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Sxmary

This study examines the provision of third-party 1liability
insurance by the Federal Goverrment to commercial users of space.
It is assumed that the nation has decided that it is in the
national interest to develop the space frontier and to make
camercial use of this frontier. The nation has also decided
that it is in the best interest of the peoples of the earth and
the private organizations engaged in cammercial space activities
that space activities be insured ac- inst third-party 1liability
in the amount of $500 million individually (single payload), or
$750 million collectively (multip'e paylcads) when launched by a
single flight of the Space Shuttle.

The purpose of a requirement for third-party liability
insurance is twofold: (1) in the event of a loss, it ensures
that those suffering the loss will receive some campensation, and
(2) it protects the private entity conducting the space activity
against catastrophic liability loss, thus improving the chance of
continuation of an otherwise beneficial space activity after a
mishap. Given that the determination has been made chat
comercial space development is in the national good, the Federal
Government may choose to provide third-party liability insurance
to certain space users when such insurance is not otherwise
available fram commercial insurance sources at a “reasonable®
price. Such provision may be made when it is determined that a
space activity is in the national interest. Criteria recommended

for this determination are as follows:
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1. The activity does not impose undue risk to persons or
property on earth or in space.

2. The activity does not adversely impact the enviranment,
nor does it impose undue risk to the environment, either
on the earth or in space.

3. The activity is not in violation of international law or
treaties to which the United States is a signatory.

4. The activity is not in violation of domestic law or the
Constitution.

5. The activity does not threaten national security, nor
does it impose undue risk to Government property, nor
does it seek to overthrow the Government by force.

6. The activity does not infringe on basic human rights.

It is recamended that (with respect to the provision of
third party liability insurance) determination of whether a space
activity is in the national interest not incl. e measures of the
economic or financial worth of the activity insofar as such
determination would be subject to a variety of imperfections, and
may not be adequately made by an agent of the Federal Goverrment,
as opposed to a member of the sponsoring organization. It should
be noted that the current JEA program does not require measures
of econamic or financial werth,

If the Federal Goverrment chooses to provide third-party
liability insurance to those space users that meet criteria such
as the above, a determination of "reasonable™ premiums must be
made, and a structure for Federally provided insurance must be
established. Determination of reasonability of rates is both

difficult and subjective. Fram the point of view of the user,

> m—— =



Dm’

T e o

1

[ N ] » wmnd

P Py ey el e

the most reasonable rate is zero. Any payment higher than this
is less reasonable. Surely another measure is necessary. Three
possible measures are (1) historical rates, (2) the cost of
alternatives, and (3) the financial impact on an activity. A
camon determination of the reasonability of a price is a
camparison of the price to historical prices for the same qood.
If the price has remained relatively constant, m.ot buyers will
consider it "reasonable.® Another measure of reasonableness is
the camparison of alternatives. Any price for insurance would be
considered unreasonable if, for example, a camparable launch on
Ariane sans insurance requirements, were available at a lower
cost than a launch on the Space Shuttle. Finally, reasonability
could be defined in temms of the ultimate effect of insurance
costs on the rate of space coamercialization. No doubt, higher
costs will impede the conduct of otherwise marginal activities.
But, given the current rates, the impact of this effect could be
quite small, unless prices increase drastically. None of these
measures is totally satisfying, nor is there a basis for choosing
one over the others. Thus, reasonability of premiums is largelv
subjective.

Unfortunately, the case for teasonability fram the point of
view of the insurers is not much better. For risks such as life
insurance, actuarial data can be used to determine reasonability.
But inadequate data are available for this method of determining
"reasonable”™ premiums for third-party liability insurance for
camercial space activities. 1In this case, the best measure of

reasonability appears to be a comparison of premium-setting
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practice in the space-insurance area with "standard practic~" in
other segments of the industry. The key consideration in making
this compar’con is the manner in which insured risks are
diversified. It is apparent that space-liability risks are
diversified in a manner that is quite favorable tc the insured,
in comparison to other areas of insurance. Thus, using the
criteria of standard practice, current space-liability premiums
appear quite reasonable. And using historical rates as a vasis
for judging reasonability fram the point of view of the user, it
could be said that the premiums will remain reasonable if they do
not increase significantly.

Insurance serves the purpose of diversifying risks.
Expected 1liability takes into account the likelihood of events
and their potentiz] magnitudes. It is the average liability over
a large number of trials. BEstimating an expected 1liability
precisely is very difficult, but appropriate calculations can be
done using relatively simple models, amd, fram such a model, it
appears that the expected liability that the entire Space Shuttle
fleet will generate over its lifetime is 1less than $500,000.
Consequently, it is highly likely, but not certain, that premiums
on the order of $100,000 per insured activity—approximately the
current rate—will provide an adequate set asiGe for liability
claims that may arise. However, expected value is only a
statistical measure, it is only achieved over a large number of
events. Liability damages will either be 0 or high, but since
probabilities associated with an accident causing damages are
extremely low, the expected liability is small.

Each insured entity pays a premium that, if properly
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calculated, is higher t' r the expected liability that the
insured activity would generate. The excess between the premium
and the expected liability provides for overhead, profits, fees,
etc. of the insurers, and it provides a cushior again.
statistical variations from averages. The maximum liability that
a space activity could conceivably generate is equial to the [=ce
value of the insurance policy (typically $500 or $750 rillion).
Over time, insurers must set aside a sum of money that could make
such a payment if required. One method of setting a premium,
when insufficient actuarial data is available, is to choose that
premiux that would set aside enough revenues to cover a maximum
liability event within a reasonable period of time—typically 1
to 5 years.

These considerations of reasonability provide the basis of a
structure for the provision of third-party liability insurance by
the Federal Govermment. Since any test for reasonableness is
arbitrary (fram insurer's point of view reasonableness may imply
increases in premiums fram the current $100,000 level to $500,000
to $1 million, in order to maintain a reasonable relationship
with other forms of liability insurance), an alternative to avoid
such a test would be for the Federal Govermment to provide
Federal insurance at a rate somewhat above what is likely to be
encountered in the free market. This could ensure that insurance
will be available and at a reasonable rate, if not on the private
market, then from the government. It is suggected that such a
structure seek to accamplish the following objectives:

1. It s>uld not present an impediment to commercial space
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activities, rather it . 1d complement thes..

Its conditions should not be subject to interpretation
or negotiation.

It should not interfere with the provision of third-
party liability insurance from commercial insurance
sources.

It should not impose a burden on the Mnited States

Treasury.

Given these considerations, the following structure is

suggested for the provision of third-party liability insurance

by the Federal Government and should be studied further.

1.

3.

Establish a Space Liability Trust Fund that is
independent ot the General Fund, and which receives
monies from premiums paid, those monies prowviding for
management of the Fund and liability payments that -

be made by the Fund.

Provide for qualified space users to purchase th J-
party liability insurance from the Fund at a price esta-
blished by the Fund, and set so as not to encumber po-
tential space activitiz2s nor to inhibit the continued
provision of such insurance fram commercial sources.
Establish a premium schedule in advance of sales, such
premiums to apply for a period of at least one year.
Premiums should not be subject to negotiation, but they
could be subject to revision on a yearly basis, as dic-
tated by actuarial data.

Establish a premi'm schedule that is tied to the launch

fee. For example, for Space Shuttle flights, the pre-

®)
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wiur could be 1 percent of the launch fee. The exact
percentage could be adjusted periodically, if necessary.

By proportioning the insurance premium to the launch fee,
the Pund acknowledges that amall peyloads would not be as likely
as large payloads to contribute to potential mishaps. Further,
the premium burden would be shared by the Space Shuttle users
according to thei: "u_.c® of the Space Shuttle. And such a
premiun structure would not inpose an undue burden on samall
payloads that are 1likely t¢ represent much smaller financial
investments than large payloads. The use of the launch fee as a
parameter for determining premiums is simple and objective: it
accounts for size and mass of the payl. , and it is an easily
determined parameter that is readily available to the Federal
Goverrment.

If a trust fund is set up in accordance with the above
structure, it could assure that all potential space users would
have access to third-party liability insurance et a price that
does not unduly inhibit commercial space activities. It could,
therefore, remove this potential barrier to cammercial space
activities. On the other hand, it would not prevent the
irsurance industry from continuing to provide such insurance to
the limit of its capacity to do so, at rates camparable to
current rates, or higher if actuarial data indicate. Finally,
eiven a rate structure wherein premiums exceed those currently
charged by cammercial insurance sources, it is extremely unlikely
that such a fund would impcse a burder on the United States

Treasury, at least in the long term,
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1. INTRODUCTION

In 1972 the United States became a party to the U.N.
"Convention on International iiability for Damage Caused by Space
Gbjects."[1] The treaty provides that the launching state of a
space object, that is, the st' - frar whose territories a space
cbject is launched, 15 absolutely* liable for any damage caused
to any other state by the object. No liwit is placed on this
liability. Without a liability limit, -private enterprise would
hesitate to make use of space. Thus, to pramote commercial space
activities, the Federal Government has agreed to indemnify all
gpace users against liabilities exceeding $500 million. The
first $500 million of liability has, however, remained an issue.

Since the late 1970's, the National Aeronautics ax? Space
AMministration (i SA) has required users of space vehicles to
obtain insurance to protect the Federal Goverrment from potential
tort liability resulting from injury to third ‘rties (those noc
a party to the launch agreement).[2] Initially, the required
level of insurance was set at the amount that was available fram
private sources.[1] Users of expendable launch vehicles have
been able to procure liability insurance in amounts up to $500
million per launch., More recently, however, for payloads carried
aboard the Space Shuttle, difficulties have been experienced in
obtaining this amount of insurance when there have been two or
more payloads on the same flight because the required insurance
capacity of $1 billion or more ($500 million per payload) has not

m * "Absoluce” liability means that there is no need to prove

fault.



t"'.m Ao \P‘\ v ' -ﬁsl“

e ]

always been available. (Flights have been insured for up t¢ $1.5

lainad

billion,[2] but recently there have been problems in finding
sufficient capacity to insure up to $1.0 billion per flight.)

I—
t

Wodan 2.

Faced with the unavailability of insurance, the govermment

mav choose one of rour courses of action:

P

1. OContinue to require all Space Shuttle users to purchase
$500 million f¢hird-party 1liability insurance ($750

. am
p g
e

million combined total per flight).
2. Waive the insurance requirement under certain

circumstances, such ar when it is unavailable, or not

[ S

available under reasonable terms and conditions or for

B TR,
wm‘u-w»’ 12 e e
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reasonable premiumx .

3. Provide insurance, backed by the Federal Govermment, to

TVEL e L

those users that cannot or chcose not to obtain it fram
conmercial sources.

4. Perform added research and development to make the
system "safer," and to demonstrate such safety, so that
insuraiice will be more readily available.

Insofar as insurance might not be available to all potential
space users, the first option could impose a significant costacle
to conmercial space activities. [Even if insurance is usually
available, the threat of its unavailability could impose

unacceptabie risks to some commercial space activities.

. ¥

. Implementation of the second oprion could create incentives for

} private industry to try to fail to obtain insurance, and it would

'-..J.“YI":':“ -; ’

not provide any campensation to the Goverrment to cover potential

%I @ losses. This option would also create the possibility of a \y

K
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lengthy approval process. The government weuld have to decide
whether terms and conditions and premiums were “reasonabie.”
Measures of teasonableness are, as will be discussed,
unsatisfactory, and depend on the uvser. A reasonable prec-ium for
Comsat may not be reasonable for SBS or Microgravity Research
Associates. The govermment would have to continually survey the
price and availability of insurance. The third option places the
Govermment into the insurance business but, if done with care,
could meet the desired criteria. This course of action would
expose the Government to substantial potential 1liabilities, but
not more than the second option, and some compensation would be
provided. If structured carefully, Pederally provided insurance
would be available as a back-up to private insurance, and not in
camnpetition with it. This would ensure that adequate insurance
is always available for a reasonable premium, if not from the
private sector then fram the government. The final option is not
really viable. The cost of researc and development to
demonstrate improved reliability of the Space Shuttle would
undoubtedly be more than the maximum liability that could occur
if the Govermment indemnified all users against all 1liability
losses. '

By the authority provided in Section 308 (1979) of the
National Aeronautics and Space Act of 1958, the NASA
Administrator may “provide liability insurance for any user of a
space vehicle to campensate all or a portion of claims by third
parties for damage resulting from activities carried on in

connection with the launch, operations or recovery of a space

10
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vehicle." The users are to reimburse the Administration to the
maximm extent “practicable” for this insurance. Subsection (b)
of Section 308 states that, “"taking into account the
availability, cost and terms of liability insurance, any
agreement between the Administration and a space vehicle user may
provide that the United States will indemnify the user against
third party liahility clzirs resulting from activities carried on
in connection with the launch, operations or recovery of the
space vehicle to the extent that the claims are not compensated
by the liability insurance of the user."[3]

Section 308 was implemented under Executive Order No. 12291,
a nonmajor, final regulation titled “Insurence and
Indemnification of NASA Space Vehicle Users (14 'R Part 1214
Subpart 1214.13)."[4] The requlation states that all users of &
NASA space vehicle, with the exception of those flying small
self-contained payloads, and users providing payload specialist
services for NASA missions must obtain insurance protecting
themselves, the U.S. govermment, and other parties identified in
the launch agreement. [.wever, this insurance requirement may be
waived for a particular user or flight if it is determined that
such acticon is in the "public interest.® The amount of insurance
and the terms and conditions of insurance must be agreed to by
NASA and the user, taking into consideration the insurance
available in the world market at a "reasonable premium.” If NASA
determines that adequate third party liability insurance is not
available on reasonable terms and ~ .ditions or at a reasonable

premium on the private market, o: that .ne availablility of

- I m insurance prevents an orderly and equitable allocation of

11
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liability risk, NASA will provide adequate liability protectian
for users and the U.S. govermment. [5]

Recent discussions between NASA and the Office of Management
and Budget (4] have stressed the need for NASA to further define
its insurance-related role and clarify the conditions under
vhich it will indemnify or provide Federal insurance for space
vehicle users, and the potential magnitude of the U.S. Treasury's
liability if Federal insurance is provided.

