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Abstract

Background: Accumulating evidence shows that the planet is warming as a response to human emissions of greenhouse
gases. Strategies of adaptation to climate change will require quantitative projections of how altered regional patterns of
temperature, precipitation and sea level could cascade to provoke local impacts such as modified water supplies, increasing
risks of coastal flooding, and growing challenges to sustainability of native species.

Methodology/Principal Findings: We linked a series of models to investigate responses of California’s San Francisco
Estuary-Watershed (SFEW) system to two contrasting scenarios of climate change. Model outputs for scenarios of fast and
moderate warming are presented as 2010-2099 projections of nine indicators of changing climate, hydrology and habitat
quality. Trends of these indicators measure rates of: increasing air and water temperatures, salinity and sea level; decreasing
precipitation, runoff, snowmelt contribution to runoff, and suspended sediment concentrations; and increasing frequency
of extreme environmental conditions such as water temperatures and sea level beyond the ranges of historical
observations.

Conclusions/Significance: Most of these environmental indicators change substantially over the 21%* century, and many
would present challenges to natural and managed systems. Adaptations to these changes will require flexible planning to
cope with growing risks to humans and the challenges of meeting demands for fresh water and sustaining native biota.
Programs of ecosystem rehabilitation and biodiversity conservation in coastal landscapes will be most likely to meet their
objectives if they are designed from considerations that include: (1) an integrated perspective that river-estuary systems are
influenced by effects of climate change operating on both watersheds and oceans; (2) varying sensitivity among
environmental indicators to the uncertainty of future climates; (3) inevitability of biological community changes as
responses to cumulative effects of climate change and other drivers of habitat transformations; and (4) anticipation and
adaptation to the growing probability of ecosystem regime shifts.

Citation: Cloern JE, Knowles N, Brown LR, Cayan D, Dettinger MD, et al. (2011) Projected Evolution of Califomia’s San Francisco Bay-Delta-River System in a
Century of Climate Change. PLoS ONE 6(9): e24465. doi:10.1371/joumal.pone.0024465

Editor: Zoe Finkel, Mt. Alison University, Canada

Received July 26, 2011; Accepted August 10, 2011; Published September 21, 2011

Avalilable




California: warmer, possibly drier, and with higher sea levels

Historic Scenario GFDL-A2 Scenario PCM-B1
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Trend Summaries

Trends, as median change per decade Scenario GFDL-A2
Scenario PCM-B1
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Watershed Hydrology Modeling
(Noah Knowles, USGS-NRP)

Global Climate Model /
VIC and Regional Climate Model

Bay-Delta Watershed Models

CALSIM Management and
USBR Stream Temperature Models
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Trend Summaries
Scenario GFDL-A2
Scenario PCM-B1

Trends, as median change per decade
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Broad flow changes managers will try to mitigate
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Trend Summaries

Trends, as median change per decade Scenario GFDL-A2

Scenario PCM-B1

0.125 0.250 0.375 0.50

a0
ams

air temperature (°C)

-20 20
precipitation (mm)

-40
o) m——

sea level (cm)

L. 3
unimpaired runoff (km3) N. Knowles
USGS-NRP

0.8 1.2
snowmelt (percent)

hydrology

: W-Yagner
possibly reduced runoff, and much less snowmelt stacey
UCT Berkeley

N. Knowles
Udaw@ Wegen
UNESCO-IHE

warmer river temperatures N. Knowles
USGS-NRP

{increased salinity intrusion into upper estuary




Scenarios of Infrastructure Change

Delta Tunnels

Multiple Flooded Islands
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« CASCabDE is an interdisciplinary modeling effort aimed at
helping illuminate plausible futures for the Delta ecosystem
as a function of changing climate and physical infrastructure.

« CASCaDE was designed to provide useful information and
tools for management of the Delta ecosystem.






Many forces of change

Figure by J. Dileo, USGS

Climate: sea level rise, precipitation & resultant
streamflows, direct atmospheric forcing over the Delta

Infrastructure/Physical Configuration: alternative
conveyance, island flooding, ecosystem restoration

Pollution/Water Quality: invasive species, contaminants,
decreasing turbidity
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