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We certainly live in a nonlinear world 
where rapid and unpredicted system 
responses can result from small changes 
in forcing conditions or gradual and 
continuous environmental change. Non-
linear behavior may emerge from com-
plex interactions and feedbacks or 
from simple biochemical and structural 
threshold-like responses with cascade 
effects throughout the functioning of 
a system. Such a behavior can display 
from deterministic chaos to emergent 
complexity and self-organization that, 
for instances, can result in multiple 
steady states for a given system.

This type of behavior is very much 
part of the way ecological systems 
function, yet, tremendous efforts with 
numerical and experimental approaches 
have been geared to simplify complex 
nonlinear responses into a more easily 
tractable linear world. The linear think-
ing is also much entrenched in the way 
policy perceives environmental change 
and, in consequence, ways to manage it 
(e.g. the assumption that climate change 
will alter production of terrestrial eco-
systems progressively).

A deeper understanding of the non-
linear nature of systems will contrib-
ute to increasing our capacity to predict 
future ecosystem behavior under novel 

combinations of resources and forcings 
that brought about global change, and 
to detect early in advance low-probabil-
ity catastrophe events, such as the ter-
restrial biosphere’s fl ip from C sink to 
C source or the collapse of production 
systems.

IGBP, building upon an early ini-
tiative from GCTE, has initiated a 
new research focus to study biospheric 
responses to global change that involve 
rapid nonlinear changes and thresholds. 
The initiative is very much in its early 
stages of development but some of the 
emerging objectives are:
•   To identify processes and resource 

gradients more prone to generate 
nonlinear responses, and therefore, 
unexpected system’s behavior 
under future global change.

•   To understand when nonlinear 
responses are important as related 
to scaling issues in time and space.

•   To quantify transfer functions 
between forcings and responses for 
verifying and parameterizing pre-
dictive process models.

•   To develop new numerical tools 
and experiments to study nonlinear 
responses (e.g., thresholds).

•   To formulate new hypotheses 
derived from mathematical treat-
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LUCIFS aims to understand the varia-
tions in water and particulate fl uxes 
through fl uvial systems at various 
times since agriculture began on 
our planet. We wish to know how fl u-
vial systems have responded to past 
changes in climate and/or land-use, 
what factors controlled fl uxes of water 
and particulates (sediment, particulate 
nutrients and carbon), how sensitiv-
ity to these factors varies in space and 
time, and how present day changes 
are affected by long-term processes 
and trends. Finally, LUCIFS wishes 
to contribute to our understanding 
of the feedbacks to global environ-
mental change from changes in fl u-
vial systems. Such feedbacks occur 
principally through changes in the 
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ment of model systems (e.g., spatial 
scale-dependent effects of pertur-
bations) that may be tested using 
reconstruction methods.

•   To use knowledge of nonlinear 
phenomena to better guide policy 
development for adaptation strate-
gies and mitigation.

A scientifi c committee has been assem-
bled to prepare a fi rst workshop that 
will bring together relevant research on 
this fi eld from various core projects of 
IGBP. The committee is made up of Ian 
Noble (GCTE), Jim Reynolds (GCTE), 
John Dearing (PAGES), John Schelln-
huber (GAIM), Paul Crutzen (IGBP-
SSC, IGAC), Roger Pielke (BAHC), 
TBA (JGOFS), and Pep Canadell (coor-
dinator). Inquires about this new activ-
ity can be sent to Pep Canadell 
(pep.canadell@gcte.org). This Duke Uni-
versity meeting is a further stage in IGBP 
nonlinear initiatives, and, in PAGES 
terms, partly builds on an earlier article 
in the PAGES Newsletter 99–2. PAGES 
Newsletter readers wishing to have an 
input to this initiative should contact me 
– all views will be most welcome.
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carbon cycle, modulated by sediments 
and nutrients delivered to the coastal 
zone by rivers.

There are currently 20 case studies in 
LUCIFS, from New Zealand, the Pacifi c, 
Europe, Asia, Australia, and the Amer-
icas. These case studies are being ana-
lyzed within conceptual frameworks 
that are general enough to cope with 
a wide range of system types. Material 
budgets are central to all LUCIFS case 
studies. In addition, one framework that 
is being used and further explored con-
sists of input time series (eg. land use 
and climate change) and output series 
(eg. sedimentation and nutrient fl uxes 
to sinks such as lakes and reservoirs), 
linked by transfer functions that mod-
ulate inputs to produce outputs. This 

system – level understanding is essen-
tial to meet the aims of LUCIFS. 

Further information about LUCIFS 
can be found at: http://www.fas.nus. 
edu.sg/geog/davidt.htm.
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