
Natural hazards su& iis ear&quakes and s w a e  Slodsare. a continual 
menace w large srgenents of the population worldwide. Recently the 

United, Pilatiam has frcuscd attention on this global problem by 
dedqring the BPS the Decade of Natural Hazard Reduction. In addition 
to the obvir~us threat m human We natural hwards can cause severe 
Q C Q ~ ~ C  hdship locally and, Ixlr. an, e v m  more complex and hbracgve 
world economy, dislucatians that are fd t in areas far beyond the 
region OF a specific event.. 

reccn t series a€ catastrophic earthquakes, hurricanes, floods and 
fires t b t  have called into quesdan the a'biliiy of privnte 
insurers ta cuzvex the economic losses. Unlimited liability is a 
necessity fm confidante in insurance coverage; however, recent events 
have 5 tretched &e rcsouzces of all imurerg, even the largest. 
Failure of jF1swes to m e r  the casts of rebuiIding a major 
population center a u k  as San Francisco or Tokoyo would have 
mpercussions on a global scale, PO$ reasom ~f both public sakfety and 
world wide econa&c security it is essential that a greater ability 
to predict the severity md frequency Qf large eatasbophit! events be 
devdctped. 

* 

An example of the ~ E ~ X ~ Q Z I I ~ C  problem posed by namral hazards h @w 

To address these ccmncerrts 
a w~&shop on Reduction and Predictability of Natural Disasters was held 
ai the Santa Ee Qstitute on January 5-9,1994. me Santa Ee 
Institute was originally famded in 1985 to study the exnetgent 
properties of complex nonlinear systems Seen in I diversity of 
fields, fm physical science to econorxlics td bidog)r. D u a g  the 
workshap, which brought together 25 geologists, 
gecrphysicis ts, hybralogist;s, phybeists, and mathmatidas, 
a wide variety of natural disasters and hazards were considered. 
These include earkhquakes, landslides, floods, tsunamis, 
hurricanes, and tcwnadlbes. 

f i e  gmeral beme of the meeting Was the application of the 
techniques oP staltistifal mechanics to problems in the cutkt sciences. 
fmparhnt questions considered included: 

1) What are t b  statistics of aarfiqudce accwr~nce a h 6  (i) active 
plate margins i . ~ .  Las An@?$, Tokayo, Seattle, (ii) active intraplate 
mnes, Le. Wasitch front in Sale Lakc City; ESaskrn Sierra near Reno: (iii) active plate interiors 
(i.e. Mississippi emba yrrrent near 'Memphis; Atlantic margin near Charlesmn, SC); and 
inactive plate interiors? 
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2)-Do great ewthquakes fallow the statistics of smaller re@&.al I 

earthquakes OT do they occur more (or h5s) fregueafiy 
i,a, are the Guenberg-Richter relations regioqdly valid? 

3) What is the largest earthqyake \hat ean OGFW in a region? 

4) What are the statistics for the occumnce of vesy I a t p  floods 
and storms such as hurricanes? Is 
there any physical basis for applicaSian of a particular statistical 
relation, Le. fractal, log normal, CIX? 

5) Can flood statistics be obtained from sQdirs of rnetearologicd 
conditbts plus the hydrology of river basins? 

6) Wave human modifications such as agicultuse, flood control projects 
and channelization made the flooding problem more zevere in some case$? 

7) What is the validity of using the probability distribution of 
small events to predict the occurreme of large, extrmxal event57 

techniques of Sbtisiical Meehanks wikh particular falocus on dynamical 
systems concepts inclur;iing fractals, rnulti€rqstala, chaos, naekentian, 
self..organining systems, and critical phenoarena. 

A recurrent theate of the presentations was the apphcatim of the modern 

Speakers on 
the fmt twcl days cornenbated on seismic ppblems. Discussigns of 
~bservational constraints as well as the development of new t~ols  such 
as Synthede Aperture Radar Intetfemme try 
were presented by R Bilham, 5. Grass, and J, RundIe, 
4 from the Un5versity of Colorado at Boulder. 

4 variety of m$ultiple slide;t-bJgck models of; single earthquake €aults 
and fault systems wege presented by L. Knapoff 
(13CLA), J. Rundle, W. Kkin (Boston I.?,), A. Hwz (Illinois). 
The models generated extensive discussion of various topics including: 

1) ordinary @tical versus self-organized critical behavior; 

2) the predictability of m a p  slip events; 

3) the applicability 01 the models to either the rupture of a single 
fault cc regional seismicity; 

4) and the applicability of new processes of pucleation Seen in thermal 
and m a p t i c  phase kmsitiions to earthquake 501~rce mechanisms. 
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7. Carlsrxn (UCSB) discussad the effectiveness of the R.~~sia.n h48 
prediction algozitm in €orcasting synthetic slesmic events generated 
on a variety OF models. 3. hilimier (UCSD) disezlssed the 

robustness gf the MB nlgarithm to the Lorna Frieka and Landers 
ca?lhqqakes, Although the Loma Psieta earthquake was predicted with 
some ConFidence, he argued that the Landers enrthquab was nor: and 
thmdore the ppproach was questioned. 

