Uncertainty

The information presented in this report was peer reviewed in accordance with the
Bureau of Reclamation and Department of the Interior polices. This report is intended to
inform and support planning for the future by identifying potential future scenarios. The
analyses provided in this report reflect the use of best available datasets and
methodologies at the time of the study.

Water resources studies are developed in collaboration with basin stakeholders to
evaluate potential future scenarios to assess risks and potential actions that can be taken
to minimize impacts, including supply and demand imbalances. These types of studies
support a proactive approach to water resources management, using the best available
science and information to develop scenarios of future conditions within the watershed.
This positions communities to take steps now to mitigate the impacts of future water
supply management issues, including water shortages, impacts of droughts and floods,
variations in water supply, and changing water demands for water for new or different
uses.

Because every water resources planning study requires the study partners to make
assumptions about future conditions, addressing the uncertainties in those assumptions is
an essential component of the planning process. For example, there are uncertainties
associated with the characterization of future water supply and demand, demographics,
environmental and other policies, economic projections, climate conditions, and land use,
to name a few. Moreover, projections are often developed using modeling techniques that
themselves are only potential representations of a particular process or variable, and
therefore, introduce additional uncertainties into characterizations of the future. The
cumulative, interacting uncertainties are not well known in the scientific community and,
therefore, are not presented within this study. By recognizing this at each process step,
uncertainties are adjusted for and reduced when possible, to allow Reclamation and its
stakeholders to use the best available science to create a range of possible future risks that
can be used to help identify appropriate adaptation strategies, which is fundamental to the
planning process. Importantly, scenarios of future conditions should not be interpreted as
a prediction of the future, nor is the goal of any water resources planning study to focus
on a singular future. Rather the goal is to plan for a range of possible conditions, thereby
providing decision support tools for water managers.

Of significant interest are projections of future climate, which ultimately drive many
assumptions of water supplies and demands through their influence on the water cycle.
Projections of future climate are developed using the scientific communities’ best
assessment of potential future conditions as characterized by global climate models
(GCMs). GCM projections are based upon initial model states, assumptions of future
greenhouse gases in the atmosphere, and internal as well as external forcings, such as
solar radiation and volcanic activity to name just a few. Changes in land surface,
atmosphere, and ocean dynamics, as well as how such changes are best modeled in
GCMs continue to be areas of active research. Depending on these and other



uncertainties, projected future conditions, such as the magnitude of temperature and
precipitation changes, may vary. Observed climatic data and GCM simulations show
warming trends over recent decades. However, the degree to which the magnitude of
GCM simulated warming agrees with historic observations, where some studies find
more GCM warming* while others show warming rates more in line with observations,
3 varies based on the data, methods, and time periods used for making such

comparisons. The evaluation and refinement of GCM performance is an ongoing area of
research and includes methods to characterize model outputs and observations, and how
measurement errors, internal variability, and model forcings can be improved to enhance
future performance.?

Further, it is important to recognize that these models perform better at global rather than
regional or watershed level scales. Accordingly, techniques must be employed to localize
or “downscale” GCM output for applications such as basin-specific water resources
planning studies. These downscaled projections of climate are used as inputs to
hydrologic models to produce projected streamflows, which are then used to assess
Impacts to the water resource system in question. Uncertainties at each of the steps
necessary to translate GCM output to water resources impacts can be characterized and
adjusted for, yet uncertainties remain in the downscaling process that can result in
variations depending on the modeling technique used.

Ultimately, future conditions at any particular time or place cannot be known exactly,
given the current scientific understanding of potential future conditions. Likewise, it is
important to recognize that the risks and impacts are the result of collective changes at a
given location. Warming and increased carbon dioxide may increase plant water use
efficiency, lengthen the agricultural growing season, but may also have adverse effects on
snowpack and water availability. These complex interactions underscore the importance
of using a planning approach that identifies future risks to water resources systems based
on a range of plausible future conditions and working with stakeholders to evaluate
options that minimize potential impacts in ways most suitable for all stakeholders
involved.
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