The objective of this study is to provide information to
support decisions concerning the provision by the Federal
Goverrment of third-party liability insurance for commercial
space activities. The practices associated with third-party
liability insurance in the marine, aviation, and electric
utility (nuclear power) industries in addition to those
industries associated with space missions have been reviewed.
Results of this review are presented in Section 2. Theoretical
considerations of rate setting are discussed in Section 3 and a
methodology to ’>termine the period of time over which the
insurers of each industry intend to set aside reserves to recover
fran a maximum liability loss should one occur is introduced.
Data have been developed (Section 4) for the above industries,
including premiums, claim statistics, annual revenue generated
and payouts, and industry assets relating to the ability to
insure. The data were analyzed (Section 4) to determine the set-
aside period in each industry, and to suggest standards of
reasonableness from the insurer's point of view. Criteria for

Federal provision of insurance are discussed in Section 5, which

12
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presents public interest arguments, an interpetation of the
Frice-Anderson Act, determinants of the availability of
camercial insurance, potential insurer liability, and measures
of reasonableness for premium rates fram the user's point of
view. Section 6 presents options available to the goverrment
regarding third party liability protection. Conclusions and
recamendations are provided in section 7. .

13
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2. LIABILITY INSURANCE IN POUR INDUSTRIES

A review of practices associated with third party liability
insurance in the nuclear power, marine, aviation, and space
industries is presented.

. iy weey @aN  BEN

2.1 Bclear Power Industry
. Nixclear power has associated hazards that have
- characteristics unlike most other hazan}s and related potential
losses that are covered by insurance policies. The probability of
occurrence and the maximum possible magnitude of damages is
unknown. In the worst possible case the losses could be
P catastrophic. In the late 1950's, the Nuclear Regulatory
" Comission concluded that hypothetical property damage fram a
’ nuclear incident might range fram half a million dollars to a
worse case limit of $7 billion. The latter figure would be due
mostly to contamination of land with fissionzble products.[1]
Later studies estimated damages far greater. For instance,
. according to NRC's Reactor Safety Study [1975]), damages from a
major accident could reach $17 billion.[2] Although the
probability of occurrence of swh catastrophic nuclear
incidente(l] is thought to be extremely low (one study esti.ct=d
the prabebility of a serious nuclear plant accident to be as 1low
as one chance in a billion reactor operating years!3]), it is
desirable that insurance be available to provide for such an
eventuality. A unique system of setting aside funds for the
remote possibility of a large financial loss has been established
@@ in the nuclear industry, and it is governed by the Price-Anderson

BENG PN e e i
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Act. [4)

The Price-Anderson Act of 1957 amended the Atamic Energy Act
of 1954. The Act was intended to apply only to licenses issued
through 1967, but was twi.c extended tc apply to licenses issued
through 1977 and then through 1987. Major cbjectives of the
Price—-Anderson Act were (1) to overcame industry reluctance to
participate in nuclear power generation due to fear of the
possibility of catastrophic, uninsured claims fram a nuclear
accident and (2) to avoid delay or failure to provide
compensation to the public in the event of a nuclear incident
[S]. Price-Anderson protects the public 11 an incident were to
occur by assuring the availability of funds to satisfy public
liability claims. [3!

Price-Anderson requires a nuclear power reactor operator to
submit proof of financial protection, covering liability claims
for bodily injury or property damage losses cazused by nuclear
materials, [6] to the Nuclear Regulatory Commission (NRC) before
he can receive an operating license, Financial protection may
be supplied through ®"private insurance, private contractual
indemnities, self-insurance, other proof of financial
responsibility or a combination® (7] of the above. Electric
utilities that choose to purchase insurance are required to buy
all nuclear liability insurance that is available from private
insurers or else provide an equal amount of financial
protection.[4] Initially the maximum amount of private insurance
available per facility was $60 million; over time, it has risen

to $160 million-—the maximumm applied to production facilities

15
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having a rated capacity of at least 100,000 kilowatts.[8)

To date, each nuclear operator has elected to purchase a
liability policy fram one of two insurance pools. The amount of
financial protection required and the fee for govermment
indemnity are based on authorized operating levels of thermal
power.[8] In 1957, when the original version of the Ict was
passed, liability insurance in the private market was $60 million
and the government agreed to be liable for $500 million{3,9].
The rationale behind the $500 million ]limitation on government
indemnification was that $500 million would not significantly
disturb the Federal budget.[10] The 2ct limited each nuclear
facility's maximom liability to $560 million: the amount then
available fram the private market plus the $500 million the
government would indemnify in case of loss exceeding private
market capacity. The $500 million 1limitation on govermment
indemnification, OCongress agreed, could be sunject to upward
revision in any particular incident, if after further
congressional study Congress decided more appropriations were in
order. Changes in the Act would be considered by Congress in
light of the particular incident.[1]

This was the first time that any such protection had been
offered by the Federal government for any particular industrial
hazard and the amount of protection it allowed was unprecedented
in the history of liability insurance covering a commercial
activity.[8] Reactor operators had to pay an annual fee to the
government for this extra protection fram the government.[11,6]

During the years that the Act has been in force the government

@@ has collected $21 million in indemnity fees.[9] Industry

16
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coverage under private insurers grew to $160 million per facility
by 1979.(12]

™e maximum amount of liabiiity insurance available per
nuclear incident is shown in Table 2.1 for the period 1957-1982.
In an analysis of the Price-Anderson Act, the General Accounting
Office spoke with representatives of the nuclear pools to gain an
understanding of the basis for available liability coverage and
the possibility of increasing the coverage. Pool representatives
stressed that coverage is based on each company's willimnness to
invest its money in nuclear insurance, and not on any actuarial
basis. Even the Three Mile Island accident did not provide
enough data for an actuarial base. In the absence of any type of
actuarial base, various insurance campanies are forced to make
decisions regarding nuclear power versus other investments where
the actuarial base is better known and the profit potential is
better. Pool representatives felt that even if premiums were

raised substantially, insurance capacity would not be

TABLE 2.1 HISTORY OF MAXIMUM LIABILITY OCVERAGE AVAILABLE
FROM THE NUCLEAR POOLS (THOUSANDS OF QURRENT YEAR
DOLLARS)

==p
YEAR LIABILITY OOVERAGE
1957-65 $ 60,000
1966-68 $ 74,000
1969 $ 82,000
1970-71 $ 82,000
1972-73 $ 95,000
1974 $110,000
1975-76 £125,000
1977-78 $140,000
1979-84 $160,000
SOURCE: THE PRICE-ANDERSON ACT, THE THIRD DECADE

17
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increased. [10]

The maximm limitation on liability has remained fixed in
current year dollars (it recently reached $585 million with the
growth of a secmdary level of insurance, which will be explained
below). ‘Thus, using the consumer price index $560 million in
1957 dollars translates into $1.8 billion 1982 dollars.
Similarly, the $60 million private insurance, available in 1957
would have a value of $200 miliion in 1982 dollars. Thus, the
actual value of insurance has been reduced (in constant dollars
relative to 1957) by a factor of approximately 3 to 4.

Subsequent amendments modified the Price-Anderson Act. A
1966 amendment stipulated that insurance claims be made on a no-
fault basis. Under this provision the liability protection of the
nuclear plant covers claims against any other individual who
might be 1li=“le under ordinary tort law principles, such as
architects, engineers, contractors and suppliers.[13) The nuclear
operator waives almost all legal defenses in incidents determined
by the Atamic Energy Commission (AEC) to be an extraordinary
nuclear occurrence (ENO). Limiting the waiver to ENO's would
prevent the filing of small spurious claims and nuisance suits
against nuclear reactor operators. An ENO was defined in the
amendment to be an event"causing a discharge or dispersal of
source, special nuclear, or by-product material fram its intended
place of oconfinement in amounts offsite, or causing radiation
levels offsite, which the Commission determines to be substantial
and which the Commission determines has resulted or probably will

result in substantial damages to persons offsite or property

@@ offsite.”(8]
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This "channeling® of responsibility for liability claims is
intended tu simplify and speed the claim process. Claimants only
have to prove personal injury or property damages were caused
fram radioactive materials released in a nuclear incident ard
show monetary amount of loss, but they do not have to establish

ey Bty L - N

the nuclear plant owner's liability.[6,8,9] This ensures the

2t

public will be able to establish liability for a nuclear accident

which will be backed by solid financial resources and allows the

[ L]

insurance industry the stable premium base required to spread

r the risk of a nuclear disaster over an extended time period.[12]
§ If a number of potential defendants had to have liability
i insurance, the total amount of insurance would be spread out
j among many potential defendants. In the case of a judgement
- against any one of them there would be a reduced amount of

- insurance available for payment of claims than would otherwise be
the case.[13] Consistent with the no—fault provision, standard
property and liability policies such as autamobile, hameowners
and cameercial property and liability policies contain "

‘ exclusions or limitations on losses stemming fram radiation
hazards.[8] The amendment also stated that government indemnity

would be reduced to the extent that private financial protection
increased beyond $60 million.[9]

Another amrndment in 1975 required the creation of a
secondary level of financial protection that would be provided
through payments of retrospective premiums ($5 million per large
operating reactor) wher. and if a nuclear catastrophy occurred at

S one of the plants that exhausted the primary level of financial LI_I .
‘.
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protection.[5] In the event of a nuclear accident causing
liability damages in excess of $160 million, each operator of a
nuclear plant will be billed by the nuclear pools (nuclear pools
are discussed below) up to $5 million for each incident for each
reactor (not to exceed $10 million for each reactor in a calendar
year). The intention was to phase out government indemnification
[11) and this has actually occurred as the financial protection
now available fram private sources is $585 million ($160 million
primary and $425 million secondary - 85 power plants provide $5
million each of retrospective premium).[12,14) Onder the
amendment the maximum liability limit floats upward to meet the
amount of protection both primary and secondary available from
private sources(6] (fram $560 million to $585 million). If
losses should ever exceed the maximm limit on liability,
Congress has obligated itself to review the situation and take
appropriate action to protect the public. [4,6])

Most insurance practices operate by "spreading the risk™ or
distributing the large 1losses of a few to 2 large number of
insureds who each pay a small premium.{15] This "interpersonal
loss spreading” works well when accidents are common to a large
number and the size of loss is moderate. The prabability of a
nuclear catastrophy are very low yet the potential damages if one
does occur are extremely high.[12] Nuclear liability insurance
uses the technique of "intertemporal 1loss spreading® which,
rather than spreading the risk over individuals spreads the risk
over time. Intertemporal loss spreading irnwvolves spreading over
several accounting periods the impact of a large lose that might

@@ take place in a particular year.[3]
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The capacity to underwrite .uch a loss must be available,
but is beyond the means of any single insurance campany.(3,6)
Nuclear risks are concentrated a:.. pooled and the insurance
industry insures the entire nuclear industry.[12] In order to
fulfill its licensing requirement each nuclear facility has
purchased a liability policy fram the nuclear insurance pools, (6]
as mentioned above. Pools are groups of insurance companies that
combine resources to allow them to insure risks of a size that
would be beyond the capacitv of any single rimm [11]

Two pools provide nuclear energy insurante - the Mmerican
Nuclear Insurers (ANI) and the Mutual Atamic Enerqy Reinsurance
Pool (MAERP).[3,6,16] Liability insurance is underwritten by
ANI, (which also underwrites property insurance), and which counts
140 insurance companies as members,[17] and the Mutual Atamic
Enerqy Liability Underwriters (MAELU) which is affiliated with
MAERP and consists of six member companies of MAERP.[3,5,6.16]
Two pools were established in 1957: MAERP was organicad as a
mutual corporation and the Huclear Energy Liability Insurarce
Associatiun (which eventually became ANI-after consolidation with
the MNuclear Energy Liability-Property Insurance Association and
subséquent name change) was organized as a stock corporation.
ANI operates five separate nuclear pools covering nuclear
property and liability insurance inside and out of the U.S. As
of September 1982, 112 ANI member c-wmpanies participated in the
nuclear liability pool.[S]

The pools use identical policy forms, rates and rating

procedures and carry out inspection of risks and handling of
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claims jointly.([8] OConsistently 77.5% of coverage has come fram
ANI and 22.5% from MAELU sources for both primary and secondary
coverages.{5] Foreign nuclear insurance campanies reinsure about
5U% of the liability insurance available.[8,18]

Under the Industry Credit Rating Plan, the pools provide for
retrospective downward adjus‘ments of prewiums ten years after
payment. Seventy percent of each annual liability premium is set
aside in a reserve fund to be used for loss or lo.3 expense
Eayments., After ten years a Dortion of the funds not used to pay
Josses are refunded to the insureds. The Plan was developed
because of the lack of an experiential base upon which to set
premiur rates or any reserve fund to support the insured risk.
Table 2.2 irdicates the amount of refunds made to the nuclear
industry and the percent of premium income the refund
represents, [8,19]

In 1984 the maximuar liability coverage available fram the
nuclear pools is §160 million for each insured facility (there
are currently 85 facilities),[8,12] The coverage available fram
the pools is the primary level of protection and is supplemented
by a secondary level of protection which is furnished by the
operators of nuclear power plants under the retrospective premium
plan as noted above.[3,12] This retrospective rating plan is
provided under a basic policy issved by the nuclear pools that
covere "excess losses," defined as losses fram bodily injury or
property damage in excess of su~c paid or payable under all
applicable primary financial protection. This secondary level

eof financial protection has reached $425 million (85 power plants

@@ operate under thi« system). [6,12]
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L? TABLE 2.2 NUCLEAR LIABILITY PREMIUM REFUNDS
YEAR AMOUNT CF REFUND PERCENT OF PREMIUM
($1000) INQOME*
1967 46 66%
1968 241 67%
1969 477 67%
1970 784 67%
1971 1,017 68%
1972 1,167 67%
1973 1,393 68%
1974 1,434 ) 68%
1975 1,468 ' 70%
1976 1,681 70%
1977 1,951 70%
1978 2,156 71%
1979 2,054 61%
1980 849 20%
1981 1,653 29%
1982 2,301 35%
1983 3,250 3%
SOURCE: NUCLEAR INSURANCE FACTS AND FIGURES 1984, AMERICAN
NUCLEAR INSURERS REPORTS
*CORRESFONDS TO PREMIUM INCOME FOR YEAR TEN YEARS PRICR TO
REFUND DATE.

