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Preface

The pending expiration of the Terrorism Risk Insurance Act (TRIA)
requires that policymakers assess the effectiveness of TRIA and decide
whether to extend, modify, or terminate it. To help inform the de-
bate over the future of TRIA, this study examines how losses from
large terrorist attacks would be distributed to various parties under
TRIA. The study also examines how losses would be distributed un-
der various possible modifications of TRIA. The results are intended
to help policymakers understand how TRIA and various alternatives
might perform in practice and to evaluate the extent to which the
shared costs of recovery from a terrorist attack would be distributed
equitably.

The primary audience for this work is decisionmakers in Con-
gress and the U.S. Departments of the Treasury and Homeland Secu-
rity. The work is intended to inform these decisionmakers about
some quantitative ramifications of TRIA in the event of specific large
terrorist attack scenarios. Such information should help guide think-
ing about terrorism insurance options in light of TRIA’s pending ex-
piration. In addition, this work should help commercial insurers and
policyholders understand the implications of terrorist attacks for their
respective industries in light of TRIA.

This research was funded by CTRMP, which is a partnership
between RAND and Risk Management Solutions, Inc. CTRMP is
funded by voluntary contributions from several organizations that
represent property owners and other insurance purchasers, reinsurers,
and insurers. An advisory board that included representatives of the
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donor organizations was invited to comment on the book, but the
scope, analytical methods, conclusions, and recommendations were
determined solely by RAND.

This book is the third on terrorism insurance published by
CTRMP. The first, Issues and Options for Government Intervention in
the Market for Terrorism Insurance (Dixon et al., 2004), reviewed the
literature on terrorism insurance and discussed the policy issues and
options for change. The second, Trends in Terrorism: Threats to the
United States and the Future of the Terrorism Risk Insurance Act (Chalk
et al., 2005) examined the implications of recent trends in domestic
and foreign terrorism for policy related to terrorism insurance in the
United States. These books are available at http://www.rand.org/
multi/ctrmp/.
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Summary

Introduction

Following the 9/11 attacks and the substantial losses incurred, insur-
ers questioned their ability to pay claims in future attacks and began
to exclude terrorism coverage from commercial insurance policies.
The fear that a lack of insurance coverage would threaten economic
stability and growth, urban development, and jobs led the federal
government to adopt the Terrorism Risk Insurance Act (TRIA) of
2002. TRIA’s purpose is twofold: (1) protect consumers by address-
ing market disruptions and ensure the continued widespread avail-
ability and affordability of property and casualty insurance for terror-
ism risk; and (2) allow for a transitional period for the private markets
to stabilize, resume pricing of such insurance, and build capacity to
absorb any future losses.

Because TRIA sunsets at the end of 2005, policymakers need to
assess how TRIA, as currently written, will respond to the losses that
might result from different modes and magnitudes of terrorist attacks.
In particular, in assessing TRIA, policymakers must decide if TRIA’s
likely effects on the distribution of losses resulting from a terrorist
attack are satisfactory and, if not, what changes to TRIA, including
its termination, would be needed to improve its performance.

Because there have been no large terrorist attacks in the United
States since TRIA came into effect, policymakers have little empirical
data on which to base an assessment of the likely effects of TRIA.
This study is designed to provide policymakers with empirical esti-
mates of TRIA’s likely effects on the distribution of losses resulting
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from a terrorist attack. We generate a database by simulating the ex-
pected losses for different sizes and modes of terrorist attack scenar-
ios—in particular, crashing a hijacked aircraft into a major building,
releasing anthrax within a major building, and releasing anthrax out-
doors in a major urban area—and then examine the effects of the in-
surance system and TRIA on the ultimate distribution of the losses
under different circumstances.

Estimating Losses from a Large Terrorist Attack

To provide an accurate basis on which to determine the effects of
TRIA, we simulate the expected losses and the distribution of losses
across insurance lines for a number of attack scenarios of each of the
three attack modes noted above. The attack modes selected represent
feasible attacks and indeed were chosen because they involve methods
(aircraft impact) or materials (anthrax) that have been used in previ-
ous terrorist attacks. They also represent a range of potential out-
comes and, therefore, can provide some information on the robust-
ness of TRIA.

Tables S.1 and S.2 illustrate the estimates generated from the
simulations in terms of casualty distributions and losses by insurance
line, respectively, for the three example scenarios. Table S.1, which
categorizes by casualty type, shows that an outdoor anthrax attack
leads to the largest number of casualties (more than two million),
with over 36,000 deaths. This extreme catastrophic scenario exceeds
the size of the other two scenarios by an order of magnitude; as such,
the scenario is useful in illustrating the performance of TRIA in an
attack far larger than 9/11. The indoor anthrax attack leads to the
smallest number of casualties, although with greater severity: Serious
injuries and fatalities both exceed the aircraft impact attack.

Table S.2 shows that the distribution of losses among insurance
lines varies across the three example scenarios. Property losses account
for 13 percent of the total loss in the indoor anthrax scenario, 58 per-
cent of the total in the outdoor anthrax scenario, and 67 percent of



Summary    xix

Table S.1
Casualty Distributions for Terrorist Attack Scenarios

Casualty Type

Aircraft Impact
(Major Office

Building)

Indoor Anthrax
(Major Office

Building)

Outdoor Anthrax
(Major Urban

Area)

Medical only 35,524 5,500 1,901,476

Temporary total disability 641 1,500 19,960

Permanent partial disability—
minor 561 — —

Permanent partial disability—
major 401 — —

Permanent total disability 430 4,500 59,881

Fatal 2,632 2,750 36,594

Total 40,188 14,250 2,017,911

Table S.2
Allocation of Losses by Insurance Line for Terrorist Attack Scenarios
(in millions of dollars)

Insurance Line

Aircraft Impact
(Major Office

Building)

Indoor Anthrax
(Major Office

Building)

Outdoor Anthrax
(Major Urban

Area)

Property $4,482 $1,061 $100,414

Workers’ compensation $1,522 $6,115 $43,472

Group life $307 $323 $2,472

Individual life $235 $247 $2,109

Accidental death and
dismemberment $121 $208 $1,483

Health $1 $10 $22,354

Total $6,668 $7,964 $172,304

the total in the aircraft impact scenario. Workers’ compensation
shows a complementary variation, accounting for 77 percent of the
losses in indoor anthrax, 25 percent in outdoor anthrax, and 23 per-
cent in aircraft impact. Life and health lines entail 10 percent in the
indoor anthrax and aircraft impact scenarios and 16 percent in the
outdoor anthrax scenario.
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The Distribution of Terrorism Attack Losses Under TRIA

TRIA requires primary insurers to make terrorism coverage available
to commercial policyholders. In return for making coverage available,
TRIA limits the amount that insurers are responsible for paying by
means of a risk-sharing formula. In this formula, a primary insurer is
responsible for paying losses it insured up to an annual deductible
and for a co-payment of all losses above the deductible. Insured losses
above the deductible and co-payment are paid by a surcharge on all
commercial insurance policyholders and by taxpayers.

TRIA applies to commercial property and casualty policies only;
it does not apply to life or health policies or to personal lines such as
auto or homeowners’ insurance. In addition, TRIA is restricted to
certified foreign terrorist attacks only; TRIA does not apply to do-
mestic terrorist attacks. Finally, TRIA allows insurers to exclude
property losses from chemical, biological, radiological, and nuclear
(CBRN) incidents from policies as long as the exclusion is also ap-
plied to losses arising from events other than acts of terrorism. Work-
ers’ compensation losses cannot be excluded from any terrorism in-
surance policy. Losses from a CBRN attack that are insured are
eligible for the risk-spreading provision of TRIA.

Figure S.1 illustrates TRIA’s general features. Certain parame-
ters of TRIA change from year to year; the figure shows TRIA’s 2005
parameters.

The left part of the figure shows the distribution of initial pay-
outs under TRIA. Target insurers who have paid claims on policies
that include terrorism coverage and are in lines eligible for TRIA cov-
erage (here referred to as TRIA-covered losses) are responsible for
payouts up to an annual deductible equal to 15 percent (in 2005) of
the insurer’s group’s annual direct-earned premium on TRIA-eligible
lines the previous year. A target insurer is also responsible for a co-
payment of 10 percent of all losses above the deductible. The re-
maining 90 percent of losses above the deductible are reimbursed to
the insurer by the federal government. This formula is applied for
aggregate annual insured losses in TRIA-eligible lines up to $100 bil-
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Figure S.1
Summary of Initial and Final Payouts Under TRIA
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lion. TRIA specifies that insurers are not responsible for TRIA-
covered losses above $100 billion, but it does not explicitly specify
who would be responsible for insured losses in excess of $100 billion.

TRIA also requires that the federal government recoup the dif-
ference between an “insurance marketplace aggregate retention
amount” ($15 billion in 2005) and the sum of insurer deductibles
and co-payments for that year. Recoupment is collected through a
surcharge of up to 3 percent per year on all commercial insurance
policies in the United States. The right part of the figure shows the
ultimate distribution of payouts after recoupment.

TRIA formally distributes the losses resulting from a terrorist at-
tack among five groups: (1) people and businesses who lack coverage
for terrorism losses and must, therefore, bear the losses themselves
(here referred to as “uninsured”); (2) insurers of losses covered by
policies in insurance lines not eligible for TRIA coverage (here re-
ferred to as “life and health insurers”); (3) insurers of losses covered



xxii    Distribution of Losses from Large Terrorist Attacks Under TRIA

by policies in commercial insurance lines that are eligible for TRIA
coverage (here referred to as “target insurers”); (4) all commercial in-
surance policyholders in the country, from whom the federal gov-
ernment recoups all or part of its initial payout (here referred to as
“commercial policyholders”), and (5) taxpayers. Five provisions of the
law—insurance availability and take-up, TRIA eligibility, deductibles
and co-payments, insurance marketplace retention, and the ceiling on
insurers’ responsibility—determine how the losses resulting from a
terrorist attack are redistributed among these five groups.

Figure S.2 shows how cumulative annual losses resulting from
each mode of attack would generally be distributed under TRIA. To-
tal losses for single attacks from the three example scenarios discussed
above are indicated by an arrow on the horizontal axis for each of the
three attack types in Figure S.2. Distributions are shown as a function
of cumulative annual losses because target insurers’ deductible and
co-payment under TRIA are applied to annual losses. If an insurer
suffers losses from multiple events in a single year, these losses are
combined to determine when the TRIA deductible has been met.
Each curve in Figure S.2 shows the portion of the total annual loss
that would be paid by various stakeholders, assuming current take-up
values.

Uninsured losses, which represent a constant fraction of the to-
tal loss in all cases, vary considerably with the attack mode, but they
would be substantial in all cases, ranging from 13 percent of the total
loss for indoor anthrax attacks to 57 percent of the total loss for out-
door anthrax attacks. Less than 3 percent of commercial policyholders
purchase CBRN coverage for property losses. However, in the indoor
anthrax case, the majority of losses come from workers’ compensa-
tion, for which CBRN coverage is mandatory; so the overall unin-
sured loss fraction is relatively small. By contrast, the outdoor anthrax
scenario would have a much higher proportion of property losses;
hence, the low take-up for these lines would result in a high fraction
of the loss going uninsured.
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Figure S.2
TRIA Loss Distributions for Cumulative Annual Losses Resulting from
Different Types of Terrorist Attacks
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Losses for life and health insurers represent a constant fraction of
the total loss, ranging from 10 percent in the aircraft impact and in-
door anthrax scenarios to 16 percent in the outdoor anthrax scenario.
Because they are not eligible for TRIA, losses in life and health lines
would be the insurers’ responsibility.

Losses to property insured against terrorism and workers’ com-
pensation losses qualify for the risk-spreading provisions of TRIA and
would be shared by target insurers, commercial policyholders, and
taxpayers. Because aircraft impact and indoor anthrax attacks would
be concentrated around a single target building, while losses in an
outdoor anthrax attack would be dispersed over hundreds or even
thousands of sites, loss distributions in aircraft impact and indoor an-
thrax attacks have different characteristics than the distribution in an
outdoor anthrax attack.

In the aircraft impact and indoor anthrax scenarios, target insur-
ers would pay the largest share of losses (through the aggregate de-
ductible and co-payment) up to a total loss of approximately $75 bil-
lion–$95 billion. For a $50 billion annual loss, target insurers would
pay $17 billion for aircraft impact attacks and $21 billion for indoor
anthrax attacks. TRIA’s loss-sharing formula is such that TRIA-
covered losses beyond the target insurers’ share are paid by commer-
cial policyholders up to a total loss of $25 billion–$30 billion and by
taxpayers above that (see Figure S.2). Above a total loss of $75 bil-
lion–$95 billion, taxpayers pay the largest share of the loss.

The loss distribution for outdoor anthrax releases is very differ-
ent. There, the insured losses are expected to be spread among the
vast majority of property/casualty insurers in the country. This as-
sumption, in conjunction with the low fraction of losses that would
be insured, leads to a situation in which target insurers receive no
reimbursement for claims payments until the total loss exceeds $164
billion. At this point the TRIA-covered loss equals the total commer-
cial insurance industry-wide deductible of $44 billion. For total losses
greater than $164 billion, all target insurers will have met their de-
ductibles and taxpayers would begin to contribute. TRIA-covered
losses paid by target insurers in an outdoor anthrax attack would ex-
ceed the insurance marketplace retention; there would be no sur-



Summary    xxv

charge and general commercial policyholders do not contribute to the
losses. Losses would be shared entirely by target insurers and taxpay-
ers.

A significant finding is that taxpayers would pay nothing in a
single attack for any of the scenarios examined. In the aircraft impact
and indoor anthrax scenarios, taxpayers would pay nothing because
the loss ($6 billion–$8 billion; see arrows on the horizontal axes in
Figure S.2) would be within the loss range under which the federal
government recoups all its initial payout through the commercial
policyholder surcharge. In fact, even the World Trade Center attacks
would not have required a taxpayer contribution had TRIA been in
place. In general, for attacks concentrated on a single target, which
would include bombs, aircraft impacts, or indoor biological or
chemical attacks, at least three to four very large attacks would need
to occur in a year before taxpayers would begin to contribute.

In the outdoor anthrax release scenario, taxpayers would pay
nothing because losses would be spread among so many target insur-
ers that few would meet their deductible; hence, the federal govern-
ment would never even make an initial payout. Note, however, that
the total loss in our example simulation is just below the point at
which taxpayers would begin to contribute.

Our results show that the ultimate distribution of losses under
TRIA depends on the attack mode and cumulative annual losses. The
results shown in Figure S.2 illustrate that TRIA creates multiple re-
gimes that differ in terms of the parties’ relative shares of terrorism
losses—regimes that are summarized in Table S.3.

Uninsured building and business owners and life and health in-
surers pay part of any loss and so contribute over the entire loss inter-
val. TRIA does not take effect until the TRIA-covered losses reach $5
million, so insurers on sites incurring losses (target insurers) pay the
entire loss up to this point. Assuming current terrorism insurance
take-up, we estimate that TRIA-covered losses will reach $5 million
when total losses in aircraft impact attacks reach $8.5 million or total
losses in indoor anthrax attacks reach $6.5 million.
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Table S.3
TRIA Loss Distribution Regimes

NOTES: Uninsured = people and businesses who lack coverage for terrorism losses; life 
and health = insurers of losses in life and health lines, which are not eligible for TRIA 
coverage; target = insurers of losses covered by policies in commercial insurance lines 
eligible for TRIA coverage; commercial = all commercial policyholders in the country. 
M = millions. B = billions.

Total Loss Interval (at current take-up)

Aircraft
Impact

Who Pays

Target + commercial

Target + commercial +
taxpayer

Target + taxpayer

Target

$164B–$370B$43B–$167B $33B–$130B

$0–$164B$0–$8.5M $0–$6.5M

—$8.5M–$25B $6.5M–$20B

>$370B>$167B >$130B

—$25B–$43B $20B–$33B

Unspecified

Outdoor
Anthrax

Indoor
Anthrax

Uninsured +
life and
health

When total losses exceed these respective values, commercial
policyholders begin contributing. Commercial policyholders do not
contribute in the outdoor anthrax case and target insurers pay the en-
tire loss up to $164 billion.

In the aircraft impact and indoor anthrax cases, taxpayers begin
to contribute once the TRIA-covered loss reaches the $15 billion in-
surance marketplace aggregate retention amount. We estimate that,
on average, this would occur at a total annual loss of about $25 bil-
lion ($20 billion) for aircraft impact (indoor anthrax) attacks.

Commercial policyholders cease to contribute once the aggre-
gate deductible plus co-payment reaches the $15 billion retention.
We estimate that, on average, deductibles and co-payments would
reach the retention at a total loss of about $43 billion ($33 billion)
for aircraft impact (indoor anthrax) attacks.

Finally, the responsibility for payment of TRIA-covered losses
above the $100 billion program cap are unspecified. This corresponds
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to total losses of $167 billion ($130 billion) for aircraft impact (in-
door anthrax) attacks and $370 billion for outdoor anthrax attacks.

Loss Distributions Under Potential Modifications to TRIA

Some observers might object to one or another aspect of the distribu-
tions accomplished by TRIA, believing that some group could be al-
located an inappropriate share under certain circumstances, such as
particular modes or sizes of terrorist attacks. Others might believe
that the distributions accomplished by the current TRIA might fail to
achieve TRIA’s objective of maintaining a viable terrorism insurance
market. In either case, TRIA would have to be modified to change
the loss distribution.

To help elucidate the effects of various possible modifications to
TRIA on the overall loss distribution, we estimate the loss distribu-
tion that would result when the different provisions of TRIA are
changed. In each case, we begin with a loss distribution goal and then
estimate the effect through simulation of some possible modifications
to TRIA in achieving this goal. Table S.4 summarizes the results,
which are described below. The key point is that losses are fixed. This
means that any attempts to shift distribution goals will not reduce
losses; they will simply shift the burden from one group to another
group or groups.

Reduce Uninsured Losses

By design, TRIA helps reduce uninsured terrorism losses in two ways:
by mandating that insurers offer coverage for certain losses resulting
from terrorist attacks and by limiting the amount that insurers are
responsible for paying, thereby allowing premiums to be lower than
they would be without TRIA. Two possible modifications that may
help further reduce the uninsured losses in a terrorist attack are ex-
tending the “make-available” requirement for terrorism insurance to
include CBRN coverage and making terrorism insurance coverage
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Table S.4
Distribution of Losses Under Possible Modifications to TRIA

Loss Distribution Goal
Possible

Modifications
Where Losses Are

Transferred

Mandate CBRN coverage
availability

Reduce uninsured losses
Make terrorism insurance
coverage mandatory

Target insurers, commer-
cial policyholders, and
taxpayers

Reduce burden on target
insurers

Decrease insurer deductibles Commercial policyholders
or taxpayers

Increase insurer deductibles Target insurers
Reduce burden on com-
mercial policyholders Decrease insurance market-

place retention
Taxpayers

Increase the deductible
and/or insurance marketplace
retention

Target insurers or commer-
cial policyholdersReduce burden on tax-

payers
Decrease TRIA ceiling Unknown

mandatory in commercial insurance policies. Reductions in unin-
sured losses will result in increased losses to target insurers, commer-
cial policyholders, and taxpayers.

A potential drawback of requiring insurers to offer CBRN cov-
erage is that it could leave individual target insurers more vulnerable
to losses that exceed their payment capacity. The principal concern
among insurers is that damage from a CBRN attack could span a very
large geographic area and a long time duration. This concern is exac-
erbated by the limited availability of reinsurance for terrorism. While
the loss-sharing provision of TRIA acts as reinsurance, TRIA provides
less flexibility for an insurer to tailor the amount of reinsurance it ob-
tains in different markets (e.g., different geographic areas or insurance
lines) than does commercial reinsurance.

Reduce Burden on Target Insurers

If a goal was to reduce the burden on the target insurers, the insurer
deductible or co-payment must be reduced. Because in most situa-
tions an insurer’s deductible will be much greater than its co-
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payment, a decrease in the deductible has a greater effect than an
equivalent percentage decrease in the co-payment. Decreasing the in-
surer deductible was proposed by Chalk et al. (2005) to reduce ter-
rorism insurance premiums and increase coverage take-up without
increasing the burden on taxpayers. This could be a viable approach,
but the burden on taxpayers would be unchanged only for losses be-
low the insurance marketplace retention amount. For a loss above the
retention amount, any reduction in losses for target insurers is offset
by increased losses to taxpayers.

Reduce Burden on Commercial Policyholders

The burden on taxpayers can be reduced by increasing the deductible
and/or the insurance marketplace retention. Either will shift losses
from taxpayers to target insurers or commercial policyholders or both,
depending on the size of the loss. The burden on taxpayers could also
be reduced by decreasing the aggregate ceiling on TRIA loss sharing.
A reduction in the ceiling will reduce taxpayers’ responsibility for ex-
tremely large losses. However, the law, as currently written, leaves
open the determination of whether TRIA-covered losses in excess of
$100 billion will be paid and, if so, by whom. Consequently, it is not
known who would become responsible for losses shifted from
taxpayers.

Reduce Burden on Taxpayers

The burden on taxpayers can be reduced either by increasing the de-
ductible and/or the insurance marketplace retention or decreasing the
aggregate ceiling on TRIA loss sharing. Either can shift losses from
taxpayers to target insurers or commercial policyholders or both, de-
pending on the size of the loss. A reduction in the ceiling will reduce
taxpayers’ responsibility for extremely large losses. However, the law,
as currently written, leaves open the determination of whether TRIA-
covered losses in excess of $100 billion will be paid and, if so, by
whom. Consequently, it is not known who would become responsi-
ble for losses shifted from taxpayers.
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Conclusions and Implications for TRIA

In terms of the conclusions, we focus on four areas: (1) the taxpayer
role under TRIA, (2) uninsured losses under TRIA, (3) target insurer
subsidy, and (4) the renewal of TRIA.

