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world in all aspects - research, education, facilities and
communication. Special, dedicated efforts are required
in all of these areas to ensure that Earth System science
becomes truly global.

Stewardship of the Earth System

Humanity is already managing the planet, but in an
unconnected and haphazard way driven ultimately by
individual and group needs and desires. As a result of
the innumerable human activities that perturb and
transform the global environment, the Earth System

is being pushed beyond its natural operating domain.
Many of these global changes are accelerating as the
consumption-based Western way of life becomes more
widely adopted by a rapidly growing world popula-
tion. The management challenges to achieve a sustain-
able future are unprecedented. Earth System science is
the key to implementing any approach towards good
planetary management, as it can provide critical insights
into the feasibility, risks, trade-offs and timeliness of any
proposed strategy.

Science is centrally important in advancing sectoral
wisdom in order to deal with global change. Dramatic
increases in energy efficiency, decarbonisation and the
development and utilisation of new sustainable energy
technologies, such as a hydrogen-based energy system,
are needed. In agriculture, continued increases in food
production and improvements in distribution and access
are needed urgently as the world’s human population
continues to grow and dietary preferences change. Strat-
egies for management of water must increasingly take
integrative, regional approaches. Likewise, management
of air quality recognises increasingly the multi-sectoral
and regional, rather than local, determinants of air qual-
ity. In terms of sustaining ecosystem goods and services,
the importance of overlapping sectoral activities has led
to the development of more integrated landscape plan-
ning that reconciles ecosystem processes with human
social and economic activities.

In addition to specific management approaches, an
overall, comprehensive, internally consistent strategy for
stewardship of the Earth System is required. A funda-
mental underpinning in Earth System science is even
more important here to support the new paradigms for
global sustainability that are beginning to appear:

Standardisation. The management objective is to main-
tain the evolution of the Earth System within a safe
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range of environmental qualities or aggregated functions
defined as sustainability indicators.

Optimisation. In an ideal world the most attractive of all
of the management approaches would aim to maximise
generalised utility over a prescribed time period, where
utility is defined in a broad, normative way through mil-
lions of acts and interactions by individuals around the
world.

Pessimisation. The primary emphasis in this approach

is placed on the precautionary principle of preventing
the worst from happening, for example, abrupt changes
with potentially catastrophic effects.

Equity. Management approaches focussing on equity
aim to achieve a relative balance amongst the various
participants who have a stake in global management
(i.e., virtually the entire human population), but taking
into account the nature of Earth System dynamics.

Status quo. The goal of this paradigm is to define and

maintain a stable equilibrium in the global environment.

In reality human societies will not be able to adopt any
one of these approaches in their pure forms. Even if
they desired to do so, lack of complete scientific under-
standing and limits to predictability may prevent the
full implementation of the paradigm. In this situation
adaptive management is the only feasible way forward.
In a broad sense adaptive management is an interac-
tive process of learning by doing and of doing based on
learning. In the context of global change and the Earth
System, it implies that combinations of management
approaches will be required. For example, the overall
strategy must be to avoid catastrophic state changes,
but within that overall strategy a number of the other
approaches may also be applied. The climate system
could be stabilised at some agreed level of change while
also taking equity and economic and social cost consid-
erations into account.

Earth System science is essential for any attempts at
adaptive management at the planetary scale to succeed.
There are already powerful tools to support manage-
ment approaches. For example, integrated Earth System
models allow many different scenarios of interacting
natural and human-driven changes to be developed and
evaluated. Such models, of course, need to be rigorously
tested against empirical reality, both past and present, to
increase confidence in their projections. In addition, the
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models and the scenario development that follows from
them must evolve further through integrated interdisci-
plinary research, and in continuing dialogues between
the scientific community and policymakers at a variety
of levels. The most challenging scientific task of all is

to build a common international framework for Earth
System science that can harness the potential synergies
that will arise from the interactions of tens of thousands
of investigators, research groups and institutions around
the world. The ultimate challenge, however, is directed
towards the governance and management communities,
as they must deal with the implications of Earth System
science. How can a large group of independent nations
with differing cultures, values, wealth, social organisa-
tion and world views come together to manage their
own single, connected life support system in a coherent
and effective way?

As global change assumes a more central place in human
affairs, science must accept the responsibility of develop-
ing and communicating the essential knowledge base
societies can use to debate, consider and ultimately
decide on how to respond to global change. Ultimately,
upon this science the preservation of the Earth’s life
support system depends. The challenge of ensuring a
sustainable future is daunting. It can be met, but only
with a new and even more vigorous approach to study-

ing and managing an integrated Earth System.
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Appendix

The International Geosphere-Biosphere
Programme

IGBP is an international scientific research programme
(sponsored by the International Council for Science, ICSU)
built on inter-disciplinarity, networking and integration.
The participation of most of the thousands of scientists
worldwide who contribute to IGBP research is voluntary.
IGBP aims 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.
It delivers scientific knowledge to help human societies
develop in harmony with Earth’s environment.

IGBP helps to:

* develop common international frameworks for col-
laborative research based on agreed agendas

¢ form research networks to tackle focused scientific
questions and promote standard methods

* guide and facilitate construction of global databases
* undertake model inter-comparisons
¢ facilitate efficient resource allocation

* undertake analysis, synthesis and integration of broad
Earth System themes

IGBP produces:

¢ data, models and
research tools;

¢ refereed scientific
literature (special
journal editions,
articles etc);

* syntheses of Earth
System science (IGBP
book series);

* policy-relevant informa-
tion in an accessible format (IGBP Science Series).

IGBP’s research effort

IGBP research is organised around eight projects that
represent the Earth System - land, atmosphere, ocean and
their interfaces (land-atmosphere, atmosphere-ocean and
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land-ocean); integration and modelling, focusing on the
changing environment of the planet as a whole, from past
through present and to the future.

The projects of IGBP are:

Atmosphere: International
Global Atmospheric
Chemistry IGAC)

Ocean: Integrated
Marine Biogeochem-
istry and Ecosystem
Research (IMBER) and
Global Ocean Ecosystem
Dynamics (GLOBEC)
Land: Land-Use/Cover
Change (LUCC) and Global

Land Project (GLP)

Land-Atmosphere: Integrated Land Ecosystem-Atmo-
sphere Process Study (iLEAPS)

Atmosphere-Ocean: Surface Ocean — Lower Atmosphere
Study (SOLAS)

Land-Ocean: Land-Ocean Interactions in the Coastal
Zone (LOICZ)

Integrating projects: Past Global Changes (PAGES) and
Global Analysis, Integration and Modelling (GAIM)

Many IGBP projects are co-sponsored (see the IGBP
website for details).

Earth System Science Partnership

IGBP works in close collaboration with the Interna-
tional Human Dimensions Programme on Global
Environmental Change (IHDP), the World Climate
Research Programme (WCRP), and DIVERSITAS. The
four international programmes have formed an Earth
System Science Partnership (ESSP) for the integrated
study of the Earth System, the changes that are occur-
ring to the System and the implications of these changes
for global sustainability (www.ess-p.org). ICSU is the
common scientific sponsor of the four international
global environmental change programmes.

To find out more about IGBP visit our website

(www.igbp.kva.se).
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