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It’s better to know nothing 
than to know what ain’t so. 

	
  



Where	
  We	
  Began	
  



Novotny’s	
  Fi?h	
  Paradigm	
  

•  Systems	
  approach	
  to	
  the	
  
urban	
  watershed	
  

•  Water	
  supply,	
  stormwater,	
  
and	
  wastewater	
  –	
  to	
  One	
  
Water	
  

•  Urban	
  landscape	
  designed	
  to	
  
func7on	
  like	
  natural	
  systems	
  
–  Reduced	
  imperviousness	
  and	
  
increased	
  infiltra7on	
  

–  Surface	
  storage	
  and	
  use	
  of	
  
plants/trees	
  to	
  store	
  water	
  

–  Less	
  reliance	
  on	
  underground,	
  
fast-­‐conveyance	
  	
  conduits	
  



Build	
  dry	
  and	
  sAff	
  
structures	
  

Structures	
  are	
  wet	
  and	
  
flexible	
  

Build	
  with	
  
metals	
  

Hinges	
  mainly	
  
slide	
  

Hinges	
  mainly	
  
bend	
  

We	
  fabricate	
  large	
  devices	
  
directly	
  

Nature’s	
  large	
  things	
  are	
  cunning	
  
proliferaAons	
  of	
  Any	
  components	
  

Never	
  built	
  
with	
  metals	
  

Steven	
  Vogel,	
  Cats’	
  Paws	
  and	
  Catapults:	
  Mechanical	
  Worlds	
  of	
  Nature	
  and	
  People	
  	
  



Steven	
  Vogel,	
  Cats’	
  Paws	
  and	
  Catapults:	
  Mechanical	
  Worlds	
  of	
  Nature	
  and	
  People	
  	
  

Flex	
   For7fy	
  

De-­‐central	
   Central	
  



“In view of the magnitude and ubiquity of the 
hydroclimatic change apparently now under 
way . . . we assert that stationarity is dead 
and should no longer serve as a central, 
default assumption in water-resource risk 
assessment and planning.” 
	
  

StaAonarity	
  is	
  Dead	
  

Source: P.C.D. Milly et al. “Stationarity is Dead: Wither Water 
Management.” Science, 319, February 2008. 



Point	
  #1:	
  Our	
  New	
  
Reality	
  is	
  Extreme	
  
Complexity	
  and	
  
Extreme	
  Uncertainty	
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Fun	
  Facts	
  About	
  the	
  Delta	
  

•  Largest	
  estuary	
  on	
  West	
  Coast	
  
•  1,100	
  miles	
  of	
  levees	
  and	
  57	
  major	
  reclaimed	
  islands	
  
•  52	
  mammals,	
  22	
  rep7le	
  and	
  amphibian	
  species,	
  225	
  
birds,	
  54	
  fish	
  species,	
  including	
  260	
  invasive	
  species	
  

•  Anadromous	
  salmon,	
  striped	
  bass,	
  steelhead	
  trout,	
  
American	
  shad,	
  sturgeon	
  	
  

•  Drinking	
  water	
  supply	
  for	
  25	
  million	
  people	
  and	
  a	
  $27	
  
billion	
  agricultural	
  industry	
  











What	
  we	
  know	
  with	
  high	
  certainty	
  

•  Temperatures	
  will	
  con7nue	
  to	
  go	
  up	
  
•  Evapora7ve	
  demands	
  for	
  water	
  are	
  increasing	
  
•  The	
  ra7o	
  of	
  mountain	
  rain	
  to	
  snow	
  will	
  rise	
  	
  
•  Snowpack	
  will	
  diminish	
  	
  
•  The	
  7ming	
  of	
  runoff	
  will	
  change	
  
•  Sea-­‐level	
  will	
  rise	
  affec7ng	
  estuaries	
  &	
  aquifers	
  
•  Severe	
  earthquakes	
  will	
  periodically	
  interrupt	
  
supply	
  delivery	
  and	
  impact	
  water	
  quality	
  	
  

Source:	
  Pacific	
  Ins7tute	
  	
  



DefiniAon	
  of	
  extreme	
  uncertainty	
  

“There are no stationary trends, no data 
points close to the relevant values of a 
variable and no theory to guide the 
forecast. . . an environment approximating 
an information vacuum.”  
 
