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The Integrated Global Observing Strategy' (IGOS) Partnership represents a teaming of international organizations that are
concerned with global environmental change issues. It links research, long-term monitoring and operational programmes,
bringing together the producers of global observations and the users that require them in order to identify products needed,
gaps in observations, and mechanisms necessary to respond to needs in the science and policy communities. A principal
objective is to integrate satellite and in situ observation systems.

The IGOS Partners are comprised of the Global Observing Systems, the international organizations which sponsor the
Global Observing Systems, the Committee on Earth Observation Satellites (CEOS), the International Group of Funding Agen-
cies for Global Change Research (IGFA), and international global change science and research programmes.

The IGOS Partners recognise that a comprehensive global Earth observing system is best achieved through a step-wise
process focused on practical results. The IGOS Themes allow for the definition and development of a global strategy for the
observation of selected environmental issues that are of common interest to the IGOS Partners and to user groups. The
currently approved IGOS Themes include the Oceans, the Global Carbon Cycle, Geohazards, the Water Cycle, Atmospheric
Chemistry, and a Coral Reef Sub-Theme.

Recognising the need to coordinate and facilitate diverse coastal observing efforts by the Global Ocean Observing Sys-
tem (GOOS) and Global Terrestrial Observing System (GTOS) of the United Nations among other international programmes,
the IGOS Partnership approved the development of a Coastal Theme in June 2003. A Coastal Theme Team was established to
determine requirements for observations needed to assess interactions among coastal marine and terrestrial systems across
the land-sea interface. This team included representatives of GOOS, GTOS, CEQOS, and IGBP among others (see list in Coastal
Theme Team Members Section). Coastal Theme meetings were held in Washington D.C. (January 2003, May 2005), Hamilton,
New Zealand (November 2003), Paris, France (February 2004) and Miami, Florida (August 2004), with this report formally pre-
sented to the IGOS Partners in November 2004 in Beijing, China.

This effort builds on and complements design and implementation plans of the coastal modules of GOOS and GTOS?.
Both plans identify phenomena of interest, such as land-use, land-cover, coastal flooding and erosion, habitat loss, water
quality, and harmful algal blooms. In so doing, it was recognised that terrestrial and marine phenomena, or changes in them,
are often related and that interactions among them must be addressed explicitly. The special interest of coral reefs was also
recognised, in part because of their importance to the economies of tropical and subtropical nations and in part because
of their significance as sentinel habitats for global and regional environmental change. Thus, the IGOS Sub-Theme on Coral
Reefs® has been incorporated into the Coastal Theme.

Finally, over thirty nations agreed to a declaration at the first Earth Observation Summit* in July 2003 affirming the need
to support:

- Improved coordination of strategies and systems for observations of the Earth and identification of measures to minimize
data gaps, with a view to moving toward a comprehensive, coordinated, and sustained Earth observation system of sys-
tems;

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

- The full and open exchange of observations recorded from in situ, aircraft, and satellite networks with minimum time
delay and minimum cost, recognising relevant international instruments and national policies and legislation; and

- Preparation of a 10-year Implementation Plan, building on existing systems and initiatives.

The IGOS Coastal Theme is supportive of this effort by addressing coastal observing needs that are responsive to the nine
societal benefit areas (disaster, health, energy, climate, water, weather, ecosystem, agriculture, and biodiversity) of the planned
Global Earth Observing System of Systems (GEOSS), for which a 10-year implementation plan was adopted at the third Earth
Observation Summit in Brussels, in February 2005, where the intergovernmental Group on Earth Observations (GEO) was
likewise formally established.

Further information on IGOS can be obtained from: http://www.igospartners.org
The Coastal Theme Report is available at: http://www.igospartners.org/Coastal.htm
Inquiries on the IGOS Coastal Theme can be sent to: Paul.M.DiGiacomo@jpl.nasa.gov

http://www.igospartners.org

http://ioc.unesco.org/goos/coop.htm; http://www.fao.org/gtos/C-GTOS.html
* http://www.igospartners.org/Coral-Reefhtm

“ http//www.earthobservationsummit.gov/declaration.html
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Global, regional, and local trends in natural processes and human demands on coastal ecosystems jeopardize the ability of
these ecosystems to support commerce, living resources, recreation, and habitation. Concerns have led to numerous interna-
tional agreements that require sustained and routine observations of both coastal terrestrial and marine systems. Meeting the
terms and conditions of these conventions and action plans requires a strategy for the establishment of an integrated global
system of observations for the atmosphere, oceans, and terrestrial systems under the auspices of the Integrated Global Observ-
ing Strategy (IGOS). The IGOS Partnership approved the development of a Coastal Theme in June 2003, and a Coastal Theme
Team was established to determine requirements for observations needed to assess interactions among coastal marine and
terrestrial systems across the land-sea interface. This effort builds on and complements design and implementation plans of the
coastal modules of GOOS and GTOS. In so doing, it was recognised that the occurrence of, or changes in, terrestrial and marine
phenomena are often related and that interactions among them must be addressed explicitly. It was also recognised that coral
reefs are of special related interest, and thus, the IGOS Coral Reef Sub-Theme has been incorporated into the Coastal Theme.

Building on the coastal modules of GOOS and GTOS, the IGOS Coastal Theme focuses on the observing requirements
across the land-sea boundary and the information products that can and should be generated for users. Marine effects on
land of particular interest include coastal flooding and erosion, sea level change, and salt intrusions up rivers and into ground
water. Similarly, land influences marine ecosystems through surface runoff and attendant loadings of dissolved and particu-
late matter, pollutants et al,, as well as ground water discharge of fresh water, impacting biogeochemical and hydrological cy-
cles, and ecosystem health and productivity. The following priority issues have been identified for the IGOS Coastal Theme:

- Coastal Populations at risk, including coastal hazards and coastal development and urbanization;
- Coastal Ecosystems, including the hydrological and biogeochemical cycles, and ecosystem health and productivity.

Implementation of the Coastal Theme is critically important to the development of robust and effective policies

and management plans to ensure that coastal regions are managed in a sustainable manner with respect to
such interfacial phenomena.

Thus, the goal of the Coastal Theme is to develop a strategy for integrated observations across the land-sea interface that
will provide data and information needed to make informed decisions on issues related to change and variability as required
for use, study, or management of coastal systems or components thereof. The objectives are to:

1. Specify requirements for in situ and remote observations (as an integrated package) needed to provide data and informa-
tion at rates and in forms needed by decision-makers in both private and public sectors (e.g., variables to be measured,
appropriate time-space scales of observations, platforms/sensors to be used) (Chapters 2 & 3);

2. Evaluate current and projected observation capabilities in terms of the extent to which they meet these requirements,
identifying gaps, redundancies, and activities that need to be strengthened (Chapter 3);

3. Establish a framework to integrate observations (in situ and remote), particularly across boundaries, as time-space scales
of variability differ significantly between the terrestrial side and the marine side of the coastal zone (Chapters 4 & 5);

4. In the process of addressing 1-3, stimulate coordination and collaboration among institutions/bodies/organizations (in-
cluding different science disciplines, research and operational groups, scientists and managers, public and private sectors,
and political bodies including governments, and agencies/ministries) (Chapter 5).

The user groups are varied but can be summarized as follows:

- Regional and global environmental assessments, agencies, accords, and conventions, needing data and information
regarding the coastal regions.

- Advisory and regulatory agencies, the primary users of data and information for management of the coastal regions
throughout the world.

- National governments with wide ranging responsibilities for legislation and for implementing international conventions
and agreements. Small island States have particular interest in this Coastal Theme, as small islands are entirely coastal in
nature and the problems of the coastal zone are particularly important to their vital national interests.

- Research communities that both provide derived data and information products for the advisory and regulatory agen-
cies, commercial end users, and the public that use the coastal region, as well as utilize the data to develop a greater
scientific understanding.

- Commercial organizations that require information for their safe and effective operations and benefit from informed
decisions toward sustainability.

