THE ECOLOGICAL, ECONOMIC, AND SOCIAL IMPORTANCE OF
COASTAL AND MARINE SYSTEMS

Robert Costanza, Professor, Center for Environmental Science and Zoology Department, and
Director, University of Maryland Institute for Ecological Economics, Box 38, Solomons, MD
20688-0038

Coastal and marine systems have long been recognized as among humanity's most important
natural resources. Their vastness has made them appear to be limitless sources of food,
transportation, recreation, and awe. The difficulty of fencing and policing them has left them
largely as open access resources to be exploited by anyone with the means. But in recent times we
have begun to reach the limits of these systems and must now begin to utilize and govern them in a
more sustainable way. This paper summarizes emerging information on the interrelated ecological,
economic, and social importance of coastal and marine systems, and on developing institutions for
their sustainable governance.

In addition to their traditional importance as sources of primary and secondary production, and
biodiversiy, the importance of coastal and marine systems in global material and energy cycles is
now beginning to be better appreciated. Integrated models of the global ocean-atmosphere-
terrestrial system reveal the critical role of these systems in atmospheric gas and climate regulation,
and for water, nutrient, and waste cycling.

Recent estimates of the economic value of the marketed and non-marketed ecosystem services of
coastal and marine systems indicate a huge contribution to human welfare from the functions
mentioned above plus raw materials, recreational, and cultural services. Marine systems have been
estimated to contribute a total of about 21 trillion US$ yr-1 to human welfare (compared to a global
GNP of about $25 trillion), with about 60% of this from coastal and shelf systems and the other
40% from the open ocean, and with the oceans contributing about 60% of the total economic value
of the biosphere (Costanza et al. 1997). Coastal environments taken together cover only 6.3% of
the world's surface but are responsible for 43% of the value of the world's ecosystem services.

The social importance of the coastal and marine systems for global transportation and as a unifying
element in the cultures of many coastal countries cannot be overestimated. But the cultural
traditions of open access must be replaced with more appropriate property rights regimes and
governance structures. Sustainable governance emphasizes the need for an expanded deliberative
process to develop a shared vision of a sustainable use of these resources.

Ecological Importance of Coastal and Mari t

Because of the relative vastness and inaccessability of coastal and marine systems, their scientific
exploration had, in many senses, lagged behind the study of terrestrial systems. But in recent
times, new monitoring and remote sensing technologies have lead to an explosion of new scientific
information about the oceans. Deep sea diving submersibles have allowed exploration of the
deepest regions of the oceans, with the dramatic discovery of completely new life forms inhabiting
deep sea thermal vents. Satellite remote sensing has allowed the observation and mapping of the
entire ocean surface. This has led to the discovery and mapping of important new features of
ocean structure and circulation, such as mesoscale eddies and the complex spatial patterns of
marine photosynthesis .

This explosion of new information has allowed the development of sophisticated models of various

aspects of marine systems and their links to the atmosphere and terrestrial systems. This activity
has been stimulated by growing interest in the problem of global climate change and the important
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role of the oceans in moderating the climate and exchanging greenhouse gases with the
atmosphere, along with growing recognition of the important linkages between terrestrial and
marine systems.

Economic Importance of the Coastal and Marine Systems

The services of ecological systems and the natural capital stocks that produce them are critical to the
functioning of the earth's life support system, as described above. They contribute significantly to
human welfare, both directly and indirectly, and therefore represent a significant portion of the total
economic value of the planet. Because these services are not fully captured in markets or
adequately quantified in terms comparable with economic services and manufactured capital, they
are often given too little weight in policy decisions. This neglect may ultimately compromise the
sustainability of humans in the biosphere. The economies of the earth would grind to a halt
without the services of ecological life support systems, so in one sense their total value to the
economy is infinite. However, it is instructive to estimate the "incremental” or "marginal" value of
ecosystem services - the estimated rate of change of value with changes in ecosystem services from
their current levels. There have been many studies in the last few decades aimed at estimating the
value of a wide variety of ecosystem services. These studies were synthesized by Costanza et al.
(1997) who estimated the current economic value of 17 ecosystem services for 16 biomes, based
on a synthesis of published studies and a few original calculations. For the entire biosphere, the
value (most of which is outside the market) was estimated to be in the range of $16 - 54 trillion/yr.,
with an average of $33 trillion/yr. Because of the nature of the uncertainties, this must be
considered a minimum estimate. Global GNP is around $25 trillion/yr. About 63% of the
estimated value is contributed by marine systems ($20.9 trillion/yr). Most of this comes from
coastal systems ($10.6 trillion/yr). About 38% of the estimated value comes from terrestrial
systems, mainly from forests ($4.7 trillion/yr) and wetlands ($4.9 trillion/yr). Coastal
environments, including estuaries, coastal wetlands, beds of sea grass and algae, coral reefs, and
continental shelves are of disproportionately high value. They cover only 6.3% of the world's
surface but are responsible for 43% of the value of the world's ecosystem services. These
environments are particularly valuable in regulating the cycling of nutrients which control the
productivity of plants on land and in the sea.