As part of the secondary level cf financial protection
program, ANI and MAELU are meking available $30 million of
contingent liability that will cover the possibility of default
an retrospective premium by aiy of the reactor operators.[16]
These retrospective premiums are only payable when the liability
costs exceed funds available fram primary insurance cov~rage.[1]
The secandary level of protection is a form of interpersonal loss
spreading.

Two forms of nuclear energy liability policy (NELP)
coverage are available from the liability pool. The facility

@@ form covers licensees of nuclear production or utilization
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facilities for 1liability for injury to the —ublic or damage to
the public's property caused by the nuclear energy hazard. The
nuclear energy hazard is defined as "the radioactive toxic
explosive or other hazardous propecties of nuclear
material.”3,11,20] Insurance is applicable only to nuclear
material at the nuclear facility described in the declarations,
accidently discharged fram the facility, or while being
transported to or from the facility and away from another
facility.[3] The facility form includes three coverages. Under
coverage A the insurer pramises to defend insured and pay legal
obligations of insured for damages. Cuwerage B, is first party
insurance which allows the insured to collect fram the insurer
for damages to its property that are not at the nuclear facility,
but that may be damaged by a nuclear incident at the facility. A
supplier to facility which sustained damages to its property fram
a nuclear incident at the facility would also collect under
Coverage B. Coverage C is known as "Subrogation—Offsite
Bmployees,” and responds to claims of a contractor's worker
compensation insurer.[3,21]

The second form of coverage is the suppliers and transporters
policy. Although s'™pliers and transporters to a nuclear facility
are insured under that utility's facility formm for damages
arising from their activities on behalf of the utility this
second form provides them with additional coverage. It also
covers suppliers and transporters who are subject to nuclear
exposure but who are not performing a service for a named insured

under a facility form.{3,22]
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2.2 Ocean Marine Industry

The ocean marine liability risk is ‘haracterized by
potentially large liabilities. The 1978 wreck of the Amoco Cadiz
caused a massive oil 7pill off the coast of Brittany which hes
generated over $2 billion in damage suits. Amoco had $50 mill.on
pollution liability coverage at the time of the accident.

Legal liability policies in the marine industry are written
to protect ship repairers, stevedores, ?temiml operators, and
marina operators.{1,2] These policies offer protection to ar
insured with the property of others in his care when there is
waterfront exposure or a watercraft risk. Practices associated
with shipowners' liability, however, is more analogous to space
liability, and will be examined in more detail in the following
paragraphs.

A shipowner's liability due to negligent navigation includes
any incident involving his vessel in contact with all floating or
fixed obiects. 'There may be liability without contact, as when
damage is caused by wash due to a vessel's excessive speed.
When the negligence of two or more vessels are found to have
caused damages then liability is proportionately allocated among
the two according to comparative degree of their fault (before
1975 1liability was equally allocated but in a Supreme Court
decision in 1975 the principle ot proportionate liability was
adopted) .[3] Shipowners are covered for legal liability under
protectiin and indennity insurance and under a third party

liability provision covering collisions that may be included in

8@@ the hull policy.
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In the following } aragraphs protection and indemnity (P&I)
policies are considered.

At least 90% of all shipowners' liability is insured through
P&l clubs. There are approximately 20 international clubs,
worldwide. In the U.S., the American Ciub is the only mutual
non-profit P&I club. Non—-Mmericans began joining the XAmerican
Qut in 1980.i4] The MAmerican Club includes 35 shipown.r
members(5] (as of 9/82) and is the -mly active U.S. 1liability
market for oceangoing fleets. i

The clubs, which are non-profit are similarly organized.
Each club appoints a board of directors fram its shipowner
membership, which hires managers to run daily operations.{6] P&l
members, wao must be shipowners, pay an annual premium based on
ship size, crew, claims experience and management fees. When each
member renews, the club underwriters try to adjust the premium
rating for that member so it reflects the risks to the club of
claims for that member, taking into account the menber's premium
and claims record and other factors. In a m.tual association,
the premiums are paid in the form of advanced calls during the
currency of the policy year. These form a basic fund out of
which the claims and other outgoings are met.[7] If there are
losses during the year, the club issues extra calls, while if
there is a surplus the club may pay refunds to the members.[6,8])
An appropriate premium rate is usually expressed in terms of "per
gross tons.”

The Federal Limitation of Liability Act (1851), designed to

E protect vessel owners fram catastrophic losses, not caused with
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owner ‘s privity or knowledge, limited the liability of owners for
damage to property arising out of a collision[2,3] to the value
of the vessel if the owner didn't cause and wasn't previously
avare of circuastances that caused the loss. Court
interpretations changed over the years. The purpose of the Act
was to encourage growth of the maritime industry. Early
licigation set the value of the vessel at its value at the end of
the voyage (obviously in major losses this value was low) plus
the freight actually earned on the voyage. The judicial climate
began to change in the late 1930's when the owner was often
judged to bc with privity and knowledge, and thus not subject to
limitation., The Sirovich Amendment set a maximum limit of $60
per gross ton of vessel when loss of life or personal injury on
seagoing vessels we imvouived. [2]

Changes in state or federal laws or the enactment of new
laws may change the vessel owner's responsibilities and
potential 1liabilities under P&l coverage. (Changes may also
result fram judicial interpretations.[2]

Two types of P&l limits are often referred to: primary and
excess. Usually primary P&l limits are equal to the vessel's
hull value, and excess limits are limits that exceed that
amount. [2]

It is difficult to find one underwriter who will take the
entire risk of P&I limits which are often in millicas of dollars.
Coverages are thus of.en written under a number of policies
arranged in layers, so0 t“e underwriters can spread their risk.

Since risk is higher at the lower layers of coverage, higher

@ﬁ premiums are charged for the lower layers of protection than for
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the upper layers where risk is lower. Underwriters would only be
imvolved if the losses were within their layer of coverage. (2]
For instance, protection provided through a British club may be
layered as follows. The shipomer's club covers the vfirst
$750,000 of damages. Between that and $6 million the clube share
the reinsurance based on the size of each club and its premium
income. Losses above $ million are reinsured in Lloyd's and
other markets up to $375 million, damages beyond which the pool
would share, or the club might cover.[6] British P&l clubs often
provide unlimited protection, but the American club offers up to
$375 million of protection.

The MAmerican CQuwb and unde..citers generally provide
coverage under two standard protection and indemnity policies
(British P&I clubs each have their own rules.)[S9] The standard
policy includes a general clause under which the club agrees to
*indemify the assured against any loss, damage or expense which
the assured shall became liable to¢ pay and shall pay by reason of
the fact that the essured is the awner (o: operator, manager,
charterer, mortgagee, trustee, receiver or agent, as the case may
be) of the insured vessel and which shall result fram the"
liabilities, risks, events, occurrences and expernditures as set
out in the policy.[3,10] Coverage is indemnity and not direct
liability: the insured must have been legally liat *» pay and
have paid the loss, damage or expense before P&l underwriter is
liable under the policy.[3] There are innumerable clauses
available to add, modify or delete coverages. Standard policy 38

@ﬁ covers the legal liability of the assured for loss of life,
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injury and death, crew medical and other expenses, damage or
expense in connection with any fixed or movable object or
property, rcmoval of wreck of insured vessels when compulsory by
law, fines and penalties except resulting fram lack of due
diligence, and legal fees and defense costs resulting fram a
liability or alleged liability of assured covered by the policy.
Coverage excludes direct damage to vessels named in policy, loss
of use, monetary loss, demurrage, claims regarding vessels in
tow, cargo on board named vessels, claims under Longshoremen's,
Harbor Workers' Compensation Act or any Workers Compensation Act,
contractual liabilities, war risks and claim, loss, damage or
expense collectable under a Rull Policy.[9,11]

The second policy, Standard Policy 23 covers, in addition to
the above coverages, cargo legal liability on the insured vessel
including passenger, baggage and personal effects, excess (that
is not covered by the hull policy) collision liability for 1loss
or damage tc another vessel, 1liability for damage to another
vessel not caused by collision, third party liability to fixed
and floating objects,(except another vessel or craft) and
liability for oil and hazardous substance spills.[2,3]

The provision that covers fixed and floating objects
protects for third , rty liability damages to piers, docks,
bridges, jetties, harbor, breakwater, structure, beacon, buoy,
lighthouse, cable and cther fixed objects or movable objects
(except another vessel or craft or property on board another
vessel or craft) whether owned by the assured or not.[10] Wwhen a

vessel comes into contact with stationary or moving objects,

m other than another vessel, the vessel is almst always liable for
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damages. Just the fact that the vessel was moving is often
regarded as prima facie evidence that the vessel was at fault.
The best defense for the vessel owner would be to prove that
control of the vessel was impossible although everyone on board
exterded their best efforts., Another defense would be tc prove
that improper marking or lighting led to the accident. (2]

The pollution portion of the P&I policy covers 1liability
for spills of oil and other hazardous substances, whether
arising fram a collision or not[3] although pollution coverage
may be excluded by endorsement and may be offered for an
additional premium.[2]

There is a collision coverage under this policy for excess
collision 1liability with vessels not covered by the Bull policy
wvhich covers liability to other vessels if insured's vessel
caused a collision. The risks that would fall in this category
of P&l coverage are expenses for which the assured is liable for
removing, raising or destroying the wreck of another ship or
vessel or its cargo, damage done by another ship or vessel to a
harbor, wharf, pier, stage or similar structure as a result of
the insured vessel being in collision with that vessel. Payments
for damages to the cargo of the insured vessel by the non-
carrying vessel involved in the collision and included by that
vessel in her counterclaim against the insured or carrying vessel
in accordance with American law are also included under this
clause in the policy.[3]

As mentioned above, these last two coverages (liability for

E damage to fixed or movable objects and excess collision
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liability) seem most analogous to third party liability
arrangements for space vehicle users. Also the third party
liability provision under the hull policy mentioned below that
covers collisions is similar to the third party liability for
space vehicles users.

A lay-up return provision clause is included, which does not
appear on SP-38.{9,12] When a vessel is laid up (known as a port
risk) shipowners pay significantly less than they pay to protect
a navigating ship. If a ship that has heen insured as an active
ship is "laid-up" in port for longer than 30 days the owner may
receive a return of part of the premium paid. (5]

According to the American Club the largest claim to date has
been for $45 million, though maximum insurance coverage provided
through the American club has now reached $375 million.[13] The
club's standard limit is $100 million per incident.

Bull insurance policies include a third party 1liability
provision that will cover collicions: if a vessel negligently
strikes another vessel causirg damage to that other vessel and
her cargo, the hull insurance under its Running Down clause, of
the offending vessel should cover collision damages to the vessel
it struck. If the collision forces the vessel that is struck
into collision with a third vessel, the vessel that caused the
collision is also covered under its hull policy.{1,14] If the
vessel that is collided with strikes a pier and damages it and
injures persons, then damages are covered under the P & I policy
of the vessel that caused the collision.[14]

Before 1970, pollution liability was a minor concern and the

@ﬂ major concern was when oil damaged sameone's property. Liability

31




,‘ﬂ *

e B T e B D ]

LA R 2

‘F.u-‘l e

PRI 1

Jou and

S

for cleaning up an oil spill was first imposed with the
International Civil Liability Convention (QC) of 1969 (which was
ratified by most maritime nations, although not by the U.S.) and
the Water Quality Improvement Act of 1970, in the U.S.(3,9]

In 1969, a voluntary program was entered in to by
international oil companies and tanker owners. The association,
Tanker Owners Voluntary Agreement Concerning Liability for O0il
Pollution (TOVALOP) deals with clean-up cost and not third party
liability claims., Tenker owners agree to reimburse goverrments
for their clean-up costs unless the vessel concerned can prove
that no negligence was involved. Members are encouraged to
instigate clean-up operations themselves, regardless of fault,and
if they do the reasonable costs of such voluntary clean-ups are
covered by TOVALOP. Limits covered under TOVALOP are $100 per
gross ton (of the offending vessel) with a maximm of $16.8
million. The agreement is administered by the International
Tanker Owners Pollution Federation and the liabilities and
obligations under TOVALOP are insured by the International Tanker
Indemnity  Association (ITIA) in conjunction with the
international Protection and Indemnity Clubs. (3]

Later another arrangement was introduced by the oil industry
vhen it became appare.t that the amount available for clean—up
under TOVALOP would probably not be sufficient. The Contract
Regarding an Interim Supplement to Tanker Liability for 0il
Pollution (CusTAL) has the objective of providing additional

tion to goverrment or other third parties suffering

@ﬂ pollution damage which they cannot fully recover fram the owner
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of the offending vessel because of the vessel's limit of
liability. CRISTAL also seeks to encourage voluntary clean—up
and will reimburse the tanker owner (or his P&I club) in respect
of the owners own clean—up costs after other available remedies
have been exhausted. Membership is limited to o0il companies
engaged in the production, refining, or marketing of oil. CRISTAL
operates if the vessel carrying the oil cargo is a member of
TOVALOP and the cargo carried is owned by a CRISTAL member.

1t has been suggested chat the voluntary associations were a
public relations exercise and were intended to obviate the need
for pollution legislation. Bowever, maritime nations have
introduced severe pollution laws.[3]

In the U.S. Federal leyislation and implementing regulations
have imposed and defined liabilities of vessel owners and
operators in spills of oil and hazardous substances.[9)
Legislation has set limits of liability when damages were not due
to wilful misconduct or negligence within the privity and
knowledge of the vessel owner o. -erator, and established funds
to provide for claims. In addition to Federal legislatian
individual states have enacted regulations concerning oil
pollution claims. Thus, a vessel owner may be liable to the
Pederal government for clean—up costs and to state and third
party claimants also.[3]

The Water Quality Improvement Act of 1970 introduced the
principal of strict liability whether or not there was
negligence. Except wher a spili from a vessel was the result of

an act of God, an act of war, negligence by the United States, or

@% an act or amission by a third party, the owner of the vessel is

33




e L I

?u-u1

liable for clean-up costs incurred by the U.S5. goverrment
(private claims are not effected by this legislation).
Originally the Act limited liability to $100 per gross ton up to
a maximm of $14 million. The Clean Water Act of 1977 and 1978
amended the limits of ljability. Por inland oil barges the limit
wvas the greater of $125 per gross ton or $125,000; for tankers
the limit was the greater « $150 per grose ton or $250,000 and
for other vessels it was $150 per gross ton with no floor. The
previous $14 million ceiling on liability was removed. If the
8pill was caused by wilful misconduct within the vessel owner's
privity and knowledge, the owner is liable for the full cost of
clean—up without limitation.[3,9]

The Comprehensive Enviranmental Response, Campensation and
Liability Act of 1980 [15], which has not yet been implemented
set limits for 1liability for costs incurred by the U.S.
government in removal or remedial action caused by incidents
involving release of a hazardous substance.

