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Summary

Marine and brackish water ecosystems and resources, especially those with high
biodiversity, are being threatened by many anthropogenic activities. Urgent assistance is
required to conserve these vital resources and implement sustainable management. One
of the main objectives of the marine and brackish water monitoring system is to ensure
effective planning, establishment and coordination of an operational observing system
of ocean and all seas, to provide the information needed for oceanic and atmospheric
forecasts. This is because ocean observations are needed for terrestrial weather
prediction and for analysis and prediction of sea state and ocean weather. If the integrity
of the ocean system has not been paid careful attention, all life would be expected to
begin a final death spiral. The key to survival is in the sea. This chapter summarizes the
main features of the observation mission of seas and oceans with special emphasis on
the role of the oceans in global change research. It also highlights the efforts of
worldwide agencies and actors and the characteristics of global observation systems that
are capable of operating in real-time.

1. Introduction

In recent years, progress in science and technology has contributed to the increasingly
prosperous way of life for many communities. On one hand, such progress brought
about many benefits to human beings; on the other hand, it resulted in significant
changes in the global environment. Saline waters such as seawater and brackish water,
of which the storage potential is estimated to be as much as 97.5% of all the water on
the earth, may have an increasingly important role, in the twenty-first century, in the
water-resource plans of arid to semi-arid countries.

Ocean, land and atmosphere are interrelated earth systems that are strongly affected by
the consequences of human population growth, industrialization, and demand for natural
resources. The marine environment—including the oceans and all seas and adjacent
coastal areas—forms an integrated whole that is an essential component of the global
life-support system and a positive asset that presents opportunities for sustainable
development (Agenda 21, Chapter 17), as adopted by the Plenary Session of the Earth
Summit in Rio de Janeiro, on June 14, 1992.

Oceans and coastal waters comprise over 70% of the surface of the planet, so it is not
surprising that humans depend strongly on the sea as a source of food, for transportation
and trade, and for several other uses. Further, the ocean strongly affects large-scale
weather patterns, as so forcefully demonstrated by El Nifio and La Nifia events.
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It has long been recognized that the oceans critically affect human activities. Winds,
waves, ice, ocean currents, and the hurricanes and typhoons that develop at sea have
always affected cargo, fishing, and military ships at sea. Changes in the environment
need to be monitored to mitigate damage based on these measurements and to anticipate
future changes to the environment. Primitive ocean observation systems were initiated
centuries ago to measure and try to predict these phenomena. However, the ocean is
currently monitored far less effectively and completely than terrestrial systems.

A sustained observation program to detect, track, and predict changes in physical and
biological systems and their effects is needed to measure the impacts of humans on the
ocean as well as the impact of the ocean on human endeavors. In order to understand
and ultimately predict how the ocean-atmosphere interaction affects weather and
climate, and how human activities affect both the physical system and living marine
resources, an integrated ocean observing system is needed to monitor the 'state’ of the
ocean.

There are already many observing systems and monitoring programs in place. These
systems provide data that help mitigate losses to life and property, enhances profits to
industry, ensures national security and provides information to mitigate anthropogenic
changes to the environment. However, these observing elements are not integrated and
do not constitute a complete system. In other words, they are not as cost effective as
they could be; neither do they serve the complete needs of users.

Existing Earth observation systems were designed for specific, limited purposes. As
research programmes addressing global change have gathered momentum, it has
become increasingly clear that these observation systems do not suffice for monitoring
the Earth system as a whole. Nor do they adequately meet many of the basic
observational needs of Earth system research. Hence, for the first time in history,
scientists are making plans for a continuous ‘health check' of the environmental status of
the planet.

International law, as reflected in the provisions of the United Nations Convention on the
Law of the Sea (1999) referred to in chapter 17 of Agenda 21, sets forth rights and
obligations of States and provides the international basis upon which to pursue the
protection and sustainable development of the marine and coastal environment and its
resources. This requires new approaches to marine and coastal area management and
development, at the national, subregional, regional and global levels.

In concert with international sponsoring organizations, scientists are developing three
interconnected global observing systems—for climate, the oceans, and the land. ICSU is
involved in the design phase of each of these systems, providing scientific support and
ensuring that research needs for data are met. New approaches to marine and coastal
area management and development are required at the national, subregional, regional
and global levels. These approaches are integrated in the following programme areas:
(@) Integrated management and sustainable development of coastal areas, including
exclusive economic zones; (b) Marine environmental protection; (c) Sustainable use and
conservation of marine living resources of the high seas; (d) Sustainable use and
conservation of marine living resources under national jurisdiction; (e) Addressing
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critical uncertainties for the management of the marine environment and climate
change; (f) Strengthening international, including regional, cooperation and
coordination; (g) Sustainable development of small islands.

Implementation by developing countries of the activities set forth below shall be
commensurate with their individual technological and financial capacities and priorities
in allocating resources for development needs and ultimately depends on the technology
transfer and financial resources required and made available to them.

