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  to	
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  Vic	
  Baker	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Regents’	
  Professor	
  of	
  Hydrology	
  and	
  Atmospheric	
  Sciences,	
  Geosciences,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  Planetary	
  Sciences,	
  The	
  University	
  of	
  Arizona,	
  Tucson,	
  Arizona	
  
	
  
	
   1.	
  	
  Science-­‐as-­‐process	
  of	
  inquiry,	
  serving	
  as	
  a	
  continually	
  updated	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  guide	
  to	
  action	
  	
  	
  	
  	
  	
  	
  	
  	
  SCIENCE,	
  NOT	
  as	
  facts,	
  but	
  as	
  ACTS	
  
2.	
  	
  	
  Black	
  Swans	
  -­‐	
  surprising	
  extreme-­‐impact	
  events	
  that	
  exceed	
  	
  
	
  	
  	
  	
  	
  	
  	
  expected	
  possibilities	
  	
  	
  
3.	
  	
  	
  Wicked	
  Problems	
  -­‐	
  unique,	
  seemingly	
  endless	
  questions	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  without	
  true	
  or	
  false	
  answers,	
  that	
  get	
  viewed	
  from	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  conBlicting	
  perspectives,	
  and	
  whose	
  supposed	
  “solutions”	
  lead	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  to	
  yet	
  more	
  wicked	
  problems	
  	
  
4.	
  	
  	
  Failure	
  of	
  Science-­‐as-­‐knowledge,	
  effectively	
  serving	
  as	
  the	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  authoritative	
  basis	
  for	
  wise,	
  publically	
  understood	
  action	
  	
  	
  
	
  





Philosophy	
  is	
  not	
  so	
  popular	
  these	
  days:	
  
	
  	
  	
  
Philosophy:	
  a	
  discipline	
  offering	
  
"worthless	
  courses"	
  that	
  offer	
  "no	
  
chances	
  of	
  geIng	
  people	
  jobs”	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Governor	
  Pat	
  McCrory	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  North	
  Carolina	
  
"We	
  need	
  more	
  welders	
  and	
  less	
  
philosophers"	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Senator	
  Marco	
  Rubio	
  
	
  



Although	
  all	
  the	
  humaniLes	
  suffer	
  disdain,	
  
philosophy	
  keeps	
  on	
  aLracMng	
  special	
  
negaMve	
  aLenMon	
  -­‐-­‐	
  perhaps	
  because	
  in	
  
addiMon	
  to	
  appearing	
  worthless,	
  it	
  also	
  
appears	
  vaguely	
  subversive.	
  	
  	
  	
  
	
  	
  	
  	
  
Across	
  the	
  naMon	
  there's	
  unbounded	
  adulaMon	
  
for	
  the	
  STEM	
  disciplines,	
  which	
  seem	
  so	
  
profitable.	
  
	
  
Martha	
  Nussbaum	
  (Huffington	
  Post,	
  3/14/2016)	
  





Science	
  is	
  above	
  all	
  an	
  acLvity	
  and	
  an	
  aItude,	
  
held	
  by	
  a	
  community	
  of	
  like-­‐minded	
  invesLgators,	
  
who	
  are	
  passionately	
  driven	
  by	
  their	
  desire	
  to	
  
uncover	
  the	
  truths	
  of	
  nature.	
  In	
  order	
  to	
  pursue	
  
this	
  inquiry	
  into	
  nature	
  it	
  is	
  actually	
  necessary	
  to	
  
have	
  uncertainty,	
  not	
  to	
  suppress	
  it.	
  How	
  could	
  
one	
  possibly	
  do	
  science,	
  as	
  just	
  defined,	
  if	
  its	
  
subject	
  maLer	
  consisted	
  of	
  facts	
  and	
  absolute	
  
truths?	
  There	
  would	
  be	
  nothing	
  to	
  pursue.	
  Science	
  
is	
  a	
  living,	
  dynamic	
  process	
  of	
  inquiry,	
  not	
  a	
  dead	
  
collecMon	
  of	
  presumed	
  factual	
  truths.	
  ScienMfic	
  
inquiry	
  is	
  open	
  ended.	
  QuesMons	
  (hypotheses)	
  are	
  
pursued	
  to	
  generate	
  understanding	
  that	
  makes	
  for	
  
more	
  and	
  more	
  reliable	
  knowledge.	
  