Taxpayer Role Under TRIA

Based on our analysis, we concluded that, overall, the role of taxpay-
ers is expected to be minimal in all but very rare cases, such as serial
large attacks on major buildings, highly effective large outdoor an-
thrax releases, or nuclear detonations. An important conclusion from
this finding is that TRIA is not primarily a taxpayer bailout of the
insurance industry.

An implication of this conclusion is that alternatives to TRIA
need not focus on protecting taxpayers. Thus, alternatives designed to
reduce the burden on taxpayers (increasing the deductible and/or the
insurance marketplace retention and decreasing the TRIA ceiling) do
not need to be high priorities. In addition, deliberations over other
TRIA alternatives should discount potential adverse effects on tax-
payers, as long as the alternatives do not significantly decrease the
point at which taxpayers begin to contribute.

It should also be noted that, even in cases where taxpayers ulti-
mately pay nothing under the TRIA loss distribution formula, there
is some indirect effect on taxpayers. First, some fraction of the sur-
charge on commercial insurance policyholders will likely ultimately
be borne by the general public. Second, even when the federal gov-
ernment recoups 100 percent of its initial payout, taxpayers effec-
tively provide an interest-free loan to the target insurers because re-
coupment occurs in the year(s) after the event. However, the
magnitude of these indirect effects would not decrease if the formal
taxpayers’ share were reduced; in fact, in some cases, the magnitude
would increase.

Uninsured Losses Under TRIA

TRIA helps reduce uninsured terrorism losses by making coverage
available and by limiting target insurers’ exposure. However, our



Summary    xxxi

analysis shows that, even with TRIA in place, a high fraction of losses
would go uninsured in each of the attack scenarios examined. Unin-
sured fractions range from 13 percent of the total loss in the indoor
anthrax scenario to 57 percent in the outdoor anthrax scenario.

Above we discussed two options for reducing the expected unin-
sured losses: (1) extending the “make-available” provision of TRIA to
include CBRN attack coverage and (2) making terrorism coverage
mandatory. Analysis of the former option shows that it would signifi-
cantly reduce uninsured losses in the two anthrax scenarios, assuming
take-up rose from the current 3 percent to 40 percent. As for the lat-
ter option, it could sharply reduce or eliminate uninsured losses, but
it faces a host of impediments.

Another alternative that would reduce uninsured losses is to de-
crease insurer deductibles or co-payments. While the Treasury Secre-
tary has stated that “[t]he Administration would accept an extension
[of TRIA] only if it . . . increases the dollar deductibles and percent-
age co-payments” (Snow, 2005), that concern is based on the desire
to minimize the government’s financial responsibility under TRIA—a
concern that is largely unwarranted based on our analysis. In fact, re-
ducing uninsured losses may ultimately reduce taxpayer liability. As
demonstrated most recently with Hurricane Katrina, governments
often feel compelled to compensate uninsured victims after a disaster.
As such, the expectation of post-disaster assistance can actually un-
dermine the demand for insurance against future catastrophes. Thus,
facilitating the purchase of insurance may decrease the ultimate tax-
payer burden.

Target Insurer Subsidy

A core element of TRIA is its risk-spreading formula that limits the
exposure of target insurers in a terrorist attack. After target insurers
pay claims, they are partially reimbursed for their losses by funds that
ultimately derive from general commercial insurance policyholders
and from taxpayers. The fact that primary target insurers’ losses are
subsidized has been identified as a potentially serious flaw of TRIA.
According to some arguments, by subsidizing target insurer losses,
TRIA crowds out development of some reinsurance markets, impedes
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efforts to price premiums accurately and to link premium prices to
risk-reduction measures, and delays the development of private ca-
pacity to absorb any future losses. In effect, the argument states that
the design of TRIA actually undermines its own objective of facili-
tating the development of a private terrorism insurance market.

While our analysis does not provide any insight into the effect
these subsidies may have on the development of a private terrorism
insurance market, it does provide quantitative estimates of their mag-
nitude, an important first step toward addressing this issue. We find
that, for aircraft impact and indoor anthrax attacks, the subsidy in-
creases from 30 percent of target insurers’ loss at a low total loss to 60
percent of target insurers’ loss at the TRIA cap of $100 billion in
TRIA-covered losses.

At the same time, resolving this issue and ultimately developing
a private market will require additional research about the risk of dif-
ferent types of terrorist attacks and about what types of preparedness
measures are available to the private sector and how effective they
would be. While policyholders could take steps to reduce their risk,
options are very limited for some types of attacks, such as an aircraft
impact. More generally, however, even if the risk reduction realized
from some steps could be quantified, the absolute risk of most terror-
ist attacks, or even the relative risk in the context of other types of
disasters, remains highly uncertain, making premium pricing very
difficult.

The Renewal of TRIA

While our analysis is not intended to be a comprehensive analysis of
the decision about whether to renew TRIA, our analysis does provide
information that bears on the decision. First, to the extent that tax-
payer involvement is not a concern for most terrorist attacks, budget-
ary considerations do not seem relevant as a motivation for allowing
TRIA to sunset. We note that TRIA comprises more than a provision
for a taxpayer subsidy and hence the lack of a taxpayer role does not
mean that TRIA has no influence on the terrorism insurance market.
Target insurers still receive substantial subsidies from the surcharge
on commercial insurance policyholders, and TRIA makes property
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insurance for conventional terrorism available to policyholders, both
of which act to make terrorism insurance more available and afford-
able.

Second, since allowing TRIA to sunset will likely increase ter-
rorism insurance premiums and reduce take-up, at least initially, the
failure to renew TRIA will likely contribute to the problem of unin-
sured losses instead of reducing it.

Finally, while one of the arguments against the renewal of TRIA
is that the subsidy of target insurer losses discourages efforts to price
terrorism insurance and develop a private terrorism insurance market,
the relationship between this subsidy and the development of a func-
tional market is quite controversial; as such, determining the validity
of the argument will require further study.
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CHAPTER ONE

Introduction

Background

The 9/11 attacks changed the landscape of terrorism loss compensa-
tion. Those attacks resulted in at least $20 billion in insured losses
(Dixon and Kaganoff-Stern, 2005) and may eventually reach $32 bil-
lion in insured losses (Hartwig, 2004). As a result of the substantial
losses incurred, insurers questioned their ability to pay claims in fu-
ture attacks and began to exclude terrorism coverage from commer-
cial insurance policies (U.S. General Accounting Office, 2002; Hub-
bard and Deal, 2004). In turn, private-sector decisionmakers involved
in large real estate developments, building large buildings, and
choosing where to locate business operations began to have second
thoughts about the advisability, scope, and location of those projects.

The fear that a lack of insurance coverage would threaten eco-
nomic stability and growth, urban development, and jobs (U.S. Gen-
eral Accounting Office, 2002) led the federal government to adopt
the Terrorism Risk Insurance Act (TRIA). TRIA, which is described
in more detail in Chapter Two, requires primary commercial prop-
erty-casualty insurers to offer terrorism insurance coverage. TRIA also
includes a risk-spreading scheme that subsidizes the amount that in-
surers are required to pay in settling claims for terrorist attacks.

The purpose of TRIA is to (1) protect consumers by addressing
market disruptions and ensure the continued widespread availability
and affordability of property and casualty insurance for terrorism risk
and (2) allow for a transitional period for the private markets to sta-
bilize, resume pricing of such insurance, and build capacity to absorb
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any future losses. Another explicit goal of the TRIA program is to
provide an equitable distribution of shared costs of recovery (Bragg,
2005).

TRIA is temporary legislation enacted in November 2002. Un-
less Congress takes action to extend TRIA, it automatically ceases to
be in force at the end of 2005. The pending expiration of TRIA re-
quires that policymakers assess the effectiveness of TRIA and decide
whether to extend, modify, or terminate it. This assessment hinges on
understanding two related issues: how TRIA will redistribute losses
among the different parties under different circumstances and how
the assurance of risk spreading will influence decisions that will affect
economic stability and growth.

This assessment is complicated by the fact that there have been
no large terrorist attacks in the United States since 9/11. Conse-
quently, policymakers have few empirical data on which to base an
assessment of the likely effects of TRIA in response to a major terror-
ist attack. This lack of data makes it difficult to address issues directly
related to the distribution of losses, such as the relative shares paid by
various parties. The distribution of losses also influences the effec-
tiveness of TRIA in promoting economic stability and growth. How
insurers, lenders, developers, and others behave over the long term
will likely depend strongly on how losses from large terrorist attacks
are expected to be distributed among different parties under TRIA.
Because there have been no attacks for which TRIA has been acti-
vated, existing evaluations of the effect of TRIA (e.g., U.S. Depart-
ment of the Treasury, 2005; Congressional Budget Office, 2005;
Hubbard and Deal, 2004; Smetters, 2004) may not reflect the ulti-
mate impact of TRIA on affected parties and how those parties’ re-
sponses would influence the insurance market and overall economic
stability and growth.

This study is designed to provide policymakers with empirical
estimates of the likely effects of TRIA on the distribution of losses
resulting from terrorist attacks. We simulate the expected losses for
different terrorist attack scenarios and then examine the effects of the
insurance system and TRIA on the ultimate distribution of the losses
under different circumstances. These results show how TRIA, as cur-
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rently written, is likely to respond to the losses that might result from
a different attack mode and different loss magnitudes. We then ex-
amine the likely effects of changes to each of TRIA’s major provisions
on the ultimate distribution of losses. This part of the analysis shows
which provisions of the act would have to be changed in which ways
to produce a desired change in the effects of TRIA. We do not ex-
amine the possible responses of private-sector decisionmakers in this
study; we leave that question to future work.

Research Approach

The overall study presented in this book consists of three major com-
ponents. First, we simulate the anticipated losses and the effects of the
current insurance system on a number of different scenarios for each
of three different modes of terrorist attacks: crashing a hijacked air-
craft into a major building, releasing anthrax within a major building,
and releasing anthrax outdoors in a major urban area. Second, we es-
timate the likely effects of TRIA on the ultimate distribution of the
losses resulting from each of the individual attack scenarios as well as
for cumulative annual losses resulting from the different attack modes
examined. Third, we identify the provisions of TRIA that affect the
extent to which it redistributes losses among various parties and esti-
mate the effects of changing each of those provisions on TRIA’s redis-
tribution function. We compare the effects of TRIA on the loss dis-
tribution for different attack modes and for different cumulative
annual losses to illustrate the similarities and differences in TRIA’s
response to different kinds of attacks or to different loss magnitudes.
Our analytical approach is summarized in Figure 1.1.

We begin with an event model, which uses physical principles to
estimate the effects of a specific type of attack at a specified location.
The event model provides estimates of the property damage and
casualties that would result from an attack on a specific building or,
in the case of an outdoor anthrax attack, a specific metropolitan area
somewhere within the United States.
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Figure 1.1
Analytical Framework

Event model
Initial loss

distribution
TRIA or

alternative
Ultimate loss
distribution

Effects of TRIA or alternative

We then estimate the consequent compensation that would be
paid to those who initially incurred losses by private insurance under
relevant coverages. We apply the estimates of compensation paid by
private insurance to the estimates of the losses incurred by various
parties as a result of the attack to obtain the initial loss distribution.
The initial loss distribution thus describes the distribution of the net
losses incurred by various parties as a result of the attack. It includes
the net losses incurred by private parties, the initial losses less any
compensation paid for those losses from private insurance, and the
payments made by private insurers under various coverages.

The TRIA model then estimates how TRIA’s risk-sharing provi-
sions would have redistributed losses in each scenario. The applica-
tion of TRIA to the initial loss distribution gives rise to the ultimate
loss distribution; that is, the net losses incurred by various parties af-
ter the application of TRIA’s risk-sharing provisions.

Finally, we compare the initial loss distribution to the ultimate
loss distribution to estimate how TRIA would affect the distribution
of losses under different circumstances. This comparison allows us to
identify the extent to which TRIA’s effects on the distribution of
losses vary by attack mode or cumulative annual losses. To estimate
the effects of modifications to TRIA, we replace the TRIA model
with a modified version of TRIA and compare the ultimate loss dis-
tribution under TRIA as currently written to that under TRIA as
modified.
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Organization of This Book

Chapter Two describes TRIA and its primary risk-sharing provisions.
Chapter Three summarizes our analyses of all three types of terrorist
attack scenarios and presents our major findings regarding the losses
that might be caused by attacks of various modes and sizes. These
analyses are detailed in Appendixes A and B. We present our analysis
of the effects of TRIA in redistributing the costs of the losses incurred
in the various attack scenarios in Chapter Four. Chapter Five presents
our analysis of the provisions of TRIA that affect the redistribution of
these losses and how changes in these provisions would change the
ways in which TRIA would redistribute the losses. Finally, Chapter
Six presents some general conclusions of our analysis and their impli-
cations for the future of TRIA.
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CHAPTER TWO

The Terrorism Risk Insurance Act

Overview

TRIA requires primary insurers to make terrorism coverage available
to commercial policyholders. In return for making coverage available,
TRIA limits the amount that insurers are responsible for paying by
means of a risk-sharing formula. In this formula, a primary insurer is
responsible for payouts up to an annual deductible and for a co-
payment of 10 percent of all losses above the deductible. Insured
losses beyond the deductible and co-payment are paid by a surcharge
on all commercial insurance policyholders and by taxpayers.

The requirement to offer coverage and the risk-sharing scheme
in TRIA apply to commercial property and casualty policies only;
they do not apply to life or health policies or to personal lines such as
auto or homeowners’ insurance. In addition, TRIA is restricted to
certified foreign terrorist attacks only. For an attack to be certified,
the perpetrators must have acted on behalf of a foreign person or for-
eign interest. TRIA does not apply to attacks that are not certified as
foreign.

Finally, TRIA allows insurers to exclude property losses from
chemical, biological, radiological, and nuclear (CBRN) incidents
from policies as long as the exclusion is also applied to losses arising
from events other than acts of terrorism. For instance, losses from
radiation are routinely excluded from insurance policies and therefore
these exclusions apply to terrorism insurance as well. No state allows
exclusions on workers’ compensation, and therefore terrorism losses
are paid under all workers’ compensation policies (including CBRN
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attacks). Losses from a CBRN attack that are insured are eligible for
the risk-spreading provision of TRIA.

Figure 2.1 illustrates TRIA’s general features. Certain parame-
ters of TRIA have changed from year to year; the figure shows TRIA’s
2005 parameters.

The left part of the figure shows the distribution of initial pay-
outs under TRIA. Primary insurers who have paid claims on policies
that include terrorism coverage and are in lines covered by TRIA
(henceforth “target insurers”1) are responsible for payouts up to an
annual deductible equal to 15 percent (in 2005) of the insurer’s
group’s annual direct earned premium on TRIA-eligible lines the

Figure 2.1
Summary of Initial and Final Payouts Under TRIA
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____________
1 We use the term target insurer to refer to insurers with losses on commercial insurance
policies covered by TRIA. In practice, many insurers sell commercial insurance as well as
other lines (homeowners, auto, life, and health) that are not covered by TRIA.
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previous year. A target insurer is also responsible for a co-payment of
10 percent of all losses above the deductible. The remaining 90 per-
cent of losses above the deductible are reimbursed to the insurer by
the federal government. This formula is applied for aggregate annual
insured losses in TRIA-eligible lines up to $100 billion. TRIA speci-
fies that insurers are not responsible for TRIA-covered losses2 above
$100 billion, but it does not explicitly specify who would be respon-
sible for insured losses in excess of $100 billion.

TRIA also requires that the federal government recoup the dif-
ference between an “insurance marketplace aggregate retention
amount” ($15 billion in 2005) and the sum of insurer deductibles
and co-payments for that year. Recoupment is collected through a
surcharge of up to 3 percent per year on all commercial insurance
policies in the United States. The right part of Figure 2.1 shows the
ultimate distribution of payouts after recoupment.

It is, of course, possible that the government would not attempt
to recover these costs following a future terrorist attack. However, the
law, as written, requires that the government recoup its payouts. We
assume this provision of the law throughout the following analysis.

The initial federal government payout is the difference between
the TRIA-covered loss and the sum of the aggregate deductible and
the aggregate co-payment. The total amount recouped through the
surcharge (S) is given by:

S = Min LTRIA ,R( ) − D + C( ) , (2.1)

where LTRIA  = the TRIA-covered loss, R = the insurance marketplace
aggregate retention amount, D = the aggregate deductible, and C =
the aggregate co-payment. For total annual TRIA-covered losses less
than R, S  equals the federal payout, and hence the entire federal pay-
out is recouped. If total annual TRIA-covered loss exceeds R, the fed-
eral share of losses is only partially recouped, and if the sum of insur-
____________
2 TRIA-covered losses are claims payments made by primary insurers in lines eligible for
reimbursement under TRIA.



10    Distribution of Losses from Large Terrorist Attacks Under TRIA

ers’ deductibles and co-payments exceeds R, none of the federal share
of losses is recouped.

In addition to the mandatory recoupment amount, TRIA pro-
vides the option for additional federal recoupment if economic and
other conditions warrant it. It is possible that the government would
attempt to recover these costs following a future terrorist attack.
However, the law, as written, does not require that the government
recoup its payouts in excess of the mandatory recoupment amount.
Throughout the following analysis, we assume that the federal gov-
ernment does not seek recoupment of its payouts above the manda-
tory amount.

Distribution of Losses Under TRIA

As noted above, TRIA is designed to spread the risks of insuring
against losses resulting from terrorist attacks. TRIA does not apply to
the losses incurred in a terrorist attack that have not been insured.
TRIA formally distributes the losses resulting from a terrorist attack
among five groups: (1) people and businesses who lack coverage for
terrorism losses and must, therefore, bear the losses themselves (“un-
insured”), (2) insurers of losses covered by policies in insurance lines
not eligible for TRIA coverage such as life and health insurers, (3)
primary insurers of losses covered by policies in commercial insurance
lines that are eligible for TRIA coverage (“target insurers”), (4) all
commercial insurance policyholders in the country, from whom the
federal government recoups all or part of its initial payout (“commer-
cial policyholders”), and (5) taxpayers. Five provisions of the
law—insurance availability and take-up, TRIA eligibility, deductibles
and co-payments, insurance marketplace retention, and the ceiling on
insurers’ responsibility—determine how the losses resulting from a
terrorist attack are redistributed among these five groups. Figure 2.2
illustrates the TRIA provisions that influence the share of terrorist
attack losses redistributed to each of these groups.



The Terrorism Risk Insurance Act    11

Figure 2.2
Influence of TRIA Provisions on Loss Distribution

Total
loss

Insurance
availability

and take-up

TRIA
eligibility

Deductibles
and

co-payments
Retention Ceiling

Uninsured Life and health
insurers

Target
insurers

Commercial
policyholders

Taxpayers ?

Insurance Availability and Take-Up

TRIA does nothing to spread the losses incurred by those who suffer
an injury to their persons or property for which they have not pur-
chased insurance. However, TRIA does influence the take-up of ter-
rorism insurance coverage in two ways: by mandating that insurers
offer coverage for certain losses resulting from terrorist attacks and by
limiting the amount that insurers are responsible for paying, thereby
allowing premiums to be lower than they would be without TRIA.
Under TRIA, insurers must offer coverage for property losses from
conventional terrorist attacks, although policyholders may decline to
purchase that coverage. Insurers may choose to offer property cover-
age for terrorist CBRN attacks, and policyholders are free to decline
the offer if they so choose. In addition, TRIA does not alter the re-
quirement that workers’ compensation policies must include coverage
for losses from all perils, including terrorist attacks.

The fraction of commercial policyholders who purchase terror-
ism coverage when it is offered, generally termed the take-up, deter-
mines what fraction of the total losses resulting from a terrorist attack
will be incurred by policyholders who declined to purchase terrorism
coverage (“uninsured”).

TRIA Eligibility

TRIA does nothing to spread the losses incurred by a line of insur-
ance that is not eligible for TRIA coverage. As currently written,
TRIA is explicitly limited to commercial lines of property and casu-
alty insurance, including excess insurance, workers’ compensation,
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and surety insurance. Specific lines eligible for TRIA are listed in Ab-
ernathy (2003). Insurer losses in other insurance lines are not eligible
for reimbursement under TRIA. For example, life insurers who had
not excluded coverage of deaths caused by terrorist attacks would
compensate the survivors of policyholders killed in a terrorist attack.
But, TRIA would do nothing to spread the costs that life insurers in-
curred as a result of the attack. Similarly, TRIA would do nothing to
spread the costs that insurers incurred in paying claims for health in-
surance or personal line policies such as homeowners or automobile
insurance. TRIA-eligibility determines which insured losses resulting
from a terrorist attack are subject to loss sharing under TRIA.

For most attacks on targets, losses in personal lines will be
minimal, and thus noncommercial insurers will be primarily life and
health insurers.

Deductibles and Co-Payments

Under TRIA, target insurers compensate policyholders for covered
losses incurred in a terrorist attack. The target insurers are then reim-
bursed by the federal government for claims payments in TRIA-
covered lines in excess of their deductible and co-payments. The
TRIA deductible and co-payment provisions determine the amount
of TRIA-covered losses retained by the target insurers. Deductibles
and co-payments are paid by “target insurers.”

Aggregate Insurance Marketplace Retention

TRIA requires that the federal government recoup the difference be-
tween an insurance marketplace aggregate retention amount ($15 bil-
lion in 2005) and the sum of insurer deductibles and co-payments for
that year. The specified retention amount determines what part of the
losses above the deductible and co-payment is paid by commercial
policyholders through the commercial policy surcharge (“commercial
policyholders”).

