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Executive Summary

The Land-Ocean Interactions in the Coastal Zone (LOICZ) is one of seven Core Projects
which comprise the International Geosphere-Biosphere Programme: A study of Global
Change. The overall aim of the IGBP is “to describe and understand the interactive
physical, chemical and biological processes that regulate the total Earth system, the
unique environment that it provides for life, the changes that are occurring in the system
and the manner in which they are influenced by human actions.”

As its name implies LOICZ is that component of the IGBP which focuses on the area of the
earth’s surface where land, ocean and atmosphere meet and interact. The overail goal of
this project is to determine at regional and global scales: the nature of that dynamic
interaction; how changes in various compartments of the Earth system are affecting
coastal zones and altering their role in global cycles; to assess how future changes in these
areas will affect their use by people; and to provide a sound scientific basis for future
integrated management of coastal areas on a sustainable basis.

The project commenced in 1993 with the establishment of the Core Project Office at the
Netherlands Institute for Sea Research, and the Office is financially supported by the
Netherlands Government. Like ail IGBP projects, LOICZ is scheduled to run for 10 years.
This Implementation Plan lays out the scientific goals and objectives and charts a course
towards their achievement based on the co-ordination of nationally funded research. This
co-ordination will require the continued leadership of the International Scientific Steering
Committee and strong management on a day to day basis through the Core Project Office.
Over 400 scientists were involved in developing the Science Plan published in 1993 and
this network has already been extended to 1,000 scientists in 124 countries who have
provided inputs to the development of this Implementation Plan.

In comparison with the relatively uniform environment of the sunlit zone of the open
ocean, or the rapidly mixed environment of the atmosphere, the spatial and temporal
heterogeneity of the world’s coastal zones is considerable. There are as a consequence
considerable methodological problems associated with developing global perspectives of
the role of this compartment in the functioning of the total Earth system. Identifying and
quantifying this role and developing scenarios of change in the coastal compartment of
the Earth system under anthropogenic and geocentric driving forces of change will
require a considerable body of research.

The Activities and Tasks described in each Focus chapter, provide a blueprint for the
design of individual and national research, contributing to the overall goals of the LOICZ
Project. The Framework and Integrative Activities are designed to provide the
mechanisms for co-ordination of these efforts and modalities for co-operation and
consolidation of the results of such research (Figure 1). The nature of necessary project
management actions are described in the Programme Management chapter and the
various Appendices.



The financial requirements and justification are provided in some detail since it is
recognised that to successfully meet the goals and objectives of the project as a whole,
substantial new research funds must be appropriated. Unlike many of the other Core
Projects of the IGBF, LOICZ deals with a specific domain rather than a process and that

domain is spatially extremely heterogeneous. To achieve the overall goals and objectives a .
truly global network of coastal scientists must be developed and the active participation of -

scientists from developing countries is vital to the ultimate success of this project.
Financial and other support must therefore be provided through the Core Project to foster
the research envisaged as being undertaken in such countries since their coastlines
encompass the bulk of the world’s tropical shores and are areas where the rates of
anthropogenically driven change are considerable.

Whilst the objective of LOICZ is not to undertake coastal zone management, a clearly
articulated objective is to provide a sound scientific basis for the future sustainable use
and integrated management of these environments, under conditions of global change.
Adequate funding of the research agenda outlined in this plan would, over the course of
the ten year life span of the project, provide models and data that would enhance the
prospect of realising these wider goals of sustainable use and integrated management of
coastal areas.

LOICZ FRAMEWORK / ' \ LOICZ INTEGRATIVE
ACTIVITIES 2 ACTIVITIES
J (CORE RESEARCH)
SCIENTIFIC L
NETWORKING
COASTAL TYPOLOGY ™
CARBON INTHE
/ COASTAL OCEAN
DATA SYSTEM PLAN = NATIONALLY FUNDED
RESEARCH
ot
Addressing the Four Foci of
STANDARDS,
PROTOCOLS & ' |
METHODS \ SOCIO-ECONOMIC
ASPECTS OF GLOBAL
CHANGE IN COASTAL
SYSTEMS
SYSTEM MODELLING ]
SEA LEVEL CHANGE | |

Figure 1. Relgtionship between the LOICZ Core Project Office, LOICZ Framework
Activities, Nationaily funded research and LOICZ Integrative Activities '
(Core Research).

Inta;bduction

The Earth System & IGBP

Planet Earth is not a steady state system: its forcing functions change continually,
Externally, cyclic and long-term alterations in the energy oufput of the sun, the concert of
orbital periodicities, and episodic cometary impacts serve to modulate the flow of energy
available to fuel the Earth system. Internally, decay of radioactive elements, inherited
from the planetary nebula, produces heat, which provides the energy driving plate
tectonics, shifting continents and uplifting rocks into volcanic edifices and mountain
ranges. This heat is ultimately dissipated to space by conducted and convected
geothermal heat flux. From the perspective of its geological history, Earth is experiencing
a relatively warm and climatically stable period, called the Holocene which globally is
about 2°C warmer than the Last Glacial. The Holocene started about 11,000 to 11,700 years
before Present, when the last cold period, the younger Dryas, ended within a few years,
possibly in less than ten years. We still do not know what happened exactly, but shifting
ocean currents in the North Atlantic seem to have played a key role. In consequence the
northern hemisphere heated rapidly, eventually triggering the melting of vast continental
ice sheets, the consequent rise of global sea level by about 100 m, and drastically changed
the trace gas composition of the Earth's almosphere. This climatic change event was a
natural shift, unlike anything that has happened since then. It must be remembered
however, that the term “Last Glacial” is euphernistic, and that the "Next Glacial”, on
geological time scales, is just around the corrier.

During the Holocene, a certain primate, our own species, developed a large,
technologically based society, which uses energy, and moves material within the Earth
system at rates comparable to or surpassing the natural rates of biogeochemical cycling.
As a consequence, the Holocene quasi-steady state conditions have been changed, with
possible serious consequences for climate and biosphere, or more precisely for the state of
the climate and biosphere under which this society has developed. Should the climate
undergo another drastic shift, just as happened 10,000 years ago, then large sections of
humanity will suffet severely. At present, science cannot predict the extent to which the
Earth system can be stressed before a sudden climate shift may occur. In addition, there
are other sources of environmental change which represent areas of concern to the human
species, inciuding basin scale changes in ocean currents and in the rate of ocean turnover,
such as the El Nifio-Southern Oscillation; the rise in sea level; the loss of biological and
genetic diversity; the spread of deserts; the loss of agricultural soil through erosion; the
accumulation of nitrate in the fresh water pool; and, a general shortage of potable water of
an acceplable quality, to name but a few.

The International Council of Scientific Unions (ICSU), through its International
Geosphere-Biosphere Programme (IGBP), sirives to advance our scientific understanding
of the Earth system in the light of ongoing changes. One of the areas of the Earth's surface
in which humanity is most concentrated and which we can least afford to damage is the
coastal zone (Figure 2), the object of study of the IGBP Core Project LOICZ (Land-Ocean



Interactions in the Coastal Zone). The LOICZ Science Plan {IGBP, 1993) defines for the
purposes of this Core Project, the coastal zone as:

- “extending from the coastal plains to the outer edge of the continental shelves, approximately
matching the region that has been alternately flooded and exposed during the sea level
fluctuations of the late Quaternary period.”

In the context of global change impacts in the coastal zone, sea level rise has received
considerable attention from the international community and public media. Eustatic sea
level rise is however, relatively small (1-2 mm a) at present, and even with a warming
and expansion of the mixed ocean surface layer and the melting of temperate land-based
glaciers, global mean sea level will not rise more than a few decimetres in the next
century. Of more immediate concern however, is the subsidence and recession of certain
coastlines through natural or anthropogenically caused processes. The mining of oil, gas
and water from deltas, and the sediment starvation of rivers through the world-wide
increase in the number of reservoirs, and large scale irrigation and water diversion
projects, causes regional, relative sea level changes which are an order of magnitude
higher than eustatic sea level rise. Many highly productive and densely populated low-
lying lands are currently threatened by such changes. Undisturbed coastlines counteract
such recession by building beaches, sand spurs or coral platforms and filling lagoons with
mangroves, peat or marsh. These interactions are the subject of biogeomorphological
research which forms the topic of LOICZ Focus 2.

* As a consequence of the flooding of the continental shelves by sea level rise at the end of
the Last Glacial, the continents are surrounded today by shallow seas, some of them over
1,000 km wide. Many of the inland seas, like the Baltic Sea and the Hudson Bay, did not
exist 10,000 years ago, or like the Black Sea have become filled with salty water. The Black
Sea, during the Pleistocene was the largest {resh water body on Earth, surpassing by far
all the freshwater existing on land today. This fringe of shallow sea serves as a reaction
vessel for all the material delivered both naturally and anthropogenically to the ocean,
which in times of lower sea level, were discharged almost directly from land to the open
ocean. In shallow water, nutrients, for example, can be recycled many times, before
becoming finally fixed in the sediments or being exported to the open ocean. Therefore, a
far higher productivity is maintained in the shallow seas of continental margins, than in
mast of the open ocean with positive effects on the harvest of fish and other frutfi di mare.

Annually, roughly 0.4 gigatons of organic carbon in dissolved and particulate form, reach

the ocean via river discharge and may be partly or totally respired, thus forming a
potential natural source of CO, for the atmosphere. How much is actually respired is
unknown, since apparently much of the riverine carbon (specifically the dissolved organic
carbony is highly inert and is mixed into ocean water conservatively. Furthermore, the
anthropogenic input of nutrients (nitrate and phosphate) to the coastal sea via rivers and
through direct waste discharge can now produce more biomass and may therefore
constitute a new, addifional sink for atmospheric carbon of the order of 0.07-0.12 Gt C a1
Many of the uncertainties in global carbon flow models may represent unquantified
processes occurring in the coastal zone.

Observations show that over the past few decades highly eutrophicated coastal seas, such
as the North Sea, have significantly increased their seasonal amplitude (i.e., the difference
between the winter and summer conditions) for almost all ecological and carbon cycle
related parameters. The coastal seas are of prime interest to mankind since not only do
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they play an important role in the global carbor cycle (disturbed and undisturbed), but
also their internal behaviour affects their high productivity. The amplitudes of natural
cyclic processes cannot be increased indefinitely and it must be recognised that there may
be a critical threshold, beyond which the system shifts suddenly to some other mede of
functioning. If high rates of production occur during summer, for example, organic matter
can accumulate on the seafloor, where it is respired, until all the oxygen is depleted. At
this threshold the system shifts from oxic to anoxic respiration, and sulphate is used as an
oxygen donor. In this process H,S is generated, which kills all higher life in and on top of
the sediment and in bottom waters as well.

Another threshold occurs when rapid photosynthesis draws the free CO, from the water,
increasing the carbonate ion concentration and the pH. Again, certain parts of the marine
biota cannot tolerate such conditions and disappear from the water column, giving rise to
the opportunity for massive blooms of a few species such as flagellates. The ability to
effectively produce calcium carbonates is lost at too high a pH in many biomineralising
organisms thus, potentially the narrow balance of alkalinity, supersaturation and total
dissolved carbonate can be disturbed, with possible severe consequences for reefs, shell
producing invertebrates and calcareous plankton. The processes involved, the cyding of
carbon and nutrients, and the global significance of the coastal seas for the carbon cycle,
are therefore the primary research targets of LOICZ Foci 1 and 3.

Land-derived carbon, nuirients, freshwater and sediments all enter the coastal zone at
point inputs, the river mouths, Changes in these inputs have major consequences not only
for the mixing zone between fresh and sea water, the estuary in the wider sense, but also
for the entire sediment, carbon and nutrient balance of the coastal sea, down current of the
river mouths. Understanding the mechanisms which mobilise these materials in the
catchment basin is a natural task of LOICZ, and in Focus 1 (Activity 1.1) one of the aims
will be to build a model linking the continental water discharge with material transport.
This will be based on a similarity analysis of river discharge behaviour, seasonally and
inter-annually and will involve assembling a large data base of GIS-based river networks,
fong-term discharge curves, and material transport. As a start, LOICZ, is already
assembling basic river data in a databank GLORI (Global Land-Ocean River Input).

In addition to developing a typology of river catchment behaviour, coastal zones
themselves must be discriminated into classes of high similarity, in order to later sum the
results of total carbon budgets, or to construct box or dynamic models to serve as modules
for a future Earth system model. This task will be taken up through the LOICZ Core
Project Office (CPO) as an initial major scientific effort. LOICZ will conduct and
encourage modelling of coastal zone processes at all levels: from process models, which
investigate ecosystem reactions. to physical and chemical forcing; to budget models, which
try to elucidate the mass balances in specific geographic regions and time frames; to
system models, which couple advanced regional general circulation models with
biogeochemical, sedimentological, or meteorological process models (Focus 1, Activity
1.4). For most of these models, carbon will be the major currency, alongside sediments
and the macronutrients nitrate, phosphate and silicate.

Because of the central importance of the coastal zone for humanity and the ICSU policy of
fostering co-operation between natural and social scientists, LOICZ Focus 4 has been
designed as a forum for collaboration between IGBP and HDP {(Human Dimension of
Global Environmental Change Programme). The experience of the first three foci will be
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used to develop scenarios of coastal zone development under changing climate, changing
river inputs and changing biogeochemical and biogeomorphological forcing functions
(Activity 4.1). This information will be used to investigate possible feedback on coastal
populations and environment (Activity 4.2). Finally, LOICZ will assess the extent to which
scientific understanding of coastal zone changes could contribute to the formulation of
integrated management strategies for sustainable use of coastal environments and
resources (Activity 4.3).
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Figure 2. Diagrammatic representation of the coastal zone, continental shelf and other
features of the Land-Ocean boundary. The relative size and proportions of
these components show considerable geographic variabiiity.

Global Change and the Coastal Zone
What is Global Change ?

Buring the 1970's the social sciences community adopted the term "global change” to refer
to changes in international social, economic and political systems, particularly with regard
to concerns about international insecurity and decreases in the quality of life. The first use
of the term was essentially therefore anthropocentric.

During the 1980's a geocentric use was adopted by the natural scientists to encompass
global environmental changes - changes in the earth's atmospheric, biological, geological and

hydrological systems. This geocentric view of Global Change appears to involve two
separate but related usages :

Systemic changes are those which occur throughout a global compartment of the Earth
system, with the often quoted examples of: rising CO, in the atmosphere and global
warming; global mean sea level rise; and, depletion of stratospheric ozone.
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Cumulative changes are those which take place at discrete locations around the globe but
when combined have "global" importance; often quoted examples are acid rain, "
deforestation, desertification and other processes leading to changes in the biosphere
which alter its capacity to store CO,. A coastal example of such a change, would be
eutrophication leading to changes in carbon flow and sequestration with consequences for
the global carbon cycle.

As its name suggests the International Geosphere-Biosphere Programme (IGBP) takes a
primarily geocentric and systemic view of global change although LOICZ represents par
excellence a Core Project addressing cumulative changes in a defined spatial domain. IGBP
measures the "global importance” of cumulative changes in deciding whether or nota
topic deserves inclusion in the core projects by assessing the feedback between the actual
change and the global system. The observable decline in marine, bony fish biomass, or
increasing contamination of coastal waters with heavy metals, Polychlorinated Biphenols
(PCB's), and pesticides, whilst they have undoubted local impacts, are anthropogenicaliy
driven changes which cannot be demonstrated at this point in time to have a feedback on
the "Earth system”. They are therefore not topics included within the IGBP research
agenda.

Systemic and cumulative change

The separation of so-called systemic changes from cumulative changes is merely one of
temporal and in some instances spatial distance which separate the cause and the effect.
Feedback from the geocentric perspective is measured on temporally limited and spatially
defined scales. Ozone depletion is actually a cumulative change, in that it results from
release of Chloro Fluoro Carbonates (CFC's) at discrete locations around the globe but its
impact on the Earth system is observed in a single environmental compartment - the
stratosphere - within a short period of time - years - hence it is for the purposes of these
definitions, systemic. The short time lapse between cause and effect in this example
reflects the comparatively rapid mixing and diffusion processes in the atmosphere, and its
comparative uniformity and homogeneity when compared with the oceans, which are
highly stratified, physically divided into compartments of different scales, (ocean basins,
semi-enclosed seas, abyssal depths, and continental shelves, amongst others) and in which
the mixing and diffusion processes are much slower, decades to centuries. Demonstrating
cause and effect when the two are separated by long time periods is clearly more difficult
than in the case of short term reactions of the Farth system to anthropogenic forcing.
Nevertheless the importance of such longer-term interaction cannot be ignored, as
recognised by the climate modelling community in its current endeavours to build
coupled ocean-atmospheric Global Circulation Models.

The overall aim of the IGBP is:

"To describe and understand the interactive physical, chemical and biological processes that
regulate the total Earth system, the unique environment that it provides for life, the changes that
are occurring in this system, and the manner in which they are influenced by human actions.”

Central to the theme of the IGBP therefore is the interaction between chemical, physical
and biological processes. Most biological sub-systems are relatively complex in that they
contain numerous individuals, species and populations each with their characteristic
metabolic rates, life styles and life expectancies. Changes in one species affect changes in

13



used to develop scenarios of coastal zone development under changing climate, changing
river inputs and changing biogeochemical and biogeomorphological forcing functions
(Activity 4.1). This information will be used to investigate possible feedback on coastal
populations and environment (Activity 4.2). Finally, LOICZ will assess the extent to which
scientific understanding of coastal zone changes could contribute to the formulation of
integrated management strategies for sustainable use of coastal environments and
resources {Activity 4.3), - :
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Figure 2. Diagrammatic representation of the coastal zone, continental shelf and other
features of the Land-Ocean boundary. The relative size and proportions of
these components show considerable geographic variability.

Global Change and the Coastal Zone
What is Global Change ?

During the 1970's the social sciences community adopted the term "global change" to refer
to changes in international social, economic and political systems, particularly with regard
to concerns about international insecurity and decreases in the quality of life. The first use
of the term was essentially therefore anthropocentric.

During th'e 1980's a geocentric use was adopted by the natural scientists to encompass.
global environmental changes - changes in the earth's atmospheric, biological, geological and

hydrological systems. This geocentric view of Global Change appears to involve two
separate but related usages :

Systemic cl‘langes are those which occur throughout a global compartment of the Earth
system, with the often quoted examples of: rising CO, in the atmosphere and global
warming; global mean sea level rise; and, depletion of stratospheric ozone.
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Cumulative changes are those which take place at discrete locations around the globe but
when combined have "global" importance; often quoted examples are acid rain,
deforestation, desertification and other processes leading to changes in the biosphere
which alter its capacity to store CO,. A coastal example of such a change, would be
eutrophication leading to changes in carbon flow and sequestration with consequences for
the global carbon cycle. '

As its name suggests the International Geosphere-Biosphere Programme (IGBP} takes a
primarily geocentric and systemic view of global change although LOICZ represents par
excellence a Core Project addressing cumulative changes in a defined spatial domain. IGBP
measures the "global importance" of cumulative changes in deciding whether or not a
topic deserves inclusion in the core projects by assessing the feedback between the actual
change and the global system. The observable decline in marine, bony fish biomass, or
increasing contamination of coastal waters with heavy metals, Polychlorinated Biphenols
(PCB's), and pesticides, whilst they have undoubted local impacts, are anthropogenically
driven changes which cannot be demonstrated at this point in time to have a feedback on
the "Earth system”. They are therefore not topics included within the IGBP research
agenda.

Systemic and cumulative change

The separation of so-called systemic changes from cumulative changes is merely one of
temporal and in some instances spatial distance which separate the cause and the effect.
Feedback from the geocentric perspective is measured on temporally limited and spatially
defined scales. Ozone depletion is actually a cumulative change, in that it results from
release of Chloro Fluoro Carbonates (CFC's) at discrete locations around the globe but its
impact on the Earth system is observed in a single environmental compartment - the
stratosphere - within a short period of time - years - hence it is for the purposes of these
definitions, systemic. The short time lapse between cause and effect in this example
reflects the comparatively rapid mixing and diffusion processes in the atmosphere, and its
comparative uniformity and homogeneity when compared with the oceans, which are
highly stratified, physically divided into compartments of different scales, (ocean basins,
semi-enclosed seas, abyssal depths, and continental shelves, ameongst others) and in which
the mixing and diffusion processes are much slower, decades to centuries. Demonstrating
cause and effect when the two are separated by long time periods is clearly more difficult
than in the case of short term reactions of the Earth system to anthropogenic forcing.
Nevertheless the importance of such longer-term interaction cannot be ignored, as
recognised by the climate modelling community in its current endeavours to build
coupled ocean-atmospheric Global Circulation Models,

The overall aim of the IGBP is:

“To describe and understand the interactive physical, chemical and biological processes that
regulate the total Earth system, the unique environment that it provides for life, the changes that
are occurring in this system, and the manner in which they are influenced by human actions.”

Central to the theme of the IGBP therefore is the interaction between chemical, physical
and biclogical processes. Most biological sub-systems are relatively complex in that they
contain numerous individuals, species and populations each with their characteristic
metabolic rates, life styles and life expectancies. Changes in one species affect changes in
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other species in the same community to varying degrees depending on the relationships
between the species concerned. Changes in the abiolic environment affect different species
differently, hence altering the balance between the different species in the biotic

community as a whole, and from the geocentric view of global change, altering the role of '

the biological sub-system in biogeochemical cycles. The buffering capacity of biological
systems in terms of the slowness of their response to chronic or low levels of external
forcing, delays, or may even mask, the overall system response, and non-linear responses
are often characteristic of biological sub-systems. The difficulties of modelling in the
oceanic realm are also compounded by the truly three dimensional universe which marine
biota exploit compared with the more two dimensional universe of terrestrial organisms.

Our capacity to model the processes in biological systems is extremely limited, hence our
capacity to predict how changes in physical or chemical limiting factors will affect the
biological compartment directly and alter its role in global cycles is correspondingly
limited, as is our ability to predict the impact of changes in one biclogical compartment
due to human use of that compartment. We cannot say definitively therefore that the
present decline in teleost biomass in the world's coastal oceans does not feedback on
global geochemical cycles and hence the Earth systern as a whole, Equally we cannot
prove that it does. The Scientific Committee of the IGBP has placed lower priority on
resolving this uncertainty than on addressing other more pressing scientific issues,
Nevertheless, this does not mean that such issues are unimportant, merely that they are
beyond the remit of IGBP-LOICZ.

Given that the anthropogenic inputs of nutrients, particularly nitrogen and phosphorus to
the oceans, are now equivalent to and in some areas exceed the natural rates of transfer
from land to ocean, and given also that the main limiting factors for primary production
in the marine environment are generally nitrogen and phosphorus, changes to the rate of
carbon fixation in coastal waters and hence temporary and perhaps permanent
sequestration of carbon must be occurring, or are they 7 The question cannot be
definitively answered at present simply because data concerning the role of coastal oceans
in the undisturbed carbon cycle are inadequate to provide a baseline against which to
measure changes in the coastal carbon cycle. Hence "global change" due to these changes
in the role of the coastal sub-system in the global carbon cycle cannot be quantified. We
do not know whether the world's coastal oceans are being changed from systems with
predominantly internal cycles of production and consumption (the presumed pre-
industrial condition) to systems which are based more on external inputs of organic
carbon. This is one of the process issues which is to be addressed by LOICZ and hence has
been given priority by IGBP (Figure 3).

Humans as driving forces of global change and geocentric change as a driving force for
social change

The geocentric view of global change views humans as a driving force of change, hence
for example CO, emissions are calculated in relation to human population numbers and
fossil fuel consumption, thus providing input data to the models of the anthropogenically
disturbed carbon cycle. The anthropocentric view of global change considers
environmental or Earth system changes as one of many drivers of social and economic
change, for example deforestation or desertification are measured in terms of changes in

land quality and productivity and hence as driving forces of social and economic change
and migration.
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Figure 3.  Activities related to the devélopment of global syntheses and models of
carbon in the coastal ocean, envisaged under LOICZ.
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But the two views (the natural and social sciences perspectives) as exemplified by the
IGBP and the HIDP are merely the two halves of a feedback loop which cannot be
considered, analysed, or understood independently of one another. IGBP and HDP are
jointly trying to address this issue of mutual feedback, through the development of a co-
sponsored core project on land-use and cover change, LUCC. This planned Core Project
aims to address both sides of this relationship, whilst recognising the importance of
humans as drivers of change since this direction of forcing is dominant at this point in
human history. The impact of changes in vegetation cover, as a consequence of
anthropogenic changes in land-use, on the Earth system is apparently a "given" since it is
assumed that these changes alter the biospheric storage of carbon. The systemic basis for
inclusion of LUCC in IGBP is therefore obvious.

LOICZ Focus 4 represents another arena in which the interplay: between the natural and
social sciences; between HDP and IGBP; between anthropocentric and geocentric; and,
between systemic and cumulative views of global change is occurring. The logic for the
inclusion in an IGBP project of what is, in the view of many natural scientists, essentially a
social sciences focus, is however flawless being based on the importance of coastal zones
both to human populations and to global biogeochemical cycling.

Recent estimates concerning various characteristics and properties of the coastal zone
(Box) demonstrate quite clearly the global importance of the coastal domain for both

humanity and for geochemical cycles, despite its comparatively small surface area and
volume.
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Research on change in coastal zones

Regarding changes in the coastal zone that are driven by changes to the Earth system,
theory suggests that global warming will result in a rise in global mean sea level hence
coastal areas will be impacted by potential changes not only to the climate system butto
sea level. The potential impacts of environmental changes on humanity may therefore be
greater in this compartment of the geosphere-biosphere system than in many other areas
of the surface of the globe since the range of geocentric drivers of change includes not
only climate change in the broadest sense of changes in temperature, rainfall and wind
regimes but also includes changes in ocean climate, storminess, flooding and inundation.

At the same time, anthropogenically driven change is arguably more intense in coastal
areas than elsewhere on the surface of the globe since:

s That is where the majority of people presently reside, resulting in comparatively
high existing population densities )

+ Rates of growth in coastal populations are usually greater than rates of growth in
inland areas due to migration of permanent residents

+ Most international tourism is coastal

. 90% of land-based pollution including sewage, nutrients and toxic materials remain
in the coastal ocean -

+ Much of the fertile agricultural land in tropical countries is coastal, hence land-use
and cover change are most intense in coastal margins

o Earlier this century the anthropogenically driven flux of sediment from land to
ocean exceeded natural rates of flux

. On continental scales the rates of sediment flux is now considerably reduced, due
to dam construction and large scale irrigation schemes (a reversal of previous
trends)

. The anthropogenic flux of dissolved nutrients from land to coastal ocean is now

equal to and in some areas greatly in excess of the natural flux

We must conclude therefore that the primary driving forces for immediate change (years
to decades) in the coastal domain are direct anthropogenic influences, but that longer term
changes (decades to centuries) may be driven by environmental system changes (climate
and sea level). Furthermore we cannot quantify at regional or global scales, the impacts of
anthropogenically driven change in coastal systems and hence cannot describe the scale
and in some instances the actual direction of changes to the Earth system which result
from anthropogenically driven cumulative changes in biosphere-geosphere elements of
the coastal domain. Hence the obvious need for LOICZ to be involved in the scientific
investigation of anthropogenically driven coastal changes and their implications for global
Earth system functioning. It is in this area of LOICZ research in general and Focus 4 in
particular, that some confusion exists concerning the more specific objectives of LOICZ
within this arena of the research agenda. This confusion arises from the fact that the science
of anthropogenically drivent change is often confused with the issue of the management of the
immediate consequences of these changes. LOICZ research is concerned with the science of
anthropogenically driven change in coastal systems.

The argument is often advanced that research on the anthropogenic driving forces of
change belongs to the domain of the social sciences rather than as a component of the
LOICZ Project which is primarily concerned with biogeochemical processes and the roie
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of coastal systems in these processes. The corollary of this argument is that LOICZ should
merely take the output of appropriate social sciences research in coastal environments and
use this as input data for models of coastal change and hence scenarios and projections of
change in the Earth system as a whole. The converse of this argument is that the social
scientists should take the outputs of the LOICZ natural sciences research on geocentric
change and use this as input data for their models of social change.

Whilst these arguments are superficially attractive in that they simplify the lines of
responsibility and place defined limits on the research domain of each community, they
are in reality specious, since the temporal scales over which the two driving forces of
coastal change operate are different, the spatial scales are different, and the whole is
almost certainly greater than the sum of the parts. In reality, the way in which natural and
social sciences data are collected and models constructed independently of one another,
precludes their easy integration or assimilation by each research community. There is
therefore a need to engage both research communities simultaneously if the spatial and
temporal domains of both datasets are to be congruent and if coupled natural and social
sciences models are to be developed. )

A real intellectual challenge exists therefore in developing coupled inter-disciplinary
models which fully infegrate both types of data in describing and ultimately predicting
the nature of change in coastal systems. The entire feedback loop must be examined,
analysed and described if we are to understand the role of coastal systems in the Earth
system as a whole (the IGBP and L.OICZ natural sciences objective), or to understand the
way in which environmental change affects society (the HDP and LOICZ social sciences
objective), or to manage human activities in the coastal zone with a view to halting or
slowing the present rates of change, and avoiding or mitigating the adverse consequences
of global changes, (the IPCC and management objective).

Development of the LOICZ Project and LOICZ Implementation Plan

The goals of LOICZ

The goals of the LOICZ Project as stated in the Science Plan (IGBF, 1993) and approved by
the SC-IGBP are as follows:

(i) To determine at global and regional scales:

a)  The fluxes of material between land, sea and atmosphere through the coastal
Zone

b)  The capacity of coastal systems to transform and store particulate and
dissolved matter

¢)  The effects of changes in external forcing conditions on the structure and
functioning of coastal ecosystems

(i)  To determine how changes in land use, climate, sea level and human activities alter

the fluxes and retention of particulate matter in the coastal zone, and affect coastal
morphodynamics
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(iii) To determine how changes in coastal systems, including responses to varying
terrestrial and oceanic inputs of organic matter and nutrients, will affect the global
carbon cycdle and the trace gas composition of the atmosphere

(iv)  To assess how responses of coastal systems to global change will affect the
habitation and usage by humans of coastal environments, and to develop further
the scientific and socio-economic bases for the integrated management of the
coastal environment

The development of the LOICZ Core Project of the IGBP

The IGBP was established by ICSU at its General Assembly meeting in Berne, in 1986 and
subsequently a series of Core Projects have been developed and adopted by the Scientific
Committee of the IGBP (SC-IGBP). In 1990 a Scientific Planning Committee for the LOICZ
Project was established by the SC-IGBP, which over the course of two years.and several
meetings developed the Science Plan (IGBP-Report No 25). The Science Plan was adopted
by the SC-IGBP at its 5th Meeting in Durham, New Hampshire in December 1992, At this
point the LOICZ Project became the sixth Core Project of the IGBP and the formal offer of
the Government of the Netherlands to host the Core Project Office for LOICZ was
accepted by the IGBP. The development of the Science Plan, which outlines the issues and
uncertainties concerning the role of the coastal sub-system in the total Earth system and
the possible nature of changes which might be expected under scenarios of future change,
was assisted by a network of over 450 scientists who contributed ideas and material
through meetings, workshops, discussions and correspondence.

Following publication of the Science Plan in early 1993 an Open Science Meeting was
convened at Raleigh, North Carolina at which National representatives of twenty two
IGBP participating countries met with scientists to discuss the implementation of the
LOICZ Science Plan. In total some 70 scientists participated in this meeting which also
served as the venue for the first meeting of the newly appointed LOICZ Scientific Steering
Committee (LOICZ-SSC, see Appendix 1 for the present membership) under the
Chairmanship of Dr Patrick Holligan. The Open Science Meeting and first LOICZ-55C
meeting initiated the process of developing the Implementation Plan for LOICZ.

The Core Project Office officially opened at the Nederlands Instituut voor Onderzoek der Zee
(Netherlands Institute for Sea Research, NIOZ) on the Island of Texel, in November 1993
following the appointment of the Core Project Manager, and the second LOICZ-55C
meeting was held at the Office in December of that year. To assist in the development of
the Implementation Plan, a series of small workshops and informal meetings were held
during 1993 and 1994 to draft various sections and consolidate ideas concerning the
implementation of the Foci and Activities described in the Science Plan. Draft materials
were considered during the third LOICZ-55C meeting held in the CPO in June 1994 and
these were subsequently revised, expanded and despatched for wide review and
comment to the LOICZ retworks which by September 1994 exceeded 1,000 active
scientists involved in natural and social sciences research in coastal zones and global
change, in 124 countries.
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The Implementation Plan for LOICZ

The purpose of this document is to provide guidance to the scientific community having
interests in research in global change and the coastal zone concerning the nature of
research that is urgently needed to address the issues and uncertainties surrounding the
role of the coastal sub-system in the total Earth system and the nature of the responses
which may be expected from this sub-system to the anticipated climate and other changes
over the next several decades. The document is not intended as a proscriptive listing of
topics which must be undertaken, rather it amplifies through examples the nature of
research Tasks and Activities which, if undertaken in a co-ordinated and collaborative
manner, could contribute to the resolution of the issues and uncertainties originally
outlined in the Science Plan,

IGBP research is conducted through nationally funded activities, which it is recognised,
particularly in the field of coastal research, are likely to encompass goals and objectives
outside those of the IGBP and LOICZ. This is not necessarily seen as counter-productive,
or detracting from the global objectives; rather it provides a rich tapestry from which to
draw experience, data and approaches in addressing the wider perspective. The
Activities, Tasks and Sub-tasks described in the following chapters provide examples of
the kinds of research endeavours which can be undertaken by individuals, institutions or
national research groups as contributions to the project as a whole.

To achieve the global goals of the IGBP and address the regional and global objectives of
‘the LOICZ Core Project will however, require strong co-ordination and collaboration and
significant investment in these activities through the Core Project Office. The Framework
Activities provide an outline of the nature of centrally co-ordinated actions which are seen
as necessary supporting structures to provide a matrix for interaction and a framework on
which the tapestry must be woven, whilst the section on Programme Management
provides an outline of the way in which the project is envisaged to function as an evolving
entity.

Attempting to construct global syntheses and models from national level research alone is
. unlikely to prove successful even with adequate investment in Framework Activities and
Programme Management, since many of the issues and uncertainties discussed in the
Science Plan are beyond the interests or capacity of single nations to address. It is foreseen
therefore that in certain fields, core research or Integrative Activities that are broad and
inter-disciplinary in content and wide in spatial domain, will need to be conducted and
this will require significant investment of new research money. Two Integrative Activities
are outlined in the present document and it is envisaged that other activities will be
developed in collaboration with international partners and funding agencies in the future.
These activities will provide a substantiial research frame of reference within which more
spatially limited studies can be integrated and which will bring further insight and
understanding to national level research.

Science evolves as knowledge and understanding improve, and static research plans
represent evolutionary dead ends. Although this Implementation Plan has been prepared
on the basis of a ten year life span, it is anticipated that it will evolve and change during
the implementation of the project. The opportunity for regular review, redirection and
change will be provided through Open Science Meetings which will be convened by the
international Scientific Steering Committee of LOICZ. Figure 4 which lists the LOICZ Foci
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i and Research Activities described in this Implementation Plan represents a stage in this
* evolution since the Activities have been grouped slightly differently from their
s presentation in the Science Plan. The Activities, Tasks and Sub-{asks ouflined in the

+ jollowing chapters are not intended as a proscriptive listing of "LOICZ Research”, rather
* they provide a starting point for addressing the research issues and uncertainties
i surrounding global change and the coastal zone. Although examples of specific coastal
- ecosystems, or geomorphic types are used in detailing the nature of the research that is
- required, similar research can and should be designed to address the same scientific
© issues and uncertainties in other ecosystemns and geomorphic settings. This diversity of
. research activities is necessary if regional and global scenarios and models of change are
- to be developed and if we are to understand the role of the world's coastal zones in the

" functioning of the Earth system.

SRR D A e e e b i P

The Research Foci and Activities of LOICZ, and their relationship to those
outlined in the LOICZ Science Plan.

Figure 4.
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The Research Plan

LOICZ Framework Activities

‘Background

. The IGBP Core Projects, whilst global in scope, are necessarily dependent on research
- conducted at a smaller spatial scale, and the IGBP as a whole relies on nationally funded
“tresearch to achieve its programme goals. Most of the research that will contribute to the
< specific goals of LOICZ will be funded and implemented through national mechanisms
=+ and agencies and will include specific national objectives, which may not coincide with
- those of the LOICZ Core Project. To ensure co-ordination of results and the active

! participation of coastal scientists in contributing to the preparation of global syntheses and
= models, LOICZ will engage in diverse networking activities designed to both provide
. service to researchers and to ensure their continuing contribution to the work of the

. project.

In developing global syntheses and models, covering aspects of the role of the coastal sub-

. system in the Earth system, strong co-ordination of the results from research conducted in
" more narrowly defined spatial domains will be vital. Classically such co-ordination

- would have necessitated the development of a centralised facility for data management,

storage and modelling however, in the context of modern information technology such a

o centralised management system is unnecessary. The overall philosophy for the

development of the co-ordination functions within the LOICZ Core Project will place

strong emphasis on networking, dis-aggregated data storage, and the use of modern

information technology, where appropriate.

. The LOICZ CPQO will pravide the focus for co-ordination of Framework Activities, and

. Integrative Activities (Core Research), components of which will be implemented through
other designated centres that will include research and regional nodes (see Programme
Management).

LOICZ Framework Activity 1 - Scientific Networking

Introduction

A considerable body of scientific research has been, and continues to be undertaken in the
world's coastal areas, through individual, national, regional and international
programmes and activities. Since the coastal zone as defined by LOICZ encompasses both
the land margin to an approximate altitude of 200m above sea level and the coastal waters
out to the edge of the continental shelf, the communify of natural scientists currently
conducting research in this domain encompasses marine, terrestrial and freshwater
specialists. In addition, LOICZ interests in analysing the feedback between change in
coastal zones and the human driving forces of, and changes in, atmospheric and open
ocean boundary conditions, will necessitate the involvement of specialists from the social
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sciences, and from the atmospheric and open ocean, natural sciences community. In order
to meet the objectives of LOICZ in producing global scenarios of change in the coastal
zone, and elucidating the role of the coastal sub-system in the functioning of
biogeochemical cycles, it will be necessary for LOICZ not only to seek the active input of
such wider research communities into this work but also to supply these diverse research
communities with the coastal information and data that they require in order to meet their
own objectives.

The LOICZ research community of scientists, both natural and social, directly invalved in
executing national, regional and global studies within the overall framework of the
LOICZ Project will need to be provided with mechanisms for the regular exchange of
news and information concerning research results and developments during the life-time
of the project. ‘

Overall objectives
The overall objectives for the networking framework activity of OICZ are to:

+ Facilitate access by LOICZ researchers to the information and data needed to
further develop understanding of the processes involved in global change and
coastal zones

. Facilitate access by other national, regional and international coastal zone
programines to LOICZ research, data and information

The LOICZ approach

The LOICZ approach will involve networking at three semi-independent but related
levels, namely those of: the individual scientist; the IGBP National Committees; and,
international organisations and programmes including other Core Projects of the IGBP. At
the level of the individual scientist LOICZ networking functions will be designed to: keep
participating scientists abreast of overall developments within the LOICZ Core Project on
a regular basis; put individual scientists in contact with other members of the LOICZ and
1IGBP global networks having similar research interests or involvement in on-going
projects; provide access to information concerning data sources and where appropriatfe to
facilitate such access; and to provide appropriate fora for the regular exchange of views
concerning cutting edge developments in the field of global change and coastal zones.

At the level of the National IGBP Committees LOICZ, through the CPO and the Scientific
Steering Committee will provide: regular information on developments in the LOICZ
Project; guidance concerning the nature of activities which may be seen as contributing to
the overall goals of LOICZ; assistance in categorising nationally funded research through
the development of appropriate criteria for distinguishing Core, Regional, National and
Relevant LOICZ research (see Appendix 2); and, information concerning the nature of

research activities conducted through other relevant, national global change research
programimes.

In terms of networking at the international level the LOICZ CPO will provide a focus for
the exchange of information and data concerning on-going research conducted within the
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* framework of LOICZ and other international research programmes concerned with global
- change and the coastal zone, and will, where appropriate, develop linkages to facilitate
the access of LOICZ researchers to other global and regional databases, networks, and
“research activities, and vice versa.

=

“.7 In executing these functions neither the LOICZ-SSC nor the CPO envisage that LOICZ will

“ function as a data bank, rather it will facilitate information and data flow and only when

* required by the specific objectives of identified LOICZ Activities and Tasks will the CPO

* and LOICZ-55C become involved in the compilation and assembly of specific databases.

. Nevertheless it is clear that some database activities will require the direct involvement of
. the CPO and LOICZ-SSC and these are outlined below (Framework Activity 3).

The modality of operation of LOICZ networks will involve the transfer of information and
data using various media, depending on the most appropriate mode of {ransfer,

2+ determined on a case by case basis, between individuals, designated nodes, institutions

- - and organisations

B Task F.1.1 Establishment of LOICZ research networks
g Rationale

To accomplish the Activities and Tasks envisaged in this Implementation Plan will require the
adoption of an integrated and comparable approach to different scientific issues and questions by
individual scientists working in different countries and different environments, Harmonisation of
these different approaches will only be achievable through close collaboration and rapid transfer of
information between involved individuals.

Specific objectives

+ Establish an overall network of LOICZ scientists and ensure appropriate linkages
between individuals and institutions engaged in addressing similar scientific issues
and problems relating to giobal change and the coastal zone

+ Establish, as appropriate, regional and specialist research networks of active coastal
zone researchers

Implementation

This task will be closely co-ordinated by the CPO and will be accomplished through the
establishment of initial mailing lists of scientists involved in research in global change and
the coastal zone. An initial listing of 1,000 corresponding scientists from 124 countries has
been established and this network has received copies of the draft Implementation Plan
for review. Periodic directories of LOICZ scientists and research projects will be produced
for distribution throughout the network. Specialist networks will be established where
appropriate in conjunciion with the development of LOICZ research and regional nodes,
(see programme management). LOICZ National Focal Points established by the National
IGBP Committees (Appendix 3) will be provided with regular, but ad hoc information
concerning developments in the LOICZ Project for dissemination to the community of
coastal change scientists in the country concerned. Since the IGBP at present has National
Comrmittees in only 72 countries, and more than twice that number of countries are coastal
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or archipelagic, a considerable body of research is currently being undertaken of
relevance to LOICZ which is outside existing IGBF networks. The LOICZ CPO will
address this problem through establishment of networks of individual scientists in such
countries undertaking research in global change and the coastal zone, and through close
collaboration with other international organisations stich as the Intergovernmental Panel
on Climate Change (IPCC), the Intergovernmental Oceanographic Commission (I0C), the

United Nations Environment Programme (UNEF), the World Conservation Union JUCN)

and the UNESCO-Man and the Biosphere Programme (MAB) which already have
established networks of coastal scientists in such countries.