There are three critical coastal observing needs: 1) Concurrent long-term time series observations of both terrestrial (in-
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cluding fresh water) and marine (including estuarine) ecosystems; 2) Spatially coordinated, high-resolution observations of
both terrestrial and marine environments; and 3) Analyses of the temporal and spatial coherence of changes across the land-
sea interface. Through distillation and synthesis of the observation needs, a core group of cross-cutting coastal observing
requirements emerges to provide useful products to these users on the priority issues. These observations can be grouped
into three basic categories:

Geophysical: e.g, ocean winds, waves, sea surface height, currents, salinity, temperature, discharge, precipitation, ice cover;
Biological and Biogeochemical: e.g.,, pigments, nutrients, particulate and dissolved matter, aerosols, slicks and spills, opti-
cal properties, biomass, and productivity;

Mapping (Physical, Ecological, and Socio-Economic): e.g., topography, bathymetry, shoreline position & use, high/low
tide lines, habitat types and condition, land cover/use, coastal population assessments/demographics.

A combination of remotely sensed (satellite, airborne, and ground-based platforms) and in situ observations is required.
Satellite observations provide valuable synoptic coverage, but extensive in situ measurements are a necessity since some
measurements cannot presently be made remotely (e.g., nutrients, pollutants and pathogens, measures at depth). Further, in
situ assets provide accurate measurements crucial for the calibration and validation of remotely sensed products. However,
significant gaps emerge upon comparing the existing and planned capabilities with the Coastal Theme observing require-
ments; specific challenges related to these are discussed herein. These coastal observing challenges can be organized into
three types that are not mutually exclusive. "Knowledge” challenges require research and development (R&D) to address
observation and data gaps. "Resolution and Coverage”challenges address the need for improved spatial, temporal, and spec-
tral resolution and/or coverage in existing measurements. “Continuity” challenges focus on maintaining existing observation
capabilities, particularly those for which continuation is uncertain. Priority areas for space agencies and other partners to
address vis-a-vis these challenges are identified herein.

While data integration remains a major goal of the IGOS Partnership Process, there are significant challenges to meeting
this goal in coastal regions. Activities that promote cross-boundary/discipline integration, such as those that merge land and
sea data, those that fuse in situ and remotely sensed data, and approaches that link socioeconomic with coastal environmen-
tal data, are crucial for establishing a coastal global observing strategy which is not only scientifically robust but also policy
relevant for stakeholders in the coastal domain. Integration challenges will be addressed through a variety of mechanisms.
Models validated by rigorous tests and supported by observations are a valuable tool for synthesizing the spectrum of coastal
observations. Data assimilation represents a crucial approach for integrating data from different sources and times with pre-
dictions into a common framework; an integrated COastal Data Assimilation System (CODAS) is proposed that would bring
together the land and sea domains across the coastal interface.

There is also a compelling need for robust user-driven decision support tools that are web-based and bring together
multi-sensor satellite and in situ data streams and coupled models across the coastal interface (e.g., CODAS) with easy to
manipulate information query and download capabilities and user-defined scenarios. Leveraging existing GIS-based tools,
an Integrated Coastal Decision Support System (ICoDSS) would provide coastal users with high resolution, cross-boundary,
and easily accessible retrospective and appropriately timed data and information, as well as robust short-term and long-
term predictions, to support improved coastal understanding and management.

Focused, coherent funding mechanisms are needed to underpin initiatives, especially as the coastal community seeks
to move beyond applied science in the developed countries into global observing to support improved understanding
and decision-making in all countries. As such there is a special need to target the coastal issues and problems of devel-
oping countries and coastal regions that have not yet benefited from the rapid development of observing technologies,
both in situ and space-based. This can be addressed through education and training, knowledge and technology transfer
and capacity building in appropriate institutions and industries. Coastal freshwater resources management, coastal hazard
vulnerability assessments, prediction and mitigation strategies, coral reef management (addressed in the Coral Reef Sub-
Theme), and estuarine and delta pollution and management are but a few of the benefits of the Theme of special impor-
tance to developing countries. Both the coastal modules of GTOS and GOOS have proposed initial projects to promote
capacity building. These efforts provide specific opportunities for the Coastal Theme.

The implementation of the Coastal Theme will be jointly led by GOOS and GTOS, through their respective scientific steer-
ing committees. The coastal modules/components of both GOOS and GTOS have identified existing networks and structures
among data and service providers as well as among end users from local to global scales that will be leveraged. The GOOS
Regional Alliances and GTOS regional programmes are likely implementing bodies on a regional scale. Pilot projects are criti-
cal to the implementation of the coastal modules of both GOOS and GTOS, and those that will accelerate implementation of
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the Coastal Theme have been identified and will be targeted. Contributions from global change research projects including
LOICZ and IMBER will also aid in implementation.

There is a recognised need to establish a mechanism for intergovernmental coordination and technical support for in-
tegrated coastal observing comparable to the IOC/WMO Joint Commission on Oceanography and Marine Meteorology
(JCOMM). Whether this entails creation of a new joint commission for coastal observations or the identification of an existing
body for this purpose is presently under consideration. In terms of a potential new body, discussions are underway regard-
ing the potential formulation of a Joint-Panel for Integrated Coastal Observations (J-PICO), with resolution expected in the
foreseeable future. In the interim, the Coastal Theme will be implemented with personnel and programmatic leadership and
support from its lead IGOS Partners. To ensure a user- and issue-driven participatory process, workshops and developmental
efforts will ideally be undertaken under the auspices of a Coastal Theme Community of Practice, which has recently been
approved and will be developed as part of the emerging GEO process.

The anticipated benefits of the IGOS Coastal Theme are:

Identify gaps in observations and reduce unnecessary duplication

Strengthen the linkage between in situ and space-based observations, integrated with watershed-ocean models, for
coastal research and management applications

Stimulate building of long-term, accurate coastal data sets

Assist in the design and implementation of the coastal components of GOOS and GTOS

Establish priorities for research & development projects to improve the operational elements of observing systems and
other programmes

Support user needs through improved products and services

Cross-cutting links with other IGOS Themes and the emerging GEO effort
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Chapter 1 examines the land-sea inter-
face, describes ecological challenges
to assessing and anticipating changes
in the coastal zone, and addresses the
detection and prediction of change
across the land-sea interface. It iden-
tifies social and economic factors that
require consideration, details the over-
all goals and objectives of the Coastal
Theme, and identifies the linkage with
research programmes that will sup-
port its implementation.

Chapter 2 provides an overview of
key coastal issues, focusing on coastal
populations at risk and coastal ecosys-
tems at risk, as well as specific users
and products in this context. It also
addresses existing coastal observing
system elements, including the coastal
modules of the Global Ocean Observ-
ing System (GOOS) and Global Terres-
trial Observing System (GTOS), as well
as the IGOS Coral Reef Sub-Theme.

Chapter 3 provides an overview of the
primary observation needs for coastal
interface issues, a summary of the
cross-cutting observing requirements,
an assessment of existing and planned
observing capabilities and attendant
gaps, and finally current challenges in
making coastal observations.

Chapter 4 discusses systemic chal-
lenges to data integration, including
communication issues, data access
and management issues, and unique
challenges of coastal regions. It de-
scribes some of the general strategies
necessary to overcome these chal-
lenges, and also provides specific ap-
proaches for integrating observations
in the coastal domain.

Chapter 5 describes the institutional
arrangements for implementation of
the Coastal Theme as well as initial
prototype efforts and pilot projects.
[t addresses linkages with other IGOS
Themes as well as the emerging GEO
process, articulates the need for capac-
ity building, presents an action plan
and schedule, and finally proposes a
plan for leadership, assessment and
feedback.
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The coastal zone (Figure 1.1) encompasses a broad
diversity of terrestrial and marine habitats from rivers,
coastal forests, wetlands, cities, and farms to coral reefs,
sea grass beds, soft bottom or rocky benthic substrates,
and the open waters of estuaries and coastal marine en-
vironments. It is an area where inputs from land, sea, air,
and people converge, an area of remarkably high pro-
ductivity, an area where ecosystem goods and services
are concentrated, and an area that has been a center of
human activity for millennia (Costanza et al., 1997; Cohen
and Small, 1998; I0C 2003). Thus, changes in the physi-
cal and ecological states of coastal terrestrial and marine
systems have disproportional effects on the safety and
well being of human populations (IWCO, 1998; Watson et
al., 1998; GESAMP, 2001; Field et al., 2002). Coastal eco-
systems and human populations are especially vulner-
able to the negative impacts of these changes (Jackson
et al., 2001; Nicholls and Small, 2002).

