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Other Critical factors:
- funding

- building and sustaining the human capital



1.  Champions

Å Committed to a vision
Å Influential
Å Beyond conventional thinking
Å Courage



A success story: challenged by unusual conditions
Napa River 

Å55 Miles f rom San Francisco Bay t o 
Calist oga 

Å450 square mile w atershed 

Å  A navigable estuary t o t he Cit y of  
Napa 

Å6.9 mile Proj ect  

 





27 m ajor  f loods in  past  120 years  

Count y Cour t house, Napa - 1896 







The Living River Strategy for the 
Napa Watershed







Creat ion of  659 ac res of  w et land, 

m udf lat  and open w at er  



NAPA RIVER BYPASS 

Railroad relocation including two 

bridges 



Napa Floodpla in  Rest ored  



California Drought 2012-16

2017 Wettest Winter in Recorded History

Very Dry summer



Fundamental Question:  

will the ecosystem recover or was the fire a tipping point?



2.  Common Expectations



Photograph courtesy of Minette Lane

2.  Common Expectations



Change is the only constant

ΨStationarityƛǎ 5ŜŀŘΩ  Milly et al. , 2008

We can no longer rely solely on the past to 
predict future conditions

Pressures include:
Climate change

Shifting land-use patterns
Population growth

Invasive species

3. Complexity and Scale



And they can all interact!!  Potential Chaotic Systems

Number of species in Delta ~
1 ³ 30    ³ 35    ³ 50     ³ 1000!  

Number of Individuals in Delta ~
108 1010 1012 1015

System complexity  (WimKimmerer)







Unknown

Known

3. Complexity and Scale



Tidal Marsh Profile



Historic Marsh
US Coast and Geodetic Survey 
c. 1870

Ancient Marsh ςabout 2500 old

Modern  Marsh ς1920s



Tidal Marsh Evolution

MuzziMarsh, 1980

MuzziMarsh, 1984 MuzziMarsh, 2003



Tidal Wetlands Restoration

Third Generation -1990s

ωRefinement of models, data 

collection, databases of 
characteristics, interpretation

ωDesigns much closer to dynamic 
equilibrium

ωExamples:  Delaware Bay, San 
DieguitoLagoon, Sonoma 
Baylands

ωAdaptive management 



Tidal Wetlands Restoration: Fourth Generation

ÅLandscape Ecology

ÅHistorical Ecology

Åbƻǘ ǘƻ ΨǊŜǎǘƻǊŜΩ ǎƛƴŎŜ 
landscape irreversibly altered

ÅUnderstand key process to 
restore ecosystem function

ÅMosaic of habitats

ÅScale to restore processes

BaylandsClimate Change Update, 2015



What do we mean by natural flows in complex and irreversibly altered 
systems?

Novel ecosystems (Moyle, 2014): resilient and desirable

Landscape ecology vscumulative projects

Yarnell, S.M. et al. 2015.Functional Flows in Modified Riverscapes: Hydrographs, Habitats and 
Opportunities BioScience2015.  doi: 10.1093/biosci/biv102

3. Complexity and Scale



4. Science to inform Policy

Time-frame to inform management decisions
Mark Cowin, Director, California Department of Water Resources

When is good science good enough?
John Wiens, Independent Science Board.  Delta Science Program

Polymath or Translators
Expert Panel on Adaptive Management, BDCP  and NRC Recommendations

Who has responsibility and who has authority?
Universal challenge.  



4.  Science to inform Policy

Other challenges include:

Å Agencies are mission-bound
Å Perturbations that induce significant change
Å Environmental research is a journey not a 

destination ςōǳǘ ΨexperimentationΩ ƛǎ ƴƻǘ ŜƳōǊŀŎŜŘ 
by legislatures!

Å Sustained commitment to resources is needed
- monitoring

- SYNTHESIS with the right team
- communication



5.  Performance Metrics and Recognition

http:// ian.umces.edu/work_with_us/environmental_report_card_production/





California Precipitation and Population

38


