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•  Born:	
  Somerville,	
  NJ	
  1950	
  

•  1953-­‐1955 	
  Father	
  was	
  a	
  Hurricane	
  Hunter,	
  Bermuda	
  
•  Interested	
  in	
  Astronomy	
  in	
  high	
  school	
  (built	
  a	
  telescope)	
  

•  BSE,	
  Princeton	
  University,	
  1972	
  
•  MS,PhD	
  Geophysics,	
  UCLA,	
  1973,	
  1976	
  

•  1977-­‐1990 	
  Sandia	
  Labs	
  

•  1990-­‐1993 	
  Lawrence	
  Livermore	
  NaTonal	
  Labs	
  
•  1993-­‐2002 	
  University	
  of	
  Colorado,	
  Boulder	
  

•  2002-­‐present 	
  University	
  of	
  California,	
  Davis	
  
•  Startup	
  company	
  in	
  risk	
  management,	
  2009-­‐	
  

(www.openhazards.com)	
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Earthquake	
   Date	
   Magnitude	
   Deaths	
   Loss	
  
Solomon	
  Islands	
   January	
  3,	
  2010	
   7.1	
   0	
   $Millions	
  

Ferndale,	
  CA	
   January	
  10,	
  2010	
   6.5	
   0	
   $Millions	
  

Port-­‐au-­‐Prince,	
  HaiT	
   January	
  12,	
  2010	
   7.0	
   >	
  200,000	
   $8-­‐$13	
  Billion	
  

Okinawa	
   February	
  27,	
  2010	
   7.0	
   0	
   $Millions	
  

Maule,	
  Chile	
   February	
  27,	
  2010	
   8.8	
   >	
  450	
   $10-­‐$30	
  Billion	
  

Mexicali	
  (Baja),	
  MX	
   April	
  4,	
  2010	
   7.2	
   2-­‐3	
   >	
  $100	
  Million	
  

Nias,	
  Sumatra,	
  IN	
   April	
  5,	
  2010	
   7.7	
   0	
   $Millions	
  

Solomon	
  Islands	
   April	
  11,	
  2010	
   7.1	
   0	
   $0	
  

Yushu,	
  China	
   April	
  14,	
  2010	
   6.9	
   2700	
   >$100	
  Million	
  (?)	
  

Christchurch,	
  NZ	
   September	
  4,	
  2010	
   7.1	
   0	
   $1-­‐$4	
  Billion	
  

Christchurch,	
  NZ	
   February	
  22,	
  2010	
   6.3	
   181	
   $12	
  Billion?	
  

Tohoku,	
  Japan	
   March	
  11,	
  2011	
   9.0	
   ~27,000	
   $300	
  Billion?	
  







Global Natural Catastrophe Update 
 
 

Geophysical events 
(earthquake, tsunami, volcanic activity) 
Meteorological events  
(storm)  

Hydrological events 
(flood, mass movement) 

Selection of significant  
loss events (see table) 

Natural catastrophes 

Earthquake, tsunami  
Japan, 11 March 
 

Earthquake 
New Zealand, 22 Feb 

Cyclone Yasi  
Australia, 2 Feb 

Landslides, flash floods 
Brazil, 12/16 Jan 
 

Floods, flash floods  
Australia,  
Dec 2010-Jan 2011 

Severe storms, tornadoes 
USA, 22–28 April 
 

Severe storms, tornadoes 
USA, 20–25 May 
 

Wildfires 
USA, May–June 
 

Earthquake 
New Zealand, 13 June 

Floods 
USA, April–June 

Climatological events 
(extreme temperature, drought, wildfire) 

Number of events: 355 

Natural loss events January – June 2011 
World map 

24 Source: MR NatCatSERVICE © 2011 Munich Re 
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Worldwide Natural Disasters 1980 – 2011 
Overall and Insured Losses 

29 

Losses in 2011: Overall = US$ 265bn ; Insured = US$ 60bn  

Overall losses (in 2011 values)   Insured losses (in 2011 values)   

Source: MR NatCatSERVICE © 2011 Munich Re 
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Deficit	
  in	
  fault	
  slip	
  	
  
accumulates	
  from	
  
large	
  scale	
  plate	
  
tectonic	
  moTons	
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Wayne Thatcher, US Geological Survey 
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M (magnitude)
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  b	
  

€ 

M =  2 /3 Log10  W  −  6.0 W = Seismic Moment 
     = Energy Released 

€ 

N  ∝  W −2b / 3



HaiT:	
  	
  January	
  12,	
  2010	
  
M	
  =	
  7.1	
  

>200,000	
  dead	
  
~	
  $12	
  Billion	
  Loss	
  

New	
  Zealand:	
  	
  September	
  4,	
  2010	
  
M	
  =	
  7.1	
  
0	
  dead	
  

	
  $1	
  -­‐	
  $4	
  Billion	
  Loss	
  



2nd	
  Order	
  TransiTons:	
  
