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Using Quantitative Hydrologic Storylines
to Assess Climate Impacts

Climate change is affecting the amount and timing of water reaching our rivers and streams. To continue to
manage systems effectively and minimize risks, water managers and planners conduct climate impact assessments,
which use computer models to project future changes, their associated risks, and opportunities for adaptation.

THE CHALLENGE

To assess risks, it is essential to characterize and communicate the uncertainties in hydrologic projections. Each
step in the climate impacts modeling chain (first column of the figure) has uncertainties. While several studies have
sampled uncertainties by varying elements at each step (second column), they are typically limited by: (i) relying on
small ensembles of models which are not independent, (ii) not explicitly accounting for model errors when
selecting models and interpreting their results, and/or (ii1) presenting results in a way that gives the impression that

the uncertainty is fully sampled, when it is
not. However, large ensembles, while
important in revealing uncertainties, can be
computationally impractical in applications,
and thus require the development of
innovative methods to assess climate impacts.

FACING THIS CHALLENGE

Scientists and  engineers in  RAL's
Hydrometeorological Applications Program
at the National Center for Atmospheric
Research are collaborating with the U.S.
Army Corps of Engineers, the Bureau of

Reclamation, and the University of
Washington  to  develop  quantitative
hydrologic storylines of climate change
impacts. The work entails systematically

characterizing uncertainties across the suite
of models wused for climate impact
assessments, evaluating model fidelity and
culling models accordingly to reduce these
uncertainties, and distilling  hydrologic
projections into a discrete set of quantitative
hydrologic “storylines” that represent key
features from the full range of future

scenarios (lustrated in figure and described
in more detail in Clark et al [2016]).

RESEARCH APPLICATIONS LABORATORY - RAL

Climate Impacts
Modeling Chain

Emissions
Scenarios

RS
58 Ve

Py o

Initial 77

Conditions [,

Pl

)
PDF
PDF

scenarios

PDF

models

PDF

ens.
members

Characterizing
Uncertainties

Reducing

Uncertainties

Selection of
likely scenarios
B

Informed
Sampling
—_—

Sampling of
Variability
_—

Hydrologic | Ky Smaw Ruin
Parameters| Zo, Z,, etc.

structure

w
QTA*
o

parameters

n 5 More
Downscaling] a Reliable
Method i . methods
methods .
L SR w
Hydrologic [»._"/// , o Improved
Model [S A structure
o - y

scenarios

models

Improved
parameter
estimation

parameters

Combined uncertainty

DI

{

Reduced uncertainty

projections

projections

Hydrologic
Storylines

Schematic on approaches to explicitly characterize and reduce the myriad of
uncertainties in evaluating hydrologic impacts of climate change, and develop
quantitative hydrologic storylines to support water resources planning.
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SCIENTIFIC ADVANCES

Development of methods that allow for more systematic and comprehensive sampling of uncertainties in
hydrologic projections, specifically:

®=  The modeling frameworks SUMMA [Clark et al., 2015a,b] and ICAR [Gutmann et al., 2016], which are
cornerstones of this project, have been developed and are now operational, effectively allowing for large
ensemble simulations of hydrologic and atmospheric processes (second column in figure).

= New process-based diagnostics tools are being developed to enable robust model evaluation and weighting
(third column in figure). Evaluation of model fidelity will use a wide range of methods, including
quantifying and visualizing model similarity and evaluating models on both their output and ability to
capture dominant climatic and hydrologic processes important in water resources planning [Addor et al.,

2016].

MOVING FORWARD

These scientific advances provide opportunities to:

= Continue to refine model evaluation criteria and determine under which conditions models could be
downweighted or excluded. Clustering will be used to maximize model diversity and reduce
computational costs by identifying redundancies.

= Interact with the broader community to better define end-users needs and identify the specific decisions to
be made in planning studies.

=  Develop an approach to build quantitative hydrologic “storylines” (fourth column in figure). This will
provide the applications community with a manageable subset of future hydrologic scenarios for climate
impacts assessments that reveal underlying model uncertainties and are tailored to their planning studies.
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