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Outline
• Brief review of insurance practices in general 
• Ditto, earthquake Insurance 
• Change in insurance industry practices 1960s – 1990s
• ‘the rise of the modelers’
• Performance of loss estimation in the 1994 Northridge earthquake

Purpose
Explain insurance and loss estimation practices at the 
time of the 1994 Northridge earthquake, and issues that 
emerged.
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Brief history of Insurance
• Insurance is nearly as old as seafaring (~3000 BC, Babylon)
• Great London fire of 1666 / Lloyds of London (1688)
• 1700s well established (Ben Franklin…)
• Industrial Revolution 

• Increasing size of risks (larger factories)
• rise of mutual insurance companies

• Need to share (“reinsure”), but not with competitors à treaties with foreign companies
• Hamburg Fire (1842) à the Cologne Re (1846, first reinsurance company)
• Swiss Re (1863), Munich Re (1888)...Employers Re (1914), Am. Reins. (1917)…
• 1906 San Francisco fire…Lloyds paid 100%…others less…payments were for 

fire losses only, not earthquake losses, the flow of gold from London to US led to the 
1907 panic*

* See Odell, Kerry A., and Marc D. Weidenmier. 2004. “Real Shock, Monetary Aftershock: The 1906 San Francisco Earthquake and the Panic of 1907.” 
The Journal of Economic History 64(4):1002–27. doi: 10.1017/S0022050704043062.
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Single properties (portfolio)

But, what is insurance?
and reinsurance?

Insurance company

portfolio

Insurance 
company

portfolio

Insurance 
company

Reinsurance company

Loss over time
(Risk)
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Risk (aka pure premium) + company overhead + profit = premium you pay
Risk = what the insurer will pay for claims

Risk = 
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Exposure – what’s at risk? How risky is it?
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Earthquake insurance, pre-Northridge
• 1906: no earthquake insurance – insurers paid fire (only) losses

• 1932: Earthquake insurance is relatively new.  It was almost unheard of until after the 
San Francisco earthquake of 1906 and in Santa Barbara in 1925 hardly one-tenth part 
of the property damaged had any earthquake insurance. 

- J. R. Freeman (1932). Earthquake Damage And Earthquake Insurance

• 1945: New Zealand  and 1966 Japan created national EQ insurance programs

• 1960s: US established the National Flood Insurance Program ( but not EQ)

• 1971: San Fernando Earthquake - little earthquake insurance

• post-1971: demand for earthquake/wind insurance 

à CRESTA Zones for EQ insurance accumulations

à California Dept. Insurance Rule 226 reporting requirements
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CRESTA Zones 
• CRESTA (Catastrophe Risk Evaluating 

and Standardizing Target Accumulations)
• The name actually derives from the 

initial meeting held at the Hotel Cresta
• Developed in the late 1970s in a joint 

project of several major reinsurance 
companies. 

• A key system employed by reinsurers for 
tracking catastrophe exposure 

• Method of exposure accumulation 
reporting by primary companies for 
reporting to reinsurance companies
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California DOI Rule 226*
• Following 1971 San Fernando EQ:
• PML factors specified

1
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* https://www.insurance.ca.gov/0250-insurers/0300-insurers/0100-applications/rsb-forms/2022/upload/PML2022Instructions.pdf

Shaking damage only – no coverage for landslide, liquefaction…

Fire following earthquake IS covered, under the fire policy
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State of Earthquake Insurance in 1980
• Low price ($400/yr) / low deductibles  (5 %)
à Increasing demand (20% market penetration and rising)
• 1960s – 1980s drift away from expensive data collection (e.g., Sanborn 

maps) towards loss-based underwriting (i.e., if there hasn’t been a loss it 
must be a good risk)
• Companies knew almost nothing about the homes they insured 

(location, year built…all unknown)
• 1984: following Coalinga EQ, CDOI required admitted companies to offer 

EQ insurance à some companies withdrew
• Asymmetry of information (primaries at mercy of Swiss and Munich Re)
à Rise of the modelers

1
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1964 Prince William Sound (US) Earthquake and Niigata 
(Japan) earthquakes Major liquefaction, ground failures 

and building collapses – draws widespread attention; 
subsequent widespread investigations of liquefaction, esp. 
by H. Seed, R.V. Whitman and T.L. Youd in US,  and T. 