As evidenced by troubling trends in the occurrence
(magnitude or frequency) of a broad spectrum of phenome-
na from climate change and sea level change to habitat loss
and declines in living resources, coastal systems are experi-
encing unprecedented alteration. They are becoming more
susceptible to natural hazards, more costly to live in, and less
able to support living resources. The social and economic
costs of uninformed decisions are increasing accordingly.

Figure 1.1. The Coastal Zone: Where inputs from land, sea,
air and people converge

Heavily developed coast of Cancun, Mexico mostly for international tour-
ism. Image credit: © Wolcott Henry 2001.

Image source: www.marinephotobank.org.

Trends such as these are related to both natural pro-
cesses and increasing human demands on coastal ecosys-
tems to support commerce, living resources, recreation,
and living space and to receive, process, and dilute the
effluents of human society. These realities have led to nu-
merous international agreements that require sustained
and routine observations of coastal terrestrial and marine
systems (Table 1.1).

Meeting the terms and conditions of these conventions
and action plans requires the establishment of an integrated
global system of systems for the atmosphere, oceans, and

Populations at Risk: Coastal populations are impacted
by a variety of natural hazards including erosion, saltwater
intrusions, subsidence, tsunamis and floods due to both
storm surges and swollen rivers. Exposure to such natural
hazards is expected to increase due both to increases in
population density in low lying coastal areas and the ef-
fects of global climate change (e.g, sea level change and
possible increases in the frequency of extreme weather
such as tropical cyclones). Recent estimates of the global
distribution of people show the following (Nicholls and
Small, 2002):

Based on a recent census (1990), the number of peo-
ple inhabiting the near-coastal zone (defined here as
the land area within 100 km of the shoreline or 100 m
above mean sea level, which ever come first) is about
1.2x10° or about 23% of the 1990 global population.
The average population density of the near-coastal
zone is about 112 people km? or about 2.5 times
higher than the global average (44 people km?).
About 40% of the near-coastal population inhab-
its 4% of the near-coastal land area at local popula-
tion densities of about 1000 people km? The most
densely populated near-coastal areas are in Europe
and south, southeast, and east Asia. Thus, despite
the concentration of people near coasts, the majority
of land area within the near-coastal zone is relatively
sparsely populated.

While eleven of the world’s fifteen largest cities (>
10,000 people km?) are located in the near-coastal
zone, only about 10% of the near-coastal populations
live in these cities. Most of the exposed population
is in small cities and in rural settings such as densely
populated deltaic areas (1000 people km?). However,
urbanization is expected to continue at rapid rates,
and these patterns are likely to change.

Coastal populations are growing and urbanizing,
trends that serve to increase the economic and social
impacts of natural hazards. It must also be emphasized
that while it is conceptually straightforward to quantify
populations exposed directly to natural hazards, it is more
complex to evaluate indirect exposure, including wider
socio-economic impacts. For example, storm surges di-
rectly affect life and livelihoods within a short distance
of the shoreline while indirect impacts may be much
broader if infrastructure and services such as waste-water
treatment facilities, ports, agriculture, and power plants
are incapacitated.

terrestrial systems, e.g., GEOSS, as well as a strategy for ac-
quiring and coordinating the necessary observations, e.g.,
IGOS.

Informed management for sustained use of these goods
and services requires the capacity to assess routinely and
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Table 1.1. Conventions Requiring Data and Information on
Coastal Marine and Terrestrial Systems: Requires the estab-
lishment of an integrated global system of observations.

CONVENTIONS AND ACTION PLANS

Ramsar Convention on Wetlands

UN Conference on the Human Environment

The UN Convention on the Law of the Sea

The International Convention for the Safety of Life at Sea
(SOLAS)

The UN Framework Convention on Climate Change
(UNFCCQ)

The UN Convention on Biological Diversity

Agenda 21, the Programme of Action for Sustainable
Development

The Implementation Plan of the World Summit on Sus-
tainable Development

The Convention on the Prevention of Marine Pollution by
Dumping of Wastes & Other Matter

Barbados Action Plan

Global Programme of Action for the Protection of the
Marine Environment from Land Based Activities

FAO Code of Conduct for Responsible Fisheries

Agreement for the implementation of the provision of
the UNCLOS relating to the conservation of straddling fish
stocks and highly migratory fish stocks

Regional conventions like Oslo and Paris Conventions
(OSPAR) and the Convention on the protection of the
marine Environment of the Baltic Sea area (HELCOM)

UNEP agreements like the Convention on International
Trade in Endangered Species of wild flora and fauna
(CITES), Convention for the Conservation of Migratory
Species

rapidly the state of coastal marine and terrestrial systems
and provide timely predictions of likely future conditions.
Both depend on coordinated, sustained, repeated, routine
and high quality observations of coastal marine and terres-
trial systems across the land-sea interface. To this end, the
IGOS Coastal Theme focuses on land-sea interactions as they
influence dominant trajectories of change in the coastal ma-
rine and terrestrial systems (Table 1.2).

Implementation of the Coastal Theme is critically impor-
tant to the development of robust and effective policies

and management plans to ensure that coastal regions
are managed in a sustainable manner.

"

A single definition of “coastal zone" or “coastal region
that provides meaningful landward and seaward boundary
conditions is not possible. For example, if the phenomenon

IGOS Coastal Theme Report 2006

of interest is the direct risk of coastal storm surge flooding, a
reasonable definition of the landward boundary might be a
few km inland from the coastline. For many human impacts
associated with habitat alteration, a better definition may be
100 km inland from the coastline or 100 m above mean sea
level, whichever comes first (Nicholls and Small, 2002). Alter-
natively, if the phenomenon of interest is coastal eutrophica-
tion from land-based sources of nitrogen and phosphorus,
the landward boundary might be defined in terms of coastal
drainage basins. The Land-Ocean Interactions in the Coastal
Zone (LOICZ) coastal typology uses 200 m above and 200 m
below mean sea level for landward and seaward boundar-
ies, respectively (Pernetta & Milliman 1995). A recent analysis
of “Human Links to Coastal Disasters” (http://www.heinzctr.
org/NEW_WEB/PDF/Full_report_human_links.pdf) defines
the “coast”as a “strip of land of indefinite width that extends
from the shoreline inland to the first major change in terrain
features” Likewise, the seaward boundary could be defined
by the depth limit of seagrasses for the purposes of habitat
management, the EEZ (Exclusive Economic Zone) for legal
purposes, the migratory ranges of tuna or salmon for fisher-
ies management, the seaward extent of detectable concen-
trations of land-based sources of contaminants for environ-
mental protection, etc. The one constant in all definitions
is that the coastal zone always includes the shoreline, the
interface between land and sea.

1.1 ECOLOGICAL CHALLENGES TO ASSESSING AND
ANTICIPATING CHANGES IN THE COASTAL ZONE

The coastal zone from drainage basin to coastal ocean
is @ mosaic of complex, interacting ecosystems from forests,
lakes, farmlands, and cities to rivers, estuaries, and the open
waters of the coastal ocean. Furthermore, the scales of vari-
ability that characterize terrestrial ecosystems are quite differ-
ent from those that characterize coastal marine and estuarine
ecosystems. Clearly, these differences must be considered in
the design of observing systems intended to detect and pre-

Table 1.2. Cross-boundary Issues of major Interest to
IGOS Coastal Theme: Informed management requires
the capacity to assess and predict.

DIRECTION OF
PROPAGATION

OCEAN-TO-LAND

CROSS-BOUNDARY ISSUES

Coastal flooding & erosion

Sea level change

Salt intrusions up rivers and into
ground water

LAND-TO-OCEAN Surface runoff and material load-
ings; Ground water discharge of

fresh water

Biogeochemical cycles

Ecosystem health & productivity




Figure 1.2. Comparison of time-space scales: Physical
atmospheric processes (thunderstorms to long waves),
physical mixing processes in the oceans (dashed line),
and marine and terrestrial ecosystems.
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Marine ecosystems are represented by population dynamics of phy-
toplankton (P), zooplankton (2), and fish (F). Terrestrial ecosystems are
represented by population ecology and biologically structured habitats
(e.g. forests and grasslands).

dict the effects of interactions across the land-sea interface on
coastal marine and terrestrial systems.

