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More Detail on the Florida Hurricane Catastrophe Fund:1 2
The Florida Hurricane Catastrophe Fund (FHCF) was created in November 1993 during a
special legislative session after Hurricane Andrew. The purpose of the FHCF is to protect and
advance the state's interest in maintaining insurance capacity in Florida by providing
reimbursements to insurers for a portion of their catastrophic hurricane losses.
An insurer is reimbursed for a portion of its hurricane losses above a retention. The retention of
each insurer is based on its share of relevant industry premiums.
Here is a 2014 example of calculating a premium for a home:
Type of Business: Residential !
Construction: Frame !
!
Deductible: $2,000 ! !
!
FHCF Rating Region: 1 ! !
Total Exposure: $1,000,000

!
!
!
!

!
!
!
!

Year Built: 2001
Structure Opening Protection: Credit Given
Roof Shape: Hip
Coverage Option: 90%

Factor = (year built factor) (roof shape factor) (opening protection factor)
= (0.8094) (0.8560) (0.8340) = 0.5778.
Final Rate = (base rate) (factor) (on balance factor)
= (0.1182) (0.5778) (0.9832) = 0.0671.
Final FHCF Premium Adjusted for Mitigation = (Final Rate) (Total Exposure / $1,000)
= (0.0671) ($1,000,000 / $1,000) = $67.10.
Rates vary between commercial, residential, mobile home, condominiums, and tenants.3
Rates vary by construction and territory.4
Rates vary by coverage percentage and deductible.

1

Discussed in Section 4.5.1 of Grossi and Kunreuther.
Information taken from “Florida Hurricane Catastrophe Fund 2014 Ratemaking Formula Report”,
presented to the State Board of Administration of Florida, March 20, 2014.
3 About 9.8% of exposures are commercial, 83.6% residential, 1.4% mobile homes, 4.2% condominiums,
and 1.0% tenants.
4 Zip codes are grouped together specifically for hurricane insurance. Later I show a map of territories.
2
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Example of proposed FHCF 2014 residential rates.
Rates are dollars per $1000 of exposure.
Coverage Level: 90%!
!
!
!
Deductible: 2%
ZIP Code Group
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Frame
0.1035
0.1807
0.2549
0.3345
0.4197
0.5109
0.6082
0.7118
0.8222
0.9395
1.0643
1.1969
1.3378
1.4874
1.6464
1.8153
1.9949
2.1858
2.3888
2.6049
2.8349
3.0799
3.3409
3.6191
3.9156

Masonry Veneer
0.0937
0.1635
0.2306
0.3026
0.3798
0.4622
0.5503
0.6441
0.7439
0.8501
0.9630
1.0830
1.2104
1.3458
1.4897
1.6425
1.8050
1.9777
2.1614
2.3569
2.5651
2.7867
3.0229
3.2746
3.5428

Masonry
0.0787
0.1374
0.1938
0.2543
0.3191
0.3884
0.4624
0.5412
0.6251
0.7144
0.8092
0.9101
1.0172
1.1309
1.2518
1.3803
1.5168
1.6619
1.8163
1.9806
2.1555
2.3418
2.5402
2.7517
2.9771

Default Unknown124
0.1021
0.1782
0.2513
0.3298
0.4139
0.5037
0.5996
0.7019
0.8107
0.9264
1.0494
1.1802
1.3191
1.4666
1.6234
1.7900
1.9670
2.1552
2.3554
2.5685
2.7953
3.0369
3.2942
3.5685
3.8608

Note that the highest rated territory has rates between 35 and 40 times that of the lowest rated
territory in Florida. The highest rates are about 0.4% of insured value.
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As was shown in the previous rating example, there are rating factors for year built, roof shape,
and opening protection credit.5
Florida Hurricane Catastrophe Fund
Windstorm Mitigation Construction Rating Classification Factors

For example a home built in 2002 or later would pay less than an otherwise similar built in 1994
or earlier. The ratio of their premiums would be: 0.7181 / 1.1814 = 0.6078.
A home with a hip roof would pay less than an otherwise similar home with a gable roof. The
ratio of their premiums would be: 0.8560 / 1.0948 = 0.7819.
A home with structure opening protection would pay less than an otherwise similar home
without.
The ratio of their premiums would be: 0.8340 / 1.0826 = 0.7704.
The rating factors, as well as the base rates by territory, vary between commercial, residential,
mobile home, condominiums, and tenants.

