Unifying Approach Across the Land-Sea
Interface

There is a clear need for a more holistic view of system
dynamics that links ecological and socio-economic across
the land-sea interface. As discussed in the Strategic Design
Plan (IOC, 2003; p. 86-87 and Annex X)" and illustrated
in Figure 1.3, the Driver-Pressure-State-Impact-Response
(DPSIR) model (Bowen and Riley, 2003; TUCN, 2000)

provides a framework for achieving this by relating large-
scale human drivers of change (e.g. increases in popu-
lation density and land use patterns in coastal drainage
basins) to pressures (e.g. extraction of living resources,
nutrient loading and contaminant loading of coastal marine
ecosystems), changes in state (harmful algal dynamics,
eutrophication) of coastal ecosystems, their consequences
or impacts (e.g. loss of commercial fishing value, public
health costs, costs of coastal flooding), and management
responses to them (e.g. fishery management, management
of land-use activities, sewage treatment). Simultaneous,
integrated and sustained observations of both socio-eco-
nomic and environmental variables are needed to effec-

14 http://www.epa.gov/geoss/
15 http://ioc.unesco.org/goos/docs/GOOS_125_COOP_Plan.pdf
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tively link each of these phases. A user-driven procedure
has been developed to help identify key socio-economic
indices of human activities required to make this linkage
(Annex II). The procedure is a modification of that used to
identify the “common” variables for the GCN15 and can
be used as a guide for GRAs to determine priorities for
observations and data analysis.

As emphasized in the IGOS Coastal Theme Report
(http://www.igospartners.org), the DPSIR approach
provides a useful model for guiding the coordinated
development of the coastal modules of GOOS and
GTOS (FAO, 2005). Both systems clearly have com-
mon needs for socio-economic and environmental
information and their respective Panels should col-
laborate in the development of the DPSIR model as
a means to establish priorities for implementation
of observing systems that transcend the land-sea in-
terface.

BOX 1.4. PUBLIC HEALTH AND ECONOMIC
IMPACTS OF WASTEWATER POLLU-
TION FROM LAND-BASED SOURCES
The annual global cost of infectious diseases caused
by sewage disposal into coastal marine and estua-
rine ecosystems is estimated to be $12 B U.S.

A recent study of human infectious diseases associ-
ated with bathing in sewage polluted coastal waters
and eating raw (or lightly steamed) shellfish har-
vested from such waters showed a strong correla-
tion between exposure and the incidence of gastro-
intestinal and respiratory diseases (Shuval, 2003).
It is estimated that there are about 4 million cases
of infectious hepatitis A and E (HAV/HEV) result-
ing in about 40,000 deaths and 40,000 cases of
long term disability due primarily to chronic liver
damage from shellfish consumption. Until recently,
these have been viewed as being local problems.
However, human wastes from some 3 billion peo-
ple (about 50% of the world’s coastal population)
are discharged into coastal waters globally. This is
clearly a problem that requires coastal observations
on a global scale.

B 1.4. LINKING OBSERVATIONS TO APPLICATIONS:
A HIERARCHY OF SYSTEMS

Successful prevention, control and mitigation of the ef-
fects of human activities, natural hazards and climate
change depend on the capacity to anticipate changes
with sufficient lead-time to make informed decisions
with desired outcomes (Clark et al., 2001). Informed
decisions, whether they are concerned with ship rout-
ing, beach closures, fisheries management, pipe-laying,
mitigating the effects of an oil spill or global change,
require the provision of useful marine data and infor-
mation at rates tuned to the time scales at which deci-
sions must or should be made. To these ends, the coastal
module of GOOS must develop to meet the following
criteria:

* measurements, data streams, and analyses required
by user groups are sustained, routine, guaranteed,
continuous (or repetitive as needed), and of known
quality;

* measurements and data analyses (e.g. modelling) are
efficiently linked via integrated data management
and communications;

observations capture a broad spectrum of vari-

ability in time, space and ecological complexity

(Figure 1.1);

* observations are multi-disciplinary and the resulting
data streams and products support a broad diversity
of applications (Figure 1.2); and

¢ the system provides data and information required to

relate changes in environmental systems to changes

in socio-economic systems.

The establishment and maintenance of such a user-driv-
en, sustained, integrated and end-to-end system is the
purpose of the coastal module of the Global Ocean Ob-
serving System (GOOS). As discussed in Chapters 2 and
3, the coastal module consists of regional coastal ocean
observing systems (RCOQOSs) and a Global Coastal
Network (GCN) (Figure 1.4). Driven by national and
regional priorities, RCOOSs are currently developing
globally. The GCN measures and processes common
variables through both remote sensing and in situ ob-
servations at a sparse network of reference and sentinel
stations. The GCN will be established by networking
RCOOSs and incorporating existing global observing
systems, such as the global sea level observing system
(GLOSS). Thus, RCOOSs will both contribute to and
benefit from the GCN.



BOX 1.5. EMERGENCY RESPONSE TO OIL SPILLS

Accurate predictions of surface currents are required to
mitigate the effects of oil spills cost-effectively. Fore-
casts of oil spill trajectories can be made more accurate
and timely through real-time observations and model
predictions of surface currents. To this end, the Tex-
as General Land Office (TGLO) in the United States
established a network of moored current meters (the
Texas Automated Buoy System or TABS) in the Gulf
of Mexico in 1994. Surface current vectors are reported
in real-time to validate numerical model nowcasts and
forecasts of surface current fields over the Louisiana-
Texas shelf. The importance of this observing-model-

ling system was demonstrated in March of 1996 when
5,000 barrels of intermediate fuel oil was spilled at the
entrance of Galveston Bay. Working together, the U.S.
National Oceanic and Atmospheric Administration
(NOAA) HAZMAT modelling team and the TGLO’s
trajectory modelling team used TABS data and com-
puter simulations to forecast the movement of the oil
patch with unprecedented accuracy. For the first time,
models were initialized with real-time data rather than
educated guesses based on climatologies. The current
field was known within minutes of the spill which was
tracked continuously for 24 days.
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Initially, currents were to the northeast currents (an unusual condition by historical standards) suggesting that Sabine Pass on
the Louisiana-Texas border was at risk (A) and an alert was issued setting in motion an emergency response. Using TABS
data and model predictions, flow was predicted to shift to the southwest hours prior to the actual reversal (B). TABS real-
time data gave decision makers the confidence needed to discontinue the alert and allowed the emergency response team
to refocus the emergency response on the Matagorda Island region where the spill was now projected to make land-fall.
Without TABS data and improved model predictions (more accurate and timely), preparations for protecting Sabine Pass
would have continued, resulting in wasted time, effort, and resources ($225,000) in an area that was no longer threatened.
Since then, TABS has been called on to provide information for command decisions in more than two dozen spills along the
Texas coast (URL: http://www.csc.noaa.gov/coos/texas_gulf.html#tabs).
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1.4.1 Regional Coastal Ocean Observing Systems

The phenomena of interest encompassed by the six
societal goals are diverse and exhibit a broad range
of characteristic time-space scales of variability and
change (Figure 1.1). The challenges of developing
observing systems that provide required data at ap-
propriate rates are made more difficult by the reality
that the coastal zone is complex and differs substan-
tially from place to place on a global scale in terms
of both environmental characteristics and human
uses. Thus, development of the coastal module must
take into account the following:

* Globally, the mix of habitats, ecosystems and re-
sources that constitute coastal environments dif-
fer regionally;

* The relative important of the phenomena of inter-
est and how they are expressed differ regionally;

* Political, social and economic priorities for de-
tecting and predicting phenomena of interest dif-
fer among nations and regions; and

* Most international agreements and conventions
that target one or more of the six societal goals
are implemented regionally.

Clearly, observing system requirements, from appli-
cations to measurements, will differ from region to
region, and decisions on which variables to measure,
the time and space scales of measurements, and which
models to use are best made by nations and stakehold-
ers in the regions affected. In this context, it is clear
that national and regional bodies provide the most
effective venue for identifying user groups and for
establishing a user-driven observing system that ef-
fectively link observations to products and services
(I0C, 2003). GOOS Regional Alliances (GRAs!®) and
National GOOS Programmes are forming to meet these
needs (Chapter 3), and a GOOS Regional Policy (An-
nex III) is in place to guide their development. Issues of
implementation, including the need for global coordina-
tion, are addressed in Chapters 2 and 3.

1.4.2 The Global Coastal Network (GCN)

In addition to regional specificity, design and imple-
mentation of coastal GOOS must also take into account
the following:

* The six societal goals have common requirements for
data (Table 1.1), data management and analysis; and
* The phenomena of interest are occurring in coastal

Geophysical

Sea level and Bathymetry

Shoreline position

Temperature and Salinity

Currents and Surface Waves

Sediment grain size

Chemical

Sediment organic content

Dissolved inorganic nitrogen, phosphorus, and silicon

Dissolved oxygen

Biological

Benthic biomass

Phytoplankton biomass

Fecal indicators

Biophysical

Attenuation of solar radiation

Table 1.2. The provisional common variables recommended by the Coastal Ocean Observations Panel to be measured as
part of the Global Coastal Network (IOC, 2003; p. 55-58 and Annex IV). These variables are the minimum number that must
be measured to provide data needed to detect or predict changes of interest to a maximum numbers of user groups. In most
cases, additional variables will need to be measured and analyzed to detect and predict all of the phenomena of interest. This
provisional list of common variables is a first step in the process of determining what variables to measure globally as part of the
coastal module of GOOS. The list will change as the global network of GRAS is established and the coastal module evolves.

16 For the purposes of this document, GRAs include both multi-national
alliances and national GOOS programmes
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waters worldwide and are often local expressions of
larger scale forcings.

Thus, a global approach to the development of the coastal
module is needed to measure and manage common vari-
ables (Table 1.2) and to capture variability and change
across global to local scales.

The observing and data management subsystems of the
GCN measures and processes variables that are required
by most regional systems. These are the common vari-
ables. Depending on national and regional priorities,
GRAs may increase the resolution at which the common
variables are measured, supplement common variables
with the measurement of additional variables and provide
data and information products that are tailored to the re-
quirements of stakeholders in the respective regions. For
the data analysis and modelling subsystem, the GCN is
critical for comparative analyses of changes occurring
within regions on global scales, for global assessments
of changes in the state of coastal marine systems, and for
serving global products including global maps of warm-
ing and sea level rise on national to regional scales. A
major benefit of the GCN, especially for the detection of
global change, is the measurement of key variables with
comparable techniques that are calibrated using accepted
protocols, standards and reference materials (Annex IV).
In these ways, GRAs both contribute to and benefit from
the GCN.

The coastal module will develop into a global network
that links global, regional and local scales of variability
through a hierarchy of observations, data management
and models (Figure 1.4). The network provides econo-
mies of scale, minimizes redundancy, and allows region-
al observing systems to be more cost effective. Such a
linked hierarchy can best be established through the for-
mation of a globally organized and coordinated network
of national and regional observing systems. The GCN
will develop to achieve the following objectives:

* Measure, manage and analyze the common variables
that benefit most if not all National GOOS Programmes
and GRAs (Table 1.1);

* Establish common standards and protocols for mea-
suring common variables and for managing, transport-
ing and analyzing the resulting data streams (Chapters
3,4 and 5);

* Enable efficient communications of data and informa-
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Figure 1.4. The coastal module of GOOS consists of
regional coastal ocean observing systems (RCOOSs) and
a Global Coastal Network (GCN). GOOS Regional Alli-
ances and National GOOS Programmes (GRAs) build the
Global Coastal Network (GCN, solid lines — data streams
for the common variables managed as part of the GCN)
and enhance the network based on regional and national
priorities (dotted lines — additional variables, data man-
agement and modelling capabilities). Note that all of the
common variables may not be measured by all GOOS Re-
gional Alliances.

tion among regions and nations (Chapter 4);

 Establish sentinel and reference stations in coastal wa-
ters (Chapter 3);

* Facilitate capacity building, research and technology
transfer among regions (Chapter 6); and

* Enable comparative ecosystem analyses required to
develop and implement ecosystem-based manage-
ment of resources and the environment (section 1.2.1)

Finally, the development of the coastal module of GOOS
must be coordinated with the ocean-climate module of
GOOS and the coastal module of GTOS (I0C, 2003, p.
29-30, 113 and Annex VI). Additional variables must be
monitored to quantify external forcings of coastal eco-
systems. These include large-scale ocean processes and
inputs from atmospheric and land-based sources to be
measured as part of the overall Integrated Global Ob-
serving Strategy (Table 1.3). Of these, the most impor-
tant drivers of change in coastal waters are vector winds,
precipitation, air temperature, solar radiation, and land-
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Meteorological (WWW)

Atmosphere-Ocean

Land-Based Inputs (GTOS)

(GOOS, GCOS)

Air temperature

Vector winds pCO, Fresh water
Humidity Nutrients
Wet and dry precipitation Sediments

Incident solar radiation

Chemical contaminants & pathogens

Table 1.3. Variables needed from other observing systems that comprise the Integrated Global Observing Strategy
(WWW — World Weather Watch, GCOS — Global Climate Observing System, GOOS — Global Ocean Observing System,

GTOS - Global Terrestrial Observing System).

based inputs. In all cases, increases in the temporal and
spatial resolution of these measurements are needed.

B 1.5 PHASED IMPLEMENTATION

The coastal module will evolve into a fully integrat-
ed global system over time on five fronts, some or
all may be active simultaneously:

» Establishing regional systems, networking them,
and integrating existing global assets (remote
sensing, GLOSS, GCRMN, etc.) through the de-
velopment of integrated data management and
communications (Chapters 3 and 4);

* Enhancing the initial system by increasing the
time-space resolution of observations, increas-
ing the number and diversity of data sets that can
be accessed and analyzed rapidly, and increasing
the skill of model assessments and predictions
(Chapters 3 and 5);

* By establishing RCOOSs globally and imple-
menting pilot projects (Chapters 3, 6 and 7), en-
gage user groups from government ministries,
industry, non-governmental organizations and
universities in developing a coastal system that
provides data at rates and in forms specified by
them;

* Build capacity, especially in tropical regions and
the Southern Hemisphere (Chapter 6); and

* Build capacity through research and development
that leads to improvements in operational capa-
bilities required to achieve all six societal goals.

Each of these will develop at different but related
rates depending on the priorities, resources and in-
terests of nations and GRAs (e.g. more rapidly in

European coastal waters than in the coastal waters
of Africa or South America). On a global scale,
progress will depend on how rapidly GOOS Region-
al Alliances are established worldwide and on the
availability of funds for capacity building (Chapters
3, 6 and 8).

For all regions, those aspects of the observing sys-
tem that provide data and information for improved
climate and weather predictions, safer and more ef-
ficient marine operations, and improved predictions
of coastal hazards are likely to develop more rapidly
than those required for reducing public health risks
and for sustaining and restoring healthy marine eco-
systems and living marine resources (Figure 1.5).
This figure shows that the observations, data man-
agement and models required for safe and efficient
marine services are operational now and are current-
ly provided in many regions by government agencies
and commercial, value-added companies. Research
may improve these services, but they are currently
operational. Unfortunately, as demonstrated by the
recent (December, 2004) catastrophic tsunami in
the Indian Ocean, such operational capabilities have
not been established in all regions globally. This
underscores the importance of building capacity in
the developing world. At the same time, the current
lack of capacity for detecting and predicting those
phenomena that are critical to restoring and sustain-
ing healthy marine ecosystems and living resources
underscores the importance of research and of link-
ing research to the development of operational capa-
bilities more efficiently (IOC, 2003; p. 53; Nowlin
and Malone, 2003). mm



BOX 1.6. DEVELOPING OPERATIONAL CAPABILITIES THROUGH RESEARCH

GOOS evolves in response to user requirements for data
and data-products and services. The evolution of the sys-
tem depends on implementation of known technologies,
and on research and pilot projects to develop new opera-
tional capabilities, especially for those goals related to
public health, ecosystem health and sustainable resources.
Transition from research and development to pre-opera-
tional status is a major step and the joint responsibility of
both research and operational communities. Requirements
for incorporating candidate elements into each stage are as
follows:

Research Projects (experiments) relevant to the de-
velopment of the GOOS are needed to:

* Develop indicators for pollution risks, fisheries
management, ecosystem condition, risks of harm-
ful algal blooms, etc.

* Provide improved and/or new techniques for more
rapid or accurate sensing of one or more of the
core variables, more efficient data management
and communications, more accurate hindcasts
(e.g. climatology), nowcasts (e.g. more accurate
estimates of sea surface temperature, salinity, or
chlorophyll fields), or forecasts of the phenomena
of interest (modelling);

» Establish the most efficient mix of remote and
in situ sensing networks needed to estimate core
variable fields and features; and/or

» Consistently provide data of known quality using
established data management protocols and stan-
dards to achieve GOOS goals.

Pilot Projects repeatedly test (over a range of condi-
tions) technologies, sampling strategies, models, and
software that show promise as potential elements
of the operational system. Such projects may target
specific elements of GOOS (e.g. sensors, models)
or the development of end-to-end observing capa-
bilities (e.g. the Global Ocean Data Assimilation
Experiment, GODAE). This process illuminates
weaknesses, provides opportunities to address those
weaknesses, permits a more effective understanding
of how capabilities may be applied, and gains com-
munity acceptance of new techniques (from mea-
surements to models).

* Proposed pilot projects must specify (1) con-
tributions to the development of GOOS and the
benefits to potential user groups; (2) objectives
and milestones that can be achieved within a
specified, finite period (e.g. less than 5 years);
and (3) a management plan with performance
metrics that advance the GOOS mission.

Pre-Operational Projects are designed to demon-
strate that incorporation of new techniques from pi-
lot projects into the operational system are likely to
lead to more cost-effective operations or improved
capabilities (value added products) and will not
compromise the integrity and continuity of exist-
ing data streams and product delivery of the opera-
tional system. Successful pilot projects or elements
thereof may be considered for pre-operational sta-
tus when they meet the following requirements:

* Demonstrate that incorporation will improve ex-
isting products or produce new products in re-
sponse to user priorities;

* Provide a cost-effective means of delivering
value added products without compromising the
integrity and continuity of existing data streams
and product delivery mechanisms; and

» Provide the supporting infrastructure needed to
operate and maintain the capability.

The Operational System routinely, reliably and
repeatedly provides data and data products in forms
and at rates specified by user groups. In the early
stages this is may be achieved by integrating ex-
isting observational systems from different agen-
cies or countries and improving the data delivery
system to synthesize better products. This stage is
improved through the incorporation of elements
that are successful in a pre-operational mode. Deci-
sions to incorporate a new or additional capability
into the operational system must be approved by
the body (e.g. government ministry, international
organization, or GRA) that is to be responsible for
operating and maintaining that capability. Success-
ful pre-operational projects may be considered for
operational GOOS status upon meeting all of the
following requirements:

(Continued on next page)



R&D Requirements

Compliance with GOOS design principles;
Provide (1) data and information required by the
global module of GOOS, by the GCN or by one
or more GRAS; or (2) new or better products that en-
able one or more of the six goals to be achieved more
effectively or more efficiently;

Data are quality controlled and managed in compliance
with established standards and protocols;

Data and products are delivered on schedule according
to predetermined deadlines;

Ecosystem
Based
Management

Status of

Marine

Ecosystem

Public
Health
Risks
Marine
Services

Degree of Difficulty, Development Time
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e There are dedicated staff responsible for acquisi-
tion and quality control of data and dissemination
of products;

e Methods are economical and efficient;

* Expected benefits are realized on a predetermined
time schedule; and

* The responsible institution or organization has a
clearly identified strategy for sustained funding.

Figure 1.5. Time-dependent development of a fully inte-
grated observing system. Predictions of most of the phenom-
ena of interest require the same physical and meteorologi-
cal data acquired for marine services and forecasting natural
hazards. Those elements of an operational observing system
required for improved marine services and forecasts of natu-
ral hazards are most developed (including the required op-
erational models) while those required for ecosystem-based
management of living resources are least developed. Capa-
bilities to assess public health risks and the status of marine
ecosystems are somewhere in between. Given current capa-
bilities and the importance of physical processes to the phe-
nomena of interest relevant to the goals of ecosystem health
and living marine resources, initial development of the global
system will target the measurement and processing of physi-
cal variables and those biological and chemical variables that
can be measured routinely and for which products can be
clearly defined. To the extent that they are operational, non-
physical variables should be incorporated into the observing
system now (e.g. chlorophyll fluorescence, dissolved oxy-
gen). As technologies and procedures for rapid measurement
and analysis of additional biological (e.g. phytoplankton spe-
cies, zooplankton abundance, fish abundance, concentrations
of pathogens, biomarkers) and chemical properties (e.g. nu-
trients, pesticides, PAHs) are developed, they will be incorpo-
rated into the system to achieve regional priorities and meet
the needs of user groups.
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2. Sustained Observing Systems for the

Coastal Ocean

B 2.1 SYSTEM ARCHITECTURE

A major objective of GOOS is to reduce the time required
to acquire, process and analyze data of known quality,
and to tune the delivery rates of these data and informa-
tion to the time scales required for environmental deci-
sion making. Thus, such systems are being developed for
both real-time and delayed mode data dissemination and
access, and they will allow users to rapidly exploit mul-
tiple data sets from many diverse sources. To these ends,
three subsystems (functions) must be efficiently linked to
ensure reliable and routine delivery of data and informa-
tion to users (Figure 2.1):

* Measurements (sensing), sampling and data trans-
mission (monitoring);

* Data management and dissemination; and

* Data analysis and modelling (including data assimila-
tion).

The measurement subsystem (Chapter 3) samples the
ocean both remotely and in situ and consists of the mix
platforms, sensors, sampling devices and measurement
techniques needed to measure variables on required
time and space scales. The data management subsystem
(Chapter 4) is the “life blood” of the observing system
that links observations to the data analysis and modelling
subsystem (Chapter 5) and ultimately to products and
services (Chapters 6 and 7). Together, data management
and modelling are the system integrators.

B 2.2 GOVERNANCE GOALS

The Coastal Module of GOOS is designed to be a local-
ly relevant, globally coordinated system. The GCN will
develop by (i) integrating existing global programmes,

Groups that Use, Depend on, Manage or Study
Oceans & Coasts

Analysis, Modeling

Data Communication, Management

MEASUREMENTS
In Situ & Remote Sensing

Figure 2.1. The observing system efficiently links three
subsystems for measurements, data management and analy-
sis to provide products and services to user groups. The term
“subsystem” is used here to describe functions, not actual
organizational entities. Their development is to be driven by
user requirements for products and services, technical capa-
bilities, and sustainable investments in infrastructure (capi-
talization) and operations (including the required technical
expertise). Depending on capabilities and needs, user groups
may access data from any one or all of the subsystems direct-
ly. The arrow from users to the observing system carries two
kinds of information: (1) requirements for data and informa-
tion and (2) performance evaluation (“user satisfaction”).

(i1) networking regional and national environmental
programmes, (iii) developing national and regional
coastal ocean observing systems, and (iv) establishing
new global programs (e.g. satellite-based remote sens-
ing, GLOSS). Managing the development of the coastal
module must be guided by three realities:

*  The coastal module of GOOS is being built by na-
tions, GRAs, and international bodies supported by
nations;
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*  Global development of the coastal module requires
coordination among nations, GRAs, and interna-
tional bodies to establish common standards and
protocols for measurements, data telemetry, data
management and modelling; and

* Many coastal states do not have the resources to con-
tribute to or benefit from the development of coastal
ocean observing systems.

A mechanism is needed to enable GRAs as a group
to (i) manage the development of a GCN that benefits
national and regional observing systems and (ii) play
a strong role in adopting common standards and proto-
cols, transferring technology and knowledge, and set-
ting of priorities for capacity building. Such a mecha-
nism must function to achieve the following goals:

* Promote and facilitate the coordinated development
of regional coastal ocean observing systems for both
interoperability among regional observing systems
and the development of a GCN that provides data

10C

WMO, UNEP, ICSU WMO&IOC

GSSCl— =— — — [JCOMM
|
loopc| [coop| | Obs | DM | P&S | CB |

— —

==

Programme Areas

Figure 2.2. Current governance structure of GOOS. The
dotted line indicates informal exchanges of information,
guidance and recommendations that are not institutionalized.
The functions of the I-GOOS, JCOMM, GSSC, OOPC and
COOP are described on the IOC-UNESCO web site!”

17 The intergovernmental IOC-WMO-UNEP Committee for GOOS
(I-GOOS) —http://ioc.unesco.org/goos/i_goos.htm;
The GOOS Scientific Steering Committee (GSSC) — http://ioc.unesco.
org/goos/GSC/gsc.htm;
The Joint WMO-IOC Technical Commission for Oceanography and
Marine Meteorology (JCOMM) — http://ioc.unesco.org/jcomm/
The Ocean Observations Panel for Climate — http://ioc.unesco.org/
oopc/;
The Coastal Ocean Observations Panel — http://ioc.unesco.org/goos/
coop.htm

and information needed by most GRAs as well as for
global analyses of change;

* Provide the means for groups that use, depend on,
manage or study marine systems to ensure the devel-
opment of a coastal module that meets their data and
information needs; and

* Interface effectively with the existing governance
structure of GOOS and JCOMM (Figure 2.2) and
emerging implementing bodies for GTOS (FAO,
2005).

B 2.3 MANAGING THE DEVELOPMENT OF THE
CoAsTAL MODULE

Although many entities are expected to participate (in-
cluding intergovernmental organizations, governments,
academia, private sectors and NGOs), national contribu-
tions to the development and management of the coast-
al module are critical. Thus, IOC Member States have
been requested to establish National GOOS Coordinat-
ing Committees. Many coastal states (or entities within
those states) are also electing to coordinate or manage
some aspects of their GOOS activities through GOOS
Regional Alliances (GRAs) (Figure 2.3). Thus, the
22nd I0C Assembly (June 2003) endorsed a Regional
GOOS Policy (Annex IIT) and the creation of GRAs as
a mechanism for promoting and implementing GOOS
regionally as appropriate. The Regional policy includes
qualifications that regional organizations must meet to
become a GRA, procedures for approval of new GRAs,
and expected accountability of GRAs.

2.3.1 Regional Development

As articulated in the Strategic Design Plan (I0C, 2003,
p- 51-52), GRAs provide the most effective means to
design and implement a coastal module that effectively
involves a broad spectrum of user groups in its design
and evaluation. GRAs are needed to:

(1) work with user groups that use, depend on, manage
or study marine systems to establish national and
regional priorities for data and data-products;
guide and manage the establishment of regional
ocean observing systems based on these priorities;

2
(3) engage user groups in the design and evaluation of
regional observing systems and the GCN;

promote the design and implementation of pilot

“)
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Figure 2.3. GOOS Regional Alliances (black labels) and
National GOOS Programmes (red) are forming to establish the
global ocean and coastal modules of GOOS worldwide. The
list of contributing countries and descriptions of GRAs can be
found at http://ioc.unesco.org/goos/key3.htm#reg.

GRAs (Figure 2.4) should be formed through agreement
among participating countries, national organizations,
international bodies, and other regional organizations
with common goals. The latter includes Large Marine
Ecosystem Programmes, Regional Seas Conventions,
Regional Fishery Bodies, Marine Protected Areas, and
coalitions of marine-oceanographic laboratories. Mem-
bers should represent the community of users (gov-
ernment ministries, intergovernmental bodies, private
sectors, non-governmental organizations, educators,
scientists, etc.) in the region, including those with statu-
tory responsibilities to protect and manage the marine
environment, resources, and public health and safety.