Characterizing Scales of Variability and Mecha-
nisms of Change in Terrestrial and Marine Environ-
ments: On ecological time scales (< 100 years), there is a
strong dichotomy between the time-space scales of physi-
cal atmospheric and terrestrial ecological processes (ex-
pressed in terms of population dynamics and changes in
plant distributions), with the former being much shorter
than the latter (Figure 1.2). In contrast, the time-space
scales of physical and ecological processes in the ma-
rine environment (expressed in terms of pelagic trophic
dynamics) are virtually identical (Figure 1.2; Steele, 1985;
Steele, 1991; Levin, 1992). These relationships suggest that
there are very different time scales for processes governing
the rates of change in the physical environments of marine
and terrestrial systems. Physical and ecological processes
are closely coupled in the pelagic environment of marine
and estuarine ecosystems relative to terrestrial environ-
ments where biological processes play a much greater role
in structuring ecosystems (forests, grasslands, marshes,
etc.). In terms of time-space scales of variability, biologi-
cally structured habitats in the marine environment (e.g.,
coral and oyster reefs, sea grass and kelp beds) resemble
biologically structured habitats on land.

Improving the capacity to detect changes on local to
global scales and to predict how larger scale changes are
expressed within and propagated among coastal ecosys-
tems are major goals of this strategy. Typically, the mecha-
nisms or causes of change operate at different scales than
those of the observed pattern (Steele, 1985; Steele, 1991;

Levin, 1992). The Coastal Theme is primarily concerned
with mechanisms of change that propagate across the
land-sea interface. Therefore, detecting and predicting
the effects of these requires the consideration of cross-
boundary issues (Table 1.2) in the broader context of ex-
ternal forcings in general. Large scale forcings that impact
socio-economic systems, coastal ecosystems, and natural
resources include the following:

« Marine basin scale oscillations such as the El Nifo-
Southern Oscillation, the North Pacific Decadal Oscilla-
tion, and the North Atlantic Oscillation (e.g., Barber and
Chavez, 1986; Dayton and Tegner, 1984; Francis and
Hare, 1998; Pearce and Frid, 1999: Wilkinson et al., 1999;
Kudela and Chavez, 2000; Arcos et al., 2001; Beaugrand
etal, 2002);

- Global climate change including sea level change and
changes in the hydrological cycle (e.g., Barry et al., 1995;
Najjar et al,, 1999);

- Changes in inputs of water, sediments, nutrients and
contaminants (pollutants and pathogens) from coastal
drainage basins due to human activities (e.g., Limburg
and Schmidt, 1990; Smith et al., 2003; Vitousek et al.,
1997 Jickells, 1998; Howarth et al., 1991; Howarth et al.,
2000);

- Extraction of living marine resources (e.g., Pauly et al,
1998:; Jackson et al,, 2001); and,

« Introductions of human pathogens and non-native
species related to the globalization of commerce (e.g,,
shipping ballast water discharge, seafood shipments)
and the translocation of species from one region to an-
other (e.g., Carlton, 1996 and references therein).

The importance of quantifying these forcings through
the design of the coastal modules of GOOS and GTOS un-
derscores the need for an integrated approach on their
part that also coordinates their development in conjunc-
tion with the Global Climate Observing System (GCOS) and
other relevant efforts.

1.2 DETECTING AND PREDICTING CHANGE ACROSS
THE LAND-SEA INTERFACE

Current efforts to manage human uses and mitigate
both anthropogenic and natural impacts typically focus
on specific human activities (urbanization, agriculture
practices, sewage discharge, fishing mortality, physical al-
teration of habitats), specific habitats and places (coastal
forests, grasslands, lakes, mangroves, marshes, coral reefs,
sea grass beds, estuaries, flood plains, etc.), or individual
species (management of natural resources, identification
of endangered species). In most circumstances, due con-
sideration is not given to the propagation of variability and
change across multiple scales or boundaries between ter-
restrial and marine ecosystems (Gardner et al,, 2001).

Although the time-space scales of ecosystem dynam-
ics are much shorter for pelagic marine than for terrestrial
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ecosystems, the time scales that characterize cross-bound-
ary forcings encompass both terrestrial and marine ecosys-
tem dynamics (Figure 1.3). This has important implications
for the design of an observing system to provide the data
needed to link changes in coastal terrestrial ecosystems to
changes in coastal marine ecosystems. Given the range of
time-space scales that must be captured, both remote (sat-
ellite, aircraft, land-based) and in situ sensing will be needed.
Spatial dimensions of pattern are best captured using re-
mote sensing, especially in those environments that exhibit
high frequency temporal variability (atmosphere and ocean).
Remote sensing is also useful for capturing temporal chang-
es in systems and processes characterized by relatively low
frequency variability (climate change, sea level change, pat-
terns of land-cover and land-use practices, etc). With a few
important exceptions, temporal variations in surface runoff,
groundwater discharge, tides, and subsurface pelagic and
benthic habitats are currently best captured through in situ
observations. Important exceptions include coral reefs and
sea grass beds in clear, shallow waters.

1.3 SOCIAL AND ECONOMIC FACTORS

There is a clear need for a more holistic view of sys-
tem dynamics that links ecological and socio-economic
systems across the land-sea interface. The Driver-Pressure-
State-Impact-Response (DPSIR) model (e.g., Bowen and Ri-
ley, 2003) provides a framework for achieving this by relat-
ing large-scale human drivers of change (e.g., increases in
population density and land use patterns in coastal drain-
age basins) to pressures (e.g., extraction of living resources,
nutrient loading and contaminant loading of coastal ma-
rine ecosystems), changes in state (mass mortalities, harm-
ful algal blooms, eutrophication) of coastal ecosystems,
their consequences or impacts (loss of commercial fishing
value, public health costs), and management responses to
them (e.g., fishery management, management of land-use
activities, sewage treatment). Simultaneous, integrated
and sustained observations of both socio-economic and
environmental variables are needed to effectively link each
of these phases.

The DPSIR approach provides a useful framework to
guide the coordinated development of the coastal modules
of GOOS and GTOS (e.g., Bowen and Riley, 2003). Both sys-
tems clearly have common needs for socio-economic and
environmental information and the development of the
DPSIR approach provides a means to establish priorities to
implement observing systems that transcend the land-sea
interface.

As summarized above, issues that must be addressed in
the coastal zone transcend national borders, ministries, and
scientific disciplines. However, new scientific understanding
in itself rarely initiates government actions, in part because
of the boundaries that isolate these communities (Malone et
al, 1993). Scientists and government officials speak different
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Figure 1.3. Time Scales of Major, Cross-boundary Ex-
ternal Forcings in the Coastal Zone: Given the range of
time-space scales that must be captured, both remote
(satellite, aircraft, ground-based) and in situ sensing will
be needed.
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languages, function in response to different reward systems,
and work on different time scales.

The DPSIR framework helps to allow sustained and rou-
tine provision of quality environmental data and information
and the availability of sound scientific advice to enable re-
sponsive government decisions and to enhance the effec-
tiveness of management actions. The Coastal Theme in turn
will help bridge cultural gaps (between nations, ministries
and scientific disciplines), reinforce management actions to
control or mitigate the effects of human activities, and build
public and political support for sustained and integrated
observations across the land-sea interface (e.g, National Re-
search Council, 2000). Breaking the “ice” of cultural inertia
to begin developing the IGOS vision will be especially chal-
lenging in the coastal zone.

1.4 GOALS AND OBJECTIVES

The goal is to develop a strategy for integrated observa-
tions across the land-sea interface that will provide data and
information needed to make informed decisions on issues
related to the propagation of change and variability across
the land-sea interface as they involve the use, management,
or study of coastal systems or components thereof.

Objectives are as follows:

1. Specify requirements for in situ and remote observations
(as an integrated package) needed to provide data and
information at rates and in forms needed by decision-
makers in both private and public sectors (e.g., variables
to be measured, appropriate time-space scales of obser-
vations, platforms/sensors to be used); (Chapters 2 & 3)

2. Evaluate current and projected observation capabilities
in terms of the extent to which they meet these require-



ments, identifying gaps, redundancies, and activities that
need to be strengthened; (Chapters 3)

3. Establish a framework to integrate observations (in situ
and remote), particularly across boundaries, as time-
space scales of variability differ significantly between the
terrestrial side and the marine side of the coastal zone;
(Chapters 4 &5)

4. Inthe process of addressing 1-3, stimulate coordination
and collaboration among institutions/bodies/organiza-
tions (including different science disciplines, research
and operational groups, scientists and managers, public
and private sectors, and political bodies including gov-
ernments, and agencies/ministries) (Chapter 5).