Why	
  is	
  ScientiCic	
  Thinking	
  Important?	
  
	
  	
  
The	
  world	
  is	
  changing	
  in	
  completely	
  and	
  totally	
  unpredictable	
  
ways,	
  and	
  this	
  change	
  is	
  happening	
  faster	
  and	
  faster.	
  	
  	
  
	
  	
  
Science	
  is	
  being	
  misunderstood	
  and/or	
  misrepresented	
  in	
  
regard	
  to	
  the	
  coping	
  with	
  these	
  changes.	
  
	
  	
  
Many	
  of	
  our	
  modes	
  of	
  policy	
  formulation	
  and	
  decision-­‐making	
  are	
  
predicated	
  upon	
  this	
  misunderstanding	
  of	
  science	
  and	
  its	
  proper	
  
role,	
  which	
  is	
  to	
  guide	
  wisdom	
  in	
  regard	
  to	
  dealing	
  with	
  this	
  
change-­‐-­‐NOT	
  to	
  serve	
  as	
  the	
  Factual	
  Basis	
  (TRUTHS)	
  For	
  AcLon.	
  
	
  	
  
The	
  Earth	
  and	
  Environmental	
  Sciences	
  employ	
  ways	
  of	
  thinking	
  
about	
  the	
  natural	
  world-­‐-­‐particularly	
  an	
  emphasis	
  ABDUCTIVE	
  
INFERENCE-­‐-­‐that	
  get	
  much	
  less	
  emphasis	
  in	
  many	
  other	
  sciences,	
  
and	
  these	
  are	
  absolutely	
  essential	
  for	
  reversing	
  these	
  trends.	
  



The	
  black	
  swan	
  theory	
  or	
  theory	
  of	
  black	
  swan	
  events	
  is	
  a	
  metaphor	
  
describing	
  an	
  event	
  that	
  
(1)	
  	
  is	
  a	
  surprise	
  (to	
  the	
  observer).	
  	
  	
  It	
  	
  it	
  is	
  an	
  outlier,	
  as	
  it	
  lies	
  outside	
  the	
  realm	
  
of	
  regular	
  expectaMons,	
  because	
  nothing	
  in	
  the	
  past	
  can	
  convincingly	
  point	
  to	
  its	
  
possibility	
  
(2)	
  has	
  a	
  major	
  effect	
  (extreme	
  'impact’).	
  
(3)	
  	
  human	
  nature,	
  in	
  spite	
  of	
  the	
  outlier	
  status,	
  makes	
  us	
  concoct	
  explanaLons	
  
for	
  its	
  occurrence	
  ader	
  the	
  fact,	
  making	
  it	
  explainable	
  and	
  predictable.	
  

Nassim	
  Nicholas	
  Taleb	
  (b.	
  1960)	
  

The	
  Black	
  Swan:	
  The	
  Impact	
  of	
  the	
  Highly	
  
Improbable	
  (2007,	
  2010)	
  



	
  
Boston’s	
  “Tsunami	
  of	
  Molasses”	
  of	
  January	
  15,	
  1919	
  	
  

The	
  wave	
  was	
  perhaps	
  7.5	
  meters	
  high	
  and	
  50	
  meters	
  wide	
  at	
  its	
  peak,	
  and	
  it	
  moved	
  at	
  a	
  
frightening	
  35	
  miles	
  per	
  hour,	
  resulMng	
  21	
  fataliMes	
  







Taro,	
  Japan	
  before	
  the	
  Earthquake	
  on	
  March	
  11,	
  2011	
  



	
  	
  

“For	
  us,	
  the	
  sea	
  wall	
  was	
  an	
  asset,	
  something	
  we	
  believed	
  
in.	
  	
