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University of Colorado at Boulder. He received degrees in civil and structural engineering from UC Davis (BS 
1987), UC Berkeley (MEng 1990), and Stanford University (PhD 2000). He is a licensed Professional Engineer 
and researcher specializing in seismic vulnerability, catastrophe risk modeling, and performance-based 
earthquake engineering. He helped to develop the current state-of-the-art performance-based earthquake 
engineering method that estimates seismic risk to buildings in terms dollars, deaths, and downtime. He is 
currently leading the damage-estimation aspects of the ARkStorm winter-storm scenario for the USGS. Some 
interesting projects include: the Global Earthquake Model, the Southern California ShakeOut earthquake 
emergency planning scenario, the San Francisco Community Action Plan for Seismic Safety, a study of 
demand surge for the Willis Research Network, and a study for the US Congress that found a 4:1 benefit-
cost ratio for multihazard risk mitigation. 
 

ABSTRACT 
 

An event like the ARkStorm scenario would impose severe flooding and hurricane-force winds on large areas 
of California, potentially damaging buildings, contents, and infrastructure such as roads, bridges, electric 
power system, etc.  We estimated physical damages in the ARkStorm scenario by three approaches. To 
produce a realistic outcome at the aggregate societal level, we employed the data and methods of FEMA’s 
flagship emergency-planning software HAZUS-MH, although the calculations had to be done outside of 
HAZUS-MH.  To examine the effects of the ARkStorm on lifelines such as the highway network, electric 
power, etc., a series of 12 panel discussions were held with engineers, operators, and emergency planners 
from the various lifelines at risk.  The panel participants were presented with the meteorological and flooding 
inputs, and they offered their judgments about the resulting damage and restoration efforts that they would 
undertake if ARkStorm were to occur.  In three cases, special studies were performed by individual experts. 
These were of demand surge (sudden temporary increases in costs resulting from the need to repair 
widespread damage), telecommunications, and insurance impacts.  
 
Between the three approaches, it is deemed realistic that an event like the ARkStorm would result in 
property damage costing $310 to $330 billion to repair, of which approximately $200 billion is from building 
damage from flooding, $100 billion from content damage from flooding, $5 billion from wind damage to 
buildings, and the balance from infrastructure damage.  Demand surge could potentially increase this 
amount by 20%. Some highways in steep terrain could be heavily damaged by multiple landslides, in some 
cases taking months or more to repair. Electric power would be unavailable for up to 2 weeks in most 
places, but in some places with very high winds such as the southern Sierras, commercial electric power 
could take months to restore.  Sewer systems in heavily flooded areas are subject to damage, with some 
counties having half their wastewater treatment plans flooded, damaging the electrical equipment, and 
requiring a month or more to restore.  Water service is severely impacted in some places, especially where 
well pumps are flooded and contaminated with untreated wastewater, in some places taking several months 
to restore.  Lifeline service providers are being given a second opportunity to review and offer revisions to 
these findings. 
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The summation is performed at the census block level
The value exposed is taken from HAZUS’s default database
The flood depth was expressed as a range; we did some sensitivity tests & used a 
lower bound of these ranges, e.g., <3 ft 1 ft; 3-10 ft 3 ft; 10-20 ft 10 ft
Light damage = repairs cost 1-10% of building replacement cost; extensive = 10-
50%; complete = >50%
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Theoretical base tables 1970-1973
Recent data compiled 1978-1998
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We performed a literature review of industry and academic publications. Part of the 
review was understanding definitions and usages of the term “demand surge.”
We found several types of definitions for demand surge:
1.(e.g. III 2009) limited to increased costs of materials and labor—no single “labor 
cost” or “materials cost”—which costs, where, when?
2.(e.g. EQECAT 2008) increased costs of materials, labor, and services—but what 
services?—and what region? Dist from epicenter/landfall/etcservices? and what region? Dist from epicenter/landfall/etc
3.(e.g. Guy Carp 2004) expand definition to include other issues—regulator and 
insurer decisions just one example—what decisions?
4.(e.g. Munich Re 2006) comparison of final to initial/estimated losses—note the 
necessity of a cat model
5.(e.g. AIR 2007 & RMS 2008) very general definitions—how useful in practice?—
i  l ti  t  h t? i  l  lifi ti   b   t ?increase relative to what?—is loss amplification a subs new term?
Emphasize these are *examples*; other people/institutions have used similar 
language.
Hope to have a handout containing a timeline of more quotes and analysis of 
“demand surge” definitions and usages.
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USGDP = $15 tr. $400-800 bn = 0.02. 
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