To be recognized as a GRA, the alliance must conform
to GOOS principles, policies and practices that are es-
tablished and endorsed by the I-GOOS and the GSSC.
Each GRA is expected to be represented at and report to
meetings of the I-GOOS and to contribute to and benefit
from the activities of the GOOS Regional Forum estab-
lished by the Intergovernmental Committee for GOOS
(I-GOOS).

Action 2.1: Each GRA and national GOOS pro-
gramme should establish a Users’ Forum to engage
user groups in the design, operation and improvement
of observing systems that meet their needs. The forum
should involve groups that use, depend on, manage
and study marine systems from all partnering coun-
tries in the region in the development of a regional
coastal ocean observing system.

2.3.2 Global Coastal Network Development

Implementation, operation and improvement of the coastal
module are critically dependent on the coordinated devel-
opment of GRAs that contribute to and benefit from the
establishment of a GCN. Thus, it is recommended that a
mechanism be established to ensure that GRAs and national
GOOS programmes as a group can perform the following
functions:

* represent the interests of GRAs to the I-GOOS;

* coordinate the development of regional coastal ocean ob-
serving systems according to GOOS design principles;

* guide the development of a GCN that meets regional
needs;

* enable effective communications among GRAs and with
the GSSC and its science and technical panels;

* promote international collaboration for effective transfer
of technologies and knowledge (including community-
based modelling activities) and identify capacity building
needs where necessary;

* promote the development and implementation of com-
mon standards and protocols for observations, data ex-
change, data management and modelling; and

» promote funding for and the establishment of sustain-
able GRAs and regional coastal ocean observing systems
worldwide.

The GOOS Regional Forum could perform these
functions.

To ensure the effective coordination among and inte-
gration across programmes, it is recommended that the

Action 2.2: Establish amechanism (possibly through the
GOOS Regional Forum) to ensure that GRAs as a group
can function, with technical guidance from the GSSC and
in collaboration with the JCOMM, as the international
co-ordination, regulation and management mechanism
for coordinated development of regional coastal ocean
observing systems that are interoperable and networked
to form a GCN that meets regional needs (Figure 2.3).
The GRAs as a group should coordinate with JCOMM
to perform functions similar to those of the JCOMM for
implementing those aspects of GOOS that JCOMM has
not or will not take on, e.g. GOOS elements needed to
address public health, ecosystem health and living marine
resource goals on both regional and global scales.
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global body of GRAs establish working groups (WGs)
of experts for observations (MWG), data management
(DMWG), modelling and analysis (MAWG) and capac-
ity building (CBWG). Recommended activities of these
working groups are presented in Chapters 3 (MWG), 4
(DMWG), 5 MAWG) and 6 (CBWG). In collaboration
with JCOMM programme areas, these WGs would pro-
vide expertise and advice concerning the development of
operational capabilities and the operational suitability of
non-physical, physical and socio-economic data streams
and related data management, analysis and capacity

building needs for the coastal module (Figure 2.4).

I-GOOS |

GSSC

Group of

GRAS .- - - - - - - > JCOMM

Figure 2.3. A global body that represents the interests
of GRAs as a group is needed to implement the coastal
module. The body could be established through the GOOS
Regional Forum. The COOP would be dissolved and the
GSSC will take on the responsibility for the provision
of science and technical guidance for implementing the
coastal module of GOOS. The Joint WMO-IOC Techni-
cal Commission for Oceanography and Marine Meteorol-
ogy (JCOMM) has established working groups in four
programme areas (Observations — Obs, Data Management
— DM, Products and Services — P&S, and Capacity Build-
ing — CB). It is recommended that the GRAs as a group
and through the GOOS Regional Forum establish a paral-
lel set of programme areas.

O0PC

Obs | €«--------- »>| Obs

DM |€«--------- >| DM JCOMM

P&S | €« --=-=-=-==- - > | P&S Programme
CB |<--------- > B Areas

Action 2.3: Establish an ad hoc joint JCOMM-GSSC
Task Team (JCOMM-Management Committee) to work
in collaboration with the GRAs to establish require-
ments and mechanisms for GCN implementation. This
is a high, immediate priority. Among those issues that
should be considered is the establishment by the GRAs
of four working groups of experts in the following areas:
measurements (MWG), data management (DMWG),
modelling and analysis (MAWG), and capacity build-
ing (CBWG). These WGs would facilitate exchanges of
data, information, knowledge and technologies among
regions; coordinate regional development globally; en-
gage international research programmes (e.g. LOICZ,
GLOBEC, IMBER, GEOHAB), Large Marine Ecosys-
tem Programmes, Regional Seas Conventions, Regional
Fishery Bodies, and other regional organizations as ap-
propriate to ensure timely development of operational
capabilities for the non-physical variables and their ap-
plications. mm
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3. Implementing the Measurement Subsystem

Establishing the coastal module of GOOS requires two
interdependent approaches:

* development of national and regional observing
systems (collectively referred to as regional coastal
ocean observing system, RCOOSs) that measure a
suite of variables determined by national and region-
al priorities (common variables supplemented by ad-
ditional variables as needed) (section 3.1); and

* development of a global coastal network (GCN) to
measure, manage and analyze the common variables
that will serve the collective needs of nations and re-
gions (section 3.2).

Establishment of a working group on measurements
(MWG) by the group of GRAs will provide the means
to coordinate development of both tracks in collabora-
tion with JCOMM and the GSSC).

Action 3.1: The GRAs as a group should establish a
working group on measurements (MWG) to perform
functions such as those recommended below.

In addition to sustained observations of environmental
conditions in marine and estuarine systems, knowledge
of how environmental changes interact with socio-eco-
nomic systems across the land-sea interface is impor-
tant for successful development of GOOS (Chapter
1, Section 1.3.3). Developing the capacity to monitor
these linkages' is critical to meeting societal needs en-
compassed by the six broad goals of GOOS. To the ex-
tent that data and information requirements are unique
to each region, GRAs and national GOOS programmes
provide the most effective means for developing these
capacities.

B 3.1 REGIONAL DEVELOPMENT

National GOOS Programmes and/or GRAs are needed
to perform the following functions, all of which may be
active simultaneously:

(1) Early in the development of the integrated ob-

serving system,

e implement and maintain a “Users’ Forum” to en-
gage government ministries, marine industries,
commercial services, scientists, and other stake-
holders in specifying and updating data and in-
formation needs and priorities, evaluate system
performance, and collaborate with other national
and regional organizations in the area that have
mutual interests and would benefit from the de-
velopment of an integrated coastal observing sys-
tem?;

* inventory and assess existing programmes and
activities that measure and report these data and
establish procedures for updating the inventory
and associated assessments;

19 Two examples illustrate the importance of understanding and monitor-
ing linkages between environmental and socio-economic systems: (i)
relationships between human waste discharges into coastal waters,
increasing health risks through water contact or seafood consumption,
impacts of consequent increases in the rate of enteric diseases and as-
sociation mortalities on national economies, and actions to treat human
waste discharges to reduce health risks; and (ii) relationships between
land-use practices, inputs of land-based nutrients to coastal waters,
subsequent development of “dead zones” and declines in living marine
resources due to oxygen depletion, and actions to control nutrient load-

ing and manage fisheries using ecosystem-based management practices.

20 Large Marine Ecosystem Programmes, Regional Fishery Bodies, and
Regional Seas Programmes that are active in the area are examples of
regional programmes that should be involved.
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Action 3.2: Each GRA and national GOOS pro-
gramme should establish a Users’ Forum, with rep-
resentatives of all major stakeholders and partnering
countries in the region, to begin the ongoing process of
specifying data and information needs, including those
for monitoring socio-economic indicators of environ-
mental impacts and the efficacy of environmental poli-
cies and management.

(2) Implement and sustain procedures for

* incorporating existing observation programmes
and activities into the measurement subsystem that
meet specified criteria based on user group needs
and priorities;

 establishing standards and protocols for measure-
ments (and for data communications and model-
ling) in collaboration with the grouping of GRAs;

* identifying gaps or weaknesses in observing sys-
tem capabilities by comparing user requirements
for data and information with existing observing
system capabilities; and

* enhancing operational capabilities to fill gaps
through research and development. The capacity
to engage in this process as the means to build
the measurement subsystem varies enormously

among nations and regions, and major investments
in capacity building will be needed in most cases
(Chapter 6).

The capacity to engage in this process as the means to
build the measurement subsystem varies enormously
among nations and regions, and major investments
in capacity building will be needed in most cases
(Chapter 6).

3.1.1 Users’ Forum

A standing forum is needed to engage both the users
and providers of data in the processes of specifying
data and information requirements (variables to be
measured, precision and accuracy of measurements,
temporal a spatial resolution, spatial extent, rate
and form of delivery), system development and op-
eration, and performance evaluation (Chapter 8). In
addition to targeting data providers (governmental
and non-governmental), this should target current
users of data and information on marine and estua-
rine systems (shipping, oil and gas sectors; search
and rescue; government ministries responsible for
stewardship of marine systems and resources, etc.)
to ensure that the development of an integrated sys-

BOX 3.1. THE GOOS REGIONAL ALLIANCES NETWORK

The GOOS Regional Alliances Networking De-
velopment (GRAND) Programme, funded by the
European Union, plans to carry out a significant
inventory task. GRAND brings together all GRAs,
major international bodies involved in design and
implementation of GOOS (IOC, JCOMM, and I-
GOOS), and a network of oceanographic institu-
tions (Partnership for Observation of the Global
Ocean, POGO, http://ocean-partners.org/). The
goal of GRAND is to harmonize the diverse re-
gional systems within GOOS, while advancing
the European contribution to the global system.
GRAND will facilitate the dissemination of best
practice, technology transfer, development of in-
ternational co-operation, establishment of observ-
ing systems in developing countries, application of
results of EU projects to the broader international

community active in the GRAs. A first step is to
survey and evaluate the present capabilities and ac-
tivities, for systematic observations of the marine
environment and ecosystem in all GOOS Regional
Alliances and participating countries. To make
this effort more comprehensive, provision must
be made to inventory programmes in nations that
are not currently participating in GOOS as well as
global programmes such as the Global Coral Reef
Monitoring Network (GCRMN; www.gcrmn.org/),
the Global Sea Grass Monitoring Network (Sea-
GrassNet; www.seagrassnet.org/) and the Global
Sea Level Observing System (GLOSS; www.nbi.
ac.uk/psmsl/programmes/gloss.info.html). There
must also be an open call by GSSC for programmes
to register their interest in being part of the GCN.
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tem of ocean observations will benefit them. Once
established, the Users’ Forum should be expanded
to engage groups that are most likely to benefit, but
either have not had access to the data and informa-
tion they need or have not realized the usefulness
of rapid access to data and information on marine
systems for achieving their missions and goals (e.g.
insurance/re-insurance, energy, and recreational
sectors). User Forums must be sustained to estab-
lish an ongoing dialogue among data providers and
users for product development and to broaden the
diversity of data and information served by the ob-
serving system (including review and updating the
provisional suite of common variables recommend-
ed for the GCN).

In addition to engaging recognized members of a Us-
ers’ Forum, GRAs should conduct market research
on data needs through surveys, questionnaires, or lec-
tures and presentations at trade fairs and exhibitions
attended by large numbers of marine organizations.
Catalogues of registrants and exhibitors at marine
trade fairs provide valuable addresses, and similar in-
formation can be gained from trade magazines aimed
at specialist groups such as shipping companies, port
authorities, waste disposal companies, tourist agen-
cies, hotel chains, etc.

3.1.2 Inventory and Assess

GRAs should work with other regional organizations in
the area (Regional Fishery Bodies, Regional Seas Pro-
grammes, Large Marine Ecosystem Programmes, WWW
Regions, associations of commercial operators, etc.) to
establish and periodically update inventories of existing
routine observational programmes that measure variables
considered important to meeting regional priorities for
data and information, including but not exclusive to the
common variables. The inventory should supplement that
being developed through the GOOS Regional Forum as
part of the GOOS Regional Alliances Networking De-
velopment (GRAND) project by directly contacting
government ministries, operational agencies, research
institutions and other organizations that use, depend on,
manage or study marine and estuarine systems. In addi-
tion, some GRAs may wish to follow the example of Eu-
roGOOS which has compiled a comprehensive inventory
of existing observing installations at the level of individ-
ual platforms and sensor packages. This system has been

set up as a permanent web-accessible inventory with the
title European Directory of the Instrumental Observing
System (EDIOS).

The following information (metadata) should be included
as part of an inventory:

* The organization(s) responsible for making the mea-
surements, collecting the data, quality assurance, data
transmission, and archival;

¢ Variables measured;

» Temporal and spatial extent and resolution of the mea-
surements;

* Methods being used for measurements and their preci-
sion;

* Developmental stage (research, pilot project, pre-op-
erational, operational);

 If operational, products and end users of the data, and

* Sponsors (funding sources and levels).

Action 3.3: Through its parent body or the Regional
GOOS Forum, the MWG should issue a call for pro-
grammes and organizations interested in participat-
ing in the development of integrated coastal ocean
observing systems to provide the metadata above as
a first step in identifying monitoring programmes for
possible incorporation into the system. This informa-
tion will be needed to select programmes for incor-
poration into the integrated system based on societal
benefits (the six goals of GOOS) and related needs of
user groups for data and information. To these ends,
it is recommended that GRAs adopt an approach sim-
ilar to that used to select the initial suite of common
variables for the GCN (I0C, 2003). A flexible toolkit
for the determination of priorities of socio-economic
variables, including software for the weighting algo-
rithms, has been developed by COOP and is available
as a guide for nations and regions (Annex II). This
procedure recognizes that the common variables are
provisional and will change and evolve as the GCN
develops. Such an evolution should include the incor-
poration of socio-economic variables.

Action 3.4: The MWG should formulate a web-
based version of the toolkit used to select variables
with an accompanying guidebook for its use that can
be downloaded from the web.
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3.1.3 Adopt or Develop Common Standards
and Protocols

Successful development of an integrated, end-to-
end observing system depends on adopting and/or
developing internationally accepted standards and
protocols for measurements and data transmission.
For each coastal GOOS variable, existing standards
should be reviewed and decisions made on the appro-
priate frequency of measurements, spatial extent and
resolution of sampling, units of measure, and preci-

sion and accuracy of measurement. The resolution of

in situ measurements in time and space will change
from region to region, and this must be factored into
the implementation of the data management subsys-
tem for the coastal module.

Where regional or global programmes exist that em-
ploy internationally accepted standards and protocols
these should be adopted in collaboration with the
relevant organizations. Important examples of such
organizations are

* JCOMM for physical and meteorological variables,

* FAO for fisheries,

¢ the RAMSAR network for coastal wetlands,

* the Global Coral Reef Monitoring Network
(GCRMN), and

* the Global Seagrass Monitoring Network (SeaGrass
Net).

For those measurements that do not have internation-
ally accepted standards and protocols, GRAs should
work with relevant regional and international bodies
(e.g. JCOMM, SCOR, ICES, PICES, and IGBP).

Action 3.5: The MWG should lead an effort to en-
sure broad and effective coordination among GRAs
to harmonize the adoption, development and use of
common standards and protocols for measurements,
data telemetry, and quality control globally.

BOX 3.2. GLOBAL CORAL REEF MONITORING NETWORK (GCRMN)

The GCRMN is an operational programme that monitors
coral reefs from East Africa and Southeast Asia to the
Caribbean to document changes in their condition (http:/
www.gcrmn.org). The primary product is a biannual sta-
tus report on the overall health of coral reefs worldwide
every 2 years. The first status report was published in
1998 (Wilkinson, 1998).

The goals of the GCRMN are as follows:

» improve the conservation, management and sustain-
able use of coral reefs and related coastal ecosystems
by providing data and information on the trends in
biophysical status and social, cultural and economic
values of these ecosystems; and

* provide individuals, organizations and governments
with the capacity to assess the resources of coral
reefs and related ecosystems and collaborate within a
global network to document and disseminate data and
information on their status and trends.

The collection of data and information on reef status and
trends began in 1997. Regional nodes have been created
within participating countries to coordinate training, moni-
toring, and data management in regions based on UNEP
Regional Seas Programmes in the Middle East, western
Indian Ocean and east Africa, south Asia, east Asia, the
Pacific, and the Caribbean and tropical Americas.

There are at least two important features of the GCRMN
that are relevant to coastal module beyond the degrada-
tion of coral reefs and the living resources and recreation-
al activities they support: (1) programmatic emphasis on
community awareness through the involvement of all us-
ers in the collection of data on status and trends, and (2)
coral reef bleaching may be an early warning of global
warming (Wilkinson et al., 1998).

The programme is sponsored by the IOC, UNEP and
TUCN. Many volunteer laboratories and researchers col-
lect data which is centralized at the Australian Institute of
Marine Science (http://www.aims.gov.au).
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3.1.4 Coordinated Incorporation

Programmes, or elements thereof, that are considered
for incorporation in the coastal module should meet
the requirements of one of the four development stages
(Chapter 1), be willing to adopt common standards and
protocols (Chapter 4), be backed by a commitment to
fund sustained measurements, and conform to GOOS
design principles (IOC, 2003). Programmes incorporat-
ed into the observing system should also provide value
added benefits by being a part of an integrated system or
improve products that are currently being served.

Once programmes are endorsed for incorporation by a

GRA, additional efforts will be needed to coordinate
observing subsystem activities and their incorporation
with the development of capabilities for data communi-
cations and management (Chapter 4).

3.1.5 Gap Analysis

In areas where resources have not been available to
implement sustained observing systems or where only
limited efforts have been possible, comparisons of data
and information needs established through the User
Forum with capabilities determined from the inventory
will provide the information needed to identify gaps in
the observing system and establish priorities for capacity

BOX 3.3. EXAMPLES OF POTENTIAL TECHNOLOGIES FOR ENHANCING THE GCN

Two technologies are currently being developed for
operational use in EuroGOOS and U.S. GOOS that
have potential for being scaled up for global appli-
cations as part of the GCN: high frequency radar
and light detecting and ranging (LIDAR) laser tech-
nologies.

Surface Current Maps — Surface currents are a highly
ranked common variable. It is now possible to mea-
sure surface currents in coastal waters using high fre-
quency (HF) radar techniques. This technology pro-
duces detailed maps of surface currents from the coast
to nearly 200 kilometers offshore. Although the theo-
ry underlying the estimation of near-surface currents
from the backscattered radar signal has been known
for many years, it is only relatively recently that the
hardware and software has matured to the point that
current maps can be provided in an operational set-
ting. In addition to improved surface current maps for
ship routing, search and rescue, and predictions of
coastal erosion and flooding, more accurate estimates
of current fields are critical to achieving the goals of
ecosystem-based management of human health risks,
environmental protection, and fisheries management.
Thus, the regular release of surface current maps and
access to the data used to derive them are important
for achieving the six societal goals of GOOS. Pilot
projects, e.g., a coastal data assimilation experiment
(CODAE), are needed to develop capacity for integrat-

ing data streams from space-based sensors (altimetry,
scatterometry, AVHRR, ocean colour), in situ sensors
(ADCPs), and HF radar to provide real-time maps of
surface currents.

Coastal erosion, sediment transport and shoreline
position — Combining aircraft- and satellite-based
LIDAR technology with hyperspectral technologies
promises to provide new mapping products of great
use to hydrographers, coastal engineers and resource
managers, scientists and decision makers. Pilot proj-
ects are needed to address integration issues, including
sampling specifications, geometries, development of
visualization and interpretation techniques, and phys-
ics-based aspects related to fusing physical and envi-
ronmental measurements to characterize the coastal
zone. Final products should include maps of land
cover and benthic habits across the land-sea interface,
habitat condition and change, characterization of bot-
tom characteristics, and time-series visualizations of
coastal erosion and sediment transport patterns. These
data products are essential to development of robust
models of vulnerability and change in coastal environ-
ments. Enhancement of data collection platforms and
analysis tools, effectively combining LIDAR, photo-
graphic, and hyperspectral data, will provide new ca-
pabilities to survey sandy beaches and coastal bluffs,
coastal vegetation, shallow water bathymetry and both
benthic and terrestrial habitats.
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building that should be addressed by capacity building pro-
grams of JCOMM and the IOC (Chapter 6). Of particular
importance are inter-region comparisons among GRAs to
identify programmes that are working well in one region
and are relevant to other regions where they have yet to
be established, e.g. basin scale tsunami warning systems
(Chapter 1, Box 1.1). Where technologies and scientific
understanding are sufficiently advanced and proven in
one or more regions, practical efforts should be made to
implement these technologies and operational procedures
in other regions based on the priorities of the respective
GRAs (Chapter 6).

3.1.6 Enhance Operational Capabilities

Regional observing systems will develop operational ca-
pabilities through capacity building and by incorporating
existing operational programmes, introducing operational
programmes from other regions, and establishing research
priorities for building new operational capabilities. An
important function of the group of GRAs (e.g. the GOOS
Regional Forum) will be to provide a venue for GRAs
to exchange information on operational capabilities and
research activities in each region (e.g. Box 3.3) and to
communicate regional capacity building priorities to the
international community. Capacity building is addressed
in Chapter 6.

The tragic tsunami disaster of 26 December 2004, trig-
gered by a Richter scale 9 earthquake off the Aceh coast of
Indonesia, illustrates in horrifying fashion the importance
of investing in the development of the Global Ocean Ob-
serving System. Although the event has not yet been fully
analyzed, it is clear that had a tsunami warning system
been in place, similar to the existing warning system in
the Pacific, many lives would have been saved. There are
many other examples of proven technologies and models
operating in a region that should be implemented in other
regions for the public good — given sufficient investment
and training (Chapter 6). Expanding the use of operational
capabilities that have proven useful in one region to other
regions where needed is essential to successful implemen-
tation of the coastal module of GOOS.

Identification of areas where augmentation of existing pro-
grams is needed should be followed by development of a
strategy to enhance capabilities. The enhancements may
take the form of increased spatial and temporal resolution
for existing sampling programs and incorporation of new

measurement systems and technologies. In most cases
relevant to the goals of public health, healthy ecosystems
and sustainable living marine resources, research and pilot
projects will be needed to develop operational capabilities
based on identified needs. Thus, mechanisms are needed
to (1) implement and sustain proven technologies and
procedures in regions where they are needed, (2) identify
research priorities to improve operational capabilities, (3)
ensure that candidate operational systems meet interna-
tionally accepted standards and protocols (see action 3.4),
and (4) enable efficient use of new knowledge and tech-
nologies to improve operational capabilities.

Action 3.6: The MWG should develop procedures and
the means to (1) implementing proven technologies,
procedures and models in regions where they are needed
and where there are gaps in capability or investment, (2)
identify research priorities for developing operational
capabilities, (3) ensure conformance to internationally
accepted standards and protocols (see action 3.4) and
(4) enable efficient use of new knowledge and technolo-
gies to improve operational capabilities.

B 3.2 EsTABLISHING THE GLOBAL COASTAL
NETWORK

A GCN that measures the common variables and manages
the resulting data streams will be established through two
parallel processes:

* the incorporation of global programs such as satel-
lite-based remote sensing and in situ programs such as
GLOSS, GCRMN, and SeagrassNet; and

 national and regional development of in situ measure-
ment and land- and aircraft-based remote sensing pro-
grams that are networked or scaled up for incorporation
into the GCN.

The GCN will include space-based remote sensing, a
sparse network of in situ sentinel sites* for measuring
the common variables, and the global network of tide

21 Sentinel sites or stations will be especially important for timely detec-
tion of the effects of land-based sources of pollution (e.g., coastal
eutrophication, chemical contamination of sediments, and human
pathogens); basin scale changes (e.g., the ENSO, PDO and NAO);
transports of heat, water and carbon by boundary currents and between
basins through straights; shipping (e.g., oil spills and introductions of
non-indigenous species), and the establishment of marine protected
areas.



Geophysical Parameter Hor. HR Obs. | OC Min | Avail | Avail | Accuracy | Acc. Min
Observations e min cycle
Sea surface 100m |[lkm |3h 6 h lh 3h 0.2°C 0.5°C
temperature
Wind speed and 300m |10km |[1h 6h lh 3h 1 m/s 2 m/s
direction 10°
Sea surface height 1 km I5km |1d 10d 1h 3h 4 cm 6 cm
Surface wave height | 1 km 10km |3h 1d lh 3h 0.2 m 0.2m
& direction 5° 10°
Salinity 1 km 25km |24h 7d l1h 3h 0.1 psu 0.3 psu
Currents 300m |5 km l1h 24 h lh 3h 3 cm/s 10 cm/s
Streamflow 1 km 10km |1h 24 h 1h 3h 10% 30%
Precipitation 1 km I5km |1h 8h lh 3h 0.5mm/h |2 mm/h
Ice cover 50 m 100m |6h 24 h 1h 3h 100 m 200 m
Biological/ Phytoplankton 100m |500m [1.5h |3h lh 3h 20% 30%
Biogeochemical | P'gments
Observations Total suspended 100m |500m |[1.5h [3h 1h 3h 30% 40%
matter
Colored dissolved 100m |500m [1.5h |[3h lh 3h 30% 40%
organic matter
Optical properties 100m |500m [1.5h |3h lh 3h 10% 20%
(includes PAR)
Chlorophyll 100m |500m [1.5h |4h lh 3h 30% 40%
fluorescence
Aerosol properties 100m |500m [1.5h |4h 1h 3h 10% 20%
(includes AOT)
Nutrients 10km [100km|1d 1 mo 1d 7d 10% 30%
02 and pCO2 10km [100km |1d 1 mo 1d 7d 10% 30%
Slicks/films (sea 25 m 50 m 3h 2d 1h 3h 50 m 100 m
surface roughness)
Mapping Bathymetry 30 m 50m |2d 24d 4h 1d 0.1 m I m
(Phys./Ecol./ i) | [denin)
Socio.) Land Topography 30 m 50 m 3mo |lyr -- -- Scm 10 cm
(height) (height)
Shoreline position 1m Sm 15d |3 mo 1d 7d I m
Habitat maps 5m 20 m 15d |3 mo 1d 7d - -
(e.g., mangroves)
Reef maps 1 m Sm 15d 3 mo 1d 7d 2 m 10 m
Land cover/use I5m 1 km 1yr 10 yr -- -- -- --
Night-time lights 1 km 5 km 1yr Syr -- -- -- --

Table 3.1. Coastal observing requirements (time-space resolution, accuracy) from the IGOS Coastal Theme Report

(Desired and minimum requirements for horizontal resolution, observing cycle, availability, and accuracy).

gauges. The GCN will provide products, such as of cli-
matologies (sea surface temperature, currents, waves, sea
level, salinity, nutrients, chlorophyll a, etc.), which can be
used by a range of end-users to assess state changes in the
phenomena of interest, including GRAs. The rationale
for and characteristics of the GCN and its relationship to
national and regional scale coastal ocean observing sys-
tems are discussed in Chapter 1.

The COOP has recommended a suite of provisional
common variables to be measured as part of the GCN
(Chapter 1, Table 1.2). The list should be reviewed and
updated and measurement requirements established for
each. This should include the identification and incor-
poration of socio-economic variables needed to relate
changes in coastal marine and estuarine systems to so-
cio-economic impacts and decision making.
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Action 3.7: In collaboration with GSSC, the IGOS
Coastal Theme Team, and JCOMM, the MWG should
review the common variables to determine if variables
should be added or dropped based on the following: (1)
the number of GRAs that require and use data on them;
(2) their significance as indicators of global changes or
as indicators of socio-economic impacts of changes in
coastal systems; and (3) the technical feasibility of in-
corporating them into the GCN as an operational ele-
ment of GOOS.