  We	
  felt	
  protected.”	
  	
  Mayor	
  of	
  Taro,	
  Japan	
  





1,950	
  m	
  (6,400	
  d)	
  long	
  and	
  63	
  m	
  
(207	
  d)	
  deep	
  Kamaishi	
  Tsunami	
  
ProtecMon	
  Breakwater,[7]	
  which	
  
had	
  been	
  completed	
  in	
  March	
  
2009	
  ader	
  three	
  decades	
  of	
  
construcMon,	
  at	
  a	
  cost	
  of	
  $1.5	
  
billion	
  

Kamaishi	
  Bay	
  Tsunami	
  
	
  	
  
	
  	
  	
  	
  	
  1896	
  and	
  1933	
  





	
  	
  
Tsunami	
  hits	
  town	
  of	
  Minami-­‐Sanriku,	
  Miyagi	
  
Prefecture	
  on	
  March	
  11,	
  2011.	
  (Provided	
  by	
  
Isao	
  Takahashi)	
  







	
  
Engineering	
  -­‐	
  Design	
  for	
  a	
  System	
  That	
  is	
  
Limited	
  in	
  Time	
  and	
  Space.	
  	
  	
  

	
  	
  	
  Facts	
  are	
  Constraints	
  that	
  Must	
  be	
  
Overcome.	
  

	
  
Science	
  -­‐	
  Learn	
  the	
  Truths	
  Nature	
  has	
  to	
  
Tell	
  Us.	
  

	
  	
  	
  Facts	
  are	
  tools	
  in	
  the	
  Process	
  of	
  Inquiry	
  
Toward	
  that	
  Truth.	
  





Engineering,	
  employs	
  many	
  of	
  the	
  same	
  kinds	
  of	
  
models	
  as	
  those	
  used	
  in	
  science.	
  Engineering	
  	
  seeks	
  
applicaLons	
  of	
  current	
  understanding,	
  not	
  the	
  
discovery	
  of	
  new	
  truths	
  about	
  nature.	
  Engineering	
  

seeks	
  REDUCED	
  UNCERTAINTIES	
  in	
  
order	
  to	
  produce	
  soluMons	
  to	
  problems,	
  but	
  those	
  
soluLons	
  are	
  severely	
  limited	
  by	
  available	
  Mme	
  
and	
  resources.	
  Moreover,	
  they	
  apply	
  to	
  very	
  
limited	
  circumstances,	
  and	
  they	
  can	
  be	
  totally	
  
invalidated	
  because	
  of	
  unknown	
  factors	
  or	
  
changing	
  condiLons	
  relaLve	
  to	
  the	
  assumpLons	
  
that	
  are	
  necessary	
  for	
  generaMng	
  the	
  proposed	
  
soluMons.	
  	
  



From	
  Press	
  Briefing	
  by	
  U.S.	
  Secretary	
  of	
  Defense	
  Donald	
  Rumsfeld	
  
on	
  February	
  12,	
  2002	
  about	
  the	
  lack	
  of	
  evidence	
  linking	
  the	
  
government	
  of	
  Iraq	
  with	
  the	
  supply	
  of	
  weapons	
  of	
  mass	
  destrucMon	
  
to	
  terrorist	
  groups.	
  	
