














then placed in the broader context of the heavily managed Colorado River system, bringing home

another common issue in discussions on both physical and social science modelling: the need to

pay more attention to time and space scales in analysis of water/land/people interactions:

Two weeks of discussions on interacdons of land, water, ecosystems and people led to a

set of general conclusions:

1.

Climate change is not smooth at any time scale; decadal to century variability may as large
as interannual variability. Abrupt climatic jumps should be anticipated, but cannot be
readily predicted. Thus, adaptive management and educadon are important to cope with
climate variability.

Regional and mesoscale models of climate change need to be coupled to GCMs, with the
GCM output serving as boundary conditions for the higher-resolution models. Data
collection must be guided by model needs, and data collection and analysis programs need
to be united with local programs in the source c;)unuies. |

Global change has multiple causes. Land-use changes may be as important as the
greenhouse effect in changing meso-scale climates; the history of regional land use must be
known in order to understand critical land-biota-atmosphere feedbacks. Global change
involving land/water/vegetation interactions also may be related to causes or effects not
involved with climate, such as water scarcity due to human use or the discharge of waste
into large water systems.

Ecosys;ems must be carefully defined in time and space in order to access an& predict
effects of physical, biological, and socio-economic changes. The values of species vs
ecosystems approaches to system definition and management need to re-considered in light

of the growing pressure to define and achieve ecosystem sustainability.



Fundamental differences exist in eco-hydrologic ﬁrocesses in different regions, especially
in regard to the effects of climate change on water quality, land use, land degradation, water
demand, and biomass production. The problem of regionalization, how to generalizein a
credible way within and across boundaries, remains a critical area for conceptual |
development.

Related to regional issues is the problem of scaling, including especially how to avoid the
pitfalls of simple averaging of point data in non-linear systems. The use of distribution
functions or representative areas may be useful; simple ways need to be found to
parameterize the complexity of natural processes as input for mesoscale models and for
GCM’s.

The causes and rates of land-use changes and their effects on water and atmospheric
quality, and on climate, needs to be further investigated What social forces bring about
land changes and how do they affect aquatic Eiology, groundwater, soil moisture, and the
flux of -greenhouse gases? The rates of climate change due to changes in regional land use
may greatly exceed the rates of climate change due to other anthropogenic effects such as
greenhouse gas producton.

The release of nutrients and wastes by humans affects water quality, but the effect of these
releases on land and air quality, and on greenhouse gas emissions is not well understood,
especially on a global basis. Perhaps some of these inadvertent releases can act as tracers'
to improve our knowledge of how the hydrologic system operates.

The inseparable nature of ecological and social issues embedded 1n various economic,
cultural, social, and religious settings must be recognized in any response to global change.
The experience of complex river basin development indicates that integrated solutions are

needed. In partcular, questions of conflict, cultural differences, and who benefits and who
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pays, must be addressed. Means must to be found to manage global change in a
meaningful way especially in a relatively short-term (10-30 year) perspective, with special
regard to protecting water and land quality, and coping with water scarcity.

10.  Every plan to cope with global change must be considered in the context of continuing
population and consumption growth. The growth and redistribﬁtion of populadon and
consumption must be considered in efforts to protect the integrity and function of
interacting natural and social systems. And this must begin now!

This two-week session at the Aspen Institute on Global Change demonstrated the value of

bringing natural scientists, modelers, social scientists, engineers, and managers together to

establish closer communication and understanding. The complexity of water-biosphere
interactions is not fully incorporated in models of climate change, nor is it adequately considered in
analyses of the human dimension of global change as in predictions of sustainability and food
production. And it is apparent that a better understanding of the hydrologic cycle and its interplay
with the biosphere and human action needs to be a stronger component of s;chool curricula,

especially at the primary and secondary levels.
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