Although this share is collected through a policyholder sur-
charge, because the surcharge effectively increases the cost of com-
mercial insurance in subsequent years, this share will ultimately be
paid by policyholders, insurers, and the general public. Presumably,
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some commercial insurance purchasers are on the margin in the sense
that, if the price is increased, they will decline to purchase insurance
they would otherwise have bought. In other cases, the insurer will
reduce its price for the policy rather than lose the business. Conse-
quently, the surcharge will effectively be partially paid by policyhold-
ers who end up paying somewhat more for their policies and partially
paid by insurers who lose some business and receive lower prices on
some of the business they retain. Ultimately, some of the costs of the
surcharges will be passed on to the general public as commercial poli-
cyholders pass on some of the increases in their insurance costs to cus-
tomers in the form of higher prices for the goods and services they
sell. The rest of the surcharge costs will be absorbed by employees and
shareholders of insurers and commercial businesses that lose business
because of the higher costs and make smaller profits on the business
they retain. We do not attempt to estimate the ultimate incidence of
the policyholder surcharge and treat it as an undivided whole amount
in this book.

Coverage Ceiling

TRIA specifies that insurers are not responsible for TRIA-covered
losses above $100 billion. The federal government reimburses target
insurers for TRIA-covered losses in excess of their deductible and co-
payments and recoups the difference, if positive, between the aggre-
gate insurance marketplace retention and the sum of insurer deducti-
bles and co-payments for that year. Thus, taxpayers ultimately pay for
TRIA-covered losses above the larger of either the aggregate insurance
marketplace retention or the sum of target insurers’ deductible and
co-payments, up to $100 billion. The law, as currently written, leaves
the determination of whether TRIA-covered losses in excess of $100
billion will be paid and, if so, by whom.

The five TRIA provisions highlighted in Figure 2.2 determine
how terrorist attack losses will be distributed to each of five groups.
Accordingly, any change in one or more of these provisions will affect
the ways in which terrorist attack losses will be distributed to each of
these groups. And, to achieve a desired change in the ways in which
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terrorist attack losses will be distributed to each of these groups, one
or more of these provisions would have to be modified.
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CHAPTER THREE

Terrorist Attack Scenarios

To provide an accurate basis on which to examine the effects of
TRIA, we examined in detail the losses that would be expected in
three types of large terrorist attacks: an aircraft impact into a tall
building, an anthrax release inside a major building, and an outdoor
anthrax release in a major urban area. This chapter summarizes the
modeling methodology and results. The methodology and results are
discussed in detail in Appendix A.

The treatment of terrorist attack losses under TRIA depends on
the insurance line under which a given loss is covered. The objective
of the modeling, therefore, was to estimate terrorist attack losses and
to estimate the extent to which those losses would be covered by dif-
ferent types of insurance. Our general modeling approach entailed
selecting an event scenario; modeling the hazard footprint, or the
value of damage-causing agents as a function of position; converting
the hazard into casualties and property damage; and estimating the
compensation paid for those losses by different insurance lines. Much
of our modeling utilized the Risk Management Solutions (RMS)
Probabilistic Terrorism Model.1 Some parts of the simulations also
utilized models developed by RAND and by federal government
agencies (see Appendix A).
____________
1 RMS is a leading provider of models and services for catastrophe risk management.
Through the CTRMP, RAND has full access to the RMS terrorism model for use in policy
analysis. RAND and RMS worked together closely to ensure that model data, assumptions,
and limitations are accurately accounted for in the analysis.
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The attack modes selected represent feasible attacks and indeed
were chosen because they involve methods (aircraft impact) or mate-
rials (anthrax) that have been used in previous terrorist attacks. They
also represent a range of potential outcomes and therefore can pro-
vide some information on the robustness of TRIA. However, any in-
dividual scenario should be regarded as a very low probability event.
No attempt is made in this study to estimate probabilities.

Attack Scenarios

Aircraft Impact

Aircraft impacts were simulated with the RMS model and consist of a
fully fueled large commercial aircraft impacting a tall building in a
major metropolitan area. The model assumes complete collapse of the
target building and accounts for damage to neighboring structures.
We examined aircraft impact attacks at each of 454 actual buildings
in the United States, including every building over 40 stories, plus
some smaller, “high profile” buildings that have particularly high
visibility or symbolic value. Our analysis focuses on the results for one
particular large building, the “major office building,” which falls in
the 93rd percentile among all buildings analyzed in terms of total
casualties. We focus on a scenario near the high end of the range be-
cause, as we show below, losses from even very large aircraft impacts
are small compared with the loss range for which TRIA applies.
Simulations account for the characteristics of the target building; the
density and characteristics of the neighboring buildings; the time of
occurrence; and the number, occupational status, and age distribution
of the occupants. We simulated mid-afternoon, weekday attacks be-
cause office buildings are most fully occupied at this time, which
would maximize the casualty losses.

The aircraft impact attack, which is similar to the one employed
on 9/11, is intended to represent a large-scale conventional (in con-
trast to CBRN) attack and was selected because of its tragic familiar-
ity. Indeed, inasmuch as TRIA was a response to 9/11, the aircraft
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impact attack is the type of attack for which TRIA was designed
(Chalk et al., 2005).

Indoor Anthrax Release

In the indoor anthrax attack scenario, a sprayer is placed in a room on
the ground floor of a large building and aerosolized dry anthrax
spores are distributed throughout the building by the building’s air
circulation system.2 Our analysis explicitly addressed the effect of fil-
tering in the air circulation system. The time of release is set to 9 a.m.
to maximize the number of people exposed and their duration of
exposure—anthrax spores can linger indoors for many hours.

We assume that the release occurs undetected and that the at-
tack is discovered three days after release through clinical diagnosis of
early victims.3 Consequently, we assume that the number of exposed
people includes those in the building at the time of the release plus a
fraction of those who enter the building over the next three days (see
Appendixes A and B for details).

This anthrax attack, while unprecedented, is adopted in this
study to examine the outcomes of TRIA in a CBRN attack. Anthrax
was chosen because of the precedent of the anthrax attacks in Sep-
tember and October of 2001, which showed that such an attack is
well within the capability of terrorists (though the 2001 attacks used
a less effective method of delivery and caused far fewer casualties than
the one studied here).

Outdoor Anthrax Release

In this scenario, a sprayer mounted on a moving truck releases 75
kilograms of anthrax-containing slurry as it drives along a 5-kilometer
linear path. The resulting anthrax cloud extends many kilometers
____________
2 The indoor anthrax release was modeled with the CONTAMW Multizone Airflow and
Contaminant Transport Model from the National Institute of Standards and Technology
(Dols and Walton, 2002).
3 The material, equipment, and manpower required to execute an attack can easily escape
detection at the time of attack. Moreover, the infected victims would take one to six days to
show symptoms. We assume that anthrax is suspected through the symptoms of early pa-
tients and confirmed by laboratory tests.



18    Distribution of Losses from Large Terrorist Attacks Under TRIA

downwind of the release path.4 The attack targets a highly populated,
metropolitan area in which the population density is modeled as
zones of progressively decreasing density. As in the indoor release
case, the release takes place at 9 a.m. in order to catch workers at the
beginning of their workday and maximize their duration of exposure.

Most of the casualties would take place inside buildings, as there
are typically many more people indoors than outdoors.5 To deter-
mine the indoor dose level, we first calculate the outdoor dose levels
at various heights where building air inlets are located then determine
the dose reduction factor caused by the buildings to quantify the dose
level inside the buildings. The dose reduction inside buildings de-
pends on a building’s filtering efficiency, which is greater for down-
town office buildings than it is for surrounding suburbs.

Terrorism experts differ widely in their assessments of the diffi-
culty of successfully perpetrating an attack of this magnitude using
anthrax. However, it is clear that the country should consider the full
spectrum of threats.

Losses and Compensation by Insurance Line

Terrorist attack losses are defined in terms of casualties and property
damage. Casualties are classified into six categories: (1) medical only,
(2) temporary total disability, (3) permanent partial disability—
minor, (4) permanent partial disability—major, (5) permanent total
disability, and (6) fatal.6 Property damage is classified into three cate-
gories: building, contents, and business interruption.

Losses in the aircraft impact scenario were estimated with the
RMS model and include casualties and property damage in the col-
lapsed target building and neighboring structures, as well as business
interruption losses resulting from a civil authority exclusion zone
____________
4 The outdoor anthrax release was modeled with the Chemical/Biological Agent Vapor, Liq-
uid, and Solid Tracking model (Bauer and Gibbs, 2001).
5 We have assumed that all casualties occur indoors.
6 These categories correspond to standard definitions used for workers’ compensation
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around the incident site.7 Indirect, macroeconomic effects of a ter-
rorist attack may be substantial. However, these effects extend beyond
the influence of insurance and thus are not germane to a discussion of
TRIA. Casualty losses in the anthrax scenarios were estimated with an
expanded version of a model developed recently at RAND (Chow et
al., n.d.) and include the effects of not only anthrax infection but also
antibiotic prophylaxes and medical treatments. This model assigns
anthrax casualties to four of the six categories; the model assumes
there will be no permanent partial disabilities. Property damage in the
anthrax scenarios was estimated with the RMS model and includes
building decontamination and business interruption.

For the aircraft impact and the anthrax scenarios, we used the
RMS model to estimate how the private-sector insurance system
would compensate various parties for the losses they would incur. To
simplify our loss calculations, our estimates of insured loss neglect
insurance premiums, policyholder deductibles, co-payments, and
policy limits. In reality, these costs would be borne by policyholders.
By neglecting these factors, we effectively lump the policyholders’
share in with the insurers’ share and do not include a separate policy-
holders’ share. Thus, the total loss is not affected, but we overestimate
the target insurers’ share by an amount equal to what policyholders
would be responsible for paying. The magnitude of the policyholders’
share, however, is generally expected to be small. Deductibles and co-
payments for terrorism coverage are typically the same as for all other
perils and so are likely to represent a small fraction of the loss. Ter-
rorism premiums are also expected to be a small fraction of the loss.8

Policy limits, however, may lead to a non-negligible policyholder
share. According to Doherty et al. (2005), in many cases, policyhold-
ers have not purchased, or have been unable to obtain, insurance for
the full value of the property. In such a case, the policyholder would
____________
7 Business interruption losses include only losses from business closure and do not include
indirect losses such as decreased sales.
8 The average premium price for terrorism insurance in 2004 was 0.0057 percent of total
insured value (U.S. Department of the Treasury, 2005). The ten-year cumulative premium
for an attack resulting in a $5 billion insured loss would be $2.9 million.
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be responsible for losses over the limit. For cases where a building is
completely destroyed, this may be a significant fraction of the total
loss.

We assume that workers injured at their place of work are com-
pensated at the workers’ compensation rates in the state in which they
were injured. Workers and non-workers are also compensated by
various forms of life and health insurance at national average penetra-
tion rates and coverage levels. Penetration rates and coverage levels
vary by insurance line and type of population. For example, we as-
sume that 60 percent of employed professionals have individual life
insurance at an average coverage of $150,000.9

In estimating insurance payments for property damage, we as-
sume insurance will cover the full replacement value of insured com-
mercial buildings that are damaged or destroyed in an attack. Com-
pensation levels for contents and business interruption losses are
estimated at average insured values.

Tables 3.1 and 3.2 illustrate the estimates we developed for each
scenario we ran for each attack mode. Table 3.1 shows the estimated
casualty distributions for an aircraft impact into one of the largest of-
fice buildings in the country (“Major Office Building” or MOB), an
indoor anthrax release in the same major office building, and an out-
door anthrax release.

The outdoor anthrax attack leads to the largest number of casu-
alties, over two million, with over 36,000 deaths. This extreme cata-
strophic scenario exceeds the size of the other two scenarios by an or-
der of magnitude, and therefore it will illustrate the performance of
TRIA in an attack far larger than 9/11. The indoor anthrax attack
leads to the smallest number of casualties, though with greater sever-
ity: Serious injuries and fatalities both exceed the aircraft impact at-
tack.
____________
9 Coverage rates and levels for some target areas such as New York City likely exceed na-
tional averages; thus, the model may underestimate life and health insurance losses in such
areas.
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Table 3.1
Casualty Distributions for Terrorist Attack Scenarios

Casualty Type

Aircraft Impact
(Major Office

Building)

Indoor Anthrax
(Major Office

Building)

Outdoor Anthrax
(Major Urban

Area)

Medical only 35,524 5,500 1,901,476

Temporary total disability 641 1,500 19,960

Permanent partial disability—
minor 561 — —

Permanent partial disability—
major 401 — —

Permanent total disability 430 4,500 59,881

Fatal 2,632 2,750 36,594

Total 40,188 14,250 2,017,911

Table 3.2
Allocation of Losses by Insurance Line for Terrorist Attack Scenarios
(in millions of dollars)

Insurance Line

Aircraft Impact
(Major Office

Building)

Indoor Anthrax
(Major Office

Building)

Outdoor Anthrax
(Major Urban

Area)

Property $4,482 $1,061 $100,414

Workers’ compensation $1,522 $6,115 $43,472

Group life $307 $323 $2,472

Individual life $235 $247 $2,109

Accidental death and
dismemberment $121 $208 $1,483

Health $1 $10 $22,354

Total $6,668 $7,964 $172,304

Table 3.2 shows the insured losses for each of the three scenarios
across lines of insurance. Obviously, the outdoor anthrax attack has
the largest losses overall, and in every line of insurance as well. The
indoor anthrax attack, despite lower casualties, has total losses that are
of similar (slightly higher) magnitude as the aircraft impact attack,
reflecting the higher severity of injury and therefore higher costs.

The distribution of losses among insurance lines varies across the
scenarios. Property losses account for 13 percent of the total loss in
the indoor anthrax scenario, 58 percent of the total in the outdoor
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anthrax scenario, and 67 percent of the total in the aircraft impact
scenario. Workers’ compensation shows a complementary variation,
accounting for 77 percent of the losses in indoor anthrax, 25 percent
in outdoor anthrax, and 23 percent in the aircraft impact. Life and
health lines10 make up 10 percent in the indoor anthrax and aircraft
impact scenarios and 16 percent in the outdoor anthrax scenario. A
comparison between the aircraft impact simulation and the actual
losses from the World Trade Center (WTC) attacks on 9/11 is given
in Appendix A.

As discussed in Appendix A, there is great uncertainty about any
eventual liability losses from 9/11, so we omit potential liability losses
from this analysis. Briefly, after 9/11, Congress limited the liability of
most defendants and created the 9/11 Victims’ Compensation Fund,
which significantly lowered the ultimate liability losses. It is unclear
whether this will occur in future attacks. If liability is not limited in
future attacks, we would expect that the financial losses could be sig-
nificantly higher than the estimates reported here.

The allocation of losses by insurance line listed in Table 3.2
forms the basis for our analysis of the effects of TRIA on the ultimate
distribution of losses after a large terrorist attack.
____________
10 We define life and health insurer losses as the sum of losses from group life, individual
life, accidental death and dismemberment, and health lines.
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CHAPTER FOUR

The Distribution of Terrorist Attack Losses Under
TRIA

We estimated how terrorism losses would be distributed among vari-
ous parties under TRIA. Our analysis is based on the losses and allo-
cation of losses by insurance line estimated for the attack scenarios
described in Chapter Three. Calculating how losses would be distrib-
uted under TRIA requires estimating the fraction of the total loss that
is insured and the fraction of insured loss that is eligible for TRIA.
TRIA-covered losses are then apportioned to various parties accord-
ing to the loss-sharing scheme defined in TRIA.

Uninsured Loss

The uninsured loss from a terrorist attack is simply the difference be-
tween the total loss and the insured loss. In the context of TRIA, the
insured losses consist of those losses not eligible for TRIA, which
comprise life and health losses in this analysis, and TRIA-covered
losses, which comprise commercial property and workers’ compensa-
tion losses. The following sections discuss how each of these loss types
is estimated.

Life and Health Insurer Loss

Losses to life and health insurers are not eligible for TRIA. In this
analysis, we define life and health insurer losses as the sum of losses in
group life, individual life, accidental death and dismemberment, and
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health lines. Life and health insurer losses for the three scenarios we
examined are given in Table 3.2.

TRIA-Covered Loss

The TRIA-covered loss is the part of the total loss eligible for reim-
bursement under TRIA and comprises workers’ compensation and
insured commercial property losses. In an attack on a major office
building, the TRIA-covered loss, Li

TRIA , is:

Li
TRIA = Li

total TLMOB
prop + LMOB

WC

LMOB
total , (4.1)

where Li
total  is the total loss, T  is the fraction of property loss that is

insured against terrorism (insurance take-up) and LMOB
prop , LMOB

WC , and
LMOB

total  are the modeled property, workers’ compensation, and total
losses, respectively, for the aircraft impact or indoor anthrax release in
the major office building scenario.1 T is applied to the property loss
only because workers’ compensation coverage is mandatory and ter-
rorism coverage cannot be excluded.

For the outdoor anthrax attack in a major urban area (MUA),
the TRIA-covered loss is given by:

Li
TRIA = Li

total TLMUA
prop + LMUA

WC

LMUA
total , (4.2)

____________
1 Estimating the TRIA-covered fraction of total loss using the WTC losses from Hartwig
(2004) gives a value very similar (within 5 percent) to the value we get using the MOB
simulation results.
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where LMUA
prop , LMUA

WC , and LMUA
total  are the property, workers’ compensa-

tion, and total losses (shown in Table 3.2), respectively, for the mod-
eled outdoor anthrax release in a major urban area.

Note that losses from life and health lines are not eligible for
TRIA coverage and are not included in Equations (4.1) or (4.2).

Target Insurer Loss

The target insurer loss is the target insurers’ share of the TRIA-
covered losses, which consists of deductibles and co-payments made
by primary insurers in lines eligible for reimbursement under TRIA.
Our method for estimating deductibles and co-payments is explained
below.

Aggregate Insurance Industry Annual TRIA Deductible

Under TRIA, each target insurer compensates its policyholders for
covered losses incurred in a terrorist attack. Commercial target insur-
ers are then reimbursed by the federal government for payments in
TRIA-covered lines in excess of their annual deductible and co-
payments. Because each target insurer’s deductible depends on its
group’s direct-earned premiums, each target insurer faces a unique
deductible. Our concern is how TRIA affects the distribution of
losses among different types of parties; we do not attempt to predict
how individual insurers will fare in a terrorist attack. Accordingly, we
compute an aggregate deductible for multiple insurers based on esti-
mates of average insurer characteristics and do not attempt to esti-
mate deductibles for each individual insurer.

To estimate the total losses paid by target insurers under TRIA,
we must first estimate the aggregate insurance industry annual de-
ductible specified by TRIA for the insurers involved in the attack (ag-
gregate deductible). However, because of the way insurer deductibles
are calculated under TRIA, the aggregate deductible is difficult to
predict. Unlike more familiar deductibles used in insurance policies,
insurer deductibles under TRIA are not defined in terms of losses. An
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individual target insurer’s deductible is based on its group’s premium,
so the aggregate deductible depends on the number and size of insur-
ance companies incurring TRIA-covered losses. Because there is no
way to predict which insurers will incur terrorism losses over the
course of a year, there is no direct way to estimate the aggregate de-
ductible.

Thus, a significant challenge in estimating the allocation of
losses under TRIA is uncertainty in the number of insurers affected
by a given attack. A simple analysis might assume that a single insurer
is involved. While there may be some situations where this is the case
(such as an attack on a corporate headquarters building where the
corporation is the sole occupant of the building and where a single
insurer writes all the insurance for the target corporation), this is typi-
cally not the case. Because multiple insurers are affected by the attack,
the calculation of the distribution among insurers, policyholders, and
taxpayers will change.

We use data on the identities and losses of the insurers involved
in the World Trade Center attack to develop a series of assumptions
about the aggregate deductible that would apply in a terrorist attack
on a building and its immediate neighbors. We use these assumptions
to estimate what the aggregate effective deductible would be in a ter-
rorist attack on a building and then use those estimates to explore the
effects of TRIA in response to aircraft impact and indoor anthrax at-
tack scenarios. Because we have no reason to believe the available data
provide a basis for estimating the deductibles that would apply in an
outdoor anthrax attack, we employ an entirely different series of as-
sumptions to explore the effects of TRIA in response to an outdoor
anthrax attack scenario.

Deductible for Aircraft Impact and Indoor Anthrax Attacks. The
vast majority of the damage in the aircraft impact and indoor anthrax
attack scenarios is inflicted on the target building and its immediate
neighbors. Consequently, the vast majority of losses are incurred by
insurers on the target building and the tenants in that building.
While there is no way of knowing which targets will be attacked in
the future, our limited experience indicates that terrorists are likely to
target large, high-profile buildings in major metropolitan areas for
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both aircraft impact and indoor anthrax attacks. If this pattern con-
tinues for future attacks, it may be reasonable to assume that a similar
cross-section of insurers will be affected by aircraft impact and indoor
anthrax attacks. Based on this assumption, we estimate the TRIA de-
ductible for these scenarios in the same way.

Because data on identities of the insurers involved at any par-
ticular site are not generally available, we have made several assump-
tions to estimate what the aggregate insurance industry deductible
would be in any particular scenario that involves an attack on a
building.

To begin, we assume that the number of primary insurers in-
volved in any particular site is proportional to net insured loss. This
assumption reflects three subsidiary assumptions. First, we assume
that at any potential target, any one insurer is willing to accept up to
a certain amount of exposure but not more than that amount of ex-
posure. Second, we assume that insurers are able to accurately assess
risk. These two assumptions imply that the number of primary insur-
ers involved in a target is proportional to the risk. The third subsidi-
ary assumption is that the losses resulting from a terrorist attack on
any site are proportional to the insured risk for that site. Taken to-
gether, these assumptions imply that the loss incurred at a site reflects
the risk, which, in turn, reflects the number of insurers involved at
that site.