  

Unknown	
  Unknowns	
  –	
  Aleatoric	
  Uncertainty	
  –	
  StaMsMcal	
  Uncertainty	
  –	
  
Straightorward	
  QuanMficaMon	
  by	
  InducMve	
  Reasoning	
  (probabiliMes)	
  
	
  
Known	
  Unknowns	
  –	
  Epistemic	
  Uncertainty	
  –	
  Could	
  be	
  known	
  in	
  
principle,	
  but	
  may	
  not	
  be	
  known	
  in	
  pracMce	
  



	
  	
  Known	
  Knowns 	
   	
   	
   	
  	
  	
  	
  	
  Unknown	
  Unknowns	
  
	
  	
  
	
  	
  	
  	
  CertainMes 	
   	
   	
  	
  	
  	
  	
  Uncertainty	
  as	
  uncaused	
  randomness	
  

	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (can’t	
  be	
  known	
  with	
  certainty,	
  but	
  
	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  can	
  be	
  expressed	
  as	
  probabiliMes)	
  

	
  
	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Aleatory	
  Uncertainty	
  

	
  	
  
	
  Known	
  Unknowns 	
   	
   	
  	
  	
  	
  UNKNOWN	
  KNOWNS	
  
	
  	
  
Things	
  yet	
  unknown	
   	
   	
  	
  	
  	
  Actual	
  realiMes	
  (possibiliMes)	
  of	
  
(uncertain)	
  that	
  can 	
   	
  	
  	
  	
  which	
  we	
  are	
  unaware	
  (because	
  
can	
  be	
  known 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  of	
  ignorance,	
  deliberate	
   	
  	
  	
   	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  decepMon,	
  etc.)	
  –	
  see	
  also	
  	
  	
  	
  	
  	
  
Epistemic	
  Uncertainty	
  	
  	
  	
  	
  	
  	
  	
  “poliMcs”	
  and	
  “fake	
  science	
  
”	
  
	
  



Fukushima Dai-ichi  Nuclear Power Plant 
 (福島第一原子力発電所,  

Commissioned, 
March 26, 1971. 
  
Six boiling water 

reactors with 
combined power 

of 4.7 Gwe. 
 
The world’s 15th 
largest nuclear 
power station. 



Standard tsunami hazard assessment procedures 
(international standards employed by Japan) were followed 

to design the sea wall at the Fukushima Daiichi nuclear plant:  
 

(Inductive and Deductive Reasoning) 
  
(1)  a probabilistic seismic hazard assessment, 
(2)   estimation of the Probable Maximum Earthquake (PME),  
(3)  creation of a tsunami generation scenario for the PME , 
(4)  computer modeling of propagation for this presumed tsunami, 
(5)  resulting prediction of the tsunami runup on the Sendai Plain,  
(6)  estimation of the hazard at the Fukushima Daiichi Plant (a 5-m 

wave).   
 

  After adding a factor of safety of 0.7 m, the sea wall at 
  Fukushima was constructed to a height of 5.7 m. 

The March 11, 2011, tsunami wave height 
was 15 m !!! 

 



Fukushima	
  Daiichi	
  nuclear	
  complex	
  in	
  2009,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  in	
  2011	
  ader	
  tsunami.	
  



…the…accident	
   at	
   the	
   Fukushima	
   Daiichi	
   nuclear	
   power	
  
plant	
   cannot	
   be	
   regarded	
   as	
   a	
   natural	
   disaster.	
   It	
   was	
   a	
  
profoundly	
   man-­‐made	
   disaster	
   –	
   that	
   could	
   and	
   should	
  
have	
  been	
  foreseen	
  and	
  prevented.	
  Our	
  report	
  catalogues	
  
a	
   mulMtude	
   of	
   errors	
   and	
   willful	
   negligence	
   that	
   led	
   the	
  
Fukushima	
   plant	
   unpre-­‐pared	
   for	
   the	
   events	
   of	
   March	
  
11.	
  .	
  .	
  .	
  What	
  must	
  be	
  admiLed	
  –	
  very	
  painfully	
  –	
  is	
  this	
  was	
  
a	
  disaster	
  ‘Made	
  in	
  Japan’.	
   	
   Its	
  fundamental	
  causes	
  are	
  to	
  
be	
  found	
  in	
  the	
  ingrained	
  convenLons	
  of	
  Japanese	
  culture:	
  
our	
   reflexive	
   obedience,	
   our	
   reluctance	
   to	
   quesLon	
  
authority,	
  our	
  devoLon	
  to	
  ‘sLcking	
  with	
  the	
  program’,	
  our	
  
groupism,	
  and	
  our	
  insularity.	
  