5

Opening protection refers to shutters.
The “on balance factor” is what an actuary would call an off-balance factor (to be multiplied by).
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A graph of exceedance probabilities for the Florida Hurricane Catastrophe Fund in billions of
dollars, for a single event and for annual aggregate:
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Florida Hurricane Catastrophe Fund, Proposed 2014 Rating Territories by 5-Digit ZIP Code

Percent of exposures by territory from 1 to 25:
10.3%, 3.4%, 9.6%, 11.3%, 8.0%, 5.0%, 5.6%, 5.2%, 4.4%, 3.5%,
5.0%, 6.6%, 4.8%, 3.9%, 2.3%, 1.3%, 1.4%, 1.8%, 1.3%, 1.1%,
1.4%, 1.2%, 0.7%, 0.6%, 0.3%.
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Florida Hurricane Catastrophe Fund, Proposed 2014 Rating Territories by 5-Digit ZIP Code
!
!
!
!
Miami and Surrounding Areas
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How Home Construction Affects Expected Losses from Hurricanes:
As hurricane winds pass over a roof (1), they create powerful upward-sucking forces (2).
If shingles or other roofing materials are not securely attached, they will simply peel off (3),
opening avenues for water to infiltrate. In the worst-case scenario, roof sheathing pulls off too,
compromising the house's structural integrity while it exposes the inside to the elements.6

!

!

Straps that attach the roof to the rest of the house, reduce the probability that a hurricane will lift
off the roof and expose the interior of the house to wind and water damage.7

!
6

!

!

!

http://www.thisoldhouse.com/toh/article/0,,1219155-2,00.html
“Keeping the roof structure attached to the exterior walls is essential in order to minimize wind and water damage
to your home during a hurricane. Most homes built in Florida have some type of tie down connections such as roof
clips or straps; however, in many instances existing straps do not have sufficient strength to hold the roof to the
exterior walls of the home due to wind pressures caused by hurricanes. Homes built before 1995 are likely
candidates for improved fastening of the roof structure to the exterior walls.” www.fwua.com/ROOF_STRAPS.htm
7
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Shutters on the windows and other glass reduce the potential loss from hurricanes.8
Aluminum-panel storm shutters:

!

!

Colonial-style storm shutters:

!
8

!

.

“The protection of windows and glass doors from flying debris is one of the most basic and effective means of

reducing losses in a windstorm. Opening protection refers to products that provide a level of impact resistance from
flying debris in a windstorm. The amount of impact resistance is determined by impact tests at a special laboratory.
Various test standards have been developed to qualify products for a high level of impact resistance.
Most insurance companies offer discounts for shutter or impact resistant glass products that have passed a large
missile impact test. Note that all glazed openings (i.e. windows, skylights and doors with glass) must be protected
for you to receive an insurance discount. Some companies offer additional discounts if all openings, including doors
without glass, also meet the impact test standards.
The Florida Building Code allows certain wood structural panels with proper fasteners to be used for opening
protection in all counties except Miami-Dade and Broward. This is generally the least expensive way to shutter a
home, but this type of shutter is not always accepted by insurance companies.”
www.intrarisk.com/Certification/OpeningProtectionpop.asp
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A hip roof is a type of roof where all sides slope downwards to the walls, usually with a fairly
gentle slope. A gable is the generally triangular portion of a wall between the lines of a sloping
roof. A home with a hip roof is less vulnerable to hurricane damage than either a flat or gabled
roof.
Gable end roofs are more susceptible to damage by high winds than hip roofs or flat roofs. The
gable end presents a large obstacle to the wind and receives its full force. If the framing of the
gable end and the rest of the roof is not adequately braced to resist the wind, the roof can fail.
Roof failures, especially in unbraced gable roofs, are a common cause of major damage to
houses and their contents in high winds.
A second story increases the expected hurricane loss.
A tile roof, slate roof, enhanced shingle roof, or reinforced concrete roof, subtract various
amounts from the expected hurricane loss.
An absence of skylights decreases the expected hurricane loss.
Unreinforced masonry or reinforced masonry walls subtract different amounts from the expected
hurricane loss.
No sliding glass doors, single-wide garage doors, garage door bracing, or no garage and
carport, each reduce the expected hurricane loss.
An absence of a porch and carport reduce the expected hurricane loss.
Enhanced deck attachment9 , and wall to floor clips, reduce the expected hurricane loss.