Outputs

+ Functioning networks of active coastal researchers organised around LOICZ
research Foci and Activities 7

4 Periodic directories of LOICZ researchers and research projects

Task F.1.2 LOICZ publications

Rationale

Once the LOICZ project becomes operational and projects and research activities are ini.tfated by the
LOICZ-S5C or are approved at a national level, there will be an increasing need for rapid transfer
of information within the LOICZ research community concerning on-going projects an¢ results,

Specific objectives

Short-term

¢ Provide a forum for the regular transfer of synoptic information concerning LOICZ.

plans, research activities and results amongst the LOICZ research community

Long-term
+ Provide a forum for the exchange of reviews of LOICZ science and metadata
concerning research on global change and the coastal zone

Implementation

In executing this task the LOICZ CPO will organise, publish and distribute a series of
publications including a regular newsletter, a Workshop Report series and a Reports and
Studies series.

Initially the newsletter will be produced by the CPO, with the assistance of the LOICZ-
SSC and will be based on inputs from participating scientists, national IGBP Committees
and partner organisations. In the first instance the newsletter will be produced in hard
copy form only and air-mailed to individual scientists, national IGBP Committees and
collaborating institutions and organisations. The problems of electronic information
transfer to developing countries will require continuation of the newsletter in hard copy
form for the anticipated ten year life spar of the LOICZ project although the development
of regional centres and electronic mailing facilities through the START Framework
Activity of the IGBP will progressively reduce the need for hard copy production over the
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life of the project. It is anticipated that an "electronic” version of the newsletter will be
‘produced before the end of 1995, thus reducing the extent of the hard copy mailing as the
network of LOICZ scientists grows. This development will be closely co-ordinated with
‘the similar developments planned by the IGBP Secretariat for the IGBP as a whole.

:Whilst it is anticipated that the substantive outputs of LOICZ research, and the scientific
results of specific workshops, will be formally published in the internationally refereed
‘scientific literature and in the form of contributions to the IGBP Cambridge University
‘Press Series, it is also anticipated that the record of discussions and decisions undertaken
in LOICZ workshops will be of immediate interest to scientists participating in LOICZ
‘tesearch. The LOICZ CPQO will, therefore, organise the informal publication and rapid
“distribution of technical meeting reports to scientists within the LOICZ networks having
interests in the topics of the workshops concerned. In addition, it is anticipated that
topical reviews of various scientific issues; agreed methods and research protocols for
‘LOICZ activities; and some databases, will need to be published promptly, and widely
‘disseminated for discussion and/or adoption by the scientific community. The LOICZ
Reports and Studies Series will therefore be published by the LOICZ CPC on an ad hoc
‘basis to meet these needs as they arise.

utputs

Quarterly hard copy newsletter distributed to the LOICZ research network, IGBP
National focal points, coilaborating organisations and institutions (5,000 copies)
Coincident production of an electronic version of the newsletter

i LOICZ Meeting Report series

* LOICZ Reports & Studies series

. Contributions {o the IGBP Baok Series to be published by Cambridge

University Press
Task F.13 LOICZ Annual Open Science Meetings

Rationale

The SC-IGBP has charged the Scientific Steering Committees of its Core Projects to organise
regular, annual Open Science Meetings at which the results of on-going research and developments

‘within the Core Projects can be presented to, and discussed amongst, the widest possible groups of
scientists.

:Specific objectives

i Stimulate wide international participation in the LOICZ Core Project

" Provide a forum for potential funding agencies to evaluate the results of LOICZ
: Research and possible areas for future support

:' Provide a forum for the dissemination and discussion of the planning,

implementation and results of LOICZ Research
Provide the opportunity for wide participation by the scientific comumunity in
formulating strategies for LOICZ Research

Ensure periodic review and redirection, as appropriate, of the aims and objectives
of LOICZ Research
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Implementation

The LOICZ CPO will take responsibility for the organisation and management of annual
open scientific meetings, whilst the LOICZ-5SC will be responsiple for the development of
the scientific programme. These meetings will be convened at different Eocahf)ns in order
to maximise contacts between LOICZ and the global scientific community. It is envisaged
that each meeting will focus on particular areas and priorities of LOICZ Resea}"ch. These
areas and topics will differ from time to time according to the results of on-going research,
new developments, findings and insights in the field of global change and the coastal

zone. In addition, the meetings will serve to acquaint the LOICZ research community with

developments in methods, standards and protocols developed by workshops during?r t‘hf:
intervening period, and to publicise the developments of the LOICZ Framewprk activities
as a whole. In accordance with the philosophy of the IGBP, these meetings will be open to
the global scientific community and the IGBP National Committees will be encouraged to
nominate and send representatives where appropriate.

Qutputs

* Periodic review and revision of priorities for specific areas of LOICZ, Research
. Pubtlication of proceedings, as appropriate

. Publication of volumes of research results, as appropriate ‘ _

’ Improved information flow and collaboration between LOICZ scientists

* Regional and global syntheses of LOICZ results

LOICZ Framework Activity 2 - Development of a Coastal Typology

Introduction

Financial and human resources to carry out LOICZ, are finite and those available can be
used more efficiently if they are focused in key geographic coastal regioﬂ?. It is not
necessary to conduct empirical studies in every coastal area of the world in order to
develop global scenarios and predictive models since large areas of the coastal zone have
similar properties. One of the most important initial tasks for LOICZ‘is to est.abh.s}.\ a
global coastal zone classification system or typology based upon available scientific
information, both descriptive and dynamic. This system will subdivide the worid's coastal
zone into a number of discrete, scientifically valid units on the basis of natural features
and processes. The typology will be used as the basis for encouraging new rtheste%rch
projects in coastal types which are under-represented in current research activities and for
analysing and reporting results on a regional and global basis.

Overall objectives

The overall objective of this framework activity is to categorise the world's coastal zone on
the basis of natural features, into a realistic number of geographic units, which will serve
as a framewaork for:

Overall co-ordination and planning of LOICZ research activities
Organisation of data bases
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Selection of regions for extensive studies (remote sensing, long term monitoring)
Selection of appropriate sites for new local and regional coastal zone field and
modelling studies

Scaling local and regional models to regional and global scales

Analysis, compilation and reporting of LOICZ results in the form of regional and
global syntheses

Interfacing with the regional research nodes

:["h'e LOICZ approach

This task wil! be initiated immediately and make full use of recent advances in

eographic Information Systems (GIS) technology. The first step will be to review existing
‘coastal classification schemes and to determine the best approach to meet the LOICZ,
objectives. This approach is likely to parallel modern numerical taxonomic methods of
classification by similarity using inter alia, distance statistics, discriminant function and
cluster analysis, '

While the priorities for LOICZ research will in part depend upon the initial results, this
“actvity must be considered as on-going, dynamic, and subject to evolution in both
methodological and output terms. It will proceed on an iterative basis and the boundaries
between different coastal units and the definition of representative coastal unit types will
probably change as the project evolves and more data become available, The results of the
typology exercise will be used to determine the organisation of LOICZ. data bases (see
Activity F.3) and by each LOICZ focus according to ils specific requirements. For example,
* the classification will provide the basis for selection of specific coastal zone units in which
empirical and modelling studies are needed to ensure global coverage of the variability
displayed by the world's coastal subsystem as a consequence of its high spatial and

- temporal heterogeneity. Without a rational framework for classifying the world's coastal
“zones, the appropriate weighting for data from each coastal type cannot be determined

- and accurate global syntheses of the role of the coastal sub-systern in the Earth system

;- cannot be prepared.

.- Assuming that the World's coastline is of the order of 600,000 kilometres, division into

" segments of approximately 1,000 km would result in 600 units. Efforts will be made to
reduce the number of units to an optimum number for practical application in the
framework of LOICZ activities.

Task F.2.1 Development of a system for formulating LOICZ global coastal typologies

Rationale

The global scope of LOICZ and the constraints of human and financial resources, necessitate the
development of an objective typology of coastal units to serve as a sampling framework and to
determine the appropriate weighting for preparing global syntheses, scenarios and models on the
basis of limited spatial and temporal research data.

%
B
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 Specific objectives

Short-term : :

. Develop a framework global coastal zone typology based upon existing scientific
information ‘

4 Use the typology to guide the development of the LOICZ Core Project

Long-term

* Refine and develop the typology according to the evolving needs of the Project and
the individual Foci

. Apply the typology in preparing regional and global syntheses, and in developing
scenarios and models

Implementation

This task will be conducted primarily by the CPO in collaboration with the LOICZ-SSC.
Work will begin by reviewing current classification systems and determining in
consultation with the LOICZ-SSC the best approach to adopt in meeting the goals of the
LOICZ Project. Once the approach is agreed the appropriate available information will be
assembled and a first draft of a typology produced. Factors to consider for inclusion at
this stage will include inter alia: geography (shelf width, shoreline configuration,
bathymetry, etc.); catchment area and characteristics including land-use and freshwater
runoff; sediment and nutrient input; rainfall; salinity; tidal range; exchanges at the shelf
‘edge; type of seasonal boundary conditions; areal extent of important habitat types
(mangroves, saltmarshes, intertidal flats, reefs, macrophyte beds, banks, ledges, etc.);
seabed sediment characteristics; levels of primary production; fisheries production; and
demographic and socio-economic characteristics.

On the order of 100-200 divisions of the world's coastal zone are anticipated, many of
which will have similar properties, such that they can be assumed to be identical in
function from the Earth system perspective. By grouping similar units, it is expected that a
more limited number of key functional coastal types will be recognised (e.g. wide shelf
with strong boundary current, narrow shelf with heavy freshwater and sediment input,
efc.). The results will then be used by the CPO and LOICZ-SSC to guide the further
development of the LOICZ Core Project. Throughout the development of this activity,
results will be reported and discussed at LOICZ workshops and meetings and ultimately
published in an appropriate format. Once established, the typology will be used by the
LOICZ CPO as a basis for organising data bases of LOICZ research results and for
preparing regional and global scenarios and models.

Cutputs

+ Functional typology of the world’s coastal zone

+ Framework for the selection of sites for LOICZ research activities

* Framework for the compilation of regional and global syntheses of data, scenarios

and models of the role of the coastal sub-system in Earth system functioning
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OICZ Framework Activity 3 - Data System Plan

Thitoduction

As noted in IGBP Report No 30, each Core Project will need to develop its own data
system plan, incorporating guidance on data quality and availability, management,

xchange and application in global syntheses and modelling activities. As detailed
elsewhere in this Implementation Plan, LOICZ modelling activities will be undertaken at
avariety of scales and will involve a wide diversity of data types which will need to be
interfaced at various different levels and for varying purposes. The development of the

LOICZ Data System Plan will therefore form a fundamental and critical activity on which
the ultimate success or failure of the LOICZ Core Project as a whole will depend.

ational level research will form a fundamental component of the implementation ang
ecution of the LOICZ Core Project and hence it will be important for LOICZ to establish
rong working relationships with national IGBP Committees and LOICZ Focal Points,
where these have been identified by the National Committees, in developing agreed
procedures for the acquisition, storage and transmission of data generated by national
activities as a contribution to the LOICZ Project. Much of this data will be synoptic since
the integrative nature of LOICZ activities and the need to describe and model coastal
processes at regional and global scales will, in combination with the financial and
manpower constraints of the project management as a whole, limit the capacity of the
LOICZ CPO and research nodes to handle complex, detailed datasets.

Overall objectives

Identify existing sources of data required for LOICZ hence obviating the need for
ab ovo data collection in some instances

Assemble the necessary datasets from existing sources, on-going national and
regional LOICZ research which are required to address the overall goals of LOICZ
(see for example Activity 3.1)

Prepare regional and global syntheses of data needed for modelling at different
scales :

Prfepare and distribute directories of existing data and information where these
exis t‘and‘ are required for LOICZ research activities within the different Foci
Facilitate the access of LOICZ researchers to data held in existing international
systems for purposes of modelling and synthesis within the context of LOICZ

- The LOICZ approach

 Except in specific instances, identified as being priority needs by the LOICZ-5SC and

: ?vhere it can be demonstrated that such data sets do not already exist, LOICZ will not be
- Involved in the ab ovo assembly of new global data sets based on specific observations.

. The approach of LOICZ will be to use in novel ways, existing international datasets

. wherever possible and to apply a georeferenced approach to the storage of coastal data of

Z: differing types, enabling them to be manipulated and applied in models of differing scale
and complexity, and for specific LOICZ research activities.
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The precise nature of the data required to answer the scientific issues and uncertainties
outlined in the LOICZ Science Plan is staggeringly complex, ranging from remotely

sensed data concerning rates of change in coastal morphology, land use and vegetation,
through regional and global coverage of in situ measurements of chemical and physical

parameters, Clearly, assembling the total data required to address all issues and questions

will be beyond the logistic capacity of the CPO, the LOICZ networks and the scientific
community within the ten year life span of LOICZ. The LOICZ Data System Plan will
therefore be developed to clearly delimit pricrities for dataset development in parallel
with the development of research activities.

Task F.3.1 Development and publication of the LOICZ Data System Plan

Rationale

The development of global syntheses, models and scenarios are key activities of LOICZ, which are
data dependent. To achieve the long-term goals of LOICZ a clearly formulated plan for data
acquisition, quality control, management and exchange is required.

Specific objectives

® Identify the specific, remotely sensed and in situ data sets required by LOICZ
research activities

. Identify existing data sources that meet the needs of LOICZ research activities .

. Formulate guidelines for the acquisition, quality control and exchange of data
within the project

. Determine, in close collaboration with IGBP-DIS and with other international

agencies currently involved in the acquisition and archiving of relevant data, the
appropriate mechanisms for LOICZ acquisitiont and manipulation of such data sets
as are required from time to time

. Qutline the nature of the overall databases required in support of the preparation
of global syntheses and LOICZ models

° Determine the nature of appropriate products in relation to the users of the system

Implementation

The LOICZ CPQO will, in close consultation with the LOICZ-55C and the IGBP-DIS,
develop a LOICZ Data System Plan encompassing inter afia: identification of the
information and data needs of the Project as a whole; the need for data quality assurance -
in relation fo identified data sets; proposals concerning the mechanisms which need to be

developed to ensure the required data quality and standards; the need for new datasets as

envisaged by the global syntheses and modelling activities outlined in this
Implementation Plan; priorities for development of such new datasets; the need for
metadata and catalogues providing the LOICZ Research network with the information
required concerning data availability; plans for the archiving of new datasets developed
during the lifetime of the project; the need for and mechanisms to establish external co-
operative linkages with agencies and organisations such as the JODE of the IOC for access
and exchange of data. In addition the system plan should contain an initial outline of the

LOICZ data policy regarding access and exchange with individuals, institutions and other -

data agencies. It is envisaged that the Data System Plan will require development over a
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wo year period, through the organisation of appropriate workshops where required, and
irough active collaboration and interaction with IGBP-DIS, IGBP-GAIM and the relevant
Linternational data storage and archive systems.

iven the wide diversity of activities, tasks and sub-tasks envisaged in this
mplementation Plan as being undertaken during the ten year life-span of this project and
e need to ensure data comparability and compatibility if global syntheses and models
e to result from these activities, agreed standards, protocols and methods for LOICZ
esearch will need to be developed. Whilst the standards and protocols needed to assure
ata quality control will be defined and developed within the context of the LOICZ Data
ystem Plan a parallel and co-ordinated initiative will be required to address issues of
easurement and quantification in the various research tasks envisaged. In some areas of
search well defined, internationally agreed methods exist and where appropriate these
ill be adopted and recommended for use in the LOICZ Core Project. Such agreed
ethods cover a wide variety of physical and chemical parameters including inter alia, sea
vel, salinity, and determination of nutrient concentration in waters and sediments. In
other cases no such standardised methods exist, and from time to time it may prove
ccessary for LOICZ to develop such methods to ensure that data are collected in a
niform manner throughout the LOICZ Research network. The absence of such standards
causes major problems of synthesis as exemplified in the case of world-wide data for coral
cover and rates of change in reefs. Since the techniques used to assess these variables are
t standardised, even within countries in some instances, no global assessment of the
state of coral reefs and their rates of change can be prepared from existing data.

‘a number of instances, remotely sensed data exist, which can be used to provide
;‘n_formation concerning variables in the coastal zone of interest to LOICZ research, but the
algorithms to quantify this information may not yet have been developed. Where
ecessary LOICZ will encourage, in collaboration with appropriate organisations such as
IGBP-DIS, the development of such algorithms and their adoption throughout the LOICZ
networks. It is further recognised that in the case of much of the integrated natural and
social sciences research and modelling envisaged under Focus 4, agreements will be
‘eeded concerning the spatial references used in the collection of both sets of data and

. Mechanisms to ensure adequate linkage of such datasets will need to be developed.

Ensure that the information and data contributing to the regional and global
syntheses envisaged as being produced through the national and regional research
contributions to the LOICZ Core Project are collected in such a manner as to be
both comparable and compatible on a global scale
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The LOICZ approach

The LOICZ approach will be to adopt, wherever appropriate, existing internationally
agreed standards protocols and methods for use in LOICZ Core, Regional and National
Research, and to ensure the wide dissemination of this information to participating
scientists who will be encouraged to adopt them, for use where practical and appropriate.

Where appropriate agreed international standards, protocols and methods do not exist,
LOICZ will encourage their development and adoption for those areas of LOICZ science
which require compatible and comparable primary datasets. It is envisaged that this
Framework Activity will be initiated on an ad hoc basis by the research nodes identified
for specific purposes:within the framework of LOICZ and that such standards, protocols
and methods would be developed initially through: an international workshop review of

existing techniques in current use for variables of interest to LOICZ; the selection of one or

more appropriate-and applicable techniques for trailing and validation where needed;
followed by adoption of the technique as a LOICZ Standard, Protocol or Methodology,
which scientists coniributing to the LOICZ Core Project would be encouraged to adopt
and use. The LOICZ CPO will be responsible for publishing and disseminating agreed

standards protocols and methods once they have been adopted by the LOICZ-55C on the -

advice of the relevant research node.

It is recognised that the costs of obtaining measurements using particular techniques or
technologies may be beyond the capacity of certain sections of the LOICZ research
community at this time. Where practical and feasible LOICZ will facilitate the upgrading
of technologies in institutions contributing to Core and Regional research. It is however -
recognised that the operation of less expensive techniques may be required which could
contribute vital data. Where such duplicate techniques or technologies are adopted their
value is enhanced if both techniques or technologies are operated simultaneously at some:
reference points to provide standardised inter-comparisons and statistically valid
relationships between the two data sets.

Since LOICZ activities and foci will involve considerable efforts directed towards regional
and global modelling it is further envisaged that workshops will be needed to develop the

modelling approaches for each focus, within the framework of the overall modelling
approaches adopted by the project as a whole and outlined in the following Framework
Activity (F.5).

Task F4.1 Development and publication of the LOICZ measurement standards,
protocols and methods

Rationale

To develop global syntheses will require the collection of data on environmental variables and

processes using agreed measurement standards, protocols and methods which permit the

comparison and aggregation of data and information derived from separate national and regional
research programmes.
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écific objectives

Identify and adopt as appropriate existing internationally agreed standards,
methods and protocols for measurements and analyses which will be undertaken
as part of LOICZ Core, Regional and National Research
Formulate when necessary, appropriate standards, protocols and methods for
measurements required as part of LOICZ Research and for which appropriate,

- agreed, international guidelines do not currently exist

mﬁlementation

s anticipated that following the adoption of the Implementation Plan and the

ntification of research nodes a series of workshops will be required to consider in

road terms issues of: measurement standards, protacols and methods; data acquisition
‘handling; and modelling within each of the foci separately. It is anticipated that these
rkshops will identify appropriate, existing international, agreed standards and

iethods and identify those areas which will require the development and/or adoption of
greed LOICZ standards, protocols and methods.

Workshop reports covering each of the four foci of LOICZ

Ad hoc series of publications detailing agreed and approved LOICZ standards,
protocols and methods

Regular information to the LOICZ research network concerning standards,
protocols and methods

_OICZ Framework Activity 5 - Modelling in LOICZ

troduction

n_c‘lerstanding the interactions between the coastal zone and global change cannot be
hieved by observational studies alone. Numerical modelling of key environmental
ocesses is a vital tool which must be used in all components of LOICZ for it to attain its
jectives. The process of developing models helps to improve scientific understanding of
ow coastal ecosystems function and respond to changing forcing functions while the
odels themselves, if properly constructed and validated, can be used to predict the
effects of future change. Modelling must be initiated at the very beginning of LOICZ and
.}jgfully integrated with observational studies, both intensive and extensive.

Ihere are three general categories of numerical models that should be developed as part
of LOICZ.

Budget models
Ma§s balance calculations of specific variables (e.g. carbon, nitrogen, phosphorus,
sediment, etc.) within defined spatial and temporal scales. Include all major

sources, sinks, and transformation processes. Descriptive, with no internal
dynamics,
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. Process models
Describe specific environmental processes (e.g. flushing, sedimentation,
photosynthesis, respiration, etc.) and how they are influenced by major forcing
functions. They are usually constructed from empirical studies.

requires conducting a wide variety of modelling activities, which must be developed
rough international scientific collaboration. These longer term objectives can be met
through the following specific objectives:

Develop a strong conceptual and organisational framework for numerical

. modelling activities

Develop improved methods for assimilating fine scale models into large scale
models

Develop budget and system models at the local and regional levels

Evaluate and validate local and regional models

Scale up local/regional models in global coastal zone models

Integrate global coastal zone models into Earth system models

» System models
Based upon process models. Integrate what are considered to be the most
important variables and processes for the system in question within defined spatial
and temporal scales. Particular attention is usually given to the interaction among
state variables. Can be either descriptive (e.g. network analysis) or dynamic (e.g.
simulation models).

All three categories offer the potential for making predictions, but system models are
expected to be of great value to LOICZ in this regard. In most cases it will be advisable fo
construct budget models before system models are developed, and simple extrapolations -
from budgetary models are likely to prove more robust predictors than system models for
the foreseeable future.

@ first two of these objectives will be met through Framework Activities and are
tlined in further detail below. The remaining objectives will be met through research
dertaken under the relevant Focl and Integrative Activities (Core Research), which are
scribed in detail elsewhere in this document.

Numerical modelling can be done on different spatial and temporal scales. Three general

spatial scales are identified: The LOICZ approach

OICZ will give particuiar attention to budget and system models because of their highly
integrative nature. It is recognised that the best modelling approach to follow for a
particular situation will depend upon the questions being asked, the resources at hand
and the availability of data. A sound rule that should be followed in modelling is to start
with the simplest route possible and add complexity only when clearly justified. It is also
recognised that the field of environmental numerical modelling is evolving rapidly and
that techniques recommended today may be obsolete in just a few years.

. Local: Scale on the order of 1-100 km. These would address specific habitats such as
saltmarshes, mangrove forests, deltas, coral reefs, estuaries, bays and fishing banks,

. Regional: Scale on the order of 100-10,000 km. Incorporate a variety of near-shore
and off-shore habitats out to the 200 m isobath. This scale will coincide with the
units defined in the coastal typology exercise (Task F.2.1).

. Global: Incorporate several regional models representing the entire coastal zone of G
the Earth. Itis essential that the large scale models ultimately required by LOICZ are developed in a
¢losely co-ordinated manner. This requires the establishment of a LOICZ modelling
framework under Task F.5.1 to provide the necessary degree of standardisation,
communication and information exchange. In particular, it is important to develop
recommended techniques based upon the best available methods for building budget and

system models at the local and regional levels.

Models can have different temporal scales depending on their particular purpose, but
prognostic, global scale models ultimately required by LOICZ must have a temporal scale
on the order of 10-100 years so that they can incorporate episodic events.

it should be noted that because of the linear nature of the coastal zone, some of the LOICZ
models will have a spatial configuration resembling a ribbon, that is the along-shore
dimension will be much greater than the off-shore dimension. This is in contrast to Open
Ocean models which usually have relative spatial dimensions of similar magnitude.

Under Task F.5.2, LOICZ wilt develop improved techniques for assimilating the output of
fine scale models into large scale models which will be necessary to construct the global
scale predictive models ultimately desired. These must address scaling up both temporal
and spatial scales, interfacing with data bases and incorporating remote sensing data. It is
~Important to develop techniques whereby the essential features of detailed models can be
~extracted and fed into more general models. In particular, it is essential to improve the
methodology of coupling biogeochemical sub-models to hydrodynamic models. Coastal
‘system models are highly dependent on hydrodynamic models, which are themselves
usually constructed at grid dimensions of 5 km or less. Scaling these distances up may not
lead to realistic models for highly heterogeneous systems because of the detail lost. On the
~-other hand, it is usually impractical to run biogeochemical sub-models interactively for

- every grid of a hydrodynamic model because of limits on available computer capacity.
This is a dilemma, which may be resolved in the near future by development of new

- hardware.

This activity describes the framework that is necessary to direct and co-ordinate numerical
modelling in TLOICZ, Specific modelling activities are described in more detail in the
relevant sections of each Focus.

Overall objectives
The overall objective of numerical modelling in LOICZ is to develop predictiﬁe models

capable of describing the interactions between the world's coastal zone and global change.
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Under Focus 1, LOICZ will develop both local and regional scale carbon flow models
following the recommended techniques. Through the modelling framework organisation
that will be developed, software, algorithms, sub-models, and data, can be exchanged as
appropriate.

Under Focus 2, LOICZ will develop models describing how changing sea level will affect
biogeomorphological processes in the near-shore zone.

Under Focus 3, the results of different models developed for the same type of coastal unit
will be compared and the possibility of developing generic models explored. In addition,
models developed for different types of coastal units will also be compared.

Under Focus 4, LOICZ will develop integrated, inter-disciplinary, natural and social
sciences models to explore impacts of global change on human use of the coastal zone.
These will be primarily of local and regional scale and incorporate information on living
and non-living resources.

Under its Integrative Activities (Core Research) LOICZ will also scale up the local and
regional models into models of the entire global coastal zone. These global coastal zone
models in turn will be fed into Earth system models, including atmospheric, terrestrial
and deep-ocean components in co-operation with GAIM. It is recognised that it is almost

impossible to development reliable predictive models of the global coastal zone within the

ten year life time of LOICZ but the goal is worthy and a start must be made. It is hoped
‘that as a minimum, LOICZ will develop some sound approaches and some preliminary
products.

Task F.5.1 Development of a strong, centralised framework for LOICZ modelling
activities
Rationale

The development of numerical models of coastal ecosystems encompassing all major

forcing functions is a key activity of LOICZ and will require careful integration with data -

collection activities. Previous modelling work in the coastal zone has tended to focus on
particular processes such as runoff, hydrodynamics, nutrient cycling or primary
production, but sufficient progress has now been made, both in scientific understanding
and in computer technology, to begin the development of realistic models for complete
coastal systems at different spatial and temporal scales. In order to meet the goals of
LOICZ, these models must be developed in a closely co-ordinated manner.

Specific objectives

Short-term :

. Review the current state of coastal zone modelling activities around the world
which contribute to the obijectives of LOICZ

. Develop a guidebook of recommended techniques for constructing budget and
developing system models

. Use the results of the coastal typology exercise (Task F.2.1) to identify specific

coastal units for which new integrative models are needed
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Encourage the development of new local and regional coastal zone modelling
studies using the recommended techniques .

Develop an international network of scientists who are interested in collaborating

in model development under LOICZ
Co-ordinate all numerical modelling activities to be conducted under LOICZ

mﬁlementation

is task will require considerable co-ordination and the active participation of scientists
otn around the world who are involved in coastal zone modelling at all temporal and
;‘iatial scales. An initial activity will involve reviewing the results of the coastal typology
xercise {Task F.2.1} and identifying the major coastal units world-wide for which new
10dels should be developed. At the same time, existing numerical models of coastal
abitats which can contribute to LOICZ objectives, should be identified and both the
'_';Ehniques and results reviewed. The existing results should then be collated and
iterpreted in relation to the LOICZ coastal classification units to ascertain the

equirements for new modelling studies.

ven the importance of data collection to a wide variety of LOICZ Activities and Tasks
1id the need for consistent approaches to modelling if results are to be compared and
ompiled to produce regional and global syntheses, a small workshop of modelling
xperts will be convened in 1995 to develop a guidebook of recommended modelling
ichniques to serve as templates for the development of new local and regional models.

The temporal relationship between this activity and others concerned with modelling is

hown in Figure 7. An international network of scientists conducting and ce-ordinating

the required field work and modelling studies will be established and reguiar

ommunications maintained by electronic mail {e.g. Internet) and through regional
ientific workshops which will be convened at regular intervals as regional level

activities develop. It is anticipated that reviewing the results of modelling activities will

form a regular component of the annual LOICZ Open Science Meetings to be convened by

the CP’O and LOICZ-55C.

An international network of coastal ecosystem modellers (1995 but updated
continually)

A guidebook of recommended LOICZ coastal modelling techniques

A list of representative coastal units for which new local and regional models are
needed to fulfil the long-term obiectives of LOICZ

A well co-ordinated series of inter-connected LOICZ modelling activities

Task F.5.2 Develop improved methods for assimilating fine scale models into large scale
models

Rationale

It will be necessary to scale up fine resolution models of small spatial and temporal domain into

larger scale ones to meet the regional and global objectives of LOICZ. Current methodology for

achieving this is limited and there is a need to develop new and better techniques.
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Specific objectives rerall objectives

. Review and develop as necessary suitable methods for assimilating fine scale The overall objectives of this Framework Activity are to promote the development of a
models info large scale models pability for estimating and predicting more reliably present rates and future variations
+ Document these methods and distribute them to the LOICZ research community sea level change over local to global scales, and to assemble and make available the
ults from such studies to regional and national research projects conducted as
Implementation ontributions to the LOICZ Core project.

This task will be accomplished by holding a series.of LOICZ sponsored international
workshops. These workshops will review the current methodology for scaling up
modelling results and draft recommendations for further research. The first such
workshop should deal with the coupling of biogeochemical sub-models to hydrodynamic
models. The recommended research will be co-ordinated as a LOICZ, Framework Activity
but will involve close integration with national programmes. Results will be documented
and recommended methods will be communicated to the LOICZ research community.

The LOICZ approach

~urrent knowledge of the rates and causes of sea level change will be reviewed in the
ntext of the LOICZ project, and the conclusions disseminated in a form useful for
lanning new research projects and for evaluating environmental impacts. Regions where
pastal erosion is likely to be severe will be identified. Close contact will be maintained

- : with the Scientific Committee on Oceanic Research (SCOR) reporting on sea level change.
The development of fully coupled large scale system modeis is seen therefore as a longer :

term goal of LOICZ, which will require funding to conduct and co-ordinate the research

OICZ will work with the International Association for Physical Sciences of the Ocean
necessary for LOICZ, to take advantage of advances in modelling capability as they occur. '

APSQ), the International Association of Geodesy (IAG) and other international and
ational organisations to encourage the collection of observations on sea level in order to

Outputs dentify causes of change and to validate the output of global and regional predictive
' models. Such observations include state-of-art determinations of sea level and ice volume
. Continuously up-dated reviews of state-of-the-art methods for scaling up fine scale hanges faking into account the effects of visco-elastic processes in geodynamically

models into large scale system models nstable shorelines, transfer of groundwater to the oceans, glacial rebound and tectonic
‘processes. Optimal use will be made of classical measurements, as provided for example
by the GLOSS tide gauge network of IOC and by absolute gravity determinations, and of
ew space techniques including altimetry, Very Long Baseline Interferometry (VLBD),
atellite laser ranging and the Global Positioning System (GPS). The potential applications
- 'of new types of measurements, such as temporal variation of the geopotential, will be
valuated, and the development of a better understanding of interactions between the
different processes contributing to sea level change will be given priority. LOICZ will
“encourage the sharing of instrumentation and software for collecting sea level
‘observations (particularly within developing countries), and for archiving and

. disseminating the results in a standard format. The objective use of model results and
ipredictions in planning and policy decisions will be fostered and, through the
“requirements of LOICZ research initiatives, the development of large scale models that
‘incorporate regional and local scale models for global predictions of sea level change will
* be stimulated.

LOICZ Framework Activity 6 - Determination of the Rates, Causes and
Impacts of Sea Level Change

Infroduction

Sea level variations are a component of environmental change that has both global causes
{at least in part) and global implications. Present global estimates for future rates of sea
level change (e.g. IPCC reports) are essentially empirical in that they are semi-quantitative
“best guesses” incorporating information about a number of complex processes (steric, :
non-steric, tectonic and isostatic effects, ice-water mass interchange). Furthermore, for any
particular locality or region they are likely to be of only limited use on account of local
variability in these processes which results in rates of change up to two orders of
magnitude greafer than, or opposite in sign to, the present global average of a rate of rise
of about 2 mm per year. Improved forecasts of rates of sea level change are needed for
each of the four research foci of the LOICZ project, particularly in relation to the
development of realistic scenarios of change within coastal environments over the next 10
to 100 years. This Framework Activity will complement existing international projects
concerned with sea level by promoting further studies of the rates, causes and prediction
of sea level change in the context of the aims and activities of the LOICZ project. It aims to
stimulate greater collaboration between geophysical scientists who measure sea level and
study causes of change, and environmental scientists who are invesligating the various
impacts (including socio-economic ones) of variations and trends in sea level.

Task F.6.1 Assessment and measurement o f sea level change in the context of LOICZ
' research

" Rationale

Variations in sea level have local, regional and global causes and impacts. There is an
immediate need to ensure that the most reliable data on rates and causes of sea level
change are readily available to support LOICZ research activities concerned with the
effects of current and predicted variations of sea level on coastal environments and
resources.
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Specific objectives

* Review knowledge of the rates and causes of sea level change in the context of the
scientific research objectives of the LOICZ project

+ Assess the impacts of future sea level changes in relation to the use and

management of coastal resources, and help define the needs for better
understanding of the causes of sea level change and for improved predictive
capability of future sea level

* Identify the regions where sea level change poses the greatest environmental and
socio-economic threats, and help collect information required to model,
disseminate and interpret the results in support of planning and policy
decision making

Implementation

This task will require close collaboration among marine scientists, ocean modellers,
geodesists and geophysicists to determine the observational data required to resolve
quantitatively the various factors contributing to observed sea level changes, and then to
assimilate this information into a comprehensive simulation model in order to improve
predictions of global, regional and local sea level change for the next 10 to 100 years, The
model must include the effects of ocean circulation, ice-water mass interchange,
geodynamic processes (plate motion, glacial rebound), coastal morphodynamics (see
LOICZ Focus 2), and human activities such as fresh water management and extraction
and shoreline engineering. An international network of scientists undertaking the field
observations and modeliing studies will be established. High priority will be given to
forming or strengthening research teams and to convening workshops within regions that
have the highest risk of adverse impacts due to sea level change on the coastal
environment and on socio-economic activities.

Outputs

* Publication of periodic reviews on current knowledge of rates and causes of sea
level rise

. Publication of global and regional coastal zone maps showing where sea level

change poses the greatest environmental and socio-economic threats, with
supporting information on probable causes of sea level change and on research
needed to quantify and understand better the causes of sea level change in aid of
policy decision making

. Improved access for research scientists and environmental assessment groups to
databases on sea level change
. Improved procedures for determining current rates of sea level change, identifying

the causes, predicting future trends, and initiating actions to minimise the
environmental and socio-ecoromic impacts
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Focus 1: The Effects of Changes in External Forcing or
: Boundary Conditions on Coastal Fluxes

_';i_f:kground

rganic production and the transformation of nutrients, carbon, pollutants and sediments
n; and their transport through, coastal systems are strongly influenced by physical and
hemical forcing at the land, ocean, and atmosphere boundaries. Surprisingly little is
nown on a global scale, however, about the qualitative responses of coastal systems to

anges in external environmental conditions. Such changes may arise from direct human
ctivities such as dam building and sewage discharge, from short- or long-term changes
# climate and ocean dynamics, or from ecological processes such as succession in
atershed plant communities. Both observational and modelling studies are needed to
{entify and quantify existing relationships between the fluxes of energy and material at
ystem boundaries, and to describe system behaviour. To test specific hypotheses,
omparative investigations of different coastal systems are required.

limatic factors determine the distribution of natural vegetation on a global scale, whilst
uman activities and changes in land use are presently altering vegetation cover on
ontinental scales. Some evidence for feedback between these processes exists, in that
onger term variations in climate may be altering patterns of human land-use in some
reas. Changes in land-use and vegetation cover result in major modifications to
reshwater runoff, sediment transport, and the fluxes of carbon, nutrients, and some
ollutants to coastal systems. The magnitude of these fluxes is such that the transfer of
rganic matter from land to oceans via rivers is a key link in the global carbon cycle. The
mpact of global changes on river systems occurs through changes in erosion of the land
urface, changes in the nature of the sediment and its associated organic matter and
‘nutrient content, and changes in precipitation resulting from longer term changes in
regional weather patterns and climate. Direct anthropogenic influences at basin scales
nclude changes in hydrology as a consequence of dam construction and large scale water
iversion for irrigation and agriculture. As these fluxes change, they may significantly
“alter the metabolism, biogeochemical cycling, and the biogeomorphology of coastal
‘systems. Changes in freshwater input to estuarine and coastal waters can have large
‘effects on salinity distribution, flushing rates, mixing of the water column and other

- physico-chemical properties of inshore walers.

‘A critical problem in developing the capability to understand and ultimately predict how
changes in drainage basins will impact coastal seas is to be able to develop an
‘understanding of the linkages between regional-scale land surface processes and the
‘capacity of the river systems to transport and process land derived materials. Changes in
‘water quality and quantity in river systems is a fundamental property and integrator of
basin-scale hydrology and its response to global change. At these scales, river basins are
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natural integrators of processes occurring on the land surface, since carbon and nutrient
fluxes in large rivers reflect the nature of their watersheds, floodplains, and tributaries.
QOrganic and inorganic materials measured inland from a river mouth represent a mixture
of materials derived from sources that may be thousands of kilometres away in upland
regions, as well as material introduced continuously from the adjacent floodplain.
Organic matter from both sources is subjected to within-channel transport and reactive
processes before it is finally discharged into coastal waters.

To construct mass balances for coastal systems af regional and global scales, data

concerning the quantity, and timing of delivery of river borne materials are essential. Data

are required, not only on the bulk concentration of materials, but also on their specific
chemical attributes, which relate to the sources and condition of the organic matter in
transport. In order to understand the physical and chemical controls operating at regional
and global scales, it is necessary to determine the terrestrial origin of the river borne
material and the dynamics of downstream routing. The degree to which the fine and
coarse particulate organic matter have been diagenically altered must be determined in
order to understand the processes of carbon cycling, and to identify the biological and
geographic sources, and marine sinks, of these materials.

Overall objectives

The overall objectives for the river input to the coastal zone activity of LOICZ are to
determine at regional and global scales:

+ The quantities and chemical atiributes of the river water delivered to the ocean

+ The quantities and chemical attributes of the bulk sediments, and particulate and
dissolved chemical species (C, N and P) delivered to the ocean

¢ The temporal variation in quantities and chemical attributes of riverine inputs to
the ocean

* The relationship between these fluxes and changes in the upstream environment

. The physical and chemical controls operating at continental-scales on these fluxes

The LOICZ approach

The classic approach to addressing the objectives detailed above has been based on a
river-by-river inventory to produce a global estimate of flux. The assumption is made that
since the Amazon accounts for more than 15% of the flux of freshwater from land to ocean
and the 10 largest rivers account for about 30%, extrapolations to the global scale can be
based on summations of measurements and estimation of missing values. The systematic
data required to make such global estimates are, however limited, and there are large
uncertainties concerning the magnitude of the material transport. These uncertainties
result from: a lack of information on the particulate forms; the difficulty of sampling river
particulate distributions that are neither uniform laterally, nor with depth; a lack of
detailed chemical determination of how refractory or labile river borne organic material
may be; differences in analytical methodologies (especially for particulate P); a lack of
adequate seasonal records for many rivers; and, few data for rivers in developing
countries or for rivers draining smaller basins. A recent review (Milliman & Syvitski,

1992) suggests that rivers draining smaller basins may have a disproportionately large
discharge of solids to the sea.
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ince the primary objectives of Activity 1.1 are to quantify, and to predict, natural and
odified river discharge of water and material to the coastal ocean, the LOICZ approach
i1l be to identify the central properties of rivers as a function of human use, climate, and
sography. Rather than depend solely on a river-by-river characterisation, the strategy

/ill be to develop and adopt general river models for known river types and to apply

se to digital river networks of the world. The time frame for this Activity is shown in
igure 5 and the end product will provide an improved estimate of the flux of river
brne-materials to the oceans on regional and global scales, and a greater understanding
f the factors influencing those fluxes.

i addition to riverine inputs to inshore waters, groundwater flux and coastal erosion

iay, on a local scale, contribute significantly to the discharge of freshwater and

articulate and dissolved solids and to sediments in coastal and shelf seas. Whilst these
\puts are considered to be less significant at regional and global scales than riverine

puts their assessment and quantification are important in defining the present boundary
onditions and extent of total fluxes across the land ocean boundary. These inputs will
eed to be included in mass balance budgets and must be quantified for localities where

ey are important sources of material in nearshore environments.

‘ask 1.1.1 Development of regional scale river delivery models in theory and practice

Rationale

he systematic data reguired to make global estimates of land to ocean flux via rivers are limited,

and there are large uncertainties concerning the magnitude of the material transport. The classic
‘approach based on a river-by-river inventory fo produce a global estimate of flux is inadequate, and
“an approach based on the identification of the central properties of rivers, as a function of human
‘use, climate, and geography, 1s required.

