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Abstract

This paper tests some existing theories developest the past 25 years on
corporate demand for insurance. Using a uniquesdat# 1,809 large U.S. corporations
it provides the first empirical analysis that comgsacorporate demand for standard
property insurance and for catastrophe coverage,(texrorism).

We find that larger companies are morelyike have some catastrophe coverage.
Corporate demand for catastrophe insurance is faanibe more price inelastic than
insurance for non-catastrophe risks. This resdferdi from the findings on individual
demand for insurance.

The terrorism insurance premium per dadfacoverage is twice as high in the New
York Metropolitan area than in the rest of the U8t the price elasticity of the demand
for terrorism insurance is half in this area refatio the rest of the country.

JEL classification; D21 (Firm Behavior); D81 (Criia for Decision-Making under Risk
and Uncertainty); G22 (Insurance; Insurance Compeahi H56 (National Security and
War)
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1. INTRODUCTION

Today there are nearly 37 million small and largepanies doing business in the
United States. They employ directly, or indirectiyough suppliers abroad, several
hundred million people. These corporations opevatkin a complex environment and
face a large number of risks that can serioushllemge their future, or even lead to
bankruptcy. A better understanding as to how tlcesepanies protect themselves against
those risks is thus of prime importance.

Focusing on decisions made Hlgrge corporations, this article investigates
insurance as a natural means for financial praiectiHere we are interested in whether
corporate demand for insurance differs with theireabf the risks that corporations face.
One specific question this empirical paper infemsthis context is whether large
corporations treat the risk of a truly catastropis& differently than non-catastrophe
risk? Somewhat surprisingly, these two questions haweived little attention in
empirical microeconomics.

In the past few years, there has been a growirgast in studying the economics
of catastrophe risks and catastrophe risk finan@sgllustrated by the publication of the
2007 Economic Report of the President preparecheyCouncil of Economic Advisors.
For the first time ever, the CEA annual report dedaan entire chapter to the economics
of catastrophe risk insurance, (White House, 2083)the report states, “insurance plays
a vital role in America’s economy by helping houslels and businesses manage risks.
(...) Insuring economic losses arising from large-soaleiral and manmade catastrophes
such as earthquakes, hurricanes, and terroristkattgoses special challenges for the
insurance industry and for Federal and State govents.”

This growing interest in catastrophes should nanheoas a surprise if one
considers the twenty most costly insured naturdlraan-made catastrophes in the world

* We know this to be the case for individuals. Mampple tend to underinsure against catastrophs risk
even though this is specifically the type of riskeomight expect them to seek protection againsg. Se
Kunreuther (1978) for early work on this very quastand Kunreuther, Meyer and Michel-Kerjan
(forthcoming) for a review of the behavioral factathat contribute to these individual decisionsr Fo
instance, it might come as a surprised to sometduaty only 12 percent of the population of Califiar
living in areas at high risk for earthquake haschased quake insurance. Likewise, the Department of
Housing and Urban Development (HUD) reported that percent of homes damaged by the 2005
hurricanes were uninsured or underinsured, even #fe 4 hurricanes that devastated Florida theiqure
year. (GAO, 2007).



over the last 38 years (1970-2007). Indeed, halthem occurred since 2001, nine of
these ten in the United States.

The terrorist attacks of September 11, 2001 (9/gfedfter) were the most
devastating of all catastrophes until HurricaneriNat occurred. These attacks inflicted
insured losses of nearly $35 billion, nearly twige much as those from Hurricane
Andrew, the previous world record holder. Furtherepdhe claims from the 9/11 attacks
were almost exclusively made by corporations latateor next to the World Trade
Center (WTC).

A closer look at figures on terrorism reveals ttta# nature of this threat has
radically changed over the past two decades. Ondhef main features of this
transformation is that corporations are now muchremikely to become targets for
international terrorist organizations which seekirtitict mass casualties and economic
disruption to Western countries. For instance, ating to the US Department of State,
in 2000, 178 out of 206 U.S. targets attacked voerenesses (over 80 percent); in 2001,
204 out of 228 (90 percent). (U.S. Department afe5t20047.

In this context, this article investigates corperdemand for terrorism insurance
and analyzes how decisions made by firms in thiane differ from their decisions on
standard property coverage.

Undertaking this analysis today makes sense flmaat two reasons. First, before
9/11 terrorism was included as an unnamed peniast commercial insurance contracts
in the United States. Quite surprisingly indeederewafter the first Al Qaeda attack
against the World Trade Center in 1993, insures @ excluded this risk from their
policies—nor had they specifically priced it. (Kenther and Michel-Kerjan, 2004).

Second, the shock of 9/11 led insurers and reinsucestop covering this risk
almost everywhere or, when they did, charge a prtve price for it. In the United
States, by early 2002, 45 states permitted inseranmpanies to exclude terrorism from
their corporate policie$,leading to a call for some type of federal intemien (U.S.
Congress Joint Economic Committee, 2002). A joinblig-private program, TRIA
(Terrorism Risk Insurance Act), was establishethatend of 2002, thereby creating a

° CIA director, George Tenet, suggested this beirdni his prophetic unclassified testimony of Fetru

7, 2001 (prior to 9/11) when he said: “As we hameréased security around government and military
facilities, terrorists are seeking out "softer"gets that provide opportunities for mass casualti€A,
2001). Such a soft target strategy has since begitidly admitted by Khalid Sheikh Mohammed, thé A
Qaeda chief of military operations, who was ariésteMarch 2003. (Woo, 2004). NB: Such data are no
publicly reported anymore after 2003.

® This type of analysis is not easy because quitenobne can access data only of those who have
purchased coverage, but not those who decided mobuty insurance. This generally makes the
determination of market penetration difficult, atite calculus of price elasticity somewhat biasesk (s
Chapter 10 in Wharton Risk Center (2008) for anyams of residential demand for hurricane risk aage

in the U.S.). We have overcome this limitationehttranks to access to a complete set of data movm

us by Marsh.

" Workers’ compensation insurance policies coverupational injuries without regard to the peril that
caused the injury



new insurance market in the United St&teSix years have passed and the market is now
mature enough that we can undertake microecononmatyses based on a substantive
data collection.

Organization of the Paper and Key Findings

The paper is organized as follov&ection 2provides an overview of studies on
economics of national security, and corporate dehfan insurance, the two fields to
which this paper is contributingsection 3 presents background information about the
development of the U.S. terrorism insurance mapket and post-September 11, 2001. It
also discusses key features of the Terrorism Rislrance Act (TRIA) under which this
market operates today. During the first few morathisr the passage of TRIA less than 25
percent of large U.S. firms bought some type aforessm insurance. We find that since
that time the market penetration has continuoustyeiased to reach a plateau in 2005 at
about 60 percent for these large firms where itaiesitoday.

Section 4describes the dataset, explains the empiricaiestyathen presents and
discusses the results of our econometric analyiis.perform a number of empirical
estimations: We first look at the effect of corer characteristics on the decision for
terrorism insurance. Contrary to what one mightehaxpected --that large companies are
typically more diversified, have easier accessdpital and therefore are less likely to
buy insurance-- we find that, other things beingatglarge firms in our sample are more
likely to buy terrorism insurance than smaller camps. We also find that firms who
have purchased earthquake insurance, which isaipicot required as a condition for a
mortgage, are actually less likely to buy terrorismaurance. We thepstimate and
compare price elasticities of standard property anderrorism coverage and also test
whether these elasticities vary by the size of aompany We find that corporate
demand for terrorism insurance is less price-aabtin demand for property coverage.
The same 10 percent increase in price will redugantity of property coverage
purchased on average by 1.99 percent where it waddce the quantity of terrorism
coverage by only 1.18 percent. The range of priastieities is somewhat stable across
firms of different sizes, even though demand ighély more inelastic for the largest
firms in our sample.

After undertaking this analysisve examine a possible “New York effect”
Firms headquartered in the New York metropolitan area behave in a different way
than those headquarters in other part of the county. We find that price for terrorism
insurance is actually two times higher in the Neark/metro area than it is in the rest of
the country. Still, the price elasticity of the demd for terrorism insurance is about half
in New York Metro of what it is in the rest of tleeuntry (-0.073 versus -0.130). One
explanation is that these companies see this ttas being a more prominent target
than the rest of the country thus have a highdmgiless to pay for terrorism insurance.

