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Natural and man-made control systems in water resources

Abstract of the proposed research activity

Everything changes, this is of course true, but the long term behaviour of the physical
world we live in seems remarkably predictable. For several sub-systems this is due to
feedback mechanisms that support the current behaviour. To study future behaviour
that differs materially from the current behaviour it will be necessary to look for hints
in the historical behaviour of possible paths from one stable behaviour to another. It
will also be necessary to examine the models in current use to see whether they are
approximations valid only for the current behaviour. This leads to three important
questions.

1) Do the current measurements of model input and output allow for
identification of state, structure and parameters? If not then can this be
remedied?

2) Do the current models have multiple stable behaviours (possibly for different
parameter sets)?

3) Can strategies be developed to either keep the systems near desirable
behaviour or to move system and society gracefully to a new stable behaviour.

It is well known that physical systems that make up our planet have multiple stable
states. It is reasonable to assume that non-trivial hydrological models also have
multiple stable states, see for example [1]. Even if they do not have multiple stable
states then a search of the parameters space for a given set of model inputs and
outputs may still yield different parameter sets corresponding to different stable states
of the real world hydrological system. Given the multitude of feedback loops in
natural systems control theory seems a natural fit to examine stability and parameter
identification for hydrological systems and models.

Moreover, it is well known in control theory that the internal state and structure of a



model cannot always be reconstructed from its inputs and outputs.

These two points together suggest that a concerted effort of specialists in

hydrological, atmosphere and ocean models and specialists in control theory aimed at
a better understanding of stability and identifiability of hydrological systems would be
worthwhile.

The same group would also be able to come up with new approaches to system
management in a changing environment .

Panta Rhei Research Themes, Targets and Science Questions addressed by the Working
Group

Science questions addressed:

(2) How do changes in hydrological systems interact with and feedback on natural
and social systems driven by hydrological processes?

(6) How can we support societies to adapt to changing conditions by considering
the uncertainties and feedbacks between natural and human-induced hydrologic
changes?

Targets addressed:
(1) Understanding
(2) Estimation and prediction
(3) Science in practice
Societal impact of the Working Group activity

A proper understanding of the limits on the capacity of a system to deal with disturbances
and changes without materially altering its behavior and of ways to allow gradual movement
from one behavior to another are essential to the continued existence of our current
society.
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