9

An outdoor deck is less likely to blow away if it is attached more securely to the home.
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Enhanced hurricane wrap reduces the expected hurricane loss. Hurricane Netting System:10

!

!

If a strict town building code is enforced, then the expected losses from hurricanes would be
less.11 If in addition the home had been inspected and was found to be in compliance with the
building code, an additional credit might be granted.
If the home is shielded by other buildings or by geographical features it has a lower expected
loss from hurricane.
If a home has a beach front or is vulnerable to storm surge, then its expected hurricane losses
are higher.12

10

Throw a few 10-foot-wide bolts of the PVC-coated polyester over your house, hook it to anchors sunk into the
ground, tighten the straps, and you effectively batten down the whole home. http://www.thisoldhouse.com/toh/
article/0,,1219155-6,00.html
11 See for example, I.S.O.ʼs Building Code Effectiveness Grading Schedule.
http://www.isomitigation.com/bcegs/0000/bcegs0001.html
12 While flooding due to storm surge is not covered by homeowners insurance, an insurer may still have to pay part
of the loss for homes where all that was left was just a slab.
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Shapes of Roofs:13
A hip roof is a type of roof where all sides slope downwards to the walls, usually with a fairly
gentle slope:

!

!

!

A gable is the generally triangular portion of a wall between the lines of a sloping roof:

!

!

!

A home with a hip roof is less vulnerable to hurricane damage than either a flat or gabled roof.
Gable end roofs are more susceptible to damage by high winds than hip roofs or flat roofs. The
gable end presents a large obstacle to the wind and receives its full force. If the framing of the
gable end and the rest of the roof is not adequately braced to resist the wind, the roof can fail.
Roof failures, especially in unbraced gable roofs, are a common cause of major damage to
houses and their contents in high winds.

13

For background only.
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Bracing connects the gable to the load bearing walls, and makes the home less vulnerable to
hurricane damage.

!
One can strengthen a gable roof by bracing the end walls which are the most vulnerable to
uplift:14

!

14

!

!!

!

“Get up into the attic and nail or screw a pair of 2x4s in an "X" pattern—one extending from the peak of the gable
to the bottom center brace of the fourth truss, and the other from the bottom center of the gable to the top center
brace of the fourth truss. Use 3-inch-long wood screws with a 1/2-inch-diameter shank, or 16d galvanized common
nails, and reinforce the new braces wherever they meet roof members with 1-inch galvanized-steel straps.”
http://www.thisoldhouse.com/toh/article/0,,1219155-2,00.html
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Cripple Walls:
There are number of construction features of a building that help to determine how vulnerable it
is to earthquakes.15 Whether a home has a cripple wall is one example.
Cripple walls are the short wood stud walls that enclose a crawl space under the first floor.
Cripple walls are used to support a dwelling between the concrete foundation and the floor of a
dwelling and to elevate the dwelling above ground to allow access to the utility lines or to level a
dwelling built on a slope. Crawl space is the area created underneath the floor. The height of a
cripple wall generally ranges from 14 inches to 4 feet. Typically, buildings with a cripple wall
have 3 or more steps to the first floor. Cripple walls are typically found on dwellings built prior to
1960.16

15

See an interesting talk, Defeating Earthquakes by Ross Stein, www.youtube.com/watch?v=Bg4kSIgn67I
Many newer dwellings utilize concrete perimeter walls to elevate or level the dwelling. These are not cripple walls.
A dwelling built on a flat concrete slab without a crawl space beneath it will not have cripple walls.
16
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If the cripple wall is not braced, it can shift during an earthquake. When this occurs, there is a
greater likelihood that the structure will be severely damaged and that you and others will be
injured. If your property is built on cripple walls, one way to increase its stability and reduce
earthquake damage is to brace the cripple walls.

Bracing cripple walls may allow a homeowner to get a discount on its earthquake insurance,
compared to a similar home that has cripple walls without bracing.
Tilt-up Construction:17
Concrete elements (walls, columns, structural supports, etc.) are formed horizontally on a
concrete slab. After the concrete has cured, the elements are "tilted" to the vertical position with
a crane and braced into position until the remaining building structural components (roofs,
intermediate floors and walls) are secured. Poor performance in earthquakes has mandated
significant seismic retrofit requirements in older buildings.