Specific objectives

Short-term

Develop the theoretical basis for regional-scale river delivery models to the coastal
ocean

Develop a global typology of river systems based on the central properties of
rivers, as a function of human use, climate, and geography

Develop quantitative models for specific river catchment types

Assemble an electronic, global database of existing river discharge data

Long-term

Assemnble a GIS global digital database of river networks delivering to the sea
Apply the quantitative models to the digital database to determine present riverine
delivery to the sea '

Develop scenarios of future delivery under conditions of changed climate and
human land-use and freshwater use
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Implementation

A number of activities are on-going world-wide that are designed to develop catchment
basin scale models of discharge of water and materials from individual rivers to the
coastal zone. Sufficient investment in research and data acquisition over the last few
decades has been made to provide a strong theoretical basis on which to build more
general models based on recognisable river catchment types. Development of a global
river typology based on climate, geology, relief, biota, and degree of development is
required if the results of single system models are to be extrapolated to the global scale,
Groupings might include for example tropical forest (mountain or lowland origin),
tropical savannah, Himalayan, temperate-industrialised, and Arctic. Clearly, further
subdivision is required to account for the full range of river types, especially in regions
that are not well documented. A particular emphasis needs to be given to the less well
known, high sediment rivers of the western Pacific rim. LOICZ could provide a useful
mechanism for facilitating the development of models through support to workshops and
by field testing them through national and regional research networks established within
the framework of the START initiatives. Initial workshops should be convened to:

. Review current global initiatives and research programmes concerned with
measuring and modelling river discharge to coastal areas, and to develop a global
typology of river systems based on the central properties of rivers, as a function of
human use, climate, and geography

. Further develop the theory for describing river sediment and chemical
concentrations at downstream points in river networks as a function of the basic
physical attributes of the river basin (e.g. topography, vegetation cover, drainage
density, physical and chemical soil properties) and in-channel processes

+ Develop algorithms for describing river discharge at any point in the drainage
network, given antecedent precipitation and multiple storage reservoirs {including
dams)

At a later stage regional workshops should be convened to:

+ Review, revise and update the appropriate regional section of the global database
on riverine inputs
* Validate the quantitative models by applying them to dafa for specific rivers not

used in the development of the models

Several individual and international initiatives have led to the development of hard copy
and electronic databases concerning the discharge of water and materials from the world's
rivers. LOICZ has initiated a process of consolidation of these data into a synoptic global
database of existing information that should be available for wide use and distribution in
1995. The present initiative encompasses the Global Environment Monitoring System '
{GEMS}, United States Geological Survey (USGS), and Max Planck Institute (MPI)
databases and results obtained during the SCOPE/UNEP project “Transport of carbon
and minerals in Major World Rivers” together with databases held by individual
scientists. Of particular concern will be developing procedures for assuring data quality
before their incorporation in databases and models. Once compiled this will be
distributed throughout the LOICZ networks for critical review and additional inputs by
individual scientists. Expansion and updating of this initial database will become the
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responsibility of the LOICZ Core Project Office within the context of the Framework data
Hvity of the LOICZ CPO.

rtputs

" A global database of existing river discharge data
A global typology of river systems based on the central properties of rivers, as a
function of human use, climate, and geography
Algorithms for describing river discharge at specific points in the drainage system
Quantitative coupled models of river chemistry, river networks, and river
discharge
A global estimate of the present export of water and river borne materials to the

coastal zone encompassing those regions which are poorly described by actual
menitoring networks

sk 1.1.2 Determination of temporal variations in discharge characteristics for selected
: and representative rivers '

Provide input data on {emporal variations in river fluxes to the development of a
global typology of river systems (Task 1.1.1)

Define the seasonal and inter-annual variation in the input of rivers representative
of the major drainage basin types

Long-term

++  Provide regional and global estimates of seasonal and inter-annual variation in -

. river discharge to the oceans

Encourage the development of appropriate river observation and measurement
systems for those classes of rivers where present data on variables such as Q, POC,
DOC, pCO, & TSS are inadequate

Dmplementation

A review of existing information concerning seasonal and inter-annuat variations in basic
variables such as the temporal distributions of discharge (Q), particulate organic (POC)
and dissolved organic (DOC) carbon, free dissolved CO, (pCQ,), and total suspended
ediments (TSS) should be undertaken to identify those river types that are inadequately
epresented in existing global river discharge databases. Present internationally agreed
sampling and analytical methods should be reviewed and an agreed set of protocols
ompiled to provide a methodological framework for future programmes of discharge
measurement.
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It is important for model development to represent the widest possible range of river
types, in terms of size, temporal variability and variability in terms of catchment
characteristics and land-use patterns. It is anticipated that new measurement programmes
will be required in certain classes of rivers where the present data are inadequate to
describe inter-annual and seasonal variations in discharge. One such class of rivers, is
small rivers with high intra- and inter-annual variability, for which inadequate data may
lead to serious errors in the calculations of local, regional and global fluxes.

Outputs

+ Data sets describing intra- and inter-annual variation in river discharge for
identified classes of river system
. Input data on Q, POC, DOC, pCO, & TSS for the definition of the global river

typology

. Protocols for future programmes of measuremnent, including sampling and
analytical methods

. Regional and global estimates of temporal variation in river discharge to the coastal *
ocean

. Input data for developing scenarios of future regional and global river fluxes to the

coastal ocean

Task 1.1.3 Chentical Composition: Gradients from Terrestrial Sources to Marine Burial
Rationale

Organic matter is subjected to within-channel transport and reactive processes before it is finally
discharged into coastal waters. To construct mass balances for coastal systems at regional and
global scales, not only are data concerning the quantity, and timing of delivery of river borne
materials essential, but data are required, concerning specific chemical attributes of the organic
matter in transport, in order to understand the physical and chemical controls operating at regional
and global scales, and to determine the origin of the river-borne material, and the dynamics of
downstream routing.

Specific objectives

Short-term

* Define the specific chemical attributes relating to the sources and condition of
organic matter in transport and buried in temporary marine depocenters

‘ Define the required chemical information relative to sources, partitioning, and
diagenesis, and on how refractory or labile different fractions wili be in particular
environments

Long-term

. Determine how catchment type influences the regional mass balance budgets for
POC, TSS, C, N, and 5i in the contiguous coastal zone

. Define the chemical composition of riverine inputs to coastal waters on regional

and global scales
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mplementation

wo approaches need to be developed initially: the first is to identify specific biomarkers
nd develop the technology (where necessary) for their measurement in order to identify
‘tHe source of biological materials in transport and those buried in transitory marine
epocenters. The second approach includes the development and application of
appropriate compositional indices such as, percent orgamc matter (POC/TSS), C/N ratos,
piomarkers (lignin oxidation products, carbohydrates, amino acids, sugars) and stable
otopes (13C, 15N, 345). GCTE's activity concerned with modelling discharge of C- and
N- compounds for soil plant systems could serve as the basis for future LOICZ-GCTE

“A sampling protocol needs to be developed, based on size fractionation using, for
‘example, ultrafiliration techniques of representative samples. Ideally this sampling should
be undertaken not only where the long-term observation networks are in place (Task

1.2), but on an ad hoc basis to a wider range of rivers. Sampiing should encompass not
only the measurement of export from the river system, but also fluxes across key
transition zones within the river system and transect measuremen(s across the respective
‘coastal zone.

:Outputs

Definition of chemical indicators of source and history of river borne organic
matter

Representative datasets for development of regional and global mass balance
budgets

Regional and global datasets on the chemical composition of riverine inputs to
coastal waters

Task 1.1.4 Groundwater discharge and coastal evosion
Rationale

Global estimates of land-ocean exchange remain incomplete without a consideration of sub-surface
water exchange, and coastal erosion. Groundwater discharge directly into the seas may be
important in the hydrochemical, thermal and biogenic regime of the coastal zone. Neither of these
sources of input to the coastal ocean are adeguately understood at present.

Specific objectives

Short-term

Develop databases of sub-surface exchange and coastal erosion

Assess the regional and global significance of ionic groundwater discharge in the
coastal zone

Assess the likely changes in groundwater discharge under the impact of climate
and anthropogenic factors causing change

Regional and global estimates of the impact of sea water intrusion on the
groundwater regime in the coastal zone
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Long-term

* Develop and apply coastal erosion models based on climatic zoration, geology,
geomorphology, palacography and hydrodynamics for key regions and various
climatic zones

* Define (quantitatively and qualitatively) the contribution of coastal erosion to the
total terrigenous inputs '
. Develop models of coastal vulnerability to erosion under differing scenarios of

human land-use, climatie change and sea level rise

Implementation

In comparison to the complex but relatively straight-forward problem of river input,
exchanges of sub-surface water and sediment erosion are potentially significant but less
tractable problems. Groundwater discharge is the least studied component of the global
hydrogeological cycle. Estimates of global water and salt balances remain incomplete
without data on groundwater discharges, which makes it impossible to predict changes
under the influence of geocentric and anthropogenic changes.

The emphasis of Activity 1is on the role of river inputs to the coastal zone. But it is also
recognised that the catchment may export groundwater to the local coastal zone (or may
receive intrusion) rich in chemical species. While it has a lower priority, a preliminary
assessment of the issues needs to be made. To assess the scope of sea and land sub-surface
exchange, workshops will be held to collate existing information on groundwater
discharge and its effects on hydrochemical and temperature regimes of some coastal
zones, and to develop the methods of studying, estimating and predicting the changes of
sub-surface component of salt and water balance under different natural conditions and
climate changes. On the basis of the results of these workshops, the possibility of making
field measurements will be explored.

Erosion of the coastline may be important in certain localities in providing sediments'to
shelf seas, in areas where river discharge of suspended sediments is low. The Balfic coast
and Chesapeake Bay are two examples, and given that various estimates suggest that
between 50 and 70% of the world's coastlines are currently eroding, a global assessment
needs to be made of this source of sediment input to the coastal zone and shelf seas. The
study of coastal erosion wili be based on the synthesis of existing information and the
development of models for present climate zones and will include the definition of
geological and geomorphological processes, palaeogeography, and hydrodynamics.

Outputs

. Regional and global estimate and models of groundwater discharge, dissolved
solids, eroded sediments transported with the ground water and from cliffs into
the sea

* A global database and synthesis of erosion and groundwater inputs and exchange

between land and ocean
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ctivity 1.2 - Atmospheric Inputs to the Coastal Zone

The composition of the atmosphere has been and continues to be altered by human
ctivities. Elements and/or substances that may be transferrec} from land to the coastal
one via atmospheric processes include major and micro—nutnen?s {N, P and essential
race metals), potentially toxic heavy metals, and synthetic organic compounds. Such
lements and substances can be present either in the gas phase or attached to aerosol
particles, and may be deposited on the sea-surface by both dry and wet dep.os.ltlon
‘mrocesses. More information is needed, however, to quantify the atmospheric inputs to
oastal areas on a global scale. It is also critical to assess the impacts on coastetl systems of
changing atmospheric deposition on watersheds that drain to coastal seas. I.t is not at ail'
ertain at present how the fluxes of carbon, nutrients or se‘:dlments from. Yarlous te?resmal
_systems, will, in the long term, be affected by increased nitrogen deposition, by acid
_deposition, or by changes in rainfall and temperature over entire watersheds,

‘Data and conceptual models to resolve these questions are few. Over the last two decades,
ational and international efforts have been undertaken primarily in coastal areas of

orth America, Europe and Northeast Asia. There are very few data for c.oas.te.ll areas of
eveloping countries or for Eastern Europe. Since two thirds of the world's cities with
populations in excess of 1.6 million inhabitants are Iocated'on the cozz}st, and since such
“cities are important centres of industry and power generation, there is an urgent need to
“document the scale and magnitude of the anthropogenic flux of matenal.s to coastal waters
-via atmospheric deposition. Present estimates of atmospheric concentrations and fluxes
over coastal areas are still very uncertain because of inadequate tempoT"al and
‘geographical coverage in the sample data. There is therefore a r}eed to improve the.d‘ata‘
‘coverage in order to quantify the atmospheric transfer of materials and their deposition in
_the sea-surface.

Overall objectives

The overall objective of this activity is to quantify at regional and global s.,cales, ‘
atmospheric deposition in the coastal zone of naturally and anthropogemcally_ denYed
materials and to evaluate the impact of such deposition on the chemical ‘and bmiogma%
fluxes and processes in coastal systems. More specifically, this activity aims to determine:

The proportion of atmospheric deposition that represents a net input to the coastal
zone and that which represents a recycling of materials between coastal seas and
land due to the emission, transport, and deposition of sea-spray aerosols

The bioactive fraction of atmospheric deposition

The contribution of atmospheric deposition on watersheds to the chemical
composition of waters draining into coastal waters . )
The role of local, regional, or global transport processes in controlling atmospheric
deposition in coastal areas .

The spatial and temporal variation in atmospheric deposition to coastal areas

The regional and global importance of atmospheric deposition as a natural and/or
anthropogenic forcing function in the coastal zone

51




The LOICZ approach

Ideally, the use of atmospheric transport and deposition models, combined with
inventory data concerning the land-based sources, should allow the prediction of
atmospheric concentrations and flux fields. Such an approach has not been successfully
applied to date, primarily owing to a lack of accurate source emission data for most

generally more important than those from the atmosphere, although in certain areas and
for some substances (e.g. lead and PCB in the North Sea and Nitrogen in the
Mediterranean) atmospheric inputs are similar or even greater than those from rivers
(GESAMP, 1990). Existing data are generally patchy in coverage with considerably more
information being available for the northern hemisphere than for the southern and for
enclosed and semi-enclosed seas than for open coastal areas. Sampling programmes must
l_:)e conducted therefore, to document temporal and spatial variability in atmospheric
inputs. These programmes must encompass short-term, pollution episodes, and sporadic
but intense transport and deposition events of mineral dust from soil erosion determined

sgasonal and inter-annual variability which depend on the temporal patterns of local
climatology. A coherent sampling programme should include:

precipitation

Initially a synthesis of the available data from national and regional studies should be
prepartf:d by means of a series of regional workshops. "Hot spots” need to be identified on
the‘basw of‘ existing sampling and analytical profocols which have already been defined .
by international working groups, before any sampling programmes are initiated. Priority
during the second phase must be given to: the development of automatic sampling
systems, for example rain collectors; the development of accurate techniques for
measuring directly, the particle and gas exchange between atrnosphere and water surface;
a'nd to the development of methods for applying remotely sensed data on precipitation ’
fields, aerosol loads and ocean colour, to the assessment of the impact of atmospheric
deposition on the marine biota in coastal waters.

Activity 1.3 - Exchanges of Energy and Matter at the Shelf Edge

Introduction

Exchanges'of energy and matter at the shelf edge are an important componeént in the
global cycling of matter and energy, and their quantification is vital in understanding the
mass balance of materials in the coastal seas. The fundamental processes regulating
exchapge across the shelf edge are not well understood at present. Consequently the
quantification of th'ese exchanges at regional and global scales cannot be determined with
ialar;y degree of certaxpty. Exchanges between the coastal and open ocean are affected by

ge sca‘ale changes in the hydrodynamics of the open ocean, such as the El Nifio Southern
Oscillation (ENSQ), as well as by changes in freshwater and sediment flux from land to
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elements and/or substances of interest. Existing information suggests that river inputs are -

by local meteorology including air movements and precipitation events; and, longer term,

+ Measurements of the total and bioactive conceniration and flux of major and micro-
nutrients (N, P and essential trace metals Fe, Mn, Al)

+ Identification of suitable tracers of natural and anthropogenic sources

. Monitoring of relevant meteorological parameters, including wind fields and *

sastal ocean that result from such changes as deforestation, large scale irrigation and
am construction.

his activity is intended to foster research in that component of global material cycling
tolving exchanges between coastal and open ocean across the shelf-edge, and may be
{ewed as a stepping stone in the development of a predictive capability concerning
{iture changes in both the coastal seas and open oceans.

yverall objectives

The overall objective of this activity is to quantify at regional and global scales: the

xchange of energy and matter across the continental shelf edges; to estimate the seasonal
d inter-annual variations in these fluxes; and to provide the basis for predicting future
{uxes due to long-term changes in external forcing functions such as climate or land-use.

‘This longer-term objective can only be met through incremental advances in scientific

inderstanding. More specifically this activity aims to:

Clarify scientific understanding of the basic processes that regulate energy and
matter exchanges at the continental shelf edge

Elucidate the seasonal and inter-annual variability in the fluxes of energy and
matter across the continental shelf edge

Quantify energy and matter fluxes across the shelf edge in representative shelf seas

. The LOICZ approach

Itis recognised that the scale of investments needed to implement the studies required to

meet LOICZ objectives under this activity will be beyond the capacity of LOICZ to supply

“individually, and that significant advance in achieving the objectives of this activity will
“only be possible through close co-operation with on-going and planned national and

“tegional research programmes. Further development of this activity will be undertaken in

“close collaboration with JGOFS through the Joint JGOFS/TL.OICZ Task Team on
Continental Margin Studies.

Given the present lack of scientific knowledge concerning the fundamental processes that

“control and regulate exchanges at the continental shelf edge, emphasis must be directed
' initially to develop further the body of scientific knowledge and information relating to

processes that determine the magnitude of the fluxes involved. Such processes inciude:
mixing due to tidal forcing; frontal eddies; upwelling; and density or wind-driven
currents. In parallel with such basic studies, representative case studies need to be
undertaken in a number of continental shelf areas that represent different shelf edge
conditions, but which nevertheless are characteristic of major classes of continental shelf
margin. These might include studies on:

* Wide shelf seas with a strong western boundary current such as the East China Sea
* Wide shelf seas without a strong boundary current such as the North Sea or
Indonesian Seas
+ Narrow shelf seas with a strong western boundary current such as the South
Atlantic Bight
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’ nvarrow shelf seas without a strong boundary current such as the western coast of ; extent to which shelf edge exchanges can be adeqﬁately quantified at regional and

Canada ‘ ' {obal scales. LOICZ and JGOFS have established a joint Task Team to plan future joint
¢ Strong coastal upwelling regions such as the Peruvian Coast wsearch in this area.
. Coastal boundary current regions such as the western coast of Norway o
+ Shelves with strong seasonal surface currents such as the Grand Banks off eastern It uf

Canada Outy

Published review volume on global state of knowledge concerning shelf edge

Selection of case study sites will be guided by the results of the coastal typology exchange processes

Framework Activity (Task F.4.2.1). Predicting the magnitude of future shelf edge
exchanges at a global scale, under scenarios of change to the various forcing functions,
will only be possible when a comprehensive range of large scale studies have been
completed and regional assessments of present shelf edge exchange processes and their
magnitude are available. Given the cost in both financial and manpower terms of the
studies envisaged under LOICZ such a development is likely to be beyond the 10 year
life-span of the LOICZ project. Nevertheless through successful completion of this activity .
(Figure 6) LOICZ could provide the knowledge and intellectual framework for future
global assessments and modelling of shelf edge exchanges at regional and global scales.

Task 1.3.2 Dissolved and suspended matter exchanges at the shelf edge

Rationale

The present data concerning shelf edge exchanges of energy and matter are inadequate for the
purposes of preparing regional and global estimates of fluxes between the coastal seas and open
sceans and a concerted and co-ordinated programme of measurements is required to develop such a

=1

database.
Task 1.3.1 Synthesis of results [sti -e0i ; ;
yn “ f of existing or on-going regional or national research Specific objectives
projects on energy and matter exchanges at the shelf edge .
Clarify our understanding of the processes that regulate the exchanges of dissolved

and suspended matter at the shelf edge
Estimate the fluxes of dissolved and suspended matter across the shelf edge

Rationale

No regional or global review of the processes regulating and controlling exchanges at the shelf edge
has been produced to date, hence the relative importance of different processes, their frequency of

occurrence, temporal and spatial variability cannot be evaluated. Implementation

LOICZ should encourage the inclusion of specific programmes of measurements at the

Specific obiecti , .
pecific objectives shelf edge in on-going rational and regional research programmes designed to elucidate
. . the role of stationary processes such as tidal currents and barotropic or baroclinic
| g};;itgieezzlelsae;t knotv:ged%e lci:n the processes regulating and controlling energy and instabilities and event-like processes such as wind driven or density driven currents in the
o Prepare and g;?ah e she edge exchange of dissolved and suspended organic matter across the shelf edge; and to
basgd th p1 is areview of p rocesses and extent of shell edge exchanges improve the regional and global databases needed for quantifying at regional and global
relate do::) Aiées,u ti gf existing or on-going regional or national research projects scales the exchange of energy and matter across the shelf edge. Such programmes should
vy L be undertaken at selected sites encompassing at least the categories of shelf seas identified
Implementation in Task 1.3.1 above and should include:

+  Insitu observations of water temperature, salinity, turbidity, concentration of
dissolved matter {macro and trace nutrients, DOC), suspended matter (plant
pigments, POC, PON and POP etc.) at least four, and preferably six times a year in
the shelf sea and the adjacent open ocean

+  Obtaining synchronous satellite images (NOAA, SeaWIFS, OCTS, etc.} for the time
of the field observations

+  Deployment of moorings with time-series sediment traps, current meters and
nephelometers at some stations around the shelf edge for the period of at least one

‘It is recognised that the resources will not be available for LOICZ to initiate and conduct
independent shelf-edge studies and that successful achievement of LOICZ, objectives in
this field will only be possible through the agreement and dlose co-operation with JGOFS
and with large scale national and regional projects, inctuding inter alin KEEP, SEEP,
MASFLEX, MFECS, ECOMARGE, EROS-2000, OMEX, CoOP, LMER, NOGAPS6. Initially
LOICZ will gather documents and papers on existing or on-going research projects related
to Activ.ity 1.3, and contact interested scientists with a view fo sponsoring an international
symposium on shelf edge exchange processes in 1996, The purpose of this symposium,
which would be undertaken in collaboration with JIGOFS, would be to review the state of
knowledge of physical oceanographic processes, through presentation of state of the art
results from on-going national and regional studies and to identify through workshops

year
+  To establish a box model which can estimate material budgets in the shelf sea and

fluxes across the shelf edge
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ask 1.3.4 The role of long-term fluctuations in shelf-edge exchange rates, in global
cycles

Outputs

+ Quantitative assessment of the role of stationary processes such as tidal current and
barotropic or baroclinic instabilities and event-like processes such as wind or
density-driven currents in the exchange of dissolved and suspended matter
exchanges at the shelf edge

ationale

cchanges at the shelf edge between coastal and open ocean are subject to open ocean forcing of long

. Quantitative estimate of the dissolved and suspended matter fluxes across the shelf eriodicity such as ENSO events or land use changes such as dam construction. The impact of such
edge and their seasonal variability nents on energy and material flux across the continental shelf edge is at present unknown.
+ Input data concerning the exchanges across the shelf edge for developing the

coastal ecosystem models envisaged under Task 1.4

Quantify the role of long-term basin scale phenomena such as El Nifio on variations
in the exchange of energy and matter at the shelf edge

Quantify the role of anthropogenic forcing through large scale changes in land use
in changes to the exchanges of energy and matter at the shelf edge

Quantify the role of such phenomena in the global cycling of matfer and their
impact on the coastal environment

Task 1.3.3 Inter-annual variability in energy and matter exchanges at the shelf edge

Rationale

At present virtually no data exist concerning inter-annual variations in shelf edge exchanges of
energy and matter. Such data are vital to developing global estimates of the role of coastal and shelf
seas in the global carbon cycle and are a pre-requisite for developing future scenarios of shelf edge
exchange under changed climatic conditions and anthropogenic, land based changes to the land-
ocean flux of energy and matter.

mplementation

ass balance budgets for materials in the shelf seas could be constructed for years with
nd without significant aperiodic forcing; or for years before and after significant changes
Specific objective n land and/or water use which alters the flux of materials to the landward edge of the
' “¢oastal seas.

+ Investigate and quantify for representative shelf edge types, the inter-annual

variation in fluxes of energy and matter at the shelf edge utputs

Improved understanding of the role of changes in basin scale dynamics on the flux
of materials across the shelf edge

Improved understanding of the role of changes in land and water use on the flux of
materials across the shelf edge

Input data for developing scenarios of future global cycling of matter in relation to
changes in exchanges of energy and matter at the shelf edge under conditions of
global change

Implementation

Following an initial review to determine the extent to which LOICZ objectives are met
within the existing national and regional projects, LOICZ should encourage the inclusion
of specific measurements at the shelf edge, where these are not presently taken, in order to
ensure adequate coverage of the different shelf-edge types. These programmes should be

designed as temporal extensions of the studies recommended under Task 1.3.2 above.
Such programmes should include:

. In situ observations of water temperature, salinity, turbidity, concentration of . Activity 1.4 - Development of Coupled Models for Coastal Systems

d}ssolved matter (macro and micro nutrients, DOC) suspended matter {plant '
pigments, POC, PON and POP etc.) at least four, and preferably six times a year in
the sheif sea and the adjacent open ocean

+ Obtaining synchronous satellite images (NOAA, SeaWIFS, OCTS, etc.) for the time
of the field observation

Deployment of moorings with time-series sediment traps, current meters and

nephelometers at some stations around the shelf edge for the period of at least four

Introduction

The development of coupled land-estuarine-atmospheric-ocean numerical models of
coastal ecosystems is a key activity of LOICZ which should be carefully integrated into all
data collection activities of all Fod, Previous modelling work in the coastal zone tended to
focus on particular processes (e.g. runoff, hydrodynamics, nutrient cycling, primary

years production, etc.} but sufficient progress has now been made in both sclentific
Output understanding and computer technology to develop realistic models for complete coastal
iy systems. Such ecosystem models can synthesise within a rigorous quantitative and

FU interactive structure existing scientific information on key physical, sedimentological,

Quantitative estimate of inter-annual variations in energy and matter exchangeé at
the shelf edge
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chemical and biological processes that shape and drive the carbon cycling in coastal
ecosystems. These processes should include both internal dynamics and important
exchanges with the land, atmosphere and deep ocean,

The clearest examples of global change today are increases in greenhouse gases such as

carbon dioxide and methane in the Earth’s atmosphere. It is important that the role of the .

Earth’s coastal zone in controlling the concentrations of these greenhouse gases be
quantified. Therefore, LOICZ is particularly concerned with developing better carbon
flow models of the coastal zone which incorporate internal dynamics {e.g. production,
respiration, transformations, storage, etc.), interactions with freshwater delivery,
sediments and major nutrients (e.g. N, P and Si) and exchanges with boundaries (e.g.
land, atmosphere and deep ocean). LOICZ models will be primarily biogeochemical in
nature and biological components, when incorporated will be highly aggregated into
major ecological categories (e.g. producers, consumers, etc.) Emphasis will be placed on
lower trophic levels where carbon, nitrogen, phosphorous and silicate fluxes are greatest.

Overall objectives

The overall objective of this activity is to develop local and regional carbon flow models
for particular coastal units as specified by the results of the coastal typology exercise
(Task F.2.1). The output of these models will be used to determine whether these units are
a net source (i.e. autotrophic) or sink (i.e. heterotrophic) of organic carbon. These models -
must include important associated variables such as nitrogen, phosphorus and silicate as
well as major forcing functions. The overall objectives are to:

+ Develop budget models for carbon, nitrogen, phosphorus and silicate in selected
coastal units using the procedures recommended under Task F.5.1
’ Develop carbon flow system models for a more limited number of coastal units,

where the necessary resources are available, using the modelling procedures
recommended under Tasgk E.5.1 '

The LOICZ approach

Models developed under this activity will be of local and regional scale. The geographic

locations selected will depend upon the results of the coastal typology exercise described
under Activity F.2.1.

The variable of prime interest is organic carbon but important associated variables such as
nitrogen, phosphorus and silicate must also be considered. The models will incorporate
all available information on the sources and sinks of organic carbon within the defined
geographic units. The sources should include import from land, import from the operi"
ocean and in situ primary production by coastal vegetation, submerged and intertidal

macrophytes, and phytoplankton. Sinks should include burial in coastal sediments, export -

to the open ocean and lasses to the atmosphere through respiration. Model development
will also require information on important driving variables which include inorganic
carbon dynamics, freshwater runoff, shelf-edge exchanges, along shelf transport,
atmospheric exchanges, sediment fluxes and nutrient cycling.
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& models to be developed under this activity will be biogeochemical in nature and

olve a large number of variables and processes. It is possible that some models can be
eveloped using existing information, while others will require new data which will be
nerated by other LOICZ Activities and Tasks. The local scale models will focus on
pecific nearshore habitat types such as mangroves, seagrass beds, estuaries, bays and
ishing banks. The regional scale models will have a much larger spatial domain on the
rder of thousands of kilometres along the coast and will extend seaward to cover the
ntire width of the continental shelf (at least to the 200 m isobath). Because of their
nitegrative nature, the models will represent the biological components in highly
ggregated variables such as detritus, bacteria, phytoplankton, zooplankton, benthos and
ish. The models will focus on lower trophic levels and will not provide information at the
pecies level. Wherever possible, the models should have a time frame on the order of 10-
(00 years so that the importance of episodic events can be evaluated.

1 most instances the models will be developed using the techniques to be identified
nder Task F.5.1 that have been well tested by the scientific community and widely
pplied to coastal ecosystems. Consistency in modelling approaches within LOICZ is
ecessary to facilitate the comparison of results and synthesis at a later stage.

t is anticipated that the first step in the modelling process would be the construction of a
arbon budget for the geographic unit in question. This would be followed by the
yreparation of similar budgets for important macronutrients such as nitrogen, phosphorus
nd silicate. If warranted and if the necessary resources are available, the next step would
e to begin the development of a system model based upon the results of the budget
fnodels, the temporal sequence of actions is shown in Figure 7.

ecause of their nature system models have many component sub-models. For example
hey must include hydrodynamic sub-models to provide a dynamic description of the
ecessary water exchange processes between spatial compartments. Sedimentation sub-
models are needed to encompass the transportation processes for particulate matter.
iological and chemical models are necessary to describe important processes such as
hotosynthesis, respiration and nutrient cycling. Some of the required sub-models are
:well developed (for example phytoplankton photosynthesis) whilst others are in an early
tage of development (for example sediment transport processes). Problems of coupling
‘the necessary sub-models must be addressed during the development of system models
_under LOICZ.

_ While these local and regional carbon flow models are being developed for different

- coastal units around the world, it is important that research teams keep in contact through
OICZ networking (Framework Task F.1.1} and exchange software, algorithms, sub-
‘models and data.

Task 14,1 The development of new local and regional ecosystems models
Rationale

. Given the high spatial and temporal variability of the world’s coastal zone, new models will have to
" be developed in order to adequately describe the functioning of the full range of coastal ecosystems.

+ Some models can be built using existing information while others will require the collection of new
© data which will be done under various Activities in Foci 1-3,
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Specific objectives

¥ Develop b.udget models for carbon, nifrogen, phosphorus and silicate in selected
: coastal units using the recommended techniques

‘ De:velop carbon flow system models for a more limited number of coastal units
using the recommended techniques

Implementation

Thi:s task should be undertaken within the context of national LOICZ, programmes and
regional programmes initiated under START (and other agencies) and will build upon the
techniques recommended in Task F.5.1. Initial actions will be designed to encourage the
deve}opment of mass balance budgets for as many geographic areas and variables as
posgnble as part of national programmes. In many instances these can be constructed early
during LOICZ using existing information but in other cases new data collection
programmes will first be necessary. Once budget models have been collected, more
cor‘nplex system models will be developed for a more limited number of specific coastal
units where the necessary resources and data are available. As groups of modellers
become established a the national and regional level, links will be established on a wider
geographic basis to encourage the exchange of modelling technology, especially between
developed and developing countries.

Itis difficult to estimate the number of local /regional models that have to be developed to
meet fhe objectives of LOICZ. This will depend in part upon the number of similar coastal
units identified on the basis of the coastal typology framework activity. It is expected
however, thata reasonably large number of regional budget models (carbon, nitrogen,
phgsphorus and silicate combined) can be developed using existing as well as new data. It
is hk.ely that between 50 and 100 budget models will be needed to adequately describe the
spatial heterogeneity of the world’s coastal areas, while the number of regional system
models would be much smaller due to their greater complexity (of the order of 25).

Cutputs

s Budget rnoc'iels for carbon, nitrogen, phosphorus and silicate for a large ﬁumber of
representative coastal regions around the world (1996 onward)

. System models of carbon flow for representative coastal regions around the world
{1998 onward)
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- Develop, publish and distribute GLOR! database

1994 1995 1996 1997 1998 1999 2000 2001 2002

Task 1,11 Development of river delivery models

Development of River typology
Pub

Pub
Development of model theory
Pub Pub
Finalise river delivery model
Pub
Assemble GIS database for River networks
Pub Pub- Pub
Apply river models to GIS database
Pl Pub
Develop scenarios for future
conditions
Pub

Task 1,12 Define {ime series characteristics of river discharge

----------------- Pub
Develop electronic database of river discharge characteristics
Pub Pub
Provide regional and global estimates of seasonal /inter-annual river discharge
Pub Pub

Encourage establishment of river monitoring systems for unrecorded rivers as required

Task 1.1 hemical composition: ients from terrestrial es to marine burial
Define attributes in relation to catchment characteristics
Pub Pub
Define required chemical information
Pub Pub
Develop regional mass balances
Pub Pub
Define chemical inputs on global scales

Pub

Task 1.1.4 Groundwater discharge and coastal erosion

Assess relative importance of groundwater inputs

Pub

Assess importance of cliff erosion

Pub

Determine TDS, nutrients and DOC input of groundwater
Pub

Figure 5. Time line for the implementation of LOICZ Focus 1 Activity 1.1

Tasks and Objectives.

1
Global Land-Ocean River [nputs
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2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

Pub/

Review and develop suitable methods

—-Pub

Objective 1

Document and distribute the methods

Objective 2

Test & validate the methods
e —T\ Y

Fub/

Preparation of global syntheses and inodels of the role of the

coastal sub-system in the global carbon cycle

Pub/

Pub
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Time line for the implementation of LOICZ coupled coastal madelling activities (continued).

Figure 7.

Focus 2: Coastal Biogeomorphology and |
Global Change

ackground

The interface between the land and oceans is exiremely dynamic as a consequence of the
ombined properties and interactions of the continents, the oceans, and the atmosphere.

.The interactions between these components of the Earth system vary on both short
{diurnal, seasonal and inter annual} and long (decadal, century and millennial) time
“scales. As a consequence the form, dynamic properties and functional attributes of the
‘coastal zone vary over a wide range of time and space scales. Changes to the dynamics of
‘coastal systems are of cumulative global significance in terms of their effects on the land,
“ocean and atmosphere compartments of the Earth system. The large rise in sea level since
‘the last glacial maximum, which resulted in the transformation of extensive areas of low

lying coastal forest and wetlands with a high capacity for organic carbon storage and

‘methane production, to a variety of coastal marine ecosystems which tend to produce and
“export or accumulate calcium carbonate, has probably been a significant factor
‘contributing to the post-glacial changes in trace gas composition of the atmosphere (see
Focus 3). Models of changes of carbonate production and dissolution in coral reef and
‘related shallow water environments as a function of sea level can account for the glacial -
‘interglacial atmospheric CO, changes (Opdyke and Walker, 1992}, although the effects in
‘marine sediments of organic matter oxidation on carbonate dissolution also need to be
-considered (Archer and Maier-Peiret, 1994). These biogeomorphic systems must be
‘considered therefore as contributing as well as responding to global change.

Studies of coastline changes have tended to ignore or simplify the role of ecosystems in

_determining the properties of the land-ocean interface, leading to a rather static approach

in considering the causes, consequences and rates of morphological change. The biota of

‘the coastal zone play a fundamental role in the supply (principally of carbonates),

retention, stabilisation and, o a lesser degree, erosion of sedimentary material in the near-
shore region (Spencer, 1988}. It is the interaction between such biclogically driven
processes and physical processes (hydrological factors, tide and wind mixing, storm
erosion etc.} that produces what we define here as biogeomorphology. A principal
concern within the context of giobal change is to achieve a better understanding of the
effects of variations and trends in climatic factors and associated sea level conditions on
coastal biogeomorphological processes, which are being strongly modified by direct and
indirect human interference. In general, modification of coastal ecosystems by human
activities almost certainly decreases the capacity of the coastline to produce, accumulate or
retain sedimentary material, presumably with corresponding net losses of material by
transport to the deep ocean, dissolution, or reduced local production. At present neither
the role of ecosystems nor the ecological impacts of humans are properly taken into
account in analysis of the effects of global mean sea level rise or other relevant global
change factors such as changes in runoff, temperature, sediment supply from land or
water chemistry.

Coastal ecosystems and organisms that have important biogeomorphological functions
include coral reefs, calcareous algae, and a range of shell-producing animals that
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contribute to the formation of calcareous sediments; coastal wetland forest, dune,
mangrove, seagrass, saltmarsh and macroalgal communities that tend to trap land- or
ocean-derived particulate material; benthic invertebrates that can stabilise or destabilise
nearshore sediments; and various organisms (microalgae, bacteria) that promote sediment’
cohesiveness through the production of extracellular metabolites (Spencer, 1988).

Human activities are now both directly and indirectly affecting coastal geomorphology o
a global scale such that a large proportion of the world's coastline is actively receding.
This process can be attributed in part to changes in global mean sea level which is now
considered by some to be rising at a faster rate (1-2 mm a") than at any time for the last
4000 years in response to a combination of climatic warming and to freshwater mining on

land. However, various anthropogenic factors are probably equally or more important on’:

local and regional scales. Such factors include the reduction of sediment and freshwater
delivery from the many rivers that have been dammed; the widespread destruction and
degradation of coastal ecosystems resulting in remobilisation of coastal sediments and
shoreline recession; and locally, coastal subsidence due to water, oil and gas extraction,
The scales over which these processes act and interact are extremely variable, and the -
rates of change are influenced by other properties of the coastline such as tectonic activity,:
hardness of the underlying rocks, and climatic conditions. In some areas human _
influences may reverse the global trend; for example, along high relief coastlines sediment
delivery from land is likely to be enhanced by agriculture and deforestation, leading to
vertical accretion of the coast and hence a “fall” in relative sea level.

Prediction of the position and properties of the land-ocean interface over decadal to -
century timescales has fundamental implications for biogeochemical processes (Focus 3)
and in particular for the management of human activities in the coastal zone (Focus 4). A
combination of observational and modelling approaches is required to gain a better
understanding of the complex relationships between the relevant physical, chemical and
ecological processes, and human activities in the coastal zone. Comparative studies of
particular types of ecosystems are needed to elucidate responses to variable conditions of -

sediment supply, sea level change and human impact. Research on episodic events and on -

changes during the Holocene period will help elucidate the nature of large scale processes.
in determining coastline evolution. Scenarios at regional and global scales of the future
form and function of the land-ocean interface are needed in order to distinguish
properties and regions that are most sensitive fo change, and to determine priorities and
directions for future coastal zone management.

In order to meet these broad aims, Focus 2 includes three activities which are designed to
examine how ecosystems affect the form and functional properties of the land-ocean
interface; determine how human activities affect coastal biogeomorphology; and, to
develop and validate scerarios of past and future coastline change. Future Integrative
Activittes (Core research) for Focus 2 will be developed to provide a new basis for

formulating improved procedures for assessing coastal vulnerability to global change, by

synthesising existing and new information on sea level change, coastal
bjogeomorphological processes, and human impacts on coastal systems.

The conceptual relationship between the various activities proposed in the following
pages is outlined in Figure 8, whilst Figure 9 provides a more management oriented
perspective of the sequence in which tasks and activities need to be undertaken in order to
provide scenarios and predictions of coastal change on a century time scale.
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Conceptual Framework for Activities and Tasks envisaged under
Focus 2.

Figure 8.

Activity 2.1 - The Role of Ecosystems in Determining Coastal
Morphodynamics under Varying Environmental Conditions

Introduction

The interactions between sea, land and atmosphere are highly dynamic, over both short

" and long time scales, and under the influence of variability and trends in climate and sea
level, affect the biological and physical stability and forms of coastal systems. The external
driving forces that determine rates of change in coastal systems are themselves subject to
direct and indirect modification by human action at local, regional and global scales. A
better understanding is required of community and ecosystem processes and function in
response to varying environmental conditions, of the contribution of biotic and abiotic
systems to the coastal sediment budget, and of the relationship between hydrodynamic

. forcing and ecosystems in controlling the coastal sediment flux, The importance of
episodic events, such as floods and storms in determining coastal stability and form is, in
particular inadequately understood. '
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Overall objectives

“The overall objective of this activity is to assess, at regional and global scales, the role of
‘ecosystemns in coastal morphodynamics. Mote specifically this activity will:

. Elucidate and quantify the geomorphological role of representative ecosystems
including interactions across coastal landscapes
Evaluate the feedback between the biota and coastal geomorphology in relation to
different types of physical environment and boundary conditions

* Develop models of the effects of large scale changes to the biota, on the form and
stability of the coastline

. Determine for specific sedimentary and ecological settings, the rate and direction of
biogeomorphological responses to trends in climate and sea level

SCENARIOS

ACTIVITY
PALAEO. FUTURE
100 YEAR COASTLINE

s
S

The LOICZ approach

‘Perhaps the most obvious biotic communities that influence coastal morphodynamics by
accretion of sedimentary material on a wide geographic scale are mangrove forests, coral
reefs, seagrasses, sand dune vegetation and salt marshes. Each includes a wide range of
species, ecotones and associations (macroaigae, various types of benthic animals,
cyanobacteria, and many others) that affect the supply, refention and cohesion of
sediments as well as the physical conditions for sediment mobilisation and (ransport. The
research priority for LOICZ is to determine the sum of these biotic properties over a range
of time and space scales within the context of global change in the coastal zone. Despite
the fact that each coastal ecosystem exhibits unique attributes, the research questions and
related tasks designed to address the overall objective of this activity are broadly similar
for different types of coastline. In many tropical areas mangroves, coral reefs and seagrass
meadows function as ecotones in a "mega-ecosystem", although exchanges of matter and
energy between these components of the larger system are generally lower than the fluxes
within them. In many temperate deltaic environments saltmarshes, freshwater swamps
and agricultural systems function in a similar inter-related manner,

INDIRECT

ACTIVITY 2

IMPACTS IMPACTS

DIRECT

FOCUS 2

EPISODIC

Broad tasks to be accomplished in each system will involve:

. Quantitative assessment of the environmental factors that influence the growth,

' productivity, species interactions, zonation and community replacement patterns of
the major types of biotic communities that occur within specific coastal
environments

+ Identification of feedback processes through which ecosystems significantly affect
coastal merphodynamics

+ Development and refinement of mass balance models for sediments in different
coastal ecosystems

. Development of models of the biogeomorphological functioning of components of
coastal systems for incorporation inte scenarios of climate and sea level change

. Quantitative assessment of system responses to trends in climate and sea level

INTERACTIONS EVENTS

ACTIVITY 1
PROCESSES

SEDIMENT
BUDGETS
Implementation sequence for Tasks and Activities envisaged under Fogus 2 designed to provide scenarios and models

of future coastlines on century time scales.

A quantitative understanding of the nature and scales of biotic influences on coastal
morphodynamics will ultimately lead to significant improvements in our capacity to
predict the future evoiution of the land-ocean interface under different scenarios of global
change, including sea level rise.

INTEGRATION

TASKS

COMPONENTS

ECOSYSTEM
ANTHROPOGENIC OVERPRINT
MORPHODYNAMIC MODEL
CALIBRATION/

VALIDATION

PREDICTIVE MODEL

Figure 9.
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Task 2.1.1 Sediment budgets in coastal ecosystems
Rationale

Coastal morphodynamics are determined to a great extent by ecosystem functioning, yet our
knowledge of the role of coastal ecosystems in coastal sedimentary processes an‘d thefr responses to
trends in climatic conditions and sea level, and to changes in terrestrial and biogenic sediment
inputs and transport, is inadequate, especially over large time and space scales.

Specific objectives
. Quantify the capacity of individual coastal ecosystems to supply and retain

sediments under a range of physical settings including varying rates of externally
derived sediment input

+ Quantify the relationship between hydrodynamics and the sediment flux within
and between coastal systems ;
. Develop sedimentary mass balance models for different coastal systems at the local

and regional scale
Implementation

Case study sites will be selected on the basis of the results of the coastal typology .
Framework Activity. Case studies will require identification of the sources of clastic ar.1d
bioclastic material, and identification of ecosystem components and functions res‘,ponsﬂ)le
for production, trapping, consolidating and remobilising sedimen?axjy materials in each
system {see Task 2.1.2). In order to develop a framework for examining the role of
different components of the community within particular ecosystem types such as
mangroves, a matrix of studies will be required which encompass the present range of
physical environmental conditions under which such communities are found. The
response of biotic communities to variations in obvious physical parameters, such as the.
rate of terrigenous sediment supply, will require quantification and comparisons bc‘etween
communities under different conditions of climate and sea level change. Multiple sites
should be chosen for such comparisons, representing a range of sediment inputs and
trends in sea level change (non-eustatic), and time-series studies initiated to el.ucidate
regional patterns of seasonal and inter-annual variation. To achievia the objectives of
constructing regional models and scenarios of ecosystem contributions to mass balance
and sediment flux, it will be necessary to develop common methodologies for the
assessment of inter alia vertical and horizontal accretion rates, and to ensure close
collaboration and data exchange in the design and execution of Tasks 2.1.1 and 2.1.2. 'I:he
production of regional and global syntheses of information and scenarios .of c_hfmge will
only be possible where such collaboration and exchange of data between individual case
studies and tasks take place.

