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Atmospheric Rivers (3 weeks in Jan 2012)
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-Lateral structure from satellite data (~400 km width & 2000 km long)
-Vertical structure from airplanes & radar 
(intense jet of vapor transport between 1 – 2 km above sea level; 
10-20 Mississippis)10 20 Mississippis)

Ralph et al., MWR, 2004



Just how BIG are these storms?

Largest 3-day storm totals in >30 yrs COOP record

Ralph & Dettinger, BAMS, 2012



Atmospheric Rivers & X2: Distance from Golden Gate Bridge
to where near-bottom salinity drops to 2 %o



Atmospheric Rivers & X2: Distance from Golden Gate Bridge
to where near-bottom salinity drops to 2 %o

Day-to-Day Changes in X2



C 2Day-to-Day Changes in X2

83% of 
largest (daily

4/23 other 
mechanisms largest (daily-
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retreats, WY19

mechanisms

97-2010, have 
been due to 
atmospheric-
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Central Valley levee breaks, 1951‐2006

81% of well-dated levee breaks have been AR driven
(15% snowmelt)

(n=128)

19 
S lt

5

Numbers of Levee Breaks Snowmelt

ARsARs
104/128 breaks

During the times of year when ARs make California landfalls, they are 
THE mechanism behind historical levee breaks.

Florsheim & Dettinger, book chapter, in 
review; Florsheim & 

Dettinger, GRL, 2007



Recent Yolo Bypass Inundations

Yolo Bypass 
Outflows in 1000s cfs

• Inundated floodplains 
are key nurseries &Outflows, in 1000s cfs

Bypass is inundated 
when Yolo flows > 4000

are key nurseries & 
cafeterias for Bay-Delta 
fisheries & ecosystems

when Yolo flows > 4000 
cfs • Extended inundations 

are necessary for these 
benefits to accrue



Based on 55 yrs of Yolo Bypass Outflows 

Percentages of 
inundations from ARs

Number of AR-initiated 

Number of inundations

inundations

Florsheim & Dettinger, book 
chapter, in review



Relevance to Delta Management?

ARs projected to become 10 ARs projected to become 10 –– 15% more common & more intense this 15% more common & more intense this 
t ith dditi f t bl tt ith dditi f t bl tcentury, with addition of notable new extremes century, with addition of notable new extremes 

(Dettinger, JAWRA, 2011)(Dettinger, JAWRA, 2011)

ARs strongly influence salinity in the BayARs strongly influence salinity in the Bay--Delta (x2)Delta (x2)ARs strongly influence salinity in the BayARs strongly influence salinity in the Bay--Delta (x2)Delta (x2)
ARs dominate historical levee breaksARs dominate historical levee breaks
ARs initiate large majorities of ecologically significant ARs initiate large majorities of ecologically significant 
inundations of Yolo Bypassinundations of Yolo Bypassinundations of Yolo Bypassinundations of Yolo Bypass

More intense storms, higher snowlines, and resulting greater flood More intense storms, higher snowlines, and resulting greater flood 
risks projected for the 21risks projected for the 21stst Century;Century;

What future flood regimes will BayWhat future flood regimes will Bay--Delta ecosystems face?Delta ecosystems face?

…
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SWRCB WorkshopsSWRCB Workshops

l i l l f l i S lAnalytical Tools for Evaluating Water Supply, 
Hydrodynamics and Hydropower

November 13‐14, 2012,













One DeltaOne Delta –– One ScienceOne ScienceOne Delta One Delta  One ScienceOne Science
One Plan – but many contributing programs.