8 Several European countries also created (FrandeGammany, for instance) or reorganized (e.g. U.K)
their terrorism insurance market based on a riskisg arrangement between the private sector of
insurance and the national government (Michel-Kegad Pedell, 2005).
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Section 5 concludes with some implications for federal iméxtion into
catastrophe markets and policy implication for theS. terrorism insurance market
specifically.

2.RELATED LITERATURE

This analysis developed in this paper providesgimsi for two fields of research in
economics: the economics of national security (Himancial protection of commercial
enterprises will help speed in the recovery procedhe aftermath of a terrorist attack)
and corporate decision-making regarding insurance.

2.1 Economics of national security and government intervention in terrorism
insurance markets

Not surprising, the field of economics of natioaad international security has
been growing following the 9/11 attacks and thetsté the wars in Afghanistan and
Iraq? Looking specifically at terrorism risk, the liténge in this field can be subdivided
into three major strands, the third of which theger contributes to.

The first one deals with the causes and origineewbrism by investigating the
nature of terrorism CLAARIFY , the formation of terist movements, their behavior
(Hoffman, 1988, Stern, 2003, Sandler and Ender§4R0Owhether and, if so, how
terrorism and economic factors such as povertycatthn are related (e.g. Krueger and
Maleckova, 2003; Blomberg et al., 2004; Enders &addler, 2006; Mirza and Verdier,
2008) as well as the possible effectiveness of tawutarrorism activities (e.g. Lapan and
Sandler, 1988; Lee, 1988; Frey and Luechinger, 28@adler and Enders, 2004).

The second area of research deals with the conseegi®f terrorism on society.
For instance, several empirical studies in econsrhave been conducted on the effects
of terrorism on a variety of indicators such as QD&vares, 2004), life satisfaction (e.qg.
Frey et al., 2007), companies’ stock value (Abadf)3; Doherty et al., 2003; Brown at
al., 2004), foreign direct investment (Enders et2006), vacancy rate in business offices
of large cities (Abadie and Dermisi, forthcomingr tourism activities (Drakos and
Kutan, 2003).

The third strand of literature, in which this papks, has its focus on financial
protection against the consequences of terrorisacks. Most of the papers published on
this third question so far are policy-oriented cifnitions which examine the role of the
public and private sectors in providing financiaverage against terrorism (Kunreuther
and Michel-Kerjan, 2004; Smetters, 2004; Jaffee Ruodsell, 2005; Jaffee, 2005). Other
contributions look more specifically at how riskskared between different stakeholders

° For instance, Martin Feldstein established the REEoup on Economics of National Security in 2006.
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under the current public-private TRIA program ie t1.S. (U.S. Department of Treasury,
2005; Congressional Budget Office, 2005; WhartoskRienter, 2005; Kunreuther and
Michel-Kerjan, 2006; 2007), and under programs ldstaed in other countries (U.S.
Government Accountability Office. 2005; OECD. 2004¢hel-Kerjan and Pedell. 2005,
2006). Most contributions in the literature on d¢eism insurance thus focus on
governmental intervention and/or the supply sidthefmarket (i.e. the insurers).

Quite surprisingly, the demand side has receively amnor attention in the
economic literature. Do more firms buy terrorisnvemge today than just after TRIA
was enacted? How does size of a company is likegffect its decision to buy or not to
buy terrorism insurance? What's the price of tésro insurance today? How does it
vary by location and size of firm? What can we irda how these firms perceived the
likelihood to be victims of a terrorist attack? Whkathe price elasticity of the demand
function? How does it vary by location and sizdiohs? This paper tries to shed some
light on these issues.

In doing so, this paper also contributes to a beitelerstanding of corporate
decision-making regarding financial protection agaicatastrophic risk, using terrorism
as an illustrative example of catastrophes potintiacing large firms. Here we stand
thus at the crossroads with another important fieldnicroeconomics, the analysis of
firm behavior under risk and uncertainty.

2.2. Firm behavior under risk and uncertainty.

The second fields of literature this paper contebuto is the study of firms’
behavior under risk and uncertainty. In this stugyare interested specifically in firms’
decision regarding insurance purchase. If corpamativere perfectly risk-neutral agents
and simply profit maximizer, insurance priced abactuarially fair rates should not be
attractive to them. Still, firms, small and large, purchase such insurance.

One explanation is that corporations are requingdaty to buy some insurance
(e.g. workers’ compensation insurance is requireali states of the Union but one,
Texas). There might be also contractual obligatinesn a bank or bond covenant
(Garven and MacMinn, 1993). Aside from these rexjuents, a number of scholars
have tried to develop a positive theory of corpariasurance demand. There might be
some tax incentives since the tax code allows fitmsleduct insurance premiums as
business expenses (Main, 1983Mayers and Smith (1982) and MacMinn (1987) argue
that insurance is just another form of financing fgns and that it helps avoid the
transaction costs of bankruptéy Indeed the probability of incurring these costs i
lowered by shifting the firm’s exposure risk to timsurance company. In the specific
case of large companies though, which are typicalyned by a large number of

1% The finance literature on corporate hedging aiisd évidence that firms hedge to reduce tax litéi
see Nance, Smith and Smithson (1993).

™ Doherty (2000) proposes an alternative view tondra corporate demand for property insurance.
Property insurance can viewed as an alternatianfimg instrument before and after damage occuhned.
the same vein, Hau (2006) argues that even a gk company might obtain property insuranceras a
alternative instrument to provide liquidity in tlease of business interruptions and accompaniedamnt
penalties.



stockholders, the degree of diversification of élssets can be so high that there would be
no need for insurance (Mayers and Smith, 1982hi# is the case, then we should see
larger companies beirigsslikely to buy standard or terrorism coverage.

Still, another way to look at corporate behavios baen suggested by Grennwald
and Stiglitz (1990, 1993) who show how the intraghre of the risk of a significant cost
of bankruptcyand the existence of incentive systems within the frould lead firm
managers to act in the name of the company inkaasierse manner. Such behavior
might be particularly relevant in the case of tesm. For instance, managers of large
and very well known companies might be more likelybuy insurance than those of
smaller firms if they believe they are more vuli@eato attack. . That would be the case
if they anticipate that terrorist organizationslwiew their corporation as an American
symbol or trophy target. In the same vein, spedifaations, such as the New York area
where the two attacks perpetrated by internatideabrist organizations on U.S. soill
took place in 1993 and 2001 are legitimately vieWwgdnany as a prime target; corporate
demand there is likely to be higher than in the ofsthe country. Managers of these
companies would not want to be singled out in thermath of a terrorist attack as not
having covered their company against such a paigntcatastrophic risk. If this
prediction is correct, then we should see largengamies beingnorelikely to buy some
terrorism coverage.

Using the size of the company as a proxy for inbea trophy target and its
capacity to self-insure and/or raise capital indaftermath of a catastrophic loss, our data
allow us to test which of these opposing effectsge relevant for larger companies’
insurance decision.

To our knowledge, no empirical study on corpordaimand for property
insurance has been published on the U.S. markettalile lack of available data.
Regarding corporate demand for terrorism insurancéhe U.S., Michel-Kerjan and
Pedell (2006) provide the first study by compargv much similar companies do pay
for terrorism insurance in the U.S. versus Germang the U.K., but their analysis is
based on aggregate data so no econometric analgsesundertaken at a microeconomic
level (we come back to some of these results irid®ussion section).

The present paper extends their work by underggaiim econometric analysis of
firm-level data. Marsh & McLennan, one of the ksginsurance brokers, provided us
with company-level data on over 1,809 of their éaddients headquartered in the U.S.
for the year 2007. Before we discuss the data and@metric analyses in section 4, the
next section provides some background information tike evolution of the U.S.
terrorism insurance market over time and the operatf TRIA.