•  System	
  resides	
  at	
  “criTcal	
  point”	
  
•  TransiTons	
  of	
  any	
  size	
  possible	
  at	
  any	
  Tme	
  (Black	
  Swans)	
  
•  Power	
  law	
  staTsTcs	
  

1st	
  Order	
  TransiTons	
  (NucleaTon):	
  
•  System	
  approaches	
  and	
  recedes	
  from	
  criTcal	
  point	
  (cycles)	
  
•  “Metastable	
  states”	
  are	
  possible	
  
•  Power	
  law	
  staTsTcs	
  when	
  interacTons	
  are	
  long-­‐range	
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  Slip	
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Deficit	
  in	
  Slip	
  

Earthquake	
  
(Spontaneous	
  Decay	
  
in	
  PotenTal	
  Energy)	
  



Earthquake	
  
forecast	
  
model	
  

Ground	
  
shaking	
  	
  
model	
  

Economic	
  
loss	
  model	
  

Pricing	
  of	
  
insurance	
  &	
  
financial	
  
securiTes	
  

Poisson	
  
Log	
  Normal	
  
BPT	
  
Fault	
  models	
  
Palern	
  Analysis	
  
AMR	
  
ETAS	
  
RIPI	
  
Etc.	
  

AlenuaTon	
  
PGA	
  
Surface	
  geology	
  
Basin	
  structure	
  
Etc.	
  

LEP	
  curves	
  
Building	
  damage	
  
Socioeconomic	
  data	
  
Supply	
  chain	
  disrupTon	
  
Lost	
  income	
  
Lifelines	
  
Etc.	
  	
  

CAT	
  Bonds	
  
SPVs	
  
Warrants	
  
Traders	
  
Hedge	
  Funds	
  
OpTons	
  
Muni	
  Bonds	
  
EquiTes	
  
Etc.	
  

18	
  

California	
  earthquake	
  insurance:	
  
	
  	
  	
  	
  	
  15%	
  deductable	
  	
  
	
  	
  	
  	
  	
  Oqen	
  expensive	
  
	
  	
  	
  	
  	
  Only	
  8-­‐10%	
  of	
  California	
  residents	
  carry	
  it	
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  Million	
  
Alachment	
  Value	
  

$75	
  Million	
  
ExhausTon	
  Value	
  

Loss	
  ($)	
  

LEP Curve 
Calculated by Modeling 
Company 

Loss	
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100%	
  

$50	
  Million	
   $75	
  Million	
  

Indemnity Bond 
London Interbank Offered Rate (LIBOR) ~ 5% / yr 
Risk Premium ~ 5% / yr 
Bond Multiple = 5% / 1% = 5 

Fat Tail (Power Law) 















•  Count	
  number	
  of	
  small	
  earthquakes	
  since	
  the	
  last	
  large	
  
earthquake	
  

•  Use	
  a	
  standard	
  probability	
  model	
  (e.g.,	
  Weibull)	
  to	
  
quanTfy	
  probabiliTes	
  

•  Select	
  best	
  parameters	
  in	
  probability	
  model	
  based	
  on	
  
backtesTng	
  

•  Example	
  following	
  



OpTmized	
  12	
  month	
  California-­‐Nevada	
  forecast:	
  
ProbabiliTes	
  (%)	
  	
  vs.	
  	
  Time	
  for	
  Magnitude	
  ≥	
  6	
  

Temporal	
  Receiver	
  
OperaTng	
  CharacterisTc	
  

1980-­‐present	
  

False	
  Alarm	
  Rate	
  

H
it	
  
	
  R
at
e	
  

OpTmal	
  forecasts	
  via	
  
backtesTng,	
  using	
  	
  

common	
  validaTon	
  and	
  
verificaTon	
  tesTng	
  

procedures.	
  

Scaler	
  Plot	
  
1980-­‐present	
  

Observed	
  Frequency	
  vs.	
  
Computed	
  Probability	
  

Forecast	
  Date:	
  2011/08/31	
  









Slope	
  =	
  -­‐	
  b	
   Slope	
  =	
  -­‐	
  b	
  

Earthquakes	
  
Moment	
  (Richter)	
  Magnitude	
  

S&P	
  500	
  Quakes	
  
M=4	
  means	
  ~	
  4%	
  move	
  in	
  SPX	
  

(either	
  up	
  or	
  down)	
  

€ 

MW =  2 /3 Log10  W  −  6.0

€ 

MF =  100  Loge  Pi
Pi−1

W = Seismic Moment 
     = Energy Released 

Pi = Closing Price, Day i 
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Leverage	
  (Deficit	
  in	
  Equity)	
  

Markets:	
  	
  Increase	
  in	
  Asset	
  Values	
  	
  
Driven	
  by	
  Growth	
  Rate	
  of	
  the	
  Money	
  Supply	
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  V
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Leverage	
  (Deficit	
  in	
  Equity)	
  