1.5 RESEARCH AND IMPLEMENTATION OF THE
COASTAL THEME

Thereisakeyinterrelationship between the Coastal Theme
and several international research programmes as the latter
will help to develop this theme and the necessary observing
capabilities (Figure 1.4). Research programmes important to
developing the Coastal Theme include the following:

- International Long-Term Ecological Research
(I-LTER) - advance our understanding of long-term eco-
logical variability and change, contribute to the scientific
foundations for ecosystem management, and promote
international collaborations;

- Land-Ocean Interactions in the Coastal Zone (LOICZ) -
effects of anthropogenic forcings and natural variability
on life-sustaining functions and structure of the global
coast;

- Global Ocean Ecosystem Dynamics (GLOBEC) - ad-
vance our understanding of the structure and function-
ing of the global ocean ecosystem, its major subsystems,
and its response to physical forcing to forecast responses
of marine ecosystems to global change;

- Global Ecology of Harmful Algal Blooms (GEOHAB) -
foster international research collaborations on HABs to
determine the oceanographic processes that influence
their population dynamics and thereby develop the ca-
pability to predict when and where blooms are likely to
occur;

- Surface Ocean, Lower Atmosphere Study (SOLAS) - to
achieve quantitative understanding of the key biogeo-
chemical-physical interactions and feedbacks between
the ocean and atmosphere, and how this coupled sys-
tem affects and is affected by climate and environmental
change;

- Integrated Marine Biogeochemistry and Ecosystem
Research (IMBER) - advance our understanding of the
effects of global change on the biogeochemistry and
ecosystems of the marine environment with an empha-
sis on the coastal ocean; and

- Man and the Biosphere (MAB) - foster interdisciplinary
research involving natural and social sciences and its ap-
plications to sustainable resource management

Figure 1.4. Research Programme Synergies: The develop-
ment of operational capabilities for rapid detection and
timely predictions of environmental state changes across
the land-sea interface critically depends on environmen-
tal research programmes such as LOICZ, GLOBEC and IM-
BER.
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Development of Operational Capabilities
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An overview of the information needs of the range
of coastal users who fall within the scope and goals of
the framework outlined in Chapter 1 is provided be-
low. The key issues identified by the coastal modules
of GOOS and GTOS are presented in terms of coastal
populations and ecosystems at risk (Section 2.1). The
primary users and products are discussed (Section
2.2). Finally, intersections of the Coastal Theme with
these and other existing programmes are outlined
(Section 2.3).

2.1 KEY ISSUES

In the development of the coastal modules of GOOS and
GTOS, the programmes identified phenomena of interest
that are key to end-users and hence to the development of
the respective observation systems. For the coastal module
of GOQS these phenomena include (@among others):

- Fluctuations in sea level and coastal flooding events,

- Changes in sea state; surface and sub-surface currents;
shoreline and shallow water bathymetry,

- Seafood contamination and increasing abundance of
pathogens,

- Habitat modification and loss and changes in biodiversity,

- Eutrophication and harmful algal events,

-+ Changes in water clarity, and quality, and

« Chemical contamination of the environment and its bio-
logical effects.

For Coastal GTOS they are:

«  Human dimensions, land use, land cover, and critical
habitat alterations,

- Sediment loss and delivery,

- Water cycle/water quality, and

- Effects of sea level change, storms, and flooding.

The IGOS Coastal Theme builds on the coastal modules
of GOOS and GTOS and focuses on the observing require-
ments across the land-sea boundary and the information
products that can be generated for users. The following pri-
ority issues have been identified for the IGOS Coastal Theme
and are described below:

- Coastal Populations at risk, including coastal hazards
and coastal development and urbanization

- Coastal Ecosystems at risk, including the hydrological
and biogeochemical cycles, and ecosystem health and
productivity

Coastal Populations at Risk

The people concentrated in coastal areas are subject
to the combined impacts of climate variability and human
mismanagement. High population densities place humans
and their property at considerable risk from direct or indirect
ocean impacts. Coastal planners and developers, engineers,

Figure 2.1. Coastal Hazards: High population densities
place humans and their property at considerable risk
from direct or indirect ocean impacts, including hur-
ricanes and tsunami.

ASTER satellite images of New Orleans, LA, US.A, before (top) and after
(bottom) Hurricane Katrina. Image credit: NASA/JPL. Image source:
http://www.nasa.gov/vision/earth/lookingatearth/h2005_katrina-aster-
091405.html

disaster managers, local governments, public health offi-
cials, managers of protected areas, and fisheries and tour-
ism operators need products such as risk maps, forecasts of
extreme conditions, planning guidelines, health alerts, and
other practical information products to mitigate these risks
such as those below.

Coastal Hazards: The dynamic land-sea interface in the
coastal zone subjects human beings to a number of coastal
hazards, the likelihood and frequency/intensity of which are
expected to increase due to climate change coupled with
global, regional and local scale human perturbations to the
environment. In particular, coastal flooding is a common
short-term concern for coastal inhabitants globally (Figure
2.1). Storms, earthquakes, and other episodic events often
lead to extreme wind, wave, and tidal conditions that can
result in flood tides and high waves at the coast. These con-
ditions often combine with heavy rain and increased run-
off to endanger people and their property. At longer time
scales, the potential for sea level rise associated with subsid-
ence and/or climate change is likewise a significant concern
for the millions who reside at low elevations near the coast
and in small island States. Coastal erosion and deposition
processes that affect shoreline morphology and sediment
distribution interact with these phenomena to accelerate or
reduce their effects.
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Coastal Development and Urbanization: The activities
of coastal populations represent the greatest immediate
pressures on coastal ecosystems. Urbanization (Figure 2.2),
with its concentrated population density, intense economic
activity, and high consumption of goods and services, in-
evitably alters the coastal environment. The degradation of
coastal ecosystems also feeds back to impact the resident
human population, with severity increasing with population
density. The mechanisms for these alterations are numerous,
but degradation of coastal water quality through terrestrial,
atmospheric or oceanic loadings is a major concern. The
coast is also the focus of many kinds of development. Iden-
tifying the development potential of coastal areas as well
as the proper siting and design of such developments, also
require a good knowledge of the resources, dynamics, and
limits of the coastal zone.

The impacts of human populations in coastal regions
place coastal ecosystems at considerable risk. Managing
and reducing impacts, and maintaining or restoring natu-
ral systems, requires information products like habitat maps,
long-term records of population dynamics and sustainable
yield, water quality reports, and early warning systems for
fisheries, protected area managers, tourism operators and
health officials. The following two dimensions of this prob-
lem, as outlined in the next section, are a particular priority.

Figure 2.2. Coastal Development and Urbanization:
Cities grow along coastlines and transportation networks.

Image of Earth’s city lights

Image credit: DMSP-OLS data courtesy Marc Imhoff, NASA GSFC and Chris-
topher Elvidge, NOAA-NGDC. Image by Craig Mayhew and Robert Simmon,
NASA GSFC. Image source: http//visibleearth.nasa.gov

Coastal Ecosystems at Risk

Hydrological and Biogeochemical Cycles: Many coast-
al zone impacts result from changes in land use and land
cover in and beyond coastal watersheds. The coastal zone
is downstream of significant material deliveries from land,
including the major nutrients (nitrogen and phosphorus),
carbon, sediments, and waste resulting from human activ-
ity. Because water dissolves and transports these materi-
als, the hydrological cycle (Figure 2.3) that determines the
flow of surface runoff and seepage of groundwater is tightly
coupled with their cycling and biogeochemical transforma-
tion in freshwater, estuarine, and near-shore ecosystems. In
terms of representative impacts of loadings, excess nutri-
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Figure 2.3. Hydrologic Cycle: Many impacts result from
changes in land use and land cover in and beyond
coastal watersheds.

Image credit: NASA/GSFC. Image source: http.//gwec.gsfc.nasa.gov/

ents lead to eutrophication, where plants grow faster than
herbivores can eat them and consume dissolved oxygen
when they decay, to the detriment of many coastal organ-
isms. Wetlands trap sediments in the root systems of aquatic
plants, including tropical mangroves and seagrasses or tem-
perate salt marsh macrophytes. When the sediment load
exceeds their binding capacity, or wetland areas have been
reduced for agriculture, aquaculture, tourism or residential
development, the excess sediment buries important marine
macrophytes, including seaweeds, and likewise negatively
impacts sessile organisms like corals and shellfish.