Outputs

s Determinations of ecosystem responses to variations in sediment input and
transport for major types of coastal ecosystems over annual or longer timescales,
co-ordinated with the outputs of Task 2.1.2 .

. Local-scale models of the role of coastal ecosystems in the morphodynamic

~ evolution of the coastal zone
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Mass balance models for sediment transport{ and retention within and between
ecosystems under varying climatic and sea level conditions

Input data for the development of local, subregional and regional morphodynamic
models in Task 2.3.2 '

Subtask 2.1.1.1 Coral reef system sediment budgets

Methodology

Net calcium carbonate production rates based on community calcification and
dissolution, and net accumulation rates based on retention, lithification, and net
sediment import or export are functional characteristics of coral reef communities
that depend on community structure and on environmental conditions; including
the input of exogenous sediments. A thorough review of existing knowledge will
be used to identify representative classes of communities or environments for
characterisation and quantification of biogeomorphological processes through
selected case studies. Once the range and ecological and environmental correlates
of sediment accumulation and export are determined for representative coral reef
environments, basic production and retention models will be developed to provide
input for hydrodynamic and morphodynamic coastal process models. These
models will be desigred to accommodate input data based on findings concerning

the effects of anthropogenic and geocentric change on the structure and function of
coral reef communities.

Outputs

+  Quantitative descriptions of changes in coral reef community structure and

function in relation to the supply, retention, and transport of both endogenous
and exogenous sediments

+  Mass-balance models and sediment budgets of coral reef community
production, export, and accumulation of carbonate sediments based on
community characteristics and process models derived from Subtask 2.1.2.1

Subtask 2.1.1.2 Determination of sediment budgets on mangrove shorelines

Methodology

Mass balances in mangrove systems are influenced by a series of boundary
conditions including riverine sediment input, tidal hydrodynamics and climate,
and are mediated by the biotic community. Budgets need to be established for
sediments and organic carbon in representative mangrove systems both through

measuring sedimentation and flux directly and by determining accretion rates from
cores.
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Outputs

+  Quantification of primary production and partitioning of carbon above and
below ground, especially root production, root turnover and peat
accumulation, in response to changing environmental factors o

. Quantification of accretion rates within different mangrove _a§somat1ons, and
comparison between settings with different boundary conditions

+  Models of sediment and organic carbon flux through mangrove systems

Task 2.1.2 Coastal ecosystem characteristics, processes, and interactions

Rationale

Coastal systems exhibit close and complex relationships between their biotic components and the
physical characteristics of the environment, and are often 1'nterlink?d across coastal land- Fmd sea-
scapes such that processes of sediment supply, deposition and binding are performed by different
comrmunities of organisms at different locations and time scales. An ur.zders.tandr_n g of the structure
and function of the individual ecosystems and their components is basic to identification and
quantification of the scales and directions of feedback between coastal ecosystem changes and coastal
biogeomorphology.

Specific objectives

+  Identify and discriminate the role of different biotic components of Particular
ecosystems in the processes of sediment supply, trapping, stabilisation,
remobilisation, erosion and dissolution -

. Characterise and clarify in terms of the biological components the fur}ctio'nal guilds
of coastal ecosystems, as determined on the basis of their actual contributions to
constructional or erosional processes R

. Determine the responses to environmental forcing, including changes in climate
and sea level of biota and their interactions, over a range of spatial and temporal'
scales and at various levels of the ecological hierarchy (i.e,, population, community,
ecosystem)

Implementation

There is a need to increase understanding of the way in which individual coastal
ecosysterns function and interact in terms of their biogeomorphic roles. Processes
determining these roles will differ according to the nature of the ecosystems con‘cerned
and their specific climatic, sea level and geomorphological settings. Understa.n.dmg of
interactions within and between ecosystems requires fundamental understanding of the
key components and controlling processes within the individual ecosystems. Standax:d
survey methods can be applied to determine the biotic composition of an ecosystem. in
terms of functional (as opposed to taxonomic ) groupings. Available information can be
used to categorise the various biological components according to their different roles as
calcifiers, eroders, organic carbon producers or consumers. Organism and ecosystem
responses to environmental forcing and to intrinsic biological variations can be assessed
from existing data, experimentation, or systematic observation.
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Both conceptual and quantitative models are needed to integrate results and understand
how the various biological processes contribute to the creation, maintenance, or
destruction of biogeomorphological structures. In situ, long-term studies are also needed
to address issues of the inter-dependence of such systems. Sites should be chosen where
large scale landscape (seascape) studies across two or more habitats can be undertaken to
elucidate the interactions of different ecosystems. Feedback mechanisms between
ecosystems and physical forcing functions need to be studied over long time frames and

co-ordinated with Task 2.1.1 in order to understand the role of the biota in coastal
. morphodynamics. Remote sensing, including aerial photography, will be a vital tool in

observing change over decadal time scales and in validating the results of models.

s Qutputs
. Classification of typical coastal ecosystems and communities in terms of
biogeomorphic guilds
+ Quantification of the nature and effects of biotic variability and extreme events in
coastal ecosystems {e.g., disease outbreaks, population die-off and explosions)
. Biological process models and inventories as input to the mass balance models

identified as outputs of Task 2.1.1
Conceptual and process models of interactions between neighbouring coastal
ecosystems, including the feedback and the effects of changes in environmental
forcing
Input to the development of models of coastal change in Task 2.3.2

+ Improved understanding and predictive capability of the biogeomorphological
responses to variability and trends in cdlimatic factors and sea level

Subtask 2.1.2.1 Coral reef ecosystem processes and external interactions

Methodology

In the case of coral reefs, the actual biogeomorphic structure which supports the
biological communities is formed by the comumunities themselves, specifically, the
caicifiers such as scleractinian corals and the coralline algae. Calcium carbonate is
deposited and is either lithified to form the solid reef structure, or is eroded to
contribute to loose sedimentary deposits on the various reef zones {e.g., reef flat,
lagoon, supratidal or beach area) or in adjacent coastal areas. In this particular
ecosystem, biological characterisation (this Subtask) and sediment budget
considerations (Subtask 2.1.1.) are particularly closely linked. Standard methods
and available information can be used to characterise reef communities in terms of
their diversity and major functional components. The process-related responses of
these components (e.g., net calcification, photosynthesis, and respiration} to
environmental forcing will be identified and used for input to sediment budget
maodels (Subtask 2.1.1.1). Process models of interactions among mangroves,
seagrasses and coral reefs, which often occur in close proximity to one another in
humid tropical environments, will help elucidate the roles of coastal ecosystem

interactions in larger coastal biogeomorphic processes and in regional and giobal
carbon and nutrient budgets.
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Qutputs

+  Biogeomorphic characterisation and process sub-models of typical reef
environments and guilds in terms of their production, export and
accumulation of carbonate sediments

«  Process models of the responses of coral reef community structure and
function to environmental forcing, including episodic events {Subtask 2.1.3.1)
and biotic extreme events ‘

+  Process models of reef-seagrass-mangrove community interactions and
exchanges

Subtask 2.1.2.2 Mangrove ecosystem interactions and feedbacks

Methodology

Zonation, succession, and regeneration in mangrove systems need to be examined
through field measurements and determination of tolerance.limits from
experimental trials. Sensitivity and resilience of mangroves in terms of
reproductive and vegetative phenologies, and growth rates in relation to _
environmental factors across intertidal landform gradients need to be determined
in representative biogeomorphological settings.

Cutputs

»  Classification of mangrove habitats in relation to community structure and
function ‘

. Quantification of community response to variation in environmental forcing
and its relationship to coastal morphodynamics o

s Dynamic models of the direction and rates of change of mangrove habitats,
and associated sedimentary environments

Task 2.1.3 Episodic events

Rationale

In the context of coastal morpholegy and of the global change issues which are to be addressed by
LOICZ, episodic extreme events with return frequencies of years to cenfuries are extreme..!y
important in causing large-scale change in coastal morphology. An understanding of their effect.s
and relationships to climate change and variability is critical to the development of biogeomorphic
models.

Specific objectives

Short-ferm

+

Quantitative assessment of the role of episodic, high magnitude environmental
events in determining long-term geomorphological changes in coastal ecosystems
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Long-term :
+ Construction of future scenarios for morphodynamic change in coastal systems in
response to changing frequencies and/or magnitudes of episodic events

. Implementation

Various types of evidence demonstrate that episodic environmental events over different

: time scales can strongly influence the nature of the land-ocean interface. However,
- quantitative analysis or numerical simulation of the impacts of such events remains
. difficult, due to limited direct observations and a lack of suitable procedures for analysing

the linkages between physical and biological processes at different scales. Methods for the

* analysis of episodic events should include: direct observation on an opportunistic basis,

by remote sensing and by the deployment of in situ instruments that can withstand
extreme environmental conditions; and analysis of past events through stratigraphic and

~ other studies of coastal geomorphological structures. The application of high resolution

dating of sedimentary structures will be important in these studies (see Task 2.3.1).

- The comparative analysis of the structure and functioning of similar ecosystems under

. regimes of differing frequency of exireme events, such as hurricanes, may provide

.~ insights into the functioning of such systems under differing levels of stress, and hence

. provide information on the biogeomorphological consequences of such events for coastal

form and evolution under various global change scenarios, Comparative investigations of

- coastal ecosystems following episodic events that have occurred at different times in the
~ past, could provide information on the response of such systemns and the resulting coastal

form. The role of anthropogenic effects (assessed under Activity 2.2} in modifying or
controlling ecosystem sensitivity to recovery from episodic acute stress will need to be

considered and incorporated into predictive models

Qutputs

. Quantitative descriptions of the impact of episodic events that significantly affect
the biogeomorphological properties of coastal systems over decade to century
timescales

, Regional scenarios of changes to biogeomorphological processes in particular

ecosystems as a consequence of changes in frequency or magnitude of episodic
events, under conditions of global change

Subtask 2.1.3.1 Episodic disturbances in coral reef communities

Methodology

Coral reefs are widely regarded as disturbance-adapted systems, but it is clear that
physical and biological characteristics are strongly influenced by the frequency,
magnitude, and nature of both abiotic {Task 2.1.3) and biotic (Task 2.1.2) extreme
events. Representative reef communities in both high-impact and low-impact
environments will be systematically compared to assess the effects of episodic
events on the aspects of community structure and function relating to
biogeomorphology. Palaececological investigations (Subtask 2.3.1.1) and
retrospective environmental analysis (also used in Subtasks 2.2.1.1 and 2.2.2.1 for
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other purposes) will be used to identify the role(s) played by past egiso_dic .
disturbance in shaping presently existing structures and sediment dlstnbL_mor_ls.
A particularly important area of investigation will be the synergism Qf episodic
events with chronic stresses or environmental modification {e.g., sediment or
nuirient loading, over-exploitation; see Subtasks 2.2.1.1 and 2.2.2.1) that may
modify or prevent recovery of the reef community from the effects of episodic
damage.

Outputs

+  Classifications of physical episodic events such as storms, temperature or
salinity anomalies that impact coral reef communities :

+  Quantification of the nature and magnitudes of the impacts of such events on
community structure and function

+  Models of community structure, diversity, function, and sediment budget
(integrated with Subtask 2.1.1.1) as a function of long-term variability
including episodic events o

+  Descriptive/semiquantitative models of reef communily response to episodic
events in relation to varying levels of chronic stress

Subtask 2.1.3.2 Extreme events and their impact on mangrove shorelines

Methodology

The role of mangroves as a buffer, and their biogeomorphological response to
extreme physical events requires quantification through assessment of the impacts
of extreme events and mangrove system recovery.

Outputs

+  Quantification of impacts of different magnitudes and frequencies of extreme
events on mangrove shorelines in different settings

+  Characterisation of the modes, and quantification of the rates of mangrove
system recovery following extreme events, and of the consequences for
community structure and function

+  Conceptual and semi-quantitative models of the biogeomorphological
response of mangrove systems to extreme physical events

Activity 2.2 - Coastal Biogeomorphological Responses to Anthropogenic
Activities

Introduction

Human land and sea use are already causing changes in coastal environments at local,
regional and continental scales, and altering the fluxes of freshwater, sediment and
nutrients from land to ocean. The effects are both direct, due to dense human populations
along the coastline, and indirect as a result of human activities within catchment systems.
The extent to which changes are already altering the function of coastal ecosystems and
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hence changing the role of these systems in global biogeochemical cycles is uncertain. To
evaluate this issue in relation to sediment dynamics, the fluxes and fates of: terrestrial
material derived from riverine inputs and erosion of coastal land; marine materials
reworked from estuaries, bays and the continental shelf; and new biogenic sediments in
coastal environments, must be better documented.

Coastal ecosystems are being strongly modified, partly through direct human exploitation
of living resources and partly through ecological responses to alterations in the physical
and chemical environment. Predicting the geomorphological responses of the coastal zone
to climate change and rising sea level is therefore complex and difficult, given the strong
background signal of human impacts and of variable hydrological and hydrodynamic
forcing. Variations in sediment input to the coast from land for example, affect water
column turbidity as well as sediment deposition, with major consequences for primary
production, and the chemistry of the water and sediments. Reductions in freshwater flow
in rivers cause abnormal displacements of the saltwater-freshwater interface, and changes
in coastal mixing processes, especially in systems with a strong seasonal flopd cycle;
alterations in salinity distributions affect ecological and sedimentary processes especially
in relation to the formation of estuarine turbidity maxima. These examples illustrate the
complexity of the scientific issues involved and the consequen! uncertainties in
distinguishing between coastal biogeomorphological responses to local human activities
and to global sea level rise,

Overall objectives

The overall objective of this activity is to identify and assess, at regional and global scales,
the biogeomorphological responses of coastal systems to anthropogenic and
environmental driving forces of change, more specifically this activity aims to:

. Identify the anthropogenic forcing functions of biogeomorphological change
whether directly applied or through catchment systems

’ Evaluate the actual and potential responses of selected coastal ecosystems to past
and current human influences

. Determine the relative sensitivity of particular coastal ecosystems to variations in

sediment supply, rising global mean sea level, and climatic trends

The LOICZ approach

This activity must be a longer term one, since its implementation will depend in part on
the outcome of the ecosystem studies undertaken under Activity 2.1, Nevertheless
syntheses of existing information and data can be undertaken to provide an initial
framework which will permit a qualitative assessment of the relative importance of
individual forcing functions and the potential geomorphological responses of coastal
ecosystems to scenarios of future change. Historical reconstructions of coastal habitat
alterations and land-use change in watersheds will be undertaken to provide a
background against which the state of present coastal systems can be evaluated. On a
glabal scale the last two hundred years represents the period of most rapid population
growth and urbanisation although it is recognised that the temporal extent of such studies
will vary from region to region and may extend back for several thousand years,
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depending on local and regional patterns of population growth, urbanisation and lapd.— .
use. The acquisition of compatible observational data on relevant‘ ecosystem properties
{Activity 2.1) and on rates of change in the coastal zone during h1stor1c:f11‘ times will
provide the basis for developing biogeomorphological models for specific ecosystem
types (e.g. saltmarshes, mangroves) and for defined geomorphological units such as
deltas, and coastal lagoons.

Analysis of the response of coastal systems to large scale human interventions in.
catchment basins and in coastal ecosystems, such as clear felling of mangroves, river
canalisation, dam construction and freshwater diversion projects, will provide
information on the role of ecosysterns and coastal biota in determining coastal form and
dynamics. Such analyses will need to be undertaken for similar systems w.hich are under
the influence of differing driving forces of change if the biogeomorphological response of
systems to the different sources of change is to be distinguished.

Task 2.2.1 Direct impacts of human activities on the coastal zone
Rationale

Increasing population densities on the coast result in physical, chemical, and biological q! ferations.
to coastal environments that adversely affect the functioning of coastal ecosystents. The impacts of
these changes in terms of alterations to the dynamic properties of the land-ocean interface are
inadequately documented and quantified at the present time,

Speéific objectives

. Quantify the mechanisms, rates and scales of direct anthropogenic driving forces of *

change on the biogeomorphological processes in the coastal zone

+ Elucidate the biogeomorphological consequences of changes to biological processes

such as productivity, and to reduction in species diversity caused by human
activities in the coastal zone

¢ Determine the biogeomorphological responses of coastal systems to anthropogenic
modification of coastlines

Implementation

Human activities in coastal areas are resulting in impacts on the natural environment at an -

unprecedented scale. The rates of change are accelerating due to the rapid growth of
human populations along the world’s coasts, which in most areas, exceeds the average
rate of population growth inland. This task should include case studies of stratigraphic,
archaeological and palaececological records to provide information on the changing rates
and scales of anthropogenically driven changes in coastal environments during historical
times, primarily over the last 200 years. The temporal extent of such studies will vary
from region to region, reflecting differences in rates of population growth, coastal
urbanisation and land-use. Interpretation of geological and recent geomorphological
records will depend on reliable discrimination of natural versus human forcing factors of

biogeomorphological change at the land-ocean interface. A multidisciplinary approach is

necessary with links to the research envisaged under Focus 4 and to other regional and .
global research projects and programmes dealing with the exploitation of the coastal zone
by humans.
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*  Process models of the effects of chronic or cumulative human impacts on coral

Outputs

Quantitative assessment of the nature of biogeomorphological change resulting
from human activities in the coastal zone

Quantitative assessment of the relative importance of different anthropogenic
forces driving change in coastal systems

Inputs to regional models of the biogeomorphological consequences of direct
anthropogenic forces driving change in coastal areas

Subtask 2.2.1.1 Direct impacts of human activities on coral reefs

Methodology

Human activities can undermine the processes that build and maintain a reef's
physical structure, and change the biotic composition to shift the balance from net
Physical accretion to net erosion or dissolution. This Subtask should focus on
human activities that, singly or together, constitute a chronic or cumulative source
of stress on coral reef ecosystems over the long term. Emphasis should be made on
human activities that are common in different parts of the world where coral reef
ecosystems exist, or that have the potential to result in significant alteration of the
role of coral reef and related shallow carbonate communities in the marine
carbonate budget and the global carbon cycle, Examples would be chronic
environmental alteration associated with human settlements, such as domestic
sewage, agricultural runoff, and other wastes, In such cases that affect the nutrient
balance and primary production, changes in community composition can result,
such as a shift from scleractinian corals to fleshy algae. Methods should therefore
be adopted that relate water quality, to the composition of reef communities in
terms of functional groups. Quantitative data on reef community functional
processes such as primary production, energy consumption and calcification need
to be correlated with the effects of various types and levels of human impacts.

Outputs

*  Analysis of reef sediments and dated coral cores to provide information on
coral reef response to anthropogenic change

*  Asystematic catalogue of known anthropogenic siress factors and
quantification of their effects on reef comrmunities, individually, in
combination, and as a function of the natural environment

*  FEstimations and projections of the magnitudes and locations of future changes

in direct anthropogenic reef community stress, based on data from Focus 4
activities '

reef community structure and functions, including primary production and
calcification
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sediment flux to coastal waters may exceed the natural rate of flux (Milliman & Syvitski,
1992). This global trend may be reversing as a consequence of dam construction and large
scale water diversion and irrigation projects. The impact of such human interventions on
the functioning of coastal systems and shoreline form and stability, are inadequately
understood or documented at the present time,

Subtask 2.2.1.2 Direct impacts of human activities on mangrove shorelines

Methadology

The biogeomorphological effects of resource use, degradation ar.xd partial or total
removal, require quantification at local and regiona_l lex:rels. Tt wilt be necessary to
study both immediate consequences such as reduction in community res.Lhence,
and longer-term consequences, such as gradual oxida_txon (_)f potential acid sulpkfate
soils following drainage, and increased vulnerability in adjacent systems following
mangrove removal (see Subtask 2.1.3.2).

An attempt must be made to compare and synthesise within regional and smaller scale
models the local impacts of these activities in terms of their significance for coastal
biogeomorphological processes. The outputs of catchment basin studies within Activity 1
will be important in providing mechanisms for synthesis and extrapolation from local or
single catchment basin studies to regional and global scales. Access to the appropriate
remotely sensed data will be required for implementation of this task. Links with those
elements of the GCTE, LUCC and BAHC projects that help define variability and change
in the large scale transport of sediment, nufrients and organic matter from land to sea will
be vital in defining appropriate methodologies and in providing new data for completing
regional and global syntheses.

Outputs

+  Quantification of the short and long term effects of human impact on
mangrove community structure and function ‘

+  Dynamic models of biogeomorphological response of mangrove shorelines to
anthropogenic stress

Ouiputs
i . itative assessment of the impacts of present inland freshwater and land use
irect i jviti the coastal zone through changes in Quanti ; p p WG IT
Task 22.2 Indirect impacts of human activities oi g practices on the biogeomorphological processés occurring in the coastal zone
land and freshwater use . Quantitative analysis on regional scales, of the nature of coastal changes resulting
. from different land and freshwater use practices on regionat scales
Rationale . Conceptual models of the biogeomorphological responses of coastal systems to
- , , . human changes in land and freshwater use
in the world's coastal zones on continental and regional scales can result from ) . 3 . .
c?c];?:iét,fes occurring within the catchment basins, often at some distance from the coast. There is a Regional models and scenarios of the impact of future land and freshwater use on

need to quantify the impacts of land and freshwater use on biogeomorphological processes al the the rates and directions of change in coasfal systems

land-ocean interface.

Subtask 2.2.2.1 Indirect effects of land use and hydrologic changes on coral reef
Specific objectives

communities

+ Tdentify and quantify present practices of land and freshwater use i.nlar_zd that exert Methodolo

significant influences on the biogeomorphological processes occurring in the coastal Y

Zone . Since many coral reef communities exist in shallow and /or enclosed water bodies
- i lting from different land and freshwater ! ¥ alr ; ‘ :

Quanhf};the natuggigi:l)asizcle changes resulting or in close proximity to major land masses, river flow may transmit the effects of

use practices onr land and water use practices cccurring hundreds to thousands of kilometres from

; ; i es of coastal systems to these changes ) prac i 5 A X
' .Delt errc?me d'ﬂ;e b};lcgae:)e:iol;ghologlcal respans Y the reef itself (see Focus 1 activities). The major goals of this Subtask will be to
nd freshw , i ; . . .

‘ ge\?:lo; regional models and scenarios of the impact of future land and freshwater assess past and potential sediment, nutrient and toxic chemicat loads of major

rivers discharging into coral reef areas, to identify past, present and potential
freshwater inputs, and to assess known coastal biogeomorphic effects and/or the
potential effects of these factors in the absence of other environmental change. A
significant factor in achieving these goals will be regional assessments of land and
water use practices and their change over time. Coastal environmental inputs from
these sources will have to be integrated with local anthropogenic alterations
(Subtask 2.2.1.1) and with climate change or variability to determine the overall
effects of the combined environmentat change. This Subtask will share with
Subtask 2.2.1.1 the use of sediment and core analysis for reconstruction of recent
environmental changes,

use on the rates and directions of change in coastal systems

Implementation

Present land use practices differ from region to region, and therefore ini_tial synthlesis of
the nature of these driving forces of coastal change is best done on a regional basis. -
Certain human activities, howevet, are world-wide in occurrence such as deforestation
and dam construction, but have cumulative global effects on sediment budgets and
material transport across the coastal plains and continental shelves, The s‘ca‘le of such
activities is considerable, and it has been suggested that the anthropogenic influence on
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Ouiputs

+  Classification of reef communities according to the degree to which they are
or may be affected by distant land and water use practices, the nature of the
effects, and their proximate and original causes

+  Identification and, where possible, quantification of situations where reef.
communities have been demonstrably impacted by land and water use
practices at a substantial distance from the coast

*  Assessment of the history and probable future trajectory of water quality and
quantity changes due to known and predicted changes in land or water use in
rivers discharging directly or indirectly into coral reef areas

Subtask 2.2.2.2 Indirect impacts of human activities on mangrove shorelines

Methodology

The extent and morphodynamic or ecological function of mangrove shorelines may
alter as a consequence of indirect human actions such as land use change or
damming in adjacent catchment areas that may result in altered sediment supply to
estuarine or deltaic systems. Detailed studies will be necessary to discriminate
these changes from natural coastal changes.

Output

+  Quantification of the effect of ex situt land and water use upon mangrove
~ shorelines

Activity 2.3 - Reconstruction and Prediction of Coastal Zone Evolution as a
Consequence of Global Change '

Introduction

New observational, experimental and modelling studies will only provide insight into the
state of coastal systems under a limited range of environmental conditions, while studies
of externally driven change can only encompass a restricted subset of system components
within a limited spatial and temporal domain. In order to examine the responses of
particular coastal systems to the relatively large changes in external forcing that might
occur in the future, it will be necessary to develop palaeo-reconstructions of boundary
conditions for the late Quaternary and to relate these to indicators of past conditions
within the system. Through the reconstruction of past climatic, sea level and sediment

supply conditions, the past responses of coastal systems to large scale global and regional
charges can be determined. ‘

The understanding of shoreline biogeomorphological response to medium fo longer term
global forcing will be facilitated by palaeogeographical reconstructions of a selected range
of coastal settings, for selected windows in time. These will show the changes in shoreline
position, and indicate past spatial relationships between biogeomorphological units.
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An understanding of past and present processes that determine the nature of modern
coastlines provides the basis for predicting future changes in coastal morphology related
to a global rise in mean sea level. Objective scenarios of future local or regional conditions
must take account of the best estimates of the rate of relative sea level rise, the dynamic
properties of coastal ecosystems, and the broad environmental impacts of changes in land
use and of the continuing exploitation of coastal environments by humans. Such scenarios
will represent the scientific input to management decisions on socio-economic responses
to the environmental impacts of future sea level rise. Just as the present is the key to the
past, understanding the past can also be the key to predicting the future for the world’s
coastal area.

Overall objectives

The overall objectives of this activity are to assess, at regional and global spatial scales and
decadal to millennial time scales, the responses of coastal systems to past climatic sea level
and sedimentation conditions during the late Quaternary and to develop scenarios of the
future evolution of the coastal environment under conditions of global change during the
next century. More specifically this activity will:

. Reconstruct site-specific coastal zone palaeogeography at selected times during the
late Quaternary

s Extrapolate locally and regionally to assess the relative extent of major coastal
systems at selected times during the late Quaternary '

* Reconstruct the processes responsible for the observed changes

. Develop predictive morphodynamic models of the relationships between processes

and biogeomorphic response

The LOICZ apprdach

Stratigraphical, palaeoecological, geophysical, sedimentological and geochronological
studies will be undertaken at representative indicator sites selected on the basis of the
coastal typology Framework Activity (Task F.2.1) in order to reconstruct past coastal
environments at selected times during the late Quaternary. These studies will be
conducted over a selected range of biogeomorphological settings to determine temporal
changes through the analysis of continuous records from cores, including coral reefs,
peats and inorganic sediments. The results of such studies will: provide necessary inputs
to the development of the geomorphological models of coastal evolution envisaged as
being developed under Activity 2.2; contribute to the preparation of global syntheses of
past coastal change; and provide the basis for the development of scenarios of coastal
responses to relative sea level rise. LOICZ will interface extensively with working groups
and results of present and past sea level projects, including the UNESCO Programmes
(IGCp, CLIP).

This activity represents the end point of Focus 2, which will build on the outputs from the
other activities and tasks undertaken within this Focus and will provide the necessary
inputs to an evaluation of the socio-economic impacts of global changes on coastal systems
undertaken under Focus 4. The other activities undertaken as part of this focus will
generate qualitative and quantitative data concerning the range of responses of modern
coastal systemns to changing patterns of sea-level, dlimate and sedimentation, which,
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together with the analysis of past responses, will provide the necessary basis for
developing conceptual and semi-quantitative models of future, long-term system
responses to further rises in sea level.

Task 2.3.1 Palaeogeographical, palacoenvironmental and historical reconstructions of
the coastal zone

Rationale

The extent and location of major coastal systems has varied substantially over the late Quaternary
as a function of global change including sea-level movement. Local and regional palaeogeographical
reconstructions over historical and prehistoric time indicate past intervelationships between
biogeomorphological units and major forcing processes. Our understanding of past process-responise
relationships provides an empirical basis for model development for potential future coastal changes,

Specific objectives

. Reconstruct the palaeogeography and processes of the coastal zone at selected times
+ Formulate scenarios of the responses of different coastal systems which have
resulted from past giobal change

Implementation

The late Quaternary has been characterised by major variations in rainfall temperature,
sea level and shoreline position and sediment supply. For example, with regard to the
coastal zone, shorelines have migrated across the continental shelf which has been
repeatedly exposed and submerged by fluctuations of sea level; the foci of organic and
inorganic sedimentation have therefore also moved, and the latitudinal distribution o
coral reefs has expanded and contracted. ‘

Reconstructions of historical and pre-historical biogeomorphology provide large-scale
physical models from which we can Jearn how the Earth's coastal systems have responded
to variation in natural forcing processes. For more recent times, especially the historical,
even more detailed inferpretations of coastal morphodynamics are possible. By combining
data from this range of temporal scales, we integrate records of short- to long-term
environmental forcing and biogeomorphological response. Moreover, by interpreting past
changes in the natural coastal environment, we are in a better position to understand how
anthropogenic overprint in coastal settings has contributed to the larger picture of global
coastal change. :

Outputs

. Site-specific and regional palacogeographic reconstructions of the coastal zone

+ Data on the nature, magnitude, and rate of change of key medium to long term
forcing functions including climate, sea level and sediment supply

+ Detailed morphodynamic models for representative coastal types

+ Input data for the development and validation of improved models of coastline

evolution under varying scenarios of future global change, including sea level rise

Subtask 2.3.1.1 Reef palacogeography and palacoenvironments
Methedology

Changes in reef biogeography and geomorphology, including the biotic
composition of coral reefs, will be determined for particular intervals in time;
including the last interglacial, interstadial high stands, and for time periods during
the Holocene.

Ouiputs

* A compilation of existing data on reef palacogeography

*  Local and regional palacogeographic reconstructions

+  Data on reef growth and sediment accumulation rate

+  Data on local and regional sea-level history

*  Models of reef response to changes in forcing functions over short to long time
scales

+  Input data for the development and validation of improved models of coastal
evolution under varying scenarios of global change, including sea level rise

Subtask 2.3.1.2 Palacogeographic and palaeoenvironmental reconstructions of
mangrove shorelines '

Methodology

Mangroves are extremely sensitive to changes in external forcing, including
changes in freshwater availability and sea level. A record of mangrove system
response to global change is preserved in Holocene coastal sequences. Palaeo-
ecological reconstructions using indicators such as pollen, spores and diatoms will
enable assessments of mangrove ecosystems response to past global change.

Outputs

*  Local and sub-regional palaecogeographical and palaecenvironmental
reconstructions for mangrove shorelines

+  Quantification of past sedimentation rates, and accretionary potential, in
relation to patterns and rates of past global change including sea-level
varjation

*  Models of mangrove ecosystem response to global change factors, particularly
sea level

¢ Inputto modelling scenarios for coastal change

Task 2.3.2 Systems modelling and future scenarios

Rationale

There is a need to consolidate our understanding of the functioning of the constal zone at various
time and space scales into the production of systems models by integratin ¢ inputs from previous

Activity 2 tasks. This step will provide essential input for the preparation and calibration of
predictive models for future constal change under various global chan 2€ SCENArios.
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Specific objectives

. Develop models of ecosystem functioning and interaction at local, subregional and
regional levels

. Develop a conceptual modelling framework for determining the responses of
coastal systems to future global change including sea level rise

. Formulate quantitative models for determining the response of different coastal
systems to different rates of global change

+ Develop regional scenarios of the biogeomorphological response of coastal
ecosystems to global change

. Undertake case studies to validate the models

Implementation

Implementation of this task will necessarily rely heavily on the results of other activities
and tasks within Focus 2, as well as from other Fodi, and on input of appropriate climate,
sea level, and sedimentation scenarios developed by other agencies and programmes. A
knowledge of past and present conditions and driving forces of change in the coastal zone
developed under these various tasks will provide the basis for developing scenarios of
future coastline change under different scenarios for global change, including sea level
rige.

Case studies of coastal change will be undertaken for specific coastline types or systems in
order to construct local and regional models used to develop future scenarios. The
conceptual framework for undertaking this task must include measurements of the
physical and biological properties that determine coastal morphodynamics, as well as the
changes to both, that result from continuing human activities and global change. In
addition the possible effects of human intervention, such as ecosystem conservation and
restoration (e.g. mangroves) must be taken into account, and linkage with the activities
envisaged under Focus 4 will provide a framework for incorporating the results of studies
undertaken under this task with assessment of the socio-economic impacts of global
change in coastal systems. The results of studies of late Quaternary changes will provide a
 basis for model initialisation and validation. On-going, large scale “experimental”
manipulations resulting from development activities in which hydrological, sediment
input and ecological conditions are altered, provide an alternative approach to evaluating
and validating model] results. In addition, data from long-term observation systems
including satellites and the coastal module of GOOS, will provide the data required for
model initialisation and validation.

Outputs

. Quantitative system models based on integration of outputs of previous Activity 2
tasks

. A conceptual modelling framework for determining the responses of coastal
systems to future global change

s Quantitative models for determining the response of different coastal systems to
differing rates of future global change

. Case studies of system response to different forcing functions

+ Scenarios of natural environmental change that can be used as input data for the

investigation of socio-economic impacts (Focus 4)
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Focus 3: Carbon Fluxes and Trace Gas Emissions

Background

Present and possible future changes in the structure and function of the coastal zone may
alter biogeochemical processes in ways that ultimately have global consequences. The
most evident of these charges concern processes involved in the global carbon cycle, and
in the production and consumption of biogenic trace gases in coastal systems.

The natural carbon cycle between air, oceans, biosphere and soils has been significantly
disturbed by human activity. Emission of fossil carbon, excessive burning/harvesting of
{ropical rainforests and agrmu}tural degradation of soils have probably created a total
imbalance in excess of 7 Gt C a”. Of this total, 3 Gt C a’ contribute to the observed increase
in pCO, in the atmosphere, and 0.5-1.5 Gt C a” are taken up by the buffer capacity of the
ocean. The remainder is apparently distributed to a series of sinks, of unknown relative
importance. One of the largest of these sinks is assumed to be northern temperate forests
which some biologists have even suggested is more important than either the atmospheric
or oceanic sinks. A suite of smaller sinks may be associated with medium-term
depocenters in the freshwater system and/or with the coastal seas, since at least 75 % of
marine carbon burial during the Holocene has occurred and continues to occur in deltas
or along continental margins,

Activity 3.1 - Cycling of Organic Matter within Coastal Systems

Introduction

One of the currently unanswered questions of considerable importance to an
understanding of global change is the role of the coastal seas in both the natural and the
disturbed carbon cycle. Coastal seas serve as final receivers of natural and anthropogenic
organic matter and nutrients derived from land and brought in by river and groundwater
discharge, and through direct inputs of sewage and other wastes. It is estimated that
roughly 0.4 Gt organic carbon are delivered annually by rivers fo the coastal sea, an
unknown part of which could be respired, constituting a natural source of CO, to the
atmosphere. At the same time anthropogenically mobilised nutrients are delivered to the
coastal seas. Consequently coastal seas may simultaneously sequester some carbon from
the atmosphere at rates in excess of those occurring under natural conditions. The size of
this sink, the potentially sequestered carbon (PSC), can be estimated by scaling the
anthropogenic inorganic nutrient inputs according to the Redfield ratio (i.e. the atomic
ratio in which C, N, and P are consumed by phytoplankton; 106:16:1). Estimates of total
anthropogenic i 1norgan1c nitrate and phosphate inputs to the coastal zone are in the range
of 1.5 and 0.05 10" mol a”. The presumed coastal sink is therefore in the order of 6-10 10"
mol C a™ or 0.07-0.12 Gt C a. Organically bound nutrients, which also enter the coastal
sea with sewage for example, may - upon remineralisation - also increase coastal primary
productivity. However, organically bound nutrients probably result in as much fixation as
release of CO, when they are first remineralised, and therefore enhanced nutrient inputs
may not result in an increase in the coastal sink of atmospheric CO,.
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This approach to the problem, however, does not provide information on when, and how

this PSC is fixed and where it eventually ends up. Nor does it provide information on
whether coastal seas are natural sources or sinks of CO,. If coastal seas functioned
naturally as sources of CO,, then the formation of PSC could either have switched them
from source to overall sink, or simply diminished the natural source function, which
would also constitute an anthropogenically created sink.

The PSC could either be deposited in tidal flats, in estuaries, in depocenters on the shelf or
be exported over the shelf edge to the deep ocean basins. In the event that all of the P5C is
respired, then the anthropogenic nutrients would simply be exported to the open sea and
would add to the large pool of dissolved nutrients in the deeper ocean layers. Even under
this extreme scenario, some of the carbon may escape recharge to the water column as CO,
if the respiration proceeds under anaerobic conditions, by sulphate reduction in shallow
sediments, or in stagnant basins. In this case additional alkalinity forms, in proportion to
the buried sulphide phase and in proportion to any FLS fluxes to the atmosphere such as
that from tidal flats. This excess alkalinity can then be exported to the open sea. Similarly,
calcite dissolution that occurs in sediments of high internal pCQO,, or at the mixing front of
river water (high in pCO, and low in suspended calcite) with seawater (low in pCO,, and
high in suspended calcite or aragonite) could produce additional alkalinity to be exported
to the open sea.

In addition to the uptake of carbon by phytoplankton, other coastal ecosystems may be
undergoing anthropogenic fertilisation either from river runoff and direct dischfirge, or by
atmospheric deposition. These systems include coral reefs, seagrass meadows, tidal f.lats,
mangrove forests, salt marshes and coastal swamp forests. The role of these systems in the
natural and disturbed carbon cycle is probably small, but not much quantitative data are
available to evaluate their relative importance.

It should also be noted that coral reefs serve as regulators of the TCO, and alkalinity

in warm surface waters. Supersaturation of CaCQ, is prevented from becoming
"supercritical", that is, supersaturated to the point where spontaneous inorganic
precipitation occurs, by biocalcification occurring to a large extent in coral reefs and

the associated biota. Inorganic precipitation of CaCQO, does not occur anywhere in the
ocean at present, in spite of a general supersaturation in ocean surface waters.

Empirical observation suggests that the diversity of coral species may be correlated
with supersaturation since both are highest around the Islands of the Western Pacific.
Alteration of supersaturation by ocean warming, increase of atkalinity or other processes
could have an impact on reefs of, as yet, unknown consequence. Production of CaCO, by
biomineralisation also produces measurable amounts of CQ,, again regulating the natural
air-sea exchange of CO,.

Intrinsic to these problems is the fact that measurements in any one place cannot provide
information on the global importance of these processes. Nevertheless case studies do
provide an insight into the internal processes involved in sequestering dissoived inorganic
carbon in the form of permanently or temporally deposited organic carbon.

With the advance of our understanding of palaeoclimatology, particularly of the Glacial- -
Interglacial cycles, the role of the coastal ocean under Glacial conditions becomes an

interesting and important subject for study. As a result of the low sea level during Glacial -

times, much of the continental shelf was dry land until around 14,000 B.P,, at the
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beginning of the Bélling/ Allerdd. Coastal marine primary productivity may therefore not
have accounted for such a large percentage of total marine productivity, and much of the
coastally produced organic carbon may have been exported to adjacent shelf slopes. The
recycling of freshwater-derived nutrients that occurs in modem. coastal environments,
may have been less important on a global scale during periods of low sea level. Such
differences may have played a significant role in determining the low atmospheric pCO,
in Glacial times, as documented in Greenland and Antarctic ice cores. Enhanced
understanding of present day coastal processes and development of improved modelling
capacity may therefore cast light on the functioning of the global carbon cycle in Glacial
times.

Overall objectives

The overall objective of this activity is to study, at regional and global scales, the
disturbed and undisturbed carbon cycle of the coastal seas through:

. Data collection designed to provide spatially referenced information on the
synoptic distribution of key carbon variables

* Conduct of in-depth studies of the carbon dynamics of selected coastal systems

* Sensitivity studies designed to assess the reliability of transferring case study
results from one area to another or from year to year

. The use of spatially referenced data and model standardised reaction groups, to
integrafe the carbon budget for similar coastlines

* Develop global estimates on the basis of the regional budget values

The LOICZ approach

Individual studies can be conducted by many scientists in many areas simultaneously and
the data assembled in a GIS database. Necessary data would include: the geographic
extent and concentrations of inorganic and organic carbon in shelf and inshore water and
in sediments; sedimentation rates and recent changes; concentrations of suspended
matter; particulate organic and inorganic carbon and chlorophyll in the water column;
temporal and spatial variations in the distribution of dissolved organic carbon; alkalinity;
inorganic dissolved carbon; pH and pCO,; and data on rates of remineralisation;
photosynthesis and respiration.

In-depth case studies need to be undertaken in a number of areas representative of the
range of different types of coastal seas identified through the coastal typology Framework
Task (F.2.1) and will involve the use of high precision potentiometry, coulometry and
infra-red pCO, methods to acquire precise enough data fields to detect seasonal
differences and possibly net fluxes. Improved interpretation of remotely sensed data is
needed through simultaneous ground truthing whilst the use of acoustic Doppler current
profilers and detailed analysis of the isotopic composition of organic matter are valuable
techniques which can be used to determine the dynamics of carbon cycling in coastal seas.

Sensitivity studies and subsequent extrapoiation from site specific studies to regional and
global scales are a vital component of LOICZ modelling of carbon in the coastal ocean,
which are required to provide an improved understanding of the global carbon cycle and
in particular the carbon cycling in coastal seas.
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Task 3.1.1 Synoptic distribution of key carbon variables (data collection)

Rationale

Present data concerning carbon in the coastal ocean is both dispers.?d and i'rradequate in cozf_:mgeé ,
precluding the adequate assessment of the role of the coastal ocean in the disturbed and undisturbe
carbon cycle.

Specific objectives

To assemble appropriate databases in georeferenced format, covering the following
datasets:

. Sediments: Data on geographical extent and inorganic and organic‘carbon_
concentrations of shelf and inshore water sediments, on recent sedimentation rates
and changes of sedimentation rates of Holocene depocenters of coastal sgas

* Particulate suspended matter: Data on the concentration of total susPer;‘de matter,
particulate organic carbon and inorganic carbop and chlorophyll in the water
column covering both large areas and seasonality

* Dissolved carbon: Data on the distribution and seasonality of dissolved organic
carbon (DOC), the alkalinity, total inorganic dissolved carbon (TCO,), pH and/or
CO,pressure (pCO,) ‘ 3

. Dissolved nutrients: Phosphate, nitrate, ammonia and sﬂ‘mate ‘ _

« . Rates: Data on remineralisation rates of organic carbon in surface sediments,

respiration and photosynthesis ir the water column, on a‘ir-sea CO, exc.hange ap?
trace gas emissions and on the amount and the composition of the vertical particle
flux

Implementation

New data collection can be conducted by many scientists in many areas simultaneously.