The IGOS Coastal Theme Report (http://www.igospart-
ners.org) recommends requirements for estimating the dis-
tribution of many of the common variables (Table 3.1).

Action 3.8: Using the recommendations in the Coastal
Theme Report as a starting point and consistent with
JCOMM procedures, the MWG should adopt (or es-
tablish as needed) and facilitate the implementation
of internationally accepted standards and protocols for
measuring the common variables and establish require-
ments for measuring them in terms of time and space
resolution and accuracy.

3.2.1 Networking Regional Coastal Ocean Observing
Systems

A preliminary assessment of stakeholders, products and
variables for the GCN has been completed (I0C, 2003;
p. 55-62 and Annex IV). Development of the GCN will
be initiated by synthesizing and updating the collective
inventories conducted by GRAs (section 3.1) with the
results of a call by the GSSC for interested parties to
register relevant programmes. The synthesized inven-
tory will target operational programmes committed to
sustained measurements of one or more of the common
variables as well as pilot and pre-operational projects
that have the potential of improving operational capa-
bilities of the GCN.

Action 3.9: In collaboration with the global body of
GRAs, the GSSC should prepare and periodically up-
date a global listing of national and regional monitoring
programs that are candidates for the GCN.

The next step is to determine which of the programmes
identified in the inventory can benefit from and contrib-
ute to the GCN according to GOOS principles (I0C,

2003; p. 55-62 and Annex V). In addition, contributing
programmes should be committed to:

* Sustained measurements of one or more of the com-
mon variables;

* Participating in the development of international
standards and protocols for measurements and data
management and exchange; and

* Adapting methodologies to conform to existing or
new internationally accepted standards and protocols
for measurement and data management and exchange
as they are developed.

The MWG will work with GRAs to adopt internation-
ally established standards and protocols for measure-
ments and quality control procedures and, where these
do not exist (especially for non-physical variables), to
work with the appropriate international and national
bodies to establish them. The MWG should also work
with GRAs to optimize the spatial and temporal reso-
lution of measurements. Once standards and protocols
have been established, the GSSC will work with the Ob-
servation Programme Area of JCOMM, or the GRAs as
appropriate, to promote their use.

Action 3.10: The MWG, in collaboration with the
GRAs and the JCOMM Observations Programme Area,
should identify those programmes or elements thereof

that should be networked and incorporated into the
GCN.

Action 3.11: Once standards and protocols for mea-
surements have been accepted by the global body of
GRAs (action 3.5), the MWG should work with the
Observations Programme Area of JCOMM to facilitate
their adoption by JCOMM as appropriate and consistent
with JCOMM priorities.

Coordinated integration of contributing programmes is
critical to the effective development of the GCN. The
primary tools for integrating data streams from contribut-
ing measurement programmes are data communications
and management (Chapter 4) and modelling (Chapter 5).
Thus, in most cases, contributing programmes should
conform to standards and protocols established by these
subsystems for them to be integrated into the observing
system. Exceptions should be made on a case-by-case
bases with agreement that capacity will be built to enable
adoption of common standards and protocols over time.
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BOX 3.4. THE CONTINUOUS PLANKTON RECORDER (CPR) SURVEY: AN EXAMPLE OF A PRO-
GRAM THAT SHOULD BE SCALED UP TO BECOME A GLOBAL COMPONENT OF THE GCN

The CPR survey, conceived by Sir Ali- Continuous Flankton Recorder

ster Hardy in the 1920s and implement-

ed in 1931, is the most extensive long-

term time series of marine organisms

in the world (Reid et al., 2003a). The

CPR is a reliable, easy to handle instru- 1
ment for sampling phytoplankton and
zooplankton communities upon which
most living marine resources depend.
Operating from ships of opportunity, the
survey focused on the North Sea until 1n
1959 when it expanded to include much

of the North Atlantic and 2000 when ad-

ditional lines were added in the North

Pacific. The CPR is the main source of

regional and basin scale information on

plankton communities and their trophic structure in the
North Atlantic, changes in which are sensitive to global
climate change, basin scale oscillations, and coastal eu-
trophication. The examples given below, and many others
(Reid et al., 2003b), show the clear need to incorporate
existing CPR surveys into regional coastal ocean observ-
ing systems worldwide.

‘13560

Wonth

12

(1) The CPR colour index, a measure of phytoplankton
biomass, for the North Sea from 1948 to 2000 shows
a dramatic increase during the early 1980s (above),
primarily due to increases in the summer biomass of
dinoflagellates, a trend that may be related to excess
anthropogenic nutrient enrichment. Richardson and
Schoeman (2004) show that warming of the NE At-
lantic is accompanied by increasing phytoplankton
abundance in cooler regions and decreasing abun-
dance in warmer regions. This effect propagates up
the food web through zooplankton herbivores and
carnivores. They conclude that future warming is

Action 3.12: The GRAs as a group should ensure effec-
tive exchanges of information on standards and proto-
cols between all of its WGs.

3.2.2 Satellite-Based Remote Sensing

Remote sensing figures prominently in the Design Plan for
the Coastal Module of GOOS (I0C, 2003; p. 67-68), and
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likely to alter the distribution of primary and sec-
ondary production and, therefore, fish production.

(2) CPR time-series observations suggest that chang-
es in the abundance and distribution of calanoid
copepods are related to global warming and basin
scale oscillations such as the NAO and to varia-
tions in cod recruitment and the abundance of the
North Atlantic right whale, an endangered spe-
cies (Beaugrand et al., 2003; Greene and Persh-
ing, 2004).

CPRs are or will soon be in use in the Baltic (as part of
the Baltic Operational Observing System), Gulf of Guin-
ea (Large Marine Ecosystem Programme), Indian Ocean
(Indian Ocean GOOS), Mediterranean (MedGOOS),
north Pacific (PICES), and the Southern Ocean (Inter-
national LTER). GRAs are encouraged to embrace these
efforts and to incorporate the data streams into integrated
data communications and management to enable rapid
access and analysis.

implementation of effective satellite-based coastal remote
sensing, with efficient data transmission to users, is a high
priority. During the past two decades, satellite remote sens-
ing has become a mature technology for global scale, spa-
tially synoptic measurements of surface and near-surface
ocean properties (sea surface height, ocean vector winds,
sea surface temperature, sea ice extent, and ocean colour).
Global coverage with near-synoptic spatial observations
and time series observations are provided by polar orbit-
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BOX 3.5. LIMITATIONS OF SATELLITE REMOTE SENSING IN COASTAL WATERS

Ocean colour sensors Ocean colour remote sensing
is a mature technique for application in open ocean
waters. The major product derived from ocean colour
is concentration of chlorophyll a near the surface, with
+ 35% uncertainty (chlorophyll a concentration varies
over 4 orders of magnitude in the ocean). Although no
operational ocean colour missions have yet been con-
ducted, the research sensors (e.g., CZCS and SeaWiFS
from NASA) have allowed consistent time series to be
developed at various time and space scales. Another
valuable product derived from ocean colour is primary
production and models have been developed and basin
and global scale estimates have been derived.

Some coastal waters, such as those found around the
Mediterranean Sea, behave like open ocean waters in
that the dominant source of optical variability is phyto-
plankton and co-varying substances. In such Case 1 wa-
ters, ocean colour data products such as chlorophyll a
and the attenuation coefficient for sunlight are suitable
for operational distribution and can be used with some
confidence. In coastal waters where re-suspension of
bottom sediments and input of terrigenous matter from
effluents are important, the interpretation of ocean co-
lour is more difficult because of the optical complexity
of these waters (IOCCG, 2000). There is also a need for
improving atmospheric corrections. For many coastal
waters, therefore, ocean colour data products are not ap-

propriate for operational use because quality control is-
sues cannot yet be resolved. In the meantime, calibrated
data (top of atmosphere radiance or reflectance) can be
distributed and archived, and provisional data products
can be distributed for use with appropriate cautions.

Microwave sensors Because of the principles of mi-
crowave remote sensing, contamination of signals
from the land degrade the quality of satellite-based
products for coastal waters.

1) Sea surface height, scalar wind and significant
wave height from altimeters: there is an observa-
tional gap approximately 20-30 kilometers from
coasts.

2) Winds and temperature from a Scatterometer/Mi-
crowave radiometer: There is an observational
gap approximately 20 to 50 km from coasts.

Infrared/visible sensors The present IOC-GOOS
satellite resolution requirements for sea-surface
temperature and ocean colour products are about
1 km, and most of the major satellite imagers pro-
vide the 1-km high-resolution products. However,
the product qualities of pixels over coastlines are
degraded because of land/water sub-pixel problem.
There is therefore an observational gap of one kilo-
meter from coastlines.

ing and geostationary satellites respectively. Data streams However, current satellite-based observations, while

from satellite-based sensors provide synoptic and sustained useful for open ocean, basin scale observations, are
of limited value for coastal waters which are shal-

low, optically complex and characterized by high

observations of ocean processes that could not otherwise
be obtained.

frequency variability and strong gradients. Most
The IGOS Coastal Theme Report (http://ioc.unesco.org/
igospartners/coastal.htm) summarizes current and planned
satellite missions for observing oceans and coasts. At pres-

coastal systems require increases in temporal, spa-
tial and spectral resolution and improved algorithms
(e.g. for translating ocean colour into concentrations
of chlorophyll a, sediments and coloured dissolved
organic matter) to provide useful products and ser-
vices. Thus, GOOS requirements for satellite-base
remote sensing of coastal systems (Annex V) call

ent, operational and research satellites provide observations
of some common variables for the surface ocean (sea sur-
face temperature, currents, waves, and chlorophyll a), and
new satellite missions are planned to measure additional
for increases in spatial (<1km) and temporal resolu-
tion (<1 day).

common variables (e.g. salinity).*

22 http://ioc.unesco.org/goos/Remote_sensg/index.html
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Future Operational Polar Orbiting Satellites (-2012)

NOAA (US) >

NPOESS (US) = SST, Ocean Color
METOP (EU) > PAR, Vector Winds
FY3 (China) ——- Sea Ice
?g?ses(;;)‘%MNz > Sea Surface Height
Tason > |- Surface Waves

Future Operational Geostational Satellites (-2012)

2005 2010
GOE S (US) 135W, 75W >
MSG (EU) OE/W > SST
INSA (India) 36-108E — Sea Ice
FY-2 (China) 36-108E > PAR
MTSAT (Japan) 140E >

Figure 3.1. Future operational polar orbiting and geostationary satellites. Major ocean parameters supplied by
these future satellites are also indicated in the figure. NPOESS and METOP plan to carry scatterometers (Ocean
surface vector winds), and NPOESS has one altimeter (Sea surface height). The JASON-2 programme by CNES,
EUMETSAT, NASA and NOAA has a high-accuracy altimeter and will be the successor of JASON-1. Signifi-
cant wave heights are measurable by the altimeters. Sea surface temperature and sea-ice can be monitored by
the infrared radiometers on board NPOESS, METOP, FY3 and geostationary satellites, and microwave radiom-
eters on board NPOESS. Ocean Colour products are derived from the visible sensors on board NPP/NPOESS.
Photosynthetically Active Radiation (PAR) is estimated by visible radiometers onboard operational polar orbit-
ing/geostational satellites. All the future polar orbiting satellites plan direct broadcasting of all the high-resolution
observation data (drawn from the report of CGMS-31 meeting, Ascona, 10-13 November 2003).

GSSC should focus on the following four tactical activi-
ties for timely and efficient provision of remote sensing
data for coastal systems of known quality:

(1) Work with CGMS/CEOS and their member agen-
cies to guarantee a sustained flow of satellite remote
sensing data to GRAs.

(2) Establish the infrastructure for efficient acquisition,

distribution and processing of regional remote sens-

ing data in real time.

Take an active role in recommending enhancements

to remote sensing capabilities in coastal waters (both

improved algorithms and new sensors for improved

3)

temporal, spatial and spectral resolution) supported
by appropriate research and development.

Ensure that the quality of data for all satellite data
products distributed by the coastal module is as-
sessed quantitatively.

“)

SUSTAINED PROVISION OF SATELLITE DATA

Long-term continuity of ocean satellite observations of
proven quality is critical to the successful development of
the coastal module, and GSSC should work to promote
sustained delivery of high quality satellite data to users
worldwide. At present, most satellite products served by
operational agencies depend on sensors that are operated
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by research agencies, and are not, therefore, operational.
During 2005-2010, proven pre-operational satellite-based
sensors will be transitioned into an operational mode (Fig-
ure 3.1). In the meantime, it is important to successful
implementation of the coastal module that current satellite
capabilities be maintained to ensure temporal continuity of
the data streams. It is also important to improve access to
satellite data, especially for capacity building purposes.

DATA AcQUISITION, DISTRIBUTION AND PROCESSING

Many user-needs require rapid detection and timely fore-
casts of changes in the state of marine systems, so real-
time dissemination of the high-resolution satellite products
is essential to an effective observing system. Infrastructure
to do this for coastal users is needed. The centerpiece of
this infrastructure should be the establishment of GRA
Remote Sensing Centers (GRSCs) in one or more regions
(Figure 3.2). Such centers would collect and transmit sat-
ellite data (Level 0, 1, 2 and 3) for the region. To do this
in real time, GRSCs would receive direct broadcasting
from operational and research satellites as well as data
transferred through the Alternative Dissemination Method
(ADM) from major satellite operational systems. In order
to cope with the future data volume requirements and geo-
graphical data dissemination requirements, GRSC data ac-
quisition and transmission systems need to be designed for
optimal connectivity with GRAs and their user members
for timely delivery of data and data products. The pursuit
of alternative methods of distribution is important as the
volume of information increases in the future, and satel-

BOX 3.6. THE ALTERNATIVE .
DISSEMINATION METHOD

The Alternative Dissemination Method (ADM)
is a generic term of data transfer technology
considered for the distribution of environmental
satellite data and products. The ADM commu-
nications are separated from the technology uti-
lized in Direct Readout (DR) services, which is
a broadcast from government owned satellites.
For example, commercial space communica-
tions, landlines, Internet infrastructures, etc. are
the potential technology of ADM. Presently, the
Internet distribution of ADM is best handled by
File Transfer Protocol (FTP) requests.

lite constellations become more unique. The GRSC-ADM
system will receive data from satellite ground stations and
product processing facilities. Received data are further
processed and formatted and then transmitted to dedicated
and public users (Figure 3.2a, b).

A network of specialists trained in the use of remotely
sensed data can enhance the RSC capability for re-
search and product development as well as GRA aware-
ness and acceptance of the satellite-based products. The
transition from low-resolution analog imagery satellite
services common today to digital high-resolution (ra-
diometric resolution) products and services needs train-
ing of users and significant capacity building.

SATELLITE REMOTE SENSING SYSTEM
ENHANCEMENTS

As the body responsible for oversight of technical de-
velopments toward the establishment of a global system
for observation of coastal waters, GSSC must assume
an important role in recommending research and devel-
opment priorities and enhancements to satellite remote
sensing capabilities that address the needs of users. As-
sessment of data product quality in the context of user
needs generates a clear picture of gaps in system perfor-
mance. It is thus important to follow through on assessments
by making recommendations for satellite remote sensing
system enhancements.

Action 3.13: In collaboration with the IOCCG and the
JCOMM Satellite Requirements Task Team, it is recom-
mended that the MWG promote the development of opera-
tional remote sensing capabilities for ocean colour in coastal
waters. This should include promoting the sustained flow
of satellite data to the GRAsS, the establishment of needed
infrastructure, ensuring data quality, and recommending
enhancements and research priorities to CGMS/CEOS and
their member nations to enhance operational capabilities of
satellite-based remote sensing. Priorities include the follow-
ing: (1) recommend standard protocols for in situ measure-
ments of the optical and chemical properties necessary for
determining the quality of the products derived from ocean
colour remote sensing in coastal waters; (2) prepare and dis-
tribute toolkits for development and evaluation of ocean co-
lour algorithms for both regional and global products (with
the latter requiring intercalibration of algorithms developed
for different regions); (3) support efforts to use these toolkits
for capacity building; (4) create a global forum of ocean co-
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Figure 3.2 a. Functions
of GRA Remote Sensing
Center. GRSCs receive
direct broadcasting from
operational and research
satellites as well as data
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Figure 3.2 b. Schematics of a
GRA Remote Sensing Center, which
identifies user groups, specifies their
satellite data requirements in a region,
and then delivers data and data prod-
ucts to users. It collects all available
satellite data (Level O, 1, 2 and 3) for
the region. The GRSC ADM system

will receive data from satellite ground
stations and product processing facili-
ties, and disseminate regional prod-
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ucts in timely manner.

lour algorithm developers and users to conduct inter-com-
parison exercises and coordinate activities for algorithm
development; and (5) promote the transition of satellite mis-
sions from research to operational status.

These recommendations will be widely distributed, but
also directed through appropriate channels. For example,
requirements for sensor performance will be submitted
to the CEOS/WMO database of satellite requirements for
better coordination of space-based observing systems.
For techniques that will become mature for the observa-
tion of coastal ocean, the transition from research sensors
(generally developed by space agencies) to operational
missions (generally conducted by meteorology agencies

such as EUMETSAT, or others such as NOAA) will be rec-
ommended.

ASSESSMENT OF DATA QUALITY

In order to achieve the primary goal of providing remote
sensing data of known quality to users, there is a need to
assess the techniques, sensors, algorithms and data man-
agement specifically for coastal waters efficiently and in a
timely fashion. The major remote sensing techniques (altim-
etry, scatterometry, SAR and ocean colour) should be as-
sessed to determine their status as providers of products for
coastal observations (e.g. adequacy in terms of spatial and
temporal resolution, near-shore degradation of the signal,
measurement uncertainty, product quality, data format and
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distribution). For many satellite data products, assessments
have already been done, although not necessarily for the
range of coastal applications of interest to users; they must
be regularly reviewed and revised.

Action 3.14: GSSC should compile assessments of tech-
niques, sensors, algorithms and data management specifi-
cally for coastal waters and prepare them if they are not
available.

Action 3.15: In collaboration with the IGOS Coastal Theme
Team, GSSC should regularly review the quality and utility
of coastal satellite products (in terms of required time, space
and spectral resolution) and make clear recommendations
for enhancements, including improvements to algorithms,
deployment of new sensors and priorities for research and
development.

Experience over the past decade has clearly demonstrated
that space-based observations are best when used in con-
junction with complementary in situ data. Most retrieval
algorithms for satellite oceanography products are tuned
against in situ measurements. The GCN in situ measure-
ments can be used to generate data products using regional-
ly derived algorithms. Additional validation measurements
may be necessary. The quality of satellite products should
be assessed quantitatively using regional in situ measure-
ments and product quality information should be accessible
for all the product uses. Algorithm improvement may have
to be conducted at the regional scale. Merging the satellite
and in situ measurements to improve coastal products is a
challenge that should be addressed through pilot projects,
e.g. establish globally comparable approaches for develop-
ing regional ocean colour data products for coastal waters as
recommended in Chapter 5.

An important aspect of assessing the quality of satel-
lite products is the extent to which there is continuity
and consistency among regions, e.g. algorithms for
calculating chlorophyll a concentration from ocean
colour provide comparable results for the Adriatic Sea
and the coastal plume of the Amazon River. To these
ends, internationally accepted procedures are needed
for satellite calibration (including multi-satellite inter-
calibration by the regional remote sensing centers), for
algorithm development, and for the validation of satel-
lite products.

Action 3.16: GSSC should work with the JCOMM Satel-
lite Requirements Task Team and the IGOS Coastal Theme
Team to formulate and recommend standard procedures for
calibration and validation of satellite products that are com-
parable across regions.

3.2.3 In Situ Sampling

The GCN is to establish a sparse network of reference sta-
tions (e.g. satellite calibration sites) and sentinel sites for sus-
tained time-series observations (fixed time-series stations,
repeat transects across key straights, and areas for repeat
Lagrangian surveys, etc.). A global network of stations for
in situ measurements for calibrating and validating remotely
sensed products should be established as part of the GCN.

Sentinel stations are needed for early detection and timely
predictions of the effects of changes in ocean basins (ENSO
events, the PDO, NAQ, etc.) and coastal drainage basins
(land-based sources of pollution, changes in the hydrologi-
cal cycle, etc.) as well as direct impacts of human activities
(fishing, introductions of non-native species by discharging
ballast water, oil spills, etc.).

Action 3.17: In collaboration with the IGOS Coastal Theme
Team and the JCOMM Remote Sensing Task Team, GSSC
should formulate criteria for determining optimal locations
for calibrating remotely sensed data and validating satellite
products; recommend locations and requirements for mea-
surements (time-space resolution, accuracy) at each; and
encourage their establishment or continuation as a critical
component of the GCN.

Action 3.18: In collaboration with the GRAs and the IGOS
Coastal Theme Team, GSSC should formulate criteria for
determining optimal locations for sentinel stations, surveys
and transects; recommend locations and requirements for
measurements (time-space resolution, accuracy) at each,
and encourage their establishment or continuation as a criti-
cal component of the GCN.

B 3.3 DATA TELEMETRY

The first step of telemetry of raw data from the sensor will
be considered as part of the observing system, rather than
data management (Chapter 4). There are many challeng-
es to efficiently transmit the broad diversity of data types
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(geophysical, chemical, biological) and data volumes from
in situ and remote sensing platforms and sensors to shore
stations and data assembly centres. Platforms such as drift-
ing buoys with simple sensor systems (e.g. SST and basic
meteorology) may transmit a few bytes of data daily or even
less frequently. Gliders may transmit tens of kilobytes in
bursts while at the surface, and some moored buoy systems
can now transmit Megabits per second (including streaming
video in real time). Some sensing systems deployed in the
field can be reprogrammed remotely, some with two-way
communications that enable continuous adaptive control.
There are phenomena critical to coastal GOOS that will
require continuous real-time monitoring and reporting (e.g.
surface currents, harmful algal blooms, beach contamina-
tion) while other variables may require data to be reported
at monthly or at less frequent intervals (e.g. spatial extent
and condition of coral reefs; distribution and abundance of
large, long-lived fish populations). For example, ecosystem-
based management of fisheries requires real-time, and near
real-time data on ecosystem states (e.g. temperature, salinity
and chlorophyll fields) and delayed mode data on fish stocks
(e.g. monthly, seasonal, or annual, depending on the species)
where “delayed” refers to the time lag between real-time
changes in fish stocks and the detection of such changes.

Observing system platforms have a wide variety of options
for transmitting data. Those deployed within line-of-sight
(LOS) of shore or of other platforms that can relay the sig-
nal can benefit from any one of a number commercial and
affordable LOS telemetry technologies (VHF, MF, Digital
Switched Calling (DSC), point-to-point and point-to-mul-
tipoint microwave or even cellular telephone networks in
some near coastal instances). Emerging “WiMax” (the
802.16 protocol with higher power and longer range than
the 802.11x that currently enables WiFi hotspots for wire-
less internet connections at coffee shops) technology holds

particular promise for broadband telemetry of nearshore
coastal measurements. Coastal platforms farther off shore
(typically beyond 25 km) or those over-the-horizon (OTH)
sites that comprise the global ocean module of GOOS can
still reliably report at varying data throughput rates (up to
Mbps) and frequency intervals (up to continuous stream-
ing real-time) through HF and HF-DSC links or a variety of
deployed and operational communication satellite constella-
tions. Some of these communications satellites are govern-
ment owned and operated while commercial providers lease
bandwidth on others in a variety of frequency bands (com-
mercial Ku-, C-, L-Band transponders are all currently in
use for telemetry of oceanographic data and the emergence
and increasing adoption of Ka-Band portends to further in-
crease data throughput rates. Sensors deployed beneath the
sea surface can also report data and be remotely controlled
from shore through a variety of methods, chief among them
electrical/optical cables either ending at shore or terminated
at a surface telemetry buoy, acoustic data modems transmit-
ting to a surface vessel or float, or releasable data packages,
which ascend to the surface to telemeter data ashore or to be
retrieved by vessels. Once transmitted ashore, GOOS data
are ported into data assembly centers.

Action 3.19: GSSC should assess requirements for data te-
lemetry regionally and globally and (i) document existing
infrastructure to achieve objectives of both the regional and
global components of the coastal module; (ii) recommend
simple and robust technologies that can be implemented by
users immediately; (iii) promote the development and de-
ployment of new telecommunications systems as needed,;
(iv) develop standards and protocols for telemetry technolo-
gies used for GOOS in order to facilitate dissemination of
the data for research and operational purposes; and (v) pro-
mote implementation of technical support programs for tele-
communications systems utilized for GOOS. mm
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4. Implementing Data Management Subsystem

B 4.1 GENERAL REQUIREMENTS AND DESIGN

Data communications and management are the pri-
mary integrators of the observing system. Conse-
quently, a high priority for implementing the coastal
module is the development of a data communications
and management subsystem (DMS) for the discovery
and delivery of data within GOOS and for interoper-
ability?® with other relevant observing systems and re-
search programmes. The objectives are to serve data at
rates and in forms specified by GRAs and other user
groups* and to enable all participants to collaborate
at levels appropriate to their responsibilities and re-
sources while maintaining the integrity of data bases
(I0C, 2003; p. 89-104).

In addition to providing a framework for interoperability,
the DMS must (1) ensure feedback between data assembly
centers and data providers for quality assurance; (2) enable
multiple user groups to easily and seamlessly locate, ac-
cess and use large volumes of data and information (from
both observations and models); (3) efficiently broadcast
data to users; (4) archive irreplaceable observations, data
products of lasting value, and associated metadata; and (5)
adapt over time as user demand grows and operational ca-
pabilities improve with advances in technology and under-
standing. To these ends, the DMS for the coastal module
should have the following capabilities:

23 “Interoperable” is the capacity to access, exchange and blend data from
different programmes seamlessly without detailed knowledge of their
origins.

24 It must be emphasized that measurement of the common variables mea-
sured and managed by the GCN will provide data needed to serve some
global products (Chapter 5), but most applications will require additional
observations to serve data and products based on the priorities of partici-
pating nations and GRAs. Thus, the GCN will be customized to meet the
particular needs of participating nations and GRAs (Chapter 5).

» process and archive data on the common variables
according to scientifically sound and well-document-
ed standards and formats;

e serve data on the common variables (observations
and model outputs) in real time (24/7) and in “de-
layed” modes depending on the needs of user groups
and their technical capabilities (automatic dissemina-
tion as well as “on demand”); and

* enable efficient access to data on the common vari-
ables and derived products by users who have a broad
range of capacities.

These capabilities are also needed by regional coastal
ocean observing systems for those variables that are
unique to their region. For both the GCN and regional
systems, the DMS must provide the means to assess
system performance, an issue that is addressed in Chap-
ter 7 for the observing system as a whole.

The DMS will develop most efficiently through open
software design. It should be emphasized that, in carry-
ing out the actions identified in section 4.2, existing in-
formation technologies and scientific standards should
be used whenever possible in preference to development
of new solutions. Some standards already exist for exist-
ing multi-national operational programmes, usually run
by agreements between national operational agencies at
the regional level. The process for adoption of existing
and development of new standards and protocols should
be open and inclusive to foster “buy-in” by all stake-
holders. All standards and protocol definitions should
be openly published so that participating organizations
may create interoperable DMS components based on
these specifications.
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Figure 4.1. Elements of the data management subsystem for the Global Coastal Network (GCN). The GCN measures
and manages a relatively small suite of common variables required by most national GOOS Programmes and GOOS
Regional Alliances. Data are served in both real time (solid line) and delayed mode (dotted line). Incoming data streams
are provided by both global observing programmes such as GLOSS and satellites and by GOOS Regional Alliances
(GRAGS) that, as a group, contribute to the GCN. On line browse provides guaranteed minimum geo- and time-referenced
capability for coastal GOOS data. Periodic user evaluations (dashed line) of access to data and to data-products are used

to improve performance (Chapter 8).

