Climate Change Characterization and Analysis
Iin California Water Resources Planning Studies

Study Description
Purpose and Need

The simulation of future climate and hydrology for the

purpose of future planning is evolving rapidly. Following

this evolution, DWR’s planning studies have used an

array of different approaches for considering climate

change.

T

nis report surveys and summarizes the c

C

naracterization approaches and methodo

imate change

ogies that

have been used in recent planning studies conducted by

DWR anc
sive com

its partner agencies. It is the first comprehen-
parative look at different climate change char-

acterization approaches, their strengths and weak-

nesses, and how they have been used in past studies.

This report is the first step toward identifying opportuni-

ties for developing common climate change analysis ap-

proaches for studies with similar purposes and assump-

tions. This work is envisioned to lay the groundwork for

a future DWR study aimed at developing a standard

framework and a consistent set of approaches to be

used for characterizing and analyzing climate change in

future DWR planning studies.
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Reported

Planning horizon

Spatial coverage

Climate analysis approach

Number of projections

Regional downscaling (see figure)
Scenario Selection

Climate variables adjusted

Climate variable adjustment method
Sea level rise projection

Hydrologic model & hydrologic

simulation adjustments (see figure)

Regional Downscaling

existing projects, and general planning studies
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Summary

of Climate Analysis
Approaches

Scenario Analysis

A scenario analysis approach uses one or more simulations generated by Global
Climate Models (GCM) to represent potential future conditions. In the scenario
analysis approach, each of the simulations represents an equally likely potential

future.

(Chung et al., 2009)
Scenario Approach used by the California Climate Action Team/California Climate Change Center

Chung, F., J. Anderson, S. Arora, M. Ejeta, J. Galef, T. Kadir, K. Kao, A. Olson, C. Quan, E. Reyes, M. Roos, S. Seneviratne, J.
Wang, H. Yin, and N. Blomquist. 2009. Using Future Climate Projections to Support Water Resources Decision Making in
California. Draft Report: Prepared by the California Department of Water Resources. 66 p. May.

www.water.ca.gov/pubs/climate/using_future_climate_projections_to_support_water_resources_decision_making_
in_california/UsingFutureClimateProjtoSuppWater_Jun09_web.pdf

Relative Change Approaches

A relative change approach relies on impact assessment results from other
studies that indicate the general direction and order of magnitude of the expected
changes due to climate change. This information is then used to determine a
defined quantity or percentage quantity to add or subtract from observed levels
of a parameter of interest to estimate the potential change due to climate
change. A relative change approach can be used to generate a factor of safety or
perturbation factor that can be used to model more extreme events that could
occur in the future. The modified parameter values can then be used in

successive analyses to study impacts or design parameters.

A survey of the approaches taken by the California Department of Water Resources

and its partner agencies for analyzing the effects of climate change on proposed projects,

Ensemble-Informed Approach

An ensemble-informed approach uses information from a large array of GCM
generated future climate simulations. The simulations are aggregated using
various statistical methods to develop a new ensemble-informed simulation.
Sub-ensemble simulations may also be developed to highlight potential extreme
conditions. For example, a sub-ensemble representing simulations that are hotter
or wetter than the median results could be developed by aggregating those
simulations that exhibit extreme hot or wet results. The ensemble-informed
approach allows systems to be analyzed using any type of simulation e.g. median,

hot, wet, hot and wet, etc).

Ensemble Informed Approach used in Bay-Delta Conservation Plan and Ensemble mapping used in Bay-Delta Conservation Plan and DHCCP

DHCCP operations and planning operations and planning

CH2M Hill. 2010 (unpublished). Draft Bay-Delta Conservation
Plan-Methodology for Incorporating Climate Change. Technical
memorandum.

Qualitative Approaches

Qualitative approaches, like relative change approaches, rely on impact
assessment results from other studies that indicate the general direction and
order of magnitude of the expected changes due to climate change. Available
information is synthesized to identify the probable impacts and severity of those
impacts on the study area or resources in question. Those impacts are then
described qualitatively in the context of the planning study in question. This
approach provides only a generalized assessment of the potential impacts of
climate change and may not provide a sufficient level of detail for some types of

studies.

Hydrologic Simulation Adjustment

Schematics of GCM downscaling methods

Hydrologic simulation adjustment using quantile mapping in the Bay-Delta Conservation Plan and DHCCP operations and planning

Maurer, E. P. 2009. Scenarios of Future Climate. Oregon Climate Change Research Institute (OCCRI) Workshop: Translating Global Models to Local Scale. Oct. 28-29.

Similarities and
Differences

of Approaches

Climate Characterization

Of the 13 projects evaluated for this study, ten of them used either a scenario

analysis approach or an ensemble-informed approach. Each of these ten studies used
GCM outputs to generate inputs to run hydrologic models and analyze the impacts of
climate change on hydrology and operations. All of the studies downscale the GCM
output data to a regionally useful scale using the BCSD technique to generate the
same primary climate variables: temperature, precipitation, and humidity. Studies
that employ the scenario approach use outputs from the downscaled climate
projections directly as input to hydrologic models without adjustments. In contrast,
studies that employ the ensemble-informed approach. In the set, the climate
variability exhibited in the ensemble projections was statistically mapped onto
historical observed climate. The resulting new time series is anchored by the general
variability and range of values seen in the historical climate record, with modifications

exhibited by the ensemble climate projections.

