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Presentation Focus

e Key Research/Application Questions

— Which climate projections should be selected for long-

range water planning impact analyses when the entire
ensemble cannot be simulated?

— What balance of climate projection versus observed
variability should be incorporated in planning?

— How can climate change uncertainty be presented as
scenarios of the future?

e Scenarios based on these research/application

guestions were developed for use in the Bay Delta
Conservation Plan

e Summary of Projected Changes to System
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Bay Delta Conservation Plan (BDCP)

e Collaborative approach to

restore the Sacramento-San | (st
Joaquin Delta’s ecosystem and el
protect water supplies i = |
* Conservation measures being [ =g
considered by the BDCP | & =

— tidal marsh restoration, - j/ \ s
— floodplain restoration,

— alternative ways for conveying
water for exports,

— changes to operations of
current facilities, and

— control of toxic pollutants,
invasive species, and other N
impairments to water quality i
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This map provides iacitions of current allgnment options.
actual lncations may be subject ta cha enviranmental
screening and site accass consideration

ey




Regional Hydrology
Integrated &

Upper watershed [nflows & patterns

Cascading
Set of

(CALSIM I1)

River flows, exports, storage, deliveries A n aI y S eS

Delta Hydrodynamics Reservoir and River
(DSM2-HYDRO, RMA) T?énrf\:/rgtl\ljl;e Process SeekS
permit for a 50-yr

Delta channel flows,|velocities, stage :
period

Quantitative

Delta Water Quality Delta Particle Tracking . .
(DSM2-QUAL, RMA) (DSM2-PTM, RMATRK) dNnad Iy5|s bein g
prepared for

Salinity (EC, €I, TDS, Br), Organic Particle fate|and transport, d | SC I OS u re Of

Carbon, [Temp, Nutrients residence time, )
impacts/ effects at
' | three points in time

Estuarine Species Anadromous Species .
{ Food Web River & Reservoir Fish } Ap p roximate Iy
{ (DPM, OBAN, SalMod) 2015, 2025, and

Expected Outcomes for 2060
—> Covered Fish

Reservoir, river temperature




Observed Climate

1950-1999 (Maurer et al 2002)

Temperature
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Observed Statewide Temperature Trends

1896-2009

California Statewide Annual Mean Temperature
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Observed Statewide Precipitation Trends

1896-2009

California Statewide Annual Precipitation
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Downscaled Climate Projections

® 1 1 2 d OW n S Ca | e d C | I m a t e Modeling Group, Country WCRP CMIP3 I.D.
. . Bjerknes Centre for Climate Research BCCR-BCM2.0
projections . . . .
Canadian Centre for Climate Modeling & Analysis CGCM3.1 (T47)

P C M D I C M | P 3 D C P arc h |Ve Meteo-France / Centre National de Recherches Meteorologiques, CNRM-CM3

France

B CS D d OWnsScCca I | n g m et h (0] d CSIRO Atmospheric Research, Australia CSIRO-MK3.0

US Dept. of Commerce / NOAA / Geophysical Fluid Dynamics

16 GCMS iﬂClUdEd in IPCC AR4 Laboratory, USA GFDL-CM2.0

S R E S Az’ A 1 b’ an d B 1 I];I:blgfaﬁzr;f %c;rimerce / NOAA / Geophysical Fluid Dynamics GFDL-CM2.1

scena r‘i OS to b rac ket ran ge NASA / Goddard Institute for Space Studies, USA GISS-ER

Institute for Numerical Mathematics, Russia INM-CM3.0

Multiple realizations

Institut Pierre Simon Laplace, France IPSL-CM4

Center for Climate System Research (The University of Tokyo),
National Institute for Environmental Studies, and Frontier Research
SRES Scenarios Center for Global Change (JAMSTEC), Japan

I post-SRES range (80%) / post-SRES (max)
/

MIROC3.2
(medres)

Meteorological Institute of the University of Bonn, Meteorological

Research Institute of KMA ECHO-G

Max Planck Institute for Meteorology, Germany gi}[_IAMS/ MPI-

Meteorological Research Institute, Japan MRI-CGCM2.3.2

Global GHG emissions (Gt COg-eq / yr)

National Center for Atmospheric Research, USA CCsM3

National Center for Atmospheric Research, USA PCM

Hadley Centre for Climate Prediction and Research / Met Office, UK UKMO-HadCM3
Source: IPCC



campaign@mbaysav.org
Highlight

campaign@mbaysav.org
Highlight

campaign@mbaysav.org
Highlight


Multi-model Ensemble is Superior to

Any Individual Model Projection
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Climate Scenarios — Nearest-Neighbor Method