3.BACKGROUND ON TRIA AND TERRORISM INSURANCE DEMAND

3.1. Terror insurance markets before and immediately after 9/11

12 yamori (1999), Hoyt and Khan (2000), Zo et al. 8D andRegan and Hu(2007) provide some
evidence but these analyzes all look at Asian ntarfd&pan, Taiwan, China and Korea). Further thiey a
rely on insurance premiums as a proxy for the demahere we do measure the pure demand (actual
quantity of insurance purchased) of the 1,809 fiimmsur sample.
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The 1993 bombing of the WTC killed 6 people andseau$725 million in
insured damages Prior to 9/11 the Oklahoma Qiyliing of 1995, which killed 168
people, had been the most damaging terrorist atbacklomestic soil, but the largest
losses were to federal property and employeeswend covered by the government. As
a result insurance losses from terrorism were viea® so improbable that the risk was
not explicitly mentioned in any standard policy amehce the rate for providing such
coverage to firms was never calculated. De factooism was covered in most
commercial insurance contracts. As Berkshire Chairiwarren Buffett said in his letter
to shareholders: “we, and the rest of the industrgluded coverage for terrorist acts in
policies covering other risks, and received no @altal premium for doing so.”

Things radically changed in 2001. The terrorish@s of September 11, 2001
killed over 3,000 peopfé from over 90 countries and injured more than 2,@%@rs. The
attacks also inflicted damage currently estimatedgearly $80 billion, about $32.5 billion
of which (2001 price) was covered by nearly 150uiess and reinsurers worldwide
(including $21 billion for damage and businessringgtion alone) (U.S. Treasury et al.,
2006). Private reinsurers, who covered a majorityhese losses, decided to leave this
market, letting insurers without protection. A femonths after 9/11 insurers had now
excluded terrorism from their policies in most esatCommercial enterprises thus found
themselves in a very difficult situation, with imance capacity extremely limited and
prices very high! One year after 9/11, when national security hechime the “number
one” priority on the U.S. national and internatibagendas, the country’s commercial
enterprises remained largely uninsured at homee(I24102). If another large-scale attack
had occurred at that time, the impact on the ecgneould have been much more serious
than after 9/11. The economic losses waudtlhave been spread over a large number of
insurers and reinsurers worldwide but, in the absesf massive government funding,
sustained by the firms themselves.

The lack of availability of terrorism insurance dihpafter the 9/11 attacks led to
a call from some private sector groups for fedarrvention. For example, the U.S.
Government Accountability Office (GAO, formally Genal Accounting Office) reported
in 2002 that the construction and real estate imigissclaimed that the lack of available
terrorism coverage delayed or prevented sever@gisofrom going forward because of
concerns by lenders or investors (U.S. GAO, 2002).

3.2. Terrorism insurance under TRIA

13 This number represents victims of the attackseémwNork, Washington, DC, and Pennsylvania as well a
among teams of those providing emergency service.

14 Consider the case of insuring Chicago’s O’Harep#it. Prior to 9/11, the airport had $750 millioh o
terrorist insurance coverage at an annual premiufii 25,000 (an implicit probability of 1 in 4,30Ddne
disregards for simplicity additional administratigest charged by the insurer). After the terroaigacks
insurers only offered the airport $150 million afverage at an annual premium of $6.9 million (asey
implicit probability of 1 in 22; a 200-fold differee since the 9/11 attacks). The airport purchasisd
coverage and could not obtain any more (JaffeeRaurssell, 2003). Another example is the Golden Gate
Park in San Francisco, which was unable to ob&irotism coverage; moreover, even its non-terrorism
coverage was reduced from $125 million to $25 onilli-and the premiums for this reduced amount of
protection increased from $500,000 in 2001 to $dillion in 2002 (Smetters, 2004).
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In response to such concerns, the Terrorism Riskrémce Act of 2002 (TRIA)
was passed by Congress and signed into law byderesBush on November 26, 2052.
This program was originally aimed at providing aettryear temporary measure to
increase the availability of risk covera@ebut the program has been renewed twice
since. TRIA is now extended up to the end of 2(i#,given the series of renewals in
the past few years one might expect this prograbetextended again in the futdfe.

TRIA operation can be somewhat complex and it isthe purpose of this paper
to analyze it. Still there are features of TRIAtthall be important for this analysis and
also for potential policy implication of our resalt First, TRIA requires insurers to offer
terrorism coverage to all their commercial clienta legal “make available”
requirement)? These firms have the right to refuse this coveratess it is mandated by
state law, as in the case of workers’ compensdii@s in most state’S. Second, loss
sharing under TRIA is somewhat peculiar. The fager is provided by insurers through
a “deductible” they must assume. It is calculatec g@ercentage of the direct commercial
property and casualty earned premiums of each énsurthe preceding yedf. The
second layer up to $100 billion is the joint reswbitity of the federal government and
insurers. Specifically, the federal governmentesponsible for paying 85 percé&nof
each insurer’'s primary property-casualty lossesngdua given year above the applicable
insurer deductiblgthe insurer covers the remaining 15 percent.

The federal government does not receive any premiamproviding this
reinsurance coverage, but can recoup part of itgmpat post attack against all
commercial enterprises in the country. Hence, th&urance premiums paid by a
commercial firm for insurance coverage under TRdday is much lower than it would
be without the free up-front reinsurance provided tbe government program. An
important policy question that has been debatethénpast few years is whether the
federal government should continue to provide thee of free reinsurance or whether
the market should provide all or part of this remasce. So far the main counter-

5 The complete version of the original Act can bevdimaded at: http://www.treas.gov/offices/domestic-
finance/financial-institution/terrorism-insurandedms_process/program.shtmil

16 U.S. Congress (2002)errorism Risk Insurance Act of 20G2R 3210. Washington, DC, November 26.
7 Many federal programs established in the past laveally benefited from quasi-systematic renewal
since they were first established; that is trughef Price Anderson Act first passed in 1957 toigiyt
indemnify the nuclear industry against liabilityichs arising from nuclear incidents, of the NatidrAaod
Insurance Program established in 1968 for covedgginst flood, and of the California Earthquake
Authority created in 1996 to provide insurance agaearthquakes.

18 Residential coverage is not included in this paogr

19 Workers’ compensation coverage is mandatory ftarge majority of employers in all states othemtha
Texas, where it is optional. Employers must eifnerchase insurance or qualify to self-insure. Wske
compensation laws do not permit employers or irrsuie exclude coverage for worker injuries causgd b
terrorism.

20 The percentage increases sharply over time: 7epein 2003, 10 percent in 2004, 15 percent in 2005
17.5 percent in 2006 and 20 percent in 208 illustrative figures, a Morgan Stanley studyirastes that
AIG’s 2004 deductible was $2.7 billion. Other insts, such as Travelers, ACE, Chubb and Berkshile ha
lower 2004 deductibles: $928 million, $743 millidd600 million and $200 million, respectively (Morga
Stanley, 2004). According to analysis we undertagkpart of the Wharton Risk Center (2005) study,
projections indicated that deductibles would hawerthan doubled in real terms by 2008.

21 Before 2007 it was 90 percent.



argument has been that any businesses in the W8dwrop their terrorism coverage

because they would not been able to sustain amaserin price (which would happen if

insurers are deprived from free federal reinsurandevertheless, no one has provided
empirical evidence to validate this assertion. @sults shall provide important insights

to this debate.

4.EMPIRICAL ANALYSIS

Our empirical analysis of the corporate demanccétastrophe insurance consists
of two parts. We first examine the drivers of trexidion to purchase coverage against
terrorism. Second, among companies that have temomsurance, we analyze the
determinants of the quantity of terrorism coverpgechased under TRIA. As a reference
point, we compare these results with companiesisaets as to whether to purchase
standard property insurance and how much such agedahey have. In addition, we try
to estimate regional differences between the Newk Yioetropolitan area and the rest of
the country.

4.1. Data and statistics summary

We accessed data from Marsh on the property insaraantracts they brokered
to their clients in 2007. Company identities aeptkanonymous through the use of
random ID numbers designed specifically for thisdgt Data was reported through an
internal Internet form completed by brokers of diféerent Marsh offices in the U.S. We
assume that any broker or office idiosyncrasiesewandomly distributed across the
dataset.