Hydrologic and Hydraulic Analysis

During the hydrologic and hydraulic analysis, the studies bifurcate into two methods
for simulating future hydrology: 1) adjusted observed hydrologic sequences and 2)
unadjusted model generated sequences. Adjusted observed hydrologic sequences use
the observed record of streamflows as a baseline to which adjustments are made to
reflect potential climate changes. Unadjusted model generated sequences use climate
models to generate input parameters for a hydrologic model that generates
streamflow sequences that are used without adjustment. Unadjusted model
generated sequences were typically used for planning horizons spanning from 30 to
45 years and where the CALSIM II model was not used for operations simulation. For
the study sample set, there appears to be a strong link between the hydrological
simulation method selected and the operations model used. Studies that rely on
CALSIM 1II for operational modeling of the State Water Project and Central Valley
Project systems use adjusted observed hydrologic sequences. Studies that use
alternative operational/planning models such as WEAP or CalLite typically use
unadjusted model generated sequences. Additionally, choice of an individual
hydrologic model used for simulating rainfall-runoff varied across the study set and
appeared primarily to be linked to the availability of data and/or preference of the
project staff. Several different hydrologic models were used including: the Variable
Infiltration Capacity (VIC) model, WEAP’s embedded hydrologic model,

SacSMA/Snowl17 model, and local area specific models.

Incorporation of Sea Level Rise Projections

Both of the major water delivery systems in the state: the State Water Project (owned
and operated by CDWR) and the Central Valley Project (owned and operated by the
U.S. Bureau of Reclamation) use natural river corridors and the Sacramento-San
Joaquin River Delta (Delta) as conduits for transferring water from reservoirs in the
Sierra Nevada mountains to water users throughout the southern half of the state. As
fresh water is moved through the Delta, sea water must be repelled to control the
salinity of water moving to the pumps at the southern end of the Delta. Sea level rise
complicates this balancing by increasing flow of sea water into the Delta and requiring
additional freshwater to be released to repel the sea water. Not all studies considered
sea level rise. Where projects did consider sea level rise, there was general
consistency across the studies as to the values used for expected sea level rise
values. Studies with planning horizons between 2029 and 2050 used a one-foot sea
level rise assumption. Studies with planning horizons of 2085 or longer used a
two-foot sea level rise assumption. The methodology for developing these values was
consistent across the studies and relied on use of the Rahmstorf (2007) equation for

calculating sea level rise.

Expanding Methods, Growing Interest

Even within the four year window of studies in the sample set for this study we see
evolution in the methods used for both characterization and analysis. The use of
ensemble-informed approach began in 2008. Prior to that only scenario, qualitative,
and relative change approaches were used by CDWR. In addition, improvements in
the methods for analyzing future hydrology improved significantly between studies
performed earlier and studies completed more recently. Even more telling is our
finding that studies that only a few years ago would have assumed that stationarity,
though flawed, was adequate for the type of analysis being conducted are now
devoting considerable thought and resources to incorporate climate change into the

respective analyses.

Summary Description
of Projects Surveyed

www.water.ca.gov/climatechange

akhan@water.ca.gov and aschwarz@water.ca.gov

Next Steps

Data Gaps
and Other Challenges

Lack of Flood Protection Project Analytical Methods

All of the studies highlighted in this report focused on water supply and ecological
restoration. Flood protection projects differ significantly in their purpose, scope, analysis
time-step, and the resulting impact assessment. Water supply and restoration projects
generally focus on average long-term conditions. Flood protection projects, on the other
hand, focus on extreme climate events. Significant uncertainty still exists in how climate
change will influence the magnitude and frequency of extreme climate events in the

future.

Severe Drought Conditions

There is significant evidence to suggest that California has historically been subject to
very severe droughts (Meko, 2001) and that climate change could result in droughts being
more common, longer, or more severe (IPCC, 2008). However, most current DWR
approaches rely on at most an 82-year historical hydrologic record (1922-2003) on which
GCM-generated future climate changed hydrologic conditions are superposed. This record
is likely too short to incorporate a low frequency, but extreme, drought that may have
occurred in the past. There is a lack of analysis of potential drought conditions that are

more extreme than we have seen in our relatively short hydrologic record.

Rapid Evolution of Climate Change Science
and State of Practice Analysis Procedures

Scientific understanding of climate change as well as the state of the practice for
analyzing impacts is evolving rapidly. Developing a standardized framework and a set of
approaches that can improve consistency across DWR while not restricting the
incorporation of cutting edge information and techniques will likely be a delicate balancing

process.

Scientific advancements will continue to improve our understanding of the Earth’s
climate system and our confidence and accuracy in predicting future changes to the
system. Technical advances will continue to improve the methods we have for
incorporating climate model data into our planning processes. As these advances
occur, DWR must endeavor to employ the best science and the most robust analytical
methods while maintaining consistency in the way that climate change is

characterized and analyzed across its many programs.

DWR will use this background research to inform the development of guidance and
tools for standardizing and coordinating climate change analysis approaches across its

programs and projects.