Iwasaki and others in Japan. 

Hydrologic Engineering Center (HEC) formed by US 
Army Corps of Engineers – develops and distributes 
HEC-1 and later free flood hazard and risk software 

(http://www.hec.usace.army.mil/ )

1965 Moore’s Law: computing power doubles every 18 
months

1966 Earthquake Engineering (Wiegel, 1966) published The Insurance Institute of America creates "Associate 
in Risk Management,", first move towards 

professionalism in insurance industry
Ralph Nader publishes Unsafe at Any Speed , 

consumer movement,, rise of punitive damages

1968 Cornell BSSA paper Engineering 
Seismic Risk (BSSA) –

breakthrough publication, 
everyone gets it. Paradigm shift in 

earthquake engineering

Earthquake Hazard in the San Francisco Bay Area : 
A continuing Problem in Public Policy (K.V. 

Steinbrugge) one of the first reports to translate what 
is known by scientists into public policy 

recommendations

1969 Probabilistic hazard map of Canada (Milne and 
Davenport)

First revision of US hazard map since 1949 (Algermissen 
et al, but not probabilistic)

Algermissen, Steinbrugge, McClure begin development of loss studies, 
with Studies in Seismicity, for US Coast and Geodetic Survey

1970s Birth of paleoseismology, lead by 
Wallace et al; late 70s Sieh finds 
several prehistoric Ft. Tejon type 
events at Pallett Creek, near Los 

Angeles

1970 Wilson develops 
general purpose 

structural analysis 
program (SAP)

US EPA (Environmental Protection Agency) 
established, leading to many analytic advances in 

response to environmental regulations.

Scawthorn, C. (2008) A Brief 
History of Seismic Risk 
Assessment (Chapter 1 in: 
Risk Assessment, Modeling, 
and Decision Support: 
Strategic Directions, edited 
by Ann Bostrom, Steven 
French and Sara Gottlieb), 
Springer
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1978 Tokai (Japan) earthquake forecast (Ando) and subsequent creation of special 
zone for broad mitigation effort  

Tangshan (China) earthquake – 250,000+ killed, no apparent effect 

ATC 3-06 model building code; 
McGuire FRISK Program; Canvey 
Island study (process safety, UK) 

 

1979    VisiCalc Spreadsheet; Three Mile Island NPP – 
partial core meltdown 

1980    Society for Risk Analysis formed  

1981  First base isolated building: William 
Clayton Building, Wellington, New 

Zealand 

EQE Inc. founded to offer seismic 
risk reduction services1 

First IBM PC 

1982  First probabilistic model of fire following earthquake; 
First research into hazardous material releases in earthquakes 

 

1983 Estimation of earthquake losses in Los Angeles : damage scenarios under 
varying earthquake research effort (Dames & Moore) 

William Ruckelshaus speech on "Science, Risk and 
Public Policy" to US National Academy of Sciences, 

putting risk management on national political 
agenda. 

1984 Characteristic earthquake 
(Schwartz and Coppersmith) 

F. Press proposes International Decade of Hazard Reduction  
(8th World Conference on Earthquake Engineering) 

 

1985  ATC-13 Earthquake Damage Data in California;  
first base isolated building in US (Foothills Justice Center, Rancho Cucamonga, 

CA) 

Mexico City 
earthquake; 

1986 Increasing insurance portfolio analysis projects for Dames & Moore, EQE and 
other companies 

Chernobyl NPP explosion, widespread 
contamination 

1987 Pre-Earthquake Planning for Post-Earthquake Recovery (PEPPER) Project,  
Los Angeles (Spangle et al) 

Applied Insurance Research (AIR) 
founded; 