Market	
  Crash	
  
(Spontaneous	
  Decay	
  	
  
in	
  Asset	
  Values)	
  

Asset	
  Values	
  Increase	
  Late	
  in	
  Cycle	
  



Investors	
  are	
  arrows	
  :	
  

	
  	
  	
  	
  Owns	
  only	
  Govt.	
  bonds	
  	
  	
  	
  	
  	
  	
  	
  Owns	
  only	
  stocks	
  

φ	
  	
  is	
  the	
  fraction	
  of	
  total	
  money	
  deployed	
  in	
  Govt	
  bonds	
  

f	
  

Market	
  Potential	
  U[φ]	
  

f	
  	
  is	
  the	
  real	
  Fed	
  funds	
  rate	
  

Liquidity	
  L	
  plays	
  the	
  role	
  of	
  “temperature”	
  

For	
  example,	
  we	
  might	
  have	
  L	
  ∝	
  (LIBOR	
  )-­‐1	
  

Investors	
  “interact”	
  with	
  neighbors,	
  strength	
  J	
  



FracTon	
  of	
  
Govt	
  Bonds	
  

FracTon	
  of	
  Stocks	
  

Hysteresis	
  Loop	
  

φ	
  

FracTon	
  of	
  
Govt	
  Bonds	
  

FracTon	
  of	
  Stocks	
  

Bonds	
   Stocks	
  

?	
  

Market	
  
PotenTal	
  

f:	
  	
  Real	
  Fed	
  funds	
  rate	
  

L:	
  Liquidity	
  ∝	
  (LIBOR)-­‐1	
  

ε	
  ∝	
  (L	
  –	
  LC)	
  



Before	
  a	
  1st	
  Order	
  Phase	
  Transition	
  

Transition	
  occurs	
  via	
  nucleation	
  and	
  growth	
  of	
  bubbles	
  

	
  Classical:	
  Correlation	
  lengths	
  and	
  times	
  are	
  small	
  
	
  Nonclassical:	
  	
  Correlation	
  lengths	
  and	
  times	
  →	
  ∞	
  

Large	
  fluctuations	
  (volatility	
  is	
  high)	
  –	
  Ginzburg	
  Criterion	
  

Risk	
  function	
  (of	
  bubble	
  formation):	
  

	
  Related	
  to	
  nucleation	
  rate	
  of	
  bubbles,	
  	
  
	
  Lifetime	
  in	
  the	
  metastable	
  state	
  is	
  inverse	
  of	
  nucleation	
  rate	
  

Scaling	
  (fat	
  tail)	
  exponents	
  can	
  be	
  calculated	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  



Low	
  L	
  
f	
  	
  >	
  	
  0	
  

Low	
  L	
  
f	
  	
  <	
  	
  0	
  

High	
  L	
  
f	
  	
  <	
  	
  0	
  

High	
  L	
  
	
  f	
  	
  >	
  	
  0	
  

Market	
  Cycle	
  

Stimulative	
  	
  	
  
Monetary	
  Policy	
  

Restrictive	
  	
  
Monetary	
  Policy	
  

Ti
gh

te
r	
  

Credit	
  

f	
  

L	
  

LC	
  

“Boom”	
  

“Bust”	
  “Metastable(?)	
  Bust”	
  

“Transitional	
  (?)	
  Boom”	
  

Ea
si
er
	
  

Boom:	
  	
  Stocks	
  
are	
  preferred.	
  

Bust:	
  	
  Govt	
  
bonds	
  are	
  
preferred	
  



Temporal	
  Receiver	
  
OperaTng	
  CharacterisTc	
  

1980-­‐present	
  

OpTmal	
  forecasts	
  via	
  
backtesTng,	
  using	
  	
  

common	
  validaTon	
  and	
  
verificaTon	
  tesTng	
  procedures.	
  

Scaler	
  Plot	
  
1990-­‐present	
  

Observed	
  Frequency	
  vs.	
  
Computed	
  Probability	
  

OpTmized	
  21	
  Day	
  forecast:	
  
ProbabiliTes	
  (%)	
  	
  vs.	
  	
  Time	
  for	
  M>3	
  

Forecast	
  Date:	
  2011/09/09	
  



OpTmized	
  21	
  Day	
  Forecast:	
  
ProbabiliTes	
  (%)	
  	
  vs.	
  	
  Time	
  for	
  M>3	
  Market	
  Move	
  

86%	
  of	
  M3	
  moves	
  occur	
  
at	
  or	
  above	
  dashed	
  line	
  

52%	
  of	
  M3	
  moves	
  (blue	
  dots)	
  occur	
  
at	
  or	
  above	
  doled	
  line.	
  	
  	
  	
  11%	
  of	
  red	
  

curve	
  is	
  above	
  doled	
  line	
  