Technically, the four elements of the data collection task listec.i under. the object.ives abm(;e,
are of increasing complexity. Sampling and processing of sediments is rather simple and .

can be done with inexpensive equipment, such as a small boat with a small wmdé ;] ‘
portable echograph, and a small grab or sediment corer and access to a C, (;N ()r.d .
element analyser. Co-operation between labs that havte the analytical capaavty an)f %50 p
that sample sediments could advance rapidly the achievement of the objectives of this
Task. Operations could be fostered by bilateral resea_lrch agreements between gr??ps 1:;1
developing and developed countries, and small cruises could be conducted pro iling ; e
coastal zone from the beach to the 200 m line (if relatively near-shore) and sampling the

sediments at an agreed frequency. Such profiles could be run in parallel up and down the:

coast and could be repeated in different seasons (standard_ transects}. To initiate such
activities the LOICZ CPO will convene a small workshop in 1995 to de.fme the ‘
recommended methodologies and standards. The sequence of actions is shown in
Figure 10,

The second group of parameters will necessitate sampling of the water column w;th z;ml_5
oceanographic water bottle (such as a 51 Niskin sampler). The pa}rncu!ate matterhrorr;J )
1 of seawater, collected by filtration, washed and dried on glass fibre filters, can t en 1et

weighed to determine total suspended matter and processed for POC and PN (particulate
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nitrogen) with the same elemental analyser as for the sediments. Additionally, particulate
silica, particulate phosphorous and chlorophyll content (on frozen filters) can be
measured with a photometer yielding information on the nutrient status and on the mass
of diatoms constituting the plankton. In more advanced investigations, a shipboard CTD
or a less expensive solid state memory self-contained CTD can be employed to record the

water column structure and give information as to the position of freshwater plumes on
the shelf.

Samples for the determination of dissolved parameters can be obtained if the filtrate of the
POC-samples is preserved for DOC analysis and shipped to a partner organisation
equipped with a DOC analyser. Measurement of the pH is comparatively simple and
provides, through a Green-function, a rough estimate of the pCQ,. Adequate and accurate
measurements of TCO,, alkalinity and pCO, on samples from the standard sections are
more difficult to obtain, and equipment for such investigations will include computerised
potentiometric titration, a coulometer and an infrared spectrometer or a precision
conductometer (for different direct pCO, measurements). These techniques have been
developed to perfection in the last three decades and standards have been set by SCOR
WG 75. Extensive training is needed before these methods yield the required reliability
and accuracy of the data. They can, however, be run on a small boat (if stable electricity
from a good generator is available) just as well as on a large research vessel. Dissolved
nutrients have to be measured on the same samples, in order to calculate precise
alkalinities. Measurements of dissolved phosphate, nitrate, nitrite, ammonia and silica
determined by photometric methods are run routinely on biogeochemical cruises and
JGOFS has developed standard methods for determining these parameters.

Measuring rates requires even greater laboratory experience and staff resources and
standard techniques such as those developed by SCOR/JGOFS should be employed. A
relatively simple measurement is to determine the rate of dark respiration by titrating the
Oxygen concentrations of a sample before and after the beginning of a specified period in
the dark. Measuring photosynthesis directly involves the application of radio-isotope

labelling. Release of carbon and nutrients by remineralisation from sediments involves in
situ measurements and should only be undertaken in well equipped laboratories and only
after having established that the site is representative of a wider area. Measurements of
rates of settling involve the deployment of sediment trap moorings, although free floating
neutral buoyancy traps are now under development.

Outputs

Distribution maps of various forms of carbon in the coastal environment, as input
information for the calculation of simple mass balances (for example for air-sea
exchange of CO,)

Identification on a global scale of geographic sinks and sources for CQ, in the
coastal ocean

Identification on a global scale of depocenters of organic carbon in coastal
sediments

In combination with some estimate of sediment deposition rate (isotope
measurements, industrial markers, storm surge deposits etc.) an estimate of how

much organic carbon is deposited in relation to input of nearby rivers and/or
average autotrophic fixation
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Task 3.1.2 Carbon dynamics of coastal systems investigated by case studies

Rationale

Measuring concentrations is only a first step in unravelling the carbon cycle. Therefore stud_r'es are
needed which describe the dynamics of the system. This necessitates a ?horough understanding {}f
the hydrodynamics of the region under study as well as of the seasonality and long-term trends in
climate and input forcing functions.

Specific objectives

+ Initiate in-depth studies of the carbon cycle in coastal seas in representative areas
determined on the basis of the coastal typology devel‘oped under Task F.2.1 and
using high precision potentiometry, coulometry and mlfrared pCO, methqu to
acquire precise enough data fields to detect seasonal differences and possibly net
fhuxes ‘ . ) - L uth

. Improve the interpretation of remote sensing data bX sxmu%taneous ground trut
measurements in a varietly of river plumes differing in sediment, gelbstoff and
chlorophyll contents

. Develop the capacity to model water exchange, biogeochemi.stry and sedimentation
in coastal seas and validate it with measured concentration ﬁ.eids
. Resolve the dynamics of carbon export, carbon remineralisation, carbon

sequestering, carbon degassing and carbon burial in estuaries of large pCO,, DOC,
POC, and/or nuirient gradients )

. Unra’vel ﬂie fate of terristrial organic carbon in the marine system by anaIysmg the
chemical and isotopic composition of the organic matter as it moves from the river
source through the estuary and into the marine realm to its fme_ii site of d.eposmon

+ Conduct studies with respect to the rate of deposition of organic c?rbc.m in near-
shore waters, its rate of burial, its residence time and its remineralisation rate._

Implementation

These case studies, aimed at understanding the processes of the carbon cycle, p.?ed the co-
operation of several disciplines with a sizeable number of scientists and techmcflans, .
typically employing larger research vessels. They should c?niy be undfertaken after careful
planning and after the basic hydrodynamic, sedimentological, ecological and ' 4
biogeochemical characteristics of a certain area have been do_cur.nented. Modeihng a:}xl
data acquisition should be coupled in order to answer quantitative questions about. the
internal workings of the coastal carbon cycle and in reaching a general unde.rstandmg
why a certain partition of the coastal ocean is a sink or source for a@ospl}enc C'Oz. el
Modelling involves standard hydrodynamic, weather or climate driven c1rcu1at_10n models
with a resolution large enough to reproduce the time scales of the carbon‘ cycle in shallow
marine environments, i.e. hours. Settling models and models of ﬂoccuie'mon can then be
applied to simulate the sinking of material versus the resuspension. of fine par.tlcl.es.
Furthermore models of biogeochemical cycles and of photosynthesis and respiration are

needed. So far no study has been satisfactorily completed combining all of these models in -

an attempt to describe the carbon cycle in shallow marine environments reliably.
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Such models need to be tested under various geographic and climatic boundary
conditions and must show that they yield results which are corroborated independently
by high frequency (spatially and temporally) sampling. The advance of current methods
to measure water current velocity and direction with a parameter representing suspended
matter in the water column in several layers by ADCP could prove to be an important
technological advance in this connection. It alows measuring transport fields much faster

than previously and could be the testing stone for the output of combined hydrodynamic
and sedimentological models.

Studies of the rates of the various processes detailed in the objectives can be undertaken
for the entire Holocene sediment column, possibly focusing on the last 3000 years. Further
insight could be gained by also including carbon deposition during the last Glacial. Such
studies should include anaerobic basins since they contain - due to the lack of bioturbation
- sedimentary records of higher time resolution than sediments deposited under
oxygenating conditions. These records may allow to establish long-term changes in the
amount of terrestrial carbon input as well as autotrophic carbon input. These changes
could yield ctues as to the regional effects of climate shifts as well as anthropogenic
changes of land use. Studies involving sediment records of the past 100 years could
unravel the impact of pollutants and could yield an understanding of the average

direction and strength of coastal sediment transport since the beginning of
industrialisation.

Outputs

. Improved scientific understanding of the cycling of matter in the coastal zones

. New analytical techniques to describe menitoring results by algorithms
representing hydrodynamic, sedimentological, biogeochemical and biological
processes

Task 3.1.3 Sensitivity studies

Rationale

The coastal zone and shelf seas display high levels of heterogeneity in terms of their functioning in
the carbon cycle, at present the importance of this spatial and temporal heterogeneity in
determining the role of the coastal oceans in the global carbon cycle is inadequately documented.

Specific objectives
+ Compare areas of similar settings and compare several seasonal cycles at the same

area in order to assess how well the results of case studies can be transposed from
one year to the next and from one area to the other

Use statistics to discriminate groups of coastal sites with similar carbon cycle
behaviour and establish averages of regional reactions in terms of characteristics of
the seasonal cycle, turbidity and nutrient loading

Use statistics to discriminate assembiages of coastal settings according to similarity
in the GIS data set, and establish groupings as to regional coastal characteristics
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Implementation

This task involves computer analysis of results mainly derived from the framework
activity, i.e. it relies on similarity studies. These studies can either be undertaken at the
CPO or regionally at START centres. In a first step, for example, the amplitude and the
shape of seasonal pCO, cycles {(duration of seasons) can be compared for several coastal
seas.

Ouiputs

s Monthly maps of the magnitude of the carbon sink/source function of certain
oceanic areas

* Maps of the extent of certain ecosystem functions {for example magnitude of

diatom versus flagellate blooms) may also be constructed leading to testable
hypotheses about the size and seasonality of the carbon cycle in little studied
sections of the coastal zone which then in turn can be tested in the field

Task 3.14 Evaluation and validation of budget and system models
Rationale
The new models developed under Task 1.4.1 must be evaluated and validated if confidence in the

results of global syntheses of model outputs is to be established and scenarios of future coastal
systems under conditions of global change are to be developed.

Specific objectives

Short-term ‘

* Strengthen and implement the modelling networks established under Task F.5.1

» Evaluate and compare the results of budget and system models developed for
similar coastal units _

+ Evaluate and compare the results of budget and system models developed for
contrasting coastal units

* Explore the development of generic sub-models that can be transferred from one
geographic area to another and used with confidence in building system models

+ Commence validation of regional system models using field data collected under
Focus 3 Activities

+ Identify critical information gaps that should be addressed in extensive and

intensive observational programmes
Implementation

This task requires strong co-ordination from the CPQ but at the same time active _
participation at the national and regional levels. Efforts will be directed early in the work
to encouraging the exchange of ideas, tools and information through electronic networks.
A series of regional workshops will be organised at which the results of models are
compared, evaluated and discussed and to which experts from outside the region wiil be
invited in order to provide inter-regional co-ordination and stimulate wider networking.
These workshops will provide feedback to participating scientists which can be used to
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improve individual models. Final workshops should be organised regionally once a
sufficient body of models and results have been accumulated at which regional
compilations and assessments will be produced. In addition an international series of
workshops will be held to develop more generic sub-models, which can be used to
develop regional system models. These will first identify those biogeochemical processes
that can be confidently handled by generic sub-models ard then specify the
recornmended algorithms.

Outputs

. A strong network of LOICZ numerical modellers

* An improved empirical understanding of the functioning of coastal ecosystems

+ Generic sub-models to be used in the construction of biogeochemical system
models

. Validated numerical models of coastal systems for evaluating environmental
change _

* A clearer understanding of optimum way to develop fully predictive models of the
coastal zone at regional scales

. Recommendations for new data collection programs including process studies, time

series observations at key coastal sites and remote sensing requirements for
implementing coastal monitoring and predictive modelling of coastal environments

Activity 3.2 - Estimation of Net Fluxes of N,0 and CH, in the Coastal Zone

This activity is accorded lower priority than Activity 3.1 and will be developed later, in close co-
operation with IGAC,

Introduction

In addition to the importance of coastal seas as sinks and sources in the natural and
anthropogenicaily disturbed carbon cycle and the relative importance of CO, for climate
change, other trace gases, that are important in climate change may originate in significant
quantities in the coastal zone. For example, N,O and CH, have, molecule for molecule, a
much higher impact on the radiation balance than does CQ,. These gases are emitted from
reducing sediments, such as those exposed in shallow water, and occur in organic carbon-
rich environments. The relatively low mixing ratio of these gases in the atmosphere, 310
and 1700 nmol mol”, for N,O and CH, respectively, has resulted in less scientific interest
in these gases than in CO,. It is now clear however, that these gases are Increasing at
significant rates of between 0.2 and 1 % per year respectively, and much work is therefore
needed to identify their sources and to determine their biogeochemical importance.

Overall objective

The overall objective is first fo establish the relevance of the coastal zone for atmospheric
sources and sinks of N,O and CH,. Secondly there is a need to identify those ecosystems
which contribute most to these fluxes and study the biological and biogeochemical
processes occurring in them which determine the magnitude of these fluxes.
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The LOICZ approach

Individual studies of N,0O and CH, fluxes need to be started in terrestrial coastal wetlands,
and in inter-tidal and sub-tidal ecosystems in order to gain a first estimate of the
importance of such areas in the cycling of these trace gases.

Activity 3.3 - Estimation of Global Coastal Emissions of Dimethylsulphide

This activity is accorded lower priority than Activity 3.1 and will be developed Iater, in close co-
operation with IGAC.

Introduction

Dimethylsulfide (DMS) is another gas, the climatic relevance of which has only recently
been acknowledged. This gas is produced by phytoplankton and is involved in the
processes of aerosol formation through its oxidation fo sulphate. In view of the higher
rates of coastal productivity per unit area compared to the open ocean, it is expected that
the coastal ocean has a significant role in the global production of DM5.

Overall objective

The objective is to establish the overall relevance of the coastal zone for the production of
airborne DMS. Coastal zones that have higher outputs of DMS need to be identified, and
research has to be focused there. The changes observed in ecosystem structure in highty
eutrophic coastal environments may also have an effect on DMS source strength.

The LOICZ approach

Individual field studies are required to get a first view on the importance of the coastal '
zone for DMS production. Budget modelling can then extrapolate to the possible global
role of the coastal zones, using the results of the LOICZ coastal typology Framework Task
(F.2.1). Attention should be given to areas with rapidly changing ecosystems in order to
obtain an understanding how eutrophication influences the DMS balance.
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Figure 10. Time line for implementation of LOICZ Focus 3 Activities and Objectives.
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Figure 10. Time line for implementation of LOICZ Focus 3 Activities and Objectives (qontinged).

Focus 4: Economic and Social Impacts of Global Change
in Coastal Systems

Background

The coastal zone occupies only about 8% of the planet’s surface, but it accounts for
approximately one fifth of total global primary production. Although only 5 to 10% of
world food production is based on marine resources, as much as 85-90% of present world
fisheries production comes from the waters of the Exclusive Economic Zones and
approximately 60% of the population of developing countries derive between 40 and 90%
of dietary protein from marine sources. Much of the world's productive agricultural land
is found in low-lying coastal areas and in the flood plains of major rivers.

As a consequence, coastal areas have always been favoured locations for human
habitation, and present estimates suggest that about 60% of the world’s population lives
within 60 kilometres of the shoreline. Over two thirds of the world's cities with
populations greater that 2 miliion inhabitants are located in coastal areas, often in the
vicinity of highly productive estuaries or coastal wetlands. Coastal human populations in
many countries are growing at approximately twice their national growth rates due to
migration and urban drift to coastal locations and cities. In additon, the bulk of world
tourism cenires on marine and coastal environments, resulting in extremely high transient
population densities during peak seasons. The increase in coastal populations is of
considerable global concern given the high productivity of coastal areas, which is lost
when land is occupied by infrastructure and housing or the sea is polluted with sewage
and industrial effluents. It is suggested that the anthropogenically induced transfer of
nutrients from land to the coastal ocean now exceeds that of natural rates of transfer, a
condition reached in the case of sediments much earlier in human history.

The consequence is that many coastal areas are already stressed or degraded, or both,

and the driving forces for short- to medium-term change in these environments are
anthropogenic. Focus 4 of the LOICZ Science Plan not only recognises that Global Climate
Change will add new stress factors to all coastal ecosystems, influencing both their
structure and behaviour, but also that direct, human-induced change to coastal systems
could have major feedback to the global system as a whole. The suggestion that much of
the world's in-shore waters are now being converted to more heterotrophic conditions
than in the past has consequences not only for the global carbon cycle, but also for food
produiction, whilst the estimate that 10-20% of the world's coral reefs are currently

degraded beyond recovery by human action, has serious implications for global marine
biodiversity.

The goal of Focus 4 is to assess how the responses of coastal systems to global change will
affect the habitation and use by humans of coastal areas, and to develop further the sodo-
economic basis for the integrated management of the coastal environment (Figures 11, 12).
In addition to recognising the importance of direct human-induced changes in the
functioning of coastal systems, LOICZ Focus 4 recognises that forecasting the evolution of
coastal systems under different scenarios of global change requires the active participation
of social scientists in the development of realistic scenarios (Activity 4.1). Such scenarios
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must encompass not merely the changes to the physical, chemical and biological
components of the coastal sub-system of the biosphere-geosphere complex, but also

DRIVING FORCES FOR GLOBAL CHANGE

i i i i Environmenial & Socio-economic B
realistic scenarios of land-use, human population growth and migration, consumption ;
patterns and the use of coastal space and resources. l
i Baseline Data, Inventories & Analyses
Developing realistic forecasts of change in coastal systems involves a ﬁ.lrther I : i
consideration, namely the feedback that exists between the coastal environment a‘md ' 332:‘;‘;‘3:}2 A 1; Futeras of e (Pcd‘:.j;;’;ﬂis
coastal populations, hence the need to assess the socio-economic effects of alterations ;I; ) o
imati i i i i Activity 4.2).
the climatic, physico-chemical and ecological properties of the coastal zone (Activity oty st N N
economic data relating to pattems of existing and and failares in Coastal
Whilst the goal of LOICZ activities under thls‘ Focus is to contribute fo tI_?le. s.mentlﬁc basis prceces ﬁm:,f;?:;" f; 3:::;:;}::;8 e in Constl
for sound management of the coastal zone (Figure 11), the proposed activities are not Fetton s & ppaltn ok
aimed at producing management guidelines, methodologies or approaches. LOI_CZ . financing arrangements Louns]r:gz;ci:::is rhicd !
activities in this field (Activity 4.3), which will be undertaken in close collaboration with é A
GLOBAL ENVIRONMENT,
the Human Dimensions Programme (HDP) and the coastal zone_sub-group of the aons, oo
Intergovernmental Panel on Climate Change (IPCC), will be designed to assess the extent CTENTI :
to which scientific understanding of coastal zone processes and the nature of changes in

. COMMUNITY & STAKEHOLDER ~Se—————————fite QESOURCE BASE -tz INTER & INTRA GOVERNMENTAL -~
these areas could contribute to formulating integrated management strategies that ensure

ANALYSES Carrying Capacities, ASPECTS
. Feedback Mechanisms & Systems
sustainable use of coastal environments and resources (Figure 12). Aitizdes, valaes, views & Analyses Obligations and agreements, palicies

perceptions incl. future generations

and criteria.
What follows is not intended as a proscriptive listing of LOICZ Research under this focus
but as indicative research activities that should be undertaken. The sequence.o‘f actions e~ £VALUATION OF OPTIONS P“°t%ﬁs“§§,‘f:‘é§,ﬁt?u‘;‘;ﬂ‘;§ e
envisaged in meeting these research goals is shown in Figure 13. Where specific coastall Monetary Valuation & Cost Benefit DEVELOPMENT
systems such as mangroves, or activities such as shrimp farming are Fletalled, equally an;lf:sn:ﬁ;ll\f:;:clfgs::f:;::mgf Alesntive Piaitios patemnsof fesaurce
relevant activities could be undertaken in coral reef or saltmarsh environments, or Multi-Criteria Analysis ase and development and their foedback
3 i fects

activities such as tourism, other forms of mariculture, forestry and coastal agriculture p
could be investigated. The precise nature of LOKCZ research will therefore vary _ Tewaf:fis;gﬁfmm

eographically according to the latitudinal distribution of coastal systems and the nature
geograp e Problems, Systems, Processes, Strategies
of human activities.

. I—— INTEGRATED COASTAL ZONE MANAGEMENT O —
Activity 4.1 - Evolution of Coastal Systems under Different Scenarios of STRATEGY ANALYSIS S
Global Change K Goals and Objectives
Integration of vakie conflicts,
Introduction sustainable cconomic development, management principles,
: implementation mechanisms, instinstional arrangements
Coastal systems form a dynamic sub-system that are driven by physical and s.ocml agents
of change. In the past few decades much attention has been given to the phyS{cai driving SECOND, M:, gmﬁi
forces in global research programmes, while social forces of change have received less ;
attention. The driving forces that have received the greatest attention to date, re_late'to I IMPLEMENTATION PROGRAMME ANALYSIS
agpects of climate change, principal amongst them being sea level change and.rn{erx_ne oRKS AEGULATION ESOURCING &
inputs to the coastal system. These phenomena are addressed under other foci within th_e _ PROGRAMME sl
LOKCZ Project. This activity praposes a framework with some exar?ple§ cl)f hgw cthanige in Capital wors, Sstgic Plas, Chusges.Prcing, OO
. . ; i natura ilitati ntegrati i —
coastal systems might be studied from the combined perspective of social an: ﬁ;’:::::;m mleger:t;:;:;p:‘fval. Taxes, levies etc. EVALUATION
sclences. relocation, disputefconflict
recteation Tesolution

Many coastal systems are being impacted at present by anthropogenic driving forces of
global change. These include estuaries, coral reefs, mangrove forests, seagrass be_ds, kelp
beds, salt marshes and coastal plankton communities. To achieve the goal as outlined
above, LOICZ Focus 4 activities will require active, collaborative research undertaken by
teamns of natural and social scientists working in concert. Integrated research

Figure 11. Conceptual framework for a research agenda concerned with the integrated
management of coastal zone resource use and sustainable development.

LOICZ scientific research will focus on the componentis of the upper half of
this diagram.
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encompassing both perspectives is required if appropriate scenarios and forecasts of
change and coupled models are to be developed that adequately incorporate the feedback
loops operating between societies and coastal environments.

Overall objectives

The overall objective is to develop integrated models for specific areas and. systems,
encompassing both natural and social driving forces of change. More specifically this
activity seeks to:

- Establish collaborative research teams of natural and social scientists, to evaluate
specific issues of coupled natural and social sciences data colle::tion and
management, and to conduct research on the dynamic interaction between people
and resources (including space) in coastal areas

. Develop a sound scientific basis for producing forecasts of anthropogeqi.cally
driven coastal change under different cultural and environmental conditions
. Develop conceptual and semi-quantitative models of change in coastal systems and

their sub-components

The LOICZ approach

1t is recognised that a considerable quantity of natural and social science }"esearch takes
place, and will continue to take place, in coastal areas. Whilst much of this res?arch
contributes in part to the goals of LOICZ, it does not necessarily constitute an integral
component of the LOICZ research agenda per se. Studies of coastal systems are (?ften
initiated at the local or national level for specific purposes, and while such studies are
relevant to the IGBP, a broader framework is highly desirable if not essential. In order tf’
contribute to this activity, studies focused on a particular ecosystem or coastal community
should be based on past or on-going research undertaken from a global and/or regional
perspective. Whereas past studies have been exclusively or princ%paliy undertaken f?'orr}
the viewpoint of the natural sciences, the socio-economic dimension must bfe ad.dfec.l if the
LOICZ objectives are to be achieved. Future studies that attempt to synthes'lse, 1mti‘ally at
a regional level, and subsequently at the global level, rates of anthropogenically driven
change in coastal systems should be initiated.

Research on rates of change in particular systems could be undertaken at the country level
and the results integrated to provide a regional perspective of the forces driving coa_sta}
change. Depending on the system, latitudinal bands or trend, hot spots qf c_hangg within
certain longitudes may become apparent. The results of such research will identify the
location of the greatest social and physical perturbations. While all coastal ecosystems
from the equator to the poles will manifest some change, it is likely that the greatest rates
of change currently occur in the tropical regions where the sheer pressure of I}uman .
populations on coastal resources is heaviest. Hence some priority attention might be given
to research related to rates of change in coral reef ecosystems and mangroves. The

relatively under-researched area of the rates of change in the dynamics of coastal plankton’

communities presents considerable opportunities for research. With increasing turbiqity
and pollution of coastal waters, the contribution of plankton to coastal water productivity
might be significantly aitered and the consequences for the global carbon cycle and
marine food production may be substantial.

102

Since much of the driving force for social change is economic, and much of the present
coastal change is anthropogenically driven, it is logical that LOICZ Focus 4 should
emphasise, at least initially, research programmes that link the natural sciences modelling
of change in coastal systems with economic models of change. Such research will involve
studies of the coastal resource base, its present capacity to provide goods and services, its
governance and the social environment in which coastal space and resources are used.
Developing from these activities is a need to evaluate options for resource use and
alternative policies.

The development of integrated models will require an extensive suite of linked case
studies that cover matrices of the driving forces for coastal change if the models are to be
generally and widely applicable. The purpose of such models within the LOICZ project is
to evaluate the effects of socially and demographically driven changes in the coastal sub-
system of the Earth system, and conversely, to model the impacts of changes in the natural
system on social systems,

Task 4.1.1 Linking natural and social science research on coastal issues

Rationale

A major problem in developing projections of change in coastal areas is the absence of coupled
datasets covering both the natural and anthropogenic forces driving change. The boundaries of areas
delimited for social and natural sciences data collection are rarely congruent, and the collection,
mandagement and storage of data are generally organised on a sectoral basis, making exchange and
simultaneous analysis difficult.

Specific objectives

Short-term

* Establishment of collaborative research teams of natural and social scientists to
evaluate specific issues of coupled natural and social sciences data collection and
management

° Analysis of existing data sets for specific case study areas as a mechanism for

identifying information failures, including non-congruence of spatial domain,
missing and inappropriate data sets

+ Development of protocols for future data collection in order to develop forecasts of
change in coastal areas
. Development of databases, and conceptual and semi-quantitative, coupled natural

and social sciences models for components of the coastal system

Long-term
. Development of integrated forecasts of change

Implementation
It is recognised that this is not a trivial task, but rather one that will require significant
intellectual and manpower investment. Three Sub-tasks or major lines of research are

considered essential: examination and analysis of existing datasets for selected coastal
areas with a view to identifying data requirements for future scenario building; analysis
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of historical datasets relating to recent changes in specific coastal areas; and initial
scenario building for specific coastal areas where major changes to the coastal system are
planned. Although necessarily restricted both spatially and temporally such studies w1}1
provide the necessary building blocks on which generalised regional and global scenarios
and forecasts of change could be constructed at a later date. ‘

Sub-task 4,1.1.1 Data requirements for scenario building

Methodology

If realistic coupled natural and social science forecasts of change are to be
developed, problems of spatial domain, format compatibility and data
management tools for coupled natural and social science data and information
need to be addressed as a matter of priority. Consideration also needs to be given
at the outset to issues of long-term data archiving beyond the lifespan of the LOICZ
Project. Demographic data for example are normally collected according to political
and administrative units which do not correspond to the boundaries of natural
systems. Detailed analyses of the existing databases, both natural and social, for a
series of defined coastal systems should be undertaken and the data cotlated and
re-analysed in a collaborative programme to identify:

¢+  Problems in compatibility of presently available data

+  The data required for scenario building and forecasting buf which have not
been collected to date '

+  Methodological requirements for future data collection .

+  The phenomena and variables that require quantification in order to describe
change in coastal areas from both the natural and social sciences perspectives

Qutputs

+  Defined natural and social sciences database required for scenario building
+  Defined methodologies for data collection for scenario building

Sub-task 4.1.1.2 Post hoc evaluation of change in use of coastal areas

Methodology

Studies of past changes in use of the coastal resource base should be undertaken, in
which past and present use of coastal resources are simultaneously evaluated from
both the natural and social science perspectives. Coastal areas where major changes
in the social component of the system have occurred over the last four decades,
{such as areas where rapid growth in population due to migration and
urbanisation, or development of large scale tourist complexes have occurred), and
for which good baseline data collected prior to the change in use are available,
should be identified for detailed analysis in which:
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¢+ Data collected prior to the change are compared with data for the current
situation and quantitative estimates of the extent and rates of change are
determined '

*  The two datasets are used to develop and test coupled models for sub-
components of the system

*  Theoriginal projections of changes to the natural and social sub-systems of
the area (if available) are compared with actual changes that have occurred

*  The causes of failure of projections and assessments are identified and
evaluated

Outputs

+  Databases for developing, validating, and tuning coupled models of change in
system sub-components

*  Input to the development of coupled social and natural science data collection
and handling methodologies to be developed under Sub-task 4.1.1.1 above

+  Conceptual and semi-quantitative models of social forces driving change in
specified coastal areas

Sub-task 4,1.1.3 Projected changes in use of coastal areas

Methodology

- Studies of future coastal change should be urdertaken in which the present and

future uses of coastal space are evaluated from both the natural and social science
perspectives, These Sub-tasks are a necessary requirement for the testing of
hypotheses and validation of the semi-quantitative models that will be developed
under Sub-tasks 4.1.1.1 and 4.1.1.2 above. Coastal areas in which major
developments are planned should be selected for detailed analysis and
simultaneous assessment of:

* The present functioning of the natural system

+  The potential response of the system to the proposed development

+  Thelevels of sustainable use and economic value under present use regimes

+  Thelevels of sustainable use and economic value under the proposed
development

+ The economic basis for past and present use

* The environmental and economic consequences of the proposed change in use

Outputs

*  Integrated socio-economic and environmental impact assessments in which
the outcomes of alternative patterns of use are evaluated from various
perspectives

*  Hypotheses of future change and datasets that can be used to validate the
coupled natural and social science models developed under Sub-tasks 4.1.1.1
and 4.1.1.2
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Task 4.1.2 Secio-economic pressutes driving coastal change - changes in the use of
coastal space

Rationale

The relationship between increasing densities of coastal populations and degradation of the coas_ta.tt
environment and its resources is obvious, yet this relationship has never been adequately quantified
and the social forces resulting in transient and permanent migration to coastal areas are not well
documented. These inadequacies in the present information and databases preFlude th‘e develo;_;ment
of quantitative models of change in coastal systems that are applicable over wide spatial domains.

Specific objectives

Short-term . o

* Establishment of collaborative research teams of natural and social scientists that
undertake research on the dynamics of the interaction between people and coastal
space . .

. Development of appropriate methodologies for integrated social and natural
sciences research o ‘ '

* Development of conceptual and qualitative models linking changes in socio-
cultural settings and economic conditions with particular types of coastal resource
use

Long-term ‘

+ Development of a sound scientific basis for producing forecasts of change under
different social, cultural and environmental conditions )

. Development of conceptual and semi-quantitative models that describe, the

feedback loops operating between environmental changes and human use of
coastal space

Implementation

To develop the information and databases required to provide regional and glob.al
perspectives on the human drivirg forces of change in coastal systems LOICZ will need to
encourage proactively the estabiishment of joint research teams of social and natural ‘
scientists. Case studies, if they are to contribute to such regional and global syntheses, Yvﬂl
require a comparable methodological approach to data collection, management, analysis
and modelling, and consequently LOICZ wiil develop such methods as a matter of
priority. The results from individual studies undertaken within the common resea.rch
framework can subsequently be used as the basis for development of widely applicable
generalised models. The following Sub-tasks are identified as priority areas for‘
investigation under this task, however this listing is not intended to be exhat.lshve, but-
merely indicative, and many other issues not detailed below could be investigated that
would contribute significantly to the specific objectives of this task.
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Sub-task 4.1.2.1 Congestion in coastal areas
Methodology

The increase in resident population density, human activities and use of resources
in coastal and maritime areas is a world-wide phenomenon with a long historical
background. The rates of change of this phenomenon are gradually increasing and
densities have reached critical levels already in some areas, resulting in dramatic
alterations to the functioning of coastal systems. Congestion in coastal areas must
be considered one of the major driving forces of environmental change in coastal
areas but scientific knowledge and understanding of this process is limited. A
number of coastal areas will be selected for detailed analysis of the recent historical
trends in population change, and socio-economic analyses of the factors causing the
migration of people to coastal areas. Within the limitations of the data, quantitative
relationships between the densities of people and the rates and extent of change in
environmental conditions will be determined.

Outputs

+  Semi-quantitative models of the relationships between human population
density and environmental degradation of coastal environments in selected
areas

+  Input data for global scenario building and to activities under 4.1.1

+  Identification and quantification of the major forces driving historical
migration to coastal areas

+  Identification and quantification of the relationships between population
density at the coast and historical rates of environmental change

Sub-task 4.1.2.2 Carrying capacity of coastal areas

Methodology

Research in this field will be directed towards identifying, for a range of locations
under differing social and cultural conditions, the causes of coastal ecosystem
collapse or dysfunction, and to developing semi-quantitative and if possible
quantitative assessments of the relationship between population densities and non-
linear environmental change.

Cutputs
+  Identification of non-linearities in the natural system in response to increases
in human population density

*  Semi-quantitative models of the relationship between abrupt environmental
changes and human population density for specific coastal systems
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Séb-task 4.1.2.3 Present and future capacity of small islands for tourist
development’

Methodology

Enclave tourism, in which whole islands are devoted to single tovttrist resorts, has
been developed in many small island states and in cqastal countries such as Greece
and Croatia with extensive archipelagos of off-shore islands. In some areas and
countries an arbitrary capacity has been set prior to developmfent and in qthers no
such restriction applies. Research will be undertaken to establish the re'latlonship
between environmental degradation and tourist density arvmd to determine the
relationship between economic costs and benefits and en_wronmental costs and .
benefits. Forecasts of the long-term sustainability of tourist developments on sma
islands will be developed, taking into account scenarios of future global change.

Outpuis

° Quantitative models of the relationships between tourist density, activity and
environmental change .

+  Models of tourist carrying capacity of small islands .

+  Models of sustainable tourist development for small 1sla1}ds '

+  Agsessment of the long-term environmental and economic costs and benefits

of island tourism

Task 4.1.3 Relationships between people and specific coastal ecosystems - changes in the
use of coastal resources

Rationale

The spatial and temporal heterogeneity of constal systems and the enormous diversa:ty of social,
cultural and economic conditions under which such systems are used present f?rmrdable problems
of analysis. Co-ordinating and concentrating research und'er this tfzsk, on partzc‘tfl?r c.oa?tald
ecosystems will reduce the inherent complexities of analysis resulting from the biological an
physical variability of coastal areas; and may enhance our understanding the human sources of
variability in the feedback loop.

Specific objectives

Short-term . o )

+ Comprehensive analyses of the social and economic forces driving change in use of
specific coastal ecosystems -

. Development of models of change in specific coastal ecosystems .

° Local, and national assessments of rates of anthropogenically driven change in

specific coastal ecosystems

? This example is included since it provides a clear case where a single driving force, tourism, results in major regional change in a smg :
ecosystem type, coral reefs, which are the most diverse extant marine ecosystems. Potent{laliy,_ therefore, cf)ral reef tou.risrtr:I lripr?z(:‘n -
threat to global marine biodiversity, Similar sub-tasks could be designed around tourism in the Medlt?rra.neain c&:lstm h?gatic;n o
example where the vast numbers of fourists contribute significantly to the flux of nutrients and hence to increasing Is)

coastal waters,
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Long-term

. Regional and global assessments of rates of change in specific coastal ecosystems
g Identification of regional trends in the forces driving coastal change
Implementation

A two pronged approach to addressing this issue should be adopted, the first line of
research should involve studies of ecosystem use covering a wide matrix of physical,
social, cultural and economic conditions, and the second more focused research on

specific activities which are demonstrably major driving forces of change at national and
regional scales.

Studies of human habitation and traditional uses of specific coastal ecosystems should be
undertaken in order to evaluate actual and potential use of the resources from both the
natural and social sciences perspective. Such studies should be linked to the Sub-tasks
detailed under Task 4.1.1 specifically Sub-task 4.1.1.2. Sites should be selected that
provide a range of conditions and intensity of uses over a diversity of
biogeomorphological settings. Detailed analysis should be undertaken on the
environmental and economic costs and benefits of alternative uses of specific coastal
ecosystems such as mangroves, coral reefs, and saltmarshes, and their resources. Realistic
forecasts of future conditions should be developed incorporating projections of fuiure
social, economic and environmental conditions under differing scenarios of climate
change. Human feedback to rates of change in coastal environments should be quantified
and incorporated into this scenario building. Sub-tasks that focus on particular human
activities can be integrated into particular ecosystem research where appropriate.

Research on rates of change in particular systems could be undertaken at the country level
and the results integrated to provide a regional perspective of the forces driving coastal
change. Depending on the system concerned there may be latitudinal bands or trends,
and hot spots of change within certain longitudes. The results of such research could
identify the location of the greatest social and physical driving forces of coastal change.

Sub-task 4.1.3.1 Relationships between people and mangroves’

Methodology

In 1987 some 13.9 million hectares of mangroves were estimated to remain in the 22
countries containing the world's major mangrove stands. Of this total only 10%
occur in developed countries, the remainder being found in tropical developing
countrics where development pressures have resulted in an accelerating rate of
habitat loss. In general, change in use of mangrove systems has been undertaken
with inadequate consideration of the goods and services, - such as shore-line
protection provided by the natural ecosystem. Research therefore should be
focused on: the social and economic driving forces for change; quantifying the loss

3 This example is induded since mangroves constitute a dominant ecosystemn of tropical coastlines that is currently subjected to
considerable human-induced change induding: clear-cutting for imber; changes of use to mariculture, rice production; and use for
human habitation. These changes in areas such as Southeast Asia and Central America are affecting - 1o an unknown degree - the fiux of
nuirients and organic carbon to coastal and near-shore waters. Similar sub-tasks should be developed encompassing systems such as
cozal reefs, seagrasses, temperate saltmarshes, coastal lagoons and ‘deltas.
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of natural environmental goods and services; and the relationships between social
and environmental change. The development of integrated models will require an
extensive suite of linked case studies covering matrices of the driving forces for
change in mangrove systems based on comparable methodologies. Without such a
matrix of studies, generally and widely applicable models cannot be developed.

Outputs

+  More realistic economic valuations of space and resources within mangrove
ecosystems

+  Integrated assessments of the environmental and socio-economic costs and
benefits of alternative uses of such systems, as input to Tasks under
activity 4.3

+  Improved understanding of the environmental changes consequent upon
human modification of mangrove ecosystems

+  Scientific information and data leading to more environmentally sustainable
and economically cost effective use of mangrove ecosystemns

+  Where appropriate, estimates of changes in flux rates through coastal
ecosystems impacted by varying intensities of human use

+  Integrated socio-economic and environmental models, scenarios and forecasts
of change in mangrove systems.

Sub-task 4.1.3.2 Shrimp culture in mangrove ecosystems’

Methodology

One of the main forcing functions driving change in Southeast Asian mangrove
systems is their clearance for intensive and extensive pond mariculture. Present

practices in shrimp mariculture in Southeast Asia are unlikely to prove sustainable .

in the long term due to changes in the chemistry of acid sulphate soils following
mangrove clearance. The rates of pond construction are high in many countries
resulting in a rapid loss of rhangrove habitat. Sites should be selected o encompass
a range of intensive and extensive culture conditions, and this research should be
designed to contribute to Sub-task 4.1.3.1 Detailed analysis should be undertaken
on the environmental and economic costs and benefits of the use of mangrove
environments and resources for shrimp mariculture, which include total valuations
of the natural mangrove goods and services.

Outputs

+  More realistic economic valuations of mangrove space and resources and the
environmental costs of intensive and extensive shrimp farming in mangrove
areas as input to Sub-task 4.1.3.1

+  Improved understanding of the changes to soils consequent on shrimp pond
construction and operation

*Ihis example is induded since it provides a clear case where a single major driving force, shrimp mariculture, is resulting in national
and regional level change in a single ecosystem type, with potentially major impacts on carbon fixation and flux in the coastal zone.
Similar sub-tasks could be designed around dam construction and delta erosion; salmon farming in fjord environments; and rice
production in deltas.
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+  Scientific information and data leading to more environmentally sustainable
and economically cost effective shrimp mariculture based on both extensive
and intensive methods

+  Estimates of changes in flux rates through mangrove systems impacted by
varying intensities of mariculture activities

Actvity 4.2 - Effects of Changes to Coastal Systems on Social and Economic
Activities

Infroduction

Research under this activity should be directed towards the feedback between global
change in coastal environments and people. As such, it complements activity 4.1 which
examines human activities as driving forces of change in coastal environments. Given the
present uncertainties surrounding predictions of future global change and the even
greater difficulties of predicting the responses of coastal systems to external physical
forcing, predictive modelling of the feedback between coastal environments and their
dependent human populations may not be achieved within the life-span of the LOICZ
Project. Nevertheless, significant progress towards this longer term goal can be achieved
through an improved understanding of the valuation of coastal space and resources under
different social, cultural and environmental settings and through quantification of the
degree of dependence and vulnerability of coastal populations. Research on a range of
situations in which human use of coastal space and resources is changing as a
consequence of environmental changes should provide the conceptual and modelling
tools required to develop forecasts in which the feedback between natural and social
systems are taken into account.

The proposed Tasks and Sub-tasks will contribute towards improving the scientific basis
for coastal zone management, the overall goal of LOICZ Focus 4, and more specifically to
Tasks undertaken under Activity 4.3, In reality coastal zone management is the
management of human activities in coastal areas rather than the management of natural
coastal systems per se, and environmental boundary conditions for management systems
are changing as a consequence of global changes. It is important therefore that the relafive
costs and benefits of action and non-action in modifying people's use of coastal space and
resources are adequately quantified if forecasts of future conditions are to reflect
realistically, the societal investments needed to address the problems consequent upon
global climatic change.

Overall objectives

The overall objective of this activity is to develop the tools for producing regional and
global forecasts of the effects of coastal change on social and economic activities in the
coastal zone and the feedback between social and environmental change. More
specifically this activity will develop:

Coupled natural science and economic sub-models for components of coastal

systems
Test the wider applicability of such sub-models
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+ Aggregate appropriate sub-models to develop the capability for predicting the
impacts of change in coastal systems on coastal communities, under differing
scenarios of change in environmental forcing functions

The LOICZ approach

Research projects will be undertaken at the interface between natural science, data and
models and their socio-economic science equivalents. These will include natural sciences
and economic research covering audits of the coastal resource base and its current use.
Particular attention will be paid to the spatial and temporal domains in order to ensure,
where possible, congruence between natural system and social system boundaries.
Research is required to elucidate the contexts in which price and resource allocation
decisions fail to reflect the real value of coastal zone resources, or, where markets are
distorted by taxes or subsidies resulting in exacerbation of degradation trends. In this
field of activity there is a requirement for economic valuation studies of resource use,
damage cost and abatement cost, and change related adaptation costs in coastal zones.
Hence future studies must take into account trends in population and other socio-
economic pressures in the coastal zone.

Given the high density of coastal populations, the degree of dependence of many coastal
communities on marine resources and low-lying agricultural land, and the considerable
capital investment in the coastal zones of many countries there is an urgent need to
develop models that describe quantifatively; the dependence; vulnerability; and risks to
coastal populations resulting from potential changes to the physical environment and the
coastal resource base.

Task 42,1 Economic valuation studies

Rationale

Present methods of valuing environmental goods and services in the coastal zone are inadequate
since they often fail to take account of the dynamic nature of coastal systems; undervalue or ignore
some natural goods and services; externalise some environmental costs; and generally do not
consider long-term environmental trends. These failures often result in planning decisions that are
unsustainable in the long-term, leading to undue dependence on single sector development, thus
increasing the vulnerability of the community to long-term changes in environmental parameters,
and hindering assessments of the impacts of global change on coastal papulations.