Data streams will originate from many different plat-
forms operated by international partners, GRAs, na-
tional programmes responsible for quality assurance,
and commercial offshore industries (Figure 4.1). Gen-
erally, some form of primary data assembly will be
required before data can be utilized. This processing
may range from hand entries to real-time conversion of
instrument voltages to physical units. Raw data from
these systems will be communicated by various means
(i.e. mail, telephone, radio and satellite transmission,
microwave, and the Internet) to centers for data assem-
bly and quality control.

Data management “begins” with the output from the
primary data assembly centers and the establishment of
common standards and protocols to support (1) meta-
data; (2) data discovery and on-line browse (the abil-
ity to assess the character of data using common Web
browsers); (3) data transport; and (4) secure, long-

term archives. Data management “ends” with the de-
livery of data and data products in forms specified by
user groups, including text forecasts, maps of ocean
variables and coastal features, materials for educational
curricula, and time series showing trends useful for re-
source managers.

The development of DMS for the GCN and regional
coastal ocean observing systems will be facilitated by
the formation of a Data Management Working Group
(DMWG) under the auspices of a global body of GRAs
(Chapter 2). In collaboration with the IODE and the
JCOMM Data Management Programme, the DMWG
will formulate guidelines for system development,
promote the establishment of standards and protocols,
define metrics and encourage pilot projects.

Action 4.1: The GRAs as a group (e.g. the GOOS Re-
gional Forum) should establish a data management work-



An Implementation Strategy for the Coastal Module of the Global Ocean Observing System

ing group (DMWG) to implement actions such as those
recommended below.

B 4.2 ESTABLISHING COMMON STANDARDS
AND PrOTOCOLS

4.2.1 Metadata

Metadata are critical for all DMS functions (data discov-
ery, transport, and archival). Variable names, units, loca-
tion in time-space (where and when measurements were
made) are referred to as “use metadata.” Descriptions of
measurement and analysis techniques and information on
calibration and validation are referred to a “descriptive
metadata.” For each variable-specific and instrument-
specific type of data, it will be necessary to specify both
according to internationally accepted standards.

Action 4.2: The DMWG, in collaboration with national
GOOS Programmes and ocean data centers, the JCOMM-
IODE Expert Team on Data Management Practices, the
Terrestrial Environmental Monitoring Sites (TEMS)
of GTOS, and international research programmes (e.g.
IGBP and SCOR), should (1) determine metadata con-
tent and format standards, (2) agree on the initial organi-
zations that should participate in metadata management
for the GCN, (3) develop tools and procedures in support
of metadata providers (i.e. develop or adopt procedures
and tools to aid the design, generation, verification, and
maintenance of metadata), (4) ensure they are applied to
relevant historical data and to data streams generated by
the GCN and regional coastal ocean observing systems,
(5) establish a metadata catalogue for the coastal mod-
ule (to enable data discovery), and (6) develop tools to
modify metadata appropriate to the corresponding data.

4.2.2 Data Discovery

The capacity must be developed to allow users with vary-
ing technical capabilities and requirements to search,
discover and acquire data easily and in a timely manner.
Data discovery includes both the location of data sets
which have been processed and archived, and the iden-
tification of the source of real time data which can be
accessed on line. Data discovery will initially be imple-
mented as a process of locating data by searching the
coastal GOOS metadata catalogue. DMS data discovery

capabilities will complement and extend search capabili-
ties of existing commercial Web search engines such as
Google and Yahoo.

Currently, metadata records for marine data are often
managed separately from the data themselves. As a prac-
tical matter, initial solutions to data discovery for GOOS
should build on this architecture. However, this creates
two significant challenges: (1) ensuring the validity over
time of the links between metadata records and points
of data access (see data transport) and (2) ensuring that
changes to data sets are reflected in the corresponding
metadata. This practice should not be continued for the
non-physical common variables. For these, the new op-
erational variables, metadata records and data should be
managed together.

On-line browse capability provides a uniform means to
inspect and make comparisons among GOOS data sets,
and the DMS subsystem must provide a seamless tran-
sition from data discovery to on-line browsing and data
transport. This can be achieved by using the DMS data
transport protocols for accessing data.

Action 4.3: The DMWG should work with the appro-
priate bodies (e.g. national ocean data centers, JCOMM-
IODE Expert Team on Data Management Practices,
IODE’s ODIN Programme) to determine what search and
browse capabilities are needed and to establish a standard
machine-to-machine interface (the data location service)
that enables the seamless transition from data discovery
to access.

4.2.3 Data Transport

Web services provide a standardized means for com-
puter systems to request data and data processing from
one another enabling the DMS to link independent sys-
tems. They are reusable software components based on
the eXtensible Markup Language (XML). Web services
use the communications protocol of the World Wide Web
(HTTP, Hyper Text Transfer Protocol) and are accessed
through Universal Resource Locators (URLSs) that begin
with http://.

Data transport on the Web is done via protocols such as
File Transfer Protocol (FTP), Hypertext Transfer Proto-
col (HTTP), and Simple Mail Transfer Protocol (SMTP).



An Implementation Strategy for the Coastal Module of the Global Ocean Observing System

These protocols are supported on most computers and op-
erating systems, and all of them will be used to move vari-
ous types of data over the network. However, there is no
uniform syntactic® or semantic? information that is guar-
anteed for data communications using these protocols and,
therefore, no guarantee of interoperability among comput-
er applications. This is the function to be fulfilled by the
DMS web services standards. The uniformity provided by
DMS web services standards will permit all components
involved in data transport to be interoperable at the ma-
chine level, i.e. data can be moved from one data center
or computer another and retain complete syntactic and se-
mantic information without human intervention.

Action 4.4: In collaboration with the JCOMM-IODE
Expert Team on Data Management Practices, the
DMWG should work with national ocean data centers
to develop web services standards and a comprehen-
sive data model (for data to be moved into for trans-
port between server and client) for the coastal module.
To initiate this process, the DMWG should inventory
data management solutions currently in use by data pro-
viders; identify existing and new applications (within
the framework of the six societal goals of GOOS) that
should be supported; determine requirements for deliv-
ery of formatted subsets to users; and develop middle-
ware solutions for requesting and receiving data and
metadata over the Internet, translating data from exist-
ing data management systems into an ocean data access
protocol?, and ingesting data from the protocol into ex-
isting and new data management systems.

25 The syntax (structure) of the data set including the atomic data types in
the data set (binary, ASCII, real, etc.), the dimensionality of the data set
(e.g., a 100x200x25x10 element array), and the relationship between
variables in the data set.

26 The semantics (description) of the data including the meaning of vari-
ables (e.g., P is phytoplankton biomass), units used to express variables,
descriptions of methods, and special value flags (e.g., a value of -1
means missing data).

27 The goal is to provide the means by which end users, whoever they may
be, may access immediately whatever data they require in a form they
can use while using applications they already possess and are familiar
with. Several solutions exist for this, but none are universally accepted.
A broadly tested and accepted data access protocol within the oceano-
graphic community is the OpeNDAP (Open Source Project for Network
Data Access Protocol). This data access protocol uses a discipline-neu-
tral approach to packaging data for transport. Discipline neutrality is a
key element of the data transport protocol for an integrated observing
system that is intended to serve large volumes of data for a broad
diversity of multidisciplinary variables, e.g., 4-dimensional geospatial
grids, time series, vertical profiles and the abundance and distribution
of biological species. The protocol ensures that the structure, numeric
values, and metadata are preserved between server and client.

The capacity for timely data dissemination not only de-
pends on rapid data input to and output from primary data
assembly and modelling centers, it depends on obtaining
agreements among countries and programmes to release
data (including sensitive data, e.g. fisheries statistics) and
for data providers to honor those agreements. This will
require special capacity building and training as well
as bi- and multi-lateral agreement among participating
countries. The problems of reluctance to exchange real
time data between operational agencies from different
countries, and the failure to release data which scientists
may wish to protect for reasons of prior publication, have
hindered the development of operational oceanography
repeatedly during the last ten years. If coastal GOOS is
to provide the socio-economic benefits demanded of it,
these problems must be confronted directly and solved.
These problems have been referred to many times before,
but the continued difficulty in obtaining a solution means
that investment in operational services may be postponed
yet again, with consequent damage to the environment
and risk to human life and health.

Action 4.5: GSSC should work with the I-GOOS and
the GRAs to promote conformance to the IOC Data
Policy  (http://ioc.unesco.org/goos/GOOSdm_final.
pdf) and the establishment and execution of interna-
tional agreements for timely data exchange among
GRAs and participating nations.

4.2.4 Archival

Data archives receive and provide access to both real-
time and delayed mode data and metadata. Initially,
existing archival facilities (e.g. national ocean data
centers) should provide these capabilities. Operating
principles, requirements for additional centers, and co-
ordination among facilities should be defined early in
the development of the DMS. High priorities include
(1) identifying all critical data streams and existing
data archives; (2) formulating plans for involving ex-
isting archives in the coastal module; and (3) estab-
lishing mechanisms to ensure that all valuable data are
sent to officially designated archives and that an exact
copy is received, and (4) establishing mechanisms to
detect and correct failures rapidly (using automated
backups and expert oversight to check the integrity of
data streams).
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BOX 4.1. BIOLOGICAL DATA
CONSIDERATIONS

Managing biological data has special challeng-
es that have been neglected in the past. Special
considerations must be given to metadata. For
example, a basic unit for biological data is spe-
cies. New species are discovered and named ev-
ery day. Names of recognized species are often
changed, especially for microbial species. Thus,
the hierarchical tree of evolutionary relationships
among species and associated nomenclature are
constantly being revised. Such systems require
name translators that give currently recognized
names, synonymous names and common names.
The taxonomic authority for each major group
of organisms maintains the accepted species list
with oversight provide by one or more of groups
including the Global Biodiversity Information
Facility (GBIF), Catalogue of Life, Species 2000
of the Integrated Taxonomic Information System
(ITIS), and the Ocean Biogeographic Informa-
tion System (OBIS). Protocols for using DNA
sequences as “bar codes of life” have been pro-
posed as an aid to taxonomic identification.

At this time, many physical variables have designated
archives at national and international levels, while most
of the non-physical variables do not. Most physical vari-
ables presently managed by operational agencies, such as
sea ice, sea surface temperature, and surface waves, are
archived by specialist groups within the operational com-
munity. For each variable it will be necessary to identify
regional, global and long-term archival centers. The roles
and responsibilities of each center must be defined and
procedures for designating official GOOS centers and for
discontinuing GOOS functions in the event that a des-
ignated center wishes to do so. To qualify as an archive
center, a data center must be able to manage multiple
copies of data and metadata, create and verify metadata,
and frequently check data integrity.

Standards and protocols developed by metadata man-
agement and data transport activities will be an integral
part of the network of data archive centers. In the mature
DMS, data and metadata should be received and redis-

tributed through DMS transport mechanisms in stan-
dardized formats. This will eliminate many of the delays
and difficulties of non-standard and diverse methods that
have burdened this process in the past. Evolution to this
state must be phased so that current data services are not
interrupted and users can make a smooth transition.

Action 4.6: The DMWG should conduct or oversee the
following activities:

* Assess current archival holdings and access methods
for data on the common variables;

¢ Prioritize data sets based on users’ needs;

» Categorize data sets for the common variables as ir-
replaceable, replaceable, perishable, and virtual as a
means to determine data set storage strategy and re-
tention periods;

* Recruit archival centers for the coastal GOOS archi-
val network and form partnerships;

* Develop and archive critical metadata;

* Prepare and formally adopt policies for contributing
data and using data;

» Establish guidelines for data providers that include
the archival and access policy, metadata and data
discovery standards and recommended procedures to
develop metadata easily;

* Define the human and machine data discovery inter-
faces;

* Develop procedures for receiving and broadcasting
more data in real time;

* Establish a protocol to report and resolve data and
data flow problems efficiently;

e Verify data security requirements for irreplaceable
data sets; and

* Promote pilot projects to demonstrate the capacity of
archive centers to support data discovery and trans-
port using DMS standards and protocols.

B 4.3 NATIONAL, REGIONAL AND GLOBAL DATA
ORGANIZATIONS

The coastal module of GOOS will function as a hierar-
chy of observations from global to regional and national
scales through the establishment of a decentralized infra-
structure in which the participants have clearly defined
roles and responsibilities for each of its elements (Fig-
ure 4.2). A wide range of data types is already managed
at the national and regional or sub-regional level within
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Figure 4.2. The coastal module of GOOS must function on national/regional to global scales so the commu-
nications and data management subsystem must also have this functionality. In regions where national centers
exist, Regional “Clusters” may include one or more national centers as needed. Where national centers do not
exist, a Regional Cluster may be established in lieu of the establishment of national centers. It should be em-
phasized that, although the JCOMM-IODE enterprise is shown here as the oversight body for implementing the
DMS for the coastal module, it is far from clear that this is the appropriate mechanism. JCOMM currently has

no mechanism to recognize implementation through GRAs or regional clusters.

the GRAs such as NEAR GOOS, EuroGOOS, and US-
I00S. Much of the data will continue to enter the system
and be processed initially at the national level where the
delivery of data and products can be tuned to the needs
of local users. In many areas, clustering of national cen-
ters regionally will provide efficiencies of scale and al-
low each GRA to take advantage of the diverse capabili-
ties provided by countries in the region (including data
assimilation by regional models). In addition, where
national centers do not exist, the development of multi-
national, regional data centers may be the most cost-ef-
fective means of managing data. National centers and
regional clusters will manage data from both regional
coastal ocean observing systems and the GCN.

The regional clusters should be involved in both the
formulation and application of internationally accepted
standards and provide functionality that cannot by ap-

plied cost-effectively at the national level. Regional clus-
ters will also provide a means for importing data from the
GCN and from other regions. It is also possible that poli-
cies for exchange of data over and above that provided by
IOC Data Policy can be negotiated regionally. Principally
for the common variables, the global clusters will provide
a final level of aggregation where well tested global data
communication, processing and management tools can
be brought to bear.

Action 4.7: In collaboration with national ocean data
centers and the IODE, the DMWG should promote the
establishment of regional and global clusters as needed.

Action 4.8: In collaboration with the GOOS-JCOMM
Ocean Information Technology (OIT) pilot project and
the JCOMM-IODE Expert Team on Data Management
Practices, the DMWG should establish an oversight
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mechanism for developing an integrating DMS that
builds on existing capabilities, includes non-physical
variables, and enables interoperability among GRAs, the
global ocean-climate observing system (GOOS/GCOS),
the Global Terrestrial Observing System (GTOS), and
ocean research programmes (e.g. those sponsored by the
IBGP and SCOR). This activity should include the fol-
lowing:

* Identify gaps in the terms of existence of data centers
and the capabilities of existing centers, and devise
solutions;

» Establish regional and global clusters with clear roles
and responsibilities (Figure 4.2);

* Formulate and implement rules for data and informa-
tion exchange;

* Establish mechanisms for data and information ex-
change with remote sensing centers (Chapter 3) to
ensure timely access to data streams and derived
products as needed for both regional applications
and the calibration and validation of satellite-based
observations;

* Establish mechanisms for data and information ex-
change with data centers for terrestrial and atmo-
spheric observations; and

* Specify metrics to evaluate and improve the data
management subsystems in terms of timely access of
users to diverse data from many sources.

B 4.4 CHALLENGES, CURRENT CAPABILITIES AND
PLANS FOR IMPROVEMENT

Establishing the recommended DMS faces many chal-
lenges, not the least of which are the following:

(1) A centralized management structure for oversight
and coordinated development of a global data man-
agement network for non-physical data must be
established through existing bodies (e.g. JCOMM,
the GOOS Regional Forum), through the establish-
ment of new bodies, or a combination of both.

(2) The DMS will be a distributed system in which
data resides and is managed at many different orga-
nizations on national, regional and global scales.

(3) The diversity of data and metadata to be managed
is very large. Variables are multidisciplinary and
measurements are unevenly distributed in time and
space. Classes of data include large volumes of

data from remote and in situ sensing, satellite and
drifter tracks, concentration and distribution of a
diversity of chemical species, abundance and dis-
tribution of a diversity of biological species, mod-
eled data model outputs, etc.

Though challenging, the technical requirements for (2)
and (3) can be addressed through an internationally coor-
dinated approach to software engineering with guidance
and input from user groups (specifying requirements for
products and services) and the science community (de-
fining requirements and evaluating characteristics of data
streams). Emerging management structures that address
(1) are summarized in section 4.4.1.

4.4.1 JCOMM, IODE and the OIT

The International Oceanographic Data and Information
Exchange (IODE) Programme of the IOC and the Data
Management Program area of the JCOMM are cooperat-
ing closely. The Expert Team on Data Management Prac-
tices (ETDMP) is a joint JCOMM-IODE venture and the
IODE capacity building activities (Chapter 6) are con-
tributing to JCOMM. The ETDMP has agreed to work
on three pilot projects during its initial intersessional pe-
riod:

1. metadata management;

2. data assembly, quality control and quality assur-
ance; and

3. development of end-to-end data management.

The ETDMP also agreed to work closely with the
GOOS-JCOMM Ocean Information Technology (OIT)
Pilot Project which has priorities overlapping those of
the ETDMP. The OIT Pilot Project objectives are aimed
at (i) improved telemetry; (i) metadata management;
(iii) data assembly, data set integrity, quality control; (iv)
data circulation and transport; (v) archives and archaeol-
ogy; (vi) applications and user interfaces; (vii) capacity
enhancement and training; and (viii) governance, over-
sight and metrics. It is expected that the IODE Project
Office (located in Belgium), will be a key facility in the
implementation of the ETDMP and OIT projects (as well
as being a specialized data and information management
training facility).

Although these efforts do not include the non-physical
variables (which account for most of the diversity of
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GOOS observations) and JCOMM is not organized to ad-
dress issues of regional development, they are breaking new
ground that will be of critical importance to the development
of the fully integrated DMS. However, the extent to which
the infrastructure provide by JCOMM and IODE (both with
a focus on global development) can be adapted to meet the
needs of the coastal module remains to be seen.

Action 4.9: The DMWG should work with the IODE
and JCOMM Data Management Programme area to as-
sess the capacity of the JCOMM-IODE infrastructure to
oversee the implementation of the DMS for the coastal
common variables of the GCN.

4.4.2 The Ocean Biogeographic Information System
(OBIS)

OBIS, the information component of the Census of Ma-
rine Life, is a rapidly developing international infrastruc-
ture for archiving and serving biological data. It provides
access to data content, information infrastructure and in-
formatics tools (maps, visualizations and products from
models) through an on-line, dynamic, global 4-D (three
space-dimensions and the time dimension) atlas of bio-
geographic information. Through “open access” via the
Web, OBIS provides (1) taxonomically and geographical-
ly resolved atlas on marine life and ocean environment;
(2) data from museums, fisheries and ecological studies;
(3) data from all ocean environments (seabed to plankton
and coastal to deep sea); (4) interoperability with other
databases; (5) access to physical oceanographic data at
regional and global scales; (6) software tools for acquir-
ing new data, checking species names, mapping, model-
ling and biogeographic analysis. The atlas will be used
to reveal interesting spatial and temporal patterns, gener-
ate new hypotheses about global marine ecosystems and
guide future field expeditions. The on-line, digital atlas
developed by OBIS is an important new product that will
be critical to achieving the goals of sustaining living ma-
rine resources and healthy marine ecosystems.

OBIS is an Associate Member of the Global Biodiversity
Information Facility (GBIF) and plans to work closely
with the developing Global Ocean Observing System on
data management and analysis issues. A major goal for
the next 2-3 years is to establish an international network
of national and regional nodes with common data access
through the OBIS Portal.

4.4.3 U.S. Data Management and Communications
(DMAC) Programme

Under the auspices of the Ocean.US enterprise, a long-
term plan for the Data Management and Communications
(DMAC) subsystem of the U.S. Integrated Ocean Ob-
serving System (IOOS, the U.S. contribution to GOOS)
has been prepared, including governance mechanisms
and detailed cost estimates to implement and maintain
this subsystem®. This plan creates a virtual system by
providing a framework for interoperability among in-
dependent, distributed and heterogeneous data manage-
ment programmes and activities. It builds on existing
data management activities and best practices, and lays
the foundation for transitioning these capabilities to a
truly integrated, yet highly distributed network using a
common data communications infrastructure. The plan
describes the proposed architecture for the DMAC sub-
system; provides a technical focus on interoperable data
delivery, access and archival; and proposes a detailed de-
velopment time line with cost estimates projected over
10 years.

Action 4.10: The DMWG should monitor the develop-
ment of OBIS and the U.S. DMAC subsystem for lessons
learned, to integrate OBIS into the DMS infrastructure,
and to determine which aspects of the U.S. effort can be
scaled up to help build the global infrastructure for the
DMS of the coastal module of GOOS. mm

28 http://www.iobis.org
29  http://dmac.ocean.us/dacsc/imp_plan.jsp
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5. Implementing the Modelling and Analysis

Subsystem

The coastal module of GOOS will efficiently link ob-
servations (Chapter 3) to applications through integrat-
ed data management (Chapter 4) and modelling. Apart
from serving raw data, all of the products generated by
the coastal module will come from models of various
kinds. Given that GOOS is ‘user-driven’, its success ul-
timately depends on an effective modelling and analysis
subsystem.

The term “model” is used here to include simple rules
of thumb (e.g. for converting biological-indicators mea-
sured using Rapid Assessment of Marine Pollution
(RAMP) — into measures of public health risk), algo-
rithms for converting measurements into meaningful
quantities (e.g. empirical schemes — algorithms — for
converting ocean colour into chlorophyll a concentra-
tion and primary production), geographic information
systems, and numerical models (e.g. physically-based
numerical models that can forecast three-dimensional
velocity, temperature and salinity fields, with associated
nutrient concentrations and plankton fields) (I0C, 2003,
Chapter 5).

For the most part, models are mathematical tools for
analyzing, synthesizing and testing our understand-
ing of the dynamics of complex systems through ret-
rospective and predictive calculations. Models are
needed to develop and enhance understanding, quan-
tify descriptions of processes, synthesize and con-
solidate knowledge, establish interactions between
theory and observations, develop predictive capabili-
ties, and simulate scenarios of past and future devel-
opments (Fennel and Neumann, 2004). The function
of operational modelling in GOOS is similar to the
long-established processes of numerical weather pre-
diction carried out by meteorological offices. Mod-

els have been used operationally for several years
to forecast tides, sea ice, storm surges, wave height,
currents, and a few other variables, notably in coastal
and shelf environments.

This chapter presents an implementation strategy for
modelling and analysis subsystems on both regional
and global scales. Section 5.1 recommends the estab-
lishment of community modelling networks as the pri-
mary mechanism for model development, and section
5.2 recommends actions to facilitate and coordinate
modelling and analysis activities within and among re-
gions and globally.

The development of regional modelling and analysis
subsystems, and their integration into a global system,
will be enabled by the formation of a Modelling and
Analysis Working Group (MAWG) under the auspic-
es of the GRAs. In collaboration with the GRAs, the
MAWG should formulate guidelines for developing
the modelling and analysis subsystem, promote the es-
tablishment of common standards, define metrics and
encourage pilot projects. This section recommends an
action plan for the MAWG.

Action 5.1: The GRAs as a group (e.g. the GOOS
Regional Forum) should establish a modelling and
analysis working group (MAWG) to implement ac-
tions such as those recommended below.

m 5.1 CommuniTY-BASED MODELLING
Measurements are given added value by further analy-

sis in a structured way, including data assimilation into
dynamic models. Models are used to analyze and syn-
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thesize data generated from measurements (both in situ
and remotely sensed observations) to (i) provide esti-
mates of past and present distributions of variables and
associated errors at a finer spatial and temporal resolu-
tion than the original observations; (ii) initialize and up-
date models for improved predictions and estimates of
uncertainty (IOC, 2003, Chapter 5), (iii) combine vari-
ables into parameters indicating states or characteristics
which have not actually been measured directly; and
(iv) develop, test and validate new model software and
design. Models are the basis for the majority of prod-
ucts delivered to users

Model outputs include spatial representations of past
(hindcasts), present (nowcasts) and future (forecasts)
states of the coastal ocean. In addition to being valuable
in themselves, model outputs are often used as the ba-
sis of risk analyses, decisions to issue alerts, and other
services. Modelling capabilities vary among regions. For
example, EuroGOOS has developed sophisticated op-
erational models that routinely generate and disseminate
products for users including forecasts of waves, tides,
storms surges and surface currents. In other regions, such
capabilities do not exist at all. Routine coastal modelling
now is conducted in many regions of the globe, including
within the NEAR-GOQOS, off the Australian coast, in the
Mediterranean Sea, and in areas off the USA.

5.1.1 Community Modelling Networks (CMNs)

In order to fully utilize coastal measurements, exploit
the best existing operational models, build the mod-
elling and analysis subsystem, and generate products,
Community Modelling Networks (CMNs) are need-
ed. CMNs should involve research programmes such
as LOICZ, GLOBEC, GEOHAB and IMBER; Large
Marine Ecosystem Programmes; national GOOS pro-
grammes, GRAs, and other bodies as appropriate.
The formation of CMNs will lead to the following
positive results:

* Provide a common voice when specifying require-
ments for offshore boundary conditions from deep
ocean models (OOPC), atmospheric forcing fields
(JCOMM), terrestrial inputs (GTOS), and satellite
products (satellite developers and operators);

* Define generally accepted, standard measures of
model performance and user satisfaction (i.e. internal
and external metrics);

* Share modelling expertise and development of
community software (models, and assimilation,
visualization and coupling code) thereby avoiding
duplication of effort. Note that the typical time for
a model to reach operational status is of order 10
years and the required resources are usually be-
yond those of any one organization. Similarly the
development of robust code to assimilate some of
the new data streams (e.g. HF radar measurements
of surface currents, surface colour, in situ measure-
ments from AUVs) is challenging and will require
the efforts of a many experts;

e Share computer resources; and

* Accelerate development of modelling and analysis
subsystems for new GRAs and capacity building
(through, for example, exchange of personnel, train-
ing courses, summer schools and workshops).

Action 5.2: The MAWG should work with GRAs,
LOICZ, GLOBEC, GEOHAB, IMBER, Large Marine
Ecosystem Programmes, and other bodies as appropri-
ate to encourage and guide the development of CMNs
focused on regional needs, technical problems and
products.

5.1.2 Community Modelling, Assimilation and
Visualization Software

No single model can satisfy all user needs. The range
of applications, and local differences in coastal ocean
conditions, are simply too varied. In fact it can be ar-
gued that a wide range of coastal models is essential
for meaningful model assessment and the generation
of realistic envelopes of model predictions that prop-
erly allow for model uncertainty. Community soft-
ware for a wide range of models will be essential if
such inter-comparisons and ensemble forecasting is
to be undertaken.