EQE develops EQEHAZARD 

 

 

                                                
1  Other engineering firms (J.A. Blume, H.J. Degenkolb, Dames & Moore, J.R. Benjamin) offered these services but this was not their 

focus.  
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Risk (aka pure premium) + company overhead + profit = premium you pay
Risk = what the insurer will pay for claims

HAZARD: How frequent 
different size fires (or 
earthquakes) will be
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The Modelers:
• Convergence of 
• probabilistic methods (hazard analysis, nuclear power industry)
• Computational power (PC)

• Emergence 1981-1987 of three modeling companies
• AIR Worldwide (Karen Clark, broker, top-down) 
• EQE (Charles Scawthorn, engineering, bottom-up)
• RMS (Haresh Shah/Weimin Dong, financial, bottom-up)

• Little interest by insurance industry at first, but interest increased:
• 1987 Whittier Narrows EQ
• 1989 Loma Prieta EQ and Hurricane Hugo
• 1992 Hurricane Andrew
• 1994 Northridge

18
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Modeling of the 1994 Northridge earthquake

• How well did the modelers do?
• Faster? Sure…More accurate? Well…

Why?

20
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What led to the underestimates?

Ground motion. 
Demand Surge

21



Thank you

cscawthorn@sparisk.com
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Funding Seismic Retrofits: A Unique Insurance Model

Janiele Maffei 
California Earthquake Authority

2
3
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JANIELE MAFFEI
CHIEF MITIGATION OFFICER

April 22 2024

Funding 
Seismic 

Retrofits:
A Unique Insurance 

Model
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Lowest Risk Highest Risk

California is home to two-thirds of 
our nation’s earthquake risk.

Most Californians live within 
30 miles of an active fault.

ECA, April 22, 2024
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California 
Earthquake 

Authority

• CEA is a not-for-profit 
residential earthquake 
insurer.

ECA, April 22, 2024
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CALIFORNIA
: MANDATORY 
OFFER LAW

•Earthquake coverage is 
excluded from 
homeowner’s insurance 
policy.

• However, insurance companies are required 
to offer a separate earthquake insurance 
policy at time of homeowner policy sale.

27ECA, April 22, 2024
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•WHEN M6.7 NORTHRIDGE 
EARTHQUAKE STRUCK IN 1994:

28

• One of the costliest natural disasters in U.S. 
history.

• Caused $20 billion in residential damage.

• Destroyed or severely damaged thousands of 
single-family homes.

• Left about 22,000 people homeless.
• Most insurance companies stopped writing 

Homeowners insurance; prompted creation of 
CEA.

ECA, April 22, 2024
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Governing Board: • Governor
• Insurance Commissioner
• State Treasurer

• Assembly Speaker
• Senate Rules Chair

• A not-for-profit provider of residential earthquake insurance
Publicly Managed • Privately Financed
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Privately Financed:

Non Voting:

1,132,605 Policyholders

Governor 
Gavin Newsom

Insurance 
Commissioner 
Ricardo Lara

State Treasurer
Fiona Ma

Assembly Speaker 
Robert Rivas

Senate Rules 
Chair
Mike McGuire

Mission: Educate
Mitigate
Insure

ECA, April 22, 2024
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CEA Participating Insurers

ECA, April 22, 2024
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Residential Earthquake Insurance
• 1,041,000 Million Policyholders
• Publicly Managed/Privately Financed/Not for Profit
• $19 Billion in Claim Paying Capacity

Residential Earthquake Mitigation Grants
• Pre-1980 Homes/$3,000 Grant
• Retrofits to date: 24,600
• 2024 Goal: 6,000 Retrofits

California Wildfire Fund
• Coverage for Wildfires Caused by Investor-Owned Utilities
• Overseen by California Catastrophe Response Council
• $21 Billion in Claim Paying Capacity

ECA, April 22, 2024
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Claim Paying 
Capacity (CPC)