Specific objectives

Short-term :

¢ Development of more realistic valuation systems applicable in different natural and
socio-cultural environments

M Incorporation of environmental trends and variability into economic valuation
systems

. Development of conceptual and semi-quantitative economic models of societal

response o environmental change
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Long-term

. Development of a sound scientific basis for the economic valuation of coastal
environments and resources, in support of sustainable coastal area development

. Development of realistic forecasts of future coastal change

Implementation

Developing appropriate forecasts of the response of coastal communities to long-term
environmental changes requires a quantitative understanding of the relationship between
coastal communities and their resource base. Whilst a number of the Sub-tasks envisaged
under Activity 4.1 will contribute to this quantitative understanding specific areas of
research need to be developed in the fields of: damage cost, abatement cost, and cost
benefit analyses. These will provide a conceptual framework for assessing risks and
vulnerability to change in coastal environments, driven by both local and global changes.
Nutfrient enrichment is considered in the following examples but such studies could be
expanded to include soil erosion and freshwater resource availability and quality in
coastal areas.

Sub-task 4.2.1.1 Damage cost valuation studies’

Methedology

Nutrient enrichment of coastal waters is a world-wide preblem with impacts that
include inter alia: local eutrophication; toxic algal blooms resulting in the closure of
shellfish beds; adverse impacts on coastal tourism as a consequence of algal "scum”;
and potential changes in the role of coastal oceans in the global carbon cycle.
Studies should be undertaken to provide comprehensive valuation of the direct and
indirect impacts of eutrophication of coastal waters. Such studies will require:

+  Natural science assessment and quantification of environmental impacts in
relation to varying scales of nutrient discharge

+  Natural science assessment of the nature of system response to nutrient
enrichment (linear and non-linear responses)

+  Natural science assessment of the degree of uncertainty pertaining to the

above

. Economic assessment of the costs of direct and indirect impacts resulting from
nutrient enrichment

Outputs

+  Scientifically and economically sound methodology for damage cost valuation

+  Models of the relationship between natural system response to different levels
of nutrient enrichment

+  Input to cost benefit analyses of alternative waste treatment and disposal
methods

® This example is included because nutrient enrichment is a global problem in terms of; the present geographic extent; the rate of increase
of discharge; and the nature and extent of impacts which may be of global consequence in terms of altering the role of coastal systems in
the global carbon cycle.
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Sub-task 4.2,1.2 Abatement cost valuation studies
Methodology

Since nutrient enrichment of coastal waters is a world-wide problem, often with
economic impacts, numerots management responses such as the installation of
waste water and effluent treatment facilities have been implemented. Future
studies should be undertaken to provide comprehensive valuation of the direct and
indirect benefits of various treatment options, which in many instances may be
based on existing data. Such studies will require:

+  Natural science assessment and quantification of the improvement in
environmental quality resulting from various levels of waste water treatment

* Natural science assessment of the nature of system response to reduction in
waste water inputs (linear and non-linear responses)

* Natural science assessment of the degree of uncertainty pertaining to the
above

+ Economic assessment of the costs of improvements in environmental quality
under differing levels of investment in waste water treatment

Outputs

+  Scientifically and economically sound methodology for pollution abatement
cost analyses

+ - Models of the response of natural systems to reduced nutrient inputs

+  Data for use in cost benefit analyses of alternative waste treatment and
disposal methods (Task 4.3.1)

Sub-task 4.2.1.3 Long-term environmental and economic costs and benefits of
coastal tourism

Methodology

For many insular developing countries, coastal tourism represents the major if not
sole source of hard currency earnings. Such tourism is frequently centred on coral
reefs or takes the form of enclave developments occupying whole islands. High
densities of visitors combined with infrastructural development frequently result in
environmental damage and degradation with destruction or deterioration of the
resource that forms the basis for the tourist industry. Studies are needed of the
environmental and economic costs and benefits of different forms of tourist
development. Such studies should be integrated with and build upon those
conducted under Sub-task 4.1.2.3 and should include inter alia:

. Assessment and quantification of the environmental impacts of present resort
development and operation

*  Quantitative assessment of the relationships between present environmental
change and tourist density

ot Realistic economic valuation of the environmental change resulting from
present tourist operations
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¢ Identification of alternative strategies for tourism development
+  Comparison of the costs and benefits of present and alternative modes of
tourism development '

Outputs

* Quantitative models of environmental and economic costs and benefits of
different densities of tourist visitors

+  Comparative cost benefit analyses of alternative modes of tourist development

»  Guidelines for sustainable economic development of coastal tourism in
different coastal environments

+  Input to the global vulnerability assessment and national dependence studies

Sub-task 4.2.1.4 Cost benefit analyses of alternative future use of coastal area and
resources

Methodology

Conflicts often arise from elevated levels of use of coastal environments. This is
generally a consequence of the increased levels of human populations both
permanent and seasonal, such that space itself becomes a limiting factor to the use
and enjoyment of coastal areas. Extensive and intensive planning studies should be
conducted in the actual and potential use of coastal areas and resources under
increasing human population densities subject to varying scenarios of global
change. Such studies should build on those envisaged under Activity 4.1 and
should encompass:

¢ Assessment and analysis of the present resource base (including space)

+  Analysis and modelling of the future resource base under varying scenarios of
climatic change and sea level rise

+  Identification and quantification of present resource use and rates of change in
that use

+  Development of forecasts of the future size, distribution, economic status and
degree of marine resource use by the coastal population

+  Evaluation of potential alternate uses of coastal space and resources

+  Development of alternate forecasts of change in the coastal area concerned
under various patterns of resource use and development

Outputs

+  Environmental and economic cost benefit analyses of alternate scenarios of
coastal resource use and development under present environmental
conditions

+  Environmental and economic cost benefit analyses of alternative scenarios of
coastal resource use and development under future environmental conditions

+  Integrated models for the development of forecasts of change in coastal
systems
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Task 4.2.2. Stakeholder analyses
Rationale

Marine and coastal resources are subject to complex and varied patterns of ownership, regulation
and control; yet at present no systematic evaluation of the rates of change under these differing
conditions exists. Similarly the degree of dependence of conmunities and nations on marine
resources varies widely, but no evaluation has yet been undertaken of the relationship between
dependence on coastal space and resources and rates of change in the coastal environment.

Specific objectives

Short-term :

* Determine the quantitative relationship (if any) between differing patterns of
ownership of coastal space and resources and the rates of change in coastal
environments and resources '

+ Determine at local and national levels the quantitative relationship between degree
of dependence on coastal resources and rates of change in coastal environments

Long-term :
. Development of a sound scientific basis for future management strategies
. Input data for global coastal vulnerability assessment

Implementation

Evaluating the role of different degrees of dependence on marine resources at different
scales will provide the empirical data needed for model construction and validation
concerning the quantitative relationship between communities and nations, and rates of
change in their coastal environments. A mairix of case studies over a range of social and
economic conditions should be examined to encompass representative communities and

countries encompassing the range from subsistence (internal production-consumption) to

commercial (internal production, external consumption) use of marine and coastal
resources. Similarly evaluating the rates of coastal change under different ownership
patterns and institutional arrangements would provide the empirical data needed for
determining the quantitative relationships between such conditions and rates of change in
coastal environments. Whilst the two sets of case studies need not be linked, the data
required for both types of analysis could be collecied simultaneously, hence providing
added value in terms of cross comparisons between the two Sub-tasks. The outputs
envisaged from this task will provide important information useful in addressing the
objectives of activity 4.3.

Sub-task 4.2.2.1 Marine resource dependence studies - local

Methodology

Studies should be undertaken on the relationships between people and coastal
resources under differing conditions of economie development. These should

include situations ranging from low density and hence low impact, to high density
areas where destructive practices have been adopted (blast fishing on coral reefs for

116

example) and should encompass: communities.in which production is consumed
within the community; situations where production is both consumed internally
and exported to neighbouring communities; situations where preduction is wholly
for export and is consumed outside the community, Multi-variate statistical
analysis of the relationships between community density, numbers of producers,
rates of internal consumption, export and consequent income, and other internal
variables can then be used to derive quantitative relationships between patterns of
dependence and rates of change in coastal environments.

Outputs

+  Local case study reports providing empirical data for model building and
validation

+  Quantitative relationships between community dependence on coastal

 resources and rates of change in coastal environments

Sub-task 4.2.2.2 Marine resource dependence studies - national
Methodology

Studies should be undertaken on the extent of economic dependence of different
categories of nations such as small island states, coastal states and continental states
on marine resources and the relationship, if any, between dependence and rates of
change in coastal systems. A matrix of national studies should be undertaken to
provide a comparable analysis to that of local communities but at a differing spatial
scale.

Outputs

+  National case study reports providing empirical data for model building and
validation

+  Quantitative relationships between national dependence on coastal resources
and rates of change in coastal environments

+  Input data for regional assessments of rates of coastal change

+  Input data for regional and global coastal vulnerability analyses (Task 4.2.3)

Sub-task 4.2.2.3 Analyses of the impacts of different institutional arrangements on
rates of change in coastal environments.

Methodolagy

Development and exploitation of coastal space and resources is subject to widely
differing management systems, ranging from centrally to locally, planned and
managed. In addition the number of agencies and institutions involved in the
various economic sectors that depend on coastal space and resources varies widely
from country to country and culture to culture. Integrated social and natural
science research shouid be directed towards elucidating the relationship between
the numbers and co-ordination of institutions involved in controlling coastal
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developments and the extent of coastal zone management “success” and “failure”.
Such studies can provide a framework for modelling rates of change in coastal
environments in relation to the institutional framework for management.

Outputs

+  National case study reports providing empirical data for model building and
validation

*  Quantitative relationships between national dependence on coastal resources
and rafes of change in coastal environments

¢+  Input data for improved coastal zone management

Sub-task 4.2.2.4 Analysis of the impacts of different patterns of ownership and
usufruct rights on coastal resource use

Methodology

Patterns of ownership and use of coastal space and resources vary widely from
culture to culture ranging from individual or community "ownership” to "free
access”. The concept of "limited entry" now widely agreed as the sine qua non for
sustainable use of fisheries resources, has long been the practice in many coastal
communities, particular in insular developing countries. No comparative analysis
of rates of change in coastal environments under differing patterns of ownership
and use has yet been undertaken and a matrix of comparable case studies should
be undertaken to determine any quantitative relationship between such patterns
and rates of change in coastal environments. Integrated social and natural sciences
research is required to document different patterns of ownership and use of
resources in relation to trends in coastal environmental change. Such studies should
be undertaken in close collaboration with studies of local coastal resource
dependence, and as noted above, added value would be obtained by such linkages.

Outputs

+  Local case study reports providing empirical data for model building and
validation _ ‘

+  Quantitative relationships between patterns of ownership and use of coastal
resources and rates of change in coastal environments

*  Input data for improved coastal zone management

Task 423 Vulnerability of coastal systems and human populations to global change
Rationale

The Intergovernmental Panel on Climate Change has developed a framework methodology for
assessing vulnerability to sea level rise which was widely applied during the preparation of the 1995

IPCC Assessment report. The initial results of applying this framework methodology were reported
to the World Coast Conference '93 in November 1993. The validity of the conclusion drawn from
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these assessments has been questioned due to the static nature of the scenarios used and the
problems of realistic comparative valuation of resources and artefacts between different cultural and
ecotomic situations.

Specific obfectives

Short-term

. Development of improved valuation methods for coastal space and resources under
scenarios of global change '

. Development of dynamic forecasts of change in coastal environments in which
environmental and socio-economic feedbacks are incorporated

Long-term
¢ Improved methodologies for vulnerability assessment at regional and global scales

Implementation

Vulnerability to global change can be viewed from the physical, biclogical or human
perspective, thus a coastline is physically vulnerable to wave attack regardless of the
presence or absence of human populations. Similarly biotic systems are vulnerable to
changes in various physical forcing functions. From an anthropocentric viewpoint
vulnerability is seen merely in terms of the vulnerability of human communities and their
capital assets, Research is required that improves the methods of valuation of natural
coastal resources (Sub-task 4.2.1.4 above} other than human and capital resources and that
provides a more dynamic element to the process of scenario buiiding. Selected activities
will be initiated in which the dynamic element of change is introduced, and transient
conditions between the present and future conditions are built into future projections. It is
suggested that systems such as deltas, which are highly dynamic in the short and medium
term, might provide micro-scale analogues for analysing, physical, biological and human
vulnerability and the response of the human populations to environmental change.

It is recognised that this Task will need to build not only on other Tasks undertaken under
activity 4.1, but also will require input from activities and Tasks initiated under other
LOICZ Foci, particularly Focus 2.

Outputs
Improved methodologies for valuation of coastal space and resources
Forecasts of future change in coastal systems, incorporating consideration of the

dynamic elements of system response
Improved methodology for assessment of coastal vulnerability to global change
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Activity 4.3 - Development of Improved Strategies for the Management of
Coastal Resources

Introduction

Most current management practices are reactive rather than proactive and lack a sound
scientific basis in terms of the required information and an understanding of the
processes that characterise coastal systems. Whilst LOICZ Focus 4 research does not
include implementing management regimes i is concerned with the scientific basis for
management. This includes research on issues such as the recovery of degraded
ecosystems following management intervention and informational failures of science in
the process of management. Such an understanding is required not only to support
improvements in integrated coastal zone management but to elucidate the nature, rates
and causes of present coastal change. Furthermore, the results of such research are critical
to the building of dynamic models that are successful in generating realistic future
forecasts since coastal change is not uni-directional in space and over time.

Overall objectives

The overall objective of this activity is to improve the scientific basis for integrated
management of human use of coastal space through the development of a common
framework for analyses that can encompass both the natural science and socio-economic
viewpoints. Specifically this activity will:

+ Evaluate the effectiveness, costs and benefits of alternative forms of intervention in
addressing coastal resource and environmental degradation
+ Develop quantitative models for cost-benefit, policy feasibility and social

acceptability analyses of alternative uses and management strategies for coastal
space and resources

The LOICZ approach

A review of principles and concepts, and an evaluation of the value of paradigms such as:
carrying capacity; feed-back mechanisms and system dynamics; precautionary principles
and sustainable development to both natural and social sciences, will be undertaken as
background to the intensive studies envisaged under this activity. Research on alternative
valuation methods for coastal zone resource and development options, in different
regional cultural settings undertaken under Activities 4.1 and 4.2, are required to evaluate

the potential for development of objective techniques that are applicable in different socio-

cultural environments. A critical examination of IPCC's common methodology and the
‘concepts and tools" as presented at the World Coast Conference '93 will be undertaken, to
improve their wider applicability in developed and developing economies (Task 4.3.1).
Successful achievement of the overall objective would permit global scale modelling of the
economic forces driving coastal change although it is recognised that at present
appropriate modelling tools do not exist and these will need to be developed during the
course of LOICZ activities under this focus. Comprehensive global scale modelling may
not be achievable in the time frame of the LOICZ Project. )
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Task 4.3.1 Management and recovery of degmded'coastal environments
Rationale

There is a general belief that following cessation or reduction of the causes of environmental change,
such as the construction of waste treatment and disposal facilities, affected ecosystems will recover
quickly. There is little scientific knowledge or evidence to support this contention and present
understanding of the recovery process of natural coastal systems is limited.

Specific objectives

Short-term

» Evahrtation of the effectiveness, costs and benefits of alternative forms of
intervention in addressing coastal resource and environmental degradation

. Development of quantitative models for assessing the costs and benefits of

management actions in environmental restoration and recovery

Long-term

* Development of coupled natural and social science models of the effects of
management actions on rates of change in specific coastal systems

+ Development of a sound scientific basis for management action designed to restore

degraded coastal environments
Implementation

Despite the absence of sound scientific information to justify management intervention a
number of actions are being undertaken to reduce or eliminate the driving forces of
- change in coastal ecosystems. Numerous sites exist world-wide which display a range of
intervention and non-intervention strategies addressing various sources of anthropogenic
change in coastal environments, thus providing the opportunity for comparative studies
of the recovery process. It is suggested that priority should be given to sites with and
without sewage treatment and discharge into semi-enclosed bays® which might provide a
suitable range of comparative and control sites for an in-depth analysis of the recovery
process of similar in-shore ecosystems. Such studies should include full realistic economic
and environmental cost-benefit analyses, and build on research undertaken under Sub-
tasks 4.2.1.1 and 4.2.1.2. '

'_:Ou tputs
Models of the response of in-shore ecosystemns to mitigation strategies for in-shore

urban waste disposal
Cost benefit analyses of alternative urban waste disposal strategies

@ choice of sewage and semi-enclosed bays is based on the recognition that a sufficient number of similar sites exist world-wide to
P! ovide the necessa ry matrix of case studies that would provide internal controls for mutti-variate statistical analysis. [t is possible that
other. driving forces of change and other geomorphological settings could be investigated if sufficient examples were available world-
de to pravide the necessary replicates and controls.
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Task 4.3.2 Analysis of distance effects in sustainable use of coastal areas
Rationale

Numerous human activities on land have direct and indirect impacts on the rates of change in
coastal systems. Management of land-based activities is rarely co-ordinated with that of maritime
activities and coastal impacts of land based activities are externalised in cost benefit analyses of
land-based developments, if they are considered at all.

Specific objectives

Short-term
* To complete representative cost-benefit analyses of past inland developments in
which the spatial domain is expanded to include coastal costs and benefits

Long-term
. To develop the methodologies for total environmental and economic cost benefit
analyses in which all environmental costs and benefits are internalised

Implementation

In a number of instances inland activities are sufficiently widespread and undertaken on
such a scale as to alter, on a global basis, flux rates of material between land and ocean.
Whilst poor land use and practices and poor water management enhance the rate of
sediment mobilisation and transport to coastal areas, dam construction and large scale
irrigation has the reverse effect, trapping sediment and water inland and altering the
balance of nufrients in coastal waters. A number of sites should be selected covering the
full range of potential conditions from sediment starvation to large volume increases and
full analyses undertaken of the driving forces for changes inland. Such studies should
include a complete analysis of the coastal changes consequent on such inland activities
and encompass a full and realistic cost benefit analysis which transcends the traditional
sectoral boundaries separating the management regimes for inland and coastal activities

Oufputs

. Cross-sectoral analysis of the environmental and economic costs and benefits of
inland activities in which the coastal costs and benefits are included in the analysis
of inland activities, and vice versa

+ More realistic assessment of the total costs and benefits, both environmental and
economic of inland developments

Task 4.3.3 Evaluating past successes and failures in coastal zone management
Rationale

Integrated constal zone management is seen as the solution fo current unacceptable rates of change
in coastal environments world-wide. The adoption at the Earth Summit in Rio of Agenda 21

implies an international acceptance of the need for all countries to develop integrated constal zone
management plans by the year 2000, The scientific basis for present management strategies is
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inadequate since it does not enconipass adequate understandmg of the feedback between
environmental and socio-economic changes.

Specific objectives

Short-term

. To identify the causes of failure in past coastal zone management strategies through
a comparative analysis of past successes and failures

¢ To identify the scientific contributions to past successes and failures of coastal zone
management

Long-term

. To provide a sound scientific basis for the development of future coastal zone
management strategies

Implementation

Research will involve }omt evaluations by natural and social scientists of specific coastal
management reg1mes to identify the information, market and policy failures which have
resulted in varying degrees of successful coastal zone management. The process should
also highlight the nature of the scientific information and understanding required for
improved management action in coastal areas. In evaluating the scientific basis for past
successes and failures of management interventions in the coastal zone, LOICZ
evaluations of specific management regimes should identify:

The scientific basis for:

. Setting policies and goals
+ Defining plans, activities and projects
. Establishment of monitoring activities

The socio-economic basis for:
+ Establishment of institutional arrangements
+ Legislation, training and public education

Outputs

* Criteria for identifying “success” and “failure” in coastal zone management

M Evaluation of individual successes and failures in coastal zone management under
: different social, economic and cultural settings -
e Identified requirements in terms of scientific information and data required for
: implementing integrated coastal zone management

+ Identification of the causes of failure of existing management regimes

+ Improved methodological framework for initiating integrated coastal zone

management
+ Improved understanding of the capacity of different societies to adapt to change

through management action and of the time lags involved in responding to change

?
In a number of countries whose coastlines are dominated by one or more coastal systems, specific management sirategies have been

developed for such systems, outside the framework of a more general strategy of coastal zone management. The comparative impact of
such strategies in terms of halting unacceptable rates of change is not known at the presont time potentially therefore a Sub-task could be
developed to examine coral reef, or mangrove management plans and their national level impact or otherwise on rates of change.
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Integrative Activities
(Core Research)

Introduction

The research agenda laid out for each focus in the preceding chap.ters‘, r'epresen'ts SPeCiflC
Activities, Tasks and Sub-Tasks which could be accomplished by individual scxent}sts,
institutions or national (and in some instances regional) research groups. To co_mPﬂe the.
outputs from such studies into regional and global models:, scenarios an.d.predlcpons, will
require considerable investment from the Core Project Office and Scientific Steering
Committee in terms of methods, database and model development, netwlorkmg and
liaison. These framework activities are detailed in an earlier section of thlg .
Implementation Plan and will require substantial input ffrom the.(;ore PrOJect_Offxce,
which greatly exceeds its present manpower and financial capacities. Even with a il
comprehensive, additional investment in strategic and 'framework act}v1tles the pos:s.lz ility
remains that the regional and global goals of LOICZ will not be met since the compilation
and synthesis of results from small, isolated studies (smlall, in terms of either spatial
domain or subject area) will not necessarily provide in51g¥‘1t and answers t0 global
scientific issues and uncertainties involving the inter-relations between wider sub-sets of

the total coastal system.

It is clear therefore that a number of Integrative Activities wi%i .need o be develgped
which encompass most if not all of the specific research ac?tiwtles and tasks lenv;sage_d_
under a particular focus, or which address, in a cross-cutting manner, r}ru'lljnple activities
from two or more foci. In the following pages two such Integrative :Acnvmes are outlined
covering the carbon cycle in coastal oceans and the socio-economic impacts of glob:ell— .
change in coastal systems. It is envisaged that further Activities will be‘deve.loped in the
near future addressing in particular the vulnerability of physical and blologm'a‘l processes
in the nearshore zone to global change and the implications of such vulnerability for
future human use of coastal areas.

The following Integrative (Core Research) Activities: “The R(,:nie of Coastal Sgas in the - |
Global Carbon Cycle”; and, “Integrated approaches to assessing the economic and socia
impacts of global change in coastal systems”, have been developed as examples ?f,t%\‘e
approaches which will be adopted by LOICZ. to Core Rese;arch. Both of thes:e: activities
encompass scientific issues considered to be of high priority at the present time and both
are designed to provide a framework within which nationally funded and siupported
aclivities can be integrated to provide a wider regional and global perspective. Where' _
possible, both will build on existing activities and integrate closely with related on-going

initiatives implemented by other organisations and bodies. These Activities will also serve

s the major interface between LOICZ and IGBP's Task Force Global Analysis,
Interpretation and Modelling (GAIM) activity.

In other respects the two projects differ substantially. The project entitled “The Role of
Coastal Seas in the Global Carbon Cycle” addresses issues relating to Focus 1 z.md Focus 3
of the LOICZ Science Plan. In this respect the Activity is cross-cutting and designed to
provide a framework for overall integration of several different Tasks and Sub-tasks
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related to carbon in the coastal ocean. This Activity can only be implemented on a global
:. basis since the heterogeneity of the world’s coastal zones does not permit extrapolation of
| the results from individual models of limited spatial domain to a global scale. The
structure of the regional components of this Integrative Activity will be based in part
upon the output of the Framework Activity concerned with developing a global coastal
typology. The proposed mode of implementation recognises that substantial
infrastructural support and capacity building will be required in regions which
encompass primarily developing countries and couniries with economies in transition,
since such countries are unlikely to accord high priority and therefore allocate scarce
research funds fo ascertaining the role of their coastal oceans in the global carbon cycle. It
is unlikely therefore that site-specific budget models and regional system models will be
developed for these regions without substantial external inputs of equipment and finance
designed to enhance the indigenous capacity for research related to the carbon cydle of
coastal oceans. Without the involvement of such countries, global syntheses and models
cannot be produced and the goals of LOICZ cannot be met.

In contrast the project entitled “Integrated approaches to assessing the economic and
social impacts of global change in coastal systems” builds on existing regionally co-
ordinated activities concerned with human use of and change in the coastal zone. This
Integrative Activity addresses all components of Focus 4 simultaneously and through the
production of three large scale regional syntheses and models aims to develop a global
synthesis and provide a solid scientific basis for future global scenario development.

Neither of these activities can be initiated without significant input of new research funds
and a failure to adequately fund LOICZ Integrative Activities (Core Research) will
seriously compromise the achievement of the overall goal and objectives of this Core
Project of the IGBP. '

The Role of Coastal Seas in the Global Carbon Cycle
Background

The coastal areas’ are among the Earth’s most dynamic systems due to the processes at the
interface between the land, the oceans, and the atmosphere and the intensive interaction
of the natural environment and man’s socio-economic activities. Coastal marine areas
‘comprise around 8% of the surface area of the globe, contribute about 15% of global
biological production, and account for: around 80% of the global organic burial; 90% of
global sedimentary mineralisation; 75-90 % of the global sink of suspended river load and
its associated carbon; and, in excess of 50% of present day global carbonate deposition.
Coastal areas are also the regions of the global ocean where the wide range of present
human activities is causing extensive alteration to the functioning of these systems in
‘global biogeochemical cycling.

Despite the long-standing interest of scientists in the land-sea interface, and the intensity
of the past, present and predictable human interventions in the coastal, terrestrial and
marine environment, the role of the coastal seas in the natural and disturbed giobal

'In the context of this project “coastal areas” are broadly defined as shallow coastal seas and the adjacent coastal terrestrial environment,
2pproximately covering the seas to a depth of 200 m and the coastal plain to 200 m above sea level.
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carbon cycle is still uncertain. The proposed project intends to deal with a neglected
section of the global carbon budget which is currently subject to rapid rates of direct
anthropogenic change resulting from fertilisation effects and enhanced flux rates of _
carbon, nutrients and sediments from land to sea. This Integrative Activity plans to build,
whenever possible, on the relevant existing efforts of the international scientif.ic .
community, and to take advantage of other initiatives by setting-up co-operative (joint)
programmes between LOICZ and the existing or evolving programmes fostered by other
bodies in the fields of interest to the proposed programme.

Approximately 0.4 gigatons (Gt) of organic carbon in solid and dissolved form reac.h the
coastal seas annually via river discharge, all or part of which may be respired forming a
source of CO, for the atmosphere. The extent of this source of atmospheric CO, is ‘
unknown since apparently much of the riverine transported carbon is inert and mixed
with sea water conservatively. In addition the anthropogenic input of nutrients to coastal
seas, in particular nitrogen and phosphorus (now believed to be twice the natural flux) .
can result in enhanced primary production constituting an additional sink for atmospheric
carbon of the order of 0.07-0.12 Gt C a”. The behaviour of coastal systems in both the
natural and disturbed carbon cycle is of direct socio-economic importance in terms of
future policies and decisions concerning global carbon emissions and in terms of the
sustainable multiple use of coastal areas and systems.

This area of LOICZ research aims to produce a large number of regional budget and
system models representative of the major typical environments. An idealised goal would
be around 100 budget and 25 system models but the number attained will depend upon
the extent of participation of IGBP countries. These models will summarise existing
knowledge of carbon dynamics for key units of the world's global coastal zone and
include the influence of major forcing functions (e.g., nutrients, sediment, etc.) as well as
important exchanges with the land, atmosphere and open ocean. In order to meet the
long-term objectives of LOICZ, the results of the individual regional models must be
synthesised to produce a clearer understanding of the magnitude of the net carbon fiuxes
in the total world coastal zone. This exercise will require considerable extrapolation of
data in order to fill the many holes that will still exist in the global data base buf this can
be done with considerable confidence on the basis of the coastal typology to be developed
by LOICZ under Framework Activity 2. Once compiled, the summary information can be
fed into Earth system carbon models which do not currently consider processes taking .
place in the coastal zone.

Developing a truly global synthesis of carbon dynamics in the coastal zone, and feeding
the results into global carbon models for the entire Earth system, represents a significant
scientific challenge. This challenge is best met by developing an Integrative Activity led =
centrally by the LOICZ-Scientific Steering Committee and Core Project Office. While
planning should commence immediately, and some preliminary syntheses can be made -
using existing data and models, work on syntheses can not begin until a reasonable
number of regional models have been developed and tested (during Operational Phase 2).
Successful completion of this activity is of critical importance to achieving the overall .
objectives of the IGBP.
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1. Outline of the Integrative Activity (Core Research)
1.1 Goal and objectives

The overall/ultimate goal of the proposed Activity is to develop global syntheses and
models of the role of the coastal seas in the disturbed and undisturbed carbon cycle based
on a series of regional models capable of describing the seasonal and inter-annual
variations in carbon fixation, metabolism and exchange in coastal zones.

The objectives of this Integrative Activity are:

(a)  Toserve as LOICZ Core Research encompassing activities of Focus 1 and Focus 3,
and as a scientific and management framework for integration of the output from a
number of subject-specific activities undertaken as national and regional
contributions to LOICZ

(b To provide policy-makers, planners and managers with the output of dynamic
models of the carbon cycle in coastal areas as a contribution to the scientific basis
for development of long-term global and regional strategies relating to carbon
emissions and the use of coastal systems

1.2 Activities

The programme is envisaged to consist of several phases. The first is a Preparatory Phase
of one year during which the scope and activities of the three Operational Phases will be
defined in detail. The Operational Phases will encompass an initial data gathering and
preliminary model development phase (4 years); a regional model development and
validation phase (3 years); and a final global synthesis and modelling phase (2 years).

Preparatory Phase

The operational phases of the programme will be implemented in close collaboration with

existing UNEP sponsored programmes, IOC Regional bodies, the IGBP System for
~Analysis Research and Training (START), Regional Research Centres, and the National
IGBP Committees of those countries participating in the LOICZ Project, and will be based
:"on a preparatory phase of ten months during which:

A detailed work plan and timetable for the operational phases of the project will be
determined, including the modalities of co-operation with pariners involved in the
project (see section 2.3), and more detailed financial requirements (budget) for the
implementation of the project’s operational phases

Institutions which could act as regional nodes will be selected, their need for
additional equipment and operating finance’ will be assessed, and their mode of
operation detailed

Scientists who will participate in the operational phase will be identified and
appropriate training requirements will be assessed

Apreliminary estimnate of the equipment and operating cosls of a regional node are provided in Appendix 4
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(d)  Sites will be selected within each region for execution of project activities

(e)  The work plan and the budget of the operational phases shall be cleared, endorsed
and approved, as necessary, by the relevant structures, bodies and authorities

Data gathering and preliminary model development: Operational Phase 1

A preliminary activity of this phase will involve the compilation of existing data
concerning the dynamics of carbon in coastal seas, and the development of networks for
data compilation and exchange between regional nodes.

The central activity will involve extension of this data set through the provision of support
to selected regional research centres in the collection, using standardised methods, of data
concerning carbon flow in the coastal oceans. Suitable centres of research expertise
identified during the preparatory phase, will be provided with the necessary equipment
and training, and mechanisms for regional data management and storage will be
established.

On-site field experiments will be run to collect carbon data from coastal marine sediments
(POC, PIC, PN, PP}, from suspended sediment (POC, PIC, PN, TSS, Chlorophyll) and
from the water column (pCO,, TCO,, Alkalinity, pH, DOC, nutrients). For each of the field
sites two seasons must be covered and from each regional node at least two stations must
be sampled weekly for one year in order to evaluate the seasonal pattern for the region
concerned. Data will be shared between the regional nodes, and centrally controlled and
managed for consistency and quality.

The development of initial carbon budget models for a large number of representative
areas of the World’s coastal seas (up to 100); and, initial identification of the strategies for
development of regional system models for up to 25 regions, is envisaged during this
phase. The output of the budget models will be used to determine whether these areas are
anet source (i.e. autotrophic} or sink (i.e. heterotrophic) of organic carbon.

Regional model development and validation: Operational Phase 2

The central activity of this phase of the project will be the development of up to 25
regional system models summarising existing knowledge of carbon dynamics for key
regions of the world’s coastal oceans and including the influence of major forcing
functions such as nutrient and sediment inputs, as well as the major exchanges with land,
atmosphere and open ocean.

The details of specific activities leading to the build up of the regional carbon flow system
models will be determined for each of the identified regions during the preparatory and
first operational phases, and the following are only examples of the possible activities
which may be included in the regional modelling phase of the project:

(2)  Development of budget models for carbon, nitrogen, phosphorus and silicate for
component units of the region concerned

(b)  Adopt, modify or develop sub-models for necessary hydrodynamic, sedimentation,
carbon sequestration and transport processes
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(¢ Adopt modify or develop biological and chemical sub-models describing important
processes such as photosynthesis, respiration and nutrient eycling

(d)  Develop carbon flow system models through coupling of the sub-models outlined
above using site specific forcing functions

{e)  Test and validate the models for different coastal systems
Global Synthesis and modelling: Operational Phase 3

This will require considerable extrapolation of data and regional model outputs to
produce summary information for input to Earth system carbon models which presently
do not adequately consider processes taking place in the coastal zone. Whilst planning for
this phase will commence early in the overall Activity, it cannot be implemented until the
regional models have been developed and validated in Operational Phase 2. Successful
completion of this phase is critical to the overall goals of the IGBP, resulting in dynamic
system models of carbon cycling in the world’s coastal zones, which will allow
development of scenarios of future carbon fixation and metabolism under differing
conditions of global change and changes in forcing functions resulting from direct and
indirect anthropogenic influences on coastal systems. Together with the regional models
developed under Phase 2 the global syntheses and models will allow:

(a}  Formulation of proposals for development of improved strategies for the
management of coastal environments including their use for waste disposal

(b)  Identification of additional actions that may promote the effectiveness of coastal
environments as sinks rather than sources of atmospheric carbon

2. Implementation
2.1 Approaches

The programme plans to build, whenever possible, on the relevant existing efforts of the
international scientific community, and to take advantage of other initiatives by
establishing co-operative {joint) efforts between LOICZ and the existing or evolving
initiatives fostered by other bodies in the fields of interest to the proposed programme.

Four existing international research efforts have been identified as the main potential
counterparts of the proposed LOICZ programme. These include: the World Climate
Research Programine; the Joint Global Ocean Flux Study (JGOFS); the International Global
Atmospheric Chemistry Project (IGAC); and the Biospheric Aspects of the Hydrological
Cycle (BAHC). Each of these covers a highly specific domain, yet taken together they
cover the major boundary conditions necessary for modelling carbon in the coastal seas.

In addition a number of national and regional programmes concerned with coastal zone
management and poilution monitoring and abatement provide a solid basis of
information and data contributing to the formulation of the regional and global models,
and providing the scientific infrastructure within which additional data could be
collected, and the modelling activities organised.
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2.2 Potential partners

The execution of the proposed programme would be co-ordinated by LOICZ, with the
secretariats of the appropriate Regional Seas Action Plans of UNEP, IOC Regional bodies,
START Regional Research Centres and National IGBP Committees, as bodies closely co-
operating with LOICZ in the execution of the programme. A broad participation of
scientists and experts in the programme would be expected, with a prominent role being
played by scientists and experts from the countries of the regions covered by the proposed

programme.

The establishment of co-operative arrangements is envisaged between the proposed
programme and some other projects and activities of IGBP (LOICZ, BAHC, IGAC, JGOFS,
GAIM and START, in particular), IOC’s global and regional programumes (e.g. GOOS"),
155C’s" Human Dimensions of Global Environmental Change Programme (HDP), and
TUCN’s marine programime.

2.3 Timescale and budget

Assuming that the proposed programme could be formally approved and initial funding
secured before the end of 1994, the Preparatory Phase could start in early 1995 and the
first of the three operational phases in early 1996. The preparatory phase is envisaged as
lasting approximately one year, followed by the three operational phases of
approximately four, three and two years duration respectively. The phases of the

programme would be initiated sequentially, implemented in partialty overlapping stages,

and the completion of the last phase, global synthesis and modelling, is envisaged by the
year 2003/2004 (see Figure 14).

The costs of the three operational phases are estimated at approximately: 11, 8 and 3
million US$. The preparatory phase of the programme is estimated to cost approximately
500,000 US$. A Framework budget for the entire Activity is provided in Table 1 and
detailed preliminary cost estimates are given in Appendix 4.

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Preparatory Phase PPPPR/
Operational Phase 1 /
Operational Phase 2 /
Operational Phase 3 e |

pp = preparatory phase; ----- = operative phases.

Figure 14. Time table for the implementation of LOICZ Integrative Activity (Core
Research): “The role of coastal seas in the global carbon cycle™.

* GOOS: Global Ocean Observing System, co-ordinated by the Intergovernmentat Geeanographic Commission of UNESCO,
™ ISSC: internaticnal Social Sdence Coundl.
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Table 1. Indicative Framework Budget (1,000 US$) for The Integrative Activity: “The
role of coastal seas in the global carbon cycle”.
Preparatory Operational
Phase Phases TOTAL
1 2 3
Duration 12 Months | dyears | 3years| 2vyears| 10 years

Project Personnel 140 840 790 580 2,350

Consultants 60 280 200 160 700

Administrative support - 165 180 110 510

Travel 60 460 320 160 1,000

Fellowships - 200 200 - 400

Sub-contracts - 3,650 2,600 500 6,750

Meetings 50 700 650 450 1,850

Expendable Equipment 10 115 130 65 320

Non-Expendable Equipment 20 2,960 800 - 3,780

Premises & Operating Costs 100 600 530 400 1,630

Equipment maintenance - 185 190 50 425

Reporting costs 15 125 110 100 350
‘1 Communication costs 15 105 95 50 265
- | Evaluation costs - 80 80 100 260

Total 470 | 10,520 6,875 2,725 20,590
.| Contingency 24 526 344 131 1,030
| GRAND TOTAL 494 | 11,046 7,219 2,856 21,620

Integrated Approaches to Assessing the Economic and Social Impacts of
Global change in coastal systems

Background

The spatial and temporal variability of coastal systems is extremely high. Therefore, at the
present stage of our understanding of the processes causing and shaping the variability
and site-specificity of coastal systems, any attempt to produce a global study, or
predictive model, of the economic and social impacts of global change in coastal systems
on the basis of existing data, may turn out to be too general to be of any practical value or
significance.

‘A number of small-scale, site-specific studies and models/scenarios have been developed
in'the past along the general lines suggested by the goals of the LOICZ Project, albeit
rarely covering all elements of these goals. The number of similar medium-scale, regional
studies and models is much smaller, but building LOICZ' studies and models on such
gional studies and models is probably the most promising avenue which could be
itially followed in infegrating all three activities envisaged under Focus 4. Once the
experience gained through a few well selected regional studies make it justifiable, an
tempt could be made to "globalise" the approach, and to develop a global model of the
Processes at the interface between the land and the oceans.

The quality of projections, models and scenarios expected to result from the activities of
ocus 4, will depend on the availability of reliable data describing the present situation
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and characterising the past trends which have led to the present situation. LOICZ could,
naturally, select a few regions deemed representative for certain types of coastal systems,
and start to collect ab ovo data needed for making projections, models and scenarios. This
would be a very time consuming process which would exceed the ten year life span of the
project. Therefore, it would appear to be more appropriate to select from among the
existing regional studies those which seem to have covered most of the ground intended
to be covered by LOICZ activities, complete these studies in order to meet the full
requirements of LOICZ, and to develop predictive models (projections, and scenarios)
which could be used in formulating scientifically grounded management strategies for the
studied areas, including "new policies on the use, conservation and restoration of living
resources of the coastal Zone" and "more effective protective measures leading to greater
efforts to attain sustainable use of living resources"”

Criteria for selection of regions

Criteria which could be used in the selection of regions for Core Research ir_1 the
framework of the LOICZ Focus 4, and for the development of predictive )
models/scenarios include:

. Regions with reliable data characterising the present status and interaction between
the physical, chemical, biological, and anthropogenic processes occurring in the
coastal zone

. ‘Regions with good historic records and scientific research about the past changes in
its coastal zone, including inter alie: changes in shore dynamics; changes in
estuarine and deltaic conditions and processes; sea-level changes; climate ¢hanges
and associated ecological changes, including changes in biodiversity and food-
chain dynamics; demographic changes, including changes in settlement patterns;
socio-economic changes directly or indirectly attributable to environmental _
changes; changes in physical and ecological conditions due to human activities
(e.g., sediment erosion/accretion, loss of wetlands and coastal lakes, changes in
fishery yields)

+ Regions for which specific climate change (temperature, precipitation) models or
scenarios have been developed (e.g. Mediterranean, Caribbean)

* Regions for which predictive models or scenarios have been developed in respect
of their possible future environmental and socio-economic conditions; regions
where such models are using the predicted climate change (including sea-level rise)
as the primary driving force, should be of special value '

. Regions where it could be reasonably assumed that a good and effective working
relationship could be established between the LOICZ programme and the bodies
associated (co-ordinating, sponsoring or supporting) with the development of the
regional studies of interest to LOICZ

s Regions which are representative both ecologically and functionally of various
types of coastal zones

_" Land Ocean Interactions in the Coastal Zone, Science Plan, IGBP Report Ne 25 p.15.
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Proposed regions

On the basis of the above criteria, several examples could be given for regions and
regional programmes which may be suitable for LOICZ research: North Sea,
Mediterranean, eastern Atlantic seaboard of North America, insular Caribbean, west and
east Africa, Oceania, Pacific Latin America and the SARCS region of Southeast Asia, to
name but a few. Two possible regional programmes covering the Mediterranean and
Southeast Asian Regions are outlined below. The Mediterranean is a region which meets
all criteria, and where past and present activities cover to a large extent, all three activities
of Focus 4.

The Mediterranean and its associated Action Plan (MAT) is, naturally, not the only mature
regional programme dealing with the great complexity of natural and human interactions
in the coastal zones, which may be considered in the framework of Focus 4. The South
Pacific Regional Environment Programme (SPREP) (covering the Oceania region of
START) and the East Asian Seas Action Plan should be considered as suitable
complementary LOICZ projects. While the MAP deals with the coastal zone of a relatively
small, but economically highly important and well researched semi-enclosed sea, SPREP
covers the coastal zones of the South Pacific islands and thus encompasses an almost
totally different set of land-sea interactions; whilst the East Asian Seas region (equivalent
to the SARCS Region of START) represents a region dominated by high density
developing countries in which marine and coastal resources play a major role in
development. By analysing these three regions, and comparing the models (predictions)
of their development and concomitant environmental impacts, LOICZ could make
considerable progress towards the development of global models.

Overall Work Plan and Time table

MAP, SPREP, and the East Asian Seas Action Plan are complex, large scale programmes,
cutting across all three activities of Focus 4. The logistics of their use as bases for LOICZ
projects are formidable, but the outputs of such LOICZ projects may have relatively high
visibility, scientific significance, practical value and impact on future management
strategies, It is proposed that no more than two of these regional activities should be
operated concurrently and that sequential, but over-lapping development is desirable. It is
proposed to initiate the Mediterranean study in 1995; SARCS in 1997; and SPREP in

1988 /1999 thus providing a two year period for consolidation of the results and
development of global models before the completion of the LOICZ project in June 2003
(Figure 15). Each regional study is envisaged as requiring a minimum of three years
during the operative phase and around 12 months in the Preparatory Phase. The latter
would be underwritten, in part, by the Core project Office as part of its Framework
Activities .