Elements:

Linking Large Policy Questions, Management Actions to the 
Science

Structure and Organization of Science

Data Sharing, Modeling and Visualization

Effective Communication [all‐directions]Effective Communication [all‐directions]



Science Plan vs Science ProgramsScience Plan vs Science ProgramsScience Plan vs Science ProgramsScience Plan vs Science Programs

Delta Science Plan is the framework to bridge science g
activities and policy/management  actions

Many science programs and activities can contribute to theMany science programs and activities can contribute to the 
Science Plan objectives

Science Plan can facilitate synthesis activities  and develop 
a ‘system’ perspective

The Science Plan should be the foundation of a 
scientifically based adaptive management program







One DeltaOne Delta –– One ScienceOne ScienceOne Delta One Delta  One ScienceOne Science
PREPARATORY STEPS

1. Current Status of Implementing Science in Delta
2 S h i f P i i S i I2. Synthesis of Priority Science Issues
3. Technological Innovations for Building a Science 

Community
4. Analysis and Synthesis of Science Plans for Similar 

Programs
5 ‘Town Hall’ Meeting5. Town Hall  Meeting 
6. A Straw Skeleton for the Delta Science Plan



Current Delta science capabilities
“… the strong combination of monitoring and assessment, agency 
driven science, and academic peer-reviewed proposal-driven science 
should be perpetuated” NRC 2012should be perpetuated   NRC 2012

“ … the myriad ways in which science is conducted within 
agencies, universities, and nongovernmental think-tanks – needs . . .agencies, universities, and nongovernmental think tanks needs . . .  
. . . .  . .more cohesion, improved monitoring and information 
systems, better systems models, and more effective ways to bring 
the knowledge gained to the 
public and policy makers”  DISB 2012 

“Future science for the Bay-Delta will need to be 
i ti b ld d ll b ti

DSC 2012
responsive, creative, bold and collaborative. 
It will need to be engaged more directly with managers and 
policymakers, and draw analogies from elsewhere to help craft policy 
for a changing environment ”

Delta Smelt
for a changing environment.  
Healey et al. 2008



Example weak links in the AM Process (X)

XX

DSC 2012 X



Adaptive Management
Science/Policy Disconnect 

“In general, non-scientist governance 
professionals have difficulty defining for 
scientists what they want or need to know. 
Similarly, scientists have difficulty defining 
what kind of knowledge or evidence non-what kind of knowledge or evidence non
scientist governance professionals would 
accept as a basis for actions and for 
defining alternatives. “

– NRC 2012 Report

At times of change the learners

DSC 2012

At times of change, the learners 
will be the ones who will inherit 
the world, while the knowers will 
be beautifully prepared for a 
world that no longer exists

Delta Smelt
world that no longer exists.

Alastair Smith



Sources of Science IssuesSources of Science Issues

From 23 sources, including the following organizations:

– Bay Delta Conservation Plan Office 
– Delta Stewardship Council 
– Delta Vision 
– Department of Fish and Game 
– Interagency Ecological Program 
– National Marine Fisheries Service 
– National Research Council 
– Public Policy Institute of California 

S F i E t P t hi– San Francisco Estuary Partnership  
– State Water Resources Control Board 
– U.S. Fish and Wildlife Service 



Major Themes 
in 487 Science Issues

Native Species Biology* (37%)Native Species Biology* (37%)

Pumps, Diversions, Infrastructure (11%)

Flows, Energy and Sediment Exchange (10%)

Invasive and Non‐native species** (19%)Invasive and Non‐native species  (19%)

Water Quality and Contaminats (9%)

Aquatic Foodweb, POD and Salinity (7%)

Habitat, Landscape, Restoration (7%)Habitat, Landscape, Restoration (7%)

* Includes Chinook salmon, steelhead, sturgeon and other native listed aquatic and terrestrial species.
** Includes predation. 



Most Inclusive IssueMost Inclusive Issue

“Commission an overview of Delta ecology. Given the 
t i i k l d f th t i th t 15great increase in knowledge of the system in the past 15 

years, it would be useful to have a new, overarching study 
of the ecology of the estuary, along the lines of Herbold 
and Moyle (1989) and Herbold, Jassby, and Moyle 
(1992), beyond just the open‐water system 
(Kimmerer, 2004).”(Kimmerer, 2004).

From Envisioning Futures for the 
Sacramento‐San Joaquin Delta (2007) 
by Jay Lund, Ellen Hanak, William Fleenor, 
Richard Howitt, Jeffrey Mount, Peter Moyle, 
page 83.