The Trans-Alaska Pipeline Acthorization Act (TAPA) provides
a $14 million limit of liability to vessele loading 0il fram the
Trans-Alaska pipeline. The Act covers all damages including
clean—up costs, sustained publicly or privately. Strict liability
shall not be imposed if damages were caused by acts of war and
negligence of the government or the damaged party.[3,16)
Actually, the Act states that strict liability for claims arising
out of one incident shall not exceed $100 million. The owner and
operator of the vessel is liable for the first $14 million of

claims (firancial responsibility for $14 million had to be
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demonstrated before the oil was loaded). The remainder of the
damages up to $100 million is t» be paid by the fund (the Trans-
Alaska Pipeline Lisbility Pund) provided for in the Act  The
fund could be used to pay for clean-up, resources, injuries, and
third party claims, A 5 cent per barrel tax on o0il pessing
through the Valdez terminal provides funding.(17]

The Deep Water Port Act of 1974 limits liability for damages
and cleanup costs resultiing fram discharge of o0il caused by
vessels at deepwater ports. Liability is limited to $150 per
gross ton or $20,000,000, whichever is lesser, <=xcept if the
discharge was cue to wilful misconduct or groes negligence within
the privity of the owner 2nd operator, in whrich case they are
liable for full costs of cleanup and damages. The Act sets up a
Deepwater Port Liability Purc >f $100 million which shall be used
if liability exceeds $20 million. Th- fund is raised by a 2 cent
per barrel tax on oil handled by an deep water terminal.[17,18]

The Outer OContinental Shelf Lands Act 7nsendments of 1978
established an Offshore Oil Pollution Compensation Pund (not to
exceed $200 million) -aised by imposing a per bharrel fee on oil
obtained fram the Outer Continental Shelf. Liability limits are
set for oil pollutimn damages caused by vessels operating in the
waters above the Outer Continental Shelf or in the waters above
submerged lands scaward fram the coastline of a state and
transporting oil directly from an offshore facility. Liability
for damages caused by such vessel is limited to $250,000 or $300
per gross ton, whichever is greater, if the incident was not
caused by wilful misconduct or gJrose Jligence within the
privity or knowledge of the owner.[19]
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2.3 Miation Industry

Aviation insurance was originally underwritten by insurers
in marine and accident departments which still handle some
insurance associated with air transport, such as air cargo
(normally insured under marine policies) or personzl accident
policies protecting air travellers (handled by accident
departments). However, in recent decades, a distinctive aviation
markec has developed to handle demand from the rapidly growing
industry. Insurance companies that write substantial aviation
business have set up specialist aviation departments or
specialist aviation insurance companies. {1]

The three primary aviation markets, U.S. Aviation Insurance
Grovp (USAIG) and Associated Aviation Underwriters (AAD) and the
London market [2]) work under a quota share enviromment whereby
each underwriter takes a percentage of the limit and wercentage
of their share of the premium for certain lines of major airline
business. [3]

Aircraft are classified for insurance purposes into air
carriers (the airlines), and general aviation which includes
private aircraft ({personal enjoymen: and business uses),
corporate flying laircraft owned and operated by corporations for
transporting executives) and commercial flying (rental and
charter work, student instruction and operation of aircraft for
hire other than air carriers).[4] Liability policies are also
written for other air transport related risks such as hangar
keepers liability, airport owners' liability and fuelers'

8@@ liability. Manufacturers' products liability risks constitute

36

W
3
s



PP 4

i T

S
LA |

R Sevrd Soacy o) DR R NN A g C ]

4

RRNRCS A T T NP . 1 | T

[

(- Hoam 4

1

[ N .
dese woms N R

~ - — -

another class of insurance.

There are three basic liability coverages that are included
in aviation package policies: passenger bodily injury, bodily
injury excluding passengers and property damage. Lloyd's
aircraft liability policy for instance, defines six coverages.
Through Coverage A the insurer agrees to pay legal obligations of
the insured for damages for bodily injury caused by occurrence ’ %
and arising out of the ownership, maintenance or use of the |
aircraft. Coverage B covers legal cbligations of the insured due
to property damage, Coverage C covers passenger bodily injury
liability, Coverage D is single limit bodily injury including
passengers and property damage liability, Coverage E is single
limit bodily injury excluding passengers and property damage
liability and Coverage F pays reasonable medical expenses, and
funeral services for persons who sustain bodily injury sickness
or disease by accident while in, entering or alighting fram the
aircraft.[5] Coverages A, B, and E appear to be analogous to
third party liability coverage for space vehicle users.

In recent years, the trend has been towards the
simplification of insurance programs. Up through the late 1960's
an airline probably would have a separate hull, hull war,
passenger liability, third-party liability, freight liability,
mail legal liability and cargo liability policies. Now it is
camnon for an insurer to issue oily two policies; a cambined hull
and liability insurance covering in one limit of indemnity all
types of liability risk and a separate hull war policy.[1]

E The level of insurance required for some aviation risks llj
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(such as liability) may strain the capacity of international
insurance markets. 7 - substantial potential liabilities require
direct underwriters and reinsurers to spread the risk as widely
as possible. Leading underwriters usually accept between 5 and
108 of major risks. National aviation pools and sharing
agreements (reinsurance arrangements) have bzen used to spread
risks and more effectively mobilize capacity.[1]

The Federal government sets minimum limits on liability
coverage. Section 298.42 of the Civil Aeronautics Board (CAB)
Econamic Requlations Part 298 requires air taxi operators,
engaging in air transportation to maintain aircraft accident
liability insurance and specifies a required minimm limit of
liability coverage. There is a limit for any one passenger of at
least $75,000 and a limit for each occurrence ir amy one aircraft
of at least $75,000 multiplied by 75% of the total number of
passenger seats installed in the aircraft. The minimum limit on
liability for bodily injury to or death of persons excluding
passengers is $75,000 for any one person in any one occurrence
and a limit of at least $300,000 for each occurrence. A minimum
limit on liability for loss of or damage to property is set at
$100,000 for each occurrence. [6]

0.S. air carriers are subject to part 205 of the CaB
econamic regulations, A U.S. or foreign direct air carrier must
meet the requirements of part 205 to receive the right to engage
in air transportation. The carrier is required to make available
proof of insurance or self-insurance to the CAB. Th. .d party

aircraft accident liability coverage for bodily injurv to or

m death of persons including nonemployee cargo attendants,
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excluding passengers and for damage to property must meet the
minimm limit of $300,000 for any one person in any one
occurrence, &and a total of $20,000.000 per imvolved aircraft for
each occurrence. In the case of accidents involving aircraft of
fewer than 60 seat or 18,000 pounds maximuw payload capacity the
minimm coverage is $2,000,000 per involved aircraft per
occurrence. ‘The limits of liability apply sepearately for each
occurrence. A minimur of coverage for bodily injury to,or death
of aircraft passengers is $300,000 per passenger and a total per
involved aircraft for each occurrence of $300,000 times 75% of
the number of passenger toats installed in the aircraft.[7]

It is difficul to generalize about aviation insurance
because in the U.S. aviation policies are not standardized.
Premiums vary significantly, there are no published rate manuals,
usually rno filed rates, and most rates are taken fram general
guides or "off the top of the head".[B] Rates are based on
criteria such as pilot qualifications, make and model of the
aircraft, how the aircraft will be used, how the aircraft is
stored, fregqency and mileage of flights, type of coverage
required, airfields that are frequented, and aircraft
capacity.[5,9,10] There is no precise actuarial or scientific
basis for the rate because of the relatively amall number of
units involved. Rates are based on past statistics and
underwriters' risk assessments or judgement.[10] Liability
premiums are often based on the number of revenue passenger miles
flowr..[5,9] In the case of passenger liability, the logic of

charging per revenue passenger mile is obviously to secure an
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increased premium in proportion to the greater erposure.|[1)

Supply and demand influence rates. Activities and practices
of the aviation pool members over the years seems to indicate
that participation varies with the immediate past underwriting
experience generated by all lines of insurance as opposed to
underwriters surplus. Underwriters have been bold when loss
ratios were low and have restricted comitments when loss
ratios were high. Rates are susceptible to previous losses: when
underwriters are faced with losses in excess of premiums they
subsequently raise premiums to break even. For example, record
losses suffered by aviation insurers in 1983 will amount to $700
million in hull and liability payments. The 1983 premium volume
amounted to between $500 million to $550 million. According to
one broker, rate hikes in the London market are averaging 37.5%
for bhull coverage and 23.5% for liability coverage. British
Airways premium rate for liability insurance almost doubled fram
$3.53 millicn to $6.95 million, this year.[13] Pan Am paid
significantly higher rates on hull and liability coverage and in
addition has agreed to a $10 million aggregate deductible for
hull and 1liability losses in addition to per occurence
deductibles for partial hull losses.[14]) A London underwriter
expects that airlines with high loss records will be confronted
with average overall renewal rate hikes of 40%.[11]

Skandia Insurance Campany, Ltd. of Stockholm maintains a data
bank of aviation statistics. Their data on airlines with a fleet
value of larger than $20 million, indicates that liability rates

in the U.S. market between June 1976 and May 1979 were

@@ substantially lower than the breakeven rates.[12]
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2.4 Oomercial Space Industry

Under traditional Onited States tort law, if the Shuttle
and/or payloads contained within it were to cause damage to a
third party, the U.S. govermment and users of the Shuttle would
be potentially liable to the third parties, based on negligence
or absolute liability (liability without proof of fault or
negligence) .

The United Nations' Convention on International Liability
for Damage Caused by Space OGbjects, which the United States is a
party to,[1] holds a launching State absolutely liable to pay
campensation for damage caused by its space abject on the surface
of the earth or to aircraft in flight.[2] The launching State is
charged with liability for all space objects launched fram within
its borders, regardless of satellite ownership, s0 a claimant
only needs to file claim against the launching State regardless
of the ownership of the object that caused the damage.([3] If
damage is caused other than on the earth's surface to a space
aobject, or persons on board that space abject, of one launching
State, by a space object of another launching State, the latter
will be liable only if the damage is due to its fault or the
fault of persons for wham it is responsible.[2] The Conwvention
does not apply to damages caused by a space dbject of a launching
State to the nationals of that State, or foreign nationals who
are participating in the operation of that space object fram the
time of its launching until its descent, or when they are in the

immediate vicinity of a planned launch or recovery area.|[3]

@@@ (Additional Articles in the Convention indicate liability when a
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third State ie involved, or when two or more States jointly
launch a space abject.)[2)

It has been NASA's policy since the late 1970's{4] to
require cammercial users of iaunch vehicles to obtazin third party
liability insurance that will protect the U.S. fram potential
tort 1liability resulting from injury to third parties and non-
U.S. govermment users of expendable vehicles have been able to
obtain at least $500 miliion worth of third party liability
insurance per launch.[1,4] :

The Shuttle Launch Agreement requires the customer to
obtain, at no cost to NASA, insurance protecting the dJst:aner and
the U.S. Govermment from any third party liability for damage
arising out of the performance of the agreement during the Risk
Period defined in the agreement. The Risk Period begins at the
start of the physical attachment of the Payload to the Orbiter
and ends after the launch of a payload "pon the landing of the
particular Orbiter without caus g damage to third parties, or if
a payload is jettisoned, when the payload impacts the earth
without causing damage to third parties, whichever occurs last.
If third parties are damaged, the risk period ends immediately
after all such damage occurs. Or the risk period ends prior to
the launch of a payload upon campletion of removal of the payload
fram the orbiter for any reasons. (5]

Onder an amendment to the National Air and Space Act of
1958, NASA has been authorized to provide liability insurance and
to indemnify a user of a space vehicle for cl-ims for damages

that may result fram activities carried out in connection with
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the risk period defined above. This amendment is section 308 of
the NASA Act and is described in the following paragraphs.