A strong case can be made for the development of free,
robust, readily available software that is documented
with version control, quality assured, maintained and
upgraded by permanent teams of professional software
developers, i.e. community software (Hallberg et al.,
2004). There are many examples of community mod-
els for the physical state of the ocean (Box 5.1). Com-
munity software also exists for other applications (e.g.
Fishery Stock Assessment, Box 5.2 and ECOPATH
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with ECOSIM for ecosystem modelling). Some bio-
logical models are widely used (e.g. the nutrient-phy-
toplankton-zooplankton model of Fasham et al., 1990),
although often software is not readily available and/or
well-documented and/or maintained. EuroGOOS pub-
lished an analysis of modelling and bio-ecological ob-
servations in operational oceanography (Fischer et al.,
2000). In addition to model code, there is also a need
for community software that includes schemes for as-
similating data (e.g. HF radar estimates of surface cur-
rents and waves, in situ measurements from gliders
and AUVs), helping to optimize the design of observ-
ing systems, for visualizing outputs of models and data
analysis activities, and for coupling different kinds of
models (e.g. physical and ecosystem models) and data
assimilation modules.

There are at least two ways that the MAWG could help
both new and established GRAs with community model-
ling: (i) prepare and periodically up-to-date an inventory
of community models, assimilation and visualization soft-
ware, and (ii) encourage the development of new commu-
nity software, particularly for non-physical products. This
could be achieved through the activities of CMNss.

Action 5.3: The MAWG should work with community
modelling networks to promote access to (through a
web-based inventory) and development of freely avail-
able and well-documented models and software for
data assimilation and visualization. Particular atten-
tion should be paid to the development of community
software used to generate nonphysical products (e.g.
forecasts of changes in ecosystem states) and of generic
assimilation software for biological data.

BOX 5.1. COMMUNITY OCEAN CIRCULATION MODELS

The World Wide Web provides access to informa-
tion on many ocean circulation models ranging from
primitive equation to quasi-geostrophic, from regional
to global, and from single- to multi-processor. A sam-
pling of such models is given below.

e Bergen Ocean Model — A 3-dimensional hydrody-
namic, multi-purpose model for coastal and shelf
seas that resolves mesoscale and seasonal scale
processes and is coupled to biological, resuspen-
sion and contaminant models. The mathematical
basis for the model represents the fields of velocity,
pressure, density, salinity and temperature as gov-
erned by momentum, continuity, and conservation
equations. The model applies finite differences on
a staggered grid with a vertical sigma-coordinate
representation. (Www.mi.uib.no/BOMY/).

e Hybrid Coordinate Ocean Model — An iso-
pycnal model in the open, stratified ocean that
smoothly converts to a terrain-following coordi-
nate in shallow coastal regions and to z-level co-
ordinates in the mixed layer or unstratified seas.
(http://oceanmodeling.rsmas.miami.edu/hycom/)

e Modular Ocean Model — A primitive equation, gen-
eral circulation model last updated in 1996. (www.
gfdl.noaa.gov/~fms/pubrel/j/mom4/doc/mom4_
manual.html)

e Ocean Parallelise Model — A primitive equation
model for both regional and open ocean circulation.
It is intended to be a flexible tool for studying the
ocean and its interactions with other components
of the earth climate system. (www.lodyc.jussieu.
fr/opa)

* Princeton Ocean Model — A sigma coordinate, free
surface, primitive equation model that includes a
turbulence sub-model. The model has been used to
model circulation of estuaries, coastal regions and
the open ocean. (http://www.aos.princeton.edu/
WWWPUBLIC/htdocs.pom/)

* Regional Ocean Modelling System — A free-sur-
face, hydrostatic, primitive equation model that
uses stretched, terrain-following coordinates in the
vertical and orthogonal curvilinear coordinates in
the horizontal. (http://marine.rutgers.edu/po/index.
php?model=roms)

o Terrain-following Ocean Modelling System — An
activity to develop, evaluate, test and provide sup-
port for developing terrain-following (sigma) ocean
circulation models. The web site provides useful
resources for the ocean modelling community in-
cluding supporting analysis codes, data assimila-
tion, and updates on the future modelling system
currently under development. (www.aos.princeton.
edu/WWWPUBLIC/htdocs.pom/TOMS.htm)
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BOX 5.2. COMMUNITY SOFTWARE FOR FISHERY STOCK ASSESSMENT

The need for standardized software tools for evalu-
ating the status of fishery resources and to predict
the effects of alternative management actions has
led to the development of a number of community
models. Models are used both to identify the com-
mon state variables and to project future states of
the system (IOC, 2003, Chapter 5). The models
employed can be classified into those that provide
hindcasts and nowcasts for resource populations
(for example, various forms of sequential popula-
tion analysis), forecasting and projection models,
and those that are used to estimate Biological Refer-
ence Points — targets and limits to exploitation — for
fishery resources. A representative source location
for software to meet these needs can be found at the
website for the International Council for Explora-
tion of the Sea®. An inventory and brief descrip-
tion of some of the individual software packages is
provided below.

ADAPT A combination of traditional virtual popu-
lation analysis and statistical procedures to esti-
mate model parameters from tuning data.

AMCI A flexible assessment model combining in-
formation from various sources.

FISHLAB A set of fisheries tools in the form of
Excel add-ins and functions as well as routines
that can be called from Visual Basic. Standard

Action 5.4: Pilot projects should be initiated to accel-
erate the development of community models and met-
rics related to ecosystem forecasting, including ecosys-
tem-based management of fisheries and water quality.
Projects should build on or contribute to current efforts
such as those associated with Large Marine Ecosystem
Programmes and with regional coastal ocean observing
systems (e.g. the Mediterranean Forecasting System,
the Marine Environment and Security for the European
Area (MERSEA) Programme, or the Gulf of Maine
Ocean Observing System).

assessment methods are provided as well as rou-
tines to allow the evaluation of management un-
der uncertainty.

ICA A statistical alternative to virtual population
analysis.

MLA Marine Laboratory in Aberdeen. Programs
for medium-term projections.

MSFPY A multi-fleet deterministic short term and
long-term projection program

MTAC Takes the single-species advice for each
species in the fishery as a starting point, then
attempts to resolve these into consistent catch
or effort advice using fleet-disaggregated catch
forecasts in combination with explicitly stated
management priorities for each stock.

Pasoft Precautionary Approach software which can
calculate various biological reference points
VPA Virtual Population Analysis. The Lowestoft
suite of VPA programs, like XSA and Seperable

VPA

Other software compilations for fishery stock as-
sessment have been made available over the World
Wide Web through the Food and Agriculture Orga-
nization of the United Nations*' and other groups.

30 http://www.ices.dk/datacentre/software.asp
31 http://www.fao.org/fi/statist/fisoft/fisat/index.htm

® 5.2 DEVELOPING AND IMPROVING REGIONAL
MODELLING CAPABILITIES

This section recommends a procedure for developing new
operational models and improving existing ones. These ad-
vances will benefit both research and the operational capa-
bilities of the modelling and analysis subsystems for region-
al coastal ocean observing systems. The process should be
linked to that described in Chapter 3 for the development of
measurement subsystems for regional coastal ocean observ-
ing systems, and it should be repeated periodically.

Step 1: Establish CMNs to promote model development
(including the incorporation of uncertainty into models to
make more useful, probabilistic predictions) and testing via
pilot projects. Objectives are to determine capabilities in
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the region and set research priorities for improving existing
operational models and developing new models. Engaging
user groups in the process of assessing operational models
against data and information requirements should be a high
priority from the start. In order to make this assessment re-
alistic the users consulted should be drawn from the com-
munity of experts concerned with data assimilation, model
code development, and value-added organizations who use
the output from models to create new products.

* Identify and engage users to specify data and information
needs. The Users’ Forum recommended in Chapter 3 to
specify observing subsystem requirements should be ex-
panded to include identification of modelling needs and
the specification of requirements for model outputs and
associated errors by involving the appropriate commu-
nity of experts

* Inventory and assess existing modelling capabilities. Be-
fore proceeding with a new modelling or analysis activ-
ity, assess current modelling capabilities and their data
requirements regionally and globally; classify models in
terms of their stage of development from research to op-
erational (Chapter 1, Section 1.5); and identify gaps that
exist in modelling and analysis capabilities.

* Specify data and information requirements. Begin the
process described in Chapter 3, 3.1 to determine if model
requirements for observations are met.

* Compare and select models. In many cases there will
be more than one model or method of analysis that can
be applied to a particular problem. There might also be
community and commercial software available (see sec-
tion 5.2.1) that will greatly enhance modelling and analy-
sis and circumvent the need to develop software from
scratch. CMNs should be used to promote model devel-
opment and comparative analyses through pilot projects
within and among regions. This will accelerate the devel-
opment of operational modelling capabilities.

Step 2: Implement pre-operational projects to evaluate
model outputs in terms of their usefulness to users.

* Assess model performance. Once a model or method of
analysis is being used routinely to generate results, the
ability of the model to achieve its stated objectives must
be assessed. Analysis and modelling results must be com-
pared with standardized measures that allow developers
and users to determine if model results are consistent
both internally (section 5.2.3) and with other modelling
studies (section 5.2.4).

* Evaluate products. When modelling or analysis is
producing products that address the stated objectives,
the product usefulness and appropriateness need to be
evaluated by the users and clients. This could result
in changes to the model or the analysis approach, or
it could cause the objectives to be revised. GSSC will
help with this step by providing a set of standardized
external metrics that will measure user satisfaction
(section 5.2.4).

* Enhance: The end products from modelling and analysis
should be enhanced in a number of ways. These might in-
clude, for example, technical enhancements that increase
the speed and efficiency at which products are delivered,
improvements to user interfaces, or improvements to the
underlying model and analysis approach.

Step 3: Begin operational use and periodic performance
evaluations (Chapter 8).

5.2.1 Inventory of Coastal Models

An inventory of coastal models and their characteristics that
are updated periodically will be useful to nations and GRAs
interested in establishing modelling subsystems. Such an in-
ventory will also be useful to individual researchers and the
users of model products. Conducting the inventory will be a
non-trivial task and must be carried out by groups of experts
working with members of the MAWG.

In addition to listing the models and corresponding web sites
(URLSs), the usefulness of the inventory will be enhanced by
including independent assessments of the predictive skill of
the models and their operational status (i.e. research and de-
velopment, pilot, pre-operational, or operational). Examples
of model applications (published papers, practical applica-
tions, operational use) and plans for model enhancements
also will be useful.

The range of coastal models is very wide and it will be
necessary to inventory classes of models in a sequential
way perhaps starting with the physically-based models.
The classes could be based on applications.*> Useful
commercial software has been developed for many appli-
cations and these should be included in the inventory. The

32 Applications include, for example, forecasting harmful algal blooms,
assessing the status of living marine resources, ecosystem-based
assessments of the sustainability of fish stocks, forecasting the three
dimensional physical state of the coastal ocean, estimating chlorophyll-
a from remotely-sensed ocean colour.
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IOC has begun developing an internet-based resource on
ocean remote sensing sensors, data, education, and ocean
models.* This website should be expanded to include the
inventory described above.

Action 5.5: The MAWG should work with the research
community (through programmes such as LOICZ, GLO-
BEC, GEOHAB, and IMBER), the Large Marine Eco-
system Programme, with the JCOMM Services Program
Area, and with regional and national operational agencies,
to develop and maintain an up-to-date inventory of coastal
models organized by application. The MAWG should also
recommend measures of model skill and operational sta-
tus and ensure the inventories are readily available via the
web. Commercial and non-commercial models should be
included in the inventory.

5.2.2 Data Needed for Coastal Models Falling Outside
the Scope of GSSC

In addition to measurements from regional coastal
ocean observing systems and the GCN (Chapter 3),
coastal modellers need access to data sets that provide
atmospheric forcing fields (e.g. wind and air pressure),
land-based inputs (river flows and associated inputs
of nutrients, sediments and contaminants), and open
boundary conditions that can be provided by deep ocean
models (IOC, 2003, Chapter 5). High-resolution and
accurate bathymetries and, in some instances surficial
sediments and coastal orography, are also of great im-
portance to coastal modellers. The availability of such
data, which are not currently among the common vari-
ables (and their real-time access in some cases), will be
a challenge for some regions and will require capacity
building (Chapter 6) of both expertise and communica-
tion networks (Chapter 4). Therefore, an inventory of
data types and sources with web links to them should
be developed and updated to enable rapid access (e.g.
‘one stop shopping’) for coastal modellers needing data
that are not served by the GCN or regional coastal ocean
observing systems. This will require collaboration with
a number of groups, including JCOMM for oceanog-
raphy and marine meteorology variables, WMO for
atmospheric products, OOPC for open boundary condi-
tions, GTOS for terrestrial inputs, and the IGOS Coastal
Theme Team for remotely sensed data.

33 http://ioc.unesco.org/goos/Remote_sensg/index.html

Action 5.6: The MAWG should establish routine and
sustained exchanges of information and requirements
with JCOMM, OOPC, GTOS, and the IGOS Coastal
Theme Team and maintain an up-to-date inventory of the
additional data sets required by coastal modellers. The
MAWG should also facilitate the development of data
transfer links as needed. A pilot project could be initi-
ated to identify and resolve issues related to real-time
data flow for models in a developing region, e.g. MILAC
(Chapter 7).

5.2.3 Model Validation and Inter-Comparison: Internal
Metrics

A set of measures must be defined to measure unam-
biguously the quality, internal consistency and skill of
model predictions. Such ‘internal metrics’ are essential
for meaningful model comparison exercises, quantifying
model performance, accelerating model improvement
and developing more useful and reliable products.

The GOOS/OOPC (through the GODAE pilot project)
has been developing a set of internal metrics for open
ocean forecasting. They have found it useful to define
classes of metrics based on (i) standard grids, levels and
integrals thereof (for model-model inter comparison), (ii)
observation locations and transects (for model-observa-
tion comparison), (iii) forecast fields and higher-order
assimilation statistics (to assess the model’s interpola-
tive and prediction skill). The experience of OOPC will
be very useful to MAWG as it starts to develop internal
metrics for coastal ocean applications. Following the lead
of deep ocean and tidal modellers, it may also be worth-
while defining standard test cases for some classes of
model thereby allowing straightforward and quantitative
comparison of models.

Action 5.7: The MAWG should work with community
modelling networks to define internal metrics that will
measure the quality, internal consistency and skill of the
main classes of coastal models. The MAWG could also
consider defining standard test cases. The group should
build on the experience gained by other groups who have
already developed similar measures for other types of
models (e.g. OOPC/GODAE for deep ocean models).
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5.2.4 Quality Control and Assurance and User Satis-
Jaction: External Metrics

The output of coastal models must be quality-con-
trolled before distribution to users. Many methodolo-
gies exist to assess numerical weather predictions and
new methodologies are being developed to assess deep
ocean model forecasts. Operational agencies in many
countries have been providing forecasts of sea state
physical parameters to offshore engineering compa-
nies, oil and gas producers and their sub-contractors,
and to insurance and registration agencies. The liability
for mistakes in these conditions are considerable, and
the model accuracy and errors must be understood and
conveyed to the customer. Quality assurance and qual-
ity control methodologies should be developed by Com-
munity Modelling Networks (see 5.2.6) in collaboration
with the MAWG for approval by the sponsoring organi-
zations of GOOS and JCOMM.

A set of ‘external’ metrics is needed to assess user satis-
faction with the products generated by the coastal mod-

els. Such metrics will promote meaningful user feed-
back to the Community Modelling Network and global
modellers, and thereby encourage the development of
more relevant products. In general one can anticipate
that external metrics will be harder to define than in-
ternal metrics and will require close collaboration with
the user community. In some cases the metrics may be
semi-quantitative (e.g. measures of user satisfaction,
impact).

In addition to the timely dissemination of products to
users, it is important to emphasize that a mechanism for
receiving and responding to user feedback should be in-
cluded in the design of operational systems.

Action 5.8: The MAWG should work with GRAs,
Large Marine Ecosystem Programmes, and other bod-
ies as appropriate to define a set of external metrics
that will facilitate quality control and quality assurance
and measure user confidence in, and satisfaction with,
coastal model products. mm
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6. Developing and Improving Capacity

A fully integrated GOOS that addresses all six societal
goals can be achieved only by improving coastal observ-
ing and reporting capabilities globally. Thus, capacity
building, especially in the developing world, is a high
priority for implementing the coastal module and will
be a major focus of GSSC. Capacity building is needed
on two related fronts: (1) enabling nations and GRAs
in different stages of economic development to estab-
lish coastal ocean observing systems with the related
infrastructure and to benefit from data and information
provided by GOOS and (2) developing new technolo-
gies and models through research that can be used to
improve the operational capabilities of regional coastal
ocean observing systems and the GCN. To these ends,
participating nations must recognize the need for long-
term, continuous commitments to building and sustain-
ing national and regional capacity world wide through
the following:

* Develop diverse approaches that include a broad
range of activities from training courses to the instal-
lation of observing system infrastructure with sus-
tained training programmes;

» Establish mechanisms that enable scientists, opera-
tional environmental agencies, engineers, socio-econ-
omists, and users to work closely together (learning
by doing, teaching the teachers) in the execution of
projects, programmes, and partnerships;

* Tailor programmes to specific national and regional
needs as determined by the recipient countries and
GRAs;

* Ensure that recipient nations and GRAs contribute to
their own development;

* Enable timely delivery of data and information to re-
cipient nations and regions;

e Through research and development, close the gap
between capabilities for near real-time detection of
physical and biogeochemical variables;

* Develop partnerships among governments, interna-
tional organizations, private sectors, NGO’s, techni-
cal experts and donors to finance and build capacity;
and

* Increase national and international support through
public and political awareness programmes that
highlight the need for and potential of integrated and
sustained ocean observations and predictions.

Key issues related to these activities have been iden-
tified by JCOMM and GOOS.** GSSC is expected to
work with the GOOS/JCOMM Capacity Building Pro-
grammes and the GRAs to (1) set priorities for capac-
ity building in each participating country and GRA, (2)
plan and promote capacity building activities (training,
building infrastructure, outreach to the public and gov-
ernment agencies) for measuring and processing (data
management and analysis) non-physical variables, and
(3) promote sustained investments to support these ac-
tivities.

34 The project should be closely related to requirements of user sectors
based on national or regional surveys; (ii) the project should build as
much as possible on existing facilities and capabilities in the nation or
region; (iii) the project should be nationally or regionally owned and
promoted; (iv) the potential for a joint project with industry might be
explored, particularly in the context of possible industry interest in
emerging markets; (v) the project should be presented as an integrated
whole, but with multiple components and uses, which would allow pre-
sentation to, and potential funding by, a number of donor agencies; (vi)
dialogue between recipient countries, capacity providers, and potential
donors should begin as early as possible in the project development
process; and (vii) the project should be structured and focused with re-
gard to potential donor objectives, including justification of the project
aims and requirements in terms of those donor objectives.
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A high priority is to initiate cooperative projects with
GRAs that have focused, attainable objectives and
will leave a legacy of sustained observations, data
management, and/or analysis systems serving the re-
gional common need. To the extent that this process
is driven by stakeholders from the targeted region or
country, has commitments from participating govern-
ments to sustain the observing systems once estab-
lished, and is guided by partnership between provid-
ers and recipients, regional approaches will be more
cost-effective than attempting to build capacity on a
global scale from the beginning.

Action 6.1: The GRAs as a group (e.g. the GOOS
Regional Forum) should establish a capacity build-
ing working group (CBWG) to ensure that local and
regional needs are met by national and international
capacity building efforts and to implement actions
such as those recommended below.

B 6.1. CaraciTy BUILDING IN THE DEVELOPING
WORLD

Capacity building is the key to the implementation of
COOP and great attention needs to be given to this ac-
tivity especially in the Developing world. Partnerships
between developed and developing nations (as illus-
trated in Box 6.1) need to be arranged and streams of
continuing funded need to be identified.

Action 6.2: The CBWG should advise the GOOS-
JCOMM Capacity Building programme on the estab-
lishment of protocols for nations and GRAs to imple-
ment, operate and improve regional coastal ocean
observing systems based on their own priorities.

6.1.1 Procedures for improving capacity

It is essential to develop mechanisms for identifying de-
ficiencies in the ability to contribute to or benefit from
the coastal module of GOOS, and then to create mecha-
nisms to remedy them, and promote implementation.

BOX 6.1. PARTNERSHIP BETWEEN THE UNIVERSITY OF GOTHENBURG (SWEDEN)

AND EAST AFRICAN MARITIME INSTITUTIONS

A promising means of capacity building is to promote
partnerships between institutions in developing and
developed countries to enhance scientific, technical
and analytical capabilities and sustain a strong and
continuing relationship. A good example of this is the
partnership between the Department of Oceanography
at Gothenburg University in Sweden and the East Af-
rican maritime countries during 1992 — 1998. Promot-
ed by the Swedish International Development Agency
(SIDA), a comprehensive two-year MS programme
in physical oceanography was launched in 1992. The
programme consisted of intensive lectures at the De-
partment of Oceanography, Gothenburg University
for periods of three months each year. In between, the
participants carried out fieldwork and thesis writing in
their respective home countries. All participants were
employed at a marine institution at home, either at a
university or at the local Fishery Board. Courses were
conducted in 1992, 1995 and 1998. Out of 20 partici-
pants, 16 finished and obtained their diplomas in Go-

thenburg. Of those who finished, six were from Kenya,
three from Mozambique and two from Tanzania. The
other students were from outside East Africa, mainly
Sri Lanka. Some of the graduates were accepted for
PhD studies within the Regional Program. Institution-
al contacts that were established are considered to be
of major importance. In Kenya, all six participants are
active at the Kenya Marine and Fisheries Research In-
stitute (The Fishery Board) in Mombassa. Others are
at UEM in Maputo and IMS and TAFIRI of Tanza-
nia. So far, none of the graduates have left their home
countries. The key factor here is continuous contacts
through research and efforts to start up local education
programmes in the recipient countries. In Sri Lanka,
the University of Peradenyia is, for the second year
running an MS course with ten participants. A simi-
lar course is planned to start at UEM from next year.
With financial support, it should be possible to initiate
graduate coursework also at other universities within
the region.
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First, using the guidelines recommended in Chapter
3 (section 3.1, Annex II), each region should priori-
tize data and information requirements based on so-
cioeconomic needs (perhaps by sectors, e.g. tourism
or fisheries). Then, existing infrastructure and skills
should be assessed to determine gaps or deficiencies
in the capacity to meet those requirements. These may
include inadequate infrastructure for observing (plat-
forms, instruments, data transmission) and managing
data, trained personnel (technicians, scientists, man-
agers, etc.), and funding for sustained observations.
Agencies responsible for safety at sea, coastal flood
defenses, fisheries regulation, public health etc., are
not always those with a strong component of science
or research. The strengthening of infrastructure and
training often needs to be focused on these agencies,
as well as in improving scientific capability. Through-
out this process, GRAs should collaborate with other
GRAs to compare experiences and learn from each
other. The next step is to identify an appropriate ca-
pacity building programme or entity with the expertise
and willingness to work with the region to build the
needed capacity. For capacity building to be effective
the anticipated benefits must match the expectations of
the donor. Then, the provider and recipient must work
with a facilitator (e.g. Partnership for Observation
of the Global Oceans (POGO)) to develop plans that
meet the requirements of all three partners (recipient,
provider, and facilitator).

Pilot projects are of critical importance in this process.

Action 6.3: The CBWG should work with GRAs
to design and implement pilot projects that will en-
able capacity building to establish sustained coastal
ocean observing systems worldwide, especially in
those regions that lack the resources to develop such
systems.

Action 6.4: The GOOS-JCOMM Capacity Building
Programme should establish centres of technical support
at existing institutions that will provide advice and have
the ability to send technicians to the recipient country
or GRA to facilitate the deployment of new instruments
and troubleshoot problems with existing infrastructure.
This will serve as a common facility to underpin all
GRAs (or the GCN). For example, the University of
Hawaii has a 3-person technical team that services large
set of tide gauges in the Pacific. The funding initially

should be viewed as lasting for approximately 10 years,
with the possibility of evolving to a self funded “com-
munity technical team.”

It is important to develop training programmes that tar-
get measurement of as many of the common variables
as possible, supplemented with those needed for re-
gional enhancements (e.g. detection of ciguatera in reef
areas). Such programmes should develop easy-to-apply
and practical protocols for key products. Development
of custom-made training courses for coastal observing
system products is one way of achieving this. An exam-
ple of this is the POGO/SCOR courses on ocean colour
that are held annually in South America.®

Because of the modular structure of GOOS, the GRAs
and national GOOS programmes will be the primary ve-
hicles for capacity building. Thus, it is critical that these
bodies continuously evaluate the needs for maintaining
a cost-effective technical workforce and engage govern-
ment agencies, universities and private sectors in provid-
ing and applying data and information from GOOS and
in securing sustained support for these activities.

6.1.2 Attracting funding for capacity building

Funding for most capacity building programs in ocean-
ography come at present from organizations such as
IOC, UNEP, World Bank/GEF, POGO, philanthropic
foundations and nations through bilateral and multilat-
eral agreements. All of these resources must be used and
more developed. One approach would be to encourage
investments in capacity building from revenues derived
from the marketing of GOOS products or from econo-
mies achieved through the use of data and information
from coastal ocean observing systems. For example,
even a small fraction of the millions of dollars saved by
timely forecast of extreme events like tropical cyclones
could go a long way in strengthening capacity within a
region prone to these impacts. It is necessary to iden-
tify other potential users of coastal products from sec-
tors, such as tourism, fishing, maritime transport, and
prospectors in coastal areas and to convince them of the
need to contribute to capacity building to improve their
bottom line and the quality of services offered to them.
The objective is to increase funding from user groups

35 http://ocean-partners.org/fellowshipb.html
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while sustaining investments made by conventional
funding organizations.

Capacity building is also needed in the infrastructure,
communications, instrument maintenance, and data
management within national operational agencies. This
type of support could come from equivalent operational
agencies in developed countries, or through their inter-
national bodies. This would also take some of the fund-
ing strain off the science research budgets.

Several examples for the “user pays” concept already
exist. Notable among them are Ducks Unlimited, a
non-profit organization that raises funds for habitat pro-
tection. The Galapagos Islands collect revenues from
tourists and use them for environmental protection®.
Some countries tax sport fishing and other related activ-
ities to support ecosystem-based monitoring and protec-
tion. Tourism, fishing and diving at the Turneff Atoll in
the Caribbean (Belize) are taxed this way. Turneff Flatts
commits 1% of the revenue to organizations promoting
conservation and sustain coastal marine habitats such
as the Turneff Atoll*®. Also some countries charge fees
for access to state and national parks to pay for environ-
mental protection. For example, the Australian Govern-
ment imposes a reef tax of $ 4 Australian per person per
day which goes towards research and protection of the
Great Barrier Reef™.

Given that economies made are equivalent to funds gen-
erated, existing training programs need to be reviewed
to make them more effective in helping to build coastal
GOQOS. For example, many nations or institutions con-
duct regular in-house or intra-country training programs
on various marine subjects. Alignment of the curricu-
lum of these courses to address capacity building needs
of coastal GOOS could alleviate the need for, and hence
additional expenditures on, separate capacity building
activities.

NGOs should be asked to help identify sources of funds.
For example, NGO’s such as the Surfrider Foundation*
are likely to be interested in more accurate and timely
information on beach, water quality, and wave condi-

36 http://www.ducks.org

37 http://www.galapagos.org/about.html
38 http://www.tflats.com/fishing.html
39  http://www.aph.gov.au

40 http://www.surfrider.org/

41 http://ioc.unesco.org/oceanteacher/

tions. An initial conference with global NGOs could be
organized to develop a strategy for continuing dialogue,
outreach and support. A resolution of the time frame of
interest is important as CB is a long-term process and
the NGO needs tend to be more immediate.