Our next main assumption is that the distribution of insurer
sizes as measured by direct-earned premiums on TRIA-eligible lines
at any potential target site is, on average, the same as it was for the
WTC in September 2001.

Finally, because many insurers’ losses will be less than their for-
mal deductibles, the effective aggregate deductible will be less than
the sum of the formal deductibles of all target insurers involved. We
account for this by assuming that in any future attack, the fraction of
the total insured losses surpassing deductibles will be the same as
would have been the case for the WTC attacks if TRIA had been in
place then. That is, the proportion of total target insurers’ losses that
will exceed the sum of their individual deductibles in any future at-
tack will be about the same, on average, as the corresponding propor-
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tion that would have been experienced at the WTC. This is a reason-
able corollary of our first assumption that the number of insurers
(and hence aggregate deductible) scales with total insured loss. Given
this assumption, the effective deductible is a constant fraction of the
formal deductible.

Under these assumptions, the aggregate deductible for the target
insurers involved in any attack, i, is equal to the TRIA-covered loss
for that attack normalized to the aggregate deductible/loss for the
World Trade Center:

Di = Li
TRIA DWTC

eff LWTC
TRIA , (4.3)

where Di  is the aggregate deductible, Li
TRIA  is the TRIA-covered loss

given by equation 4.1, and DWTC
eff LWTC

TRIA  is the ratio of aggregate de-
ductible to TRIA-covered loss for the World Trade Center (see Ap-
pendix C).

Deductible for Outdoor Anthrax Attack. In contrast to the air-
craft impact and indoor anthrax attack scenarios, in which most of
the damage is inflicted on a single building, damage in an outdoor
anthrax release will be dispersed over hundreds of square kilometers.
Under these circumstances, it is likely that far more insurers will in-
cur losses than did in the World Trade Center attacks. In terms of
direct-earned premiums, insurers incurring losses in the World Trade
Center attacks represented over 35 percent of the nation’s total com-
mercial property/casualty insurance. Given that such a significant
fraction of insurance capacity was involved in an incident, albeit
large, that included a small number of insured sites, we assume that
an outdoor anthrax attack affecting hundreds or thousands of insured
sites in a major metropolitan area will involve the vast majority of
commercial property/casualty insurers in the country. We further as-
sume that, with so many insurers involved, individual insurers’ losses
will be less than their TRIA deductible as long as the total loss is less
than the maximum national aggregate deductible. The aggregate de-
ductible cannot exceed the sum of individual insurers’ deductibles.
Based on National Association of Insurance Commissioners (NAIC)
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data, this maximum aggregate deductible is approximately $44 bil-
lion.2 For events with losses greater than $44 billion, we assume that
all insurers reach their deductible simultaneously.

Under these assumptions, the aggregate deductible is simply
equal to the smaller of the TRIA-covered loss or $44 billion:

 Di = Li
TRIA ,  for Li

TRIA  ≤  $44 billion, (4.4a)

Di  = $44 billion, for Li
TRIA >  $44 billion, (4.4b)

where Li
TRIA  is given by Equation (4.2).

Aggregate Insurer Co-Payment

The target insurer co-payment under TRIA is equal to 10 percent of
all TRIA-covered losses above the insurer deductible. In terms of the
aggregate deductible, the aggregate insurer co-payment (Ci) is given
by:

 
Ci = 0.1 Li

TRIA − Di( ). (4.5)

Distribution of Losses Under TRIA

The relationships given by Equations (4.1) through (4.5) allow us to
compute the distribution of terrorism losses among the various parties
under TRIA. We first examine the TRIA loss distributions for the
specific scenarios modeled in Chapter Three and then explore more
generally how TRIA loss distributions vary with cumulative annual
loss for the three different types of terrorist attacks considered.
____________
2 The sum of the annual direct-earned premium in TRIA-eligible lines for all companies in
2003 was $294 billion; a deductible equal to 15 percent of this sum is $44 billion (Eric
Nordman, personal communication with the authors, 2005).
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TRIA Loss Distributions for the Three Scenarios

Distributions for the aircraft impact, indoor anthrax, and outdoor
anthrax attack scenarios simulated in Chapter Three are shown in
Figure 4.1. Values for terrorism insurance take-up came from a sur-
vey of commercial property/casualty insurers (U.S. Department of the
Treasury, 2005). For non-CBRN coverage, the take-up in 2004 was
54 percent. We use this value for building, contents, and business
interruption insurance in the aircraft impact scenario; we assume 100
percent take-up on aircraft hull terrorism insurance. Note that any
individual target building in an aircraft impact attack is likely to be
either insured or not, so the building coverage take-up in any indi-
vidual event will be 0 or 1. In using the national average take-up of
54 percent for building coverage we are showing the loss distribution
that would be expected for a sample of many events. The take-up of
CBRN coverage is less than 3 percent, so we use a 3 percent take-up
for the indoor and outdoor anthrax attacks. As discussed above, take-
up for workers’ compensation coverage in all cases is 100 percent.
Take-up values are listed in Table 4.1.

Figure 4.1 shows that substantial portions of the loss would go
uninsured in all scenarios. Despite the low CBRN take-up, the frac-
tion of loss that would be uninsured in the indoor anthrax scenario
(13 percent) is smaller than that in the aircraft impact scenario (30
percent). This occurs because the majority of losses in the indoor an-
thrax scenario come from workers’ compensation (see Table 4.1),
which is 100 percent covered, resulting in a high overall take-up for
the indoor anthrax case. The outdoor anthrax scenario would have a
much higher proportion of property losses, and hence the low take-
up for these lines would result in a high fraction of the loss going
uninsured (57 percent).

Life and health insurer losses range from 10 percent in the air-
craft impact and indoor anthrax scenarios to 16 percent in the out-
door anthrax scenario. Life and health insurer losses are not eligible
for TRIA and hence are the responsibility of the insurer.
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Figure 4.1
Distribution of Losses Under TRIA for the Three Attack Scenarios
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Table 4.1
Terrorism Coverage Take-Up

Aircraft Impact Indoor Anthrax Outdoor Anthrax

Loss
Fraction Take-up

Loss
Fraction Take-Up

Loss
Fraction Take-Up

Property 0.65 0.54 0.13 0.03 0.58 0.03

Aircraft hull 0.02 1.00 — — — —

Workers’ compensation 0.23 1.00 0.77 1.00 0.25 1.00

Life and health 0.10 0 0.10 0 0.16 0

Overall 1.00 0.60 1.00 0.77 1.00 0.27

Insured property and workers’ compensation losses qualify for
the risk-spreading provisions of TRIA. As discussed in Chapter Two,
losses above the aggregate insurer deductible and co-payment are paid
by the federal government, which may then recoup a portion of that
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payout by levying a surcharge on all commercial property/casualty
insurance policies. In the case of the aircraft impact and indoor an-
thrax scenarios, the federal government would recoup all of its payout
from surcharges on commercial policyholders. In the outdoor anthrax
scenario, there is no federal payout and, hence, no recoupment and
no commercial policyholder surcharge. TRIA-covered losses in this
scenario are less than the industry-wide maximum deductible of $44
billion and so would be paid entirely through the target insurer ag-
gregate deductible.

Our most significant finding is that taxpayers would ultimately
pay nothing in any of the scenarios examined. In the aircraft impact
and indoor anthrax scenarios, taxpayers would pay nothing because
the total loss ($6 billion–$8 billion) would be less than the $15 bil-
lion insurance marketplace retention amount specified by TRIA for
2005.3 For TRIA-covered losses below this retention amount, the
federal government recoups all of its initial payout through the com-
mercial policyholder surcharge.

In the outdoor anthrax scenario, taxpayers would pay nothing
because of both the low take-up and our assumption that the loss
would be shared among a large number of insurers. The low overall
take-up for outdoor anthrax means that the insured loss is a small
fraction of the total loss, and so the point at which taxpayers begin to
subsidize target insurers is displaced to higher total loss. Sharing the
loss among many target insurers shifts the point at which the loss ex-
ceeds the aggregate deductible to higher total loss. Since federal pay-
outs begin only when the loss exceeds the deductible, this similarly
displaces the point at which taxpayers begin to subsidize target insur-
ers to higher total loss.
____________
3 Although the federal government ultimately recoups all its payout so that taxpayers pay
nothing directly, this money is recouped from commercial insurance policyholders, which
could be considered an indirect tax that affects most citizens. See Chapter Two for more
discussion of this point.
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TRIA Loss Distributions for Cumulative Annual Losses

We can also use our approach to model the loss distribution under
TRIA for cumulative annual losses resulting from multiple events.
Target insurers’ deductibles and co-payments under TRIA are applied
to annual losses. If an insurer suffers losses from multiple events in a
single year, these losses are combined to determine when the TRIA
deductible has been met. Equations (4.1) and (4.2) are generally ap-
plicable to any size cumulative annual loss as long as the relative pro-
portions of workers’ compensation and property losses do not vary
substantially among the individual attacks entailed in the cumulative
annual loss. This condition is well-satisfied for the largest 50 percent
of the 454 aircraft impacts we simulated, for which the relative pro-
portions of workers’ compensation and property losses are very simi-
lar to those for the major office building attack shown in Table 3.2
(see Appendix A). We assume that this condition also holds for an-
thrax attacks, in which the number of infections (resulting in workers’
compensation losses) and the amount of decontamination (resulting
in property losses) are expected to scale in proportion to total loss.

Equations (4.4) and (4.5) are also generally applicable to any
size cumulative annual loss.

As written, Equation (4.3) allows the aggregate deductible (D)
to increase unbounded as L increases. This is equivalent to assuming
that each increment of additional loss is incurred by a unique insurer.
This is unrealistic for two reasons. First, the aggregate deductible
cannot exceed the maximum national aggregate deductible of $44
billion. A second, more restrictive, constraint is that some insurers
will have written coverage on multiple attack targets. Once an insurer
pays its deductible, any additional loss incurred by that insurer in
subsequent events will not have any associated deductible. In this
case, D will not rise as quickly as L does, as indicated by Equation
(4.3).

We account for the influence of overlapping insurers among tar-
gets by estimating the fraction of loss in any event that is covered by
insurers that have suffered no loss in prior events (undeducted loss).
As the number of events increases, the probability of new insurers
being involved decreases, so the incremental addition to the unde-
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ducted loss decreases with increasing cumulative loss. The aggregate
deductible for any cumulative loss made up of multiple events is de-
termined from the undeducted loss by scaling to the World Trade
Center results (see Appendix C for further details):

D = DWTC
eff LWTC

TRIA( )Ln,total
TRIA 1−

DWTC
eff LWTC

TRIA( )Ln,total
TRIA

0.15Ptotal
TRIA

⎛

⎝
⎜

⎞

⎠
⎟

n−1

n=1

j

∑ , (4.6)

where j is the number of events that generate the cumulative loss, and

 
Ln,total

TRIA  is given by Equation (4.1).

The aggregate deductible given by Equation (4.6) is shown in
Figure 4.2 as a function of the cumulative TRIA-covered loss. As the
number of events increases, the undeducted loss per event decreases.
As a result, as cumulative loss increases, the terms in the summation
in Equation (4.6) approach zero, and D  approaches the 0.15 Ptotal

TRIA ,
which is the maximum national aggregate deductible of $44 billion.
Figure 4.2 also shows that Equation (4.6) gives effectively indistin-
guishable values of D for individual loss increments ( Ln,total

TRIA ), ranging
from $1 billion to $5 billion (values of D differ by less than 3 per-
cent).

The actual aggregate deductible in any individual event or for
any cumulative annual loss may differ from that predicted by Equa-
tion (4.6). As discussed above, office buildings owned by companies
that use the entire building for their own employees could conceiva-
bly use a single insurance company for the building, contents, busi-
ness interruption, and workers’ compensation coverage. In this case,
there would be only one insurer incurring losses in an attack, and the
deductible would be lower than that given by Equation (4.6). On the
other hand, buildings could house a very large number of different
tenants, all of whom could use separate insurers for different insur-
ance lines, such that the aggregate deductible could be greater than
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Figure 4.2
Aggregate Deductible Given by Equation (4.6)
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that given by Equation (4.6). Similarly, as pointed out by Doherty et
al. (2005), workers’ compensation insurance in some states is domi-
nated by a single very large insurer. In such cases, the number of
workers’ compensation insurers incurring losses will be less than in
states with a more competitive workers’ compensation market. How-
ever, the direct-earned premium, and hence TRIA deductible, of such
large insurers will be commensurately large, so that the industry ag-
gregate deductible for a given loss would be similar to that for a situa-
tion in which the loss was shared among several smaller insurers.
Thus, while the distribution of number and sizes of insurers may vary
in different locations, our general assumption that the size of the
TRIA aggregate deductible is proportional to the loss remains valid.

Therefore, for cumulative annual losses resulting from multiple
terrorist attacks on a variety of different buildings, Equation (4.6)
gives a reasonable representation of the expected aggregate deductible.

Loss Distributions for Aircraft Impact and Indoor Anthrax At-
tacks. Given the aggregate deductible, we can compute the TRIA loss
distribution as a function of loss for any of the attack types examined.
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Figure 4.3 shows the loss distribution for aircraft impact and indoor
anthrax attacks as a function of cumulative annual loss. In each case
the maximum cumulative annual loss value shown corresponds to a
TRIA-covered loss of $100 billion, which is the TRIA program cap.
Each curve in Figure 4.3 shows the portion of the cumulative annual
loss that would be paid by various stakeholders, assuming current
take-up values.

The results for uninsured and life and health insurer losses are
analogous to those for the individual attacks—they represent a con-
stant fraction of the cumulative annual loss. The uninsured losses
would be substantial—for a cumulative annual loss of $50 billion,
$15 billion would go uninsured if that loss was from aircraft impact
attacks and almost $7 billion would go uninsured if the loss was from
indoor anthrax attacks. These losses would be the responsibility of
building and business owners who had not purchased terrorism in-
surance.

Up to a cumulative annual loss of approximately $75 billion to
$95 billion, the largest share of losses would be paid by the target in-
surers of the attack sites through the aggregate deductible and co-
payment. For a $50 billion loss, target insurers would pay $17.3 bil-
lion for aircraft impact attacks and $21.1 billion for indoor anthrax
attacks.

TRIA-covered losses beyond the insurer aggregate deductible
and co-payment are shared between commercial policyholders and
taxpayers. These losses are initially paid by the federal government,
which then recoups all or part of its payment with a surcharge on
commercial property/casualty insurance policies. The amount re-
couped in a year is governed by the $15 billion insurance marketplace
aggregate retention. The retention limits the total amount that the
government can recoup via a surcharge on commercial insurance
policyholders.4 Any part of the initial federal payout that is not re-

____________
4 While the term “insurance marketplace aggregate retention amount” used in TRIA implies
a limit on the entire insurance marketplace, there is no limit on the deductible or co-
payment amounts.
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Figure 4.3
Generalized TRIA Loss Distribution for Cumulative Annual Losses Resulting
from Multiple Aircraft Impact and Indoor Anthrax Attacks
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NOTE: Shares are calculated as explained in the note to Figure 4.1, except that
the deductible (D) is calculated with Equation (4.6) and the taxpayers’ share =
LTRIA – (D + C + S).i

couped is ultimately paid by taxpayers. The result is that the subsidy
to target insurers shifts from commercial policyholders to taxpayers as
the total loss increases.

The relationship between retention and surcharge is given by
Equation (2.1). As losses increase, the commercial policyholders’
share increases until the TRIA-covered loss reaches the $15 billion



38    Distribution of Losses from Large Terrorist Attacks Under TRIA

retention amount. For losses above $15 billion, the commercial poli-
cyholders’ share begins to decrease as the target insurers’ deductible
and co-payment continue to increase. When the deductible plus co-
payment alone reach $15 billion, the commercial policyholders’ share
drops to zero.5 In a situation in which the total loss is covered entirely
by the aggregate deductible, there would be no federal payout, and
hence no recoupment surcharge.

When the recoupment amount begins to decrease, the govern-
ment is no longer recouping all of its payout, and taxpayers therefore
begin contributing. As noted above, this occurs at a TRIA-covered
loss of $15 billion. At the current take-up of terrorism insurance, this
corresponds to a total loss at which taxpayers begin to contribute $25
billion for aircraft impact attacks and $20 billion for indoor anthrax
attacks. For comparison, the TRIA-covered loss from the World
Trade Center attacks would have been approximately $13 billion at
current take-up,6 so taxpayers would not contribute if a similar-sized
event occurred today. Our modeling indicates that the loss from a
single indoor anthrax attack would be similar to that from an aircraft
impact attack (Table 3.2). This makes it clear that there would need
to be a minimum of three to four very large aircraft impact or indoor
anthrax events in a year before taxpayers would pay part of the loss.

The loss distribution for aircraft impacts in Figure 4.3 is qualita-
tively similar to that presented by Doherty et al. (2005) for large
truck bombs. The primary differences are that Doherty et al. show no
losses in life and health lines and find a higher share for target insur-
ers and a lower share for commercial policyholders. Much of the dif-
ference in the distribution between target insurers and commercial
policyholders stems from the fact that truck bombs are expected to
have a greater ratio of workers’ compensation to property losses than
____________
5 The federal government is permitted, though not required, to recoup its payouts beyond
the minimum amount, in which case the commercial policyholders’ share would reach zero
at a higher total loss than shown in Figure 4.3.
6 Estimate based on 100 percent of $2.3 billion in workers’ compensation and aviation hull
loss plus 54 percent (the current terrorism insurance take-up) of $19.8 billion in other insur-
ance lines exclusive of life and health and possible liability losses (loss estimates from Hart-
wig, 2004).
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that for aircraft impacts. A greater proportion of workers’ compensa-
tion leads to higher overall take-up, which, in turn, leads to a higher
share for target insurers.

Loss Distribution for Outdoor Anthrax Attacks. The loss distri-
bution for outdoor anthrax releases is very different from those for
aircraft impacts or indoor anthrax releases. This loss distribution is
shown in Figure 4.4, where, as in Figure 4.3, the maximum cumula-
tive annual loss value shown corresponds to a TRIA-covered loss of
$100 billion.

For an outdoor anthrax attack, a much higher fraction of losses
would be uninsured—out of $50 billion nearly $30 billion would go
uninsured at current take-up. The uninsured fraction is much higher
than in the indoor anthrax case because of the much lower propor-
tion of workers’ compensation losses in an outdoor attack. While the
take-up on non–workers’ compensation lines is just 3 percent in both
cases, workers’ compensation losses, for which the take-up is 100 per-
cent, make up 77 percent of the losses in the indoor anthrax case and
only 25 percent in the outdoor anthrax case (see Table 4.1).

Figure 4.4
Generalized TRIA Loss Distribution for Cumulative Annual Losses Resulting
from Outdoor Anthrax Attacks

Cumulative annual loss (billions of dollars)

Target insurers

Taxpayers

Life and health
insurers

Uninsured

200

150

100

50

250

0
0 100 300200

Outdoor anthrax

A
m

o
u

n
t 

p
ai

d
 b

y 
g

ro
u

p
(b

ill
io

n
s 

o
f 

d
o

lla
rs

)



40    Distribution of Losses from Large Terrorist Attacks Under TRIA

Because we assume that the losses in an outdoor anthrax attack
are shared among the vast majority of property/casualty insurers, all
TRIA-covered losses up to the industry-wide maximum deductible of
$44 billion are paid by target insurers of the attack sites through the
aggregate deductible; there would be no surcharge and so general
commercial policyholders do not contribute to the losses. The low
take-up for CBRN coverage combined with the relatively low propor-
tion of workers’ compensation losses expected in an outdoor anthrax
attack (25 percent) means that the TRIA-covered loss is much lower
than the total loss. At current take-up, the TRIA-covered loss would
not reach $44 billion until a total loss of $164 billion (marked by the
inflection in the target insurers’ share in Figure 4.4). TRIA-covered
losses above $44 billion would be paid by the co-payment and tax-
payers.

The combination of low overall insurance coverage and distribu-
tion of losses among many insurers leads to a situation in which none
of the risk-sharing provisions under TRIA would apply to outdoor
anthrax attacks until total annual losses exceeded $164 billion. The
entire loss up to $164 billion would be the responsibility of insurers
and uninsured business owners.

TRIA Loss Distribution Regimes

The results shown in Figures 4.2 and 4.3 illustrate that TRIA creates
multiple regimes that differ in terms of the parties’ relative shares of
terrorism losses. These regimes are summarized in Table 4.2.

Uninsured building and business owners and life and health in-
surers pay part of any loss and so contribute over the entire loss inter-
val.

TRIA does not take effect until the TRIA-covered losses reach
$5 million, so insurers on sites incurring losses (target insurers) pay
the entire loss up to this point. Assuming current terrorism insurance
take-up, we estimate that TRIA-covered losses will reach $5 million
when total losses in aircraft impact attacks reach $8.5 million or total
losses in indoor anthrax attacks reach $6.5 million.
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Table 4.2
TRIA Loss Distribution Regimes

NOTES: Uninsured = people and businesses who lack coverage for terrorism losses; life 
and health = insurers of losses in life and health lines, which are not eligible for TRIA 
coverage; target = insurers of losses covered by policies in commercial insurance lines 
eligible for TRIA coverage; commercial = all commercial policyholders in the country. 
M = millions. B = billions.