The original data included 1,884 companies. Weoreed erroneous entries from
the dataset, as well as a few companies that psedhstand-alone terrorism coverage
only (coverage of all assets of the company wordigwihich is independent of TRIA
and negotiated at a world level by the corporatid¢ also removed several companies
with total insured value lower than $1 million. \Were left with 1,808 companies, 1,064
of which had purchased some type of terrorism Bste in conjunction with their
normal property insurance; that is a market petietraof 59 percefit. For 628 of these
1,066 companies we have observations for all releviependent and explanatory
variables.

The data does not include exact information onpghgsical location of all the
company’s assets but only the Marsh office whiabkbred their policy (typically in the
same location that the headquarters of the compamg)use this as the proxy for
location. Indeed, each individual contract covemadltiple locations for a single

2 Market penetration/take=up rate is defined asfthetion of companies that have a terrorism inscean
policy, and not the amount of assets insured ag&nrism over the total amount of assdtsese data
are consistent with the evolution of market perigtnain the past few years. Data for previous yesduew
a significant and fairly continuous increase of thke-up rate, from 23 percent in the second quafte
2003, 45 percent in 2004, 56 percent in 2005, @npedcent in 2006.
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company and we assume that the amount of locatpmscompany is randomly
distributed across our data set. Marsh dividedr tbffices into the nine major regions,
each combining a number of stafés.

Firms in the dataset can be divided into 21 inguséctors* Table 2 shows the
distribution of companies within the full samplesass these different industry sectots.
It also shows the number of companies with TRIAumasce. Table 3 shows the same
data but for the New York metropolitan area onlg. #ne can see from these two tables,
both samples feature a similar distribution of camips across industries but, as
expected, they differ in terms of market penetratbterrorism insurance (59 percent for
the full sample, 73 percent for the New York metro)

[ INSERT TABLES2 AND 3 ABOUT HERE]

In the first step of our econometric analysis wettr identify variables that have
an effect on a company’s decision to purchaserismoinsurance or not (Probit model).
Therefore, we construct a dummy variable that synipdlicates whether a company has
some TRIA terrorism coverage or ndgrrorism (Yes/No)In our full sample, about 59
percent of companies have terrorism coverage (sd®@eT2). The average size of
companies in our sample is measured by assetartmabvered under property insurance;
that is thetotal insured valug“TIV” hereafter). The mean of the distribution is a DIV
$1.75 billion (median of $2.95 billion). We alsauve information for the full sample as
to whether a company has some form of insurancesigree types of natural hazards
(wind/hurricane, earthquake, and flood). We coreetrinformation on natural hazard
limits and deductibles into binary yes/no variabis percent of our samples have wind
coverage, 58 percent have earthquake coveragedaper@ent have flood coverage. This
is an interesting statistics in itself given thahevcoverage is often required by banks to
protect their mortgage. Still, a largest proportadrfirms in our sample have some type
of quake insurance, which is typically not required

% Central Midwest — lllinois, Indiana, Minnesota, dburi, Wisconsin; Mid-Atlantic — District of
Columbia, Maryland, Pennsylvania (Harrisburg, Riglahia), Virginia; New York Metro — New Jersey
(Morristown), New York (New York), Connecticut (Nealk); Northeast — Connecticut, Massachusetts,
Maine, New York (Rochester, Syracuse), Rhode Isl&@alith Central — Louisiana, Oklahoma, Texas;
Southeast — Alabama, Florida, Georgia, North CasplBouth Carolina, Tennessee, Virginia; Southwest
Arizona, California (Los Angeles, Newport Beachd&an Diego); Upper Midwest — Kentucky, Michigan,
Ohio, Pennsylvania (Pittsburgh); West — Alaska,ifGalia (San Francisco, San Jose), Colorado, Hawaii
Oregon, Utah, Washington. Note that California, Néark, and Pennsylvania include offices that are in
multiple regions. The specific locations are iggd in parentheses.

24 Agriculture, Construction & Design Firms, Distriien, Education, Financial Institutions, Food &
Beverages, Healthcare, Hospitality & Gaming, Maotifedng, Media, Mining, Pharmaceutical, Power &
Utilities, Public Entities, Real Estate, Retail/Mé&ale, Services, Technology, Telecomm and
Transportation.

% Here also it is also interesting to observe hois thke-up rate has evolved in recent years byifipec
industry sectors. Between 2003 and 2007, take-gs ia all sectors jumped from a 10-30 percent 50-a
80 percent range. Financial institutions, educattwealth care and real estate are the leadingrseicto
terms of take-up rate (in the 75-85 percent randayt compared to 25-30 percent in 2003); manufexgur
food and beverage, and retail, the lowest (nedpércent today compared to 20-30 percent in 2003).
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[ INSERT TABLE4 ABOUT HERE]

In the second part of the analysis we look at pexidic subsample of companies
that have terrorism coverage to estimate the dyaotiinsurance they purchased. We
construct the ratio maximum compensation they caseive from their insurers for
terrorism (limit on the policy) divided by the tbtaolicy limit of the company Cover
Tria). We construct the same variable for property instga(Cover_Property;,
Property_TIVindicates the total value of all the assets cavareder the insurance
contract, which reflects the size of the company:. fhis part of the analysis we use
information on thetotal premium paid by the company for terrorism unasce
(Premium_TRIA and for property insuranceé’iemium_Property Statistics on these
variables are reported in Table 5 and Table 6 \{thele sample and New York Metro
only, respectively). We also report in these twblda the premium paid by these
companies per $1000 of coverage for property caeeand for terrorism coverage.

The third part of our analysis consists of estingthe coefficients of interest for
a subsample of companies located in the New YorkdViarea and comparing them to
the rest of the country. A quick glimpse at theadiat Table 6 reveals that firms in this
region are on average twice as large (measurethédy TIV) and also that the average
degree of property and terrorism coverage therel (ddrcent and 39.6 percent) is smaller
than in the national sample (54.8 percent and g&fent). Companies in the New York
Metro area pay a larger premium for terrorism cager (both in absolute value--
$420,687-- and per $1,000 of coverage, $1.39) cosdp the national data ($111,963
and 59 cents, respectively). More surprisingly, fivel this also to be the case for
standard property coverage.. On average firmharNtew York Metro pay $2.2 million
for property insurance and $6.14 per $1,000 of mye (versus $1.24 million and $4.85
in our national sample, respectively). One reaswntliat might be related to the high
number of financial service companies located is &énea for which business interruption
(included in the standard property coverage) cbelgarticularly expensigeé

[ INSERT TABLES5 AND 6 ABOUT HERE]

4.2.Empirical strategy

The empirical analysis is complicated by three magsues. First, there is the
bounded nature of the dependent variab®&svér_Triaand Cover_Propertyare always
between 0 and 1) as well as the fact that manypbbservations are concentrated at the
upper boundary. Applying a standard OLS regressioan OLS regression with non-
linear transformation of the explanatory variabteesl not guarantee that the predicted
results lie within the range of the independentalade’s interval. Papke and Wooldridge

% We thank John Rand for his insight here.
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(1995) developed a quasi-maximum likelihood esttmdQMLE hereafter) to obtain
robust results in that case.

The functional form is as follows:

E(COVER, |z, )=h(z, ¥) (1)
COVERIn (1) represents the degree of insurance coverage fariten and property

insurance/Z is a vector of covariateh,is the cumulative distribution function (cdf) apd
is a K x 1 vector of the coefficients to be estiatat

The parameters in equation (1) are estimated usiegquasi-maximum likelihood
estimated via the following Bernoulli log-likelihddunction:

L(y) = COVER, loglh(z,, ¥)|+ (.- COVER, )log|t- h(z,, y/| 2)

The second econometric issue derives from thetfattour sample might not be
random. The dataset we have received from Marstarmna portfolio of 1,884 “large”
companies. There could be a systematic bias irdéleesion which companies enter the
portfolio. In addition, the decisioon the amount of coveraggea decision made by each
company and might be driven by unobserved chatatitsr we cannot control for.
Therefore, the subsample of those companies thhade terrorism insurance might be a
self-selected sample and not a random sample. \Mg apgwo stage approach based on
the work by Heckman (1976) that has already beed by Zou et al. (2003) to estimate
the corporate demand for property insurance of €grcompanies. Simply excluding the
companies that do not have terrorism insurance avadult in biased estimates.