17

Mentioned at page 128 of Grossi and Kunreuther.
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Risk Measures:18
Let us assume for example, we model the aggregate annual losses from hurricanes for the
Southeastern Insurance Company. Then the one-in-20 year event is the estimate of the 95th
percentile of the distribution of aggregate losses. Similarly the one-in-100 year event is the 99th
percentile.
The 95th percentile is the 95%-Value at Risk.
The Value at Risk, VaRp, is defined as the 100pth percentile.
one-in-100 year event. ⇔ VaR99%.

one-in-200 year event. ⇔ VaR99.5%.
Assume the following output from a hurricane model for the Southeastern Insurance Company:19
Aggregate Annual Losses ($ million)!
!
Less than 250!
!
!
!
!
250! !
!
!
!
!
260! !
!
!
!
!
270! !
!
!
!
!
280! !
!
!
!
!
290! !
!
!
!
!
300! !
!
!
!
!
320! !
!
!
!
!
350! !
!
!
!
!
400! !
!
!
!
!
500! !
!
!
!
!
550! !
!
!
!
!
600! !
!
!
!
!
650! !
!
!
!
!
700! !
!
!
!
!
750! !
!
!

Probability!
98.9%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.1%!!
0.02%!
0.02%!
0.02%!
0.02%!
0.02%!

Distribution Function
98.9%
99.0%
99.1%
99.2%
99.3%
99.4%
99.5%
99.6%
99.7%
99.8%
99.9%
99.92%
99.94%
99.96%
99.98%
100%

Then VaR99% = $250 million, VaR99.5% = $300 million, and VaR99.9% = $500 million.
A key problem with using the Value at Risk is that for the selected percentile it does not depend
on the heaviness of the righthand tail beyond that percentile.

18

Not on the syllabus of this exam.
I have assumed these discrete possibilities for simplicity.
If for example one simulated 50,000 years, then probabilities would be in increments of 0.002%.
19
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The Tail Value at Risk overcomes this shortcoming of Value at Risk.20
TVaRp(X) ∫ E[X | X > pp], where pp is the pth percentile.
When working with a discrete distribution as here, it is common and more convenient to define
TVaR with a greater than or equal sign: TVaRp(X) ∫ E[X | X ≥ pp].
TVaR99.5% = E[X | X ≥ 99.5th percentile] =
{(0.1%)(300 + 320 + 350 + 400 + 500) + (0.02%)(550 + 600 + 650 + 700 + 750)} / 0.6% =
$420 million.
Exercise: Determine TVaR99.9%.
[Solution: E[X | X ≥ 99.9th percentile] =
{(0.1%)(500) +(0.02%) (550 + 600 + 650 + 700 + 750)} / 0.2% = $575 million.]
“While TVaR is an improvement over the VaR measure, it may not be necessary to take into
account the few events that make up the remote tail of the loss distribution for reinsurance
pricing decisions. Most insurers do not find it economically feasible to protect against such
events and as a result do not purchase catastrophe reinsurance for these extreme disaster
scenarios.
Another risk measure to consider is called window value at risk, WVaR. This measure takes the
probability-weighted average of a distribution of losses within a range of practical bounds, or
percentiles, and can be mathematically described by the following formula:
WVaRp,q(X) = E[X | pp ≤ X ≤ pq].
WVaR is less sensitive to changes in the tail resulting from updates to the underlying model or
exposure data and generally exhibits less volatility than other risk measures as a result. Most
importantly, risk managers can apply practical bounds that represent the appropriate range of
losses to support their risk management needs. This eliminates the need to reflect extreme
losses at the tail of the distribution in decision-making processes.”21
WVaR99%,99.5% = (250 + 260 + 270 + 280 + 290 + 300)/6 = $275 million.
Exercise: Determine WVaR99.5%,99.9%.
[Solution: E[X | 99.9th percentile ≥ X ≥ 99.5th percentile] =
(300 + 320 + 350 + 400 + 500) / 5 = $374 million.]