Many marine commercial activities such shipping,
tourism, or offshore oil and gas have national and in-
ternational trade associations. These bodies organize
conferences, exhibitions, and lobby for their common
interests. In all such cases an efficient operational ser-
vice such as Coastal GOOS would improve their pro-
ductivity, reduce accidents and loss of life or property,
and make it easier to comply with regulations. Such
bodies should be approached for capacity building sup-
port in the countries where they operate.

Action 6.5: GSSC should lobby international donors
(including the GEF) to fund partnerships between de-
veloping and developed nations to establish the GOOS
infrastructure. (As an example, the GEF funding would
cut across many LMEs and/or GRA regions, making it
bigger than just one LME).

6.1.3 Regional Tool Kits for Capacity Building

Toolkits are important as resources of self-teaching, sup-
port for operational activities and interactions with user
communities. Many toolkits pertinent partly or wholly to
the Coastal Module of GOOS are already available. The
capacity building initiatives can specifically benefit from
toolkits that are custom made for their use, such as Ocean
Teacher*'. Annex II of this document provides a set of
tools that can be used to determine priorities within regions
based on socioeconomic needs. The Integrated Strategic
Design Plan for the Coastal Ocean Observations Module
of GOOS provides a tool kit for determining variables to
be measured based on scientific requirements’.

The three volumes of the [OC Manual on sea level mea-
surement and interpretation are perhaps the first set of
comprehensive tools designed for use in coastal ocean
observations. The I0C published the first volume in
1985 and the third volume in 2002. The 2002 volume
provides updated material with a specific focus on en-
hancing capacity in sea level related activities for use by
coastal GOOS and GLOSS. By providing extensive ac-
counts of tide gauges and measurements in various parts
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BOX 6.2. A TOOL KIT APPROACH TO BUILDING CAPACITY — RAPID ASSESSMENT OF MARINE
POLLUTION (RAMP) RAPID ASSESSMENT OF SOCIO-ECONOMIC INDICATORS (RASE)

Overview — The use and dissemination of Rapid Assess-
ment Methodologies (RAMs) in the form of “tool kits”
is a cost-effective means for improving operational capa-
bilities for assessing the health of ecosystems and living
marine resources and linking these assessments to socio-
economic indicators. Adoption of RAMs may prove par-
ticularly important as a capacity building tool.

The Rapid Assessment of Marine Pollution (RAMP)
and Rapid Assessment of Socio-Economic indicators
(RASE) pilot project is intended to provide sensitive
rapid assessments of contamination from discharges of
sewage and chemical pollutants, as well as of physical
stresses associated with land reclamation and develop-
ment of coastal areas for tourism and industrial activi-
ties. The plan is to test this methodology in the Carib-
bean region after a capacity building exercise.

Products — Conduct a two year survey of RAMP vari-
ables in the Caribbean as a model for regional environ-
mental assessment and develop the programme into a
fully operational system in 2 years.

Project Description —- RAMP has been designed to test
and provide easy-to-use, inexpensive chemical and bio-
logical markers that can be used to assess pollution and
improve environmental management. A RAMP pilot
project was initiated in Brazil in 1997. RAMP’s immu-
noassay-based tests provide an inexpensive, rapid and
highly selective means of measuring specific chemical
compounds and have been used to diagnose medical

of the world, this document (IOC Manuals and Guides
No. 14) provides a synthesis of merits of the different
technologies and paves the way for a unified approach
that is critical to the success of the Coastal Module of
GOOS. This manual comprehensively satisfies several
of the GOOS requirements such as data acquisition,
transmission, documentation of the process and ex-
change of data procedures and products. The manual
also has a section on training and courses already held.

conditions for many years.

Specifics of RAMP can be found in the Strategic Design
Plan for the Coastal module (IOC, 2003). In this capac-
ity building exercise scientists will be trained providing
they agree to include RAMP methodology in their own
monitoring programmes. The Workshop will be held in
Cave Hill Campus, University of the West Indies. The
parameters tested will be: Acetlycholinesterase inhibi-
tion, lysosomal neutral red retention, metallothionein,
spontaneous cytotoxicity and use of Elisa’s to deter-
mine concentrations of contaminants.

Partners — National University of Mexico, University of
the West Indies, University of North Carolina, University
of Plymouth, Oceans Conservancy, University of Massa-
chusetts-Boston as well as 10 other Caribbean laborato-
ries. Participants will be trained in these specific methods
for a one week workshop and then will incorporate these
measurements into their own monitoring programmes.
PAH, PCB’s, organochlorine and organophosphorous
pesticides, selected herbicides and fungicides have all
been identified as relevant environmental contaminants/
pollutants. Biomarkers used in the RAMP programme
are simple to use, inexpensive and reliable. They provide
a means of detecting deterioration in the condition of
biota from contaminated sites. The data will be housed
centrally at the National University of Mexico however
all participants will compare the RAMP technology with
the monitoring assessment presently underway. After 2
years, participants in this programme will be routinely
using RAMP systems in the region.

This appears to be the “model” toolkit.

At a local level many aspects of capacity building can
and should be started with training literature that al-
ready exists. As coastal GOOS grows, and especially as
the GCN approaches fully operational status, a series of
toolkits will be needed with the same global standard-
ization as the IOC sea level manual.
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Action 6.6: The CBWG should identify, develop and make
available toolkits for building capacity for all three subsys-
tems (observations, data management and modelling). Ac-
cess to existing data streams should be a high priority, e.g.
through CEOS, the space agencies should be asked to pro-
vide data for GOOS variables in a timely fashion through
a user-friendly web site.

6.1.4 Inventory of current capacity building
programmes

Although GOOS capacity building has been a priority for
sometime, successes have been limited. This may reflect a
lack of coordination and focus among the many capacity
programmes in existence. To begin the process of coordi-
nating and focusing capacity building activities relevant to
GOOS, an inventory of these programmes and their pro-
grammatic priorities is needed. The review below is not
comprehensive, but sets the stage for such an inventory and
subsequent analysis.

Capacity building efforts are supported by intergovern-
mental organizations, international organizations, interna-
tional NGOs, regional indigenous organizations, bilateral
donor communities, commercial trade associations, and
the private sector. Some exist in various programmes with-
in the UN system, including, for example, those of UNEP,
IOC/TEMA®, and WMO®. Programmes occur regularly
through universities and private institutions*. There are
also many regional training programmes; the POGO* has
begun capacity building with the aim of improving links
between Northern and Southern Hemisphere organiza-
tions. The Train-Sea-Coast programme of the UN provides
specific training for scientists and Environmental Manag-
ers, to name a few. This programme’ is an inter-country
cooperative training network composed of training/educa-
tion centres in developing countries, countries in transition
and developed countries. It aims at strengthening the capa-
bilities of institutions and individuals having responsibili-
ties in the field of coastal and ocean management. It is part
of the UN TRAIN-X Network comprised of eight train-
ing programmes implemented by the UN organizations in
different fields of specialization. Courses from Integrated

42 http://ioc.unesco.org/tema/iocGrants.htm

43 http://www.wmo.ch/web/etr/etrplink.html

44 http://www.bbsr.edu, http://www.bigelow.org/, http://www.mbl.edu/
45  http://www.ocean-partners.com

46  http://www.un.org/Depts/los/tsc_new/TSCindex.htm

Coastal Zone Management to Coastal Ocean Ecosystems
have been developed and delivered.

Unfortunately, almost all training programmes in existence
today have limited resources. Therefore, priorities must be
established in terms of who they train (targeted groups)
and what they are trained to do (high pay off locally). Suc-
cessful appeals to funding agencies can only be possible
if a strong case is made that will benefit the quality of life
and coastal environment (livelihood, ecological security,
health, marine safety). Priorities should be set to enhance
an existing regional system or to develop a new GOOS
pilot project with sustained capacity building as a major
component. GSSC, in collaboration with GRAs, should
work with the JCOMM/GOOS Capacity Building panel
to set these priorities.

Action 6.7: GSSC, in collaboration with the GRAs,
JCOMM and other capacity building organizations, should
inventory existing capacity building efforts relevant to
coastal ocean observations and their applications, review
them and recommend a way forward that makes more ef-
fective use of their collective capacity building resources.
This may include the identification of common gaps in ter-
tiary-level education and training relevant to GOOS capac-
ity building and the promotion of mechanisms to improve
long-term capacity building.

B 6.2 IMPROVING OPERATIONAL CAPABILITIES OF
THE COASTAL MODULE THROUGH RESEARCH

The coastal module of GOOS will require continued
development of sensors, platforms, techniques, stan-
dards and reference materials, software and personal
capital (trained researchers and engineers). As feasible,
metadata in agreed format should be incorporated in
new instrument design so that resulting measurement
information includes the metadata. Capacity building
in research and development of sensors, platforms and
instrument design are as essential as with observational
needs. Developed countries have the technological ad-
vantage in this respect and funding agencies like the
Global Environment Facility (GEF) should be asked to
provide support to them in developing instrumentation
capacity through partnerships with developing nations.
This could also take the form of capacity building in
technical manpower like creation of a pool of travelling
technicians to support sea-level measurements through
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BOX 6.3. REMOTE SENSING RESOURCE KIT

IOC has developed an internet based resource kit on
ocean remote sensing sensors, remote sensing data,
educational remote sensing material and ocean model
software that may be of use in developing national and
regional GOOS products (http://ioc.unesco.org/goos/
Remote_sensg/index.html).

Among the resources is the UNESCO Bilko computer
learning package in remote sensing that was originally
developed under the leadership of Coastal Seas and
Small Islands Programme but for which IOC now has
resumed responsibility. The UNESCO Bilko project
was initiated in 1987 under UNESCO’s then Marine
Sciences Training and Education Programme to de-
velop training capability in coastal and marine remote
sensing through a series of computer-based learning
modules. Using a specially commissioned educational
image-processing software package (Bilko) which was
designed to operate on personal computers, the project
has provided seven modules of computer-based les-
sons to over 500 marine science laboratories and edu-
cational establishments to about 600 individual users
in over 70 countries around the world.

Each module is a self-contained package of the image
processing software (Bilko), an introductory tutorial
on how to use the software, lessons on the applica-

servicing, maintenance and calibration of tide gauge
hardware as well as provision of training to local staff.

One area where emphasis should be directed immediately
is that of remote sensing. Proxies for biogeochemical pa-
rameters can be developed in many regional areas such as
nitrate in upwelling areas and this could be developed into
a global database. Also international groups such as SCOR
should be encouraged to continue the development of new
technologies for measurement of biological parameters
(e.g. acoustics for determining zooplankton biomass) in
the coastal zone that can be transferred to operational sys-
tems in nations and regions.

Acquisition of costly instruments does not necessarily
mean improved data delivery, since these instruments of-

tions of remote sensing to oceanography and coastal
management, satellite and airborne remotely sensed
images to accompany the lessons.

The original objective of the project was to facili-
tate “hands-on” training in coastal and marine re-
mote sensing for those traditionally excluded from
such training by the high cost of commercial image-
processing software, need for expensive computer
equipment to run that software, difficulty of acquir-
ing remotely sensed images for teaching purposes,
long learning-curves required to master complex
commercial software, and need to teach large num-
bers of students at the same time.

Some of these constraints have eased significantly
since 1987 but collectively they still prevent access to
such training in much of the world. The worldwide
success of the Bilko project demonstrates the wide-
spread demand for training in countries both with lim-
ited and advanced remote sensing capabilities.

As the project progresses, a global network of users is
being developed with many of these users themselves
becoming authors of lessons in subsequent modules.
Such lessons have now been published from scientists
in over 15 countries around the world.

ten require a high level of technical skill for their mainte-
nance and operation. Such sophistication may be unwar-
ranted for some variables, and instead the instruments need
to be made less expensive and more robust so that they can
facilitate rapid data delivery. Techniques should be made
simpler and easier in order to transfer technology. Nations
should be encouraged to develop simple and easy methods
that deliver information required by all countries and re-
gions. Donor aid agencies should be encouraged to support
the development of such methods and instrumentation
appropriate to them.

Action 6.8: GSSC should serve as an advocacy group
to direct these points to the attention of donor agencies

through the JCOMM-GOOS CB Task Team for Re-
sources. mm
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BOX 6.4. TRAINING THROUGH RESEARCH (HTTP://IOC.UNESCO.ORG/TTR/GENINFO.HTML)

In operation since 1990, the Training-through-Re-
search (TTR) programme combines the advantages
of formal training for undergraduate and postgraduate
students. The annual TTR cycle of activities includes:

e preparation of a cruise by the Executive and Scien-
tific Committees under the TTR programme;

e the TTR cruise, with (when possible) a mid-cruise
workshop and/or field excursion(s) for the partici-
pants and invited scientists;

e  preliminary data processing, preparation and publi-
cation of scientific reports;

*  apost-cruise conference to present and discuss the
results of on-going analysis and interpretation of
data, and to co-ordinate with other regional studies;

e preparation of scientific publications.

During 1991-2001, eleven major TTR cruises were
conducted in the Mediterranean and Black Seas and
in the northeastern Atlantic. Nine post-cruise con-
ferences were held. A number of other field exercis-
es (including smaller cruises), group and individual
training activities, and presentation and publication
of the research results were carried out. About 500
scientists and students from some 25 countries have
participated in the cruises, mostly from around the
North Atlantic, Black Sea and Mediterranean re-
gions but some also from Latin America, the Mid-
dle East, and Southeast Asia. About one thousand
people have been involved in TTR. It is open to all
interested in making break-through research and
gaining new experience through training in multi-
disciplinary science.
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/. Developing the Coastal Module through

Pilot Projects

Current operational capabilities of the GOOS are most
advanced for those goals that require meteorological
and physical oceanographic data (safe and efficient
marine operations, forecasting extreme weather and
associated phenomena such as storm surge flood-
ing) and least advanced for those goals that require
chemical, biological and ecological data. Operational
services for physical variables already exist at the lo-
cal and regional level for coastal regions in Europe,
USA, Japan, SE Asia, Australia, and in offshore oil
and gas sectors globally. Developing a coastal module
of GOOS that provides data and information needed
to achieve all six societal goals will require research
and efficient use of new technologies and knowledge
to improve operational capabilities of the coastal mod-
ule. Pilot projects are critical to this process.

As described in the Strategic Design Plan for the Coast-
al Module (IOC, 2003), a pilot project is an organized,
planned set of activities with focused objectives de-
signed to repeatedly test, over a range of conditions,
techniques and approaches that show promise as poten-
tial elements of the operational system. Pilot projects
have a defined schedule of finite duration. Their purpose
is to illuminate weaknesses, provide opportunities to ad-
dress those weaknesses, permit a better understanding
of how capabilities may be applied, and gain commu-
nity acceptance of new techniques (from measurements
to models). Proposed projects must specify (1) how suc-
cessful completion will contribute to the development
of the GOOS and benefit potential user groups; (2) ob-
jectives and milestones that can be achieved within a
specified, finite period (e.g. less than 5 years); and (3)
partners and procedures to be used to achieve the proj-
ects objectives.

Pilot projects may target specific elements of the
GOOS (sensors, platforms, models, etc.) or the de-
velopment of product-driven, end-to-end capabilities
(improve an existing product or produce a new prod-
uct). In many, if not most cases, pilot projects will be
developed within a national or regional setting and, if
successful, be adopted by other regions and/or scaled
up for global deployment.

Pilot projects have important roles to play in developing
operational capabilities both regionally and globally. To
these ends, a set of pilot projects is proposed below that
the GSSC may wish to consider promoting. Projects are
labelled as “unfunded” if they have yet to be developed
and funded and as “funded” if they are currently (2004)
active and funded at some level.

Action 7.1: GSSC should review the pilot projects rec-
ommended herein; assess those that have been funded
to determine their potential for incorporation into the
GCN (or adopted by other regions); and identify those
that should be promoted for funding as coastal GOOS
pilot projects.

m 7.1 BuiLpiNng CAPACITY IN THE DEVELOPING
WORLD

7.1.1 QUIJOTE (Quickly Integrated Joint Observing
Team) — Funded

Overview — QUIJOTE is a linking project, strengthen-
ing the capability of regional agencies, institutions and
scientists in order to deploy an operational monitoring
system in the South-Western Atlantic (Brazil, Uruguay
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and Argentina) that will provide data and information
needed to achieve the six societal goals of the GOOS
(http://www.cem.ufpr.br/fisica/quijote.htm).

Products — On line data on tides, sea state, and storm
surge forecasts for the Southwestern Atlantic.

Project Description — The regional QUIJOTE Pilot
project aims to serve as a linking system to strengthen
marine sciences in the South-western Atlantic Ocean
with specific focus on operational oceanography in
the coastal zone. The main goal is to monitor, protect
and forecast states of the coastal oceans of Argentina,
Uruguay and Brazil. The observing system includes
both meteorological and oceanographic sensors, and
forecast services (e.g. surges and waves) are fully op-
erational. The observing and forecasting system are
being improved by increasing the density of observa-
tions (add sampling sites in the Amazon basin) and
by increasing computing power for forecasting.

The project has four initial modules

* Beach-watch: monitoring beach erosion and its
correlation with meteorological forcing in the
South-Western coast of Atlantic Ocean.

* Estuarine-ocean connectivity: Bi-national agree-
ment between Argentina and Brazil to monitor and
exchange data on the condition of their estuaries
and evaluate the effects of changes in ocean and
riverine end members.

* Redsur network: establish a coastal information
network on all the GOOS operational categories.
The main product is an up to date news on coastal
issues.

* Storm surge forecast system: forecast of the storm
surge with a lead of 8§ to 10 hours.

Partners and implementation mechanisms — Institu-
tions in Argentina, Uruguay and Brazil. In Brazil, the
group is growing with support from the national Mil-
lennium initiative which is establishing a permanent
coastal observing network, including coastal met-
ocean stations and real-time telemetry and display
for the entire Brazilian coast, from the Amazon to
the Uruguayan border. To complete the network, sup-
port for QUIJOTE Argentina and Uruguay is being
sought.

7.1.2 Marine Impacts on Lowland Agriculture and
Coastal Resources (MILAC) — Unfunded

Given the recent history of storm surge flooding and
studies that suggest tropical cyclones may become more
intense with global warming, there is an immediate
need to improve the forecasting of storm surge flooding
in low lying flood plains, especially in the tropics and
subtropics, e.g. the Bay of Bengal. At the same time,
advances in technology and modelling capabilities have
made possible the establishment of prediction systems
that can be implemented fairly rapidly with moderate
levels of financing.

MILAC aims to enable nations and regions susceptible
to tropical cyclones to predict (hindcast, nowcast and
forecast) wind and wave fields and associated spatial
and temporal extent of storm surge flooding. The em-
phasis on hindcasting or forecasting (and nowcasting)
will be decided on the basis of a pre-study to assess
existing resources and the socio-economic capacity of
the nation or region. The initial system will be estab-
lished over three years by building on existing resources
of the nation or region. This will be developed into a
more comprehensive, cost-effective system as addi-
tional resources become available. The form and modes
of delivery of products and services will be determined
through an agreement with natural disaster reduction
(NDR) and mitigation bodies the region.

Products — There are 3 major products: (1) a socio-
economic analysis of the impacts of storm surges on
lowland agriculture and coastal resources, giving guid-
ance to the next ‘product’; (2) a short term forecasting
system in support of decision making i.e. provision of
population evacuation, alternatively a hindcast/clima-
tological study of historical events giving guidance to
future planning of agriculture and land use, and (3) an
interaction mechanism with ‘the society at large’, in
particular the public and mechanisms for mitigation of
natural disasters.

Project Description — MILAC can be installed in a
GRA or country with a 3 year pilot project with the first
year focusing on the establishment of an interim man-
agement organization, an analysis of existing capacity
and socio-economic capabilities, and implementation
of a baseline system consisting of freeware numerical
models for hindcasting and/or forecasting to be tested
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and validated. The second year will build on year-1
by investing in required ocean observing networks to
improve hindcasting and/or forecasting. System perfor-
mance, including socio-economic impacts of MILAC,
will be evaluated in the third year. Results of this evalu-
ation will be used to improve the system and prepare for
sustained operations.

Partners and implementation mechanisms — The
MILAC system will develop in a regional to national
framework with inter-regional and global coordination
occurring through collaboration of GTOS, JCOMM,
GLOSS, the WMO Commissions for Agricultural Me-
teorology and Hydrology, the Tropical Cyclone Pro-
gramme, and entities within the International Natural
Disaster Reduction (INDR). Inter-regional and global
coordination is intended to ensure interoperability (e.g.
timely exchange of data, knowledge and technologies
among regions) and to provide assistance as requested
and where possible. The partners would work together
to facilitate coordination and promote funding from in-
ternational sources. At the regional level, a “champion”
nation would take the operational lead as set forth in a
multi-lateral agreement that defines responsibilities of
participating nations within the context of a business
plan for MILAC development and financing. GRAs
could provide the framework for this in those regions
where they have been established.

7.1.3 Building End-to-End Capacity for Coastal GOOS
(ANTARES) — Funded

The coastal waters of South America are important to
global community in several ways. They are home to the
largest tropical rainforest in the world, support a major
global fisheries associated with the Peruvian upwelling,
have a dramatic influence on the global climate when the
intensity of coastal currents along the western coastal
margins vary (El Nifio) and are, in the recent years, also
sites of oil and natural gas production (http://antares.ws).
In South America the need to have a sustained coastal
observing system, through which the nations would pool
resources and sharing products, is of paramount impor-
tance. The goal is to establish an integrated network of
in situ and remote sensing stations around the continent.
This network would be called ANTARES.

Products — The initial products include an inventory
of existing operational activities and their products and

a reliable, spatially and temporally consistent series of
images that show the state of coastal ecosystems around
South America (temporal resolution — 1 week; spatial
resolution 1 — 50 km pixels).

Project description — The long-term objective is to es-
tablish an operational observing system that provides
the data and information needed to detect and under-
stand the impacts of climate change and human activi-
ties on coastal ecosystems of South America through
regional coordination and to provide an effective vehi-
cle for training and capacity building for professionals
in the region. Immediate objectives are to establish a
South America ANTARES user forum, prepare initial
designs with priorities for implementation, establish a
data and information management system (data centres
have already been identified in Argentina, Brazil, Chile
and Venezuela), and develop community-based mod-
elling activities (sharing of model codes and outputs,
compare and validate models).

Partners — The initial partners include institutes in Ar-
gentina, Brazil, Chile and Venezuela. The goal is to in-
volve institutes from all South American countries.

7.1.4 Global Patterns and Trends in Public Health, So-
cio-Economic and Resource Indicators — Unfunded

Overview — There are many indicators that currently
exist (primarily as national indicators) and that can be
used to document temporal trends and map “hot spots”
in the domains of public health (e.g. the World Health
Organization’s Global Atlas of Infectious Diseases:
http://globalatlas.who.int/GlobalAtlas), the environ-
ment (e.g. the Global Terrestrial Observing System’s
Terrestrial Ecosystem Monitoring Sites: http://www.
fao.org/gtos/tems; the Census of Marine Life’s Ocean
Biogeographic Information System: http://www.coml.
org/descrip/obis.htm), socio-economics (e.g. the World
Resources Institute’s Earthtrends: http://earthtrends.wri.
org/) and living marine resources (e.g. the Sea Around
Us Project: http://www.seaaroundus.org/). The use and
usefulness of some of these indicators could be substan-
tially enhanced on regional or global scales if they can
be analyzed across disciplines. To achieve this, com-
mon standards and protocols will be needed for both
inter-comparisons and for scaling up locally or nation-
ally specific indicators to be indicative of regional and
global patterns.
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Furthermore, given the large number of indicators that
have been developed and the need for a relatively small
set of internationally accepted indicators that meet es-
tablished common standards, high priority should be
given to developing a short list of high priority indica-
tors (Chapter 1).

Many of the data required to calculate these indicators
are available through existing data portals, but they are
not available in one place (for “one stop shopping”) or
in compatible formats for use in GIS, or statistical and
risk analyses.

Products — An integrated data management and visual-
ization system for a selected set of indicators represent-
ing the following broad categories:

* Global burden of disease (e.g. reported cases of chol-
era in specified years)

* Land use and land cover (e.g. distribution of human
settlements at the coast)

* Human population density (e.g. persons per unit area
in coastal zones)

* Socio-economics (e.g. role of fish in protein supply
per region per year)

* Fisheries (e.g. fisheries landings of piscivorous fish
by region and year)

* Aquaculture (e.g. extent of aquaculture production
per region and year)

* Biodiversity (e.g. species richness by region and de-
cade)

Description (objectives and duration) — This part-
nership project should collate information on available
global indicator data sets relevant to the six societal ob-
jectives of GOOS. An initial, small, tractable set of in-
dicators should be identified, reflecting the phenomena
of interest. The project should co-ordinate the develop-
ment of software to allow the data to be plotted on com-
mon global or regional maps, and facilitate the adop-
tion of data formats that ease this process. The expected
duration of an initial pilot phase is 3-5 years, with the
likelihood of subsequent activities.

Partners and implementation mechanism — In this
pilot project, a close co-operation is required among
groups that maintain and update existing databases and
meta-databases (e.g. Global Terrestrial Observing Sys-
tem, World Health Organization, Food and Agricultural

Organization, Census of Marine Life, Sea Around Us
Project, World Resources Institute, United Nations De-
velopment Programme). A forum should be established
to identify an initial set of indicators from different dis-
ciplines, which together will address the societal objec-
tives of GOOS. Once the indicator set has been identi-
fied, a technical group should collaborate on developing
and/or enhancing the software required for visualiza-
tion, and the associated preferred data formats.

7.1.5 SeagrassNet — Funded

Objective — Develop a better understanding of the sta-
tus and trends of seagrass ecosystems worldwide. Mon-
itoring of seagrass habitat around the world to develop a
long-term comparable data set assessing baseline condi-
tions and habitat change (http://www.SeagrassNet.org)

Products — Comprehensive reports on the status of sea-
grass beds and trends in changes, deduced by synchro-
nous and repeated sampling of selected seagrass habi-
tats and environmental parameters.

Project Description — SeagrassNet, a global Seagrass
Monitoring Network, was established during the 3rd
International Seagrass Biology Workshop in 1998 (Ma-
nila, Philippines) to function as the primary mechanism
for serving the data and information needs of the World
Seagrass Association (WSA) to promote research and
provide advice to management agencies and the public
on the protection and restoration of seagrass communi-
ties (Green and Short 2003). Objectives are to (1) de-
velop an observing and reporting system to assess the
status of seagrass ecosystems worldwide; (2) facilitate
data and information exchange among scientists; (3)
develop models to predict the effects of global climate
change and human activities on seagrass ecosystems;
and (4) enhance training and education and disseminate
information on seagrass beds, their importance as es-
sential fish habitat, their ecological significance, and
their contribution to the well-being of human coastal
populations. Quarterly monitoring of seagrass beds and
environmental parameters from selected sites with a
web-reporting database.

Partners — The programme is funded by the David
and Lucille Packard Foundation, the Oak Foundation,
Inter-American Institute for Global Change Research
(IAD), IUCN, and NOAA. Collaborating countries in-
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clude Australia, Belize, Brazil, Federated States of
Micronesia, Fiji, Indonesia, Malaysia, Mexico, Palau,
Papua New Guinea, Philippines, Tanzania, USA, and
Vietnam.