If ecosystem services were actually paid for, in terms of their value contribution to the global
economy, the global price system would be very different than it is today. The price of
commodities utilizing ecosystem services directly or indirectly would be much greater. The
structure of factor payments, including wages, interest rates, and profits would change
dramatically. World GNP would be very different in both magnitude and composition if it
adequately incorporated the value of ecosystem services. One practical use of the estimates
mentioned above is to help modify systems of national accounting to better reflect the value of
ecosystem services and natural capital. Initial attempts to do this paint a very different picture of
our current level of economic welfare than conventional GNP. For example, the Index of
Sustainable Economic Welfare (ISEW) incorporates income distribution effects, congestion
effects, and the loss and damage to natural capital. While GNP/capita continued to rise
ISEW/capita parallels GNP/capita during the initial period, but then levels off and in some cases
declines. This may be evidence for the “threshold hypothesis,” that economic growth increases
welfare only until a threshold is reached where the costs of additional growth begin to outweigh the
benefits. ISEW, by doing a better job of including both the costs and benefits of growth can
clearly show when this threshold has been passed. But the ISEW and similar measures are based
on national accounts and do not adequately incorporate international resources like many coastal
and marine systems. If we have passed the sustainable threshold without even taking these
systems into account, our real position is almost certainly much worse.
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Sustainable Governance

Sustainable development entails the three integrated goals of:

(1) an ecologically sustainable scale of the economy relative to its ecological life support
system; This is sometimes referred to as ecological sustainability.

(2) a fair distribution of resources and oppourtunities, not only between the current generation
of humans, but also between present and future generations (and in some definitions between
humans and other species). This is sometimes referred to as social sustainability.

(3) an efficient allocation of resources that adequately accounts for natural capital and provides
non-declining capital stocks and economic income into the indefinite future. This is sometimes
referred to as economic sustainability.

Operationalizing sustainable development thus implies operationalizing this broader agenda and
developing governance policies and instruments based on a integrative systems approach.

The special characteristics of coastal and marine systems lead to several unique problems that need
to be addressed if they are to be governed sustainably. These include:

1. The open access and common property characteristics requires that special measures need to be
taken to regulate access.

2. Their role in the global ecological system favors a tendency to free ride on conservation issues.
This means that some countries or actors can benefit from the system without having to pay the
cost of using it.

3. The intergenerational and interspatial effects of the use of these resources result in a tendency to
ignore effects that might be distant in time and space. There is a need to change the way such
effects are handled.

4. The impact of human activity is subject to fundamental uncertainty about the behavior of the
system, partly because of its complexity. This calls for new models of decision-making and
different management rules based on maintaining the system within sustainable bounds and on
exercising the precautionary principle in order to keep uncertainty within acceptable limits.

5. All of the above lead to "market failure." Hence, market prices are inadequate measures of the
social value of ocean assets and require corrective incentives to guide behavior.

6. Relative poverty is exacerbated by forms of globalization which ignore environmental
externalities. Coastal and marine systems are particularly susceptible to this problem.

Principle Sustainable Governance

To operationalize sustainable development in the context of these special problems, several general
principles have been suggested, including:

1. Subsidiary principle: governance should occur at the lowest organizational level possible in
order to enhance democratic participation.

2. Responsibility principle: rights to use environmental resources carry attendant
responsibilities to use them sustainably and fairly.

3. Precautionary principle: in the face of uncertainty concerning environmental resources and
impacts, we should err on the side of caution.

4. Participatory principle: parties affected by a decision or process should participate fully in
its formulation and implementation
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