The custamer is also required to obtain, at no cost to NASA
insurance protecting the customer and the U.S8. Government fram
any third party 1liability for damage caused by a deployable
payload element following deplioyment (not including a payload
that remains tethered to the Orbiter).[5] NASA will not provide
liability insurance or indemnify for dameges arising during the
period following deployment and after the Orbiter has landed.
This coverage is requii~1 to be in force indefinitely [18] and is
usually renewed every three years. [6]

The launch agreement also includes an interparty waiver of
liability under which each party agrees not to bring a claim
against or sue the other party or other custamer and agrees to
absorb the financial and other consequences of damages it
sustains as a result of participation in STS operations whether
or not such damage is caused by NASA, the custamer, or other
custamers participating in STS operations, and regardless of
whether such damage occurs through negligence or otherwise.
This interparty waiver applies indefinitely to any party to a
shuttle launch agreement, whether or not they are are the same
shuttle flight. Each party therefore agrees to absorb the
consequences (financial and other) of damage to its property.[5S]

If a payload specialist sustains bodily injury, the
individual or his estate may sue one of the parties to the launch
agreement but the individual's employer may not sue any of the
parties to the launch agreement because o. the interparty

waiver, [4]
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This inter-party waiver is extended to other participants in
STS operations, including contractors and subcontractors and
other customers who are therefore protected fram claims
including product 1liability claims wnich otherwise might be
pursued by the parties or their contractors or subcontractors, or
other custamers).[5)

Por the first few launches, before the interparty waiver
care into effect (prior to December 1982), a Shuttle contractor
such as Rockwell carried liability insurance for each launch
to protect against claims by Shuttle users for damage to the
user's property (third party risks were also covered, but
potential third party damages were considered remote). Premiums
for each launch were $1.4 - $1.5 million. To the extent that
NASA's funds were used to reimburse contractors and
subcontractors, payment of such high premiums were considered to
be to the detriment of NASA's space mis-ions. NASA then agreed
to indemify NASA contractors under Public Law 85-804 for claims
or losses resulting from use or perfor ance of products or
services defined in the agreement (including space transportation
system, cowponents, cargo flight elements or ground support,
repair, modification, and overhaul support to the STS).[4, 7]

The customer also agrees in the launch agreement, not to
make a claim against the U.S. Goverrment and the U.S.
Government's contractors and subcontractors, for damage or
relief for any delay in provision of any aunch and associated

services or for non-performance or improper performance of launch

E and associated services. [5]
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The amendment to the National Aeronautics and Space Act of
1958, referred to above, adds a new Section 308 {which is part of
Public Law 96-48 sec.6) to the Act (and renumbers the previous
308 to 309),[11,13] which authorizes NASA to provide liability
insurance and to indemnify a user of a NASA gpace vehicle for
claims of third parties that may result from activities carried
out in connection with launch, op>rations or recovery of the
space vehicle. [8]

Sabsection (a) of Section 308 authorizes the Administration
on such terms, and to the extent it may deem appropriate, to
provide liability insurance for any user of a space vehicle to
canpensate all or a portion of claims by third parties for death,
bodily injury, or loss of or damage to property resulting from
activities carried on in connection with the launch, operations
or recovery of the space vehicle. Appropriations available to
the Admirdstrat.on may be used to procure such insurance, but
users must reimburse NASA to maximum extent practicable by users
under reimbursement policies established pursuant to section 203
(c).[9,10]

Subsection (b) of Section 308 authorizes NASA at its
discretion to enter into agreements with a user of a space
vehicle which would provide for the indemmification of that user
against claims by third parties for damage resulting fram
activities carried out in c¢. .nection with the launch, operations
or recovery of the space vehicle, to the extent that such claims
are not compensated by liability insurance of the user. The

Administrator must issue implementing regulations which take into

m account the availability, cost and terms of liability insurance
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before entering into any such agreements. The indemnification
may, at MASA's discretion, be limited to claims other than claims
resulting from users' actual negligence, wilful misconduct, or
both. Payments may be made fram funds available for research and
development not other wise coomitted, or from funds appropriated
for such payments.[?,10,11}

A "user" is defined as anyone who enters into agreement with
NASA to use all or part of a space vehicle, who owns or prov°des
property to be flown on the vehicle, or who employs a peison to
be flown on the vehicle.

A "space vehicle"” is defined as an object intended for
launch, launched or assembled in outer space, including Shuttle
and other components of the Space Transportation System, and
includes elements of STS such as Spaoelab(am’. upper stages in
addition to the payload to be flown on the Shuttle for a user.

Third party is defined as any person who may bring a claim
against a user for death, bodily injury or loss of or damage to
property (a claim for any damage sounding in tort). Third party
usually ¢es not include users contracting with NASA for launch
services, as per the inter-party waiver mentianed above.[9)

Section 6 of Public Law 96-48 is implemented in 14 CFR Part
1214. According to 1214.13(c) of this rule NASA requires each
user to obtain insurance in an amount not in excess of $5060
million dollars, but recognizing that there does not seem to be
the insurance capacity to insure a single shuttle flight for more
than one billion dollars, the Agency will accept that there may
be Shuttle flights with payloads of several ucers that are
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insured under wne policy for no* in excess of one billion
dollars. This is acceptable during the flight, however, each
user is expected to insure their deployed payload for $§500
million dollars. The rule states that NASA will indemnify users
flying small se.f-contained payloads and users providing peyload
specialist services for NASA missions under a NASA contract for
third party 1liability to the extent that such claims are not
campensated by the liability insurance of the particular user.
These users will not be required to obtain insurance.

In addition NASA has indemnification agreements with those
it has Joint Endeavor Agreements (JEA) with. Under the JEA, NASA
provides free launch service while the campany provides
experiments to or other payloads to NAGA. NASA does not require
insurance for the Shuttle flight and indemnifies during research
flights, Foreign users are not required to purchase third party
liability insurance, but NASA does not agree to indemnify
them. [ 4} |

All other users of a NASA space vehicle must obtain
insurance protecting themselves, the U.S. Government and other
persons or entities identified in the launch and associated
services agreement entered into by NASA and the users for third
party liabilities. The amount of insurance and the terms and
conditions of the insurance shall be agreed to by NASA and the
user depending on the insurance available in the world market at
a reasonchle premium. The Associate Administrator for Space
Flight, with agreement of the General Counsel and Comptroller,

may waive this requirement for a particular user and/or flight if

@@ he or she determines that to do so would be in the public

47



IR

Y
L]

Yilg Ve
. L I

a

N ey bt

"Faiwd

- .":’-"‘l}: i i,

3

eaany
‘

2

° Sy

el

RN

Gl ¥

0

.
TR

interest. MAgencies of the U.5. Government (defined in 5 0.S.C.)
102 and 105 will not be required to obtain such insurance.

NASA may indemnify each user (with the exception of other
U.S. Government agencies) for liability incurred by the user in
excess of the NASA approved insurance policy of the user subject
to temms, conditions and exceptions contained in the
indemnification agreement. A user will not be indemnified for
payments that fall within the deductible of the user's policy, or
aren't covered due to exciusions in the policy except for the
maximum dollar limitation stated in the policy or standard
exclusion agreed to by NASA for shuttle-cauced pollution or
interference with radic frequencies, or for payments to
contractors or subcontractors for liability incurred by them, or
settlement payments unless agreed to by the U.S. govermment. If
NASA determines that adequate third party liability insurance is
not available on reasonable terms and conditions or at a
reasonable premium in the commercial insurance market or if NASA
determines that the availability of third party 1liability
insurance prevents an orderly and equitable allocation of the
risk of liability NASA will try to provide adequ~’ - liability
protection for users and the U.S. govermment choosing one of the
following three options. (8]

The first option would be to have a user(s) chosen by NASA
be authorized to purchase an insurance policy protecting all
uninsured users on the flight, the U.S. Govermment, and other
persons or entities party to the launch and associated services

agreement between NASA and the users. The premium would be
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allocated among all the users with the exception of a amall self-
contained payload user, or U.S. Govermment agency.

A second option twould allow NASA to obtain an insurance
policy and equitably allocate the premium among the users on that
flight, again except for self-contained payload users and
goverrment agencies.

Under the third option NASA would indemnify uninsured users
for a premium that will be put into an indemnification pool that
NASA would use to indemnify users or to offset equitably premiums
or other users. This option would be chosen by NASA only when it
determines that adequate insurance is not availahle at a
reasonable premium and on reasonable terms and concditions in the
compercial insurance market. (8]

Onder these provisions NASA may provide liability insurance
to users at its discretion on "such terms and to the extent it
may Jeem appropriate,” to compensate users for claims by third
parties. Thus, NASA may provide incurance to same users and
charge those users for the insurance, or it could exempt other
users from the requirement of obtaining or paying for third party
liability insurance at all. Under this section the
Muoinistrator may use appropriated funds available to NASA to
purchase third party liability insurance for a number of shuttle
flights., The Administrator would seek reimbursement to the
maximum extent practicable fram users under general Shuttle
reimbursement policies, by charging users a fixed price for
insurance based on an estimate of the cost of insurance, number
cf Shuttle flights and users to be protected by the insurance

policy and other factors. Other reasonable methods of collecting
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from users for insurance may be adopted by NASA according to
theiz experience and the insurance that is available.[1]

NASA is not expected to use appropriated funds t5 protect
the U.S. Government from liability, but Subrection (a) is broad
enough to inciude even that.[9,11,12]

NASA and International Technology Underwriters (INTEC) have
a Memorandum of Understanding in which it is recngnized that
INTEC will establish and administer an “"underwriting facility® to
provide third party liability insurance for users who choose to
insure thicagh the facility. The facility will support only the
U.S. launch program. INIEC will attempt to increase capacity of
third party liability insurance to $750 million and if possible
$1 billion per flight, and obtain the insurance at the lowest
poscible premium rate and, as administrator will equitably
allocate the premium among users on the same flight, in addition
to providing coverage on an individual basis.[13]

The insurance policy put together by INTEC covers a period
camencing with the attachment of payload by bolt to the Shuttle
and ending 36 months later unless the user's pa_ load is
jettisoned, in which case the policy period will end for that
user when the payload impacts the Earth without causing damage to
third parties.

A limit of liability, if there is one user identified in the
f-hedule of User's and Payloads, is $500,000,000 for all damage
arising out of any one occurrence during the risk period defined
in the launch agreement.[14' So far, INTEC has been able *o

obtain up to $750 million of capacity to insure one single
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shuttle launch,[6] The limit of liability may be used to
satisfy the legal 1liability of one or more of the insureds
identified under the policy for any one occurrence. If the limit
of liability has been reduced or exhaust>d because of payments
of liability claims of same of the users insured by the policy
then other users under the policy may seek alternative
protection including indemnification by NASA as described in the
launch agreement. Despite the number of users insured under the
policy the limit of liability for all damages is $500,000,000 for
each insured payload for any one occurrence fram the time each
payload is deployed as defined in the launch agreement. [l14]

Damages that are excluded under the policy include damage
caused by radioactive contamination (except for 1liability for
damage caused by a payload when proximate cause of damage is
radiation naturally occurring in spece environment;)damage
arising out of conduct of another ventuie of which insured is
involved and which isn't designated in declarations as an
insured; act of war; radio frequency interference with another
commmnications system; discharge, dispersal, releise or escape of
smoke vapours, soot, etc. unless euch discharge, etc. is sudden
and accideatal; liability of any insured as manufacturer;
cbligation of insured to his employees or cbligations for which
insurd (or any of his insurers) may be liable toc his own
enployees under worker's compensation, unemployment, death or
disability benefits law or any similar law; 1liability for damage
to property of insured, claims for failure of insured's
spacecraft to provide communications service(s).(14]

The Office of Management and Budget has questioned the
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extent to which the govermment should provide or obtain
insurance for non-federal users of space vehicles and has asked
NASA to establish criteria to detemmine when Pederal insurance is
in the public interest. OMB adbjects to the lack of specificity
concerning the conditions under which the Pederal govermment
should provide insurance to or indemnify a user of a NASA space
vehicle., In particular OMB mentions the lack of clarity of the
underlined terms in the statement "if NASA determines that
adequate third party lisbility insurance is not available on
reasonable temms and conditions or at a reasonable premium in the
camercial insurance market or if NASA determines that the
availability of third party liablity insurance prevente an
orderly and equitable allocation of the risk of liability." Also
there is no indication in the rule of what information NASA will
use to determine the availability of insurance in the cammercial
market. Another objection is that the public interest is not
defined in certain sections of the rule that would allow NASA to
waive insurance requirements for some users of space vehicles,
nor does it provide criteria to be used in waiving the insurance
requirements. OMB has requested that NASA clarify these
ambiguities and identify the data as well as assumptions NASA
will use in detemining the amount of insurance available in the
world market, how much insurance each user must procure and what
could be the potential liability to the U.S. Treasury if the
Federal government provided insurance to space vehicle users.[14]
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2.5 Relevant Practices and Precedents

Several practices and precedents fran the industries
reviewed may be of relevance to issues concerning third party
liability insurance for space vehicle users.

There is precedent for government involvement in private
sector liability. The Federal Limitation of Liability Act of
1851 set a precedent, in that through it the goverrment tried to
encourage development of the shipping industry by limiting
shipowners liability. ]

Designed to encourage development of the nuclear power
industry, the Price-Anderson Act limited nuclear operators'
liability and camitted the government to indemnify nuclear plant
operators for liabilities in excess of the cammercially available
insurance.

In the marine area, a number of Acts ~—Deep nater Port Act,
Outer Continental Shelf Act, etc.—limit liability of shipowners
for damages caused by spills of o0il and other hazardous
substances and establish funds to pay damages in excess of the
limitation.

The concept of layering is based on the fact that smaller
claims are more likely than larger claims and therefore rates for
covering lower layers are higher than rates for covering higher
layers.
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3. THEORETICAL OONSIDERATIONS OF INSURANCE RATE SETTING

There are many factors that contribute to the process of
setting insurance rates: claim statistics, campetitive market
forces, corporate strategy, profitability and overhead are a few.
Of these, one might expect claim statistics to be the dominant
factor. And, indeed, there are cases when it might be—health
insurance, life insurance, automobile collision insurance. But
there are insured risks for which claim statistics provide little
useful information. These include risks that have an extremely
low probability of occurrence, but very high consequence and
thus, high liability limits. MNuclear power plant liability is a
good example., Hopefully, the risk of a catastrophic accident,
resulting in high claims, is so low that such an accident will
never occur. In fact, after same 800 reactor-years of
experience, the worst accident has been the incident at Three
Mile Island, with total liability claims just under $30 million.
This is against an insured liability limit of $160 million.
There exist no claims in the upper $130 million of coverage.

In a case such as this, how can rates be set? For one
thing, mathematical models might be used to estimate risk. But
the models could be misleading or, in fact, totally wrong and, in
any event, would be difficult or impossible to validate. The
insurer must take a more pragmatic approach. The following
discussion outlines, in highly simplified terms, a method by
vhich rates may be set for insurance against these types of

risks.
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Pirst, it is helpful to observe that insurers always seek
to diversify their risks so that laws of averages apply. As
FPigqure 3.1 shows, there are three dimensions over which an
insurer can diversify risk: the insured population, time, and
across risks. The insured population camprises the set of
insurance buyers-—the insured—for a particular risk. In the
cases of health insurance, 1life insurance, and autamobile
liability insurance, the insured populations each range into the
tens of millions. Within these popglations, "catastrophic"
events are so camnon that yearly actuarial data reflect well the
"cost" of providing insurance, and year-to-year trends provide a
good indication of systemic changes. For these reascns,
population is the preferred dimension for diversification.