• Insurance providers must 
maintain funds on hand (or 
accessible) sufficient to 
assure policyholders filing a 
claim are paid all policy 
benefits to which they are 
entitled

32ECA, April 22, 2024
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CEA Claim Paying Capacity

ECA, April 22, 2024

• The CEA is financially sound

33



The Cost of Capital is a Global Issue

34ECA, April 22, 2024

• Inflation
• Climate change
• War

34

Government Post-Disaster 
Response

How can FEMA help you? 
Assistance from FEMA may help you and members of your 

household affected by a disaster take care of necessary expenses 
and serious needs that cannot be met through insurance or other 

forms of assistance.

35ECA, April 22, 2024
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Presidentially Declared Disaster Designation
• A DR is required for individual assistance after a disaster

36ECA, April 22, 2024
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FEMA Relief is Not Insurance
Disaster assistance comes in two forms: a U.S. Small 
Business Administration loan, which must be paid back 
with interest, or a FEMA disaster award, which is about 
$5,000 on average per household.

ECA, April 22, 2024
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CEA Mitigation
Standards    Research    Incentives

38ECA, April 22, 2024
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CEA Loss Mitigation Fund 

Annual Transfer to Loss 
Mitigation Fund
5% of investment income ($5 million 
maximum)
$ 5 Million 

CEA Claim Paying Capacity

$19.4 Billion 

Capital Reserves
Invested per CEA investment policy

$ 6.1 Billion

ECA, April 22, 2024
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Mitigation 
Standards

• CEA has funded and managed the 
development of:
• FEMA P-1100 – Vulnerability Based 

Assessment and Retrofit of One and Family 
Dwellings 

• CEA EDA 02 – Earthquake Damage 
Assessment and 
Repair Guidelines (Replacement for CUREE 
document)

40ECA, April 22, 2024
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• Guidelines and Standards Development
CEA Mitigation Research

41

FEMA P-1100 – Assessment 
and Retrofit

CEA EDA 02 –
Earthquake Damage Assessment and Repair

ECA, April 22, 2024
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Earthquake Vulnerabilities

42

Crawlspace House Living-space-over garage Hillside House Chimney

ECA, April 22, 2024
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• 2014 M6.0 South Napa Earthquake

Crawlspace Anchorage/Bracing and Unbraced Water 
Heater Vulnerability

43ECA, April 22, 2024
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CEA Mitigation Research
• PEER Cripple Wall Damage Project (2020)

44

M 7.0 Scenario Earthquake in SF:
Retrofitted two-story house with wood siding would have 
$200,000 less damage (based on $200/SF replacement cost)

Figure 1. Estimated average savings for four generic 
house types in four scenario earthquakes.
*Note: Savings are average repair costs avoided in thousands of 
2019 US dollars. Values assume a one-story 1,200 sq.ft. house 
(UPPER) and a two-story 2,400 sq.ft. house (LOWER), at a 
construction cost of $200 per sp.ft. Potential savings depend on 
the actual size, age, location, and configuration of the house, the 
quality, and types of construction materials, the intensity of 
earthquake shaking, and regional construction market conditions. 

ECA, April 22, 2024
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Mitigation 
Incentive 
Programs

• CEA has jointly managed the California 
Residential Mitigation Program (CRMP) with 
CalOES through a Joint Powers Agreement 
(JPA). CRMP manages the Earthquake Brace + 
Bolt program (EBB)

45ECA, April 22, 2024
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• California Residential Mitigation Program Retrofit Grants - Earthquake Brace + Bolt 
Earthquake Brace + Bolt Retrofit - EBB

46

Earthquake Brace + Bolt Program:

• Retrofits crawlspace with plywood 
bracing and new bolting

• Provides up to $3,000 grant

• Currently requires owner-occupied

• In select ZIP Codes with high 
seismic hazard

• Has collected important data:
◦ Retrofit averages $5,200 in CA
◦ More expensive in Northern CA
◦ Number of retrofitted houses in a City

ECA, April 22, 2024
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Retrofit Funding by Year Completed (Last 5 years)

CEA BB FEMA

Total Retrofits Completed Last 5 

3,266

1,354

4,510

2,884
2,587

2,345

Earthquake Brace + Bolt Retrofit - Funding
Challenge: State Funding (including CEA LMF) is considered 
taxable income on Federal tax return. FEMA HMGP funds are 

“Stafford Act” funding and are not taxable.