In order to overcome these possible problems, wplyaphe Heckman
methodology, which tackles these issues by refigcthe self-selection process in the
first stage and also assumes that the probabililyammpany buying terrorism insurance
has an influence on the degree of coverage ingbensl stage. This approach is the only
consistent estimator given the distribution of company sample.

In the first stage we apply a probit estimate wlith following functional form:

P(Y, =11, )=g(LN(TIv, )V, ) (3)
The dependent variable is a dichotomous indicaqoakto 1 for companies that have a
terrorism insurance policy and equal to O otherwgsés the cumulative distribution

function.

LN(TIVj) in equation (3) is the natural logarithm of théatansured value of
companyi in industryj and regiorr; this variable serves as an empirical proxy fa th
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sizeof the company. We use the natural logarithm ofeoto attenuate the effects of the
very large number. The expectations on the sigthiefsize variable are ambiguous. On
the one hand, as discussed above, larger compaeissipposedly more able to diversify
their risks. As a result they should be less likelyouy insurance than small firms. This
suggests a negative sign. On the other hand,rlaoyepanies are a more visible (if not
attractive) target for terrorist groups who seeinftict major economic disruption and to
impose fear on a large number of people (idea aghy target we discussed earlier).
Because of that, larger companies might be mordylito buy terrorism coverage and
more likely to accept a higher cost of coverageel. This suggests a positive sign. It is
a priori not clear which one will be the most importaneeff

Vir is a vector including various empirical proxies farcompany’'s attitude
toward risks (measured here by degree of coverag@rbperty) and specific attitude
toward low probability-high-loss events (e.g. naturazard insurance). For the latter, a
dummy variable has been constructed that switahdsit there is either information on
the premium, deductible or limit in one of the matlhazard categories (wind/hurricane,
earthquake and flood) indicating that the firm Ipastected itself against these hazards
and equals 0 otherwise (no natural catastrophedansa reported). This process has been
repeated for each individual natural hazard in otdeonstruct hazard-specific dummies
as well. These hazard dummies serve as the selevdodables in the first stage
regression.

The predicted valugj, from the first stage is then used to calculateitiverse
mills ratio A%”. This ratio measures the likelihood that a comphay some terrorism
coverage. The traditional Heckman approach incladas an additional regressor in the
second stage specification and applies OLS. Timesestimation function of the degree
of coverage is conditioned on the selection fumctibthe first stage.

COVER, =B, + B,Z; + A+ & 4)

COVERrepresents the degree of insurance coverage faritan and property
insurance. It is calculated by dividing the limittbe TRIA policy by the company TIV
and by dividing the limit of the property policy @vTIV, respectively. Z is a vector of
explanatory variables including, once again, thaunah logarithm of the total insured
value of the company,N(TIV), the natural logarithm of the ratio premium overitim
LN(Premium/Limit) and a New York Metrédummy that switches to 1 if the company
is located in the New York Metro area and is O nilse.

In contrast to the first stage probit-estimates,expect company size to have a
negative sign (given that they buy insurance, larfyens buy proportionally less
coverage than small ones). This relates to theesigms made in the literature discussed
in section 2. Another reason is that it might berendifficult for large firms to find
enough insurance capacity for very high layersaxecage or, in other words, the cost

%" The inverse Mill's ratio is calculated by dividirthe probability density function by the cumulative
distribution function.
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for that type of coverage might be seen as too.higle analysis of our data provides
insights as to whether there is such a differendadurance cost for different firm sizes.

The steps in the second stage of our econometdatysis are performed for terrorism
insurance demand and property insurance demandaselya Controlling for the first-
stage sample selection identifies the exact sammplsaof companies. This allows a
direct comparison between the coefficients estithatethe terrorism insurance demand
regression and in the property insurance demand one

Differences in the demand for terrorism insuraaee for property insurance as a
function of company size might either be explairted the fact that terrorism is a
catastrophic risk and some managers in charge phgunsurance in firms tend to
overreact when others think simply it will not happto them. There is no way we can
determine how managers reacted to this risk withatetrviewing the relevant decision
makers.

Differences in price can be related to two factéisst, terrorism insurance in the

U.S. is subsidized by the federal government; &rmrtfore six years after 9/11 without
any attack on U.S. soil, the market has softenadephas significantly decreased
compared to where it was when TRIA was enactedd220ur sample hence consists of
large companies that face relatively “cheap” insaeacompared to what it was after
TRIA was passed. . Second, there might still bepaomes (or their managers) that want
to be covered at all costs. Based on these arggsmenexpect the demand for property
insurance to be more price elastic than the derf@artérrorism insurance.

The final part of our empirical analysis tries teed more light on the drivers that
might explain differences in the price elasticigtWween terrorism and property insurance.
Apart from the comparison between different typésingurance, we also make an
attempt to compare corporate demand for insuramteden different regions of the
country. Given its history with terrorist eventse Wesign a subsample that contains only
companies with their headquarters in New York aachgare the demand for property
and terrorism insurance with all other regions. ggithat the two attacks perpetrated by
international terrorist organizations in the U.&ravin New York City, there is a general
perception that the New York metropolitan area isigher risk than any other part of the
country. As pointed out above, New York is alse thorld’s leading financial center
with a high concentration of firms and industriaaq thus assets) that are very sensitive
to the threats posed from terrorist attacks (idemophy target). For all these reasons, it
is also important in our analysis to isolate a pgmss‘New York effect” from other
effects such as company size or industry. We exihectifferences in price elasticities
between terrorism and property insurance to bestargNew York than in the rest of the
country.

The third econometric complication emerges from aeptial endogeneous
relationship between the premium and the degremowérage. For example, we do not
have any information about the negotiation prodess/een the insurer and the insured,;
the premium and the degree of coverage might beeinfed simultaneously by omitted
variables. We try to circumvent this problem by lgpm an instrumental variable
estimator. Our instruments for the insurance premare dummy variables for each
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insurance company. The premium offered by each Isuppepends on insurance
company specific effects such as the portfolicherrating.

4.3 Regression results and discussion

National Sample-We first discuss the results from the quasi-maximiikelihood
estimator (QMLE) estimates. Table 7 summarizesekalts for the demand for terrorism
insurance as well as property insurance for thieshihple as well as the New York and
the remaining regions subsamples.

[ INSERT TABLE7 ABOUT HERE]

The coefficient of TIV is negative and highly sifioant, indicating that larger companies
have on average a lower degree of coverage tharlesnfams. Comparing the
coefficients of the TIV shows that there are almnost differences in the effect of
company size between terrorism and property ingerain both cases, we find that
among firms that have purchased terrorism coverkagger companies tend to have a
lower coverage of their asset (limit over TIV).

This is certainly the case because the cost ofrageeis much higher for high
limit. As illustrated in Figure 1, the cost of terism coverage increases with the total
amount of coverage purchased but in a very diftenexy below and above a $1 billion
limit. Below this threshold, the cost per $1,000cof’erage is about the same for a 100
million dollar limit or a 1 billion dollar limit. Bit this cost increases sharply above 1
billion dollars as firms buy a higher limit. A compy with a limit between 500 million
dollars and one billion dollars pays on average $&r $1,000 of coverage nationwide;
but a company pays on average $0.9 per $1,00Wifyis a limit between 1 and 5 billion
dollars; above 5 billion, the cost increases t&$Ihis difference is even more important
when we distinguish firms in the New York Metropah area from those in the rest of
the country (see Figure 1). These differences icepecertainly reflect both the limited
capacity available to cover very large assets hacekpensive cost of capital associated
with covering those (for very high layers of covgrathe cost of capital alone can be
several times the expected loss). For higher lageoverage, the insurer is also more
likely to suffer catastrophe loss in the case ofidascale attack, thus asking a higher
marginal cost of coverage to protect against bagrtkyurisk.