Sametimes, as is the case with comercial aviation and
marine liability insurance, the population—for instance, the
number of cammercial airliners—is too small to affect adequate
diversification by population alone. In cases such as these,
insurers tend to diversify over time. Diversifying over two
years, in essence, doubles the population; ten years increases it
by an order of magnitude. Insurers prefer to diversify across
time when the population is too small to diversify across
population alone because time-diversification still enab es the
insurers to treu.:. each insured risk as a "product line.”
Insurers want to do this so that rates can be set for each risk
that will assure profitability for each product 1line. And, of
course, insurers want to cover a particular risk only if they can

do so at a profit.
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But, if insurers do resort to the time dimension to achieve
adequate diversification, they want diversification to be
accamplished in as short a period as possible—preferably two or
three years, and in no case more than ten years. One way o look
at time diversification is that the time needed to achieve
diversification is roughly the minimum time necessary to assure
profitability. Thus, it is possible to shorten the time period
necessary for time diversification by raising rates. But raising
rates is not always the best course of ac;:ion.

As a last resort, insurers diversify across risks.
Diversification by insurers, both companies and individual
underwriters, across risks is a common practice, but not at the
level of tle industry as a whole. Elaborate practices, such as
reinsurance, have been established to provide diversification for
the individurl, but the "industry” maintains its view of tne
product line as a means of rate setting. Thus, diversification
across risks on an industry-wide basis can be expected only for
those insured risks with so few activities that within-risk
diversification cannot be achieved, even over a number of years.
Third-party liability insurance for space activities might fall
into this category.

A brief digression may shed further light on the process of
insurance rate setting. Many people view the purchase of
insurance as the placing of a bet-—a bet by the insured with the
insurer that some undesirable event will happen. But insurance
is not a bet. A bet seeks to widen the range of possible futures

for the bettor. Por example, a person who could remair at his
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status quo, but places a bet on a horse race, has broadened his

range of futures to his status quo minus his bet an the low side

(if the horse loees) to his status quo plus winnings on the high

side (if the horse wins). The outcome of his bet is likely to be

decided at an instant in time, and in the near term. Insurance

does just the opposite: it parrows the range of poseible

futures, generally covering a range of time, and not necessarily -
in the near term.

In the undertaking of saome activity-:-dtiving an automobile,
launching a spacecraft, living—there are risks of undesirable
outcames. By buying insurance, the insured reduces his status
quo by the cost of the insurance, but also reduces or eliminates
altogether the impact of an undesirable event. The key is that
the insurer serves as broker to diversify risk: he is in the
business of buying and selling risks. To be specific, brokers do
the buying and selling; underwriters hold diversified risks.
Both these groups want an econamic return for their activity.
They use information where it is available, but they must also
make decisions—buy and sell decisions—in the absence of
information. Their method for making decisions in the absence of
information has evolved over hundreds of years. It is urwritten
and untaught, it is not based on mathematical rigor, but it is
pragmatic and, over the lang term, it keeps them in business.

Suppose the perpetrator of an wctivity that has never been
conducted in the past wishes to insure some aspect of that
activity. |Potential insurers could simply refuse to provide

coverage for reason of lack of actuarial data. But the activity

@ﬂ could appear to be relatively "safe" (from the insured risks), \y <
58 '
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and failure to provide insurance would lose the insurer an
opportunity for econamic gain., But, to insure the risk, the
insurer must pick a premium. One strategy for picking a premium
is simply to decide on a premium that is high enough to set aside
revenues to cover a maximum liability loes after insuring some
number, N, of such activities., For example, if the set-aside
period is ten activities, then the premium would be one tenth
(3/N) of the insurance policy value.* To this premium can be
added profit, overhead. etc. The question remaining is, simgly,
how to pick N. The answer, provided that sufficient within-risk
diversification :s possible, is to pick a value for N such that N
activities imvolving the risk will be insured in a reasonable
period of time—typically 1 to 5 years. For example,if an
average of 20 cammercial payloads per year were each insured for
$500 million, the insurer would have to charge $5 million per
payload to set aside enough reserves to cover a maximum liability
loss after 5 years.

Once a risk is insured, experience is gained that can be
used for adjusting future rates. If no claim experience occurs,
the insurer could consider lowering his premium or issuing
premium refunds as occurs with nuclear liability insurance
premiums. But he would be likely to do so only if the frequency
of the activity increases so that he can maintain reasonable time

diversification, or after a period of insuring the risk during

*This was, in fact, the approximate rate and its method of
determination for the insurance of camunication satellites prior
to the losses of early 1984.
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which he manages to set aside reserves that would cover a
maximmm liability loes.

On the other hand, if claims are filed and insurance
payments made, the insurer might choose to adjust his prenium to
reflect such peyments. Consider the special case of third-party
liability insurance for ruclear power plants. Some 105 <claims 5
have resulted in insurance payouts, for 62 of these claims, of
$32 million. This total is well under the liability limit of
$160 million for a single event, yet large enough that it could
reasonably be expe~ted to affect rates. With no other data or
insights, the simplest thing to do is to assume that the
historical rate of payout will be the future rate of payout, and
use this to set the premium. This may be referred to as the
actuarially detemnined premium, yielding an annual insurance
rate, r_, in premium dollars per insured dollar. But this would
neglect the fact that insurance is being provided for a range of
liability for which there is yet no experience. ‘Thus, a simple
strategy is to add a “catastrophic event" rate, 1/N, to the

actuarial rate, L, to determine a total, unburdened rate, r.
That is,

~
i}

=z|—
+
~

To this rate, owerhead, profits, etc. may be added tc determine
the burdened rate. This notion is the basis of Figqure 3.2, which
is a plot of this eguation,

An example may help in understanding this figure. Suppose a
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particular risk is insured in the amount of $100 million.
Further, suppose that 100 units (launches, reactor-years, etc.)
have been 80 insured to date, and &ocumulated claims have
resulted in payments of $5 million. Dividing claim payments by
the number of insured-rigk units (100) yields the actuarially
expected liability per insured-risk unit, $50,000. Dividing this
amount by the face value of the policy, $100 million, yieids the
actuarially determined unburdened rate, r, =5 x 107} Now,

suppose that the insurance rate actualiy charged is 2 x 10 °%/§,
including burden, and that a typical burden rate for this type of
insurance is 50 percent. The unburdened rate is determined fram
Figure 2.2 tobe 1.33 x 107§/, and the intersection of the
unburdened rate with the curve r = 5 x 107" gives a : “rspective
on the extent to which the rate is stbjectively, versts
actuarially, determined. In the example shown, rates are largely
determined subjectively. Finally, suppose that 200 such
activities are insured per year. The "set-aside” time for risk
diversification is therefore approximately 6 years. By plotting
data for different insurance “"product lines" on this figure, an
undeistanding of "standard practice" can be abtained.

Another comparison that can be made using Figure 3.2
irvolves the time accepted for diversification of risk.
Analyzing data presented in Sectio» 4, it appears that
diversification in the nuclear power piant industry, dependiig on
the laver, takes place over a period of fram under ane year to
eighteen years, in the marine industry about 2.2 years, and in
the aviation industry about thirty-two years are provided for the

diversification of a maximum-liability event. The space industry
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to date appesrs significantly Jifferent. The time for withirn-
risk diversification appears to be in excess of 100 years. Thie
could mean (1} that insurers perceive that they are insuring
against an "impossible®™ ever*. or (2) that they are currently
diversifying across risks as well as population and time. To the
extent that the latter case is true, premiums may rise as space

activities increase and space liability insurance becomes a
*product line."
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4. HISTORICAL DATA

Insurance provided to the four industries is effected by
several camonalities. ‘'fhe maximum exposure in each industry is
high and well above the $50 million that was the median limit of
liability insurance (including excess and umbrella insurance)
carried by respondents to the Cost-of-Risk Survey. In fact, only
5.7 § of respondents to the Cost- of-Risk Survey carried limits
above  $200 million. [14j Union Carbid , with $5 billion worth
of assets, and facing $15 billion worth of damage suits from the
recent disaster in Bhopal, India has only $200 rillion worth of
umbrella protection. Relatively little actuarial data in the
four industries is available and therefore the statistical
analysis tha: is used by underwriters of high volume 1low unit
exposure risks such as autos, life, or dwellings is inapplicable.
Rates are set subjectively, and based on judgement.

4.1 Nuclear Power Industry [1,2]

An average nuclear power plant pays approximately $400,000
annually for nuclear liability insurance. The maxirum amount of
liability insurance per plant per incident is $160 million. If
the average nuclear plan® purchases a $160 millimn policy at an
annual premium of $400,000 then the rate is $.0025 per dollar of
insurance.

CQmulative liabilivy premiums collected fram 1957 through
1983 have amounted to approximately $260 million. Refunds made
under the Industry Credi* Rating Plan (described in Section 3.1,

above) from 1967 through 1983 total approximately $24 million[l]

@@ Claims paid out for nuclear liahility damages amount to about $32
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million. Close to $30 million went tc pesy claims arising from
the 1979 incident at Three Mile Island.[3] Table 4.1 and
Figure 4.1 depict premiums, claims and refunds.

TABLE 4.1 NUCLEAR LIABILITY INSURANCE -— PREMIUMS, CLAIMS,
REFUNDS (THOUSANDS (OF CURRENT YEAR DOLLARS)
Wm

YEAR LIABILITY CLAIM EXPENSE PREMIUM
PREMIUM AND/OR LOSS PAYMENT**| REFUNDS***
1957-1375% | $ 74,007* $ 1,493 $ 8,031
1976 15,352 193 1,682
1977 17,533 444 1,951
1978 19,184 45 2,157
1979 20,316 29,452 2,055
1980 23,002 372 850
1981 27,521 7 1,653
1982 30,256 290 2,302
1983 33,100 (EST.) - 3,250
TOTAL 260,271 32,29 23,930

STURCE: NJQLEAR INSURANCE FACTS AND FIGURES 1984, AMERICAN
NUCLEAR INSURERS REPORTS

*REPRESENTS GROSS WRITTEN PREMIUM FROM INCEPTION TO NOVEMBER
30, 1975. PREMIUM FIGURES REPORTED FROM 1976 THRC™.TH 1983
REPRESENT ANNUAL GROSS WRITTEN PREMIUMS.

**IN SEVERAL CACES THE SOURCE GAVE THE DATE OF INCIDENT AS A
SPAN (F SEVERAL YEARS., WHEN THAT OOCURRED THE TOTAL CLAIM
EXPENSE WAS CONSIDERED TO BE INCURRED IN THE FIRST YEAR OF
THE TIME PERICD GIVEN.

**+PREMIUM REFUNDS ON PREMIUMS COLLECTED 10 YEARS PRICR TO
REFUND.

The premium charge per million of insurance, at eact layer
of insivrance is presented in Teble 4.2. Claims within each layer
are indicated in Table 4.2 as well as the actuarial rate (r ),
the burdened rate (r), and the set-aside period. Nuclear

insurance time diversification is illustrated in Figure 4.5.
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4.2 QOcean Marine Industry (4]
Lloyds premiums and cleims in marine insurance are presented
in Table 4.3 and graphed in Figure 4.2.

Net premiums written in

ocean marine insurance in the U.S. is displayed in Table 4.4.

e TABLE 4.3 LLOYD'S PREMIUM AND CLAIMS IN MARINE INSURANCE
& (MILLIONS OF CURRENT YEAR LOLLARS*)
1981 NA NA

1 1980 2,670 N/A

g, 1979 2,370 2,300

§ 7 1978 1,830 1,670
i 1977 1,670 1,490

: 1976 1,530 1,350

: 1975 1,440 1,260
4 1974 1,450 1 1,360
- SOURCES: 1983 INSURANCE REGISTER
P LLOYD'S MARITIME YEARBOCK
d *CONVERTED FROM POUNDS STERLING BASED ON $2.40
TO THE FOUND.

Cay o

.

S ";f;*(q“

§
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TABLE 4.4 NET PREMIUMS WRITTEN IN OCEAN MARINE INSURANCE BY
l U.S. INSURERS (MILLIONS OF CURRENT YEAR DOLLARS)
YEAR NET PREMIUMS PERCENT OF TUTAL
l WRITTEN NET PREMIUMS
WRITTEN IN U.S.
l 1983 $1,096 1.01%
1982 $1,101 1.06%
1981 $1,127 1.13%
} 1980 €1,065 1.11%
_ I 1979 $1,009 1.12%
: 1978 $1,000 1.22%
' SOURCE: BEST'S AGGREGATES AND AVERAGES, 1984
:
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The following is based on the annual report of the Standard,
a British P& I club. The statistics are for the 1980/81
policy year.
Limit of insurance=$381,000,000
Total premiums=$41,120,753
Number of shipe=1911

Premium per ship=$21,517
Premium per ship per million=$56

Premium by layer
First layer of $6,000,000
m™otal premiums= $41,120,753
minus reinsurance
premiums =
35,241,304 premiums for first layer of

$6,000, 000
Premium per ship=$18,441
Premium per ship per million=$3,074
Claims less pool and reinsurance recoveries= $20,801,503
Average claim per ship=$10,885
Second layer $375,000 excess of $6,000,000
Reinsurance Premiums=$5,879,449 premiums for second $375,000,000
Premium per ship=$3,077
Premium per ship per million=$8
Claims statistics=NA

Sufficient data were available for the first $6 million 4

worth of coverage, however, claims statistics were not available
for the $375 million in excess of $6 million layer. Therefore
only the set-aside period for the first $6 million was camputed.
An important observation may be made by comparing premiums
charged in the lower layer with premiums charged in the upper
layer., Per ship premium per million dollars of coverage for the
first $6 million amount to approximately $3,074. In the second

iayer of coveorage the premium per ship per is $8. Most of the
@ﬂ anticipated risk is in the lower layer of insurance. \\Ij
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Claims
Premiume in CQaime in per Set-aside
Jayer thousands r thousands Unit r Period

—_— - — —a

First $6
million $35,241 .0031 $20,802 $10,885 .0018 2.2 yrs

The data is plotted in Figure 4.6.

4.3 Aviation Industry

The following data are worldwide aviation data.(S5,6]
Maximum exposure is estimated to be $380 million per event.In the
U.S. airlines obtain liability policies of approximately $600
million. It is assumed that the limits on policies in other
countries are somewhat lower because often the monetary valve of
human life in court settlements is lower in other countries.
Thus an average worldwide fiqure is estimated at $380 million.