B 7.2 IMPROVING OPERATIONAL CAPABILITIES
7.2.1 Global Coastal Surface Wind Fields — Unfunded

Overview — Surface winds associated with large weath-
er systems are modified in the coastal zone by land
topography, land-sea differences in the turbulent sur-
face fluxes and radiative heating conditions. Given the
coastal surface wind is a major driving force of coastal
currents and wind waves, it follows that high-resolution
coastal wind fields are essential for many applications
envisioned by the Coastal Ocean Observations Mod-
ule. Real-time dissemination of accurate coastal surface
winds will contribute to maritime safety and mitigation
of natural hazards in the coastal zone. The goal of this
project is to improve our ability to obtain coastal ma-
rine surface winds for any coastal region of interest.
Research and development will be carried out on com-
bining in situ wind measurements, satellite-based data
(surface vector winds from scatterometers, scalar winds
from altimeters, microwave radiometer and SAR), land-
based HF radar data with high-resolution atmospheric
models.

Products — Three products will be generated by this
pilot project:

* High resolution surface vector wind fields (1 km,
hourly) for coastal regions.

* Demonstration of improved regional research and
applications using the coastal surface wind products.

* Methodologies to produce and improve the coastal
wind products.

Description — The project will examine and character-
ize surface wind fields; develop methodologies to obtain
the high-resolution coastal winds with high-resolution
numerical atmospheric models using in situ measure-
ments, scatterometry, and HF radar; validate high-res-
olution surface wind products; and enable research to
develop products that require nowcasts and forecasts
of surface wind fields, e.g. search and rescue, nowcasts
and forecasts of oil spill and HAB trajectories.

Partners and implementation mechanism — The partners
will be JCOMM, The Observing System Research and
Predictability Experiment (THORPEX) (Global Atmo-
spheric Research Programme) and the regional Numeri-
cal Weather Prediction (NWP) community. Given that
the applications and services based on high-resolution
surface winds are useful for maritime safety and mitiga-
tion of natural hazards, the implementation mechanism
should be involve local weather services, coast guard
agencies and local governments.

7.2.2 Mapping Surface Coastal Currents Using HF
Radar — New

Overview — High-frequency (HF) radar has the poten-
tial to provide extremely useful, remotely sensed maps
of near-surface (1 m) currents that cover the nearshore
to the outer continental shelf (200 km). This pilot proj-
ect aims to monitor surface currents from the nearshore
to the outer continental shelf. The product will be half
hourly vector maps of the upper coastal ocean (1 meter)
water mass with a horizontal resolution of the order of 1
km. The maps will be accessible via the web in agreed-
upon formats. In additional estimates of the subsurface
flow, and forecasts will be made using 3D coastal circu-
lation models.

This project could be combined with the surface vec-
tor winds project above to become a Coastal Data As-
similation Experiment (CODAE) to assess the value of
integrating data streams from space-based sensors (al-
timetry, scatterometry, AVHRR, ocean colour), in situ
sensors (ADCPs), and HF radar to provide improved,
high resolution, real-time maps of 3-dimensional cur-
rent fields.

Products — Vector maps of the near surface flow of
the coastal ocean will reveal tidal currents, eddies and
“jets” as well as major the mean, background flow.
All flow components can contribute to the dispersion
of materials and biota and thus the surface flows esti-
mates will be of great interest to a wide range of users.
By assimilating the near surface current observations
into 3D ocean models may be possible to (i) extrapo-
late the horizontal currents to greater depths, and (ii)
improve the initial conditions required by the model
for forecasts. There is a wide range of potential us-
ers of better nowcasts and forecasts of 3D flow fields
on the continental shelf including port and coastal au-
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thorities, coast guard, fisheries regulation bodies and
pollution mitigation agencies.

Project description — The project will seek cooperation
with ongoing developments of HF radars for surface
current monitoring including efforts in the US, Europe
and other regions. The project will help promote the
use of HF technology in coastal countries for which the
technology has great potential, along with other ground
based radar techniques such as nautical radars for wave/
current detection. This pilot project will integrate the
measurement, modelling and analysis, and data man-
agement subsystems, both within and between regions.

Partners and implementation mechanisms — For this
pilot project to succeed, a close cooperation is required
with the manufacturers of HF and radar systems. Given
these sensors have been in use in limited areas for some
time, their validation is now possible. Implementation
mechanisms must involve coast guards and coastal au-
thorities. Major users of such a system would be the
offshore oil and gas industry.

7.2.3 Improved Coastal Sea Surface Temperature
Fields — Unfunded

Overview — In order to develop a regional ocean ob-
serving system in the WESTPAC NEAR-GOOS region,
high-resolution cloud-free quality-controlled daily SST
products are desired by the application users as well
as the regional ocean science community. The Ocean
Remote Sensing Programme (ORSP) was structured
as one of the WESTPAC science programmes at the
WESTPAC-V in August 2002, and the New Generation
Sea Surface Temperature Project became its first proj-
ect. Its goal is to develop/generate new SST products
responding to the regional requirements through inten-
sive scientific researches of remote sensing technology,
air-sea interface dynamics and oceanic variability. Bet-
ter combination of remote sensing measurements and
regional in situ observations are needed to be investi-
gated to achieve sustainable generation of the new SST
products.

Products — The regional cloud-free, gridded, digital,
quality-controlled new SST product should have (1)
greater spatial resolution (1 km) and (2) greater tem-
poral resolution (6 hours) for the NEAR-GOOS region
and the southern/northern WESTPAC region.

Project description — During 2003-2004, three meet-
ings were held for the project planning, inviting the
project members from China, Korea, Russia, Taiwan,
and Japan. The project has been introduced in several
NEAR-GOOS meetings to make collaboration mecha-
nisms between the two regional programmes
(http://www.ocean.caos.tohoku.ac.jp/~sst/ngsstp/index.
html). User requirements of the high-resolution regional
SST product and its potential users and applications are
already listed. It is recognized by the project members
that the regional high-resolution SST products need to
deal with the diurnal SST variations explicitly. High-res-
olution SST retrieval problems (atmospheric correction,
cloud/ice detection, validation etc), infrared and micro-
wave SST merging methods, SST diurnal variations, and
use of the in situ SST data needs to be studied by using
regional in situ and remote sensing data. The members
agreed to establish a regional SST data server for meth-
odology development and new SST product generation.

Partners — The project is now active. The regional SST
server for FTP dissemination of SST products from the IR
sensors of locally received operational satellites is estab-
lished at the Tohoku University for research & develop-
ment of the high-resolution SST products. The members
use the NEARGOOS server to access the regional in situ
SSTs. In order to investigate characteristics of the near-
coast SSTs, the members search regional observational
buoys measuring SST time series. The NOAA-HRPT
network which exchanges the satellite information in
real-time through FTP is now formed through the col-
laboration of regional local stations. Demonstration real-
time generation of lower-resolution new SST product is
carried out merging the locally received IR SSTs and the
microwave SSTs of R&D satellite
(http://www.ocean.caos.tohoku.ac.jp/~merge/sstbinary/
actvalbm.cgi?eng=1). Research/development of the high-
resolution SSTs (1km and 6-hourly) will be carried out in
2004, and its real-time generation will be in 2005.

7.2.4 Global Methods for Developing, Evaluating and
Improving Ocean Colour Products in the Coastal
Zone — Unfunded

Overview — Temporal and spatial patterns in surface
chlorophyll a fields are central to describing variability
in coastal ecosystems, not only as measures of phyto-
plankton biomass, but also as input to models of primary
productivity, ecosystem-based management of coastal
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water quality (e.g. eutrophication) and fisheries, and
coastal compartments in the global carbon budget.
Spatially synoptic assessments of phytoplankton on
the scales of coastal marine and estuarine ecosystems
are possible only from remote sensing of ocean colour.
Although aircraft can be used for this purpose in small
ecosystems such as the northern Adriatic, Chesapeake
Bay, and the Seto Inland Sea, satellite remote sensing
is required for larger systems such as Large Marine
Ecosystem.

Ocean colour is responsive to concentrations of chlo-
rophyll and other phytoplankton pigments, coloured
dissolved organic matter (CDOM), and suspended
sediments. In principle, concentrations of these con-
stituents can be estimated from satellite-based mea-
surements of ocean colour. However, in practice, the
optical complexity of most coastal waters and prob-
lems in removing the effects of land and the atmo-
sphere from the signal detected from space lead to
substantial uncertainties in estimates.

Despite these difficulties, ocean colour algorithms
have been developed and successfully used to trans-
late ocean colour into useful products in some coastal
systems, e.g. upwelling regions of eastern boundary
currents, Mediterranean and Adriatic Seas, Gulf of
Mexico. However, these are specific to particular re-
gions and are not sufficiently robust for global applica-
tions. Moreover, it is currently impossible to evaluate
their quality globally or to merge these products over
many regions because of the lack of inter-comparabil-
ity among regional algorithms and data used for vali-
dation.

Generally, data products are developed and their un-
certainties are quantified through comparison of in situ
data with satellite observations processed with algo-
rithms or other analytical procedures. For delivery of
ocean colour data-products on global scales of known
quality, standard procedures must be established for
developing, evaluating and improving ocean colour
algorithms for translating ocean colour into useful
products, e.g. comparable estimates of surface fields
of chlorophyll a, CDOM, turbidity, and water clarity
from different regions. Once this is done, satellite-
based measurements of ocean colour can be used to
monitor changes in these important variables on re-
gional to global scales.

Products — Toolkits for using in situ data and satellite
observations to develop and determine the quality of
regional ocean colour data products in coastal waters.
These include standards and protocols for collecting
and processing data, and procedures for parameterising
several types of regional algorithm, developed by and
shared among the ocean colour community. The results
will be a suite of calibrated and validated regional al-
gorithms for coastal ocean colour data products, each
evaluated quantitatively and comparable globally. These
algorithms can then be used to produce spatially synop-
tic fields of chlorophyll a, CDOM, turbidity, and water
clarity with associated estimates of uncertainty. The
data can be applied to models of primary productivity
and descriptions of temporal and spatial variability of
phytoplankton biomass. Availability of several versions
of the same data product, with estimates of error, will be
very useful in modelling and management.

Description — This 10 year project will improve ocean
colour algorithms in coastal waters; develop standard-
ized ocean colour products with known uncertainty;
develop regional ocean colour algorithms which are in-
tercomparable; merge the products of these algorithms
to estimate fields on regional to global scales, e.g. de-
termine global patterns by synthesizing chlorophyll a
fields generated for different areas using different algo-
rithms; and determine inter annual variations of phyto-
plankton productivity in the coastal ocean on regional
and global scales.

Partners — Partners include the IGOS, JCOMM,
IOCCG, and the GMES Service element on remote
sensing.

7.2.5 Global Storm Surges and Flooding Risk —
Unfunded

Overview — Coastal flooding is an ever present threat to
many low-lying, coastal regions. Recent predictions of
an acceleration in the rate of rise of global sea level, and
the possibility of climate change, have led to increased
societal concern about more severe flooding over the
coming century. Storm surge models are now run opera-
tionally for many coastal regions and they can provide
very useful short term forecasts (lead times of hours to
days) of coastal flooding. The models can also be run in
hindcast mode in order to reconstruct surge variability
over recent decades, leading to a better understanding
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of changes in flooding risk and also the estimation of
flooding risk for regions with no sea level observations.
In principle surge models can also be driven by climate
change scenarios in order to assess how flooding risk
may change over the next century.

The main objective of this project would be to construct
a storm surge modelling system with global coverage
that can provide short-term forecasts and decadal-scale
hindcasts, and also be used for climate change scenari-
o0s. The development of such a system would also pro-
vide a good opportunity for capacity building and allow
the surge modelling community to clearly define the
required accuracy and resolution of coastal wind and air
pressure forecasts and reanalyses. A community-based
modelling approach will be employed (Chapter 5, Sec-
tion 5.1).

Products — Five products will be generated by this pilot
project:

* Short term (hours to days) forecasts of storm surges
for the global coastal ocean.

* Reanalyses of surge variability for the global coastal
ocean based on the best available wind and air pres-
sure reanalyses for recent decades.

* Quality control of real-time and archived coastal sea
level observations (including data from GLOSS sta-
tions).

* Spatial maps and trends in flooding risk over recent
decades, and validation against return periods calcu-
lated from hourly coastal tide gauge data.

* Projections of flooding risk over the next century un-
der plausible global sea level rise scenarios.

Description — The first step in the design of the pilot
project will be to establish a community modelling net-
work (CMN, Chapter 5, Section 5.1) to bring together a
team of surge modellers representing the major national
surge forecasting groups. The objective would be to
promote the development of local capacity and the ca-
pability to do ensemble modelling. Particular attention
will have to be paid to a number of issues including (i)
the computing resources required for the storage, data
management, visualization and dissemination of model
output, (ii) predicting tides (iii) methods for estimat-
ing spatial maps and trends of flooding risk based on
decadal hindcasts and climate change scenarios, (iv) ca-
pacity building through the exchange of personnel, and

possibility the development of regional models for new
regions using common, shared code, (v) the require-
ments for next generation coastal wind and air pressure
reanalyses and forecasts, (vi) methods for dealing with
hurricanes which are difficult to forecast.

(It is important to note that the feasibility of running
a relatively high resolution global coastal forecast sys-
tem in operational mode is not in doubt. Such systems
already exist [www7320.nrlssc.navy.mil/global_ncom/]
and is presently run daily with a horizontal resolution
of 1/8 degree).

Partners and implementation mechanism — The partners
will include GSSC, JCOMM, GLOSS, Coastal GTOS,
national and international meteorological agencies, the
NWP community.

7.2.6 Coupling Shelf and Deep Ocean Models —
Unfunded

Overview — There is ample evidence from in situ and
satellite observations that conditions on the continen-
tal shelf can be significantly affected by changes in the
state of the adjacent deep ocean. For example, it is well
known that physical conditions on the narrow shelves
of the west coasts of North and South America can be
influenced by coastal trapped waves that are generated
in remote, tropical regions. On the much wider shelves
of the eastern U.S. and Canada, eddies generated by an
unstable Gulf Stream have been observed to entrain wa-
ter and biological organisms from the outer shelf. The
working hypothesis underlying this set of pilot projects
is that an increase in our ability to predict changes in the
adjacent deep ocean will increase our ability to forecast
conditions on continental shelves.

Over the last 10 years there has been a significant im-
provement in the predictive capability of deep ocean
models. This can be traced back to better observations
(particularly surface properties from satellite borne sen-
sors and temperature-salinity profiles from Argo floats),
better models, and the development of effective schemes
for assimilating data. Building on these advances, the
OOPC has undertaken a pilot project to demonstrate the
feasibility of operational forecasting of the deep ocean.
The Global Ocean Data Assimilation Experiment (GO-
DAE) is using all available ocean data and sophisticated
models to generate ocean analyses and model assimila-
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tion estimates. The forecasts emerging from GODAE
prototype systems range from regional and global short-
range ocean forecasts to high-fidelity estimates of ocean
climate. In addition to generating products, GODAE
has also established the GODAE Common which is de-
signed to facilitate the exchange of data, products, serv-
ers and the accumulated knowledge base.

Pilot projects are proposed for the coastal module to
quantify the increase in predictability of physical and
biogeochemical conditions on the shelf that result from
using open boundary conditions generated by deep
ocean forecast systems such as those being developed
by GODAE. It will be advantageous to conduct pilot
projects in contrasting regions (e.g. narrow versus wide
shelves, eastern versus western boundaries of ocean ba-
sins). It will also be important to supplement the shelf
modelling with an active shelf observation program
in order to evaluate the accuracy of the forecasts. In
parallel with the pilot projects, a joint GSSC/OOPC-
GODAE working group could be formed to exchange
modelling, assimilation, and coupling expertise and to
examine the limits to predictability (e.g. how much do
shelf modellers really gain in forecast skill by including
offshore boundary conditions from the present genera-
tion of deep ocean models, and what can we expect over
the next 5 years? What metrics should be used to assess
forecast skill on the shelf for physical and nonphysical
variables?). The same group could also build on the idea

of the GODAE Common and promote the development
of community modelling and assimilation software for
coupled models.

Products — Extended forecasts (e.g. lead times of tens
of days) of conditions on the continental shelves along
with standardized measures of forecast skill for physi-
cal and selected biogeochemical variables.

Project description — Suggested pilot project locations
include the following:

* Gulf on Maine on the east coat of the US and
Canada

* Northwest European shelf, building on existing
physical and biogeochemical modelling efforts

* Mediterranean, building on the Mediterranean Fore-
casting System

* Indian Ocean with a focus on the utility of coastal sea
level

* West coast of South America

Partners and implementation mechanisms — For this pi-
lot project to succeed, close cooperation will be needed
between the coastal and deep ocean modellers. It will be
essential for the MAWG to work closely with JCOMM,
OOPC, and the GODAE modellers for the duration of
GODAE. Additional partners will depend on where pi-
lot projects are conducted. mm
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8. Performance Evaluation

The GOOS Coastal Module is being implemented in a se-
ries of overlapping phases, with some components well ad-
vanced in some regions, and others requiring major invest-
ment in capacity, or new research. As the system develops
it will be increasingly important to achieve high levels of
standardization and to know what procedures and devices
are producing the best results. Measurably successful tri-
als in one region can then be used in another in a standard
way. This is particularly important for the development of
the GCN.

Successful implementation and sustained development
of the observing system in the medium to long-term will
require systematic and rigorous procedures for period-
ic and routine performance evaluations of operational
status and socio-economic benefits of the data and in-
formation provided by GOOS. Activity and program
performance indicators (metrics) are needed that are
grounded in the GOOS design principles and based on
the six societal goals (Chapter 1) and the actions recom-
mended herein.

m 8.1 INDICATORS OF PERFORMANCE

Many performance indicators are measures of bureaucratic
activity (e.g. staff size, number of reports issued and meet-
ings held, etc.). Here we focus on two categories of perfor-
mance metrics: (i) how well the system is functioning and
(ii) the realization of benefits. System function should be
assessed in term of the following:

* Interoperability — adoption and development of com-
mon standards and protocols and their use for the GCN
and by GRAs;

* Data flows — continuity, timeliness, quality, diversity,

and integration of data flows from observations to prod-
ucts; and

* Improved operational capabilities — development of
new operational capabilities for observations (including
data telemetry), data management, and modelling as a
consequence of capacity building (geographic expan-
sion of operational capacity) and research (new tech-
nologies and scientific understanding).

Benefits of new or improved data and information provid-
ed by the observing system should be assessed in terms of
the following:

e Products — the number of new or improved products
traceable to the coastal module;

o User groups — the number of groups that use these
products;

* Achieving the six societal goals — use of data and in-
formation provided by the system to meet the require-
ments and conditions of international conventions and
agreements; and

* Cost/benefit analyses — measure the cost of the system
against socio-economic benefits.

m 8.2 PHASED IMPLEMENTATION OF PERFORMANCE
EVALUATIONS

The usefulness of performance indicators will change as
the system develops over time. Evaluation of the GCN in
its early stages of development should focus on how well
the system is managed and coordinated, how well capacity
building needs of GRASs are identified and addressed, how
efficiently data and information are made available inter-
nationally, and the extent to which the data and informa-
tion meet the needs of GRAs and nations. As the coastal
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module develops, evaluations should be expanded to in-
clude assessments of research and pilot projects and the
efficiency by which new technologies and understanding
are used to improve operational capabilities, how well the
system addresses the six societal goals, and the diversity of
groups that benefit from the provision of coastal data and
information.

* During the formative years of the coastal module (2005
— 2015), the strategic implementation plan should be
updated periodically (e.g. every five years) to include
implementation and quantitative indicators of perfor-
mance. These should be used to correct problems and
improve operational capacity as well as to measure the
benefits of new data and information.

As the observing system continues to develop, performance
metrics will be needed for user satisfaction, cost-effective-
ness (cost of the observing system against socio-economic
benefits), and for assessing how the observing system has
improved capacity to achieve all six societal goals. Such
assessments will be needed for both the GCN and regional
coastal ocean observing systems.

Action 8.1: The CBWG should develop performance indi-
cators for four key, cross-cutting activities that are critical
to establishing an end-to-end, user driven global observing
system for the coastal ocean:

* international coordination and collaboration in imple-
menting the GCN (interoperability);

* capacity building in terms of the effectiveness with
which regional and national priorities for developing all
three subsystems are identified and addressed;

* development of operational capacity by the GRAs as a
group; and

* development and use of socio-economic indicators that
measure the effectiveness of more rapid detection and
timely predictions of the phenomena of interest in terms
of sustainable uses of the oceans and resources they
support.

B 8.3 IMMEDIATE AcCTIONS NEEDED TO EVALUATE
THE PERFORMANCE OF SUBSYSTEMS

8.3.1 Observing Subsystem
In Situ Sensing, Measurements and Sampling

The development and application of new technologies
for more rapid detection of changes in physical, chem-
ical and biological properties and processes is critical
to the development of the fully integrated observing
system.

Action 8.2: The GSSC, in collaboration with the MWG,
should establish procedures for periodically assessing
and updating the common variables and sampling pro-
grams for the GCN, and for identifying priority research
activities needed to improve operational observing ca-
pabilities.

Interoperability depends in part on the comparability of
measurements of the common variables among nations
and regions.

Action 8.3: The MWG should promote and coordinate
intercalibration activities (e.g. workshops, comparison
of results from measurements of reference material
among laboratories globally) among GRAs and national
and global programmes to improve and evaluate mea-
surements of the common variables.

Action 8.4: The GSSC, in collaboration with the MWG,
should identify existing standards and protocols (e.g.
Annex 1V), and develop ones as needed, for measur-
ing the common variables recommended for use by data
providers.

In evaluating the GCN attention should be paid to iden-
tifying observing programmes where some or all of the
common variable measurements can be transitioned to
operational status. The criteria for this transition will
include:

* The standards and protocols that have been specified
for the measurement are being met

* Data are quality controlled and managed in compli-
ance with GOOS data management standards and
protocols;
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* There is dedicated staff responsible for acquisition
and quality control of data on a routine and continued
basis, with routine data distribution.

Action 8.5: The GSSC, in collaboration with the MWG,
should track progress in the development of new opera-
tional capabilities, standards and protocols for measur-
ing the common variables and promote their incorpora-
tion into operational observing systems (GCN, regional
coastal ocean observing systems).

Remote Sensing

A major objective of remote sensing is to provide data
of known quality to users of data and information on
coastal marine and estuarine environments. To this end,
there is an immediate need to develop and apply perfor-
mance indicators for evaluating techniques, sensors, al-
gorithms and data management specifically for coastal
waters.

Action 8.6: The GSSC should promote implementation
of the IGOS Coastal Theme.

Action 8.7: The MWG should work with the IGOS
Coastal Theme Team and the JCOMM Satellite Re-
quirements Task Team to prepare an adequacy report
on satellite-remote sensing (sea surface temperature,
altimetry, scatterometry, SAR and ocean colour for
coastal waters), airborne remotes sensing (shore-line
mapping), and land-based remote sensing (surface cur-
rent mapping with HF radar). This should build on the
Coastal Theme, and adequacy should be assessed in
terms of spatial and temporal resolution, measurement
uncertainty, product quality, data format and timeli-
ness of delivery.

Experience over the past decade has demonstrated that
space-based observations are most useful when used
in conjunction with complementary in situ data for
calibration and validation as well as for the generation
of products that integrate remote and in situ sensing to
improve field estimates (fused products). For calibra-
tion and validation, in situ measurements of the GCN
should be used to improve algorithms and satellite-de-
rived ocean parameters for regional applications.

Action 8.8: The GSSC should regularly review the qual-
ity and utility of satellite products and recommend proce-
dures for improving them (including algorithms) and de-
veloping new satellite-based remote sensing capabilities.

8.3.2 Data Management Subsystem

Establishing procedures to monitor, evaluate and improve
the performance of the DMS is fundamental to the suc-
cess of the initial observing system and its evolution. Per-
formance metrics must be developed and implemented to
assess the timeliness, continuity and quality of all data
streams at each stage of data delivery from measurements
to data telemetry in terms of user requirements.

Action 8.9: The DMWG should develop and promote the
use of performance indicators to assess timeliness and con-
tinuity of data delivery, interoperability (development and
use of common standards and protocols) and data exchange
among regions and nations (bi-lateral and multi-lateral
agreements for data exchange and their implementation).

8.3.3 Modelling and Data Analysis

As the observing system becomes functional in terms of
data integration and the provision of products and services,
the performance of the observing system can be evaluated
by assessing its ability to deliver products to end-users.

A number of key products, such as storm surge predic-
tions, assessment of shoreline erosion, water quality
models, real-time oil spill transport models, can be iden-
tified by GRAs and national GOOS programmes. For
each product, regional experts could then assess gaps in
the observing (time-space resolution, variables measured,
techniques used or available) and modelling subsystems.

Action 8.10: The GSSC should work with the GRAs
to develop procedures for conducting product-specific,
impact-feasibility procedures for assessing current op-
erational capabilities of the observing system and iden-
tify research priorities for improving them (where im-
pact is measured in terms of the ability to produce the
product or improve an existing product and feasibility is
measured in terms of both the availability of techniques
and their cost). mm
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ANNEX II

Tool Kit for Prioritizing Socio-Economic

Variables

COOP has designed and used a protocol for identifying
common variables to be measured by the GCN (I0C,
2003). The protocol provides a quasi-objective technique
for selecting the common variables*” and may be used by
nations and GRAs to help determine their priorities for the
GCN and for developing their own regional coastal ocean
observing systems. The objective is to identify the mini-
mum number of variables that must be measured to detect
and predict changes that are important to the maximum
number of user groups. The purpose here is to extend this
approach to include socio-economic variables that can be
used to link changes in marine and estuarine systems to
terrestrial systems where people live. This is the focus of
the IGOS Coastal Theme (http://ioc.unesco.org/igospart-
ners/coastal.htm), i.e. observing requirements across the
land-sea boundary needed to relate changes in marine and
estuarine systems to socio-economic systems and the ef-
ficacy of environmental policies.

m 1. IpENTIFYING AND RANKING Soc10-EcoNoMic
VARIABLES

This process, is similar to the process used to identify
the common (environmental) variables for the GCN. It
begins with listing user groups, socio-economic phenom-
ena of interest and associated socio-economic variables.

User groups (Table II.1) — This master list is the same
as that used to rank environmental variables for con-
sideration as common variables for the GCN. That this
master list is the same for environmental and socio-eco-
nomic variables and for regional observing system and
the GCN reflect in integrated nature of the GOOS user-
driven approach.

47 http://www.phys.ocean.dal.ca/~lukeman/COOP/

Tables II.2-I1.5 summarize the procedure used for
identifying the common environmental variables for
the GCN? with examples of variable categories (Table
I1.3b) that were not considered for the GCN because the
precise variable to be measured changes from region to
region.

Phenomenon of Socio-Economic Interest (Table 11.6)
— These are equivalent to the environmental phenom-
ena of interest identified by in the Strategic Design Plan
for the Coastal Ocean Observations Module of GOOS>.
Here, four primary issues of importance are used to de-
scribe fifteen phenomenon (PSE 1-15).

Socio-Economic Variables (Table I1.7) — This list rep-
resents the work of several international groups of ex-
perts and was developed by COOP, refined by a team of
experts, and vetted by the Coastal Panel of the Global
Terrestrial Observing System (C-GTOS). Its purpose
of the list is to test the protocol for ranking socio-eco-
nomic variables.

B 2. RANKING Soc1o-EcoNomICc VARIABLES

The exercise described below was conducted to deter-
mine if the protocol used to prioritize variables to be
measured by the GCN could also be used to prioritize
socio-economic variables. The results presented here
should be viewed as illustrative of the approach and
as representing the views of the expert panel that con-
ducted the test. The results are not meant to be relevant
to any given region or country. Results for a specific
region with a well defined set of priorities for data and
information linking changes in coastal waters to socio-
economic impacts are likely to be different. However,
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the results strongly suggests that this approach can be
of substantial value for understanding socio-economic
linkages to coastal environmental change and in build-
ing a richer, more integrated and sustained observing
system.