*Sea p 11 of the Implementation Plan relating to strategic elements and framework activities.
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1995 1996 1997 1998 1999 2000 2001 2002 2003

MAP PPPP /

SARCS PPPPP /

SPREP PPPPP /

Global modelling PPPP /
pp = preparatory phase; —--- = operative phase. MAP = Mediterranean Action Plan Region; SARCS =

Southeast Asian Region of START; SPREP South Pacific Regional Environment Programme Region,

Figure 15. Time table for the implementation of LOICZ Integrative Activity (Core
Research): "Integrated approaches to assessing the economic and social
impacts of global change in coastal systems”. :

Framework budget

Each individual regional programme is estimated to cost between 4.5 and 6 million U5
dollars and a further 2 - 3 million would be required for the global modelling (Table2) -
which would build, not only on the regional studies, but also on the framework activities
and global databases established by the Core Project Office in the intervening period

(1995 - 2000). Funding the regional projects individually would provide regional level-
models and products of importance in future management but would not provide the
added value to be derived from completing several such studies and investing in the
global scale modelling.

Table 2. Total cash flow (US$ 1,000,000) required for implementation of the Integrative
Activity (Core Research): "Integrated approaches to assessing the economic
and social impacts of globat change in coastal systems”.

Phase 1995 1996 1997 1998 1999 2000 2001 2002 2003 Total
MAP 0.7 1.5 13 1.4 4.9
SARCS 0.8 1.7 1.5 1.6 5.6
SPREP 0.9 2.0 1.7 1.9 6.5
Global modelling 0.4 0.9 0.8 09 3.0
Total 0.7 15 2.1 4.0 3.5 37 28 0.8 0.9 20.0
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Regional Study No. 1
The Mediterranean: An Example of a Regionally Co-ordinated Research
Agenda for the Development of an Integrated Approach to LOICZ Focus 4

The Mediterranean Action Plan (MAP) is a UNEP-sponsored and co-ordinated
programme for the protection and development of the Mediterranean basin, with focus on
the integrated management of the coastal zone and its resources. The MAP was adopted
by a high-level intergovernmental meeting in 1975. It operates under the authority of the
contracting parties to the Barcelona Convention (20 Mediterranean states + the European
Union) which provides the legal framework for the MAP, and it enjoys the support of
more than 100 national scientific and other type of institutions {rom all Mediterranean
states, as well as of a large number of international organisations. It is co-ordinated by a
secretariat located in Athens. Co-operative arrangements between the MAP and START
are being established.

On-going activities relevant to LOICZ

From the manifold activities of the MAP the following are of particular relevance to
LOICZ: '

(a)  Aretrospective and prospective study of the socio-economic development of the
Mediterranean coastal zone (the "Blue Plan") was completed in 1987". The study,
based on the analysis of a vast database, describes the distinctive characteristics of
the Mediterranean basin with respect to both physical and human geography, and
identifies the main features of the Mediterranean environment {climate, relief,
ecosystems, etc.). The findings of the study relating to the economic activities and .
their impact on the environment are used for development of sectoral scenarios,
with specific reference to the trends relevant to the coastal zone. The study includes
five cross-sectoral scenarios analysing the possible trends of the Mediterranean
environment for the time horizons of years 2000 and 2025, based on environmental,
econornic and demographic variables, and placed in the context of present
economic and environmental policies.

(b)  Since 1975, an intensive research and monitoring programme (the "MED POL"),
involving several hundred scientists from all Mediterranean countries, has been
carried out to identify the physical, chemical and biological characteristics and
processes of the Mediterranean Sea, their interaction with similar processes in the
coastal terrestrial zone, and the trends in factors and parameters characterising the
environmental quality of the coastal waters. The programme has produced an
overall assessment of the state of the Mediterranean marine environment”, eighteen
subject-specific evaluations of the major environmental problems of the
Mediterranean marine environment, and thirteen concrete proposals for pollution
control measures. Eleven of these measures have been adopted by the parties to the
Barcelona Convention as the legal and technical basis for the Mediterranean-wide
strategy for pollution control.

: : M. Grenon and M. Batisse (eds.): Futures for the Mediterranean basin: The Blue Plan. Oxford University Press, 279 pp, 1989,
The state of the Mediterranean marine environment. MAP Technical Report No. 28, UNEP/MAF, 227 pp, 1959,
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() The potential impact of the direct and indirect consequences of predicted climale
change was specifically studied in the framework of the MAP. A Mediterranean- .
wide assessment of the impact on the Mediterranean natural environment, and on
the socio-economic structures and activities, was prepared in the late 1980s", and
since then this has been complemented by 11 site-specific assessments using the
years 2030 and 2100 as time horizons for assessing the effects. The assessments are
based on a regional Mediterranean and several site-specific computer-generated
climate change scenarios prepared by the Climate Research Unit of the University
of East Anglia. Each assessment is accompanied by a set of recommendations on
the possible measures for the mitigation of the negative impact of the changes.

(d)  Since 1990, four site-specific coastal area management programmes (CAMPs) have
been completed; and the preparation of an additional eight CAMPs is in progress.
The goal of the CAMPs is: (a) to analyse the environmental characteristics and
problems of a specific region in the light of the present and foreseeable impact of
the socio-economic activities on the environment; and (b) to formulate plans for
“environmentally friendly” management of the coastal areas, including their natural
resources. The plans are largely based on "Blue Plan” types of scenarios prepared
for each of the study areas and on the methodology of Integrated Coastal and
Marine Area Management (ICAM) developed by MAP/PAP and UNEP. The ‘
geographic size of the CAMPs varies: from those covering the whole of the coasts of
Syria and Albania, to those dealing with a particularly vulnerable location (e.g.,
Istand of Rhodes, Bay of Izmir).

The advantages of using the MAT as the possible basis for a LOICZ Focus 4 project would
be considerable. Specifically, it would provide LOICZ with:

. A rich database and analyses responding to most of the needs of the activities
envisaged in Focus 4

. Facilitated access to a solid infrastructure (scientific institutions, scientists) which
could be easily and effectively engaged in work on the LOICZ project

. Practical, region specific experience in coastal management

Thus considerably shortening the period which may be required for the achievement of
the goals of Focus 4.

Overall objectives
Building on the material available through the MAP, LOICZ could specifically:

(@) Analyse the extent to which the best available science was used in the work of the
MAP, and the effectiveness of its use

(b}  Identify the gaps in, and the shortcomings of, the MAP, as seen from the
perspective of the requirements specified by the activities of Focus 4

() Complement the research and studies accomplished under the MAP with addi-
tional research and studies, in order to meet the specific requirements of Focus 4

* L. Jeftic, }.D. Milliman and G. Sestini (eds.); Climate Change and the Mediterranean. 673 pp. E. Arncid, London, 1992.
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(d)  Assess the impact made by MAP activities on the national and regional strategies,
policies and practices used in coastal zone management

()  Identify the factors that may have hindered a more effective impact of the MAP
activities on the national and regional strategies, policies and practices used in

- coastal zone management

() Evaluate (predict) the prospects of the evolution of coastal systems under the

_ predictable influence of the MAT (Activity 1 of Focus 4)

(g)  Identify additional actions which may promote the effectiveness of the
environment protection measures and sustainable use of coastal resources (Activity
2 of Focus 4)

(h)  Formulate proposals for the development of improved strategies for the
management of coastal resources (Activity 3 of Focus 4)

Project initiation

In practical terms, the following steps could be envisaged to initiate a LOICZ project
based on the MAP;

{a)  Initiate formal contacts between the LOICZ Core Project Office and the Secretariat
: of the MAP in order {o explore the desirability and feasibility of a joint
LOICZ/MAP project

(b) Determine, in consultations between the Office and the Secretariat: the possible
contents and work plan of the joint project; the modalities of co-operation between
the Office and the Secretariat on its implementation; and the eventual political,
logistic, and financial constraints on the execution of the project

(cd  Clear (or submit for endorsement, if appropriate) the proposal for the joint project,
including elements listed in the preceding sub-paragraph, with the relevant LOICZ
: and MAP structures

(d)  Raise the necessary funds for the implementation of the joint project, and
implement the project

_The duration of the operational phase of the project would be approximately 3 years.

Project management & implementation

The management {co-ordination) of the project would require a high-level full-time

. professional (Project Co-ordinator) at the LOICZ Core Project Office, assisted by a

. executive level secretary. The presence of a full-time professional programme officer out-
posted from the Project Office as a liaison officer to the Secretariat of the MAP in Athers,
would be a great advantage.

The implementation of the project activities and tasks could be envisaged through well
selected consultants, working individually or in networks of small working groups under

the overall guidance and co-ordination of the Project Co-ordinator and Core project
Office.

139




indicative Framework Budget (1,000 US$) for the Mediterranean regionai
component of the Integrative Activity: “Integrated approaches to assessing the
economic and social impacts of global change in coastal systems”.

Table 3.

Preparatory | Implementation Phase TOTAL
Phase

10 Months | Year1 | Year2 { Year3 | 46 Months
Project Personnel 175 218 210 210 805
Consultants 56 Months 120 300 300 300 1020
Administrative support 25 85 85 85 280
Travel 100 120 120 120 460
Sub-contracts - 350 200 100 650
Meetings 50 100 100 160 370
Expendable Equipment 10 25 15 10 60
Non-Expendable 20 60 40 5 125
Equipment e
Premises & Overheads 110 150 150 150 560§
Equipment Operation & 5 8 8 10 3
maintenance
Repotting costs 25 15 30 200 270
Communication costs 15 20 25 30 90
Evaluation costs - - - 30 30
Annual Total 655 1,443 1,283 1,370 4,751
Contingency 33 72 64 69 238
GRAND TOTAL 688 | 1,515| 1347 1439 4,989

Financial requirements

The operational, financial requirements of the project could be roughly estimated as US§ -
4-5 million, over a three year period Table 3 (for details see Appendix 4).

Regional Study No. 2
The East Asian Seas: An Example of a Regionally Co-ordinated Research

Agenda for the Development of an Integrated Approach to LOICZ Focus4

The EAS Action Plan (EASAF) was formulated for the protection and sustainable
development of the marine and coastal areas of the EAS region, originally encompassing

ASEAN, but with provision for expansion to include a wider region. The action plan was

adopted in 1981 by the Co-ordinating Body of the Seas of East Asia (COBSEA), an

intergovernmental entily presently with the same membership as ASEAN. A revision of

the Action Plan is presently being prepared for submission by UNEP to COBSEA for

adoption. The programme is co-ordinated by COBSEA through the Regional Coordinating

Unit (RCU) of the EAS Action Plan, based at ESCAP, in Bangkok, Thailand and serves as’®
the Secretariat to the Action Plan. This regional seas programme is being expanded to -
include, in addition to the original 5 ASEAN countries, countries in the broader EAS -
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region such as Australia, Brunei Darussalam, and Vietnam i in the near term and hopefully
Cambodia, Myanmar, China and others subsequently.

Past and ongoing EAS activities related to LOICZ

. Study on the effects of destructive factors on coral reefs

. Clean-up of the Singapore River

+ Intercalibration exercise on the detection of heavy metals and organic pollutants in
tissues of marine organisms

. Survey and assessment of non-oil pollutants
e Training programmes for marine park managers
. Workshop on the biological effects of pollutants

“. A number of other assessment projects were implemented by the programme with less
success than the above. It should be noted that most of the activities under the EAS Action
- Plan to date have focused on pollution. The activity on marine park management is more
-‘recent and is ongoing.

In addition, under the EAS programme a Task Team on Implications of Climate Change
+'in the EAS region was established to examine the potential impacts of anticipated climatic
change on oceanography, natural ecosystems and socio-economic structures. The final
‘report of this Task Team was recently published by the RCU/EAS of UNEP".

Non-EAS activities related to LOICZ and that may be built on by a joint EAS/SARCS-
LOICZ activity

ASEAN/US Coastal Resource Manefgement Project (1985 to 1992):

This project focused on Lingayen Gulf in the northern Philippines, and on the
following sites in the remainder of the ASEAN region: Indonesia - Segara Anakan;
Malaysia - Strait of Johore; Thailand - Southern Gulf; Brunei Darussalam - Bandar
Seri Begawan,; and the coastal waters of Singapore. This project was co-ordinated
by the former Coastal Area Management Program of ICLARM and developed
integrated coastal resources management plans for the above pilot sites.

ASEAN/ Australia Economic Co-operation Programme (AAECP) Living Coastal
Resources (1953-1994)

.. This project produced a database on the status, distribution and dynamics of

. coastal ecosystems (coral reefs, mangroves, seagrass beds and other soft bottom
benthic communities) and their associated fisheries throughout ASEAN. It left a
i legacy of infrastructure, trained manpower and a network of collaborating
scientists. A further phase of the project is being formulated to address

" management issues and the use of the scientific database for decision making.

0it, EM. (ed.}. Implications of expected climate changes in the East Asian Seas Region: an overview, RCU/EAS technical reports
No 2.
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* AAECP: Regional Ocean Dynamics (1983-1994)

The project involved the regional monitoring of tides and tidal phenomena over the
long term.

. ASEAN-Canada Marine Science Program (1987 on-going)

The first phase primarily involved training. However, the on-going second phase
has 3 major areas:

1.  Development of water quality standards

2.  Establishment of environmental baseline data

3.  Red tide studies

Prospects for implementation

The planning, initiation and development of activities has. largely been on an ad hoc i‘)f'iSI,S
(for EAS as well as non-EAS projects), depending on particular negds and opportunities
for funding at a given moment. The overall impression, therefore, is that efforts to date
have been fragmented and poorly integrated. The following ben_eﬁts, ho.wevep have beejn
gained from the past programmes, and provide a rich fabric for integration with LOICZ: .

Highly capable scientists, strategically situated all over the region
Networks of communication and co-operation

Some well-developed laboratories

The beginning of a comprehensive database on living.coas.tal resources
The outlines of management plans based on specific situations, cultures,
environments and socio-economic profiles

* * + + *

One shortcoming is the failure to date of the East Asian States to adopt a legal framework
for regional co-operation.

Overall objectives

Building on the material available through the past activities of the EASAP apFi other
initiatives such as the START regional initiative (SARCS), LOICZ could specifically:

(a)  Analyse the extent to which the best available science was used in the work of the
EASAP/SARCS, and the effectiveness of its use

{b)  Identify the gaps in, and the shortcoming of, the EASAP /SARCS, as seen from the
perspective of the requirements specified by the activities of Focus 4

(¢ Complement the research and studies accomplished under the .E.ASAP( SARCS
with additional research and studies, in order to meet the specific requirements of
Yocus 4

(d)  Assess the impact made by EASAP/SARCS activities on the national and regional
strategies, policies and practices used in coastal zone managem.ent

(e}  Identify the factors which may have hindered a more effective impact f’f the
EASAP/SARCS activities on the national and regional strategies, policies and
practices used in coastal zone management

(f)  Evaluate (predict) the prospects of the evolution of coastal systems under the
predictable influence of the EASAP/SARCS {(Activity 1 of Focus 4)
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(g)  Identify additional actions which may promote the effectiveness of the
environment protection measures and sustainable use of coastal resources (Activity
2 of Focus 4)

{(h)  Formulate proposals for the development of improved strategies for the
management of coastal resources (Activity 3 of Focus 4)

Project initiation

In practical terms, the following steps could be envisaged to initiate a LOICZ project
based on the EASAP and SARCS.

(a)  Initiate formal contacts between the LOICZ, Core Project and the Secretariats of the
EASAP and SARCS in order to explore the desirability and feasibility of a joint
LOICZ/EASAP/SARCS project

(b}  Determine, in consultations between the Office and the Secretariats; the possible
content and work plan for the joint project; the modalities of co-operation between
the Office and the Secretariats on its implementation; and the eventual political,
logistic, and financial constraints on the execution of the project

{0 Clear {or submit for endorsement, if appropriate) the proposal for the joint project,

including elements listed in the preceding sub-paragraph, with the relevant LOICZ

and EASAP/SARCS structures

Raise the necessary funds for the implementation of the joint project, and

implement the project

Duration of the project

The duration of the operational phase of the project would be approximately 3 years.

oject Management & Implementation

The management (co-ordination) of the project would require a high-level full-time
professional (Project Co-ordinator) at the LOICZ Core Project Office, assisted by an
executive level secretary. The presence of a full-time professional programme officer out-

sted from the Project Office as a liaison officer to the Secretariats of the EASAP/SARCS
Bangkok, would be a great advantage.

The implementation of the project activities and tasks could be envisaged through well -
ccted consultants, who would be regional scientists working individually or in
tworks of small working groups under the overall guidance and co-ordination of the
oject Co-ordinator and Core Project Office.

1ancial requirements

operational, financial requirements of the project could be roughly estimated at US$
illion, over a three year period. The indicative Framework budget for the
diterranean provided in Table 3 can be used as a basis for estimating costs of this

ity bearing in mind that additional funds will be required under the sub-contract line
ecute further research. Further details are provided in Appendix 4.
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Existing International and Major Regional
Programmes of Research Relevant to LOICZ

Background

The existence of numerous local, national, sub-regional, regional and infernational
projects and programmes of coastal zone research, is both an advantage and a
disadvantage in the implementation of LOICZ. It is an advantage in that LOICZ can,
through various collaborative and co-operative arrangements build on existing research
and studies, thus conserving scarce financial and manpower resources and providing
value added both to LOICZ and to the collaborating/co-operating agency or programme.
The disadvantages stem from the complex nature of ongoing coastal research, in terms
both of the diversity of executing agencies and the enormous diversity of projects and
activities, that makes identification of key linkages difficult.

The approach of LOICZ to date has been to establish formal and informal linkages with
agencies involved in both funding and executing research, rather than attempting to buiid
linkages at the project level. This approach is based on the assumption that the project
linkages will flow from the initial higher level contacts, once LOICZ commences
implementation. Nevertheless collaboration has been sought and achieved in
implementing and planning various activities at national, regional and international
levels.

What follows is ntot a definitive listing of all current coastal research related to LOICZ,
rather an indication of the major agencies with programmes of coastal research and an
indication of the linkages which have been or are being established in order to reduce
overlap and maximise the benefits to be derived from collaboration. A number of major
research programines of relevance to LOICZ are also briefly mentioned.

Relationships of LOICZ to other IGBP Core Projects and Framework
Activities

-1GBP Core Projects

The three existing Core Projects of the IGBP with which LOICZ has clear scientific
linkages are BAHC, IGAC and JGOFS (Figure 16). These three Core Projects are concerned
with process studies that define the boundary conditions for the coastal studies of LOICZ.
- Of the three, links with IGAC are least well developed although initial contacts will be
“pursued in the development of studies and activities relating to trace gas emissions and
fluxes in the coastal zone (Focus 1 & 3).

Links with PAGES in terms of Focus 2 Activity 3.1 are clearly required although at this

-time PAGES has designated studies of past shorelines as of low priority. LOICZ will
_therefore seek other collaborative linkages to achieve its objectives in this area of research.
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Linkages have not yet been established with GCTE and given the present emphasis within
GCTE it is difficult to identify areas in which joint activities might be undertaken,
nevertheless the output of various GCTE activities will be important input to the
Catchment Basin modelling and projections of future riverine transport of freshwater and
materials to the coastal ocean.

LAND ATMOSPHERE OCEAN
IGAC
Ocean/Atmosphere Exchange
BAHC LOICZ ' JGOFS
Catchment Basin Land-Ocean Continental Margins
Modelling Interactions Exchanges
LAND/OCEAN

Figure 16. |IGBP Core Projects concerned with processes at the boundaries of the LOICZ
domain. Lo

In 1992 JGOFS and LOICZ established a joint Task Team to plan continental margin
studies and the report of that Task Team was jointly published in 1993". JGOFS has now
nominated four members to a joint Continental Margins Task Team and LOICZ will
follow suit in the near future. This Task Team will work for three years and be
responsible for defining in more detail the nature of collaborative research which is
required to elucidate exchanges of energy and matter across the continental shelf margin
and to plan carbon flux studies in continental shelf seas.

LOICZ is participating in an initial activity sponsored by BAHC and PAGES concerned
with catchment basin modelling and it is hoped that this initial joint workshop to be held
in Durham, New Hampshire, December 1994 will result in a draft science plan defining
the nature of joint activities to be undertaken by both projects. The primary interest of
LOICZ in this field is in the output of such models, rather than the modelling per se.

To date, a number of the inter-core project activities involving LOICZ have been driven by
the needs and interests of the other core projects rather than being truly collaborative,
reflecting the early stage of development of LOKCZ, This situation will be rectified once
the Implementation Plan for LOICZ is adopted and the nature of LOICZ research becomes
better established.

Proposed 1GBY Core 'rojects

It is clear that the new Core Project Land Use and Cover Change (LUCC) and the
proposed projects, Global Euphotic Zone Study (GOEZS) and Global Ocean Ecosystem
Dynamics (GLOBEC), have relevance to the research goals of LOICZ. Accordingly copies
of this draft Implementation Plan have been despatched to the relevant Committees for

" Repoart of the JGOFS/LOICZ Task Team on Continental Margin Studies. JGOFS Report No. 15. April 1094
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comment and review. It is anticipated that links between LOICZ and these studies will be
further developed if and when they are accepted by the SC-IGBP as Core Projects or reach
their implementation phase.

IGBP Framework Activities

Due to its early stage of development LOICZ has been unable to interact fruitfully with
IGBP-DIS in terms of defining the future data requirements of LOICZ. It is anticipated
that the appointment of the LOICZ Project Scientist will result in these linkages being
strongly developed in 1995 and beyond and LOICZ anticipates developing a Data System
Plan during 1995. This and other data related activities will be undertaken in close
collaboration with the IGBP-DIS Office.

The LOICZ CPO has maintained close contact with START particularly relating to the
development of activities in the Southeast Asian and African regions. Contacts with the
SARCS Research Centre and SARCS-COM are well established and it is anticipated that
this region of START will be directly involved in the regional project planned under the
Integrative Activity encompassing Focus 4 of LOICZ. Southeast Asia has been designated
by LOICZ as a priority area for research given the global significance of sediment and
freshwater flux from land to oceans in this area, and given the intense use of coastal and
marine resources for subsistence and development in this region.

During 1995 initial contacts with the SAFCOM region will be extended and a LOICZ
research agenda for sub-Saharan Africa will be developed. In addition it is anticipated
that MEDIAS will be involved in the execution of the Integrative Activity concerned with
LOICZ Focus 4 research.

At present links with GAIM are not well developed, in part reflecting the early stage of
development of LOICZ. Nevertheless LOICZ. intends to seek guidance from GAIM
concerning the implementation of the Integrative Activity concerned with the role of the
coastal ocean in the global carbon cycle. Such guidance is of paramount importance not
only to LOICZ but also to other Core Projects and to the IGBP as a whole, if the overall
global modelling objectives of the IGBP are to be addressed. Issues of linking models
between Core Projects need to be urgently addressed if sub-models developed within
each Core Project are to be linked into Global System Models.

Relationships of LOICZ to International Programmes and Projects

A number of international agencies are currently involved in funding and executing
coastal zone research and to date LOICZ has established formal contacts with three of
these and informal contacts with a number of others.

The Intergovernmental Oceanographic Commission of UNESCO

LOICZ and the IOC have signed a joint memorandum of understanding, in which

agreement is made to collaborate in areas of mutual interest. To date it has been agreed
that LOICZ will provide scientific advice and support to the further development of the
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Coastal Zone, Living Resources and Health of the Qceans Modules of the Global Qcean
Observing System (GOQS) and a joint workshop was held (in collaboration with the
IUCN) in Bermuda, in November 1994, at which a work plan for the global monitoring of
coral reefs (to be implemented by GOOS) was drafted and a research agenda for LOICZ
Focus 2 research was prepared. Members of the LOICZ-SSC and CPO have participated in
various meetings of the IOC including the second meeting of the Intergovernmental body
responsible for the development of GOOS (I-GOOS) and workshops of the Health of the
Oceans ad hoc advisory panel.

Itis anticipated that following the appointment of the LOICZ Project Scientist closer links
will be established with the IODE of I0C to facilitate access to data and to I0C’s regional
and specialist networks. By using existing IOC structures LOICZ will be able to
disseminate information to a wider scientific community and it is anticipated that various
research activities will be implemented at a regional level in collaboration with the I0C
regional bodies. IOC has agreed to co-sponsor the LOICZ Open Science Meeting in Manila
in April 1995. The collaborative interactions will be further extended and strengthened as
the LOICZ research agenda is implemented.

‘The United Nations Environment Programme

Initial contacts have been established with GRID, with the Regional Seas Programme, and
with the GEF Unit, encompassing a variety of potential linkages in the execution of
LOICZ Research activities. A major research proposal covering the Integrative Activity in
Focus-4 has been prepared in consultation with the Co-ordinating Unit for the ;
Mediterranean Action Plan, and this has been included in the current UNEP work plan
for funding under the first operational phase of the Global Environment Facility. The
Integrative Activity concerned with modelling carbon in the coastal ocean is being further
developed in consultation with the relevant sections of UNEP headquarters, Nairobi.

UNESCO

Initial informal contacts have been established with the MAB programme in the area of
Focus 4 and MAB has indicated a willingness both to fund and to be actively involved in
LOICZ research in this area. Further discussions will be undertaken in the first quarter of
1995 to develop a joint work plan and formalise these arrangements. A joint workshop
and symposium on the “Science and management of coastal lagoons: a global change
perspective”, is planned for early 1996.

Initial contact has been made with the UNESCO Division of Marine Sciences with a view
to collaborating in joint research in tropical coastal areas. UNESCO-DMS has well
established programmes in the field of mangrove research and various LOICZ research
activities could be built on the results of past research conducted through the COMAR
programme.

Contact has been established with the Climates of the Past programme {CLIP} which has
expressed interest in collaborating in research addressing Focus 2, Activity 2.1. In addition
the International Geological Correlation Programme 267 is highly relevant to LOICZ
interests in past coast-lines.
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‘Intergovernmental Panel on Climate Change

Through individual membership of various groups and drafting committees the LOICZ-

.65C and CPO have provided inputs to the 1995 IPCC Assessment report. In addition'the
.IPCC Coastal Zone Management sub-group, through its co-chair, has been involved in the

further elaboration of Focus 4 research activities and has expressed interest in supporting

‘and collaborating in this area of the LOICZ Research agenda.

:”I.UCN-The World Conservation Union

Following initial discussions and approval of a joint memorandum of unc_ie.rstanding by
the IUCN Council and LOICZ-85C, LOICZ and IUCN together with IOC ]oxptly co-
sponsored a workshop on coral reef research, monitoring and management in ?‘elatlon to
Global Change. TUCN headquarters is however undergoing a major restructuring and the
future of this collaboration is uncertain at this time. JUCN will however co-sponsor the

‘LOICZ Open Science Meeting in 1995 and the established networks of the IUCN

particularly in developing countries provide suitable opportunities for initiating

collaborative research of interest to LOICZ.

The Food and Agriculture Organisation of the United Nations (FAO)

Initial contacts have been established with FAQ in the field of GIS databases relating to
agriculture and forestry in low-lying, tropical, coastal areas and FAO has agre.:efi to make
available its existing GIS databases for use in by LOICZ. Tt is anticipated that joint
activities are likely to be developed particularly in relation to the further elaboration of
the coastal typology (LOICZ Framework Activity F.2).

Scientific Committee on Ocean Research (SCOR) |

Two members of the LOICZ S5C are also members of SCOR and have maintained contact
with that body on behalf of LOICZ. SCOR has recently approved the es tabl'ishrr%ent_ of two
working groups which are of interest to LOICZ: one is concerned with the lm_phcatlons of
climate change for coral reefs, the other with sea level rise and muddy shorehnes..
Consideration is being given by LOICZ to offering to co-sponsor the former uforkmg
group. In 1995, LOICZ will co-sponsor a workshop with the US-SCOR Committee.

The Human Dimensions of Global Environmental Change Programme (HDP) of the
International Council of Social Sciences (ISSC)

Members of the HDP Steering Committee have been involved in the initial design of the
research agenda for Focus 4 and initial drafts of the relevant sections of this '
Implementation Plan were despatched through the Executive Director, for review by the
entire Scientific Committee of HDP. It is anticipated that LOICZ will collaborate
individually and collectively with the HIDP in the execution of the research planned under
Focus 4.
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Major Regional and National Research Programmes of Relevance to LOICZ
Commission of the European Union

Official liaison, contact points have been designated for LOICZ within the MAST and
Environment Programmes of the Commission and the LOICZ Core Project Manager and
Chairman LOICZ-SSC actively participated in the preparation of the ELOISE Science Plan,
which is seen by the Commission as designating the European contribution to LOICZ.
This document has now been approved by the MAST, Environment and Aid programmes
of the Commission and will be used as one criterion for evaluating research proposals
under the next Framework Plan. Support is being provided to the LOICZ Open Science
Meeting by the Commission.

The Commission is currently funding a number of large scale collaborative projects of
considerable interest to LOICZ including the North-West European Shelf Programme
(NOWESP) which aims to asses the fluxes of energy and matter as well as their variability
on the basis of existing field and model data.

National and multi-lateral studies

The Land Margin Ecosystems Research programme (LMER) is a major US collaborative
programme involving a number of Institutions and sites throughout the United States.
The programme is mature, having run for a number of years and there are extensive
opportunities for fruitful collaboration since a number of the activities of the I MER
programme coincide with the goals and objectives of LOICZ particularly in regard to Foci
T and 2. Initial contacts have been established and the LMER Principal Investigators have

been invited to participate in the LOICZ Open Science Meeting in 1995 to explore further
collaboration. '

A number of large scale national and collaborative projects concerned with the exchange
of energy and matter at the continental shelf edge or the fluxes of material in continental
shelf seas, are nearing completion, ongoing or planned for implementation in the
immediate future. These include inter alia MASFLEX, ECOMARGE, SEEP, TROPICS and
OMEX. LOICZ has established contact with the co-ordinators of a number of these studies
and will endeavour to ensure close collaboration in the implementation of the various
activities concerned with elucidating the fluxes and exchange of material between shelf
seas and the open ocean. Joint studies between LOICZ and various planned regional

multi-national programmes are in the early stages of planning for the Southeast Asian
region.

CONFLUENCE, a collaborative US, French and Argentinean Project is concerned with
investigating upwelling and the mixing of the Rio de la Plata into the S-W Aflantic. This
region is thought to be a significant sink of CO, and as the work is concentrating on pCQ,
it forms a valuable contribution to the objectives of Focus 3. PARAT funded by the
International Scientific Co-operation of the European Communities programme (DG XII-
B4) involves German, French and Argentinean partners studying the river and aeolian
transport from Patagonia to the Atlantic.
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': KUSTOS is a large scale, primarily German initiati\fe tq examine the n?ar~coast n}atter and
_energy fluxes in the southern North Sea. The intention is to measure hxgh‘ reso}utmn
.:.parameter fields (hydrographic, biogeochemical, sedxmentologg:al and jmologxcal) .and
then to have the modellers attempt to reproduce the mea}sured field by 1.mplementmg a
biogeochemical sub-model into the existing high resolution hydrographic model. This

programme is of high relevance for activities under Foci 3,2 and 1, as is LOIS, the large

" gcale UK study considered as the UK coniribution to LOICZ. A number of such studies
" however, suffer from the problems of limited spatial domain and the absence of efforts to
' link them into larger spatial scale syntheses, or to develop approaches that can be

transferred to other regions of the world's coastal zone.

The “Forschungsverbund-Mecklenburg-Vorpommersche Ku:f.tenlandscl?aft” isan ‘
integration of three projects aimed at studying the ecology, jmogeochermstry and transport
of matter in the highly structured coast of the southern Baltic' Sea, A number of other .
proposed programmes in the Baltic and North Sea are also highly ?elevant to LOICZ, an
the Baltic Sea is seen as a potential model area for research on se.rm-enclosed seas given
the well established research capacity in the surrounding countries.

The International Arctic Science Committee and the Scientific Committee on Antarctic
Research are currently planning various large scale programimes of relevance to LOICZ.
Various Canadian programmes, focused on the Arctic including CASP, MBIS and ACSYS

are also of relevance to LOICZ.

Conclusions

The LOICZ CPQ has requested information from National IGBP Co%nmitteesf concerning
ongoing research of relevance to LOICZ. A consid.erabie volume of {nforr_na_tmn has .
already been received and attempts will be made in 1995 to sy!.tt}.u‘amse _thig mformatlog
and develop approaches to the integration of such research activities within the LOIC

framework.

It is clear that considerable research effort by various agencies, governments and research
institutions, is concentrated on a number of issues and areas of interest to the [:OICZ Core
Project of the IGBP. An early effort in the implementa.tion of LOI;Z must be dlrec?ed to
developing an inventory of existing large-scale actiyi’aes and projects .amd attemptn;g to
develop, where appropriate, linkages with LOICZ in terms of facilitating access an
exchange of data and results. It is anticipated that a number of workshops‘mll b.? .
convened in 1995/1996 to synthesise existing information and understanding of inter alia:
carbon flux studies in coastal seas; continental shelf edge exchanges o_f energy and matter;
the applicability of currently used economic methods for application in LOICZ Focus 4
studies; and approaches to budget and system modelling.
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Project Management

Managing a project of the potential scope and complexity of LOICZ will require: careful

: planning and co-ordination; on-going networking of individual scientists and institutions;
" close collaboration with national IGBP committees and other Core Projects of the IGBP;

- liaison and integration of LOICZ activities with other international organisations,

- programmes and initiatives; good communication both vertically and horizontally with

- all organisations and individuals concerned with project implementation; and if the

- overall global objectives of the project are to be met, a high level of investment in data

* management and the preparation of global models and syntheses. The mechanisms by

. which it is proposed that these overall objectives should be met are detailed in the section
- entitled Framework Activities. The overall philosophy for the development of the co-

- ordination functions within the LOICZ Project will place strong emphasis on networking,
disaggregated data storage, and the use of modern information technology, where

.. appropriafe.

+ As a Core Project of the IGBP, LOICZ implementation is guided by the Scientific

. Committee of the IGBP (SC-IGBP) and by its own international Scientific Steering
Committee (LOICZ-55C) and managed on a day-to-day basis by the staff of the Core
Project Office (CFO).

"The IGBP Secretariat and the Scientific Committee of the IGBP

- The Scientific Committee for the IGBP (SC-IGBP) established by ICSU in 1990, consists of
“‘members appointed by ICSU, plus all Chairs of IGBP S5Cs, Standing Committees and
Task Forces, and as ex officio members, the Chairs of the Joint Scientific Committee of the
.- World Climate Research Programme (WCRP) and the Scientific Committee of the Human
Dimensions of Global Change Programme (HDF). The IGBP Secretariat, based in the

. Royal Swedish Academy of Sciences, serves the Scientific Committee of the IGBY which

- provides the overall scientific guidance concerning programme implementation. The SC-
. IGBP makes decisions concerning the inclusion of new projects and activities; appoints

. members fo the Scientific Steering Committees of the Core Projects; and recommends on
. the financial and other support required to achieve the overall goal of the programme,
which is to:

"Describe and understand the interactive physical, chemical and biological processes that

regulate the total Earth system, the unique environment which it provides for life, the

changes that are occurring in this system, and the manner in which they are influenced by
- human actions.”

The responsibility of the IGBP Secretariat is to implement the decisions of the SC-IGBP
-and to serve as a focus for overall programme planning and implementation and to assist
he Core Projects in their work through ensuring the adoption of the common approaches,
necessary for programme-wide integration of results. LOICZ forms one of six currently
approved Core Projects. To assist in achieving its overall goal of programme-wide
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integration, the IGBP Secretariat, on the advice of the SC-IGBP, has established three
Framewaork activities which form an over-arching chapeau and integrative forum for the
individual Core Projects. These Framework activities are:

. The Task Force on Global Analysis, Interpretation and Modelling (GAIM)
4 The Data and Information System (IGBP-DIS)
* The System for Analysis Research & Training (START)

Since the Chairmen of individual Core Project Scientific Steering Committees are members

of the SC-IGBP, information concerning the scientific development and implementation of
the IGBP as a whole is disseminated to the Core Project level through their attendance at
regular meetings. In addition the Secretariat publishes a regular IGBP newsletter and the-
series of Global Change Reports. Regular meetings of Core Project Officers are convened
by the Secretariat to discuss and decide on administrative and co-ordination matters
relating to the day-to-day operation of the Core Projects and their integration. The overall
structure of the IGBP is cutlined in Figure 17,

The LOICZ-Scientific Steering Committee & Core Project Office

The members of the LOICZ Scientific Steering Committee (LOICZ-55C) are appointed for
three-year terms by the SC-IGBP and are eligible for re-election for one further period of
three years. The present membership of the LOICZ-SSC is appended as Appendix 1 to this
plan, and the terms of reference for the committee as approved by the IGBP Officers is
attached as Appendix 5. In essence the LOICZ-S5C is responsible for guiding the scientific
development and implementation of the LOICZ project within the framework of the IGBP
and for the organisation of regular Open Science Meetings, at which the results of LOICZ
research are disseminated to as wide an audience as possible, and future developments in
the implementation of the project are discussed.

I International Council of Scientific Unions (ICSU) I

SC-IGBP & IGBP Secretariat
International Geosphere Biosphere Programme (IGBP):
A Study of Global Change

S58C’s, Task Forces & CPO's
Framework Activities

IGBP-DIS GAIM START
Approved Core Projects
BAHC GCTE IGAC JGOFS LOICZ PAGES LucC
Planned Core Projects
GLOBEC

Figure 17. The administrative framework of the International Geosphere-Biosphere
Programme.
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- The LOICZ Core Project Office (CPO) which opened in November 1993, is housed in the

| Nederlands Instituut voor Onderzoek der Zee (Netherlands Institute for Sea Research) and is
funded through the generosity of the Netherlands Government under an agreement with

 the IGBP Secretariat. The Office is currently staffed by a Project Manager, Project Scientist

nd professional Secretary. The functions of the Core Project Office as approved by the

. SC-IGBP and LOICZ-SS5C are detailed in Appendix 6 of this plan and the primary

- functions of the CPO are: to provide co-ordination of project activities; to liaise between

participating scientists, national IGBP Committees, LOICZ Focal Points, and relevant

international projects and programmes including the other Core Projects of the IGBP; to

“ manage LOICZ databases; to produce global syntheses and overviews; and to facilitate

“data and information transfer between networks of participating LOICZ scientists. The

 research elements of LOICZ and their links with other projects and programmes are
illustrated in Figure 18.

‘National IGBP Committees

-IGBP National Committees provide the formal interface between researchers in

. participating countries and the international structure of the IGBP. They are expected to
‘assist with national planning and co-ordination; to contribute to the conceptual and
“practical development of the IGBP as a whole; and to arrange for payment of the national
‘contributions towards the central costs of the programme. At the end of 1994 there were
'72 National Committees in all. The benefits and obligations of participation in the
International LOICZ Project of the IGBP are detailed in Appendix 7 of this
:Implementation Plan.

- The National Committees have responsibility for assembling descriptions of national
-projects, planned or underway, that they consider to be within the Core and
egional/National categories of research (IGBP, 1994), To assist in this information

. gathering exercise, National Committees are encouraged to set up working groups or sub-
comumittees matching the Core Projects that are of greatest national interest. A listing of

he LOICZ focal points appointed by National Committees as of September 1994 is
‘appended as Appendix 3 to this plan.

_Categorisation of Research

‘The majority of the work of the Core Projects to date has been undertaken through
__national research activities co-ordinated by the CPOs and 55Cs. Research results are
_compiled, data exchanged and regional and global syntheses produced, which assist in
clarifying the scientific uncertainties surrounding different aspects of Global Change and
e functioning of the Earth system. As noted in the section of this Plan entitled, "Global
hange & the Coastal Zone", LOICZ is a project which addresses the effects of cumulative
changes to the world's coastal zones, the effect of these changes on the functioning of the
Earth system as a whole, and on the human populations of coastal areas. The complexity
f the project in terms of the scientific issues and uncertainties which need to be addressed
M achieving the LOICZ goals will necessitate meticulous compilation and analysis of data
from individual, national and regional studies.
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IGBP CORE PROJECTS &
FRAMEWORK
ACTIVITIES

JGOFS
IGAC
BAHC
GCTE
IGBP-DIS

PAGES
Lucc
1GBP-DIS

JGOFS
IGBP-DIS

Lucc
IGBP-DIS

LOICZ RESEARCH FOCI MAJOR INTERNATIONAL
ORGANISATIONS AND
PROGRAMMES
FOCUS 1 WCRP
Boundary Conditions & IOC-IODE
Forcing functions SCOR
GEMS-WATER
GEWEX
FOCUS 2 I0C-GLOSS
Coastal biogeomorphology and UNESCO-COMAR
global change SCOR
FAQ
FOCUS 3 WCRP
Carbon fluxes and trace gas UNEP
emissions
FOCUS 4 HDP
Socio-economic aspects SCOPE
UNESCO-MAB
UNEP
10C-Regional bodies

Figure 18. Research elements of the LOICZ project and their links with other projects
and programmes.

156

IGBP has developed a three category system for defining IGBP research:

Core Research, which directly addresses the Science Plan goals of IGBP Projects, being part of
their formal structure and co-ordinated by the relevant SSC.

Regional/National Research, which is closely linked to the Science Plan objectives (but may
have other overall aims), and is co-ordinated at a national or regional level.

Relevant Research, which makes an indirect contribution to the project, without formal
affiliation,

{IGBP, Report No 28)

The criteria for the categorisation of research are not based on scientific merit per se, but
relate to research objectives, implementation procedures, and the practicalities of dividing
co-ordination responsibilities between the different levels of Core Project structure, The
interim specific criteria adopted by the LOICZ-SSC are appended as Appendix 2 to this
report, these are additional to those above and do not replace them. It is anticipated that
this set of LOICZ criteria will evolve as the project develops; as the nature of national
contributions becomes clearer; and, as feedback is received from the National Committees.

The heterogeneity of coastal environments and the nature of the LOICZ Project in terms of
the cumulative nature of the changes that are considered to be within the goals of LOICZ
will necessitate the inclusion of a consideration of the spatial and temporal domain of
particular research initiatives in deciding whether an individual research activity is
classed within a particular category. For example, an isolated study of the changes in
fiuxes of material through an individual estuary, or of the changing role of a specific
mangrove community in trapping sediment would be considered Relevant Research. If such
studies are however, co-ordinated in a wider framework, for example through a national
or regional programme of estuarine or mangrove research, in which comparable
methodologies, data exchange and wider spatial synthesis of results are anticipated, then
the studies might be considered as National or Regional contributions to the overall goals of
LOICZ.

Since the scientific goals of IGBP and LOICZ are concerned with "change", the element of
temporal comparison must be included, if any study is to be considered a contribution to
the LOICZ Project. Whilst LOICZ is primarily concerned with temporal changes over
decades and centuries, projects of more limited temporal domain which are concerned
with understanding the nature of the forces driving change in coastal zones are also
highly relevant,

To date much coastal research has been undertaken within limited spatial and temporal
bounds, although notable exceptions are found, inter alia in some regionally co-ordinated
programmes of pollution monitoring, and coastal zone management which have wide
spatial domain and involve long-term programmes of work. As a consequence,
considerable methodological difficulties arise in compiling and comparing data and
conclusions from this work. For example, although considerable assessment of the state of
individual coral reefs, and of the driving forces of change to particular reef systems has
been undertaken throughout the world, assessment methods differ from one region to
another, and even between studies conducted in the same country. Consequently the data
are not comparable and no global assessment either of the present state of coral reef
ecosystems, or of the rates of change in such systems can be made at present. Thus, the
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changing role of such coastal systems in the total Earth system and in biogeochemical
cyeling cannot be evaluated or modelled on a global scale.