Total Loss Interval (at current take-up)

Aircraft
Impact

Who Pays

Target + commercial

Target + commercial +
taxpayer

Target + taxpayer

Target

$164B–$370B$43B–$167B $33B–$130B

$0–$164B$0–$8.5M $0–$6.5M

—$8.5M–$25B $6.5M–$20B

>$370B>$167B >$130B

—$25B–$43B $20B–$33B

Unspecified

Outdoor
Anthrax

Indoor
Anthrax

Uninsured +
life and
health

When total losses exceed these respective values, commercial
policyholders begin contributing. Commercial policyholders do not
contribute in the outdoor anthrax case and target insurers pay the en-
tire loss up to $164 billion.

In the aircraft impact and indoor anthrax cases, taxpayers begin
to contribute once the $15 billion insurance marketplace aggregate
retention amount is reached. We estimate that, on average, this
would occur at a total loss of about $25 billion ($20 billion) for air-
craft impact (indoor anthrax) attacks.

Commercial policyholders cease to contribute once the aggre-
gate deductible plus co-payment reach the $15 billion retention. We
estimate that, on average, deductibles and co-payments would reach
the retention at a total loss of about $43 billion ($33 billion) for air-
craft impact (indoor anthrax) attacks.

Finally, the responsibility for payment of TRIA-covered losses
above $100 billion is unspecified. This corresponds to total losses of
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$167 billion ($130 billion) for aircraft impact (indoor anthrax) at-
tacks and $370 billion for outdoor anthrax attacks.
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CHAPTER FIVE

Distribution of Losses Under Possible
Modifications to TRIA

Some observers might object to one or another aspect of the distribu-
tions accomplished by TRIA, believing that some group could be al-
located an inappropriate share under certain circumstances, such as
particular modes or sizes of terrorist attacks. Others might believe
that the distributions accomplished by the current TRIA might fail to
achieve TRIA’s objective of maintaining a viable terrorism insurance
market. In either case, TRIA would have to be modified to change
the loss distribution. Accordingly, to achieve a desired change in the
ways in which terrorist attack losses will be distributed among these
groups, TRIA would have to be modified. To help elucidate the ef-
fects of various possible modifications to TRIA on the overall loss dis-
tribution, we have estimated the loss distribution that would result
when the different provisions of TRIA are changed. In each case, we
begin with a loss distribution goal and then examine the effect of
some possible modifications to TRIA in achieving this goal.

Reduce Uninsured Losses

Uninsured property owners and businesses stand a high probability of
financial failure after a large terrorist attack. As also discussed in
Chalk et al. (2005), reducing the uninsured losses from terrorism
thus has the general benefit of reducing local and national economic
repercussions from a terrorist attack. In all of the scenarios above,
uninsured losses are significant, and thus policymakers may want to
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reduce these losses in order to reduce the cascading economic conse-
quences of terrorist attacks.

An additional motivation for reducing uninsured losses can ul-
timately be to reduce taxpayer liability. In the aftermath of disasters,
terrorist or otherwise, governments often feel compelled to compen-
sate uninsured victims. This will undermine the demand for insur-
ance against future catastrophes. This is referred to by economists as
the “Samaritan’s Dilemma.” By appropriately encouraging the pur-
chase of insurance, it may be that the ultimate expected taxpayer bur-
den is lower.

By design, TRIA helps reduce uninsured terrorism losses in two
ways: by mandating that insurers offer coverage for certain losses re-
sulting from terrorist attacks and by limiting the amount that insurers
are responsible for paying, thereby allowing premiums to be lower
than they would be without TRIA. Two possible modifications that
may help further reduce the uninsured losses in a terrorist attack are
extending the “make-available” requirement for terrorism insurance
to include CBRN coverage and making terrorism insurance coverage
mandatory in commercial insurance policies.

Mandate CBRN Coverage Availability

TRIA allows insurers to exclude losses from CBRN incidents from
policies as long as such policy exclusion is also applied to losses arising
from events other than acts of terrorism and it is permitted by appli-
cable state law. Only 35 percent of insurers in TRIA-eligible lines of-
fered CBRN coverage in some of their policies written in 2003 and
2004,1 and CBRN take-up among policyholders is less than 3 percent
(U.S. Department of the Treasury, 2005). Mandating that CBRN
coverage be made available to all policyholders could increase take-up
and reduce uninsured losses in the event of such an attack.

It is difficult to estimate what the take-up would be if CBRN
coverage were universally available. The current low take-up of
____________
1 This estimate represents an upper limit on overall CBRN coverage availability because it
could include instances of insurers offering CBRN coverage to only a small fraction of cli-
ents.
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CBRN insurance stems not only from limited availability, but also a
perception among policyholders that they are not at risk (U.S. De-
partment of the Treasury, 2005). Accordingly, we assume that if
CBRN coverage were available to all policyholders, take-up would be
lower than the 54 percent take-up for non-CBRN terrorism coverage.
For illustration purposes, we model the loss distribution for 40 per-
cent take-up of CBRN coverage. Results are shown in Figure 5.1.

The distribution for aircraft impact attacks is unchanged. The
distribution for indoor anthrax attacks has changed little, because the
majority of the losses are from workers’ compensation, for which
take-up is 100 percent, so the option to purchase CBRN coverage
affects only a small fraction of the losses. In contrast, there is a large
change in the outdoor anthrax case, where uninsured losses drop
from 57 percent to 35 percent of the total. The decrease in uninsured
loss is offset by an increase in loss to target insurers and taxpayers.

A potential drawback of requiring insurers to offer CBRN cov-
erage is that it could leave individual target insurers more vulnerable
to losses that exceed their payment capacity. The principal concern
among insurers is that damage from a CBRN attack could span a very
large geographical area and a long time duration. In other words,
CBRN attacks are feared to lead to the “next asbestos,” and, there-
fore, insurers are highly reluctant to write coverage for it. This con-
cern is exacerbated by the limited availability of reinsurance for ter-
rorism coverage. While the loss-sharing provision of TRIA acts as
reinsurance, the fact that TRIA is in place and only about one-third
of insurers have offered CBRN coverage on any policy indicates that
the loss-sharing provision of TRIA does not by itself provide enough
incentive for insurers to enter the CBRN coverage market. One pos-
sible explanation is that TRIA provides less flexibility for an insurer
to tailor the amount of reinsurance it obtains in different markets
(e.g., different geographic areas or insurance lines) than does com-
mercial reinsurance.
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Figure 5.1
Loss Distributions Estimated for Mandatory Availability of CBRN Coverage
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Make Terrorism Coverage Mandatory

A more radical approach to reducing uninsured losses is to mandate
that all commercial policyholders insure against terrorism. It is possi-
ble that the additional premium an insurer will charge a policyholder
for including terrorism coverage on a policy will cause the policy-
holder to decline the entire policy and go uninsured. We have no ba-
sis for estimating the extent to which that might happen and assume
that such instances would be sufficiently infrequent that they can be
neglected. In this case, there are no uninsured losses. (See Figure 5.2.)
As with the case above, loss is transferred to target insurers and tax-
payers. Mandating terrorism coverage might require the creation of a
last-resort insurer for high-risk companies that could not obtain in-
surance from the private market.

Reduce Burden on Target Insurers: Decrease Insurer
Deductibles

One argument for reducing the target insurers’ share is to reduce the
number of insurer bankruptcies after an attack and thereby preserve
the overall health of the commercial insurance industry. Another ar-
gument is that decreased target insurer costs could be passed on to
policyholders through decreased premiums, which could increase
policyholder take-up and thereby decrease uninsured losses (see, e.g.,
Chalk et al., 2005). If a goal of modifying TRIA was to reduce the
burden on the target insurers, the insurer deductible or co-payment
must be reduced. Because in most situations an insurer’s deductible
will be much greater than its co-payment, a decrease in the deductible
has a greater effect than an equivalent percentage decrease in the co-
payment.

The effect of decreasing the deductible by a factor of two is
shown in Figure 5.3. The decreased loss for target insurers is offset by
an increased loss to either commercial policyholders or taxpayers, de-
pending on the size of the loss.
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Figure 5.2
Loss Distributions Estimated for Mandatory Terrorism Coverage
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Figure 5.3
Loss Distributions Estimated for a 7.5 Percent Deductible
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If the total loss is less than $25 billion ($20 billion) in aircraft
impact (indoor anthrax) attacks, the TRIA-covered loss will be below
the insurance marketplace retention level. Under these circumstances,
commercial policyholders will be responsible for that share of the loss
that exceeds the target insurers’ deductible. Consequently, reducing
the deductible shifts losses from target insurers to commercial policy-
holders while keeping the total insurance marketplace share constant.
This option was proposed by Chalk et al. (2005) as a way to reduce
terrorism insurance premiums and increase coverage take-up without
increasing the burden on taxpayers. This could be a viable approach,
but the burden on taxpayers would be unchanged only for losses be-
low the insurance marketplace retention amount. For greater total
loss, the sum of even the reduced aggregate deductible plus the co-
payment in this example exceeds the retention. Under these circum-
stances, the decreased deductible is compensated for by an increase in
the taxpayers’ share.

Reduce Burden on Commercial Policyholders

A substantial portion of a target insurer’s terrorism losses is subsidized
by surcharges on commercial insurance policyholders and taxpayers.
Because of this, observers have argued that insurers may have a de-
creased incentive to require or incentivize policyholders to implement
risk-reduction measures or to develop a functioning insurance or
other type of risk management market for terrorism (see, e.g., Con-
gressional Budget Office, 2005; U.S. Department of the Treasury,
2005). The relationship between policyholder adoption of risk-
reduction measures and insurance premiums, and the extent to which
it is affected by TRIA, is a source of considerable controversy. This is
an important and promising area for future research. One option that
may be considered is to reduce this subsidy by reducing the burden
on commercial policyholders or taxpayers. The burden on commer-
cial policyholders can be reduced either by increasing the deductible
or co-payment or by decreasing the insurance marketplace retention.
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Increase Insurer Deductibles

The burden on commercial policyholders could be reduced by in-
creasing either the insurer deductible or the insurer co-payment. As
noted above in the section on reducing the burden on target insurers,
because the effect of the deductible is generally much greater than the
co-payment, an increase in the deductible has a greater effect than an
equivalent percentage increase in the co-payment.

As before, if the total loss is less than $25 billion ($20 billion) in
aircraft impact (indoor anthrax) attacks, the TRIA-covered loss will
be below the insurance marketplace retention level. Accordingly,
commercial policyholders will be responsible for that share of the loss
that exceeds the target insurers’ deductible. Consequently, increasing
the deductible shifts losses from commercial policyholders to target
insurers. Of course, if the deductible is increased above the point at
which target insurers’ responsibility for losses exceeds the insurance
marketplace retention, commercial policyholders’ responsibility for
losses declines to zero, and further increases in the deductible will
have no effect on commercial policyholders.

As shown in Figure 5.4, the effect on commercial policyholders
of doubling the deductible is modest. A more pronounced effect of
increasing the deductible is to substantially reduce the taxpayers’
share.

Decrease Insurance Marketplace Retention

As long as the deductible is below the point at which target insurers’
responsibility for losses exceeds the insurance marketplace retention,
decreasing the retention has the effect of reducing commercial poli-
cyholders’ share of total losses. If the total loss is less than $25 billion
($20 billion) in aircraft impact (indoor anthrax) attacks, the TRIA-
covered loss will be below the insurance marketplace retention level.
Accordingly, commercial policyholders will be responsible for that
share of the loss that exceeds the target insurers’ deductible. Decreas-
ing the retention level shifts losses from commercial policyholders to
taxpayers. Of course, if the retention is reduced below the point at
which target insurers’ responsibility for losses exceeds the insurance
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Figure 5.4
Loss Distributions Estimated for a 30 Percent Deductible
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marketplace retention, commercial policyholders’ responsibility for
losses declines to zero, and further reductions in the retention level
will have no effect on commercial policyholders. The effect of halving
the retention is shown in Figure 5.5.

Reduce Burden on Taxpayers

The burden on taxpayers can be reduced either by increasing the de-
ductible and/or the insurance marketplace retention or decreasing the
aggregate ceiling on TRIA loss sharing.

Increase Deductibles and/or Insurance Marketplace Retention

The taxpayers pay the difference between TRIA-covered losses, up to
$100 billion, and the sum of the target insurers’ and commercial
policyholders’ shares. Target insurers and commercial policyholders
are jointly responsible for the larger of target insurers’ deductibles
plus co-payments and the insurance marketplace retention. That is,
under conditions when the deductible and co-payments exceed the
marketplace retention (e.g., relatively large annual losses), commercial
policyholders are not responsible for any of the losses, and taxpayers
are responsible for the difference between total TRIA-covered losses
and target insurers’ responsibility. In this case, increasing the de-
ductible (or co-payment) decreases the taxpayers’ share. If the mar-
ketplace retention exceeds target insurers’ responsibility (e.g., for rela-
tively small annual losses), target insurers and commercial
policyholders are responsible for the insurance marketplace retention,
and taxpayers are responsible for the difference between total TRIA-
covered losses and the insurance marketplace retention. Under these
conditions, increasing the marketplace retention decreases the taxpay-
ers’ share. The effect of doubling the deductible is shown in Figure
5.4. The effect of doubling the insurance marketplace retention is
shown in Figure 5.6.
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Figure 5.5
Loss Distributions Estimated for a $7.5 Billion Retention
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Figure 5.6
Loss Distributions Estimated for a $30 Billion Retention
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Decrease Coverage Ceiling

The taxpayers essentially pay the difference between TRIA-covered
losses, up to a ceiling of $100 billion, and the target insurers’ and
commercial policyholders’ responsibilities for those losses. Thus, tax-
payers ultimately pay for TRIA-covered losses above the larger of ei-
ther the sum of target insurers’ deductible and co-payments or the
aggregate insurance marketplace retention, up to $100 billion. If
TRIA-covered losses are less than the ceiling, a reduction in the ceil-
ing translates into a reduction in taxpayers’ responsibility for the
losses. The law, as currently written, does not determine whether
TRIA-covered losses in excess of $100 billion will be paid and, if so,
by whom. Consequently, it is not known who would become respon-
sible for losses shifted from taxpayers by lowering the ceiling.

Summary of Alternatives

The range of possible loss distribution goals, possible modifications to
TRIA to achieve those goals, and how losses are redistributed under
the alternative, are summarized in Table 5.1.

Table 5.1
Distribution of Losses Under Possible Modifications to TRIA

Loss Distribution Goal
Possible

Modifications
Where Losses Are

Transferred

Mandate CBRN coverage
availability

Reduce uninsured losses
Make terrorism insurance
coverage mandatory

Target insurers, commer-
cial policyholders, and
taxpayers

Reduce burden on target
insurers

Decrease insurer deductibles Commercial policyholders
or taxpayers

Increase insurer deductibles Target insurers
Reduce burden on com-
mercial policyholders Decrease insurance market-

place retention
Taxpayers
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Table 5.1—continued

Increase the deductible
and/or insurance marketplace
retention

Target insurers or commer-
cial policyholdersReduce burden on tax-

payers
Decrease TRIA ceiling Unknown
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CHAPTER SIX

Conclusions and Implications for TRIA

The primary objective of TRIA is to maintain a viable terrorism in-
surance market. It attempts to do this by spreading risk of terrorism
loss among several different parties to reduce the risk to any one.
Through the combination of making some terrorism insurance cover-
age available and providing for risk spreading, TRIA influences the
distribution of losses resulting from terrorist attacks among five
groups: the uninsured, target insurers in lines not covered by TRIA
(primarily life and health), target insurers in lines covered by TRIA,
all commercial policyholders, and taxpayers. Five provisions of
TRIA—insurance availability and take-up, TRIA eligibility, deducti-
bles and co-payments, insurance marketplace retention, and the ceil-
ing—determine how the losses resulting from terrorist attacks are re-
distributed.

This study presents the first comprehensive quantitative estimate
of how losses from large terrorist attacks would be distributed among
various stakeholders under TRIA. Because the way that TRIA dis-
tributes losses varies with insurance line and with the magnitude of
losses, we find that the ultimate distribution of losses depends on the
mode of those attacks and the cumulative annual losses (based on the
number and size of attacks). Chapter Four discusses how losses would
be distributed under TRIA among the various stakeholder groups
under different circumstances.

Based on these findings, we present some general observations
that are relevant to discussions regarding decisions about the pending
expiration of TRIA. The first is that, under TRIA, taxpayers are un-
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likely to be required to contribute anything after a single large terror-
ist attack. The second is that, even with TRIA in place, a large frac-
tion of losses in a terrorist attack would go uninsured. Finally, the
extent to which target insurers’ losses would be subsidized after an
attack varies considerably with the attack mode and loss magnitude.

Taxpayer Role Under TRIA

For the specific individual attack scenarios we examined, our analysis
shows that taxpayers would pay nothing under TRIA. As discussed in
Chapter Four, the reason for this depends on the attack mode. In the
case of the aircraft impact and indoor anthrax scenarios, the total loss
(and hence TRIA-covered loss) is well below the insurance industry
retention amount ($15 billion in 2005), meaning that the federal
government is required to recoup 100 percent of what it pays out to
target insurers. In the case of outdoor anthrax scenario, taxpayers do
not contribute because the federal government never even makes an
initial payout.

While we examined only three specific scenarios, we can infer
from these results that taxpayers would likely not be required to con-
tribute in any attack concentrated on a single target. Such attacks
could include bombs, aircraft impacts, and most indoor biological or
chemical attacks. The TRIA-covered losses in our aircraft impact and
indoor anthrax attack simulations are $4.0 billion and $6.1 billion,
respectively. While every attack will be different, we purposely ex-
amined cases near the high end of the expected loss range.1 Based on
these results, at least three to four very large single-target attacks
would need to occur in a year before the TRIA-covered loss would
reach $15 billion and taxpayers would begin to contribute.

In the case of wide-area dispersal events, such as the outdoor an-
thrax scenario, it is more difficult to generalize the expected taxpayer
____________
1 Recall that even in the World Trade Center attacks, we estimate that, had TRIA been in
place at the time, the total TRIA-covered loss for the two impacts would have been $13 bil-
lion assuming current take-up values.
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role. The total loss in our simulation coincidentally falls just below
the point at which taxpayers would begin to contribute. We also ex-
amined another high-loss case and, given the range of eventualities, it
is much more likely that losses from such an attack would be smaller
than our estimate rather than greater. In such cases, taxpayers would
not contribute. Still, while an outdoor anthrax release is considered to
be among the highest-consequence types of terrorist attacks, losses for
other types of attacks, particularly one with a nuclear device, could be
greater. Ultimately, however, wide-area dispersal, large footprint at-
tacks are very low probability events.

Overall, the role of taxpayers is expected to be minimal in all but
very rare cases such as serial large attacks on major buildings, highly
effective large outdoor anthrax releases, or nuclear detonations. An
important conclusion from this finding is that TRIA is not primarily
a taxpayer bailout of the insurance industry. While TRIA does pro-
vide substantial protection to insurers, in the vast majority of cases,
the subsidy to target insurers under TRIA will come from surcharges
on commercial policyholders rather than taxpayers in general.

An implication of this conclusion is that alternatives to TRIA
need not focus on protecting taxpayers. Thus, the alternatives pre-
sented in Chapter Five designed to reduce the burden on taxpayers
(increasing the deductible and/or the insurance marketplace retention
and decreasing the TRIA ceiling) do not need to be high priorities. In
addition, deliberations over other TRIA alternatives should discount
potential adverse effects on taxpayers as long as they do not signifi-
cantly decrease the point at which taxpayers begin to contribute.

We note that TRIA comprises more than a provision for a tax-
payer subsidy and hence the lack of a taxpayer role does not mean
that TRIA has no influence on the terrorism insurance market. Tar-
get insurers still receive substantial subsidies from the surcharge on
commercial insurance policyholders, and TRIA makes property in-
surance for conventional terrorism available to policyholders, both of
which act to make terrorism insurance more available and affordable.

It should also be noted that, even in cases where taxpayers ulti-
mately pay nothing under the TRIA loss distribution formula, there
is some indirect effect on taxpayers. First, as discussed in Chapter
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Two, some fraction of the surcharge on commercial insurance policy-
holders will likely ultimately be borne by the general public. In addi-
tion, even when the federal government recoups 100 percent of its
initial payout, taxpayers effectively provide an interest-free loan to the
target insurers because recoupment occurs in the year(s) after the
event. The magnitude of these indirect effects, however, would not
decrease, and in some cases would increase, if the formal taxpayers’
share were reduced.

Uninsured Losses Under TRIA

As noted earlier, TRIA helps reduce uninsured terrorism losses by
making coverage available and by limiting target insurers’ exposure.
However, our analysis shows that, even with TRIA in place, a high
fraction of losses would go uninsured in each of the attack scenarios
examined. Uninsured fractions range from 13 percent of the total loss
in the indoor anthrax scenario to 57 percent in the outdoor anthrax
scenario. The uninsured fraction is independent of total loss, mean-
ing that there would be substantial uninsured losses in any size attack.
This high uninsured loss may be considered surprising, given that a
primary goal of TRIA is to bolster the terrorism insurance market by
assuring the widespread availability and affordability of terrorism in-
surance.

To the extent that the persistence of substantial uninsured ter-
rorism risk runs counter to the intentions of TRIA, an important
consideration of modifications or alternatives to TRIA is reducing the
expected uninsured losses. One option is to extend the “make-
available” provision of TRIA to include CBRN attack coverage. It is
difficult to predict what take-up would be if coverage were readily
available; we find that, if CBRN take-up rose to 40 percent, unin-
sured losses in the indoor anthrax release would decrease from 13
percent to 8 percent and uninsured losses in the outdoor anthrax re-
lease would decrease from 57 percent to 35 percent. More radical ap-
proaches, such as requiring policyholders to obtain terrorism cover-
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age, could sharply reduce or eliminate uninsured losses, but such op-
tions face a host of impediments.