	
  	
  
2012	
  report	
  of	
  the	
  NaMonal	
  Diet	
  of	
  Japan	
  Fukushima	
  Nuclear	
  Accident	
  Independent	
  
InvesMgaMon	
  (the	
  first	
  independent	
  invesMgaMon	
  commission	
  appointed	
  by	
  the	
  NaMonal	
  Diet	
  
in	
  the	
  66-­‐year	
  history	
  of	
  Japan’s	
  consMtuMonal	
  government)	
  



“Though	
   it	
  was	
  difBicult	
   to	
  anticipate	
  
a	
   giant	
   tsunami,	
   we	
   should	
   not	
  
simply	
   blame	
   nature	
   for	
   this	
  
accident.	
   	
  We	
  must	
   sincerely	
   accept	
  
that	
  we	
  were	
  unable	
  to	
  draw	
  upon	
  
human	
   w i sdom	
   t o	
   p r e v en t	
  
it.”	
  	
  (emphasis	
  added)	
  
	
  
Acknowledgment	
   in	
   2013	
   report	
   by	
   Tokyo	
   Electric	
   Power	
   Company—
representing	
   a	
   reversal	
   from	
   the	
   company’s	
   earlier	
   assertion	
   that	
   the	
  
waves	
  were	
  bigger	
  than	
  it	
  could	
  have	
  predicted.	
  
	
  





Modeling	
  (PosiLvist)	
  Science	
  
	
  

Model	
  the	
  System	
  
	
  
Predict	
  the	
  System	
  Parameters	
  
	
  
Compare	
  the	
  PredicMons	
  to	
  Measurements	
  
	
  
Use	
  Verified	
  (Validated?)	
  PredicMons	
  as	
  the	
  
Basis	
  for	
  Future	
  AcMon	
  (Policy)	
  



DEDUCTIVE	
  SCIENCE	
  	
  
	
  	
  

PRESUME	
  features	
  relevant	
  to	
  IDEALIZED	
  
phenomena	
  (TIMELESS	
  laws	
  of	
  physics,	
  boundary	
  
condiMons,	
  system	
  parameters,	
  SIMPLICITY…..)	
  

	
  	
  

The	
  THEORIST	
  (e.g.,	
  physicist)	
  deduces	
  
idealized	
  properMes	
  of	
  phenomena,	
  then	
  

tests	
  the	
  deducMons	
  by	
  
CORRESPONDENCE	
  (Experiment).	
  

	
  	
  

(TesMng	
  is	
  misleading	
  because	
  of	
  logical	
  principle	
  –	
  The	
  
UNDERDETERMINATION	
  of	
  Theory	
  by	
  Data)	
  



“A	
  Man’s	
  Got	
  to	
  Know	
  His	
  LimitaLons”	
  	
  Dirty	
  Harry,	
  Magnum	
  Force	
  (1973):	
  
	
  

(Logical)	
  PosiLvism	
  is	
  the	
  Only	
  Branch	
  of	
  Philosophy	
  Ever	
  
to	
  be	
  Totally	
  Falsified	
  

Modeling	
  “Systems”	
  Will	
  Always	
  Be	
  Based	
  on	
  Overly	
  Simple	
  
AssumpMons	
  

	
  
“PredicMon”	
  is	
  a	
  Logical	
  Construct	
  -­‐	
  Not	
  Prophesy	
  
	
  
VerificaMon	
  is	
  Logically	
  Impossible	
  For	
  Complex	
  (Real-­‐World)	
  
Systems	
  (The	
  Duhem/Quine	
  UnderdeterminaMon	
  Thesis)	
  

	
  
Policy	
  is	
  Based	
  on	
  Authority	
  Masquerading	
  as	
  “Science”	
  
	
  
	
  



Some	
  Aspects	
  of	
  “Wicked	
  Problems”	
  
	
  	
  
•  They	
  have	
  no	
  definiLve	
  formulaLon.	
  	