Core and Regional Research within LOICZ is expected therefore to contain substantial
investment in the development of appropriate methodologies, data collection, handling
and management procedures and modelling techniques. These activities will be closely
co-ordinated with international agencies and where appropriate, existing internationally
agreed standards and methodologies will be adopted. During the initial stages of LOICZ
implementation such studies will be given priority and an area for much fertile research
in this regard is found at the interface between the natural and social sciences in executing
Focus 4, and modelling the influence of human populations as agents of environmental
change, and environmental change as a driving force for socio-economic change. At least -
during the first five years of the project, individual and national level research which is
concerned with developing data management and exchange techniques and models that
are widely applicable to a range of coastal systems may therefore be considered Core
Research, if it is undertaken in close collaboration with the SSC.

Future Considerations for Project Management

Bearing in mind that the overall perspective of LOICZ is global, then compiling the
outputs from individual studies into regional and global assessments, models, scenarios
and/or predictions, will require considerable investment from the Core Project Office and
Scientific Steering Comunittee in terms of defining methodologies; database and model
development; networking and liaison. Even, with a comprehensive investment in strategic
and framework activities, the possibility remains that LOICZ will be unable to fulfil its
regional and global goals since the compilation of results from small studies (small, in
terms of either spatial domain or subject area) will not necessarily provide insight and
answers lo issues involving the inter-relations between wider sub-sets of the total system.

1t is clear therefore that the SSC will need to develop a number of Core Research
Activities, which encompass most, if not all of the activities envisaged under a particular
focus, or which address, in a cross-cutting manner, multiple activities from two or more
foci. 1t is unlikely that such studies will be funded through national level research, which
is generally somewhat narrowly focused, of limited spatial domain, and target oriented.
Consequently the investment of substantial new research funds is seen as a necessary pre-
requisite to the achievement of LOICZ goals.

The small size of the Core Project Office, in comparison with the magnitude of the tasks
outlined in this Operational Plan, will necessitate some decentralisation of co-ordination
functions. In addition, achieving the long-term goals of LOICZ will depend on the
contributions of national research which must be organised into networks dealing with
individual LOICZ themes and scientific issues. If is envisaged therefore that as particular
Activities become operational, centres or nodes will be identified by the LOICZ-S5C,
which can function as the focus for large scale regional research activities, or for the
further development of particular fields of specialist research. The responsibilities of such
centres or nodes and the lines of communication must be laid down clearly at the outset to
avoid duplication of effort and to ensure that scarce resources are not wasted.

158

- Research Nodes

© Research nodes will be centres of excellence in a particular field of LOICZ research
. interest such as carbon flow modelling, near-shore ecosystem modelling, river catchment
;. modelling, or environmental economics for example, which would be responsible, under

the overall guidance of the LOICZ-SSC and LOICZ-CPO and in close collaboration with

. the Core Project Office, for inter alia:

e The development of a specialist global network under the umbrella of LOICZ
e Taking the lead in providing guidance and assistance to the wider LOICZ network

in developing appropriate standards, methodologies and data management
protocols

X The development of specialist observation networks, such as coastal stations

collecting carbon data

. Organising appropriate workshops to develop regional and global products

+ Disseminating results to the wider scientific community

e Issues of scaling from local to regicnal and global

- In identifying such operational research nodes, careful consideration will be given to the
- individual's, institution’s or organisation's existing capacxty to support the envisaged

- programme of work; the nature of additional investment in manpower and financial

. terms required to meet the objectives of the node as laid down by the LOICZ-SSC; the

proposed nodes' existing international research linkages; and its existing record of
excellence in the research field concerned.

Regional Nodes

Regional nodes, as their name suggests, will serve as a regional focus within the global
- network for the co-ordination of LOICZ research within a defined geographic region. In
- most instances such nodes will be co-incident with the START Regional Centres, although
_in regions where START centres do not exist or where alternate considerations arise,

specific LOICZ nodes may be identified, which would be required to maintain close
liaison with the appropriate START Centre. In the case of Africa, for example, the
particular research issues of interest to LOICZ differ considerably along the East and West
African coasts, hence, if research activities are to be developed in these regions, then
networking would be facilitated by the presence of both an East and a West African
LOICZ node, both of which would then be expected to maintain close collaborative links
with the START SAFCOM Centre when established.

A diagrammatic representation of the resultant management structure based on LOICZ
networking through such nodes is provided in Figure 19.
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Figure 19. Management Framewaork for the LOICZ Project indicating relationship
between proposed LOICZ nodes and existing management structures for
‘Global Change Research.( s————— management connections;
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development on case by case, or ad hoc basis)
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Formal Linkages Between the LOICZ Research Nodes and the Core Project
Office

From a management perspective it is envisaged that formal linkages will be established
between the Core Project Office and the designated regional and research nodes. These
may take the form of Memoranda of Understanding (MOU) or legal contracts where the
transfer of funds to enable a Node to execute approved LOICZ activities is involved.
These MOU or contracts will vary on a case-by-case basis reflecting the nature of the
responsibilities undertaken by any one particular node at any one time but, in principle
they should contain at the very minimum the following heads of agreement:

. A statement of purpose containing a work plan and timetable for the activities
envisaged as being undertaken by a designated individual (Principal Investigator;
PI} responsible for the overall operation of the node

+ A statement of the expected outputs resulting from the workplan and timetable

. A statement of agreement from the funding agency and/or host Institution of the
Principal Investigator to the participation of the PI in the agreed LOICZ activities

* A statement of the inputs in terms of financial, manpower, and other
administrative support which will be provided by the Principal Investigator and
their host institution

* Such an MOU should be signed by the Head of the Institution hosting the LOICZ Node,

the Individual Researcher responsible for the operation of the node and the LOICZ Core

" Project Manager.

Where such an agreement involves the transfer of funds from the TOICZ Trust Fund or
other source administered by the Core Project Office, the Director of the Netherlands

* Institute for Sea Research (NIOZ) shall also be a co-signatory. Such an agreement should

contain in addition to the above clear statements of:

* The anticipated schedule of payments to be made
. The mode and frequency of financial reporting required of the Principal
Investigator, concerning the expenditure of LOICZ funds transferred to the node

e The nature and frequency of substantive and technical reports anticipated under

the agreement

Designation of LOICZ Research

- The nature of the approved categories of IGBP research and the interim criteria adopted

by the LOICZ Scientific Steering Committee are detailed in Appendix 2. Once a particular

: project or programme of research has been approved by the National IGBP Cominittee

and the LOICZ Scientific Steering Committee and the project has been designated as
LOICZ approved Research there is an obligation on the Principal Investigator to ensure
that:

* Data and information resulting from the project are made available to the'Co're _ '

Project Office on request, for incorporation into LOICZ databases _
. All scientific publications resulting from the research include a statement that the_ -

project is an approved contribution to the LOICZ Core Project of the IGBP -
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. Copies of all scientific publications are lodged with the Core Project Office
* Copies of all substantive and technical reports of the project are copied to the Core
Project Office

Until such time as the Principal Investigator co-ordinating or undertaking a project or
programme, has received in writing from the Core Project Office a statement to the effect
that the project or programme has been considered and approved by the LOICZ-55C as
designated LOICZ Research:

* The Principal Investigator may not refer to the project or programime as being a
contribution to the LOICZ Core Project of the IGBP

* The principal investigator may not represent themselves as being a LOICZ
Researcher

Following receipt of approval in writing from the Core Project Office of the project or
programme, as either designated Core, Regional, or National Research the Principal
Investigator, may if they so wish, refer to the project or programme as being “1LOICZ
Research” and to themselves as a “LOICZ Researcher”. Such privileges do not accrue
either to projects or to Principal Investigators of research designated by the LOICZ-55C as
Relevant, and may be withdrawn by the LOICZ-SSC should the Principal Investigators of
Approved Core, Regional or National Research fail to comply with the obligations set out
above and in Appendix 7 of this Implementation Plan.

Designated Core, and Regional, Research Projects, are encouraged to include the LOICZ
Logo on substantive and technical reports and publications produced by the Project, but
prior agreement of the LOICZ CPO must be sought and received in writing before any
such use.

LOICZ Researchers & Corresponding Scientists

It is anticipated that there will be several categories of LOICZ Researckers, reflecting the
degree and extent of the individual’s involvement in the LOICZ Core Project as a whole.
In general, however, Principal Investigators of designated Core, Regional and National
LOICZ Research will form the backbone of the LOICZ network and as noted above may if
they so wish designate themselves as LOICZ Researchers following receipt in writing
from the CPO of confirmation of the categorisation of their Research Project or
Programme, Principal Investigators of Projects designated as relevant research will be
considered as LOICZ Corresponding Scientists and will receive, together with LOICZ
Researchers, the LOICZ newsletter. Corresponding Scientists are expected to provide the
CPO with periodic information concerning their research as appropriate.

From time to time, individual LOICZ Researchers may be asked to represent the LOICZ
Project at national and international meetings or workshops. Neither LOICZ Researchers
nor Corresponding Scientists may represent the LOICZ Project unless specifically
designated to do so, in writing, by the Core Project Office in consultation with the LOICZ-
SSC. In general the LOICZ Project will be represented in meetings, workshops and
symposia, either by the full-time staff of the Core Project Office or by the Chairman or by
a member of the LOICZ Scientific Steering Committee. Only the Core Project Manager
may make official commitments of LOICZ financial and manpower resources.
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Appendix 1 _
LOICZ Scientific Steering Committee and Staff of the
Core Project Office

Professor Edgardo D. Gomegz, Director
Marine Science Institute, College of Science, University of the Philippines, P.O. Box 1,
Diliman, 1101 Quezon City, Philippines. Tel: 63-2-922 3962, Fax: 63-2-818 9720

Dr Viatcheslav V. Gordeev
P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, Krasikova 5ir. 23,
Moscow 117218, Russia. Tel: 7-095-129 1836, Fax; 7-095-124 5983

Pr Donald C. Gordon, Chief

Department of Fisheries and Oceans, Bedford Institute of Oceanography, P.O. Box 1006,
Dartmouth, Nova Scotia B2Y 4A2, Canada. Tel: 1-902-426-3278, Fax: 1-902-426-7827,
e-mail: dgordon@biome.bio.dfo.ca

Dr Patrick M. Holligan, (Chairman)
Department of Oceanography, University of Southampton, Highfield, Southampton,
S(17 1B], UK. Tel: 44-1703-594 806, Fax: 44-1703-593 059, e-mail: pmhl@soton.ac.uk

Dr Dunxin Hu, Associate Director
Physical Oceanography, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China. Tel: 86-532-286 0099, Fax: 86-532-287 0882

Dr Silvia Ibarra-Obando
CICESE, Apdo. Postal 2732, Ensenada, B.C., Mexico. Tel: 52-617-44200, Fax: 52-617-45154,
e-mail: sibarra@cicese.mx

Professor Stephan Kempe
Geologisch-Paldontologisches Institut, TH Darmstadt, Schnittspahnstrasse 9, 64287
Darmstadt, Germany. Tel: 49-6151-16 21 71/16 24 72, Fax: 49-6151-16 65 39

Professor Ruiyu Liu (through 1994)
Institute of Oceanology, Chinese Academy of Sciences, 7 Nan-Hai Road, Qingdao 266071,
China. Tel: 86-532-287 9175 /287 9062, Fax: 86-532-287 (0832/287 9818

Dr John Milliman

School of Marine Sciences, College of William and Mary, P.O. Box 1346, Gloucester Point,
VA 23062-1346, USA. Tel: 1-804-642-7105, Fax: 1-804-642-7009

. Professor Henk Postma

Netherlands Institute for Sea Research, (N10Z), P.O. Box 59, 1790 AB Den Burg, Texel,
The Netherlands. Tel: 31-2220-69411, Fax: 31-2220-19674, e-mail: hpostma@nioz.nl

Dr Jeffrey E. Richey, (Vice-Chairman)

School of Oceanography, University of Washington, Seattle, WA 98195, USA.
Tel: 1-206-543-7339, Fax: 1-206-685 3351
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Professor Stephen Smith

School of Ocean and Earth Sciences and Technology, University of Hawaii, Honolulu,
Hawaii 96822, USA. Tel: 1-808-956 86 93, Fax: 1-808-956 71 12,

e-mail: svsmith@soest.hawaii.edu

Professor Kerry Turner
CSERGE, Universitéy of East Anglia, Norwich, Norfolk NR4 7T}, UK. Tel: 44-603-593 176,
Fax: 44-603-250 53

Dr Colin Woodroffe

School of Geosciences, University of Wollongong, Northfields Avenue, Wollongong,
NSW 2522, Australia. Tel: 61-42-21 3721, Fax: 61-42-21 3764,

e-mail: Colin_ Woodroffe@uow.edu.au

Dr Fredrik Wulff
Department of Systems Ecology, Stockholm University, 106 91 Stockholm, Sweden.
Tel: 46-8-16 42 50, Fax: 46-8-15 84 17, e-mail: fred@system.ecology.su.se

Dt Tetsuo Yanagi .
Faculty of Engineering, Ehime University, Bukyo 3, Matsuyama 790, Japan.
Tel: 81-899-24-7111, Fax: 81-899-27-5852, e-mail: tyanagi@himegw.dpc.chime-u.ac.jp

CORE PROJECT OFFICE

Dr john C. Pernetta, Core Project Manager

LOICZ Core Project Office, Netherlands Institute for Sea Research, P.O. Box 59,
1790 AB Den Burg, Texel, The Netherlands. Tel: 31-2220-69404, Fax: 31-2220-69430,
e-mail: pernetta@NIOZ NL

Mr Paul Boudreau, Project Scientist
Address as above. Tel: 31-2220-69427, Fax: 31-2220-69430, e-mail: boudrean@NIOZNL

Ms, Sheila M. Lunter, LOICZ Secretary
Address as above. Tel: 31-2220-69404, Fax: 31-2220-69430, e-mail: sheila@NIOZNL
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Appendix 2
Procedures for Submission of Research and
Criteria for Assignment

Defining IGBP Research
IGBP has developed a three category system for defining IGBP research:

Core Research, which directly addresses the Science Plan goals of IGBP Projects, being part of
their formal structure and co-ordinated by the relevant SSC

Regional/NationaI Research which is closely linked to the Science Plan objectives (but may
have other overall aims), and is co-ordinated at a national or regional level '

Relevant Research which makes an indirect contribution to the project, without formal

These criteria for the categorisation of research are not based on scientific merit per se, but
relate to research objectives, implementation procedures, and the practicalities of dividing
co-ordination responsibilities between the different levels of Core Project structure. The
interim specific criteria adopted by the LOICZ-S5C are given below. These are additional
to those above and do not replace them. It is anticipated that this set of LOICZ criteria will
evolve as the project develops; as the nature of national contributions becomes clearer;
and, as feedback is received from the National Committees.

Additional Criteria for the Categorisation of LOICZ Research”

Core Research

Addresses global issues, either through the production and testing of widely applicable
models of change in coastal zones or through providing wide geographic syntheses of
nformation on flux rates, or coastal processes and their rates of change.

Regional Research

Addresses global issues, within a regional framework, either through the production and
testing of widely applicable models of change in coastal zones or through providing
regional syntheses of information on flux rates, or coastal processes and their rates of
change,

.9
As approved at the third LOICZ Scientific Steering Comamittee Meeting, June 1994,
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National Research

Addresses issues identified as of priority in the Implementation Plan of LOICZ, either
through the production and testing of models of change in coastal zones or through
providing syntheses of information on flux rates, or coastal processes and their rates of
change for entire countries or extensive areas within countries.

Relevant Research

Addresses issues identified as of priority in the Implementation Plan of LOICZ, either
through the production and testing of models of change in coastal zones or through
providing information on flux rates, or coastal processes and their rates of change and
thus contributing to national and/or regional level syntheses.

Procedures for category allocation

. The National Committees have responsibility for assembling descriptions of
nationat projects, planned or underway, that they consider to be within the Core
and Regional /National categories. The information needs o be more than just the
project title; its relationship to Core Project objectives must be made clear. A format
for project descriptions already exists for GCTE, and similar guidance will be made
available by the other Core Projects. To assist in this information-gathering
exercise, National Committees are encouraged to set up Working Groups or sub-
Committees matching the Core Projects that are of greatest national interest.

+  The National Committees submit descriptions of projects considered to be within
the Core Research category to the 55Cs, via the relevant CPO; preferably as a
packaged national contribution to each project. Following the review of such
material by the S5Cs, formal recognition of its category status, or other feedback,
will be provided. In cases where the National Committees are unable to carry out
preliminary assessments, research groups may need to make heir submissions
directly to the 55Cs/CPOs.

s The SSCs will use the information on Core Research to guide the further
development of their projects, encourage collaboration, and, where necessary,
taking action to attract effort and resources to “neglected” areas.

Following the category-allocation exercise, information on the component studies of each
Core Project will be published. National Committees are also encouraged to publish
national compendia of information on projects that could combine a listing of studies
within both Core and Regional /National categories. Information on Relevant Research
may also be included, but its different status should be indicated. (IGBP, 1994)
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- Finland Yes
- Germany No
- Indonesia No

: Italy No
: Jamaica No

Appendix 3
LOICZ National Focal Points

Status of National LOICZ Contact Points

As of January 13th, 1995

LOICZ
COUNTRY Committee”  Nature of the LOICZ Contact
Argentina No National IGBP Committee nominated Individual
Australia No Member of National IGBP Commitiee
Bangladesh Yes Convenor of National LOICZ Committee
Belgium Yes Chair of National LOICZ Committee
Benin Yes Chair of National LOICZ Sub-Committee
Botswana No National IGBP Committee {(no national participation in

LOICZ envisaged)

Brazil Yes Co-ordinator, National LOICZ Sub-Committee
Bulgaria No Member of National IGBP Committee
Canada {Yes)™ Chair National LOICZ Committee

Chair National LOICZ Committee

Chair National LOICZ Committee

Chair National IGBP Comumittee

Co-ordinator National LOICZ Sub-Committee
Member National IGBP Committee

National IGBP Committee (no national participation in
LOICZ envisaged)

Member National IGBP Committee to be appointed
Member National IGBP Committee

Member National IGBP Committee

Chair National LOICZ Sub-Committee

Two contacts, Chairmen of nationally adopted LOICZ
research programmes

Two Co-ordinators National LOICZ Committee
National IGBP Committee (Co-ordinator for LOICZ to
be appointed)

National IGBP Committee nominated Individual
Member of national IGBP Committee

National IGBP Committee nominated Individual
Member of National IGBP Committee

Chair National IGBP Committee

Chair National LOICZ Sub-Committee

China (Beijing)  Yes
China (Taipei)  Yes
Colombia No
Cote d'Ivoire Yes
Cuba ?

Czech Republic No

Denmark No
Egypt No
Estonia No

France No

India No

Ireland No
Israel No

Japan Yes

0
In some instances the "committee™ has been constitated as a sub-committee of the National IGBP committes in others as a full
committee apparently reporting to the Nationai IGBP Committee,

{Yes} indicates the intention to form a National LOICZ Committee or Sub-committee
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LOICZ
COUNTRY Committee Nature of the LOICY, Contact
Kenya No Member of National IGBP Committee
Mexico Yes Chair National LOICZ Sub-Committee

The Netherlands Yes
New Zealand No

Norway No
Peru No
Philippines No
Poland No
Romania (Yes)
Russia Yes
Singapore No

Slovak Republic No

South Africa Yes

Spain No
Sweden Yes
Switzerland No
Thailand No
Togo’ Yes
Tunisia No

United Kingdom No
United States No

Chair National LOICZ Committee

National IGBP Committee (LOICZ contact to be
appointed)

Member of National IGBP Committee

National! IGBP Committee nominated Individual
Member of National IGBP Committee

Three contact points, members of National IGBP
Committee

Member National IGBP Committee

Co-ordinator, LOICZ Working Group

Chairman National IGBP Committee

National IGBP Committee (no national participation in
LOICZ envisaged)

Chair National LOICZ Committee

Member National IGBP Committee

Member National IGBP Committee

National IGBP Committee (no national participation in
LOICZ envisaged)

Chair National IGBP Comumittee

Chair National LOICZ Sub-Committee

Chair National IGBP Comunittee :
National IGBP Committee nominated Individual
Three contacts, Board of Global Change (IGBP contact)

Of the 69 countries with an IGBP National Committee contacted in 1994, 49 countries
responded to the request of the LOICZ Core Project Office for information on the status of
national LOICZ contact points. In 17 countries LOICZ (sub-)committees have been
established, and 32 countries have identified LOICZ contact points.

The LOICZ Core Project Office has established an independent mailing list of LOICZ
Corresponding Scientists which encompasses as of January 1995 1,100 individual scientists

in 124 countries.
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Names and Addresses of LOICZ National Contact Points

Dr Jorge Rabasa

Centro Austral de Investigaciones
Cientifica (CADIC)

CCo2

Ushuaia 9410

Argentina

Dr Colin Woodroffe

LOICZ National Contact Point
School of Geosciences
University of Wollongong
Northfields Avenue

P.O. Box 1144

Wollongong NSW 2522
Australia :

Professor Monirul Hug, Convenor
National LOICZ Committee
Department of Geology
University of Dhaka

Bangladesh

Professor Reland Wollast, Chairman
National LOICZ Comimittee
Université Libre de Bruxelles
Service Océanographie Chimique
Campus Plaine C.P. 208

Boulevard du Triemphe

1050 Bruxelles

Belgium

Professor K.5. Adam, Chairman
National LOICZ Sub-committee
Universite Nationale du Benin
B.P. 7060 Cotonou

Benin

Ms Pauline O. Dube Secretary,

National IGBP Committee Botswana
{address until further notice)

Department of Geographical Sciences and
Planning

University of Queensiand

QLD 4072 Brisbane

Australia

169

Professor Kenitiro Suguio, Coordinator
National LOICZ Sub-committee
Instifuto de Geociéncias

University of Sdo Paule

Caixa Postal 20.899

Sao Paulo 10498 S.P.

Brazil

Mr Plamen Nedkov, Head
International Organizations Dept.
LOICZ National Contact Point
Bulgarian Academy of Sciences

1, 15 November St.

Sofia

Bulgaria

Profesor R, Grant Ingram, Chairman
National LOICZ Committee

Dept of Atmospheric & Oceanic Sciences
McGill University

805 Sherbrooke Street West

Montreal, PQ, H3A 2K6

Canada

Professor Ruiyu Liu, Chairman
NMNational LOICZ committee
Institute of Oceanology
Chinese Academy of Sciences

7 Nanhai Road

Qingdao 266071

China

Dr Kwang-Tsao Shao, Chairman
National LOICZ Sub-committee
Institute of Zoology, Academia Sinica
Laboratory of Fish Ecology & Hvolution
Narnkan, Taipei

Taiwan ROC

Dr José A. Lozano

LOICZ Coordinator

Academia Colombiana de Ciencias Exactas,
fisicas y Naturales

Carrera 3a A#17-34 p3

Apdo 44.763

Santafé de Bogota

Colombia



Dr Kouadio Affian, Coordinator
National LOICZ Sub-Committee
FAculty of Sciences and Technnics
National University of Céte d’Ivoire
Laboratory of Geology

22 BP 583 Abidjan 22

Cote d'Ivoire

Dr Pedro Alcolado Menendez
Institute of Oceanology
Academy of Sciences of Cuba
Avenue T No. 18406 /184 y 186
Municipio Playa

La Habana

Cuba

Dr Marcelino Hernandez Gonzalez
Institute of Oceanology

Academy of Sciences of Cuba
Avenue 1 No. 18406 e/184 y 186
Municipio Playa

La Habana

Cuba

Dr Jan Lastovicka, Secretary

National IGBP Committee

Geophysical Institute

Academy of Sciences of the Czech Republic
Bocni I

141-31 Praha 4

Czech Republic

Professor Mohamed A. Ayyad
LOICZ National Contact Point
Facuity of Science

University of Alexandria
Alexandria

Egypt

Dr Jiiri Elken

LOICZ National Contact Point
BEstonian Marine Institute
Paldiski mnt.1

EE-0001 Tallinn

Estonia
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DrJ. Kuparinen, Chairman

National LOICZ Sub-committee
Finnish Institute of Marine Research
P.O.Box 33

00931 Helsinki

Finland

Dr Pierre Chardy, Chairman
Programme National d'Oéanographie
Cotitre

IFREMER

B.P.70

29280 Plouzané

France

Dr Bernard Salvat, Chairman
Programme National récifs Coralliens
FPHE - Université de Perpignan
Biologie et écologie tropicale

et méditerranéenne

Avenue de Villeneuve

66025 Perpignan

France

Professor Stephan Kemnpe

LOICZ National Contact Point
Geologisch-Paldontologisches Institut
TH Darmstadt

Schnittspahnstrasse 9

64287 Darmstadt

Germany

Dr Falk Pollehne
LOICZ National Contact Point

Institute of Baltic Sea Research Warnemiinde

Department of Biological Oceanography
Seestrasse 15

18119 Rostock-Warnemiinde

Germany '

Professor B.L. Deekshatulu, Chairman
National IGBP Committee

National Remote Sensing Agency
Balanagar

Hyderabad 500 037

India

Dr Anugerah Nontji

LOICZ National Contact Point
Director Research and Development of
Oceanology

Indonesian Institute of Sciences (LIPD)
J1. Pasir PUtih I, Ancol Timur

Jakarta Utara

Indonesia

Dr RJ]. Devoy

LOICZ National Contact Point
Department of Geography
University College, Cork
Cork

Irefand

Dr Josi Mart
LOICZ National Contact Point

Israel National Institute of Oceanography

IOLR Tel Shigmona
Haifa 31080
Israel

Professor Roberto Frassetto
LOICZ National Contact Point
CNR-ISDGM

1364 San Polo

30125 Venezia

Italy

Dr Gladstone V. Taylor, Chairman
National IGBP Committee
Scientific Research Council

P.O. Box 350

Kingston 6

Jamaica

Prefessor N. Yonekura, Chairman
National LOICZ Sub-committee
Department of Geography
University of Tokyo

Graduate School of Science

7-3-1 Hongo Bunkye-ku

Tokyo 113

Japan
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Professor Laban Ogallo, Project Coordinator
LOICZ Project Working Group

Department of Meteorology

University of Nairobi

P.O. Box 30197

Nairobi

Kenya

Dr Silvia Ibarra-Obando, Coordinator
National LOICZ Sub-committee
CICESE

Apdo. Postal 2732

Ensenada, B.C.

Mexico

Professor Carlo Heip, Chairman
National LOICZ committee
NIOO-CEMO

Vierstraat 28

4401 EA Yerseke

The Netherfands

Professor Jane M. Soons
Department of Geography
University of Canterbury
Private Bag 4008
Christchurch

New Zealand

Professor Ulf Lie

LOICZ National Contact Point
Center for Env. Resource Studies
University of Bergen

Bergen High Technology Center
N-5020 Bergen

Norway

Dr Pablo Lagos

LOICZ National Contact Point
Instituto Geofisico del Peru
Calle Calatrava 216

La Molina

Lima

Peru




Dr Cesario Pagdilao

LOICZ National Contact Point
Philippine Council for Aquatic
Research and Development
college

Laguna

Philippines

Professor Krzysztof Korzeniewski
Institute of Oceanography
University of Gdansk

J. Pilsudskiego Av. 46

81-378 Gdynia

Poland

Professor R.B. Zeidler

Institute of Hydro-Engineering
Polish Academy of Sciences
Koscierska Str. 7

80-953 Gdansk

Poland

Professor Tadeusz Zielinski
Polish Academy of Sciences
Institute of Oceanclogy
Powstancow Warszawy Str. 55
81-765 Sopot

Poland

Dr Nicolae Panin, Director
Romanian Center for

Marine Geolgoy and Geo-ecology
LOICZ National Contact Point
25, Dimitrie Onciul Street
Bucharest 70318

Romania

Dr Viatcheslav V. Gordeev, Co-ordinator,
LOICZ Working Group,

P.P. Shirshov Institute of Oceanclogy,
Russian Academy of Sciences,

Krasikova 5tr. 23,

Moscow 117218,

Russia
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Professor Lawrence Koe
Department of Civil Engineering
National University of Singapore
10 Kent Ridgee Crescent
Singapore 0511

Ing. Lubomir Lichner, Secretary
National IGBP Comunittee
Institute of Hydrology

Slovak Academy of Sciences
Trnavska 32

826 51 Bratislava

Slovakia

Professor Anton McLachlan, Chairman
National LOICZ Committee
Department of Zoology

University of Port Elizabeth

P.O. Box 1600

Port Elizabeth 6000

South Africa

Dr Xavier Niell

LOICZ National Contact Point
Departamento de Ecologfa
TFacultad de Ciencias

Campus de Teatinos
Universidad de Mélaga

29071 Malaga

Spain

Professor Bengt-Owe Jansson
Department of Systems Ecology
Stockholm University

106 91 Stockholm

Sweden

Professor Hans Oeschger, Chairman
National IGBF Committee

PAGES Core Project Office
Barenplatz 2

3011 Berne

Switzerland

Dr Twesukdi Piyakarnchana, Chairman
National IGBP Committee

National Research Council of Thailand
196 Phaholyothin Rd.

Bangkok 10900

Thailand

Dr Adoté Blivi, Chairman
National LOICZ Sub-committee
Université du Bénin - Lomé
Projet Erosion Cétidre

Dept de Géographie/FLESH
B.P. 1515, Lomé

Togo

Professor M'hamed Brini

Departement de Mathematiques
Physique et Chimie

Institut National Agronomique de Tunisie
43 Avenue Charles Nicolle

1082 Mahrajene

Tunisia

Professor Des Walling

LOICZ National Contact Point
Department of Geography
University of Exeter

Amory Building

Rennes Drive

Exeter EX4 4R]

United Kingdom

Dr. John S. Perry

Board on Global Change
National Research Council
2101 Constitution Avenue, NW
Washington DC 20418

USA

Ms Mary Hope Katsouros
Board on Global Change
National Research Council
2101 Constitution Avenue, NW
Washington DC 20418

USA
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Dr Michael C. MacCracken
LOICZ National Contact Point
Office of the USGCRP

300 D Street 5.W., Suite 840
Washington, DC 20024

USA




Appendix 4

Indicative Framework Budget

Background

The financial requirements for implementing the LOICZ Project and this Implementation
Plan can be considered under three major categories:

* Costs of implementing the individual Activiiies, Tasks and Sub-tasks detailed in
the Implementation Plan

+ Co-ordination and management costs of the project

+ Costs associated with the implementation of Integrative Activities (Core Research),

initiated by the LOICZ-55C and operated through the Core Project Office

As discussed elsewhere in this document the IGBP is financed through national
contributions to the central funding of the programme, together with funding of national
research designed to contribute to the goals and objectives of the Core Projects. The Core
Project Offices are funded under individual agreements between the host government (in
the case of LOICZ the Netherlands Government)} and the IGBP Secretariat,

In comparison with the relatively uniform environment of the Open Ccean, or the rapidly
mixed environment of the atmosphere, the spatial and temporal heterogeneity of the
world's coastal zones is considerable. There are as a consequence considerable
methodological problems associated with developing global perspectives of the role of
this compartment in the functioning of the total Earth system. Identifying and quantifying
this role and developing scenarios of change in the coastal compartment of the Earth
system under anthropogenic and geocentric driving forces of change demands thata
considerable body of research is undertaken to describe:

. The nature of the physical and biological heterogeneity of the world’s coastal Zones

. The extent to which physical and biological process data and models can be
extrapolated or transferred from one area to another

* The nature and extent of variation in the socto-economic conditions driving coastal
change

. The nature of and variation in the biological and physical processes currently
occurring in coastal areas

* The nature of changes which might be expected to occur under differing scenarios

of global change

In addition, the spatial linearity of the domain under consideration places unusual
demands, and constraints, an data collection and modelling, which are not comparable for
many other Core Projects of IGBP where the two horizontal dimensions are, for the
purposes of much process research, equal.
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It is clear therefore, that a considerable number of national level research projects will be
required in order to merely describe the heterogeneity and complexity of functioning of
the coastal systems of the world if global level syntheses and models are to be developed.
Managing the outputs from such research will require a correspondingly large investment
if the global level goals and objectives of LOICZ are to be achieved.

Costs of Implementing the Individual Activities, Tasks and Sub-tasks
Detailed in the Implementation Plan

No attempt is made to produce a costing for the individual Activities, Tasks, and Sub-
Tasks described under the various Foci of this Implementation Plan, since the costs will
vary considerably according to local in-country costs of equipment, manpower and other
resources. In addition different combinations of Tasks and Sub-tasks might be undertaken
as single, nationally funded projects contributing to LOICZ. Nevertheless an overview of
the Activities, Tasks and Sub-tasks described in the chapters on the four fod would
suggest that the costs are substantial. Thus undertaking a cost-benefit and other economic
analyses of alternative uses of mangrove ecosystems (Focus 4, Activity 4.1.3) on a globally
co-ordinated basis would require, at an absolute minimum, 7 sets of paired studies in
Central America, the insular Caribbean, West Africa, East Africa, South Asia, Southeast
Asia and the Pacific regions if a global perspective were to be achieved. The costs of a full
set of such national level studies could therefore be conservatively estimated at around
US5% 350,000. A number of mangrove research programmes are already in place which,
with little added cost could produce the additional data required, thus substantially
reducing the overall costs at a national level of achieving the LOICZ research goals and
objectives.

In funding individual national level research activities which are designated by national
IGBP committees as contributions to LOICZ, adequate allowance within the project
budget must be made for at least the costs of communication, including the costs of
electronic transfer of synoptic data to the Core Project Office or designated research
and/or regional node. In addition where specific planned international activities of
LOICZ such as the Annual Open Science Meetings are known in advance, the costs of
participation of scientists in such centrally co-ordinated LOICZ activities should also be
included in the project budget where appropriate. In general terms, such additional costs
are likely to be modest in comparison with the overall budget for each project, but a
failure to fund these minimal additional activities will seriously compromise the capacity
of the Core Project Office to generate the necessary global syntheses and models.

The programme management chapter of this Implementation Plan outlines the proposed
mode of operation of the Core Project Office and LOICZ project in achieving the global
goals and objectives of the project as a whole. It is envisaged that institutions will be
designated as regional and/or research nodes with responsibility for networking and
transfer of data and information amongst designated sub-sets of the overall LOICZ
network. No adequate mechanism exists within the IGBP framework at present for
meeting the costs of such decentralised co-ordination functions. In addition, as discussed
below, the funding of the Core Project Office, although comparatively generous for the
planning phase, is inadequate for funding the level of activity envisaged once
implementation commences.
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It is therefore critical that the IGBP Secretariat and SC-IGBP work closely with the Core
Project Office and bodies such as IGFA to identify appropriate mechanisms for a.dequately
funding the Project, prior to the commencement of the Implementation Phase. Suggestions
concerning such a mechanism, including the establishment ofa LOI.CZ Trust Fund, are
provided in the Recommendations and Conclusions of this Appendix.

Co-ordination and Management Costs of the Project

The functions of the Core Project Office” include inter alia:

. Administering the project on a day to day basis, under the long-term guidance of
the 55C

. Co-ordination of research efforts, and planning and co-ordinating research
campaigns and field programmes . ‘

* Maintaining needed connections with relevant national and regional projects

* Ensuring effective co-ordination with other components of the IGBP, and other
relevant international research programines '

. Disseminating information and research results

Funding for the Core Project Office was initially agreed by the Netherl?.nds Government
at the levels indicated in Table 4. These funds were envisaged as covering the salary and
emoluments of the Core Project Manager, a Project Scientist and a fuil'—time Secretary;
office operational costs; an appropriation for the organisation ‘of meetings related to
project development; communication costs including prodm;bon of a ne_w§1etter; funds: for
travel by project staff; and funds to support the travel of designated individuals to project
and related meetings. ~

Table 4.  Agreed funding of the LOICZ Core Project Office as of 1993
(Nl 1,000; 1.9 Nfl == 1 US$).

Year 1993 | 1994 | 1995 | 1996 | 1997

Government grant 400| 7001 800 | 800 800
Host Institution B0| 160] 160} 160] 160
Total 480 860| 960 960 | 960

Funding for the initial central planning and development of the Project, f.or network
establishment and development of the structure and modalities of operation of the Core
Project Office is therefore more than adequately met from this level of appropriation. It
was envisaged in the definition study prepared by the Netherlands Organisation for
Scientific Research, on behalf of the Netherlands Ministry of Education and Science, that
there would be a need for additional staff, in particular a data management special?st and
modelling specialist early in the development of the Project, thus bringing_the staffing
level of the Core Project Office to five full-time staff. Funds for these additional staff are
not included in the above appropriation and were envisaged as being sought separately,
to a total of 70, 95, 100, and 110 thousand US$ in years 2, 3, 4 and 5 of operation
respectively. Total operational costs for the Core Project Office were therefore foreseen as
indicated in Table 5.

" KGRP,1993. p.3%
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Table 5.  Anticipated costs of the LOICZ Core Project Office as foreseen in the Core
Project Office Definition study. (Nfl 1,000; 1.9 Nfl = 1 US$).

Year 1 2 3 4 5
Government grant 815] 890§ 815| 840| 865
Additional funds 115| 310f 375 400] 425
Total 930 | 1200 1190 1240 | 1290

The Core Project Office opened in Novermnber 1993 with the appointment of the Core
Project Manager, nine months later than originally envisaged. Despite the initial delay in
development of the Project and the Core Project Office, considerable progress has been
made to date in defining both the nature of the Project itself and the role of the Core
Project Office within the project. The future co-ordination and management roles of the
Core Project Office are essentially outlined by the Framework Activities, Programme
Management, and Integrative Activity chapters of this Implementation Plan, hence it is
possible to define more precisely the financial requirements of the Core Project Office over
the next four to five years. The Integrative Activities of “The role of coastal seas in the
global carbon cycle” and “Integraied approaches to assessing the economic and social
impacts of global change in coastal systems” are budgeted as separate projects and have
already been submitted to the United Nations Environment Programme (UNEP) for
consideration for inclusion in their work plan for funding under the Global Environment
Facility (GEF). Considerable enthusiasm for these projects has been generated within and
outside UNEP and the full framework budgets for these activities are provided below.

Future Budgetary Requirements of the Core Project Office

To execute the functions indicated in the Framework Activilies and Programme
Management chapters of this Plan considerable funds in addition to those originally
envisaged as being required must be made available to support the convening of
workshops; publication of methods manuals, reviews of current science, syntheses of
results; electronic and other communication. Unlike many of the other Core Projects of the
IGBP, LOICZ cannot achieve its overall goals and objectives without the active
participation of scientists from developing countries; hence financial and other support
must be provided through the Core Project to support the research envisaged as being
undertaken in such countries which encompass the bulk of the world's tropical coastlines.
These coastlines are also those where the rates of anthropogenically driven change are
considerably greater than in much of the world’s higher latitude coastal areas. It must also
be recognised that communication with scientists in much of the developing world will
have to be via print media, phone, fax and letter for much of the life of the project since
access to means of communication such as e-mail and electronic data transfer is currently,
and will remain for the foreseeable future, restricted in such countries.

Table 6 provides an indicative Framework budget for the entire project based on the
assumption that all project goals and objectives are to be adequately addressed over the
remaining 9 years of the project. These figures represent the total sums required including
the budgetary appropriations as currently agreed between the Netherlands Government
and the IGBP Secretariat. The following notes relate to the relevant budget lines in

Table 6.
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4, Travel

During the Project it is vital that the staff of the Core Project Office travel extensively and
regularly to provide frequent contact with the regional and research nodes once
established, to provide project advocacy and to encourage the widest possible
participation in the research activities. This budget line includes travel of all senior project
staff to meetings, regional nodes and other venues. Travel is budgeted at a rate of

US$ 5-7,000 per trip of 7-10 days, including airfares, local transport and DSA. A total of 18
such trips for the Core Project Manager per year and 9 for each of the Project scientists are
envisaged once the project becomes fully operational. The Executive Secretary would be
required to attend and provide secretariat services to the Annual Open Science Meetings.

5. Fellowships

It is anticipated that scientists from the regional and research nodes and other components
of the LOICZ research network will from time to time require training in or.
familiarisation with the use of certain equipment and/or models. Provision is therefore
made to cover the costs of short visits of around 2 weeks duration for scientists from
LOICZ Regional and Research Nodes to visit other LOICZ nodes and or the Core Project
Office. Costs are budgeted for air travel and DSA at around 6,000 US$ per fellowship.

6. Sub-contracts

It is envisaged that each LOICZ Regional and Research Node will enter into a formal
agreement with the Core Project Office for the implementation of an agreed work plan
according to an agreed schedule. Provision is therefore made in the budget to provide, to
those nodes requiring such assistance, financial support to execute the agreed functions.
Such a sub-contract is envisaged as being a mechanism to provide financial support for,
inter alia, additional secretarial and administrative assistance, minor equipment items and
costs of communications. The precise nature of each sub-contract will vary on a case by
case basis but it is intended that the bulk of these funds would be allocated to Institutions
acting as nodes in developing countries and countries with economies in transition.

It is recognised that to encourage participation of scientists at sites selected for data
collection within each developing country region some provision must be made for the
costs of that participation. This budget line aliows for a modest sum to be included in the
sub-contracts for regional nodes to be transferred to approved insfitutions having the
capacity to undertake the necessary research. These sums are intended to cover the
additional costs of data transmission and communications incurred by participation in
project research.

7. Meetings

In order to develop the LOICZ networks into functioning collaborative research
parinerships directed towards common goals and objectives, it will be necessary to .
convene regular Annual Open Science Meetings. To ensure adequate global participation
in such meetings it will be necessary for the Core Project Office to have access to funds to
support the attendance of scientists from less developed countries and countries with
economies in transition.
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To develop common approaches within LOICZ it will be necessary to develop
standardised methods for data collection, management and exchange, and comparable
modelling techniques. To develop such common methodologies it will be necessary to
convene on a regular basis technical workshops to develop the techniques for wider
application throughout the LOICZ network. Given the anticipated research initiatives
determined by the overall goals and objectives of the project it is estimated that 4 such
workshops will be convened in 1995, 6 in 1996, and 8 in each subsequent year. Each such
workshop is costed at around US$ 20,000 and includes the costs of air travel and DSA for
between 5 and 10 scientists expert in the subject of the workshop.

Regional meetings are costed at around US$ 25,000 per meeting and include the costs of
air travel and DSA for between 10 and 15 LOICZ scientists operating research projects
within each region. Such meetings would be convened during the first 4 years, in
collaboration with START, as a mechanism to initiate and co-ordinate LOICZ research in
regions composed of developing couniries and/or countries with economies in transition.
During the remaining years of the project such meetings would be used as fora for the
comparison of results obtained at different sites within each region. Around 3 such
meetings are envisaged annually.

Inter-regional meetings are costed at between 40 and 50 thousand US$ and are envisaged
as including representatives (to a total of around 15-20) from two or more regions which
are at similar stages of development 