Figure II.1 provides an illustration of two reporting
products describing the weighted rankings of the 32 so-
cio-economic variables. In the top figure the variables
are aligned along a weighted scale with the most highly
ranked variable (V4 — Employment in Industry Sectors)

located in the top left corner and the variable holding the
least value (V17 — Pesticide Use in Watersheds) located
at the end of the continuum ending the bottom right.
The figure titled “Unclustered but Ranked by User In-
terest”, provides a different view of variable value by
user. It places higher ranked variables on the left of the
figure and uses colour to denote the level of user inter-
est. Here, red (with dark red representing highest) and
orange convey higher interest while greens and blues
convey less interest (with dark blue representing low-
est). This representation should be viewed as a graphic

DR 0)) R GROUP

Commercial Ul Shipping
U2 Marine energy and mineral extraction
U3 Insurance and re-insurance
U4 Coastal engineers
us Fishers (commercial, recreational, artisanal)
U6 Agriculture
u7 Aquaculture
U8 Hotel - restaurant industry
U9 Consulting companies

Government Ul10 Fisheries management

Ull Search and rescue
Ul2 Port authorities and services
Ul13 Weather services
ul4 Government agencies responsible for environmental regulation (pollution
issues)
Uls Freshwater management/damming
ulé6 Public health authorities
ul17 National security (including navies)
Ul18 Wastewater management
Ul19 Integrated coastal management
Public / NGO U20 Emergency response agencies
U21 Ecotourism, Tourism
U22 Conservation and amenity (including environmental NGOs)
U23 Consumers of seafood
U24 Recreational swimming
U25 Recreational boating

Table II.1. This list of user groups 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.
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representation of the strength of user interest for indi-
vidual socio-economic variables. Table I1.8 provides a
simple ranking of the variables.

An algorithm was used to cluster user interest in the
variables based on this ranking process (Figure 11.2). If
the user interest clustered in ways that was intuitive, one
can argue that the exercise succeeded in establishing
initial value (at least) of the approach. The five clusters
of users in Figure II.2 can be viewed as those holding

for the Coastal Module of the Global Ocean Observing System

similar interest in the variable ranking. In effect, this
clustering provides a reporting product that identifies
groups of users with similar interests in the relative im-
portance of the variables.

Again, it must be emphasized that this exercise dem-
onstrates a tool for nations or GRAs to help rank so-
cio-economic variables. The analysis above is only an
example of how it may be used. mm

ISSUE OF IMPORTANCE CODE PHENOMENON OF INTEREST

Marine Services and Public P1 Sea state
Safety P2 Coastal flooding
P3 Surface currents
P4 Rising sea level
P5 Changes in shoreline and shallow water bathymetry
Public Health P6 Chemical contamination of seafood
P7 Human pathogens in water and shellfish
Status (Health) of Marine P8 Habitat modification and loss
and Estuarine Ecosystems P9 Eutrophication / oxygen depletion
P10 Changes in species diversity
P11 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)

Table I1.2. Phenomena of interest. The Coastal Module should provide observations that can be used to detect or pre-

dict the occurrence of or changes in these phenomena.




RIAB 0D 0]) RIAB OD
0)) ARIAB ARIAR

OR PRED A OR PRED A
Vi 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 um
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
V10 Currents, and current profiles V28 Surface waves, direction, spectrum
Vil 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
Vi4 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

Table II.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.

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 Strandings 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 I1.3b. Examples of variables for regional and national systems. These variables are essential to detecting and
predicting 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 Coastal GOOS at the regional level.
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CATEGORY CODE PREDICTION

Coastal marine services Ml Storm surges

M2 Waves

M3 Currents

M4 Coastal erosion
Ecosystem health & relation M5 Risk assessment: seafood consumption
to human health M6 | Risk assessment: direct contact

M7 Chemical contamination of seafood
M8 Habitat modification / loss

M9 HABS - population dynamics

MI10 Anoxia / hypoxia

Ml11 Invasive species

MI12 Pollution effects - population

M13 Water quality model

Living marine resources M14 | Capture fishery production/sustainability

MI5 Aquaculture production/sustainability - finfish

M16 | Aquaculture production/sustainability - shellfish

M17 Fisheries: Sequential population analysis

MI18 Fisheries: Community dynamics

M19 | Fisheries: Ecosystem dynamics

Table I1.4. The representative list of predictive models used in the ranking procedure.

P1 P2 P3 P4 P19
Sea State Flooding Currents Sea Level Living Marine
Resources
Ul, Shipping 2 0 2 0
U2, Energy 2 1 2 2 1
U3, Insurance 2 2 1 1 0
U4, Coastal Engineers 2 2 1 2 1
U28, Scientists 2 2 2 2 2
TOTAL 10 7 8 9 4

Table I1.5. Weighting of phenomena of interest by user group. This truncated example (see Tables II.1 and 11.2
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 following three
matrices are for illustration and are somewhat arbitrary. Responses of panellists were used to generate rankings.




Issue of Importance: Biophysical Dynamics

PSE1 Land Use/Land Cover Changes to land use and land cover composition and pattern within
the coastal watershed.

PSE2 Physical Alteration The built environment within the coastal flood zone, including marine
transportation infrastructure, flood protection and other forms of direct
alteration of the coastal zone

PSE3 Changes to Coastal Habitat Biologically driven habitat lost/gained within the coastal watershed

Issue of Importance: Economic Value and Environmentally Induced Costs

Issue of Importance: Human/Resource Use

PSE4 Economic Equity and The distribution of income and wealth within the
Distributional Effects coastal zone
PSES Industrial Structure and The nature, structure and rate of change in industry located in or
Composition reliant upon the coastal watershed system
PSE6 Community Infrastructure The nature and scale of public and private infrastructure within the
coastal zone
PSE7 Environmental Damage Costs Total costs for environmental damage, including management,

mitigation, enforcement, restoration and other associated costs
and Health Risks

PSES Exploitation of Living Resources | The nature, location and scale of living resource
exploitation
PSE9 Exploitation of Non-Living The nature, location and scale of non-living resource exploitation
Resources
PSE10 | Tourism and Other The level and trends in coastal tourism and other
Non-Consumptive Uses recreational/non-consumptive activities
PSE11 | Marine-Sourced Public Health The various marine risk vectors influencing human health

Issue of Importance: Population Dynamics and Cultural Values

PSE12 | Coastal Population Dynamics Human population, growth and distribution within the coastal zone
PSE13 | Cultural Integrity and Stability The cultural, economic and social stability of coastal communities
PSE14 | Coastal Aesthetic Quality The non-use quality/value in the coastal zone

PSE15 | User Conflict The nature, level and severity of user conflicts in the coastal zone or

driven by coastal resource issues

Table I1.6. Phenomenon of Socio-Economic Interest.
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V1 | Resident Population

V2 | Population Density

V3 | Land Use/Land CoverPatterns/Composition

V4 | Employment in Industry Sectors
VS5 | % Population with Potable Water

V6 | % Population with Internet Access
V7 | Change in User Conflict
V8 | Property Values

Vo Income/wealth Distribution
V10 | % Altered Coast

V11 | Public Access Points/km of coastline

V12 | % water dependent use industry/coastal industry
V13 | Value Manufactured Products From Coastal Habitats
V14 | Non-Use Values of Coastal Habitat (Bequest/Existence/Option)

V15 | % Population Served by Wastewater

V16 | Fertilizer Use in Watershed

V17 | Pesticide Use in Watershed

V18 | Energy Production (% of National Production)

V19 | Level/Value of Commercial Fish Landings by Harvest Area
V20 | Artisanal Fishing Effort
V21 | Number/Value of Recreational Fishing Days

V22 | Seafood Consumption Patterns

V23 | Seafood International Trade Value/Quantity/Terms & Direction
V24 | Number of Tourists (% of National)

V25 | Number/Attendance at Recreational Bathing Beaches

V26 | Number of Shipping Vessels Entering/Transiting Coastal Waters

V27 | Aquaculture — Total Hectares

V28 | Value Change in Seafood Due to Chemical Contamination

V29 | Value Change in Seafood Due to Pathogenic/Toxic Contamination
V30 | Number of Beach Closings

V31 | Cost of Invasive Species

V32 | Groundwater Extraction

Table I1.7. Short list of candidate socio-economic variables.
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1. Employment in Industry Sectors

2. % water dependent use industry/coastal industry

3. Resident Population

4. Land Use/Land Cover Patterns/Composition

5. Number of Beach Closings

6. Population Density

7. Artisanal Fishing Effort

8. % Altered Coast

9. Level/Value of Commercial Fish Landings by Harvest Area

10. | % Population Served by Wastewater

11. | Value Manufactured Products from Coastal Habitats

12. | Public Access Points/km of coastline

13. [ Change in User Conflict

14. | % Population with Potable Water

15. | Number of Shipping Vessels Entering/Transiting Coastal Waters
16. | Number/Attendance at Recreational Bathing Beaches

17. | Property Values

18. | Non-Use Values of Coastal Habitat (Bequest/Existence/Option)
19. | Aquaculture - Total Hectares

20. | Value Change in Seafood Due to Pathogenic/Toxic Contamination
21. | Value Change in Seafood Due to Chemical Contamination

22. | % Population with Internet Access

23. | Number of Tourists (% of National)

24. | Income/wealth Distribution

25. | Groundwater Extraction

26. | Energy Production (% of National Production)

27. | Cost of Invasive Species

28. | Number/Value of Recreational Fishing Days

29. | Seafood Consumption Patterns

30. | Seafood International Trade Value/Quantity/Terms & Direction
31. | Fertilizer Use in Watershed

32. | Pesticide Use in Watershed

Table IL.8. Simple Numeric Ranking of Socio-Economic Indicators
Resulting from the Initial Expert Group Exercise.
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Figure II.1. Ranking of socio-economic indicators resulting from initial expert group exercise.

(For a color version of this figure please see inside of back cover)
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Figure IL.2. Stakeholder groups with significant affinity interests in indicator ranking from initial expert group.

Group 1:
Group 2:
Group 3:

Group 4:
Group 5:

Shipping, Insurance and Re-insurance, Coastal engineers, Search and rescue, Weather services, National security (including
navies), Emergency response agencies

Consumers of seafood, Educators

Hotel-restaurant industry, Port authorities and services, Government agencies responsible for environmental regulation,
Freshwater management/damming, Public health authorities, Wastewater management, Ecotourism, Tourism, Conservation
and amenity (including environmental NGOs), News media

Consulting companies, Integrated coastal management, Scientific community

Marine energy and mineral extraction, Fishers (commercial, recreational, artisanal), Agriculture, Aquaculture, Fisheries
management, Recreational swimming, Recreational boating

(For a color version of this figure please see inside of back cover)
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ANNEX III

GOOS Regional Policy

(http://ioc.unesco.org/goos/docs/GOOS_reg_pol.pdf)

H 1. PurroSsE

Establishing and improving the GOOS are critically de-
pendent on the coordinated development of GOOS Re-
gional Alliances (GRAs) that contribute to and benefit
from the global system. GRAs are created to facilitate
sustained ocean monitoring to meet regional and na-
tional priorities. They require interagency collaboration
and an internationally accepted policy. The activity and
cooperation of GRAs is especially important to the de-
velopment of the coastal module of GOOS.

B 2. QUALIFICATIONS

GRAs are formed by agreement between participating
countries, national organizations, and/or international
bodies (Regional monitoring networks, Regional Fish-
ery Bodies, Regional Seas Conventions, etc.). Mem-
bership should be chosen to best serve the data and in-
formation needs of organizations that use, depend on,
or are responsible for the management of the marine
environment and its resources in the region.

To be recognized as a part of the GOOS, a GRA must
conform to the GOOS principles, policies and prac-
tices that are established and endorsed inter-govern-
mentally by the IOC, WMO or UNEP from time to
time.

To the extent that the geographic range and activities
of a GRA overlap with those of other GRAs, the GRAs
involved must establish agreements to ensure effective
use of resources to the benefit of all.

Each GRA is expected to benefit from and contribute
to the activities of the GOOS Regional Forum estab-

lished by the Intergovernmental Committee for GOOS
(I-GOOS).

B 3. APPROVAL

The compliance of the activity of an organization re-
questing recognition as GRA with the GOOS princi-
ples must be reviewed by the GOOS Steering Com-
mittee (GSSC) and endorsed by the Intergovernmental
Committee for GOOS (I-GOOS), upon evaluation of
issues of inter-governmental cooperation, sponsorship
or endorsement. The I-GOOS will inform the execu-
tive body of the GRA concerned about the evaluation.
Where improvements, changes or actions are recom-
mended to secure recognition, these shall be negoti-
ated through the GOOS Project Office. After its en-
dorsement by the [-GOOS, the case for each GRA will
be submitted for the approval of the General Assembly
or the Executive Council of the IOC.

Proposals to be recognized as a GRA must include
the following:

* Evidence that a management structure is in place
that can deliver an integrated and sustained system
by linking, enhancing and supplementing existing
infrastructure and expertise in the region.

* Provision of an acceptable business plan that has
been endorsed by stakeholders (data providers and
users) from the region and describes the procedures
by which the observing system will be established,
developed, and sustained. This must include proce-
dures for quality assurance, conformance to interna-
tionally accepted standards and protocols for mea-
surements, data management, and communications.
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B 4. ACCOUNTABILITY

To ensure that there is a single forum where GOOS ac-
tivities can be considered in their entirety, all recognized
GRAs are expected to: (i) be active members of the
GOOS Regional Forum, (ii) be represented at meetings
of the I-GOOS, (iii) provide periodic reports on their
activities to I-GOOS. Reports should include among
other things (a) analyses of the extent to which GOOS
Principles have been implemented, and (b) information
about the provision of data and information in forms
and at rates required by user groups, about data quality,
and about the continuity of data streams.

A GRA may be dropped from the GOOS based on the

recommendation of I-GOOS and approval by the Gen-
eral Assembly or Executive Council of the IOC. mm
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ANNEX IV

Methods, Standards and Inter-calibration

As GOOS is implemented it is essential that guide-
lines are provided on best practice in collection of data.
Methods on sampling, analysis and data management
need to be standardized or calibrated at least on a re-
gional basis. In the past both IOC and UNEP provided
guidance through Manuals and Guides and Reference
methods documents. Through the IOC GIPME program
the Group of Experts on Methods and Intercalibration
(GEMSI) provided expertise in these areas specifically
with contamination issues. The Group of Experts on the
Effect of Pollutants (GEEP) provided biological effects
information and the Group of Experts on Standards and
Reference Materials (GESREM) provided input to the
development of reference materials for marine science.
Since the end of GIPME these groups have not been
active and therefore there is no international body pro-
viding integration in this way. In order for GOOS to be
successful there will have to be commitment to a simi-
lar expert group to GESREM to maintain a dialog in
this area and provide integration with the GRAs and the
various Capacity Building groups.

There are places where information on Methods for
coastal GOOS variables can be found, however the
sources exist in a diverse range of places, from books to
academic peer-reviewed journals to various web sites.
It is recommended that once measurements are deemed
operational in a region that methods used are logged
and recorded on a web site at the IOC. The description
and guidelines for measurements of the variables which
comprise the Global Coastal Network can be found in
the Integrated Strategic Design Plan for the Coastal Ob-
servations Module of GOOS in Annex V (GOOS Re-
port No. 125, I0C) and on the web at (http://ioc.unesco.
org/goos/docs/GOOS_125_COOP_Plan.pdf)

For some of the core variables such as nutrients, salinity
etc. the most up to date measurements can be found as
part of the Bermuda Atlantic Time-series Study (BATS).

The protocols for 20 methods are outlined (http://gyre.
bbsr.edu/methods_index.html). It should be noted that
many of these measurements are calibrated for low
levels found in the open ocean but these are standard
methods based on methods described by Grasshoff et al
(1983), Parsons et al (1992) and Strickland and Parsons
(1972).

Methods for specific measurements can be found in
the open literature however there exists literature in the
International Intergovernmental agencies for regions
to receive guidance. Primarily regional associations
will have to develop protocols within areas of interest
and through Capacity Building programs. These can
be shared and become resources for each region. The
GOOS Regional Forum can provide a vehicle to spread
the techniques from GRA to GRA.

It is important to recognize that standard protocols are
not essential between regions. Regions will have differ-
ent needs, different resources and require different detail.
The disparity between regions can be partially solved by
the use of Certified Reference Materials which will al-
low for different methods to be used but calibrated with
known material. Standards are also going to be a prob-
lem as they are expensive and presently most standards
are supplied by supply houses where the costs do not
fit within the budget of lesser developed countries. To
this end, it important that the developed countries play
a role in developing relatively simple and easier to use
and calibrated methods for use in the Developing Na-
tions (see Chapter 6). The international funding bodies
as well as National funding agencies need to be encour-
aged to provide support for such activities.

Specific methods for GRAs’ requirements will be dealt
with as the Implementation Plan is updated. mm
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ANNEX V

Satellite Requirements for the Coastal Module

of GOOS

The coastal module of GOOS requires satellite observa-
tions with high spatial, temporal and spectral resolution
and rapid access to data streams and products. Estab-
lishing and improving the GOOS coastal module are
critically dependent on the coordinated development
of GOOS Regional Alliances (GRAs) that contribute to
and benefit from the global observing system, e.g. satel-
lite-based remote sensing.

B 1.I0C STRATEGY FOorR REMOTE SENSING

The increasing population of the world’s coastal zones
imposes new challenges on society to manage the fi-
nite marine resources of the planet in a sustainable and
environmentally responsible manner. For the oceans in
particular, the challenge to humankind of observing the
oceans, understanding them, and transferring knowl-
edge and information about them into management pro-
cesses is very demanding. Many of the countries of the
world do not yet have the resources to enable them to
routinely and systematically collect from their coastal
seas and Exclusive Economic Zones the observations
at high resolution that are required on the one hand for
fully effective ocean management in the pursuit of sus-
tainable development, and on the other hand for the im-
provement of weather and climate forecasting.

Recalling the World Summit on Sustainable Develop-
ment Implementation Plan for widespread use of re-
mote sensing from space as a tool for sustainable de-
velopment, IOC member states need to make best use
of satellite data and to make remote sensing a new focus
for IOC’s capacity building efforts. Developing coun-
tries evidently need to make best use of the data from
the satellites that overfly their waters day after day for
the integrated coastal area management.

B 2. SATELLITE REQUIREMENTS

2.1 10C-CEOS Requirements

The IOC, UNEP, WMO and ICSU sponsored Global
Ocean Observing Programme has been designed as (1)
a global ocean module concerned primarily with detect-
ing and predicting changes in the ocean-climate sys-
tem and improving marine services (led by the Ocean
Observations Panel for Climate: OOPC) and as (2) a
coastal module concerned with the effects of large scale
changes in the ocean-climate system and of human ac-
tivities on coastal ecosystems, as well as improving ma-
rine services (led by the Coastal Ocean Observations
Panel: COOP). The present satellite data requirements
for the GOOS are summarized in Table VI.1.

Most of users of the satellite-derived information on the
oceans are in the coastal seas. Establishing and improv-
ing the GOOS are critically dependent on the coordinat-
ed development of GOOS Regional Alliances (GRAs)
that contribute to and benefit from the global observ-
ing system, e.g. the satellite remote sensing. GRAs are
formed by agreement between participating countries,
national organizations, and/or international bodies (Re-
gional monitoring networks, Regional Fishery Bodies,
Regional Sea Conventions, etc.). The activity and coop-
eration of GRAs are especially important to the devel-
opment of the coastal module of GOOS.

2.2 IGOS Coastal Theme Requirements
The satellite requirements developed by the 1GOS
Coastal Theme are provided in Table 3.1. mm
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ACI
ADCP
ADM
AERP

AUV
AVHRR
BATS

BOOS
CASI
CBWG
CDOM
CEOS
CGMS

C-GTOS

CITES

CMNs
CNES
CODAE
COOoP
CPR
CPWG
CZCS
DMAC

DMS
DMWG
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Acronyms

Atmospheric Circulation Index
Acoustic Doppler Current Profiler
Alternative Dissemination Method

Atmospheric Research and Environment
Programme (WMO)

Autonomous Underwater Vehicle
Advanced Very High Resolution Radiometer

Bermuda Atlantic Time-series Study Atlantic
Time-series Study

Baltic Operational Oceanographic System
Compact Airborne Spectrometry Instrument
Capacity building working group

Coloured Dissolved Organic Matter
Committee on Earth Observation Satellites

Coordination Group for Meteorological
Satellites (WMO)

Coastal Panel of the Global Terrestrial Ob-
serving System (FAO)

Convention on International Trade in Endan-
gered Species

Community Modelling Networks

Centre National d’Etudes Spatiales (France)
COastal Data Assimilation Experiment
Coastal Ocean Observations Panel (GOOS)
Continuous Plankton Recorder

CaPacity building Working Group

Coastal Zone Color Scanner (NASA)

Data Management and Communications
Programme (US GOOS)

Data Management Subsystem

Data Management Working Group

DPSIR
DSC
EDIOS

ENSO
ETDMP

EUMETSAT

FAO

FTP
GBIF
GCN
GCOS
GCRMN
GEEP
GEF
GEMSI

GEO
GEOHAB
GEOSS
GESREM

GIPME

GLOBEC
GLOSS

GMES

Driver-Pressure-State-Impact-Response
Digital Switched Calling

European Directory of the Instrumental
Observing System

El Niflo Southern Oscillation

Expert Team on Data Management Practices
(IODE)

European Organisation for the Exploitation
of Meteorological Satellites

Food and Agriculture Organization of the
United Nations

File Transfer Protocol

Global Biodiversity Information Facility
Global Coastal Network

Global Climate Observing System

Global Coral Reef Monitoring Network
Group of Experts on the Effect of Pollutants
Global Environment Facility

Group of Experts on Methods and Intercali-
bration

Group on Earth Observations
Global Ecology of Harmful Algal Blooms
Global Earth Observing System of Systems

Group of Experts on Standards and Refer-
ence Materials

Global Investigation of Pollution in the Ma-
rine Environment

Global Ocean Ecosystem Dynamics

Global Sea Level Observing System
(JCOMM)

Global Monitoring for Environment and
Security




140

An Implementation Strategy for the Coastal Module of the Global Ocean Observing System

GODAE
GOOS
GRA
GRAND

GCRMN
GRSCs
GSSC
GTOS
HABs
HF
HTTP
TAI

ICES

IGBP

IGOS

I-GOOS

IMBER

IMO
ISDR

10C

I0CCG

IODE

100S
IPCC
IUCN

IWCO

JCOMM

LEO
LIDAR

Global Ocean Data Assimilation Experiment
Global Ocean Observing System
GOOS Regional Alliance

GOOS Regional Alliances Networking
Development

Global Coral Reef Monitoring Network
GRA Remote Sensing Centers

GOOS Scientific Steering Committee
Global Terrestrial Observing System Global
Harmful Algal Blooms

High Frequency

Hypertext Transfer Protocol

Inter-American Institute for Global Change
Research

International Council for the Exploitation of
the Sea

International Geosphere — Biosphere Pro-
gramme

Integrated Global Observing Strategy

Intergovernmental Committee for the Global
Ocean Observing System (I0OC-WMO-
UNEP)

Integrated Marine Biogeochemistry and
Ecosystem Research (IGBP)

International Maritime Organization

International Strategy for Disaster Reduction
(UN)

Intergovernmental Oceanographic Commis-
sion

International Ocean Colour Coordinating
Group

International Oceanographic Data and Infor-
mation Exchange (I0C)

Integrated Ocean Observing System (US)
Intergovernmental Panel on Climate Change

International Union for the Conservation of
Nature (and Natural Resources)

Independent World Commission on the
Oceans

Joint Technical Commission for Oceanogra-
phy and Marine Meteorology (I0C-WMO)

Low Earth Orbit
LIght Detection And Ranging technologies

LOICZ

LOS
LTER
MAWG
MERSEA

MF
MILAC

MWG

NAO

NDR
NEARGOOS
NGO
NGSST-P

NOAA

NOOS
NRC
NWP
OBIS
OIT
OOPC

OpeNDAP

ORSP
OTH
PAR
PDO
PICES
PTWS
QA

QC
QUIJOTE
RAM
RAMP
RASE
RCOOS

Land-Ocean Interaction in the Coastal Zone
(IGBP)

Line-Of-Sight
Long-Term Ecosystem Research network
Modelling and Analysis Working Group

Marine Environment and Security for the
European Area

Medium Frequency

Marine Impacts on Lowland Agriculture and
Coastal Resources

Measurements Working Group
North Atlantic Oscillation
Natural Disaster Reduction
North East Asia Regional GOOS
Non-governmental Organization

New Generation Sea Surface Temperature
Project

National Oceanic and Atmospheric Adminis-
tration (USA)

North Sea Operational Observing System
National Research Council (Canada/USA)
Numerical Weather Prediction

Ocean Biogeographical Information Systems
Ocean Information Technology

Ocean Observations Panel for Climate
(GCOS-GOOS-WCRP)

Open Source Project for Network Data Ac-
cess Protocol

Ocean Remote Sensing Programme
Over-The-Horizon

Photosynthetically Active Radiation
Pacific Decadal Oscillation

North Pacific Marine Science Organization
Pacific Tsunami Warning System

Quality Analysis

Quality Control

QUickly Integrated Joint Observing TEam
Rapid Assessment Methodology

Rapid Assessment of Marine Pollution
Rapid Assessment of Socio-economic indicators

Regional Coastal Ocean Observing System



RIS

SCOR
SeaWiFS
SIDA
SMTP
SOLAS
TABS
TEMS
TGLO
THORPEX

UN
UNCED

UNCLOS
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Regime Indicator Series

Scientific Committee on Oceanic Research
Sea-viewing Wide Field-of-view Sensor
Swedish International Development Agency
Simple Mail Transfer Protocol

Safety of Life at Sea

Texas Automated Buoy System

Terrestrial Ecosystem Monitoring Sites
Texas General Land Office

The Observing System Research and Predict-
ability Experiment (WMO-AREP-WWRP)

United Nations

United Nations Conference on Environment
and Development

United Nations Convention on the Law of
the Sea

URL
VHF
WCMC

WCRP
WESTPAC

WG
WiFi
WMO
WSA
WWWwW
XML

Universal Resource Locator
Very High Frequency

World Conservation Monitoring Centre
(UNEP)

World Climate Research Programme

IOC Sub-Commission for the Western
Pacific

Working Group

Wireless Fidelity

World Meteorological Organization
World Seagrass Association

World Weather Watch

eXtensible Markup Language
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Figure I1.1. Ranking of socio-economic indicators resulting from initial expert group exercise.
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Figure I1.2. Stakeholder groups with significant affinity interests in indicator ranking from initial expert group.

Group 1: Shipping, Insurance and Re-insurance, Coastal engineers, Search and rescue, Weather services, National security (including navies), Emer-
gency response agencies

Group 2: Consumers of seafood, Educators

Group 3: Hotel-restaurant industry, Port authorities and services, Government agencies responsible for environmental regulation, Freshwater manage-

ment/damming, Public health authorities, Wastewater management, Ecotourism, Tourism, Conservation and amenity (including environmen-
tal NGOs), News media

Group 4: Consulting companies, Integrated coastal management, Scientific community

Group 5: Marine energy and mineral extraction, Fishers (commercial, recreational, artisanal), Agriculture, Aquaculture, Fisheries management, Recre-
ational swimming, Recreational boating