ECA, April 22, 2024
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Mitigation Funding
For 10 years the CRMP has leveraged the CEA Loss 
Mitigation Fund 
with State and Federal Mitigation Funding.

• ECA, April 22, 2024 48
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• Short Cripple Wall Requires Framing Clips, Foundation Plates, and Plywood
Earthquake Brace + Bolt

49

Crawlspace Before Retrofit Crawlspace After Retrofit

Foundation plate

Plywood brace

ECA, April 22, 2024
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Developing 
Mitigation 
Incentive 
Programs

• The following retrofit incentive grant 
programs are under development:
• Earthquake Soft-Story Pilot Program (ESS)
• Soft-Story Retrofit of Multi-Family (5-10 unit) 

Structures

50ECA, April 22, 2024
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• SF “Painted Ladies” Survived 1906 Earthquake
Earthquake Soft-Story (ESS)
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The “Soft-Story” was created when the garage doors were installed in 
1920sECA, April 22, 2024
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• Living-Space-Over-Garage (Soft-Story) Found in Pre-2000 Houses
Earthquake Soft-Story (ESS)
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1971 San Fernando EQ 1989 Loma Prieta EQ

1994 Northridge EQ 2014 Napa EQ
ECA, April 22, 2024
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Earthquake Soft-Story (ESS)
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Plywood or OSB 
on first-floor 

walls
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New steel shear walls 
either side of garage door 

opening
ECA, April 22, 2024
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Multi-Family Soft-Story Retrofit Program
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Northridge Meadows Apartments – Northridge M6.7 Earthquake 
1994
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ECA, April 22, 2024
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Multi-Family Soft-Story Retrofit Program

55

Steel frame around garage door opening
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ECA, April 22, 2024
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An Idea Under 
Development:
Vision 2050 –

Insurability and 
Habitability

• “Functional recovery performance aims for 
buildings and infrastructure systems to 
quickly return to function or service 
following an earthquake event.”  
• (Source: NIST)

56ECA, April 22, 2024
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SEAOC VISION 2000 – Performance Based Engineering
• “Basic Objective” Represents New Building Cod Design

57ECA, April 22, 2024
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Vision 2050– Performance Based Insurability
• Un-Retrofitted Pre-1940 Houses 
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Earthquake Performance Level
Fully 

operational
Operational Life Safe Near 

Collapse
Frequent Below 

deductible
Occasional Below 

deductible
Rare Struct and 

Non-
structural

Very Rare Some full 
replacement 

ECA, April 22, 2024
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Vision 2050– Performance Based Insurability
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ECA, April 22, 2024
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Thank You.
StrengthenYourHouse.com

Earthquakebraceandbolt.com
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Questions?
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Episode 3: 30 Years of Progress in Quantification 
of Seismic Hazards  (June 12, 12-1pm)

EarthquakeCountry.org/northridge30-webinar3

Yousef Bozorgnia
Professor, Department of Civil and Environmental Engineering, & 

Director, Natural Hazards Risk and Resiliency Research Center (NHR3), UCLA
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A Catalyst for Engineering Resilient Communities
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Zoom Webinar General Information

• Your sound will be muted & your camera will be off.

• Click “Show Captions” to manage your view of subtitles.
(Mobile devices - manage in Zoom settings, meetings section)

• Use the Q&A feature to ask questions

• Use chat for technical assistance or to share comments, suggested resources, etc.

• This webinar will be recorded and shared (along with presentation slides) at 
EarthquakeCountry.org/northridge30-webinar2
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