  
•  It	
  is	
  commonly	
  impossible	
  to	
  claim	
  success.	
  
•  SoluMons	
  can	
  be	
  only	
  good	
  or	
  bad,	
  not	
  true	
  or	
  
false.	
  There	
  is	
  no	
  end	
  state.	
  	
  

•  There	
  is	
  no	
  template	
  (“cookbook”)	
  to	
  follow;	
  
soluMons	
  must	
  be	
  developed	
  as	
  things	
  go	
  along.	
  	
  

•  There	
  are	
  mulLple	
  explanaLons	
  that	
  vary	
  greatly	
  
with	
  individual	
  perspecMves.	
  	
  

•  Every	
  wicked	
  problem	
  leads	
  to	
  another	
  problem.	
  	
  
•  Wicked	
  problems	
  have	
  human	
  causes.	
  	
  
•  Every	
  wicked	
  problem	
  is	
  unique.	
  	
  









Unknown	
  Knowns	
  
	
  	
  
These	
  are	
  actual	
  realiLes	
  (e.g.,	
  lack	
  of	
  
evidence	
  for	
  WMDs)	
  that	
  are	
  not	
  accessed	
  
(they	
  are	
  unrecognized,	
  ignored,	
  not	
  
considered,	
  suppressed,	
  lied	
  about,	
  etc.).	
  
	
  	
  
Result	
  –	
  The	
  Iraq	
  War	
  (cost	
  >	
  $	
  1	
  trillion)	
  and	
  
subsequent	
  mid-­‐East	
  very,	
  very	
  “wicked”	
  
problem	
  (conMnuing	
  expenditures)	
  





The	
  seemingly	
  less	
  elegant	
  scienMfic	
  understanding	
  of	
  
what	
  nature	
  says	
  to	
  us	
  as	
  opposed	
  to	
  what	
  scienLsts	
  
can	
  say	
  about	
  nature	
  has	
  beLer	
  prospects	
  in	
  regard	
  to	
  
conveying	
  wisdom	
  to	
  our	
  current	
  ("scienMfically	
  
illiterate")	
  society.	
  	
  	
  
	
  
For	
  example:	
  the	
  fact	
  that	
  flood	
  hazards	
  are	
  best	
  
understood	
  in	
  terms	
  of	
  what	
  has	
  actually	
  happened	
  
and	
  therefore	
  are	
  the	
  sorts	
  of	
  things	
  that	
  actually	
  can	
  
happen-­‐-­‐-­‐as	
  opposed	
  to	
  being	
  abstracMons	
  conveyed	
  
by	
  experts	
  who	
  make	
  law-­‐based,	
  mathemaMcal	
  	
  
predicMons	
  of	
  what	
  should	
  happen	
  (if	
  all	
  the	
  
assumpMons	
  are	
  absolutely	
  correct).	
  	
  	
  



ABDUCTIVE	
  SCIENCE	
  
	
  	
  

	
  	
  	
  	
  	
  Evidence	
  (indicators,	
  signs,	
  traces…)	
  of	
  the	
  	
  	
  	
  	
  
	
  	
  	
  	
  phenomena	
  is	
  DISCOVERED.	
  	
  The	
  experienced	
  	
  
	
  	
  	
  	
  INVESTIGATOR	
  (not	
  “theorist”)	
  then	
  infers	
  the	
  	
  	
  
	
  	
  	
  	
  responsible	
  condiMons	
  (causes	
  by	
  which	
  these	
  	
  	
  
	
  	
  	
  	
  phenomena	
  could	
  be	
  produced)	
  
	
  	
  
The	
  relaMonships	
  of	
  causes	
  to	
  effects	
  are	
  tested	
  in	
  
terms	
  of	
  their	
  CONSISTENCY,	
  COHERENCE,	
  and	
  
CONSILIENCE	
  with	
  related	
  phenomena.	
  	