Publication InformationPublication Information

Delta 
Science 

South 
Florida 

Great 
Lakes 

Puget 
Sound 

Water 
Institute 
of the 

lf

Gulf of 
Maine 

Plan
(proposed)

Science 
Plan

Action 
Plan

Science 
Plan

Gulf 
Science 
Plan

Science 
Plan

Publicati‐
on Year 2013 2005 2010 2010 2012 2009

Number  TBD 151 41 61 23 33of Pages TBD 151 41 61 23 33



Delta Science Plan Objectives Addressed in Other 
Science Plans

Delta 
Science 

South 
Florida  Great Lakes 

Puget 
Sound 

Water 
Institute of 
the Gulf

Gulf of 
Maine 

Plan 
proposed

Science 
Plan

Action Plan Science 
Plan

the Gulf 
Science 
Plan

Science 
Plan

Collaborative 
i ti l ●● ●● ●● ●● ●● ●●organizational 

structure
●● ●● ●● ●● ●● ●●

Data 
management ●● ●● ●● ●● ●● ●●management ●● ●● ●● ●● ●● ●●
Synthesis of 
science ●● ●● ●● ●●
Scientific 
exchange ●● ●● ●● ●● ●●
Communication  ●● ●● ●● ●● ●● ●●strategies ●● ●● ●● ●● ●● ●●
Adaptive 
Management ●● ●● ●● ●● ●● ●●



Delta Science Plan Objectives Addressed in Other 
Science Plans

Delta 
Science 
Plan

proposed

South 
Florida 
Science 
Plan

Great Lakes 
Action Plan

Puget 
Sound 
Science 
Plan

Water 
Institute of 
the Gulf 
Science 

Gulf of 
Maine 
Science 
Planproposed Plan Plan Plan Plan

Accessibility of 
information ●● ●● ●● ●● ●● ●●
Strategies for 
addressing 
uncertainty 

●● ●● ●● ●● ●● ●●
Addresses 

●● ●● ●●conflicting scientific 
information

●● ●● ●●
Prioritization of 
research (short‐ vs.  ●● ●● ●● ●● ●● ●●
long‐term) 

●● ●● ●● ●● ●● ●●
Refining and 
developing models ●● ●● ●● ●● ●● ●●
An integrated 
approach for 
monitoring

●● ●● ●●



One DeltaOne Delta –– One ScienceOne ScienceOne Delta One Delta  One ScienceOne Science
Town Hall Meetingg

A new way of doing science for Bay Delta.  How do we 
connect and enhance existing programs to allowconnect and enhance existing programs to allow 
synthesis and ‘system understanding’

Grand Challenges

What if we were to have  . . . . . ., what questions could we , q
answer.

Build open clusters of scientists around questionsBuild open clusters of scientists around questions



Town Hall MeetingTown Hall Meeting

Mark CowinMark Cowin –– Department of Water ResourcesDepartment of Water ResourcesMark Cowin Mark Cowin  Department of Water ResourcesDepartment of Water Resources
Randy Fiorini Randy Fiorini –– Delta Stewardship CouncilDelta Stewardship Council
Ren LohoefenerRen Lohoefener –– US Fish and Wildlife ServiceUS Fish and Wildlife ServiceRen Lohoefener Ren Lohoefener  US Fish and Wildlife ServiceUS Fish and Wildlife Service

G d Ch ll f h B D l SGrand Challenges for the Bay‐Delta System

Moderated brainstorming on
‘Ideas on how science should be structured toIdeas on how science should be structured to 

address these Challenges’





Summary of Town Hall FeedbackSummary of Town Hall Feedback 
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Barriers
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Barriers and Big IdeasBarriers and Big Ideas

Examples from feedback:Examples from feedback:

k l d f d di• Acknowledgement of common understanding
• High‐level ‘Translators’ between Science and 
Policy

• Bold Actions now to test hypothesesyp
• A system‐wide perspective [Bay‐Delta‐and . . ]
• New metrics for detecting population• New metrics  for detecting population 
changes