Ecosystem Health and Productivity: Assessing and un-
derstanding ecosystem health and productivity and variabil-
ity associated with both natural forcing and anthropogenic
impacts is a primary need and concern (Figure 2.4). On a
global scale some of the most serious coastal zone problems
include habitat alteration and biodiversity loss, especially in
the tropics/subtropics, coastal eutrophication in subtropi-
cal/temperate latitudes producing both hypoxia/anoxia and
increases in harmful algal blooms (HABs), and melting sea
ice, glaciers, and permafrost in polar regions. All of these
reflect and induce deficiencies in ecosystem health.

Contaminants also impact coastal ecosystems and or-
ganisms. With excessive loadings, organisms ingest and
accumulate these materials, often with negative impacts.
Chronic pollutants accumulate in organisms, especially top
predators, reaching levels that can be detrimental to the
health of the ultimate predator, humans.

2.2 USERS AND PRODUCTS

Two specific goals of the Coastal Theme are to ensure
the availability of data and information required to detect
rapidly any changes in the status or health of coastal zone
ecosystems, and to predict the interacting effects of human
activities, climate change, and natural variability, with a focus
on land-based sources of change. Toward these goals there
are three critical coastal observing needs:



1. Concurrent long-term time series observations of both
terrestrial (including fresh water) and marine (including
estuarine) ecosystems;

2. Spatially coordinated high-resolution observations of
both terrestrial and marine environments; and

3. Analyses of the temporal and spatial coherence of
changes across the land-sea interface.

The coastal observing needs identified above make it
possible to identify some of the representative information
products that can be generated from observational data,
and many of the specific national and local user groups that
will benefit from this information, as summarized in Table
2.1. International agencies, accords and conventions would
in general be users of information associated with all issues.

Figure 2.4. Ecosystem Health & Productivity:
Phytoplankton bloom off West Africa coast.

Image credit: © European Space Agency. Image source: http://visibleearth.
nasa.gov

The users described below will have the leading role in con-
verting observational data into final information products.

The user groups can be summarized as follows:

Regional and global environmental assessments
needing data and information regarding the coastal re-
gions.

Advisory and regulatory agencies, the primary users
of data and information for management of the coastal
regions throughout the world.

National governments with wide ranging responsi-
bilities for legislation and for implementing international
conventions and agreements. Small island States have a
particular interest in this Coastal Theme, as small islands
are entirely coastal in nature and the problems of the
coastal zone are particularly important to their vital na-
tional interests.

Research community that both provide derived data
and information products for the advisory and regula-
tory agencies, commercial end users and the public that
use the coastal region as well as utilize these data to de-
velop a greater scientific understanding.

Commercial organizations that require information for

their safe and effective operations and benefit from in-
formed decisions toward sustainability.

2.3 EXISTING COMPONENTS

As indicated, considerable work has already been done
to define elements of a coastal observing system within
the coastal modules/components of GOOS and GTOS and
the Coral Reef Sub-Theme already approved by the IGOS
Partnership. Avoiding duplications and focusing on syner-
gies, this work has been extended and integrated as part of
the Coastal Theme activity. The corresponding reports and
plans from these respective efforts should be examined in
their own right and viewed as complementing, supporting,
and benefiting from the recommendations made here.

The IGOS Coral Reef Sub-Theme report (http://www.igo-
spartners.org/Coral-Reefhtm) made specific recommenda-
tions for the observations required for coral reef mapping and
monitoring, given the urgent need to improve understanding
of these threatened ecosystems. It also emphasized some
challenges common to all coastal observations: increased
resolution of observations; better integration of remote sens-
ing with in situ observations across multiple scales; improved
observations in deeper coastal waters; more instrumented
monitoring stations for better time series and real-time re-
porting of data; and correlation of ecosystem changes with
oceanographic, terrestrial, atmospheric, and climatic param-
eters integrated across the land-sea interface.

Both the coastal modules/components of GOOS and
GTOS (http://ioc.unesco.org/goos/coop.htm; http://www.
fao.org/gtos/C-GTOS.html) will use the observational data
and tools/capabilities identified by the IGOS Coastal Theme
to develop information-based products and services for
a wide range of end users in coastal regions. Further, the
Coastal Theme will help support the implementation of the
coastal components of both GOOS and GTOS .

Given these existing plans and processes, the 1GOS
Coastal Theme has emphasized their integration across
the land-sea boundary, and has recommended observ-

ing requirements for the coastal area that encompass all
these programmes.
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Table 2.1. Coastal Theme Issues, Representative Products and Potential Users: An integrated coastal observing
strategy is required

CROSS-BOUNDARY ISSUES

REPRESENTATIVE PRODUCTS

USER GROUPS

COASTAL HAZARDS
Flooding

Erosion

Sea level change

- Assessments & Risk maps:
Episodic events
Long term trends

- Early warnings of where & extent

(temporal and spatial)

- Risk-based planning:
Building codes
Transportation

- Coastal Zone Management

- Coastal Engineering

-Emergency Response Teams

- Disaster Planning & Mitigation
-Land-Use Planners
-Insurance/Re-insurance industries
-Non-governmental organizations
-Weather forecasters

COASTAL DEVELOPMENT
AND URBANIZATION

- Public health risks and hazards forecasts:
Sewage contamination maps
Beach closures
Harmful algal bloom alert

- Water quality classification maps

- Air quality classification maps

- Siting of energy production facilities

- Port development & shipping

- Spill contingency plans

-Urban planning & zoning

- Risk maps of shoreline contamination

- Air-Water Quality Regulators

- Sewage Authorities & Sanitary Engineers
- Dischargers and Emitters

- Port Authorities

-Recreational users

-Tourist Industries

- Public health officials

- Energy Industries

-NGOs

- Coastal Zone Management

- Coastal Engineering

-Emergency Response Teams

- Disaster Planning & Mitigation
-Land-Use Planners & Regulators
-Insurance/Re-insurance industries
-Resource managers

HYDROLOGICAL &
BIOGEOCHEMICAL CYCLES

-Land-Sea fresh water flux

- Maps of ice volume

- Sediment budgets

-Nutrient budgets

- Eutrophication index

- Carbon inventory and flux maps

- Coastal Zone Management

-Commerce

- Agro-Industries

-Living Resource Managers

- Sewage Authorities & Sanitary Engineers
-Land-Use planners

-Water Resource Managers

- Energy Industries

-Coastal Engineers

- Climate forecasters

ECOSYSTEM HEALTH
& PRODUCTIVITY

- Habitat maps:
Terrestrial, marine, polar

- Biomass and productivity assessments
- Maps of biodiversity across the land- sea interface
- Aquaculture siting and permitting
-Harmful algal bloom risk maps

- Coral reef bleaching hot spots

-Land-sea maps of coastal protected areas
- Maps of bottom water hypoxia

- Fisheries managers
- Fishers

- Forest managers

- Protected area managers

- Coastal Zone Management
- Aquaculture industry
-Tourist industry
-Recreational users

- Recreational vendors
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An overview of the broad suite of observations
needed to address the priority needs of the coastal us-
ers outlined in the previous chapter is provided below
(Section 3.1). A prioritized list of cross-cutting observ-
ing requirements (Section 3.2) has been distilled from
these and assessed relative to existing and planned
observing capabilities (Section 3.3). These are used
to identify gaps and their associated observing chal-
lenges discussed in detail (Section 3.4). The highest
priorities are summarized in Table 3.1

3.1 PRIMARY OBSERVATION NEEDS FOR COASTAL
INTERFACE ISSUES

The four cross-boundary issues (Table 3.2) and repre-
sentative products that have been identified as observation
priorities for the Coastal Theme are linked in Table 3.3 to key
fields necessary to generate them, as well as with some of
the in situ and remote assets from which these fields can be
acquired. The context and scope of the required observa-
tions for these four issues is discussed below.