[ INSERT FIGUREL ABOUT HERE]
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Results on price elasticity are in the second rawTable 7. Comparing the
estimates for terror insurance and for propertynasce we can see that the demand for
terrorism insurance is less price elastic (-0.18dsws -0.316). This means that a price
increase of 10 percent will decrease the quanfifyaperty insurance purchased by 3.16
percent but the quantity of terrorism insuranceydoyl 1.91 percent (i.e. 65 percent more
for property than for terrorism insurance).

The first robustness check consisted of the apmicaof a Heckman-Sample
selection model. The results for the full sampleTable 8 reveals that our results are
robust even after controlling for possible sampledion bias. The signs and
significance of both, the TIV and the premium vhlgaare unchanged for the terrorism
insurance estimates as well as the property insarastimates. The size of the
coefficients only changes marginally. In comparigorthe QMLE estimates, the price
elasticity of terrorism insurance is now -0.126 &odproperty insurance it is -0.209. The
relative difference between the two coefficientsystunchanged (66 percent more for
property than for terrorism insurance).

[ INSERT TABLE8 ABOUT HERE]

In the next step we applied an IV-estimator in ortte control for a possible
endogeneity bias. The results are summarized iteTab Once again, the estimates are
robust and the sign, size and significance of tedficients does not significantly change
(relative catastrophe price elasticity is slightigher- -74 pecent--in comparison to the
QMLE and the Heckman estimates).

[ INSERT TABLE9 ABOUT HERE]

The New York Metro Effeet The second set of terrorism demand regressiorissfon
the comparison between the New York Metropolitabsample and the rest of the
country (Tables 7, 8 and 9). The decreasing effecompany size on terrorism insurance
is slightly larger in New York than in other reggn

As expected, the corporate demand for terrorismrarge is less elastic in New
York than it is in all other regions (about halJso the difference in the price elasticity
between terrorism and property insurance withinNlesv York sample (153 percent) is
larger than in the rest of the country (45 perceBiyen that the average premium for
terrorism insurance is about two times higher iwNéork Metro than in the rest of the
country, these results indicate that corporationshis specific region are much more
sensitive to terrorism risks and their demand torecage is less responsive to small price
change®. These results stay robust for the Heckman and\vttestimates (see Tables 8
and 9).

%t is important to keep in mind here that thishie price elasticity in a terrorism insurance matkat has
considerably softened in the past few years. Adogrtb a Marsh survey of over 1,600 client firmste
U.S., the median terrorism rate (ratio of terroerpium to total insured value) fell from 0.0057 pm=rcin
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Table 10 provides a summary of the differences inrjge elasticity between
terrorism and property insurance among different samples and estimators.

[ INSERT TABLE 10 ABOUT HERE]

Insurance premiums and implicit perceived prob&pH#iOne major difficulty in
economics of security in general and terrorismiiasce markets in particular is that it is
almost impossible to provide a robust distributadnprobability for terrorist attacks on
U.S. soil. Given this difficulty impossibility, howan one determine the expected
losses—and thus the “right” price? Is $592,000 RIA premium paid by a company to
purchase $1 billion terror limit on its coverage expensive deal, or a bargain? (see
Table 5). This amount increases to $1.36 milliopi@mium for firms with the same $1
billion terror limit but in the New York Metropohin area (Table 6). Is it justified? It is
hard to tell for sure.

One way to interpret these numbers is to look asference point at what the
company pays for standard property insurance. M dost of insurance for standard
property coverage to be nearly eight times highantfor the same quantity of terrorism
coverage in the national sample. One possible mgaaf these results in Tables 5 and 6,
assuming 2007 data remain the same today, is ivext the current design of TRIA and
market prices, firms in the U.S. see themselvebaasng a 1-in-206 chance to trigger
their standard property limit this year (they pg4/848 per $1000 of property coverage)
versus a 1-in-1690 chance to trigger their ternorlgnit ($0.592 per $1,000 of terror
coverage) (Table 3. When we look at New York Metro only (Table &)istdifference
is reduced by half: the cost of insurance for statigoroperty coverage is nearly four
times higher than for the same quantity of terrarisoverage. Using similar implicit
probability reasoning, U.S. firms operating in thew York Metro area see themselves
as having a 1-in-160 chance to trigger their steshgd@operty limit (%$.149 per $1,000 of
coverage)versus a 1-in-730 chance to trigger their terrorlgmit ($1.362 per $1,000 of
terror coverage)

Another way to look at the price of TRIA coverageto compare it with what
firms with similar characteristics are paying irh@t countries. The data reveal that
corporate terrorism insurance has become extremelypensive in the United States
compared to what it is in Europe. In a companiadgtwve found that on average, large
firms in the U.S. were paying two or three timlessfor terrorism insurance than what
they were paying in Germany for the same amoumrbuérage. And even for financial

2004 to 0.0042 percent in 2005, indicating a aecbf the average cost of terrorism coverage of @%e
percent (Marsh 2006). This trend continued in@@@h a median rate decreased to 0.0038 percent.

2 As prices convey information, one shall consideécepinsurers are charging corporations for tesrori
insurance as an indicator of the associated imicbability. We recognize that there are limias to
this exercise given that insurers should also oelather elements in their pricing than the soleeeted
loss (administrative costs of managing the poliamearketing them and assessing claims as welleasdst

of capital required to cover large firms). Morequender the current market conditions, a large pathe
exposure is reinsured free of charge by the fedgraérnment. In other words, the cost that corpamat
are paying today is below what they would have ay for the same coverage if this reinsurance were
provided by the private reinsurance market. Sti#h,believe price contain information on risk belief
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institutions, which are typically located in placemsidered at higher risk, we found that
in 2006, U.S. financial institutions were payingetisame price as their German
counterparts were paying in Germany (Michel-Kergard Pedell, 2006). Unless one
believes that the risk of large terrorist attacks become similar or even much higher in
Germany than it is in the U.S., which is quite kely, one should conclude that under
cursrg%nt market conditions, terrorism insurance basome largely underpriced in the
u.s™

SECTION 5. CONCLUSIONS, PoLIcY |MPLICATION AND FUTURE RESEARCH

5.1. On corporate demand for insurance

Important contributions have been made in the pasidecades that helped better
explain decisions made by corporations as to hasy tecide to protect their assets
against all sorts of risks they face, and the tbk insurance can play in that regard.
Somewhat surprisingly these remain mainly theoaktaontributions. Microeconomic
analysis of demand for insurance is much more dgeel for individual decision than for
corporations (Grace et al, 2003; Kunreuther andhkli&erjan, 2009). Part of the
explanation for the lack of empirical work to tésése theories has been that while there
is large data available on the homeowners insuranasket (for instance, from the
National Association of Insurance Commissionersatadon a large number of
corporations is difficult to access. Competitionaag firms and anti-trust law make it
often even more difficult for the research commyrit access a large enough data
sample to undertake substantial microeconomic aigabn corporate insurance decision.

Thanks to a unique cooperation with Marsh McLennae, have been able to
provide the first analysis of U.S. corporate demémrdinsurance and compare firms’
behavior for catastrophe and non-catastrophe risissng terrorism threat as an
illustration. Looking specifically at over 1,800rde companies across regions and
industry sectors that are headquartered in the, We&Sconclude that larger companies are
more likely to purchase terrorism coverage; stithomg those who have terrorism
insurance, corporate behavior for standard properig terror coverage does not
significantly differ with size. This might be these because firms tend to purchase a
limit for terrorism insurance close to what theywédor standard property—we find that
80 percent of our sample does. Still, controlliogregional effects and industry sectors,
we find that the demand functions have a diffefaite elasticity: demand for standard
property is significantlymore elasti¢’. We also test for a possible New York
Metropolitan effect: given that prices for terronicoverage are much higher in the New
York metro area than in the rest of the country,vd® still see differences in price
elasticity? Our results show that to remain theecfisns exhibit a demand function for
terrorism coverage in the rest of the country thdtvo times more price elastic than it is
in the New York metro.

% The alternative is that terrorism is simply ovéred in Germany. Still data on the British and fefen
terrorism insurance markets reveal that the costrobrism in these two other countries is aligmeih (if
not even higher than) what it is in Germany (MieKerjan and Pedell, 2006).