Relationship Between Changes in Mean Annual Temperature and Precipitation

Temperature Change (C)

Sc

enarios - 10 NN Method

Feather River Basin (Example)
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Temperature Change @ 2025 Temperature Change @ 2060




VIC Hydrologic
Analysis

Variable Infiltration Capacity (VIC)
Macroscale Hydrologic Model

Grid Ceit Vegetation Coverage

Celif Energy and Moisture Filuxes

Variable infiftration Curve
V=i - (1 - AP
i

Canopy
Layer O

Infitration Capacity

Layer 1

ractional Area
WS WY

Basefiow Curve

Y

2

WS Woe
Layer 2 Soil Moisturs, W,

Climate interaction with the
watershed characteristics matter

Immensely




Streamflow
Routing and
Climate
Station
Locations

Legend
Stations_ALL

CA Streams
D States
[JHuca
[ ]e_hucsoo

Name
Deita
Morth Fork
Pohono Bridge

Smartville
Bearoedk

Millerton

River
sacramento River
Morth Fork American River
Merced R iver
st

Sacramento River
Feather River
Yuba River

American River
urnnes River
Mokelurnne River
Calsverss River
Stanislaws River
Tuolumne River
Merced Riy

San Joaguin River
|

Location
Delts
North Forde Dam
Pohono Bridge
Pine Flst Dam
Trinity Reservair
Shasta Dam

Bend Bridge
COroville
Smartville

Folsom Dam
Michigan Bar
Pardes
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New Melones Dam
New Don Pedro
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Temperature Projections
Delta Location @ 2060
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Precipitation Projections

Feather River location @ 2060

Feather
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Projected Streamflow

Feather River at Oroville @ 2025

Feather River at Oroville

VICOBSH - - - VIEQL --- VIEQ2Z -<- VICO3 -<- VIC 04
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Projected Streamflow

Feather River at Oroville @ 2060

Feather River at Oroville

VICOBSH - - VICOQL --- VIEQZ -<- VK Q3 -<- VIC 04
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Projected Streamflow
Tuolumne River at New Don Pedro @ 2025

Tuolumne River at New Don Pedro
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Projected Streamflow
Tuolumne River at New Don Pedro @ 2060

Tuolumne River at New Don Pedro

VICOBSH - - VICOQL --- VIEQZ -<- VK Q3 -<- VIC 04

%
E
3
=
=
=
L
=
a
=




Change in Annual Runoff

2025
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Navigating Sea Level Rise Uncertainty

BCDC 2009
USACE 2009

Delta Vision/CALFED ISB 2009
DWR/CAT 2009 |
OCAP BA 2008/BOs 2008-09
DRMS 2009

IPCC 2007
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Effect of Sea Level Rise

from Golden Gate [km]
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Putting it Together ... system responds to climate forcings at
both the watershed-scale and ocean boundary

1.
Emissions
Scenario

IPCC emission scenarios

California

CALSIM Il hydrology and
operations model

5. Operations &Y .
Models ) | ' 2. Climate
’-p'
. : 5

Simulations

§ IPCC AR4 simulations.
9 \ Statistically downscaled.
4. Hydrologic 3. Spatial
Models B Downscaling

w2 VIC hydrologic model
6. Bay-Delta = Sea level change

Models

UNTRIM, RMA, DSM2
estuary models Adapted from Cayan and Knowles, SCRIPPS/USGS, 2003




Summary of Changes to the Delta System

(Difference at 2060 from No Action, No Climate Change reference)

No Action Proposed Project

Shasta Carryover Storage (kaf) Shasta Carryover Storage (kaf)

Increase in No. of
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Summary of Changes to the Delta System

(Difference at 2060 from No Action, No Climate Change reference)

No Action Proposed Project DIRGAF
Delta Exports (kaf/yr) Delta Exports (kaf/yr)
a1 Q2 a3 a4 as a1 Q2 a3 a4 as

1200 -
1000

-1000
-1200

Spring Delta X2 (km)
a1 az a3 a4 as




Summary

 Long-range planning for programs such as the
BDCP with cascading analyses and many
alternatives require a manageable, yet
informative set of climate scenarios for analysis

e Ensemble-informed climate scenarios have been
developed for California for this long-range
planning purpose

 Hydrologic and system responses to future
climate change is substantial, but
geographically/facility varied
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Sorting through Regional Climate Uncertainty
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Relationship between Changes in Period-Mean Annual Precipitation and Temperature:

Folsom
(112 projections, evaluated at 2060 [2046-75] relative to 1971-2000)
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