Coastal Hazards: The potential for coastal flooding and
sea-level rise and related issues such as coastal erosion and
deposition needs to be continually monitored and assessed
to identify, and if possible reduce, the potential risk from
these coastal hazards to humans and their property. To-
ward this goal a broad suite of trans-boundary observations
are required to provide accurate vulnerability assessments.
These include oceanographic (e.g.,, sea level, tides, currents,

Table 3.1. Recommended Space Agency Observing Pri-
orities for Coastal Areas: Satisfying the needs of coastal
users

PROVIDE Geostationary, hyperspectral visible spectral
radiance (i.e., ocean colour) data for coastal

waters

Higher resolution/improved coverage for
ocean vector winds & sea surface height

High spatial and spectral resolution capacity
to assess changes in coral reef & other terres-
trial and aquatic habitats (e.g., estuaries)

Ocean surface current observations and river
discharge in coastal regions

INSAR measurements for coastal subsidence
and erosion

IMPROVE Calibration/validation of measurements in

coastal regions

Data management infrastructure (near-real-
time delivery; climate data records)

SUPPORT Development of an integrated COastal Data

Assimilation System

Adaptive, coordinated remote and in situ
sampling

Table 3.2. Cross-boundary Issues: The observation pri-
orities for the Coastal Theme

USER PRIORITY ISSUES

Coastal Populations

1. Coastal Hazards

2. Coastal Development & Urbanization

Coastal Ecosystems

3. Hydrological & Biogeochemical Cycles

4. Ecosystem Health & Productivity
(includes coral reefs)

waves/swell, sediment flux, sea-surface temperature) and
atmospheric (e.g., atmospheric pressure, wind speed/direc-
tion) parameters, as well as mapping of bathymetry, topog-
raphy, coastline morphology, and land use/land cover.

Coastal Development and Urbanization: To address
the potential for human health risks associated with increas-
ing coastal urbanization, a broad suite of observations are
required, falling within three principal categories: (1) Socio-
economic and ecological human population assessments
derived from census data as well as satellite sources (e.g.,
night-time lights); (2) Watershed land use and cover change
(e.g., impervious surfaces, deforestation) and shoreline/
ocean use and cover; and (3) Contaminant sources and load-
ings and their transport via wind or currents throughout the
air-sea-land domains. Linking observations from these three
categories allows for assessments of contamination across
boundaries and enables risk predictions for local human
populations as well as marine life. On a constructive note,
these linked observations will also support well-planned
and executed coastal development.

Hydrological and Biogeochemical Cycles: Cross-
boundary coastal observing systems are needed to provide
timely delivery of data to help assess and monitor funda-
mental hydrological processes and material deliveries from
the watershed to the coast. Critical data include river runoff,
suspended sediment load, and salinity in estuaries and in
adjacent coastal seas, dissolved inorganic and organic nutri-
ent concentrations in estuarine and coastal waters, and par-
ticulate and dissolved organic and inorganic carbon, among
others. Climatic (e.g., ENSO) and physical factors (e.g., eddies)
that directly influence freshwater flow or mixing processes
in (to) the sea have to be observed with sufficient temporal
and spatial resolutions to account for changes in material
loads and the attendant biological responses.

Ecosystem Health and Productivity: Synoptic and
high spatial resolution maps, on seasonal and interannual
time scales, of the distribution, spatial extent and condi-
tion of key habitat types such as coral reefs (discussed in
further detail in the IGOS Coral Reef Sub-Theme), sea grass
and kelp beds, and mangrove forests and tidal marshes are
required in support of improved decision-making. Estima-
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Table 3.3. Coastal Theme Issues, Products, Fields and Sources: Addressing user needs

CROSS-BOUNDARY
ISSUES

REPRESENTATIVE PRODUCTS
(NOT COMPREHENSIVE)

IMPORTANT FIELDS'
(PARTIAL LISTING)

EXISTING SOURCES'
(PARTIAL LISTING)

- Assessments & Risk maps:
Episodic events

-Sea level/SSH
- Surface waves

-Tide gauges, altimeters
-Buoys, SAR, altimeters

-Pollutants/pathogens
- Aerosols

Long term trends -Currents - ADCP, HF radar, drifters
COASTAL : : .
- Early warnings of where & extent -Wind - Field sensors, SCAT, SAR
HAZARDS : ' :
(temporal and spatial) - Bathymetry -Lidar, VIS imagery, Sonar
- Risk-based planning: -Shoreline -Lidar, VIS imagery, surveys
Building codes -Topography -Radar, Lidar, VIS imagery
Transportation -Land use/cover -VIS/IR sat imagery, radar, lidar
'emog'raph}cs -Census data
-Night-time lights .
Land Use/cover -VIS/IR satimagery
- Public health risks and hazards forecasts: ) -VIS/IR sat imagery, surveys, radar, lidar
o -Shoreline/ocean use and . .
Sewage contamination maps cover -VIS/IR sat imagery, surveys, radar, lidar
Beach closures . DEM -Radar
Harmful algal bloom alert Discharge -Gauges
COASTAL -Water quality classification maps Preci itgtion - Gauges, Doppler radar
DEVELOPMENT - Air quality classification maps SaIimFt) - Field/airborne sensors
& URBANIZATION - Siting of energy production facilities y - ADCP, HF radar, drifters
. -Currents )
- Port development & shipping Wind - Field sensors; SCAT, SAR
- Spill contingency plans -SAR
; ) - Surface roughness ) )
-Urban planning & zoning ) X - Bio-optical field sensors; ocean colour sat
: . o - Particulate/dissolved matter)| .
- Risk maps of shoreline contamination iaments imagery
P9 - Field/lab assays

- Field counters; VIS/IR sat imagery; Lidar

HYDROLOGICAL &
BIOGEOCHEMICAL
CYCLES

-Land-Sea fresh water flux
-Sediment budgets

-Nutrient budgets

- Eutrophication index

- Carbon inventory and flux maps
-Maps of ice volume & ice extent

-Particulate /dissolved
matter; pigments, OPs

-Nutrients

- Precipitation

-Discharge

- Salinity

-Ice cover &ice thickness

- Air-sea CO, flux

- Bio-optical field sensors; ocean colour sat
imagery

-In situ/lab (auto)analyzers

- Gauges, Doppler radar

- Gauges

- Field/airborne sensors

- Active/passive MW sensors

-Moored pCO, sensors

ECOSYSTEM
HEALTH
& PRODUCTIVITY

-Habitat maps:

Terrestrial, marine, polar
- Biomass and productivity assessments
-Maps of biodiversity across the land-sea
interface
- Aquaculture siting and permitting
-Harmful algal bloom risk maps
- Coral reef bleaching hot spots
-Land-sea maps of coastal protected areas
-Maps of bottom water hypoxia

- Air/Sea Temperature
-Particulate /dissolved mat-
ter; pigments, OPs

- species/assemblage
-Land use/cover
-Ocean/coast use/cover
-Currents

-Nutrients

-Oxygen

- Salinity

- Field Sensors; IR sat imagery

- Bio-optical field sensors; ocean colour sat
imagery

- Surveys; VIS/IR sat imagery

-VIS/IR sat imagery, surveys, radar, lidar
-VIS/IR sat imagery, surveys, radar, lidar
- ADCP, HF radar, drifters

-In situ/lab (auto)analyzers

- Field sensors

- Field/airborne sensors

- Active/passive MW sensors

Abbreviations: ADCP: Acoustic Doppler Current Profiler; DEM: Digital Elevation Model; HF: High Frequency; MW: microwave; OPs: Optical Properties; SAR: Synthetic Aperture Radar;
Sat: Satellite; SCAT: Scatterometry; SSH: Sea Surface Height; VIS/IR: Visible/Infrared
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tion of three-dimensional structure, biomass and/or pro-
ductivity of each of these components is also necessary.
Using high spatial resolution remote sensing and in situ
observations and techniques, we can assess the ecologi-
cal value and productivity of coastal land cover and the
exchange of materials (e.g., sediments, nutrients) be-
tween the land and the sea. Empirical models with eco-
logical measurements can extend these remote sensing
measurements to ecosystem productivity. Accurate DEM
and soil maps can be used to model flow to the rivers
and the coast; coupled with near-real-time meteorologi-
cal and stream flow/discharge data. Information is also
required on the spatial and temporal extent of hypoxic or
anoxic water masses, as well as phytoplankton produc-
tivity, biomass and species composition, highly resolved
in space and time, particularly to quantify the coastal
carbon cycle and detect/monitor harmful algal blooms.
Accurate and timely information (volume and ice extent
et al.) is also required to assess rapidly changing coastal
polar and other high latitude ecosystems.