31 This result is opposite to the seminal study bgd@ret al. (2003) on residents in New York, whicld$
that demand for property insurance is less priastigl than for catastrophe risks (hurricanes).
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5.2. Policy implications for government intervention in market for catastrophes

In addition to contributing to the literature onrporate demand for insurance,
these empirical results also provide input to tmewgng literature on economics of
national security. After Al Qaeda’s attacks on ®epter 11, 2001, the insurance and
reinsurance markets failed to provide adequateregeeto millions of firms operating in
the U.S. and other OECD countries because terrofi@oame almost overnight
uninsurable by the private sector alone. As in s\EeUropean countries, the U.S. federal
government intervened in the market to assure finad access to sufficient terrorism
coverage and that coverage would be available affandable price. In the US, TRIA
was passed in 2002 and was renewed twice sindeDeuember 2014.

One important policy goal of TRIA was to make stegorism insurance would
be accessible to many corporations that would ite@hta show that market penetration
has significantly increased over the first few geaf the implementation of TRIA to
reach a plateau at about 60 percent. In that séederal intervention into this market
has reached its goal: a majority of the companiestudied have benefited from TRIA
and bought coverage.

Still, we find that 4 out of 10 of these companies/e decided not to buy that
coverage. There might be several reasons for Ewat, while our analysis shows that
the demand for terrorism insurance is pretty irtelag also shows that smaller
companies are more likelyot to buy insurance. This might be because they thiely
are not at risk (it will not happen to us) or besmthey have limited resources to spend
on other insurance than the standard property egeeror both. Second, a company that
does not buy TRIA-type terrorism insurance is gifectively covered against terrorism
for workers’ compensation in all states but Texad for fire following an attack in half
the states. Also, current terrorism insurance peditypically do not cover against attacks
using weapons of mass destruction (so-called CBékemical, biological, radiological
and nuclear), which are viewed by many as the nsamoarce of potential mega-
catastrophe. This terrorism coverage might not gesat arrangement for some of these
companies. Third, given how federal governmeat imtervened after recent disasters
(rescuing the airlines after 9/11 and banks aftersubprime crisis), some might simply
expect the federal government to intervene aftemixt big disasters (although our data
cannot validate this assumption).

Another important element of federal intervention this terrorism insurance
market is that TRIA requires insurers to offer faene limit on the coverage for terrorism
risk as for standard property; firms could thenidedo buy that quantity of insurance,
less or more (if the insurer is willing to). Ourstdts show that the way the government
designed this program had an important impact ion'di behavior. Indeed, 80 percent of
the firsm in our sample bought the same quantitysfirance for terrorism that they had
for standard property coverage. This “anchorindgé@fcalls for more research.

Finally, as we discussed, under TRIA the governnpeotides insurers with free
federal reinsurance. Whether the government shouitinue to provide this free service
to corporations or whether private insurers andsugiers could re-enter this market by
providing coverage for some layer currently coveogdhe government has been up for
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debate since the inception of the program. It hasnbsaid that doing so would
immediately increase the price of coverage firmaulchave to pay and result in a
significant drop in coverage, thus make the coumtoye vulnerable economically.

Our results do not support this statement; ourrdetation of price elasticity
indicates that for any extra 10 percent firms wolikd asked to pay for terrorism they
would decrease their coverage by only about 1 pér&sen for firms located in the New
York Metropolitan area, which are likely to be ingped the most by a market-based
reinsurance solution, this drop would be only af0percent for a 10 percent increase in
price. There seems to be flexibility for policymaketo favor some market-based
solutions here that has not been contemplated.

The results of our analysis should be regarded asaming point for future
research in this field. Given the data constramtswere only able to deal with a limited
number of issues raised by the theoretical liteeatin corporate demand for insurance.
Apart from industry and location we were only abteestimate the effect of company
size on demand for terrorism insurance. For futuogk, it would be useful to access
more detailed corporate information on liquiditgcass to short term credit or decision
structures within the company (including incentsystems in place) in order to provide a
comparative analysis of how these other charatt=isffect corporate demand for
property and terrorism insurance. It would alsaubeful to extend our analysis to other
catastrophic risks than terrorism and also to aoeswith different institutional settings
and different degree of government involvementnsurance markets, which might also
influence how large companies operating there nsgrance.
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TABLE 1.

THE 10M OST COSTLY TERRORIST ATTACKS IN TERMS OF INSURED PR OPERTY LOSSES. 1970-2001

Insured properi = Even Injurec Fatalitie: | Date Locatior
US$ million, indexed to 2001
(excludingliability and life)

907 Bomb explodes near 54 1 24 Apr. 93 UK (London)
NatWest tower (City)

744 Explosion of IRA car 228 0 15 Jun. 96 UK
bomb near shopping mall (Manchester)

725 Bomb explodes in garage 1,000 6 26 Feb. 93  USA (New
of World Trade Center York)

671 Bomb explodes in 91 3 10 Apr. 92 UK (London)
financial district

398 Rebels destroy 3 airliners 15 20 24 Jul. 01 Sri Lanka /
8 military aircraft and Colombo Airport
heavily damage 3 civilian
aircraft

259 IRA bomb attack in South 100 2 09 Feb. 96 = UK (London)
Key Docklands

145 Truck bomb attack on 467 166 19 Apr.95  USA
government building in (Oklahoma City)
Oklahoma City

138 PanAm Boeing 747 0 270 21 Dec. 88 UK (Lockerbie)
crashes due to bomb

127 Hijacked Swissair DC-8, 0 0 12 Sep.70  Jordan (Zerga)
TWA Boeing 707 and
BOAC VC-10 dynamited

111 Hijacked PanAm B-747 | O 0 06 Sep 1970  Egypt (Cairo)

dynamited

Sources: Swiss Re (200R)ote: Starting in 1970 up to September 10, 2001.
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TABLE 2: DISTRIBUTION OF COMPANIES ACROSS INDUSTRIES AND NUMER OF COMPANIES WITH
SOME TERRORISM INSURANCE- FULL SAMPLE OF1808COMPANIES

Industry Firms Proportion  With terror insurance Proportion
Agriculture 11 0.61% 3 27.27%
Construction & Design 46 2.54% 23 50.00%
Distribution 35 1.94% 19 54.29%
Education 75 4.15% 55 73.33%
Financial Institutions 78 4.31% 56 71.79%
Food & Beverages 79 4.37% 40 50.63%
Healthcare 156 8.63% 115 73.72%
Hospitality & Gaming 84 4.65% 56 66.67%
Manufacturing 452 25.00% 199 44.03%
Media 46 2.54% 29 63.04%
Mining 18 1.00% 3 16.67%
Pharmaceutical 36 1.99% 20 55.56%
Power & Utilities 105 5.81% 69 65.71%
Public Entities 59 3.26% 35 59.32%
Real Estate 124 6.86% 97 78.23%
Retail & Wholesale 125 6.91% 70 56.00%
Services 120 6.64% 76 63.33%
Technology 68 3.76% 41 60.29%
Telecomm 27 1.49% 17 62.96%
Transportation 64 3.54% 41 64.06%

Total 1,808 1,064

TABLE 3: DISTRIBUTION OF COMPANIES ACROSS INDUSTRIES AND NUMER OF COMPANIES WITH
SOME TERRORISM INSURANCE NEW Y ORK METROPOLITAN AREA ONLY—220COMPANIES

Industry Firms Proportion  With terror insurance Proportion
Agriculture 0 0.0% 0 -
Construction & Design 1 0.5% 1 100%
Distribution 2 0.9% 1 50%
Education 21 9.5% 20 95%
Financial Institutions 17 7.7% 15 88%
Food & Beverages 5 2.3% 4 80%
Healthcare 10 4.5% 10 100%
Hospitality & Gaming 9 4.1% 9 100%
Manufacturing a7 21.4% 23 49%
Media 13 5.9% 9 69%
Mining 5 2.3% 1 20%
Pharmaceutical 8 3.6% 4 50%
Power & Utilities 5 2.3% 4 80%
Public Entities 2 0.9% 2 100%
Real Estate 17 7.7% 15 88%
Retail & Wholesale 22 10.0% 14 64%
Services 21 9.5% 15 71%
Technology 7 3.2% 4 57%
Telecomm 3 1.4% 2 67%
Transportation 5 2.3% 3 60%