Another alternative that would reduce uninsured losses is to de-
crease insurer deductibles or co-payments. Lower target insurer costs
could be passed on to policyholders through decreased premiums,
which could increase policyholder take-up. This approach directly
contradicts the recommendations made by the Treasury Secretary,
who stated that “[t]he Administration would accept an extension [of
TRIA] only if it . . . increases the dollar deductibles and percentage
co-payments” (Snow, 2005). However, as discussed in the previous
section on the taxpayer role under TRIA, concerns about minimizing
the government’s financial responsibility under TRIA are largely un-
warranted. In fact, reducing uninsured losses may ultimately reduce
taxpayer liability. As demonstrated most recently with Hurricane Ka-
trina, governments often feel compelled to compensate uninsured
victims after a disaster. The expectation of post-disaster assistance can
undermine the demand for insurance against future catastrophes. By
facilitating the purchase of insurance, the ultimate taxpayer burden
may be decreased.

Target Insurer Subsidy

A core element of TRIA is its risk-spreading formula, which limits
the exposure of target insurers in a terrorist attack. After target insur-
ers pay claims, they are partially reimbursed for their losses by funds
that ultimately derive from general commercial insurance policyhold-
ers and from taxpayers.

The fact that primary target insurers’ losses are subsidized has
been identified as a potentially serious flaw of TRIA. According to
some arguments, by subsidizing target insurer losses, TRIA attenuates
the insurance industry’s incentive to develop functional terrorism risk
management options, including promoting risk reduction among
policyholders (see, e.g., Congressional Budget Office, 2005; U.S. De-
partment of the Treasury, 2005). The subsidy, it is argued, crowds
out development of some reinsurance markets, impedes efforts to
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price premiums accurately and to link premium prices to risk-
reduction measures, and delays the development of private capacity to
absorb any future losses. In effect, the argument states that the design
of TRIA actually undermines its own objective of facilitating the de-
velopment of a private terrorism insurance market.

Such arguments are highly controversial. Certainly there are ac-
tions that policyholders could take to reduce their risk. At the same
time, options are very limited for some types of attacks, such as an
aircraft impact. More generally, however, even if the risk reduction
realized from some steps could be quantified, the absolute risk of
most terrorist attacks, or even the relative risk in the context of other
types of disasters, remains highly uncertain, making premium pricing
very difficult.

An important consideration in such arguments is the degree to
which target insurer losses are subsidized. Our analysis shows that, for
aircraft impact and indoor anthrax attacks, the subsidy increases from
30 percent of target insurers’ loss at low total losses to 60 percent of
target insurers’ loss at the TRIA cap of $100 billion in TRIA-covered
losses. The subsidy increases with total losses because the rate of in-
crease in the aggregate deductible decreases with increasing total
losses. As with the case for the taxpayer role discussed above, this
finding is applicable more generally to any attack concentrated on a
single target.

While our analysis does not provide any insight into the effect
these subsidies may have on the development of a private terrorism
insurance market, providing quantitative estimates of their magnitude
is an important first step toward addressing this issue. At the same
time, resolving this question and ultimately developing a private mar-
ket will require additional research about the risk of different types of
terrorist attacks and about what types of preparedness measures are
available to the private sector and how effective they would be.
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The Renewal of TRIA

The most relevant public policy decision regarding terrorism insur-
ance confronting the United States is the renewal of TRIA. This
study is not intended to be a comprehensive analysis of this policy
decision. The analysis is limited to examining the distribution of
losses across a few scenarios—not the full range of potential at-
tacks—and has not addressed several other key considerations such as
capacity of the insurance market to cover losses, the viability of reli-
ance upon financial markets to increase capacity, national security
considerations in terrorism insurance, or any number of other critical
considerations. For additional research that is relevant to the renewal,
see Doherty et al. (2005), Chalk et al. (2005), and Jaffee and Russell
(2005), among others.

Nonetheless, our analyses do provide information that bears
upon the decision regarding the renewal of TRIA. First, to the extent
that taxpayer involvement is not a concern for most terrorist attacks,
budgetary considerations do not seem relevant as a motivation for
choosing to allow TRIA to sunset. Second, as noted by the Treasury
report, allowing TRIA to sunset is likely to increase terrorism insur-
ance premiums and lower take-up, at least initially. We have shown
that there is likely to be a high fraction of uninsured losses in any fu-
ture attack. To the extent that this is a policy concern, the failure to
renew TRIA will contribute to this problem instead of reducing it.
Finally, one of the arguments against the renewal of TRIA is that the
subsidy of target insurer losses discourages efforts to price terrorism
insurance and develop a private terrorism insurance market. We have
shown that the extent of the subsidy differs by the type of attack, but
we emphasize that the relationship between this subsidy and the de-
velopment of a functional market is quite controversial and is a sub-
ject in need of greater study.
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APPENDIX A

Estimating Losses and Insurance Compensation
for Large Terrorist Attacks

Introduction

Because there have been no other attacks of the magnitude of the
September 11th attack on the WTC, policymakers have little empiri-
cal data on which to assess the likely effects of TRIA in response to a
major terrorist attack. To help inform the debate about the future of
TRIA, we have simulated the expected losses from different sizes and
modes of terrorist attack scenarios and examined the effects of the
private insurance system on the distribution of those losses.

For this analysis, we examined the losses that would result from
terrorist attacks involving aircraft impacts and indoor and outdoor
anthrax releases on a number of different potential targets. We chose
to examine aircraft impacts because the 9/11 aircraft impact attacks
are the largest terrorist attacks in history and were the impetus for
TRIA. We chose to examine CBRN terrorism because it can be very
different from conventional terrorism in loss magnitude and profile.
Of the various forms of CBRN, we chose anthrax for this study be-
cause it has already been used in a series of terror attacks (the mail
attacks in September and October 2001), demonstrating that such an
attack is within the realm of terrorists’ capabilities.

The objective is to generate a realistic simulation of the losses
and loss distribution in large terrorist attacks to provide the basis for
estimating the effects of TRIA on the ultimate distribution of losses.
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Analysis Methods

Figure A.1 summarizes our analytical approach for modeling losses
and loss distributions in any particular attack scenario. We begin with
an event model. The event model uses physical principles to estimate
the effects of an attack on structures and people. The event model, in
turn, gives rise to the attacks losses, that is, the property damage and
casualties resulting from the attack. We then examine how the private
insurance system would distribute these losses between insurers and
policyholders and among insurance lines. The insurance model thus
gives rise to the loss distribution resulting from an attack. This loss
distribution then provides the basis for estimating the effects of
TRIA, the results of which are discussed in the main body of this
study.

Loss Estimates

Aircraft Impact.  We simulated aircraft impact attacks using the
Probabilistic Terrorism Model from RMS. This model provides esti-
mates of the initial losses that would result from an aircraft impact on
a specific building—not a hypothetical or reference building—within
the United States.

The aircraft impact attack mode in the RMS terrorism model
simulates the consequences of a fully fueled wide-body commercial
aircraft impacting a tall building in a major metropolitan area. We
simulated the effects of an attack on each of 454 specific targets in the
United States, including every building over 40 stories tall, plus some
smaller, “high-profile” buildings that have particularly high visibility
or symbolic value. The buildings are generally office buildings, but

Figure A.1
Analytical Approach for Modeling Losses and Loss Distributions in an Attack
Scenario

Event model Losses
Insurance
contracts

Loss
distribution



Estimating Losses and Insurance Compensation for Large Terrorist Attacks    69

some of them are hotels, apartment buildings, or condominium com-
plexes. In reporting results below, we show the results for both one
building—referred to as “the major office building” (which is the
93rd percentile, in terms of total casualties, of the distribution of the
454 buildings)—and for all 454 buildings.

The model accounts for a number of building characteristics for
each target that influence the attack consequences. These include
height; number of stories; year built; construction type (masonry,
steel frame, etc.); and number, occupational status, and age distribu-
tion of the occupants. Building characteristics are compiled from
multiple sources, including data from the Sanborn Map Company,
Inc.1 Estimates of the number and demographics of building occu-
pants are derived from local census data, journey-to-work data,
building-use type, and building size. The number of occupants is also
adjusted to account for the time of day.

The model assumes the complete collapse of the target building
and accounts for damage to neighboring structures. Damage and
losses from the attack occur from the spread of fire and from very
high temperatures; from projectiles, embers, and debris from the col-
lapsing structure; from smoke and dust clouds; from fatalities and
injuries resulting from building collapse; and from business interrup-
tion resulting from a civil authority exclusion zone declared around
the site. Separate damage and loss estimates are calculated for indi-
vidual grid cells throughout the attack area based on the conditions
experienced at each cell position. The impact of the attack is affected
primarily by the characteristics of the target building, the time of oc-
currence, and the density and characteristics of the neighboring
buildings.

We examined the effects of mid-afternoon, weekday attacks.
Since most types of buildings would be most fully occupied at this
time, our estimates reflect the worst-case scenario in the sense of the
number of people exposed to the attack.
____________
1 The Sanborn Map Company, Inc., maintains extremely accurate spatial coordinates as well
as numerous building attributes for buildings in major metropolitan areas in over 21 cities
across the United States.



70    Distribution of Losses from Large Terrorist Attacks Under TRIA

The model converts damage from the impact into losses in the
form of casualties, property damage, and business interruption. The
model provides estimates of the number of victims in each of six dif-
ferent casualty categories: medical only, temporary total disability,
permanent partial minor disability, permanent partial major disabil-
ity, permanent total disability, and fatality. These categories corre-
spond to the standard workers’ compensation injury categories and
are defined in the same way. The model also provides estimates of the
dollar value of property damage to both the building and the building
contents and losses resulting from business interruption. We have
also included aircraft hull losses ($125 million) based on estimates
from the 9/11 attacks (Hartwig, 2004).

Business interruption losses include only losses incurred by local
businesses as a result of being closed in the aftermath of the attack.
For example, losses to a restaurant located near the attack site that
result from the restaurant being closed, either because of damage or
because it is located within an area closed by civil authorities, are cov-
ered. However, losses that result from decreased sales because fewer
workers are entering the area are not included. In addition, we do not
attempt to include losses incurred by non-local businesses resulting
from the attack, such as losses to that restaurant’s suppliers because it
cut back on its purchases.

We note that there are numerous sources of uncertainty in the
model results that cannot be well characterized. As a result, the actual
losses in an aircraft impact could differ substantially from our model
estimates. However, the analysis is not intended to develop highly
accurate estimates for the consequences of an attack on any particular
building. Instead, the intent is to develop estimates that can be used
to explore the effects of TRIA across a broad range of eventualities.
The range of losses among the 454 simulated impacts is large com-
pared to the uncertainty of the results for any one building. Thus, for
our purposes, uncertainties in the simulation modeling results are not
critical problems. Because no one can accurately predict when and
where terrorists will attack, TRIA, or an alternative to TRIA, must be
sufficiently robust to appropriately respond to the consequences of an
attack, whatever they might be.
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Anthrax. As noted above, we examined indoor and outdoor an-
thrax attack scenarios. In both cases, we estimated casualty losses by
combining an agent dispersal model with a casualty model. Casualty
losses were then estimated with the RMS terrorism model. Non-
casualty losses were also estimated with the RMS model.

Indoor Anthrax Release. The indoor anthrax attack scenario uses
the same “major office building” that was modeled in the aircraft im-
pact scenario. A sprayer is placed in a room on the ground floor and
aerosolized dry anthrax spores are distributed throughout the build-
ing by the air circulation system. The time of release is set to 9 a.m.
to maximize the number of people exposed and their time of expo-
sure—anthrax spores can linger indoors for many hours. The intent
was to produce a worst-case scenario for the number of people ex-
posed, similar to the one we created for the aircraft impact scenario.

We assume that the release occurs undetected and that the at-
tack is discovered three days after release. The material, equipment,
and manpower required to execute an attack can easily escape detec-
tion at the time of attack. Moreover, the infected victims would take
one to six days to show symptoms.2 Consequently, we assume that
anthrax is suspected through the symptoms of early patients and con-
firmed by laboratory tests.3

At the time of attack, we assume that there are 10,000 occupants
in the building.4 Because the attack is unlikely to be discovered im-
mediately, additional people who enter the building over the three
____________
2 Analysis of the 1979 anthrax outbreak in the Soviet city of Sverdlovsk has indicated a
much longer incubation period—perhaps as long as 43 days. However, our analysis of the
2001 mail attacks in the United States has indicated that the Soviet data are not compatible
with the 2001 results, and the one-to-six-day estimate for the incubation period of inhala-
tional anthrax is to be preferred. See Chow et al., n.d., and Appendix B.
3 Note that in a covert attack, it may be difficult to identify the perpetrators, since they
would be far from the scene well before the attack was recognized. This would complicate
the application of TRIA, which requires that for an attack to qualify for cost sharing, the
perpetrators must be acting for a “foreign person or foreign interest.”
4 The building under consideration is about as large as one of the World Trade Center tow-
ers. The maximum capacity of these towers was about 25,000 people per tower. On the
morning of September 11, 2001, WTC 1 was thought to contain between 8,150 to 9,650
people, and WTC 2 was thought to contain between 7,620 to 9,460 people (NIST, 2005).
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days subsequent to the attack will also be exposed. Although the an-
thrax spores would have settled out of the air within several hours of
the release, new building entrants could still be affected in two ways.
First, some could inhale re-aerosolized spores that were stirred up by
human or mechanical movements in the building. Second, some
could contract cutaneous anthrax by coming into contact with spores
that had settled on surfaces. We estimated that 4,250 of the subse-
quent entrants would be affected before the attack is detected and the
building is closed.

We model the distribution of anthrax throughout the building
and the dose level by floor with the CONTAMW Multizone Airflow
and Contaminant Transport Model from the National Institute of
Standards and Technology (Dols and Walton, 2002). This model is
capable of simulating the dispersal of aerosols and gasses in complex
indoor environments. In particular, the model can account for the
design of a building’s air-handling system, including the number of
separate circulation zones and the filtering efficiency. Once the
chemical or biological agent, building floor plan, air-handling system,
and the environmental conditions are specified, the model will simu-
late the aerosol release from a given indoor location and output the
dose at a given time, as well as the cumulative dose over time at any
indoor location.

For our analysis, we modeled a 50-story building, with each
floor having an open floor plan (i.e., there were no interior office par-
titions or corridors). One air outlet and return was used per floor. We
performed excursions using floors with multiple interior offices, air
outlets, and returns, but they made little difference to the result. We
assumed a single air-handling system for the entire building (i.e., a
single zone). We performed excursions using two separate systems
(one for each half of the building) and found that under certain envi-
ronmental conditions the casualties could be significantly reduced.
Under many conditions, however, having separate systems did not
change the number of casualties. Given this possibility, we model a
single air-handling system in this analysis. We assume that the air on
each floor is recirculated at a rate of 5 percent per minute and that 15
percent of this air was replaced by outside air during each pass
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through the system. We also estimated parameters for building win-
dow and door air leakage, as well as the indoor and outdoor envi-
ronmental conditions.

The results from our 50-story building were scaled to match the
size of the target building under consideration (i.e., the “major office
building” discussed above).

Outdoor Anthrax Release. For the outdoor anthrax release sce-
nario, we assume the terrorists target a highly populated, metropoli-
tan downtown area. A sprayer mounted on a moving truck releases 75
kilograms of anthrax-containing slurry as it drives along a 5-kilometer
linear path. As in the indoor release case, the release takes place at 9
a.m. to catch workers at the beginning of their workday and maxi-
mize their time of exposure.

In contrast to the aircraft impact and indoor anthrax scenarios,
the footprint of the outdoor anthrax release is several hundred square
kilometers. The anthrax spore density as a function of location and
time was modeled with the Chemical/Biological Agent Vapor, Liq-
uid, and Solid Tracking (VLSTRACK) model (Bauer and Gibbs,
2001). We modeled the population density in the affected area in
four concentric zones: 20,000 persons per square kilometer in a 4
kilometer by 5 kilometer downtown area, 5,000 persons per square
kilometer extending out to 25 kilometers, 1,000 persons per square
kilometer out to 65 kilometers, and zero population beyond 65 kilo-
meters.

Most of the casualties would take place inside buildings, since
there are typically many more people indoors than outdoors. In our
scenario, we assume all the casualties occur indoors. To determine
indoor dose levels, we first used the VLSTRACK model to estimate
the outdoor dose levels at various locations and heights above ground
where building air inlets are located, then used the CONTAMW
model to estimate the reduction in dose that would occur as the
spores pass through the building air filtration system.

Any downtown would have buildings with their air inlets lo-
cated at various heights. In a release from a ground sprayer, the dose
would be lower as the height above the ground increases. For the
downtown area, we assume that 50 percent of the population would
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inhale a dose from the contaminated air entering the building at a 2-
meter level, 30 percent receive a lesser dose from air inlets at a 100-
meter height, and 20 percent from a 200-meter height. Beyond the
downtown area, anthrax enters all buildings at ground level. In esti-
mating the indoor dose levels, we assume that the downtown build-
ings are protected by 60 percent efficient filters and that buildings
outside the downtown area do not have filters that have efficiency of
any significance (thus, in effect, no filter). Persons in the buildings
with 60 percent efficient filters have a factor of nine reduction in the
dose when compared with that received by persons outside the
building.5 Persons in the buildings with no filters receive the same
dose as that experienced by persons outside the building.

Casualties from Anthrax Attacks. For both indoor and outdoor
anthrax attacks, we used an expanded version of a casualty model de-
veloped at RAND to convert the cumulative anthrax dose level at any
location into a distribution of casualties at various injury levels (Chow
et al., n.d.; see Appendix B for details.) Because we use the RMS
model to estimate insured losses from casualties, we use the RMS in-
jury classifications described above. However, in this case, the casu-
alty model assigns victims of an anthrax attack into only four of the
six injury levels; the model assumes there will be no permanent partial
disabilities. As discussed in detail in Appendix B, inhalational anthrax
has an incubation period of one to six days and a prodromal phase,
where the victims show initial mild symptoms, that lasts for one to
seven days. The casualty distribution from an anthrax attack is very
sensitive to the timing of medical intervention, and for this analysis
we assume that it takes three days to detect the attack and another
day for effective medical treatments and prophylaxis to begin (see
Appendix B).

Because documented case histories of anthrax victims are sparse,
there is substantial uncertainty about the injury distribution that can
be expected in an attack. A year after illness onset, six survivors from
____________
5 The released anthrax spores would make multiple passes through the filters as the air is
recirculated in the building, which is why the reduction factor is large relative to the effi-
ciency of the filter.
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inhalational anthrax and eleven from cutaneous anthrax incurred
during 2001 were run through a battery of health assessments and
many were found to have chronic cough, fatigue, joint swelling and
pain, memory problems, abnormalities in pulmonary functions, etc.
They also exhibited psychological symptoms, such as depression,
anxiety, and phobias, and were in reduced health in terms of physical
functioning, bodily pain, and mental health (Reissman et al., 2004).
Moreover, five of the six inhalational anthrax survivors had not re-
turned to work after at least two years (Shane, 2003).

The traditional definition of permanent disability focuses on
traumatic structural injuries; yet major components of disability re-
sulting from anthrax appear to be chronic physical and psychological
impairments. Given the very small sample size from the anthrax at-
tacks and the fact that these cases are still progressing, it is unclear to
what extent these cases will constitute temporary or permanent dis-
abilities. We account for this uncertainty by examining two casualty
distribution cases. In the “low permanent total disability” case, we
assume that the ratio of temporary total to permanent total disabili-
ties is 3 to 1, and in the “high permanent total disability” case, we use
a ratio of 1 to 3. These two cases are intended to bracket the likely
outcomes of a population exposed to anthrax (see Appendix B for fur-
ther discussion).

Non-Casualty Losses from Anthrax Attacks. Non-casualty losses
from indoor and outdoor anthrax attacks were estimated with the
RMS terrorism model and include building, contents, and business
interruption losses. Building losses in an anthrax attack result from
decontamination costs. Given the very limited number of buildings
that have been decontaminated after an anthrax release, none of
which were pervasively contaminated as would be the case in the sce-
nario modeled here, estimates of decontamination costs are highly
uncertain. Consequently, we also examine a case where the building is
condemned and use the replacement value for the building loss. Con-
tents losses are a combination of decontamination and replacement,
and business interruption losses are estimated in the same manner as
for an aircraft impact attack.
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Limitations of Loss Estimates

The event modeling captures the major losses anticipated from the
different types of attacks simulated. However, because of limitations
in available data, some important categories of losses are not ac-
counted for. First, losses to government workers—including emer-
gency responders and government buildings—are not included in the
RMS database and, thus, are not considered in our analysis. Exclud-
ing these workers and buildings will have little impact on the subse-
quent analyses of how TRIA will affect the distribution of losses re-
sulting from a terrorist attack, because government workers and
buildings are (self)insured by governmental agencies, not private in-
surers; thus, these losses are not affected by TRIA.

Another limitation is that the model accounts for victims in only
three types of locations: work, home, or school. Therefore, the analy-
sis does not account for potential attack victims who are neither em-
ployees or residents, such as visitors, clients, tourists, or passersby.
The fraction of non-employee victims in the 9/11 attacks is un-
known, but in attacks targeting individual commercial buildings, this
fraction is likely to be much less than 10 percent. Non-employee vic-
tims of an attack, or their survivors, may be compensated by life
and/or health insurance. Hence, while including non-employee vic-
tims would increase the overall loss estimate slightly, the addition
would be in life and health insurance lines, which are not included
under TRIA. Therefore, the exclusion of these victims does not affect
analyses of the distribution of losses under TRIA.

