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Infrastructure for Earth System
Research
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In summer 2002, extended
flooding in Eastern Europe
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In summer 2003, an unprecedented
heat wave in Western Europe

Earth System Research: The
General Objective

To understand how physical, chemical, and biological
processes, as well as human behavior contribute to the
dynamics of the Earth system, and specifically how they
relate to global and regional climate changes.

To observe, monitor, analyse, understand, and predict in
order to better manage the Earth system.
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Earth System Research
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The Earth: A Complex
Dynamical System

In nonlinear complex
systems, minute
actions can cause
long-term, large-scale
changes.
These changes can
be
Abrupt,
Devastating,
Surprising
Unmanageable.
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Key Questions

Are there critical thresholds that cause abrupt climate
change?

What are the processes that regulate the variability of CO2
concentration?

What controls atmospheric ozone and oxidation
processes?

Which processes control atmospheric aerosols and
aerosol interaction with clouds and climate?

Which are the most vulnerable regions and sectors under
global change and why?

Is the Earth system manageable at all in terms of long-
term ,climate steering“?
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Important Foci

The understanding of fundamental processes

The assessment of the impacts of global and regional
climate changes including extreme events

The integration of knowledge into comprehensive Earth
system models

The development of true predictive capabilities for the
Earth system, in support of management strategies
(mitigation/adaptation)
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Infrastructures needed to address
Earth system questions

Research aircraft: process studies, vertical resolution
Satellites: global coverage, monitoring
Research ships: process studies, vertical resolution

Surface instrumentation: Process studies, validation of
space observations

Surface networks: global data, monitoring, trends

Supercomputers: data analysis, modelling, synthesis, and
prediction
Software infrastructure
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Research Aircraft

Need to coordinate European efforts towards the
development of a diverse fleet of research aircraft
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Earth Observation Satellites
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Air Pollution Observed from Space

Research Vessels

RRS Discovery (National Oceanography Center, Southampton)
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Towers loaded with
instrumentation for
measurement of
Monitoring the concentrations and
Atlantic Thermohaline fluxes ...
Circulation at 26°N
NB.: Still need
calibration facility to
ensure uniform
standards
Schiermeier
(Nature, 2004)
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Inversion study: Average CO,
source 1990-1999 inferred from
atmospheric observations

Earth System Models

Atmospheric
Chemistry
Land Surface

\-/ Social Systems
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Simulated Sea Level Change

Infrastructures needed to
address Earth system
questions: Supercomputing
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A distributed European facility for
Earth system modelling
Infrastructures 1) National Centres
needed to
address Earth 2) High Speed network
system
questions: NE NC
Super-
computing
3) European Climate Computing Facility
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Software infrastructure for
Earth system modelling:

« Share software infrastructure across community »

To:

share development, maintenance and support

aid performance on a variety of platforms

standardise model environment

ease use of different Earth system model components
Hence to:

help scientists to spend more time on science

help key scientific diversity/efficiency in
Earth system modelling
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Towards Earth system
monitoring and prediction

The scientific community is in a position to start providing
operational analyses and predictions of the evolution of
the Earth system, and help decision-makers (government,
industry) to make the appropriate choices on the basis of
sound scientific information.

GMES and WCRP-COPES will contribute to these issues.
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Thank you for your attention!
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