Total 220 156
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TABLE 4. DESCRIPTIVESTATISTICS—FULL SAMPLE OF1809COMPANIES

Variable Obs | Mean | Std. Dev | Min. | Max.
Terrorism (Yes/Nc 180¢ | 0.58¢ | 0.49: 0 1
Property TIV ($ million’ | 180¢ | 1,75C | 5,78( 1.05 | 93,20(
Wind Insurance 180¢ | 0.46: 0.49¢ 0 1
(Yes/No)

Quake Insuranc 180¢ | 0.57¢ 0.49¢ 0 1
(Yes/No)

Flood Insuranci 180¢ | 0.74( 0.43¢ 0 1
(Yes/No)

TABLE 5. DESCRIPTIVESTATISTICS— COMPANIES WITHTRIA-TYPE COVERAGE—ALL REGIONS

Variable Obs | Mean Std. Dev. Min. Max.
Cover_Trie 62¢ | 0.48( 0.37¢ 0.00z 1.00(¢
Cover_Propert 62¢€ | 0.54¢ 0.36¢ 0.00¢ 1.00¢
Property_TIV 62€ | 1,97( 5,97( 1 93,22:
($million)

Premiun TRIA ($) 62€ | 111,96 400,81! 21 5,877,50.
Premium Iroperty ($ | 62& | 1,238,66: 2,503,89: 2,10¢ 29,731,21
Premium per $1,000 gf62€ | 0.59: 1.64¢ 7.76E-04 22.19¢
TRIA insurance ($)

Premium per $1000 ¢ | 62€ | 4.84¢ 7.97: 0.29( 99.94¢
property coverage ($)

TABLE 6. DESCRIPTIVE STATISTICS — COMPANIES WITH TRIA-TYPE COVERAGE— NEW Y ORK
METRO ONLY

Variable Obs | Mean Std. Dev Min. Max.
Cover Trie 92 0.39¢ 0.36¢ 0.00: 1

Cover Proper 92 0.441 0.36¢ 0.00¢ 1
Property TIV 92 4,33( 1,18( 1,63( 93,22
($million)

Premium_TRIA (% 92 420,68 917,86 1,25¢ 5,877,50
Premium_Property (- | 92 2,287,73 3,741,101 16,14( 29,731,21
Premium per $1,000 df 92 1.36% 2.39¢ 0.004¢ 13.04¢
TRIA insurance ($)

Premium per $1000 ¢ | 92 6.14¢ 8.31¢ 0.32: 54.81:
property coverage ($)
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Figure 1: TRIA Premium per $1,000 Limit for DiffereLimit Sizes (from 100 million
dollars uop to 5 billion dollars and above — Congzar Full Sample, New York Metro
and other - Regions (Mean values in boxes)
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TABLE 7: INSURANCEDEMAND FOR TERRORISM& PROPERTYINSURANCE— QUASI-MAXIMUM
LIKELIHOOD ESTIMATE (QMLE)

Full Sample New York Other Regions

Terror Property Terror Property Terror Property
In(TIV) -0.170*** -0.175*** -0.170*** -0.152*** -0.179*** -0.178***

(0.012) (0.008) (0.035) (0.022) (0.013) (0.009)
In(Premium/Limit)  -0.191*** -0.316*** -0.100*** -0.253*** -0.220*** -0.320***

(0.012) (0.016) (0.023) (0.057) (0.013) (0.015)
Industry FE® Yes Yes Yes Yes Yes Yes
Region FE® Yes Yes No No Yes Yes
No. of obs. 628 628 92 92 536 536
Log Likelihood -222.877 -209.577 -29.775 -29.591 -187.128 -177.609

Notes: *** ** * denote significance at the 1%, 5&nd 10% level, respectively. Robust standard
errors are given in parenthesis.

3 Agriculture is the omitted industry dumnfiCentral Midwest is the omitted region dummy.
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TABLE 8: INSURANCEDEMAND FOR TERRORISM& PROPERTYINSURANCE—HECKMAN SAMPLE SELECTION

Full Sample New York Other Regions
Terrorism Property Terrorism Property Terrorism Property
1%stage  2"stage 1%stage 2" stage | 1¥stage 2" stage 1%stage 2™ stage | 1%stage 2™stage 1% stage 2™ stage
In(TIV) 0.067**  -0.105*** 0.069*** -0.100*** | 0.074 -0.103*** 0.066 -0.086*** | 0.070** -0.112*** 0.072** -0.102***
(0.027) (0.009) (0.026) (0.008) | (0.080) (0.027) (0.080) (0.025) (0.029) (0.010) (0.029) (0.009)
In(Premium/Limit) -0.126*** -0.209*** -0.064** -0.187*** -0.139*** -0.211%**
(0.009) (0.010) (0.027) (0.038) (0.009) (0.0112)
Earthquake -0.361** -0.436** 0.423 0.392 -0.632*** -0.665***
Insurance
(0.154) (0.182) (0.434) (0.387) (0.214) (0.216)
Flood Insurance 0.003 0.127 0.957 0.895 0.077 0.180
(0.189) (0.186) (0.582) (0.552) (0.221) (0.214)
A -0.102 -0.104** 0.232 0.318** -0.109 -0.073
(0.065) (0.045) (0.152) (0.161) (0.064) (0.055)
Industry FE® Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region FE° Yes Yes Yes No No No No No Yes Yes Yes Yes
No. of obs. 934 408 934 408 121 63 121 63 813 345 813 345
Prob>y* 0.000 0.000 0.000 0.000 0.000 0.000

Notes: *** ** * denote significance at the 1%, 5&hd 10% level, respectively. Robust standard g0 given in parenthesis.
2 Agriculture is the omitted industry dumnfiCentral Midwest is the omitted region dummy.

30



TABLE 9: INSURANCEDEMAND FOR TERRORISM& PROPERTYINSURANCE— IV-ESTIMATES

Full Sample New York Other Regions
Terror Property Terror Property Terror Property
In(TIV) -0.104x** -0.107*** -0.110**  -0.075*** -0.108*** -0.110%**

(0.007) (0.005) (0.027)  (0.017) (0.007) (0.006)
In(Premium/Limit)  -0.123%*  -0.214%* | -0.086** -0.284** | -0.129%*  -0.208%*
(0.010) (0.016) (0.027)  (0.036) (0.011) (0.012)

Industry FE? Yes Yes Yes Yes Yes Yes
Region FE® Yes Yes No No Yes Yes
No. of obs. 628 628 92 92 536 536
Anderson LR-stat  430.014***  442.493** | 74.451** 40.238*** | 380.002*** 407.613***
Centered R2 0.604 0.708 0.584 0.654 0.624 0.705

Notes: *** ** * denote significance at the 1%, 5%nd 10% level, respectively. Robust
standard errors are given in parenthesis. Insureocgany fixed effects (e.g. dummies) are
used as instruments fov(Premium/Limit).

3 Agriculture is the omitted industry dumnfiCentral Midwest is the omitted region dummy.

TABLE 10: DIFFERENCES IN PRICE ELASTICITY OF CORPORATE DEMANDFOR
INSURANCE FOR TERRORISM VERSUS PROPERTY INSURANCEM@NG DIFFERENT
SAMPLES AND ESTIMATORS

Variable Full New York Other regions
QMLE +65 % +153 % +45 %
Heckmal +66 % +192 % +52 %
v +74 % +230 % +61 %
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Abstract

This paper tests some existing theories developed over the past 25 years on
corporate demand for insurance. Using a unique dataset of 1,809 large U.S.
corporations it provides the first empirical analysis that compares corporate demand
for standard property insurance and for catastrophe coverage (here, terrorism). We
find that larger companies are more likely to have some catastrophe coverage.
Corporate demand for catastrophe insurance is found to be more price inelastic than
insurance for non-catastrophe risks. This result differs from the findings on individual
demand for insurance. The terrorism insurance premium per dollar of coverage is
twice as high in the New York Metropolitan area than in the rest of the U.S. Yet the
price elasticity of the demand for terrorism insurance is half in this area relative to the
rest of the country.
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