The model also excludes non-commercial property, including
single family homes and small apartment buildings. This exclusion
has no effect on the aircraft impact and indoor anthrax attacks, but it
will lead to an underestimation of the decontamination costs in the
outdoor anthrax attack scenario. This exclusion means that the prop-
erty decontamination costs estimated for an outdoor anthrax attack,
which are expected to be very high (see below), must be considered
lower limits.

In addition, the model also does not consider aircraft passengers
and crew for aircraft impact attacks. In a large attack, these individu-
als will represent a small fraction of the total loss.
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Moreover, while the model accounts for direct business inter-
ruption losses resulting from business closures, we do not attempt to
estimate the indirect economic effects, and consequent losses, of an
attack. For example, we do not attempt to estimate the losses in-
curred by hotels, airlines, venues, etc. subsequent to an attack as a
result of the cancellation of events in the city in which an attack oc-
curs.

Finally, we do not consider in this analysis non-insurance com-
pensation mechanisms, such as the 9/11 Victims’ Compensation
Fund and the liability system. The 9/11 Victims’ Compensation
Fund was not enacted as a permanent program, so we cannot be sure
whether something analogous would be instituted in response to a
future attack and, if so, what its characteristics would be; thus, we
omit it. While liability losses may be significant,6 none of the pend-
ing suits from the 9/11 attack have been resolved, and there is tre-
mendous uncertainty about the outcomes of these suits. Further,
Congress limited airlines’ liability for losses that resulted from the
9/11 attack to their insurance coverage and offered victims of that
attack compensation through the 9/11 Victims’ Compensation Fund
in return for their waiving their liability rights. Accordingly, a large
number of liability claims that might have been brought in the wake
of 9/11 were essentially preempted. Whether and, if so, how Con-
gress might act to limit liability in future attacks is unknown. In sum,
we do not have a basis for estimating either the numbers and types of
liability claims that might be filed in a future event or the likely out-
comes of claims that are filed. Accordingly, we omit potential liability
losses from this analysis.

Loss Distribution Estimates

For all three types of attacks, we used the RMS model to estimate
how losses would be distributed among various insurance lines
through the private-sector insurance system. Our estimates of insured
loss neglect insurance premiums, deductibles, co-payments, and pol-
____________
6 The Insurance Information Institute estimates that non-aviation liability costs from 9/11
could be $10 billion (Hartwig, 2002).
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icy limits. This simplification shifts losses that would be incurred by
policyholders to insurers and allows us to eliminate policyholders as a
separate payee. This results in a slight overestimation of the insurers’
share of losses, but it has no effect on the total loss estimate.

We estimate commercial property losses under the hypothetical
condition of 100 percent coverage. In particular, we neglect policy
exclusions for losses resulting from CBRN attacks. We model 100
percent coverage in an effort to capture the total loss from an attack.
The effect of incomplete insurance coverage take-up on the ultimate
distribution of losses is examined in the main body of this report.

The RMS model distinguishes three general classes of insurance
in terms of how losses are distributed: commercial property, workers’
compensation, and life and health. Commercial property comprises
non-casualty losses and includes buildings, building contents, and
business interruption. Because we omit policy deductibles, co-
payments, and limits, losses for buildings damaged or destroyed in an
attack equal the buildings’ full replacement value. Contents and busi-
ness interruption losses are estimated at average insured values. As
noted above, business interruption losses are estimated for closed, lo-
cal businesses only.

Injuries and fatalities generate losses through workers’ compen-
sation and various life and health insurance lines. We assume that
workers injured at their place of work are compensated at the work-
ers’ compensation rate in the state in which they were injured, given
their injuries. Because workers’ compensation coverage is mandatory,
losses to all workers are captured in this estimate. Workers and non-
workers injured or killed in an attack are compensated by various
forms of life and health insurance at national average penetration
rates and coverage levels by insurance line and type of population.
For example, we assume that 60 percent of employed professionals
have individual life insurance at an average coverage of $150,000.7

____________
7 Penetration rates and coverage levels for some target areas such as New York City likely
exceed national averages; thus, the model may underestimate life and health insurance losses
in such areas. However, this underestimation has a small effect on the conclusions of this
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The total loss estimates reflected in the loss distributions are in-
tended to represent the losses from a terrorist attack that could poten-
tially be covered by insurance. This includes the replacement value of
all damaged commercial buildings and contents; losses to businesses
that are closed; workers’ compensation payments for all employees;
and life and health insurance payments for employees, residents, and
students reflecting average insurance penetration rates and coverage
levels. As noted above, some important losses are not accounted for.
The principal insurable losses that are not included in our estimates
are life and health insurance losses for victims who are not at work,
home, or school and non-commercial property losses in an outdoor
anthrax attack.

Aircraft Impact Results

In this section, we present the aircraft impact results. We conducted
aircraft impact simulations for each of 454 target scenarios. To illus-
trate the simulation analysis, we first present detailed results for one
particular scenario—the “major office building” scenario that is in the
93rd percentile of the distribution of the 454 buildings; then, we ex-
amine the range of losses across all the scenarios.

Loss Estimate and Distribution for the Major Office Building

Table A.1 summarizes the private-sector losses and loss distribution
we estimate in the major office building aircraft impact scenario.
Empty cells reflect those areas that are not applicable. The estimates
for each line of workers’ compensation, life, and health insurance are
presented in two columns. The first column shows the number of
people in each casualty category that we estimate would receive com-
pensation through that line of insurance. The second column shows
the total compensation that we estimate would be paid to people in
that casualty category under that line of insurance. Note that an indi-
______________________________________________________
analysis, since life and health insurance losses are a relatively small fraction of the total loss,
and life and health insurance is not covered by TRIA.



Table A.1
Loss Distribution for an Aircraft Impact on the Major Office Building

Group
Life

Individual
Life

Accidental
Death and

Dismemberment
Workers’

Compensation Health Property Total

Loss Type
No. $M No. $M No. $M No. $M No. $M $M No. $M

Medical only 35,169 23 186 0 35,524 23

Temporary total disability 638 8 1 0 641 8

Permanent partial
disability—minor 558 14 1 0 561 14

Permanent partial
disability—major 197 4 399 85 1 0 401 89

Permanent total disability 211 9 428 491 1 1 430 501

Fatal 2,224 307 1,569 235 1,306 108 2,624 901 2 0 2,632 1,551

Non-casualty

Building 1,693 1,693

Contents 975 975

Business interruption 1,689 1,689

Aircraft hull 125 125

Total 2,224 307 1,569 235 1,714 121 39,816 1,522 192 1 4,482 40,188 6,668

NOTE: Empty cells reflect those areas that are not applicable.
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vidual may be covered by more than one insurance line. Conse-
quently, the sum of numbers of people listed in a given casualty cate-
gory may be greater than the total number of people who incurred an
injury in that category shown in the “Total” column.

The “Property” column shows our estimates of non-casualty
losses. The target building and neighboring structures would incur an
estimated $4.5 billion in losses to the structures and contents and in
business interruption.

The last pair of columns shows the totals for the numbers of
people and compensation for each loss category. We estimate that
there are about 40,000 total casualties and a total loss of $6.7 billion
for this scenario. The corresponding loss for the World Trade Center
attacks on 9/11 was approximately $22 billion, or $11 billion for
each of the two impacts.8

Figure A.2 shows the estimated number of casualties in each of
the six casualty categories shown in Table 3.1. Most of the casualties
that would be incurred as a result of an aircraft impact are relatively
minor. Of the approximately 40,000 casualties, 88 percent fall into
the medical-only category. Most of the remaining casualties are fatali-
ties (7 percent), with the total for the four intermediate categories
contributing just about 5 percent. As the figure shows, the casualty
profile for an aircraft impact is bimodal: Most casualties are either
minor or fatal, with relatively few casualties falling in between.

Figure A.3 shows the estimated losses for each of the six casualty
categories. Because the more serious types of casualties involve much
higher costs, the financial losses associated with casualties are domi-
nated by fatalities. Although the number of fatalities is less than 10
percent of the number of medical-only casualties, the total losses that
would be paid to their families and estates would be over $1.5 billion,
or more than 67 times higher than the medical-only costs.

Figure A.4 shows the distribution of estimated losses among the
different insurance lines. Losses are not concentrated in any single
____________
8 The $22 billion value for the World Trade Center losses includes property, aircraft hull,
business interruption, event cancellation, workers’ compensation, and life but excludes po-
tential liability losses (Hartwig, 2004).
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Figure A.2
Estimated Number of Casualties for the Major Office Building Aircraft
Impact Scenario
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insurance line, but rather are distributed across several lines. Re-
placement costs for buildings and contents would account for the
largest portion, totaling approximately $2.7 billion. Business inter-
ruption losses for closed businesses would be $1.7 billion. Workers’
compensation losses would add up to almost as much, about $1.5
billion. Life and health, the term we use for the sum of all types of life
and health insurance aside from workers’ compensation, would ac-
count for a little over $600 million. The aircraft hull would cost
about $125 million.

For comparison, the corresponding losses for the World Trade
Center attacks are also shown in Figure A.4. To facilitate comparison
to the single impact in our simulation, the World Trade Center val-
ues shown are half of the totals given by Hartwig (2004). Note that
we did not simulate an impact into the World Trade Center, so our
loss estimates are not expected to match the World Trade Center
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Figure A.3
Estimated Losses by Casualty Category for the Major Office Building Aircraft
Impact Scenario
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losses. Nonetheless, it is informative to understand how other large
aircraft impact attacks might compare to the World Trade Center.

Life and health and workers’ compensation losses in our major
office building simulation are somewhat higher than the World Trade
Center values. This difference may reflect a larger number of victims
as well as a higher workers’ compensation rate for the state in which
our simulated building is located. Property losses are considerably
higher for the World Trade Center, which is not surprising given that
they were among the most valuable buildings in the country. Business
interruption losses at the World Trade Center were almost three
times higher than in our simulation, which probably reflects the very
high density of large businesses in lower Manhattan as well as the fact
that our simulation may not capture all business interruption losses.

Figure A.5 compares insured casualty losses to non-casualty
losses estimated from the model. Casualty losses include workers’
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Figure A.4
Distribution of Estimated Losses Among Different Insurance Lines for the
Major Office Building Aircraft Impact Scenario and World Trade Center
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compensation and life and health lines, while non-casualty losses in-
clude the buildings, their contents, business interruption, and aircraft
hull. In this particular aircraft impact scenario, the total losses are
dominated by non-casualty losses. Of the total of almost $7 billion in
losses, roughly two-thirds, or about $4.5 billion, would be non-
casualty losses, primarily losses due to business interruption and losses
to the building. Casualty losses of all types combined add up to a lit-
tle under one-third of all the losses. Most of these are the losses to
workers’ compensation, about $1.5 billion. All the life and health
plans combined add up to a little over half a billion dollars.

Loss Estimates and Distributions for All 454 Aircraft Impact Scenarios

As noted above, we replicated the analysis for 454 independent air-
craft impact scenarios involving different target buildings. The pre
ceding charts described the initial losses and private-sector loss distri-
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Figure A.5
Comparison of Casualty Losses to Non-Casualty Losses for the Major Office
Building Aircraft Impact Scenario
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bution for a single aircraft impact scenario involving a major office
building. In the next few figures, we explore how the losses and loss
distribution vary among all 454 aircraft impact scenarios. The sample
is comprised of actual buildings and includes all buildings in the
United States over 40 stories tall, as well as a number of other high-
profile or otherwise high-risk buildings.

Figure A.6 shows the distribution of the number of total casual-
ties for attacks at the different targets. The total number of casualties
ranges from less than 100 to over 60,000. Target buildings are listed
in order of their percentile within the entire sample. For the target
representing the 10th percentile, for example, 10 percent of all targets
resulted in fewer casualties and 90 percent resulted in larger numbers
of casualties. The major office building we used in the preceding fig-
ures to illustrate our analysis falls at the 93rd percentile in this distri-
bution.



86    Distribution of Losses from Large Terrorist Attacks Under TRIA

Figure A.6
Distribution of the Number of Total Casualties for All 454 Aircraft Impact
Scenarios
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Targets at the 10th, 25th, 50th, 75th, and 90th percentile, as
well as the major office building at the 93rd percentile, are high-
lighted with stars. In the subsequent figures, we describe and compare
the results for these different target buildings.

Figure A.7 shows the total losses for three different targets at
each of six casualty percentile levels highlighted in Figure A.6. The
three targets shown at each percentile level are the target at that level
plus the one immediately below it and the one immediately above it.
The figure illustrates that the magnitude of losses varies substantially
across targets. The total losses for the 18 scenarios illustrated range
from $0.5 billion to $6.7 billion.

There are even notable variations in total losses among targets
with very similar total casualities. For example, the three targets that
bracket the 10th percentile in total casualities would incur total losses
ranging from about $300 million to about $750 million. The wide
range in total losses results from a combination of factors, including
building height, construction type, occupancy, and location.
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Figure A.7
Distribution of Total Loss Estimates for All 454 Aircraft Impact Scenarios
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The distribution of estimated losses across different loss types
also varies substantially. Figure A.8 shows the share of the total losses
for each target that would be covered by each of three major types of
insurance: life and health, workers’ compensation, and commercial
property (non-casualty). This figure illustrates that the profile of
losses varies substantially across these buildings, particularly for the
targets with the lowest losses. For example, almost all the losses in the
10th percentile targets are non-casualty losses. In contrast, most losses
in the 25th percentile targets are from workers’ compensation, with
less than 30 percent of the losses resulting from non-casualty lines.9

Targets above the 25th percentile show much more consistent distri-
butions intermediate between these two cases. The variations result
primarily from differences in property values, workers’ compensation
rates, and numbers of victims.
____________
9 Results for the three buildings at the 25th percentile are identical because they happen to
be three identical buildings. The high ratio of workers’ compensation to property loss for
these buildings results from a combination of them being in a state with exceptionally high
workers’ compensation rates and of them having anomalously low property value.
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Figure A.8
Distribution of the Total Losses Across Different Loss Types for a Sample of
the 454 Aircraft Impact Scenarios
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Figure A.8 also shows that the life and health insurer losses total
less than 16 percent and, in most cases, less than 10 percent of the
total losses. This is an important observation because life and health
lines are not covered by TRIA. The fact that life and health insurance
losses can be expected to represent no more than about 10–15 per-
cent of the total losses means that the majority of the losses in an air-
craft impact attack would be eligible for TRIA coverage.

Loss Estimates and Distributions for Indoor and Outdoor
Anthrax Attacks

Table A.2 summarizes the results for the losses in an indoor anthrax
release in the major office building. As discussed above, loss estimates
presented in this study are intended to reflect the total loss that could
potentially be insured. As such, CBRN exclusions, as well as any
other policy deductibles, co-payments, and limits are omitted. The



Table A.2
Loss Distribution for the Major Office Building Indoor Anthrax Attack

Group
 Life

Individual
Life

Accidental
Death and

Dismemberment
Workers’

Compensation Health Property Total

No. $M No. $M No. $M No. $M No. $M $M No. $M

Medical only 5,500 3 0 0 5,500 3

Low PTD case

Temporary total disability 4,500 54 0 0 4,500 54

Permanent total disability 738 31 1,497 1,717 3 3 1,500 1,752

High PTD case

Temporary total disability 1,500 18 0 0 1,500 18

Permanent total disability 2,213 94 4,490 5,150 10 10 4,500 5,255

Fatal 2,336 323 1,649 247 1,374 114 2,749 944 1 0 2,750 1,628

Building 307 307

Contents 230 230

Business interruption 524 524

Total: low PTD case 2,336 323 1,649 247 2,112 145 14,246 2,717 4 3 1,061 14,250 4,498

Total: high PTD case 2,336 323 1,649 247 3,587 208 14,239 6,115 11 10 1,061 14,250 7,965

NOTES: PTD = permanent total disability. Empty cells reflect those areas that are not applicable.
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total loss would be $4.5 billion for the low-permanent-total-disability
case and nearly $8 billion for the high-permanent-total-disability case
(see above and Appendix B for a discussion of the high- and low-
permanent-total-disability cases). These values bracket the $6.7 bil-
lion for the loss caused by an aircraft impact into the same major of-
fice building, as discussed above. Thus, indoor anthrax and aircraft
impact attacks are expected to inflict comparable total losses.

Table A.3 shows the comparable results for the outdoor anthrax
attack scenario, again under the assumption that CBRN coverage is
not excluded. Our estimate of the total insured loss ranges from $130
billion to $170 billion in the two cases. This is far greater than the
losses in the indoor anthrax and aircraft impact scenarios as well as
the $22 billion insured loss suffered at the World Trade Center on
9/11 (Hartwig, 2004). Such a result is to be expected given that the
outdoor anthrax attack covers hundreds of square kilometers and ex-
poses over 1.1 million people.

Turning now to casualties from the two scenarios, Figure A.9
shows the number of casualties in each injury category for the indoor
anthrax attack. All 10,000 of the people in the building at the time of
the attack are exposed to an anthrax dose high enough so that all of
them would develop inhalational anthrax if no prophylaxis were used.
Additionally 4,250 subsequent entrants are also affected. As discussed
above, our casualty model places casualties in four injury levels: medi-
cal only, temporary total disability, permanent total disability, and
fatal. There would be 5,500 victims at the medical-only level. As dis-
cussed above and in more detail in Appendix B, the majority of
medical-only casualties are potentially exposed people who receive
antibiotic prophylaxis in time to prevent any illness.10 The estimated
number of fatalities (2,750) is very similar to that for the aircraft im-
pact simulation (2,632; see Table A.1) and the sum from the two
____________
10 The 5,500 are broken down as follows: 2,500 are people who were in the building at the
time of the attack and would have developed inhalational anthrax but do not because of
antibiotic prophylaxis; 2,500 are people who take antibiotic prophylaxis but in fact do not
really need to; and 500 are people with mild cases of cutaneous anthrax who can be treated as
outp atients.



Table A.3
Loss Distribution for the Outdoor Anthrax Attack

Group
 Life

Individual
Life

Accidental
Death and

Dismemberment
Workers’

Compensation Health Property Total

No. $M No. $M No. $M No. $M No. $M $M No. $M

Low PTD case

Medical only 479,221 308 407,827 228 1,041,370 536

Temporary total disability 30,298 363 21,441 136 59,881 499

Permanent total disability 4,979 212 10,099 11,586 7,147 7,147 19,960 18,945

High PTD case

Medical only 875,027 562 744,665 417 1,901,476 979

Temporary total disability 10,099 121 7,147 45 19,960 166

Permanent total disability 14,936 637 30,298 34,757 21,441 21,441 59,881 56,835

Fatal 23,894 2,472 15,904 2,109 11,321 846 23,401 8,032 9,546 451 36,594 13,909

Building 32,605 32,605

Contents 22,944 22,944

Business interruption 44,864 44,864

Total: low PTD case 23,894 2,472 15,904 2,109 16,300 1,058 543,019 20,288 445,961 7,963 100,414 1,157,805 134,302

Total: high PTD case 23,894 2,472 15,904 2,109 26,258 1,483 938,825 43,472 782,800 22,354 100,414 2,017,911 172,302

NOTES: PTD = permanent total disability. Empty cells reflect those areas that are not applicable.
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Figure A.9
Estimated Number of Casualties for the Major Office Building Indoor
Anthrax Attack Scenario
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World Trade Center towers (The 9/11 Commission Report, 2004).11

Many survivors of serious anthrax illness (6,000 total) could become
permanently disabled: 1,500 to 4,500 for the low- and high-
permanent-total-disability cases, respectively.12 The corresponding
numbers at the temporary total disability level are 4,500 and 1,500.

Figure A.10 shows the comparable casualties result for the out-
door attack scenario. Because of the very large areal extent of an out-
door anthrax release, 1,160,000 people are inside the plume, and as a
result, the expected number of casualties is much greater than for an

____________
11 The 2,750 fatalities are broken down as follows: 2,500 who were in the building at the
time of the attack and 250 who enter the building sometime after the attack and contract
inhalational anthrax as a result of re-aerosolized anthrax.
12 These 6,000 survivors of serious anthrax illness are broken down as follows: 5,000 who
are in the building at the time of the attack and develop inhalation anthrax, 500 subsequent
entrants who develop inhalational anthrax as a result of re-aerosolized anthrax, and 500 sub-
sequent entrants who develop cases of cutaneous anthrax severe enough to be hospitalized.
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Figure A.10
Estimated Number of Casualties for the Outdoor Anthrax Attack in a Major
Urban Area

0

500,000

1,000,000

1,500,000

2,000,000

N
u

m
b

er
 o

f 
ca

su
al

ti
es

Injury level

Medical only Temporary
total disability

Permanent
total disability

Fatal

Low permanent total
High permanent total
Low medical
High medical

indoor release.13 In our scenario, approximately 133,000 people
would be infected, leading to 37,000 fatalities. The relative propor-
tions of temporary total disability, permanent total disability, and fa-
tal casualties would be the same as in the indoor case, but the number
of medical-only casualties would be far greater and far more uncertain
(see Appendix B). Because of the large number of people receiving
antibiotic prophylaxis, the number of victims requiring medical-only
care overwhelms the rest, ranging from 1.0 to 1.9 million (Figure
A.10).
____________
13 The plume size is defined as the area receiving an anthrax dose that has a chance of greater
than 2 percent to infect unprophylaxed people.
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Figure A.11
Estimates for Casualty Losses for the Major Office Building Indoor Anthrax
Attack
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Figure A.11 shows estimates for the insured casualty losses in
each of the four injury levels for the indoor anthrax attack.14 The
losses are dominated by permanent total disability and fatal injuries.
Because the cost of taking care of a permanently totally disabled per-
son ($900,000 to $2,100,000) is even higher than that of compen-
sating the family for a death ($140,000 to $750,000), permanent to-
tal disability could be the largest share of the casualty loss. In the
high-permanent-total-disability case, the permanent total disability
loss would be $5.3 billion, far exceeding the $1.6 billion for the fatal
loss.