20

TVaR is a coherent risk measure, while VaR is not.
Quoted from “Modeling Fundamentals: Evaluating Risk Measures,” AIR Worldwide, by David Lalonde and Alissa
Legenza. When working with discrete distributions as here, it is more convenient to use less than or equal to rather
than strict inequality in the definition.
21
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“While window value at risk does improve over tail value at risk by ignoring the extreme loss
behavior that exists in the tail of the distribution, is this the ideal approach? Perhaps the ultimate
technique for measuring exposure to catastrophic risk could be accomplished by restricting,
rather than ignoring, the tail domain of the loss distribution. Simulated event losses that fall
outside of the range of what might be considered economically feasible to protect against could
be censored, or capped, prior to applying the same conditional expectation methods used to
calculate the tail value at risk. This special case is a censored tail value at risk, or CenTVaR, and
can be derived by the following formula:
CenTVaRp,q(X) = E[Min[X, pq] | pp ≤ X ]
E[X | πp ≤ X ≤ πq] Prob[πp ≤ X ≤ πq] + πq Prob[X > πq]
!
!
=
,
Prob[X ≥ πp]
where pq = censored event loss value.”22
Note that as q approaches 100%, CenTVaR approaches TVaR.
CenTVaR99%,99.5% = {(0.1%)(250 + 260 + 270 + 280 + 290 + 300) + (0.5%)(300)} / 1.1%
= $286.4 million.
Exercise: Determine CenTVaR99.5%,99.9%.
[Solution: E[ Min[X , 99.9th percentile] | X ≥ 99.5th percentile] =
{(0.1%)(300 + 320 + 350 + 400 + 500) + (0.1%)(500)} / 0.6% = $395 million.]

22

Quoted from “Modeling Fundamentals: Evaluating Risk Measures,” by David Lalonde and Alissa Legenza.
I have corrected their formula for CenTVaR.
q > p.
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AIR Severe Thunderstorm Model:23
In the United States, annual aggregate loses from severe thunderstorms have, on average,
accounted for more than half of all insured catastrophe losses since 1990. In 2011, six severe
thunderstorms generated insured losses of over $1 billion each. Total losses from 24 separate
outbreaks that year exceeded $26 billion.
The AIR Severe Thunderstorm Model for the United States estimates the frequency, severity,
and geographical distribution of potential losses from straight-line winds, hail, and tornadoes.
The model incorporates the latest scientific research into the highly localized effects of these
complex perils as well as independent research, post-disaster surveys, and more than $40
billion in claims data.
Model at a Glance
Modeled Perils: Straight-line winds, hail, and tornadoes
Model Domain: Continental United States
Stochastic Catalogs: 10,000-year, 50,000-year, and 100,000-year all-events catalogs;
!
!
!
10,000-year “cat-only” catalog
Supported Construction and Occupancy Classes:
!
40 construction classes and 110 occupancy classes
!
Complex industrial facilities
Industry Exposure Database:
!
90-meter resolution
!
Detailed representation of commercial and industrial building stock

23

Taken from document posted at the AIR Worldwide website
http://www.air-worldwide.com/Models/Severe-Thunderstorm/
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New Englandʼs Hurricane Risk, Present and Future:24

Limitations of a strictly statistical approach to hurricane risk assessment:
• More than 50% of all normalized U.S. hurricane damage caused by top 8 events,
!
all category 3, 4, and 5.
• More than 90% of all damage caused by storms of category 3 and greater.
• Category 3, 4, and 5 events are only 13% of total landfalling events; only 30 since 1870.
• Landfalling storm statistics are inadequate for assessing hurricane risk.
MIT Risk Assessment Approach:
Step 1: Seed each ocean basin with a very large number of weak, randomly located cyclones.
Step 2: Cyclones are assumed to move with the large scale atmospheric flow in which they
!
are embedded, plus a correction for the earth's rotation and sphericity.
Step 3: Run detailed but fast computer model for each cyclone, and note how many achieve at
!
least tropical storm strength.
Step 4: Using the small fraction of surviving events, determine storm statistics.

24

Professor Kerry Emanuel talking at the Boston Athenaeum, September 21, 2015.
Boston Sink or Swim, An MIT Global Warming Panel https://vimeo.com/album/3310726/video/140228130
Professor Emanuel speaks from 5:04 to 19:04.
While this talk focuses on New England, the ideas apply to coastal areas in the rest of the world.
However, a newer study by James Kossin of the National Oceanic and Atmospheric Administration published in
Nature in January 2017, found that when climatic conditions favor a lot of hurricane activity, they also create a
buffer zone that weakens the storms as they approach the coastal United States.
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MIT simulated synthetic hurricanes that hit New England. There was a reasonable match to the
return times based on observed hurricanes from 1900-2007 (59 Best Tracks). However, the
simulated data can be used to estimate the return time for hurricanes with higher wind speeds.25
For example, the return time for a storm with wind speeds of at least 120 knots (138 miles per
hour or 222 kilometers per hour) is estimated to be 400 to 500 years.