  This	
  tesMng	
  is	
  
fruitul	
  because	
  of	
  CAUSAL	
  OVERDETERMINATION).	
  



AbducMon	
  (RetroducMon)	
  
	
  
The	
  surprising	
  fact	
  A	
  is	
  observed;	
  	
  
	
  
But	
  if	
  	
  B	
  èA	
  were	
  true,	
  then	
  A	
  would	
  be	
  a	
  maLer	
  of	
  
course.	
  	
  	
  

	
  
Hence,	
  there	
  is	
  reason	
  to	
  suspect	
  that	
  BèA	
  is	
  true.	
  
	
  	
  	
  	
  	
  	
  	
  	
  (BèA	
  is	
  a	
  potenMally	
  fruitul	
  hypothesis)	
  
	
  



 
 

  A 901 C.E. historical document 
described an earthquake in 869 
C.E. that destroyed a castle town 
and generated a tsunami that 
killed 1000 people in northeast 
Japan. 

 



Published	
  in	
  2001!!!	
  



Fukishima	
  –	
  A	
  Human-­‐Caused	
  
Disaster	
  

	
  
Unaware	
  (or	
  suppressing)	
  of	
  Nature’s	
  
actualiLes	
  (the	
  unknown	
  knowns),	
  impressive-­‐
appearing,	
  but	
  assumpLon-­‐based	
  physical	
  
reasoning	
  was	
  used	
  to	
  deduce	
  (“predict”)	
  an	
  
outcome	
  that	
  was	
  totally	
  inconsistent	
  with	
  
those	
  unknown	
  (but	
  accessible)	
  actualiMes.	
  
	
  	
  
Result	
  –	
  The	
  most	
  costly	
  (hundreds	
  of	
  billions	
  
of	
  dollars)	
  “natural”	
  disaster	
  in	
  history.	
  



From	
  John	
  F.	
  Sowa,	
  IBM	
  computer	
  
scienMst	
  and	
  expert	
  in	
  AI	
  and	
  
computer	
  design.	
  

	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CONCLUSIONS	
  
	
  	
  
1.  Knowledge	
  –	
  well-­‐jusMfied,	
  true	
  belief	
  –	
  A	
  	
  
	
  	
  	
  	
  	
  	
  	
  Thing	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NO,	
  not	
  science	
  
	
  	
  
2.	
  	
  	
  	
  Understanding	
  –	
  a	
  process	
  involving	
  the	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  relaMonship	
  of	
  knower	
  to	
  object	
  sufficient	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  for	
  intelligent	
  (wise)	
  behavior	
  –	
  A	
  Process 	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  YES,	
  science	
  
	
  	
  
3.  Policy	
  –	
  on-­‐going	
  commitment	
  to	
  acMon	
  –	
  

A	
  Process	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  NEEDS	
  2,	
  NOT	
  1	
  



CONCLUSIONS	
  
ExtrapolaMon	
  

Modern	
  flood	
  science	
  is	
  
almost	
  universally	
  based	
  on	
  
measuring	
  the	
  properMes	
  of	
  
relaMvely	
  common,	
  small-­‐
scale	
  flooding	
  and	
  then	
  
extrapolaLng	
  upscale	
  to	
  the	
  
inferred	
  properMes	
  of	
  very	
  
rare,	
  extreme	
  flooding.	
  	
  

The	
  scaling	
  relaLonships	
  for	
  
such	
  extrapolaMons	
  are	
  
assumed	
  because	
  the	
  
properMes	
  of	
  the	
  extreme	
  
flood	
  phenomena	
  are	
  taken	
  
to	
  be	
  unknown.	
  	
  The	
  
assuming	
  of	
  unknowns	
  IS	
  
NOT	
  SCIENCE;	
  science	
  is	
  the	
  
making	
  of	
  discoveries—
transforming	
  unkowns	
  to	
  
knowns.	
  