2. Fundamentals of Observing Systems of Seas and Oceans
2.1. Background Approach (Agenda 21 Chapter 17)

In 1996, in the framework of the 28" International Geographical Congress "Land, Sea,
and Human Effort" on August 4-10, the extended paper “Agenda 21 for Ocean
Geography” was presented by A. Vallega discussing the role of geography in facing the
need for inter-disciplinary and multi-spatial scale research. On the basis of this
approach, the ocean subject was included in the 1996-2000 programme, adopted by the
19™ General Assembly of the IGU (August 10), A. Vallega, as newly-elected Vice-
president of IGU, was appointed to take care of this field. To deal with this task, the
Oceans programme was drafted and discussed in a joint workshop (Paris, April 28-29,
1997) of the IGU and of the IOC. The programme was finalized and, on this basis, in
1998 the IGU-IOC Seminar “The role of ocean science and geography in facing ocean
management for the third millennium” (Sagres, Portugal, September 3-5) was held. As a
conclusion of that event, the Oceans 21 programme was adopted.

2.2. Conceptions of a Functional Observation System

The nature and complexity of the broad spectrum of economic and environmental issues
faced by modern society has led to a wide array of government-sponsored measurement
programs that are not cost-effective on regional to national scales. This calls for an
integrated system that is responsive to a broad spectrum of user needs through the
combined use of in situ and remote measurements of multidisciplinary environmental
variables from shared use platforms. Moreover, secondary users can produce unforeseen
added value (e.g. scientific uses of operational data collected for other purposes). The
goal is a locally relevant, nationally coordinated, cost effective marine and brackish
water observing systems for multiple, applied uses.

2.2.1. A Sustainable System

Arguably the most challenging problem for an ocean observing system is to maintain
measurement programs for enough time to capture both episodic variations (e.g. storms)
and the long-term variations and cycles required for planning, understanding, and
action. Ocean scientists realize that long-period oceanic phenomena are usually more
energetic than those with a shorter period, so longer records of sufficient resolution
capture the more energetically significant tendencies. However, the degree of difficulty
and commitment required to sustain consistent measurements over decades is
tremendous. The observations must adapt to technological, institutional and economic
change, as well as changing priorities.
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It should come as no surprise that the innovative research environment, which embraces
change, is poor at sustaining observing systems. Industry is innovative and sustains
systems as needed but is focused on specific objectives, thus not encouraging
integration. The observing system envisioned must be both integrating and sustaining
while also fostering innovation. Perhaps no single sector of the government-industry-
academic partnership is capable of achieving this goal. A combination of interests are
needed to ensure that observing systems adapt to new technologies while maintaining
continuity in time series of the quantities and qualities needed for general use.

Weather analysis/prediction requires sustained observations. Ocean observations are
needed for terrestrial weather prediction and for analysis and prediction of sea state and
ocean weather. Because the variability of the atmosphere and ocean occurs over a very
large range of time scales, observations are needed for very long times if we are to
separate natural from anthropogenic variability and begin to make predictions of
phenomena affecting the ocean and its users. El Nifio episodes contribute to large-scale
temperature departures throughout the world, with most of the affected regions
experiencing abnormally warm conditions during December-February. Some of the
most prominent temperature departures include: 1) warmer than normal conditions
during December-February across southeastern Asia, southeastern Africa, Japan,
southern Alaska and western/central Canada, southeastern Brazil and southeastern
Australia; 2) warmer than normal conditions during June-August along the west coast of
South America and across southeastern Brazil; and 3) cooler than normal conditions
during December-February along the Gulf coast of the USA.

National security is a full-time concern. An observing system cannot be put in a place
only when and where it is needed, because background information has to be collected
on the range of variability expected to encounter and also it has to be known in advance
from where observations will be needed. In a training sense, the lulls in peacekeeping
and war-fighting operations are opportunities for improving skills and tuning systems.
The weather services observe and forecast the weather every day, no matter if the day
will be good or stormy. They do this so they know how to do it when it is essential, and
so the users of the weather information know how to obtain it and use it. Ocean
observations are similar, especially for national security and marine weather prediction:
it must be done every day, so it is accurate, timely, and useful when it is needed.

2.2.2. An Operational System

The elements of a typical system should meet certain criteria that, in effect, constitute a
definition of what is meant by operational for this observing system. These elements
could be summarized as:

e Relevant to needs: Measurements should be in response to needs for
information, including products derived from models.

e Long term: Measurements, once begun, should continue into the foreseeable
future. Continuity in the observed quantity is sought rather than in the method,
and it is anticipated that more effective methods will become available with
time.
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e Systematic: Measurements should be made in a rational fashion, with spatial and
temporal sampling tuned to address the issues. Further, measurements should be
made with the precision, accuracy, and care in calibration required to provide
continuity in the quality of data in space and time even though different
methodologies may be used.

e Subject to continuing examination: Trade-offs must be subjected to evaluation
on a continuing basis to take advantage of new knowledge and technology.
Because of the scope and intended longevity of the observing system, it is
realized that there are further practical constraints on the measurements.

e Cost effective: To maximize the number of required observations using the
available resources (financial and manpower), the observational methods used in
the observing system must be economical and efficient.

e Timely: The ability for users to access and retrieve observations with sufficient
timeliness to meet their needs. Some requirements are for real-time data
delivery. In other cases substantial quality control will require lapsed time
between measurement and data delivery.

e Routine: The observation tasks should be carried out by trained staff,
responsible for acquisition and quality control of data and the dissemination of
products. Thus for some variables, the collection of observations and related
work may be integrated into agencies capable of making a long-term
commitment; for other variables, the desired quality of routine observations may
be best achieved by providing long-term support.
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