MIT also models the effect of storm surge. Prior to Hurricane Sandy, they modeled storm surge
for the southern tip of Manhattan in New York City. Their model estimated that a storm surge as
large as that which later occurred due to Hurricane Sandy was a once in 400 or 500 year event.
MIT also tries to take into account the effect of climate change, by seeding their hurricane model
with the results of climate change models rather than the current climate.

25

The U.S. Nuclear Regulatory Commission has asked Professor Emanuel to model the strength of a hurricane
with a return time of 1 million years.
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They did this for hurricanes coming within 150 kilometers (93 miles) of Boston, Massachusetts.
They compared the return time for various categories of hurricanes for the period 1981-2000
versus the period 2081-2100.

For every category of hurricane, in the future period 2081-2100, the return time is shorter than it
was in the recent past.26 For example, for a category 3 hurricane, the return time goes from
about 250 years to about 40 years. Based on their model, intense hurricanes will become much
more frequent in New England due to climate change.
In addition, sea levels will rise due to climate change. This will increase the impact of storm
surge. By 2100, this is projected to have an enormous impact on the expected annual dollars of
damage.

26

The shaded areas represent the uncertainty quantified by using different climate change models.
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Coastal Earthquakes in Northwest United States and British Columbia:27
This fault zoneʼs mild-sounding name is the “Cascadia Subduction Zone.” In the United States,
the fault lies along the coasts of Washington state, Oregon, and northern California. In Canada,
it sits to the west of the coast of British Columbia.
Every 240 years or so, for the last 10,000 years, there has been a tremendous earthquake in the
Pacific Northwest in this subduction zone. These earthquakes have sometimes been followed by
devastating tsunamis. The last documented Cascadia earthquake occurred in 1700 (which
means we are already on year 316 of an “every 240 years” event), coming in at a magnitude 8.7
to 9.2.28 Fifteen minutes after the 1700 earthquake, a tall tsunami wave hit the U.S. West Coast.
According to the Federal Emergency Management Agency (FEMA), the next Cascadia
earthquake and tsunami will kill 13,000 people, injure 27,000 more, will displace 1 million people
whom FEMA will try to shelter — and food and water will be needed to be provided to another
2.5 million people. About 7 million people live in the direct line of fire. That covers an area that
includes Portland, Seattle, Tacoma, Eugene, Salem, and Olympia.
A silver lining is that at least the catastrophe risk model developers have evolved their models to
reflect the newly understood realities of the area. Says John Elbl, vice president at cat risk
modeler AIR Worldwide: “There has been a lot of research into the Cascadia subduction zone
that is really fairly exciting and is currently being incorporated into AIRʼs 2017 model update,
including: deeper representation of the plausible rupture strength along the fault, and a better
representation of where spatially those ruptures will occur. There has not been a major rupture
in many years in this zone, and understanding the potential risk is critical for those companies
looking to proactively manage their risk for solvency, which would allow policyholders to properly
recover after a major event.”
On its blog, Risk Management Solutions (RMS) discusses the zoneʼs effects on its Canadian
Earthquake Model: “On average, Canada experiences approximately 4,000 earthquakes each
year. Most are small, but some can be large, particularly along the west coast near Vancouver
and Victoria. There, in what is known as the Cascadia Subduction Zone, the Juan de Fuca plate
is sliding underneath North America, causing subduction earthquakes, which tend to be less
frequent but more severe than other Canadian seismic sources.
The next update to the RMS Canada Earthquake Model is targeted for 2016 as part of a larger
RMS North America Earthquake Models update. Among other enhancements, the model will
incorporate the latest seismic hazard data (2015), internal research by the RMS seismic hazard
development team, and introduce a probabilistic earthquake-induced tsunami model that will
include losses from inundation along impacted coastlines.”
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“Doomsday, Earthquakes, Tsunamis, Catastrophe Risk Modeling — and Running for Your Life in the Pacific
Northwest,” by Claude Penland, January/February 2016 Contingencies.
28 The 1989 San Francisco earthquake was 6.9, as a point of comparison. The moment magnitude of earthquakes
uses a logarithmic scale.