3.2 SYNTHESIS OF KEY OBSERVING
REQUIREMENTS

Through distillation and synthesis of the above criti-
cal coastal observing needs, a core group of cross-cut-
ting coastal observing requirements emerge. For our
purposes, these required observations can be grouped
into three basic categories:

- Geophysical: e.g, ocean winds, waves, sea surface
height, currents, salinity, temperature, discharge, pre-
Cipitation, ice cover;

- Biological and Biogeochemical: e.g., pigments,
nutrients, particulate and dissolved matter, aerosols,
slicks and spills, optical properties, biomass and pro-
ductivity;

- Mapping (Physical, Ecological, and Socio-Eco-
nomic): e.g, topography, bathymetry, shoreline posi-
tion and use, high/low tide lines, habitat types and
condition, land cover/use, coastal population assess-
ments/demographics.

Specific observing requirements for the parameters
that fall within each of these three basic observing cat-
egories are presented in Table 3.4.

3.3 EXISTING/PLANNED CAPABILITIES AND GAPS

As highlighted left (Table 3.3) and detailed below, a
broad suite of observing assets are available to address,
at least partially, the observing requirements in these
categories. A combination of remotely sensed (satellite,
airborne, and ground-based platforms) and in situ ob-
servations is required. Satellite observations (Table 3.5)
provide valuable synoptic coverage, but extensive in situ
measurements continue to be a necessity since many
variables cannot presently be measured remotely (e.g.,
nutrients, pollutants and pathogens, values at depth).
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Further, in situ assets provide accurate measurements
crucial for the calibration and validation of remotely
sensed products. Although the most basic observing
requirements are within our capabilities, significant gaps
emerge when comparing the existing and planned capa-
bilities with the Coastal Theme observing requirements.
Specific challenges related to these will be discussed in
Section 3.4.

Geophysical Observations: The geophysical ob-
serving requirements of the Coastal Theme are only
partially addressed by existing and planned satellite ca-
pabilities (Table 3.5a). Since these assets are primarily
focused on the global domain, the observed fields do
not have sufficient temporal and/or spatial resolution
in coastal regions (particularly salinity, wind, sea surface
height, waves, and precipitation). Satellite-derived SST
is a mature and robust measurement, but likewise still
requires improved resolution (in both space and time)
to address coastal needs. For observations that use vis-
ible and IR bands, cloud cover reduces actual viewing
opportunities; this effect is exacerbated for large pixel
sizes. Other limitations in satellite capabilities include a
general restriction to surface observations in most cases,
requiring complementary ocean in situ measurements of
the interior of the ocean. An additional limitation is the
present inability to adequately measure remotely several
required parameters (e.g., discharge, currents). Continu-
ity of measurements is also a concern as there is no guar-
antee that key measurements (e.g,, sea surface height or
ocean vector winds) will be sustained without breaks in
the record. In terms of other observing capabilities for
geophysical observations, ground-based remote sens-
ing provides local measurements of precipitation (Dop-
pler weather radar) and surface currents (high frequency
(HF) radar arrays), but coverage needs to be significantly
expanded. Stream/tide gauges and other geo-physical
sensors on a variety of fixed (e.g., moorings, piers, ground
stations) and mobile (e.g., drifters, autonomous under-
water vehicles, profilers) in situ platforms collect data on
sea level, river discharge, wind, and currents operation-
ally as well as part of research programmes, but are also
limited in their scope in time or space.

Biological and Biogeochemical Observations:
As is the case with the geophysical observing require-
ments, the biological and biogeochemical requirements
are only partially satisfied by existing and planned ca-
pabilities. There are numerous multi-spectral satellite
sensors (e.g., MODIS, MERIS) that can provide optically-
derived products such as chlorophyll-a and dissolved &
suspended matter concentrations or aerosol properties
(Table 3.5b), but again these are primarily focused on the
global domain which leads to limitations in their spa-
tial and/or temporal resolution. Temporal resolution in
particular is the biggest concern in this category as ex-
isting Low Earth Orbit (LEO) platforms can provide only
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one ocean colour observation per day. This daily acqui-
sition is subject to tidal aliasing and data dropout due
to cloud cover, both of which are a significant concern
in most coastal regions. Temporal coverage is likewise a
significant problem in high-resolution synthetic aperture
radar (SAR) observations which are well-suited to moni-
tor slicks and spills. Coastal waters are also optically com-
plex, and existing multi-spectral satellite sensors have inad-
equate spectral resolution to fully resolve and discriminate
optical constituents. In this context, airborne hyperspectral
instruments are available but provide limited coverage.
Improved instrument calibration and validation remains
a general need. Robust atmospheric corrections are also a
crucial need. Ground-based remote sensing is available on
a limited basis to provide information on aerosol fields (e.g.,
lidar, sun photometers), but station coverage needs to be
expanded, and better coincident information from space is
required. As in the case of the geophysical variables, fixed
(e.g, moorings, ground stations) and mobile (e.g. ships,
gliders) in situ observing assets acquire data pertaining to
biogeochemical (e.g., nutrients, particulate and dissolved
matter, pCO,) and ecological parameters (e.g., pollutants,
pathogens), but spatial coverage and delays in processing
and analysis remain a significant problem.

Physical, Ecological, and Socio-Economic Mapping:
Existing and planned observing capabilities (Table 3.5 do a
marginally better job at addressing identified requirements
in this category than in the two previous categories (at least
for the land observations), but significant gaps still likewise
exist. There are numerous high-resolution optical satellite
sensors to support maps of terrestrial habitat types, to assess
changes in land use/land cover (e.g. grasslands, forests, im-
pervious surface cover), and to identify and assess hazards
(e.g., impact of coastal flooding “before” and “after”imagery
pairs). Likewise, some existing remote sensing observing as-
sets can be employed for physical mapping (e.g., bathym-
etry, topography, shoreline position), although in many in-
stances they need to be either better utilized (e.g., improved
access to existing data and value-added products), expand-
ed in use/deployment to cover other coastal locations, par-
ticularly in developing nations (e.g., airborne colour, inter-
ferometric radar and lidar), or improved in accuracy. Overall,
these existing capabilities are generally inadequate either
in deployment/scope or their ability to resolve the coastal
domain at the necessary scales. In this context, the prior-
ity should be to guarantee continuity of existing capabilities,
to ensure data access and expanded use of current tools,
and also to develop new and improved (especially in resolu-
tion and coverage) capabilities. For example, the need for
improved estimates of human population in coastal regions
and more efficient and effective methods to estimate socio-
economic variables are specific gaps. There is also a need
for improved spatial and spectral observations of coral reefs
as identified in the Coral Reef Sub-Theme Report, as well as
for terrestrial vegetation cover, three-dimensional structure
and condition.
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3.4 CHALLENGES IN MAKING COASTAL
OBSERVATIONS

Description of Challenges

Comparison of the Coastal Theme observing require-
ments (Section 3.2) with existing and planned observational
capabilities (Section 3.3) reveals significant gaps between
what is required to support coastal user needs and what
is available. Deficiencies exist not only in the observations
themselves, but also in harmonizing, managing, modeling,
and communicating data and information to users. This sec-
tion primarily focuses on the deficiencies in the observations
themselves, presenting them in the form of “challenges” for
making observations and for producing data sets that satisfy
the identified user requirements. Chapter 4 focuses on chal-
lenges to the integration of these observations and data sets
towards providing products and information for users.

These coastal observing challenges can be organized
into three types, not necessarily mutually exclusive of one
another:

“Knowledge” challenges require research and develop-
ment (R&D) to address observation and data gaps. Solu-
tions to "knowledge” challenges involve R&D support to
improve current observing capabilities (e.g., platforms,
sensors, and algorithms), fuse different types of observa-
tions to extract better information, and develop entirely
new observing capabilities, as well as to improve the
transfer of technology and capacity to operational use.

“Resolution/Coverage” challenges address the need for
improved spatial, temporal, and spectral resolution and/
or coverage of existing measurements. The dynamic
nature of the coastal zone lends itself to processes and
phenomena that exhibit significant variability in both
space and time, and typically are episodic and/or small-
scale in their manifestation. In this context, coastal ob-
servatio