When casting casualties in terms of insured monetary values for
the outdoor anthrax scenario, we find that, as in the indoor scenario,
____________
14 We use RMS data to translate the casualty numbers into monetary casualty losses. RMS
provided the following cost range per person: $400 to $1,000 for medical only; $16,000 to
$34,000 for temporary total disability; $900,000 to $2,100,000 for permanent total disabil-
ity; and $140,000 to $750,000 for fatal. RMS uses compensation rates in the state in which
the victims are injured. It further assumes that the rate at a given injury level is independent
of the cause of injury. Given the paucity of specific rate data for anthrax, this assumption of
independence is used here.
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casualty losses are dominated by permanent disabilities and fatalities
(see Figure A.12). Although the number of medical-only victims
overwhelms those of the other injury levels, the medical-only cost per
victim is much lower than for other casualties.15 The loss in perma-
nent total disability ranges from $19 billion to $57 billion, and fatal-
ity loss is $14 billion. The medical-only and temporary-total-
disability losses combined amount to less than $1.5 billion.

Because the cost of indemnifying permanent disabilities is so
much higher than that for temporary disabilities, the large uncer-
tainty about the relative proportion of temporary and permanent dis-
abilities leads to large uncertainty in the total casualty loss. Thus, it is
important for future research to study inhalational anthrax survivors
to accurately characterize the long-term medical effects of anthrax to
help classify the seriously ill into temporary and permanent disability
categories.

Figure A.12
Estimates for Casualty Losses for the Outdoor Anthrax Attack in a Major
Urban Area
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____________
15 In estimating losses by casualty type, we have grouped the high-medical-only case with the
high-permanent-total-disability case and the low-medical-only case with the low-permanent-
total-disability case.
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Figure A.13 shows the losses for several important insurance
lines for the indoor anthrax scenario. Workers’ compensation domi-
nates the losses among insurance lines. It ranges from $2.7 billion to
$6.1 billion, while the other lines combined amount to $1.8 billion
to $1.9 billion. This scenario calls for special attention because insur-
ers cannot exclude CBRN coverage from workers’ compensation
policies. In other words, even if CBRN coverage is excluded from
other lines, insurers would still be responsible for covering the bulk of
the losses in an indoor anthrax attack.

Life and health insurer losses, which include group life, individ-
ual life, accidental death and dismemberment, and health insurance,
amount to $0.7 billion to $0.8 billion. The building loss results
mainly from decontamination expenses, which amount to $0.3 bil-
lion. Then again, if it is determined that the building cannot be de-
contaminated and has to be written off, it would cost $1.7 billion. As
to contents, they would be decontaminated whenever possible; oth-
erwise, they would have to be replaced. They amount to $0.2 billion.
The business interruption is caused by the shutdown of business at
the building until it is decontaminated and amounts to $0.5 billion.

Figure A.13
Distribution of Insured Losses Across Insurance Lines for the Major Office
Building Indoor Anthrax Scenario
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Figure A.14 shows the comparable results for the outdoor an-
thrax scenario. Unlike the indoor release case, the total insured losses
are spread among several insurance lines in an outdoor release. Busi-
ness interruption, building decontamination, and workers’ compensa-
tion losses could exceed $30 billion each. The workers’ compensation
loss is 10 to 20 times higher than the $1.8 billion from the 9/11 at-
tacks (Hartwig, 2004) and, as noted earlier, cannot be excluded from
insurance coverage. The insurers maintain that the workers’ compen-
sation industry’s capital is only $30 billion in its entirety (Hockman
et al., 2004). With potential losses as large as $43 billion, they would
argue that, without TRIA, their capital is grossly inadequate to back
their workers’ compensation line of business.

Decontamination of the many buildings within the large an-
thrax footprint would cost $33 billion, and decontamination and re-
placement of building contents would add another $23 billion, for a

Figure A.14
Distribution of Insured Losses Across Insurance Lines for the Outdoor
Anthrax Attack in a Major Urban Area
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total of $56 billion.16 Condemning buildings rather than decontami-
nating them would raise this value to over $200 billion.

Business interruption losses resulting from an outdoor anthrax
release include only insured losses incurred by local businesses as a
result of being closed in the aftermath of the attack, as discussed
above. During the time that buildings have to be shutdown, the resul-
tant business interruption losses would be $45 billion.

Again, with the CBRN exclusion generally specified in a prop-
erty and casualty insurance policy (except workers’ compensation) or
if the CBRN coverage is not purchased, the property owner is not
insured for this huge anthrax loss. The effect of terrorism insurance
coverage take-up is discussed in detail in the main body of this study.

When we compared losses distinguished in terms of casualty
(workers’ compensation plus life and health) and non-casualty
(building, contents, and business interruption), we found (as shown
in Figure A.15) that casualty losses dominate in an indoor anthrax
attack. The casualty loss ranges from $3.4 billion to $6.9 billion, far
above the non-casualty loss of $1.1 billion. Even if the building must
be condemned, the total property loss is $2.5 billion, which is still far
less than the casualty loss.

Figure A.16 shows the losses in the outdoor anthrax scenario
distinguished in terms of casualty and non-casualty losses. Unlike in
the indoor case, the non-casualty loss would be larger than the casu-
alty loss: The non-casualty loss is $100 billion, while the casualty loss
ranges from $34 billion to $72 billion. When considering that actual
property losses would be even greater than we estimate because our
estimate does not include non-commercial property (see above) and
because some buildings may have to be condemned rather than de-
contaminated, the loss profile is even more skewed toward non-
casualty losses.
____________
16 As discussed in Chapter Two, these building and contents values are minimum estimates
because they cover commercial property only; the costs for decontamination and replacement
in residential dwellings are not included.
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Figure A.15
Comparison Between Casualty and Non-Casualty Losses for the Major Office
Building Indoor Anthrax Scenario
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Figure A.16
Comparison Between Casualty and Non-Casualty Losses for the Outdoor
Anthrax Scenario in a Major Urban Area
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APPENDIX B

The RAND Anthrax Casualty Model and Casualty
Distributions in the Indoor and Outdoor Anthrax
Attacks

This appendix describes how we calculated the distribution of victims
into various casualty categories resulting from exposure to anthrax.
This model is an expanded version of one developed recently at
RAND (Chow et al., n.d.) and includes the effects of not only an-
thrax infection but also antibiotic prophylaxes and medical treat-
ments.

Inhalational anthrax is the form of anthrax that would result
from the inhalation of anthrax spores. This form of the disease has
three phases. The first phase is the incubation phase, where a person
has inhaled the spores but does not yet show symptoms. The dura-
tion of this phase is variable. Prior to 1990, it was estimated to last
between one and six days. Then analysis of the 1979 outbreak of in-
halational anthrax in the Soviet city of Sverdlovsk indicated that it
might last much longer—perhaps as long as 43 days. However, our
recent analysis of the 2001 mail attacks in the United States has
shown that this experience is incompatible with the Sverdlovsk data
(Chow et al., n.d.). As a result of problems with the Soviet data, we
prefer to base our estimate of the duration of the incubation phase on
ten case histories from the United States, where the duration of the
incubation phase is well known (eight of these cases are from 2001).
The range of the duration from these ten cases is between one and six
days (ironically the same range that had been estimated before the
Sverdlovsk data had become available).
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The second phase is the prodromal phase, which is the initial
phase of the illness. Infected persons tend to show mild flu-like symp-
toms, which can be difficult to diagnosis as anthrax. We have col-
lected 20 cases histories (none of which are based on the problematic
Soviet data) where the untreated duration of the prodromal phase is
known. The duration of this phase is also variable and can last from
one to seven days.

The final phase is the terminal phase, which begins when the pa-
tient takes a sudden turn for the worse and dies generally within one
to three days.

For our calculation of the numbers of ill and dead from inhala-
tional anthrax, we use the case histories that we collected as the dis-
tributions of the duration of the incubation and prodromal phases
(Chow et al., n.d.).1 The durations of the incubation phase and the
prodromal phase are uncorrelated.

For our analysis of the inhalational anthrax cases, we make the
typical assumption that the median lethal dose is the inhalation of
8,000 spores. This means that half of those2 who inhale this number
of spores would become infected and the other half would not be-
come infected, despite having inhaled this number of spores. To de-
termine the fraction infected that would result from inhaling a num-
ber of spores that is different from 8,000, we use the methodology of
Druett (1952). If one assumes that each spore acts independently to
cause anthrax, then the fraction of people who are not infected (i.e.,
survivors) can be found by the expression S  = 0.5D where D is the
dose of spores expressed as a multiple of the median lethal dose. The
fraction of those infected is then just 1 – S. We assume that anyone
who is infected and not treated will die.

Based on the results of the treatment of the inhalational anthrax
victims of the 2001 anthrax mail attacks, we assume that all those
who begin taking antibiotics in the incubation period will survive,
____________
1 With only ten cases for the incubation period, this distribution is not well specified, but
unfortunately this is the best that can be done with the current state of knowledge.
2 The general population (other than the military) is not vaccinated. Thus, we assume that
the victims are not vaccinated beforehand.
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regardless of how large a dose they may have inhaled. Similarly, we
assume that 80 percent of those who are in the prodromal phase and
are still at least one day away from becoming terminal can be saved by
treatment. Such people will become seriously ill and require hospitali-
zation and antibiotics to recover. People who are not treated until the
terminal phase are assumed to die.

For the indoor base case, we calculated that the inhaled dose
would be so high, regardless of the location of a victim inside the
building, that every occupant would contract inhalational anthrax
and therefore die if untreated. Effective counteractions occur at four
days after the attack: three days to detect the attack and one day for
effective counteractions to take place.

Using these assumptions and data, we then estimate the number
of dead and ill using the distributions of the incubation and prodro-
mal phases based on our collected case histories.

The number of dead from this attack is the sum of the follow-
ing:

1. The number of dead on day four.
2. Those who are in the terminal phase of the disease on day four.
3. Those who would become terminal on day five.
4. Twenty percent of the remainder of those who are ill on day four

and do not become terminal on day five.

Based on these assumptions and our distributions for the incu-
bation period duration and the prodromal phase duration, we calcu-
lated that about 25 percent of the people in the building at the time
of the attack die, 50 percent become ill but survive, and 25 percent
never become ill. For our case of 10,000 occupants at the time of the
attack, the above percentages translate into 2,500, 5,000, and 2,500,
respectively.

However, there are three other sources of casualties and/or vic-
tims needing medical care in addition to those 10,000 people who are
in the building at the time of the attack. First, since it will be three
days before the attack is discovered, there will be people who were
not in the buildings at the time of the attack but enter it after the at-
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tack and are exposed to re-aerosolized anthrax spores. Based on recent
analysis, this could be a significant source of infection (Weis et al.,
2002). However, there is no analytical way to estimate how many
people might be infected in this way, and therefore we simply assume
that this exposure increases the number of dead and the number of ill
who recover by 10 percent. In other words, this adds 2.5 percentage
points to the dead (i.e., 10 percent times 25 percent, or 250 persons),
and 5 percentage points to the ill but recovered (i.e., 10 percent times
50 percent, or 500 persons).

Second, there will be people who were not in the building at the
time of attack but enter it afterward and contract cutaneous anthrax.3

The 11 cases of cutaneous anthrax that occurred as a result of the
2001 mail attacks show that this is a real concern. However, there is
no analytical way to calculate the number of people who might con-
tract cutaneous anthrax, and as a result we simply assume that this
number equals 10 percent of the total number of people who were in
the building at the time of the attack. Of the people who contract
cutaneous anthrax, none die, 50 percent become ill enough to require
hospitalization, and 50 percent become ill but can be treated on an
outpatient basis with antibiotics (in the medical-only category). In
other words, cutaneous anthrax patients add 5 percentage points dis-
tributed between the temporary-total- and the permanent-total-
disability categories and 5 percentage points to the medical-only cate-
gory (i.e., 10 percent times 50 percent, or 500 persons).

Third, there could be people who enter the building after the at-
tack but would not receive enough exposure to become ill, or there
could be people who think they were in the building at the time of
attack but in fact were not. People in this third group would not re-
quire any antibiotics to avoid illness, but because of the severe conse-
quences of becoming ill with anthrax, these people would have to
take antibiotics anyway. We estimate that this number would be
equal to those who were exposed in the initial attack and avoid illness
____________
3 Some could actually come in contact with spores that had settled on surfaces and as a re-
sult contract cutaneous anthrax disease.
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because of prophylaxis, 25 percent of the 10,000 occupants (or 2,500
persons).

The RAND casualty model accepts the dose levels from the
CONTAMW model or other models and calculates the casualties at
various injury levels. We have used the classification scheme of RMS,
which breaks the victims into six injury levels: medical only, tempo-
rary total disability, permanent partial disability—minor, permanent
partial disability—major, permanent total disability, and fatal (al-
though we have not populated the two permanent-partial categories).
We place all victims taking antibiotics for illness prevention and not
becoming ill in the medical-only category.

A major uncertainty is whether those who become ill enough to
require hospitalization but survive will be permanently disabled or
not. These people would include 100 percent of those who are ill
with inhalational anthrax and 50 percent of those who get cutaneous
anthrax; together, they number 6,000 in our case. There is very lim-
ited data available to resolve the uncertainty.

To deal with this uncertainty, we suggest using a “high-
permanent-total-disability” case, where 75 percent of the ill who re-
cover are in the permanent-total-disability category and 25 percent
are in the temporary-total-disability category. We also suggest a “low-
permanent-total-disability” case, where these percentages are reversed:
25 percent in permanent total disability and 75 percent in temporary
total disability. We also consider the uncertainty to be too large to
fine-tune the classification to populate the two other levels: perma-
nent partial disability—minor and permanent partial disabil-
ity—major). These results, along with the fractions for other injury
levels, are summarized in Table B.1. Note the fractions add up to
greater than one, since these fractions are based on the number of oc-
cupants at the time of attack (10,000) plus casualties among people
who entered the building after the attack. In other words, the total
number of people who need medical attention, including prophylaxis,
is 14,250.
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Table B.1
Casualty Distribution for an Indoor Anthrax Attack on a
High-Rise Office Building (given as a fraction of the people
in the building at the time of the attack)

Category
High-Permanent-
Total Disability

Low-Permanent-
Total Disability

Fatal 0.275 0.275

Permanent total disability 0.45 0.15

Temporary total disability 0.15 0.45

Medical only 0.55 0.55

For an outdoor anthrax attack, as was discussed in the text, we
use the VLSTRACK model to calculate the outdoor dose that would
be received at any location in the plume. This is then converted into
an indoor dose by taking into account any dose reduction resulting
from building ventilation systems. We then use the methodology of
Druett (1952) to calculate the fraction of people who would be in-
fected by this dose. As with the indoor attack, we assume that the at-
tack is not discovered for three days and that it takes one more day
before effective treatment can begin. As a result, new entrants to
buildings in the contaminated area in the next few days after the at-
tack but before detection would be infected by re-aerosolized anthrax
spores or by direct contact with spores left on surfaces. These situa-
tions are similar to those that would occur in the indoor case. Thus,
we assume that the relative proportions of temporary-total-disability,
permanent-total-disability, and fatal casualties would be the same as
those in an indoor attack. In other words, 27.5 percent of the in-
fected population would be fatal; 15 percent/45 percent would be
permanent total disability; and 45 percent/15 percent would be tem-
porary total disability.4

As was discussed in the text, the number of medical-only casual-
ties would be far greater and far more uncertain because of the need
for very widespread antibiotic prophylaxis. In an indoor release, peo-
____________
4 The percentage before the slash is for the low-permanent-total-disability case, while the
percentage after the slash is for the high-permanent-total-disability case.
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ple potentially exposed to anthrax spores can be rather well identified,
namely those in the building at the time of attack or thereafter until
the attack is detected. In contrast, a person standing as far as 70
kilometers away from an outdoor anthrax release point can still have
some chance (2 percent) of being infected. Uncertainties in wind di-
rection, plume dispersion, and downwind travel distance lead to great
uncertainty as to who might have been exposed. Thus, a very large
number of people who were likely not exposed would have to be
treated with antibiotics as a necessary precaution.

We bracket this uncertainty in the number of people requiring
medical-only care by using two estimates. For the low estimate, we
assume that all people in the actual plume footprint at the time of
attack who are not in the three aforementioned casualty categories
would be treated with antibiotics for prevention of illness. For the
high estimate, we assume all the people in an area twice the size of the
actual plume would need to take antibiotics; thus, we add these peo-
ple to the medical-only category.5 For this case then, the number of
medical-only casualties would range from 1.0 to 1.9 million.
____________
5 The actual plume footprint is defined as the area receiving an anthrax dose that has a
chance of greater than 2 percent to infect people if they are medically untreated. We further
assume that the population densities in the neighboring areas are the same as those in the
actual plume, except the highest density area (downtown) is replaced by that of the suburb
density. In other words, the neighboring areas do not contain any more of the populous
downtown, because the high density downtown has already been covered in the actual plume
and accounted for.
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APPENDIX C

Derivation of Equations (4.3) and (4.6)

Equation (4.3)

TRIA deductibles that would have been paid for WTC target insurers
were estimated as

Dw
eff = Min 0.15Pw

TRIA ,Lw
TRIA( ) ,

where Dw
eff  is the effective deductible for an individual WTC insurer,

Pw
TRIA  is the same insurer’s annual direct-earned premium for TRIA-

eligible insurance lines, and Lw
TRIA  is the insurer’s TRIA-covered loss

at the WTC. The minimization is necessary because TRIA-covered
losses were less than formal deductibles (0.15 Pw

TRIA ) for many WTC
insurers. Lw

TRIA  is approximated as

Lw
total Pw

TRIA Pw
total ,

where Lw
total  is the insurer’s total loss at the WTC and Pw

total  is the in-
surer’s total annual direct-earned premium. This relationship assumes
that the fraction of coverage written by any insurer at the WTC that
was TRIA-eligible was equal to the TRIA-eligible fraction written by
that insurer nationwide. The ratio of aggregate TRIA deductible to
TRIA-covered loss for the WTC was then computed as
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DWTC
eff LWTC

TRIA = Dw
eff∑ Lw

TRIA∑ ,

where the sums are over all primary insurers. Sums were calculated
for primary insurer net loss only, because reinsurance is not TRIA-
eligible. WTC insurer losses were taken from Schroeder, Saqi, and
Winans (2002) and insurer direct-earned premiums for 2003 were
taken from data provided by the National Association of Insurance
Commissioners (Eric Nordman, personal communication with the
authors, 2005).

Equation (4.6)

We assume that the portion of the loss in any event that is covered by
insurers that also incurred a loss in the prior event is proportional to
the fraction of the commercial property/casualty insurance industry’s
direct-earned premium represented by the insurers that incurred
losses in that prior event:

 
L

n,∈n−1

TRIA = Ln,total
TRIA Pn−1

TRIA Ptotal
TRIA ,

where 
 
Ln,∈n−1

TRIA  is the portion of the TRIA-covered loss in event n that

is covered by insurers that also incurred a loss in event n – 1, 
 
Ln,total

TRIA  is

the total TRIA-covered loss in event n,  Pn−1
TRIA  is the annual direct-

earned premium on TRIA-eligible lines of the insurers incurring

losses in event n – 1, and Ptotal
TRIA  is the total annual direct-earned pre-

mium on TRIA-eligible lines for the entire commercial prop-

erty/casualty insurance industry. The loss that is covered by insurers

who did not incur a loss in the prior event is then

 
Ln,∉n−1

TRIA = Ln,total
TRIA 1− Pn−1

TRIA Ptotal
TRIA( ) .
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For example, if insurers for one event comprised 15 percent of
the commercial property/casualty insurance direct-earned premium,
then, on average, 15 percent of the loss in the subsequent event
would be incurred by duplicate insurers and 85 percent would be in-
curred by new insurers. This relationship can be extended to j multi-
ple events to give:

 

L
n,∉(n−1,n−2,...n− j )

TRIA = Ln,total
TRIA 1− Pn−1

TRIA Ptotal
TRIA( ) 1− Pn−2

TRIA Ptotal
TRIA( )L

1− Pn− j
TRIA Ptotal

TRIA( ),

where 
 
L

n,∉(n−1,n−2,...n− j )

TRIA

is the undeducted loss in event n. For events of the same size, Ln  and
Pn  are constants that do not vary with n, so the relationship can be
simplified to give:

L
n,∉(n−1,n−2,...n− j )

TRIA = Ln,total
TRIA 1− Pn

TRIA Ptotal
TRIA( )n−1

.

If we continue to assume that the aggregate deductible for any
event can be expressed in terms of the TRIA-covered loss, then we
can use the relationship between the TRIA deductible and direct-
earned premium, D = 0.15P, and Equation (4.3) to write

 
Pn

TRIA = DWTC
eff LWTC

TRIA( )Ln,total
TRIA 0.15 , giving

 

L
n,∉(n−1,n−2,...n− j )

TRIA = Ln,total
TRIA 1−

DWTC
eff LWTC

TRIA( )Ln,total
TRIA

0.15Ptotal
TRIA

⎛

⎝
⎜

⎞

⎠
⎟

n−1

.

The aggregate deductible for event n is then computed from the
undeducted loss by scaling to the WTC results as before:
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Dn = DWTC
eff LWTC

TRIA( )Ln,total
TRIA 1−

DWTC
eff LWTC

TRIA( )Ln,total
TRIA

0.15Ptotal
TRIA

⎛

⎝
⎜

⎞

⎠
⎟

n−1

.

The aggregate deductible for any cumulative loss made up of multiple
events is then

D = Dn
n=1

j

∑ ,

where j is the number of events that generate that cumulative loss.
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