An estimate of the average number of departures has been
based on the total long and short haul departures between 1374
through 1978.(5] An average premium of $19,000 per thousand
departures is estimated by dividing the total liability premiums
collected over the six years fram 1978 through 1984 ($968,673
thousand) by the estimated number of departures in thousands over
the period (51,000). The burdened insurance rate is then
camputed per dollar of insurance.

Average claims per 1,000 departurec is estimated by taking
total 1liability losses worldwide during the six years fram 1978
through 1984 (576,007 thousand) and dividing by the estimated
number of departures (in thousands) during that time period

71
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(51,000). The actuarially determined rate Lo is derived by
dividing average claims per thousand departures, by total

coverage.
TOTAL
LIABILITY
PREMIUMS* 1  CLADMS* CLAIMS SET-ASIDE
10008) 10008) PER INIT** a  _ PERIOD
$968,673  5x10°$576,007  §11,294 2.97x10° 32 years

*over a six year period
**thousand departures

Plotting the data as in Figure 4.4 or computing N reveals
that the set aside period is 32 years.

The data used are displayed in Table 4.4 and presented in
graph form in Figure 4.4. Table 4.6 displays premiurs and claims
in aviation insurance written by Lloyds, Table 4.7 shows net
premiums written in aviation in the U.S. and Table 4.8 shows
premiums and losses in aviation liability insurance wr:tten by

U.S. insurers.

TABLE 4.5 WORLDWIDE AVIATION STATISTICS

YEAR PASSENGER NUMBER OF TOTAl, LIABILITY TOTAL
KILOMETERS AIRCRAFT LOSSES LIZSILITY
(BILLINNS OF KM)| ACCIDENTS (THOUSANDS OF PREMIUMS
CURRENT YEAR | (THOUSANDS

DOLLARS; CQURRENT

YEAR §)

1983 N/A N/A $ 87,028 $184,789
1982 1,144 23 204,941 175,471
1981 1,117 18 12,922 168,136
1980 1,089 21 38,175 152,570
1979 1,060 31 160,215 139,208
1978 936 25 72,726 148,499

SOURCE: SIGMA, ECONOMIC STUDIES, WORLD AVIATION AND AVIATION
INSURANCE, NO. 61 JUNE 1984, SWISS RE

! TOTAL LOSSES: KILLED AND INJURED PASSENGERS INCLUDING LUGGAGE
AND FREIGHT DAMAGE CAUSED BY AN AIRCRAFT ACCIDENT.
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PREMIUMS ARE NET DIRECT PREMIUMS WRITTEN
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TABLE 4.6 LLOYD'S PREMIUMS AND CLAIME IN AVIATION INSURANCE

(MILLIONS GF CURRENT DOLLARSY)

YEAR PREMIUMS CQLAIMS

1981 $309 N/A

1980 626 N/A

1979 559 564

1978 385 388

1977 349 346

1976 349 336

1975 319 309

1974 334 323
SOURCES: 1983 INSURANCE REGISTRY

LLOYD'S MARITIME YEARBOOK
*CONVERTED FROM POUNDS STERLING BASED ON $2.40 TO
THE POUND.
TABLE 4.7 NET PREMIUMS WRITTEN IN AVIATION INSURANCE BY U.S.
INSURERS (MILLIONS OF QURRENT YEAR DOLLARS)
YEAR NET PREMIUMS PERCENT COF TOTAL
WRITTEN NET PREMIUM
WRITTEN IN U.S.

1983 $302 .28%
1982 $254 .24%
1981 $209 .21%
1980 $171 .18%
1979 $147 .16%
1978 $156 .19%

SOURCE: BEST'S AGGREGATES AND AVERAGES, 1984
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TABLE 4.8 Pmumsm)wssas:mxmwlnmn,mmsum
U.S. INSURERS (THOUSANDS OF QURRENT YEAR DQLLARS)

—— ’—'——;'m
YEAR NEW DIRECT PREMIUMS TNCURRED LOSSES INCLUDING
WRITTEN ALLOCATED CLAIM EXPENSE
2 3 2
TOTAL THIRD PARTY TOTAL THIRD PARI'Y3
LIABILITY LIABIVITY LIABILITY LIABILITY
1982 115,095 45,578 69,779 14,433
1981 136,926 56,328 76,116 21,200
1980 114,691 48,156 91,€51 19,024
1979 83,537 35,670 .88,599 17,900
1978 83,819 36,728 74,189 25,108

SOURCE: AVIATION STATISTICS CLASSIFICATION RESULTS ON WRITTEN
BASIS, POLICY YEARS 1978-1982, AVIATION INSURANCE
RATING BUREAU
1IMLUDE‘S SQHEDULED AIRLINES, INDUSTRIAL AID RISKS, FLYING
SERVICE, MANUFACTURERS, AND PRIVATE PLEASURE PISKS.
2
INCLUDES AIRCRAFT PASSENGER, PUBLIC AND PROPERTY DAMAGE
LIABILITY.

3INCLUDES PUBLIC AND PROPERTY DAMAGE LIABILITY.

4.4 Space Industry

Each payload pays approximately $100,000 for $500 million
of liability insurance. (This varies depending on the number of
pavlioads on the flight.) Under the INTEC facility, the maximum
liability for one payload is $500 million,[7) for more than ane

peyloa., maximum liability protection is $750 million. [8]

There is no claims data, so ra=0 and the rate must b. set
entirely subjectively (r=1/N). The current rate per dollar of
insurance 1s $.0002 (taking $100 thousand divided by $500

million), and the nunber of activities over which insurers will
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set aside the amount of a maximum liability event is 7,500. Thus
the set-aside period, if there are an average of 20 insured
payloads per year is 375 years, if 50 payloads on average per
year, the set-aside period is 150 years.

4.5 Industry Assets Related to the Ability to Insure

Policyholders surplus is the net worth of the insurance
campany and serves as an extra backup to a company's reserves so
money will be available to pay catastrophic or unexpected severe
losses.[9] Policyholders surplus may be considered a measure of
industry assets related to the #bility to insure because the
limit to the amount of premiums an insurer will write is a
funcLion of its policyholders surplus. The exact relationship is
often debated but an insurer is considered overextended it the
ratio of its net written premiums to policyholders surplus is
more than 3 to 1.[10] Theories have advanced the hypothesis that
an optimum ratio for property insurers would be 2 to 1 and for
casualty insurers 1 to 1.[11] Statistics fram Best's Aggregates
and Averages reveal thac total policyholders surplus was
$65,600,000,000 and the total net written premiums amounted to
$108,983,000,000 at year end 1983 in the U.S.[12] The aggregate
ratio of net premiums written to policyholders surplus then was
1.66 in 1983 in the U.S.

One insurance company typically insures many lines of
business and draws in premium from each line. Policyholders
surplus is available to back all these lines of business and is

not necessarily distributed to each line. T.e campany may

@@ maintain total net written premiums to prlicyholders surmius as a
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whole at a certain ratio and not necessarily maintain this ratio
over each line of business.

Bowever, one may arrive at a rough approximation of
policyholéers surplus associated with the aviation and marine
industries by assuming that these industries maintained the ratio
that the insurance industry as a whole did-1.66- and calculating
the policyholders surplus required to produce a ratio of 1.66.
(Policyholders surplus = net premium / 1.66). According to
Best's MAggregates & Averages net premiums written for ocean
marine insurance totaled $1,096,231,000 and for aircraft totaled
$301,584,000 in 1983. On the basis of these statistics it is
estimated that policyholders surplus approxinates $660,380,120
for ocean marine insurance and $181,677,000 in aircraft insurance.
It must be stressed that net premiums written in each of these
lines is a very small percentage of total net premiums written
(net premiums written on aircraft were only .3% of the total net
premiums written and net premiums written on ocean marine were 1%
of total in the U.S.). 1In actuality the insurance industry has
substantially more policyholders surplus available to claims,
because the company's total pelicyholders surplus is probably
mxch ¢reater: the above is an approximation of policyholders
surplus that might be associated with aviation or ocean marine.

Another measure of capacity, known as large line capacity,
refers to an insurer's ability to provide a large amount of
insurance on a single loss exposure. In some states, regulatirns

prohibit insurance companies from writing net for its own account

@ an amount of insurance in excess of 108 of its surplus to
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policyholders on any one loss exposure. (One insurer may write a
large line if it keeps its retention at 10% to its surplus and
reinsures the balance.) [10] Applying this rule to the estimates
of policyholders surplus above, indicates that approximately $18
million of capacity may be available for aircraft risks and $66
million for ocean marine risks for a single loss exposure fram
U.S. insurance campanies. This also is a gross approximation and
it must be noted in reality companies may be allowed 10% of total
policyholders surplus (as opposed to the above estimated
policyholders surplus targeted for aircraft or marine risks) but
often take on exposure in amounts substantially less than 10% of
policyholders surplus.[13]
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5. CRITERIA FOR FEDERAL PROVISION CF INSURANCE

5.1 Rublic Interest Arguments

There are several reasons why the Federal goverrment should
be concerned with third party liability protection for private
users of goverrment facilities and private contractors to
goverrment. In the event of a catastrophic accident, private
entities could be subject to devastating liabilities if it were
judged that they were liable under actual (causal relationship
between damage or injury and the acts or failures to act of a
user is proven) or absolute liability (liability without proof of
fault or negligence) standards.[1,2] To the extent that this
possibility discourages the development of activities or
industries considered to be in the national interest, a
limitation of liability is in the public interest. Govermment
reduction of the risk of investment in new technology is
reoognized as often necessary to encourage the develomment of
such technology. Such was the rationale behind the limitation of
liability set for the nuclear industry by the Price-Anderson Act.
On the other hand, a limitation of liability that allows victims
to go uncampensated is not in the public interest. Thus another
Federil concem is that victims might go uncompensated for
damages sustained, either if adequate protection is not available
to those who might cause damage to third parties,[1] or if there
is a limitation on liability without indemnity provisions for
damages beyond the limitation. Averting either of those two
possibilities may reasonably be considered to be in the public
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interest. Therefore it may be considered in the public interest
that NASA ensure adequate financial protection against the
possibility of third party damages.

NASA now ensures adequate protection by requiring space
vehicle users, with some exceptions, to purchase insurance to
protect the U.S. government as well as themselves. Since
private insurance capacity is limited, if there are damages that
exceeded the level of private insurance available then NASA's
pranise to indemnify the space vehicle user beyonu this amount is
consistent with assuring the victim of campensation and
protecting the user fram disasterous financial consequences of
its use of the space vehicles, both of which may be considered to
be i1 the public interest. Without this agreement on the part of
NASA to indemnify damages beyond the level of protection offered
by comrercial insurarce, the space vehicle user might find the
threat of disasterous damages, although remote, a delerrent to
use of space vehicles.

However, if the cost of obtaining fina\ncial protection is
high, the insurance requirement may itself pose a deterrent to
space activity. If the cost of cbtaining third party liability

insurance would discourage space activity, it may be in the public

interest, for the Federal govermment to provide insurance.
Space activity, in general, is cunsidered to be in the
national interest and thus the removal of any deterrent to space

activity may be said to be in the public interest. It is not

within the scope of this study to prove that space activity is in

the national interest: however, the decisions of the U.S.

m gwermment to date with regard to the space program have been
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consistent with this premise. However, not all space activities
are in the national interest. Space activites that fit the
following criteria are not in the national interest:

The activity imposes undo risk on persons or property
on earth or in space.

The activity adversely impacts the enviromment, or imposes
undo risk on the enviromnment, either on the earth or in

space.

The activity is in violation of international law or
treaties to which the U.S. is a signatory.

The activity is in viclation of doméstic (Federal and state)
law and the Constitution.

The activity threatens national security, it imposes undo
risk on Govermment property, and it seeks to overthrow the
Goverrment by force.

Further, although measures of economic worth of an activity
may provide quantitative data to aid in the determination of
which activities are in the national interest, or the ranking of
activities according to econamic value, such measures would
require a cumbersome case by case analysis and would be subject
to different value judgements, opinions and political interests.
It is reconmmended that determination of whether a space activity
is in the national interest, for purpose of determining which
parties receive federally provided insurance not include measures
of econamic worth.

In regard to assuring campensation to potential victims, it
seems that the NASA requirement that insists on a user or users
purchasing one policy to protect themselves and the Federal
government regardlzss of who is at fault (except if contractor is

et fault, in which case NASA will indemnify,[3]) will

8@@ facilitate the ¢l ims procedure by reducing the number of parties
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that could be sued.
5.2 Interpretation of Price-Anderson Act

The Price-Anderson Act is one excellent example of
goverrment policy that was intended to assure campensation to
potential victims (at least up to the maximum limitat.iun on
liability of $560 million) and to encourage participation of
private industry in the development of a new technology, nuclear
energy, by reducing potential exposure to liability. By
comnitting the government to provide’ indemnification for
potential damages in excess of coverage held by the nuclear
plants up to $560 million the govermment made certain that at
least that much would be available to compensate victims. There
is, however, an uncertainty as to who would bear the risk of
damages in excess of the liait of liability, the victims or the
federal goverrment through the subsequent enactment of
legislation. For claims beyond $560 million, Congress made a
vague promise to take appropriate steps. Another advantage to
the potential claimant is that, under the 1975 amendment, the
claims procedure is simplified and the number of parties that may
be sued 1is limited. By limiting liability of the nuclear
plants to $560 million it protected the plants fram the potential
of disasterous financial 1liabilities. The limitation of
liability and the possibility of indemnity have reduced financial
risk to the nuclear utilities and thus might have resulted in a
greater number of uperating facilities than would otherwise be
the case.[4]

Before 1954, the Federal government had an absolute monopoly
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on atomic energy development. ‘The Atamic Energy Act of 1954 was
intended to encourage the development of atamic energy by the
private sector. However, the private sector was not willing to
invest heavily because of enormous potential liabilities.
Indeed, testimonies in hearings on the Price-Anderson Act
indicate that industry did not want to became involved in the
nascent nuclear power industry without a cammitment on the part
of the government to limit liability and provide for
indemnification. (5,6)

One frequently heard objection to the Price-Anderson Act on
the part of critics of nuclear power was that the urwillingness
of the industry to assume the full risk of liability was evidence
that the operation of nuclear plants was inherently unsafe.
Others contend that this urwillingness was not due to a lack of
absolute conviction as to safety, but was consistent with a
belief that there was inn extremely remote possibility that an
accident would occur, but that liability for the accident would
be disastrous.[7]

It has also been suggested that the indemnification
provision may have impeded growth in the primary level of
insurance. By entitling nuclear utilities to indemnification for
liability incurred but not insured in the primary or secondary
layer, Price anderson may have given utilities a disincentive to
purchase more liability than required by the Act. In the same
vein, insurers, who have not been enthusiastic about nuclear
liability insurance in the first place, haven't of’ ed &s much

nuclear liability insurance as tney might otherw..c. because the

@@@ nuclear utilities haven't pressed them to increase the supply of
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insurance. [4]

5.3 Mailability of Comme.cial Insurance

Availability of insurance for any given risk is influenced
by tne rate, profitability cf a given line, loss experience, and
state of the insurance industry. Capacity is also influenced by
perception of risk, which is itself influenced by the degree to
which technical problems are understood and the exposures are
clear.