W. Hewman (WXA) discus5ssd allied madel5 f o g  W failure of stranded 
cables, and he showed that dynftrnic failure exhibiked critical behavior 
that ski tic hilure did not- 

C Samrnis (USC] presented box eowting studies of the spatial 
distribrr~ns of aftershocks and found fractal behavior. me fractal 
dimension D oE 
found to be w a x  D.rI.8, a value charwteristic OF the 
backbone of a percolation duster. 5. Brown (Sandia) presented 
cxpezlhental studies o[ stick dip and steady sliding friction on 
granite surfaces using predse mea$uTernents of 
temperature. H e  bund low values OE the dyaamical friction coeffident 
as determined by 
low heat genegatiion in stick slip evexrks, and higher values of fiicthn 
emfficient implied by 
high heat generation during steady sliding. The results may explain 
klw "heat flow 
paradox" 0x1 fault$, the interpietion being that stick slip  occur^ in 
association with 

significant n ~ r n a l  motion [separation) on t lp fault Surface. 
This phenomenon is  simjlar to 
the behapior seen in stick slip in foam rubber experiments. 

khree dimensional distriblatian of epicenters was 

M. Magder (u. Texas) gzosenbed laboratory and cmputakkmal studies of 
fracture propagation. It h3s been known 
for many years that f r a c ~ e s  propagate at a V ~ D C ~ ~ Y  that i s  a small 
fraction of the 
fheorehcally predicted value, which is [he Rayleigh wave v~lodty, 
Marder found tip 
inst3bilitias in both-hk laboratory and numesicd experiments that 
appear to explain the 
discrepancy. L. Sander (v. Michigan) pres&ed a status report on 
Diffusion Limited Aggegzltion a mechanism believed to underlie certain 
types of fracture and the generation of drainage nehwcrrkk 

The remainder of the meeting was spent dismssing a variety of 
other natural 
hazards and geoD~~phEc prowses, C, Barkon, (rrsGS) presenked frequency 
magnitude . -  
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statistics fnr hurricanes and tamarqis and argued that Lhey often give a sealing distribution 
[power Jaw) to a good approximation. 5. Nishmko (IJSGS) presented Iustorical data on 
the fatalities and dollar loss associated with ~arhquakes, hurricanes, and tornadoes and 
also concluded that power law sta@stics can be Vset$. D. Turmtte (Cornell) argued that 
flhod frequency-magnitude statistics are also power law, Re also discussed the relevance 
of Hmt's PIS analysis and concepts of fractional mise. D. Rothman (MIT) showed a 

- variety Q€ data cn the Frquenry-magnitude thickness sbatistics al; sublncustrinc sedimentary 
sequences, deb& flows, and landslides, and found a general applicability of pawes law 
s%tsk&tit=s. Scaling of thc data are predicted by sandptle models oI sel€-:-orgarized criticaliby. 

A number of participants discussed recently developed modells for khe ~ v ~ l u t i o n  aF 
landforms and drainage networks. S. Nagel (J.7, Chicago) presented expcrimcn tal studies 
of sand aV~dat'tch5. A nearly priadic series OF nmrly equal size avalanches was found, 
mare reminiscent: of a f igst acder phase transition than the second wder Lransition predicted 
By the self-organized criticdty model. Na evidence far a power law distribution was 
bund. Nagel also presented a model for the evalukion of dzaihage iretworks based an 
cellulaq automata. C. Chase (U. A h n a )  discussed cellular automata models fwr the 
erosional wolution of topography. R. Bras (m discussed a wide variety of the aspects 
related to the development of drainage networks. B. Troutman (rrSGS) discussed the 
generation of random channel networks. V. Gupta (U. Colorado) discussed the 
foundations of scah invariance in, hydrology, and E. Waymire (Oregon State W.> reported 
on rnuktifsactal studies 4f khe spatial dktrlbution of rain in rain storms. 

A major Feature of the workshop was the interest af all participants in tk very 
broad range of problems considered. Stirnula tine; discussions concerned the application of 
current techniques in one field to another fiel,d, and examples included the spatial and 
temporal clusterhg of earthquakes and the appropriate definition. of a flood. The relative 
rne~ts of the varhty of slider block (qunsistatiic vs, elastodynamic), and drainage rielwork 
(Gibbs VS. diffusive) mod& were debated. The slider block madel5 clearly provide a 
basis br testing various earthqvahe prediction algorithms, and the drainage network 
models provide a means of evalusiing the affects of dams and other drainage-altering 
eve.nls. It was concluded that computer simulations and analysis of h s s  dynamical systems 
0 ffer 
an attractive method for pdicting the futur~l  evolution of the system, and for tesking 8. 

variety hE hypotheses. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, expm or implied, or assumes any legal liabili- 
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa- 

ratus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or senice by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, mmndat ion,  or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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