Source: Michael Schwarz, 1999  



Point	
  #2:	
  Risk	
  is	
  
Different	
  from	
  
Uncertainty	
  when	
  
Making	
  Decisions	
  



‘Risk’ . . . To the extent that there is a detailed 
understanding of the characteristics of a specific event, 
experts will normally be in agreement regarding estimates 
of the likelihood of its occurrence and its resulting 
consequences. 
‘Uncertainty’ denotes a cognitive state of incomplete 
knowledge that results from a lack of information and/or 
from disagreement about what is known or even 
knowable. 
 
 

IPCC	
  DefiniAons	
  

Source: IPCC 5th Assessment Report "Climate Change 2014: 
Mitigation of Climate Change" 



Are	
  we	
  taking	
  this	
  advice?	
  

“The place to start our investigation . . is with 
the question: can ignorance be modeled 
probabilistically? The answer is ‘no’. The 
ignorance which is important to the decision 
maker is a disparity between what is known 
and what needs to be known in order to make 
a responsible decision.” 
Source: Yakov Ben-Haim, Info-Gap Decision Theory: Decisions Under 
Severe Uncertainty. 



Are	
  we	
  taking	
  this	
  advice?	
  

"The world today faces the enormous, dual 
challenges of renewing its decaying water 
infrastructure and building new water 
infrastructure. Now is an opportune moment to 
update the analytic strategies used for 
planning such grand investments under an 
uncertain and changing climate." 
Source: P.C.D. Milly et al. “Stationarity is Dead: Wither Water 
Management.” Science, 319, February 2008. 



Point	
  #3:	
  TransiAon	
  
to	
  Post-­‐Recovery	
  
SoluAons	
  before	
  the	
  
Plausible	
  Crisis	
  







Rebuild	
  by	
  Design	
  Winner:	
  BIG	
  U	
  

http://www.rebuildbydesign.org 



Extreme	
  
Events	
  

Post	
  
Mortem	
  

Recovery	
  
Plan	
  

Increased	
  
Resilience	
  

Breaking	
  the	
  cycle	
  of	
  
catastrophe-­‐driven	
  change	
  



TransiAon	
  
Plan	
  

Increased	
  
Resilience	
  

Extreme	
  
Events	
  

Adapta7on	
  

Breaking	
  the	
  cycle	
  of	
  
catastrophe-­‐driven	
  change	
  



Keeping	
  mistakes	
  small	
  and	
  learning	
  
constant	
  

•  Diversified	
  	
  
•  Mul7-­‐purpose	
  	
  
•  Smaller-­‐scale	
  
•  Incremental	
  	
  
•  Context	
  Sensi7ve	
  	
  

•  Flexible	
  	
  
•  Resilient	
  	
  
•  Low	
  Regret	
  
•  Locally	
  Managed	
  	
  
•  Distributed	
  

TransiAoning	
  to	
  an	
  urban	
  form	
  designed	
  
to	
  funcAon	
  more	
  like	
  a	
  natural	
  system	
  



"...the art of directing the great 
sources of power in nature for the 
use and convenience of man." 
	
  

Original	
  1828	
  Royal	
  Charter	
  of	
  the	
  
InsAtuAon	
  of	
  Civil	
  Engineers	
  	
  



“The	
  Best	
  way	
  to	
  predict	
  the	
  future	
  is	
  to	
  
invent	
  it”	
  –	
  Alan	
  Kay	
  1989	
  

“In some sense our ability to open 
the future will depend not on how 
well we learn anymore – but how 
well we are able to unlearn.” 