The amount of space liability insurance would increase if
more carpanies participated in providing insurance capacity and
if each company took a larger exposure. With good loss
experience, increased premiums or improved terms and conditions,
available insurance would be likely to increase.

Without perfoming an extensive survey of insurance
campanies in the U.S. and in London it is impossible to determine
the extent that insurance capacity will respond to increases in
rates. However, discuesions with underwriters stxggest that
insurance premiums would have to increase -- . “icznilly before
more third party liability capacity can be -1 at.

Experience with space liability has to ..l v+ nositive,
With the exception ~f the Russian satellite ¢ it] there
have been no 1liability payments for damage caused by opace
aobjects to date. Over 4800 spacecreft are currem.ly in orbit.[9]
While it may reem there is a significant amount of experience
that has borne out the safety of space launches,the premium

volume in space liability insurance is small especially in

@@ relation to the size of the maximum liability exposure. So far,
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in the U.S. no claims have been paid 80 experience is excellent,
but at current rates it will be over a century before insurers
will have collected enough premii . to cover one maximum liability
loss.

However, the =vailabiiity of satellite liability insurance
is influenced by more than simply the experience in the satellite
liability market. Experience in the physical damage insurance
will effect capacivyy ‘hat is available for liability and so will
the current .ate of profitability of che marine and aviation
markets anc experien.e in the insurance market in general #nd the
liabjlity market in par’ .cular.

It secems reasonable to suggest that shrinking capacity in
the physical damage market that is resulting as a number of
insurance campanies close their satellite insurance departments
is synomymous with decreasing capacity ir liability insurance.
To properly understand liability exposure the underwriter must
understand the physical damage exposure. Reinsurers are dropping
out of both the aviatior and satellite market. U.S5. insurance
companies will not take risks without reinsurance. Companies that
are withdrawing fram the market in satellite physical damage (or
those that have chosen not to -nter), will not likely maintain an
expertise in any aspect of space insurance.

Capacity appears to be shrinking in space 1liability
insurance and rates increasing. One case in point is a recent
poiicy covering in-orbit liability exposutre. The premium for
this policy increased 1,000% over the previous policy and the

capacity was so con-trained that th¢ iaximum available exposure
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halved fram $500 million to $250 million. The renewed policy
covered one year instead of three. Recent losses in the physical
damage e2-ea may have influenced perceptirns of risk, causing
insurers to question the ext:nt to which technical problems are
understood. Insurers may feel that uncerteinty is higher than
previously believed, and this could be causing many to drop out
of both physical damage and liability insurance and causing
others to reduce their 1lines and charge a higher premium.
Bigher fien_ums for liability insurance is in part an attempt to
recwve loeses in the physical damage area.

In the U.S. there is a well developed “umbrelia® liability
market which provides coverace, and in fact, large amounts of
coverage for the various liwilities of U.S. coirorations and
businesses. An  umbrella coverzge is intended to cover
catastrophic events faced by business. Several U.S. companies
can usually combine Lo provide up to $200 million ‘n coverage.
Bowever, this capacity is not available to satellite users, due
to exclusions in reinsurance treaties (for umbrell: coverages)
which exclude aviution risks. HBence even if umbrella
underwriters were inclined to consider satellite coverages, they
could not offer their usuzl capacity, only a net 1line, which
would not be of much use. In addition, the cucrent rates of
satellite insurance would be too low. Regardless of the type of
riek, the minimum premium per million dc¢’ ‘ars of exposure for
umbrella coverage is $500. Same reinsurers have minimum premiums
ot $750 or 51000 per million. Present placements of satellite
inourance are priced at approximately $200 per million.

Capacity and pricing for satelli.x civerage will also be

R

Y



Srh{  Baeel BN A0

-t

. s

influenced by the current stace of profitability of the marine
and aviation markets. The logical potential sources of capacity
in satellite insurance are the aviation and marine markets. The
marine market is noled for its ability to respond to the needs of
capacity type risks. In shipping, the marine market, led by
underwriters at Lloyds of London, and the underwriters at British
insurance campanies, successfully put together the insurance
coverage for the first large super tankers. When these were
first introduced, they posed considerable challenges and problems
both fram technical and capacity standpoints. In addition to
accepting capacity type risks, marine underwriting requires the
exercise of judgement and recognition of different exposures,
because of the many factors that marine underwriters consider in
underwriting various risks. Marine underwriters consider the
risk and whole enviromment in which the risk is placed. Pactors
influencing rate setting include mode of transport, number and
location of stope the vessel makes, reputation of shipper,
container, etc. A marine underwriter must constantly analyze
the differences in the same overall class of account. This type
of rigor in analyzing exposures sets marine underwriting apart
fram such inFurance areas as hoaucowners, auto, or life, which use
actuarial data to set rates. Bv their very training, marine
underwriters have the inclination to move into new areas and to
move into new exposures. They are used to considering different
exposures every day.

Space liability insurance has been placed largely in the

Londan market [10] while S. insurers generally consider the
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current rates too low and have been reluctant to participate in
this area. The intrinsic differences between the London and U.S.
markets explain why capacity is more readily forthcoming fram
London. An overview of these differences is presented in
Appendix A,

5.4 Rotential Insurer Liability

Determining the maximum potential liability loss that a
space vehicle could cause is not feasible because there really is
no upper limit on potential damages. Accidents of untold
magnitude are possible by a cascading of unlikely events. Other
activities occur daily that also could wunder certain
circumstances cause enormous damages.

According to estimates there is a remote possibility that an
accident: at a nuclear power plant could cause several billion
dollars of damage. Bowever, in over twenty-seven years, total
damages fram incidents at power plants have totalled $32 million.
Commercial jetliners have an impressive safety record. In the
five year period between 1974 and 1976, 33 total losses
(excluding war and sabotage accidents) out of 9,500,000
departures of long-haul jets were recorded and 36 total losses
ooccurred out of 31,450,000 departures of short-haul jets.[15]
Sven more impressive is the degree to which airlines have avoided
the sort of damage which would result in third party claims. The
reason that commercial jetliners carry large liability limits is
due to the potential liability to passengers. The worst aviation
disaster in history, (an on ground collisia,[16] occurred in

1977 at Tennerife in the Canary Island and caused $161 million in

@fﬁ bdily injury and material damages.[17] One of the worst
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disasters involving damage to persons and property on the ground
was the 1982 crash of a Pan-Am Boeing 727 in New Orleans.
Liability damages amounted to $70 million.[18] Probably the
worst marine disaster to date, the wreck of the Mmoco—Cadez off
the coast of France in 1978 has generated over $2 billion in
lawsuits.

The Federal Govermment has exercised range safety control
over all space vehicle launches emanating fram the territories of
the United States. ‘The purpose of this ‘control is to assure the
safety of peoples and structures fram risk of death, injury, or
damage from “space objects" over the entire world. The steps
taken to assure such safety are herculian, and include the
evacuation of a safety zone—land, sea, and air——around all
launch sites and in the docwnrange region of each launch, the
planning of launches to avoid overflight of populated regions of
the earth during ascent, and, as an ultimate mechanism, provision
for total destruction of the iaunch vehicle should the launch go
awry in a manner that threatens such safety. To date, the
Government has achieved an excellent safety record.

Despite these precautions and the resulting safety record,
however, there remain a variety of scenarios under which a launch
system such as the Space Shuttle could cause extensive damage,
including injury and de..) to humans. And, although most such
mechanisms wculd be extremely unlikely to occur—indeed, they
would be concocted fram highly implausible scenarios-—competent
physicists could find mechanisms for their occurrence that would

not violate physical! laws. Thus, fram the point of view of an
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insurer, maximum liability events are "possible,” and the maximum
potential loss could be the face value of all future insurance
coverage.

More limiting, however, and considering only that liability
exposure related to the Space Shuttle fleet, the maximum exposure
would be the liability limit per Space Shuttle f£light, $750
million, times the number of Space Shuttles in the fleet, say 5,
or $3.75 billion. The Space Shuttle fleet alone could not
generate a third-party liability to insurers higher than this
amount. Since the Federal Goverrment has already agreed to
indemnify losses beyond the available insurance, which is
presently available up to $750 million a flight, the maximm
liability to the Treasury if the Federal Government agrees to
provide insurance, that is. take on the first $750 million of
risk as well, would be the incremental exposure of $750 million
per shuttle flight. The govermment is already exposed to
liabilities in excess of $500 to $750 million a shuttle flight.
But, surely, if one such catastrophic accident occurred, efforts
would be redoubled to make the occurrence of a second such event
even less likely. Thus, the possibility of third-party liability
claims even approachina this amount is so remote that its
consideration must be treated as an academic exercise.

It is more reasonable, and informative, to ask what expected
value of liability might be generated by the Space Shuttle fleet.
A precise camputation of this value would be very difficult, but
a simple model can provide adequate insights. Assume that

liability might arise ordy if the Space Shuttle is lost in an

/~) uncontrolied accident. The probability of a liability loss on
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any given flight would be the product of four probabilities: (1)
the probability that the Space Shuttle will have an accident on
amy given flight, P., (2) the probability that the accident will
occur in an uncontrolled manner (and thus camnot be diverted to
an area where no lizbility damage would occur) given that an
accident does oocur, Py p (3) the fraction of the earth under the

orbital arc that is inhabited, f,,and (4) the prabability that a

I b ]
liability 1lcus is incurred given that an uncontrolled accident

occurs in an inhabited area, P In addition, let L be the

L/r
averace or expected liability per accident that results in a
liability 1loss. The expected liability loss per Space Shuttle
flight (ELL Jis, thus

ELL = PAPU/AprL/Ir
It is assumed that each Space Shuttle vehicle would be involved
in only one accident and, further, that each vehicle has a useful
life of n flights. The expected liability loss per vehicle (ELL, )
is, thus

ELL = [1-(1-PA)”]PU/AfIPL/IZ

Assuming that no steps weu . be taken to prevent a second

accident, given the occurrence of one accident, the expected
liability loss for a fleet of N Space Shuttles (ELL t) is

Ay {[1-(1~pA)"]PU/AfIPL/I}’: (iD)
The parameters of this equation are not known. But reasonable

values can be used, for illustrative purposes. Choosing values:

PA = 0.01
PU/A 0.1
f = 0.05

I
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$750 million

n = 100

N =5
Although these are arbitrarily chosen values, same reason could
be expressed that they are probably on the conservative side,
that is, they overestimate the expected fleet 1liability. For
example, a 1 percent chance of an accident on any given flight is
in concert with NASA design criteria. P UA = 0.1 is probably a
gross overestimate of this probability. n = 100 assumes that
every flight of each wvehicle's expected 1life will carry a
comercial payload. N = 5 assumes a full, five-orbiter fleet,
and L = $750 million assumes that any incurrence of 1liability
results in the maximum possible liability. Using these nambers,
ELL .= $476,000. Thus, a premium of $100,000—approximately the
current price of third-party liability insurance—is more the.
one-fifth of the expected liability generated by the entire Space
Shuttle fleet over its lifetime!

This result is further evidence that insurance premiums are
not determined by expected loss. This is an expected value that
would never occur. In reality, the Space Shuttle fleet will
gencrate either no liability loes at ali, or a very large loss in
the unlikely event that any loss occurs. (Of course, a small
loss is possible, but even less likely.) To be safe, an insurer
mist set aside funds to cover a payment, should a 1loss be
incurred. By this logic, premiums on the order of $100,000 are

actually very “reasonable.® Analysis of insurance rates in other

@ﬂ industries indicate that the set-aside period in ttese industries
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iz significantly shorter than the set-aside period for space
insurance. Judging by practice in other industries, if space
insurance is to become a product 1line, it would not be
unreasonable for premium rates to rise to a level 5 to 10 times
higher than current rates.

Should the Federal Govermment choose to provide third-party
liability insurance to Space Shuttle users, its liability
exposure would be determined by the limits cited above, tempered

by any liability assumed by commercial insurance sources.

5.5 Measures of Reasonableness

Judging the premium rate that could be considered
unreasonable from the point of viaw of the user is a difficult
and arbitrary task. Fram the user's point of view the most
reasonable premium is zero; any premium above zero is less
reasonable, Of course, a rate of zero would be unreasonable fram
others' perspectives, i.e. the insurance companies, which would
not offer insurance capacity unless it could expect a reasonable
rate of return.

Once the user accepts that same rate must be paid, he may
judge reasovnableness by historical costs, camparing rates with
what he is used to paying. A sudden and substantial rate
increase would likely be perceived as unreasonable to a user.

Rates that impaired the financial viability of a space
activity would certainly be considered unreasonable. High
insurance costs might cause the overall profitability of the

space venture to become low relative to other commercial ventures

@@ and might result in a shift of investment out of space activities
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and into terrestrial enterprises. Payment of liability premiums
may effect competitiveness of a spece venture by making it less
attractive in relation to its competitors. One example would be
if a venture such as Comsat had to pay insurance costs that made
provision of its services less campetitive in relation to
competing terrestrial Z“echnologies like microwave or fiber
optics. High insurance costs could make the venture itself
untenable as could be the case in a small business situation that
may be just starting up or a research and development venture
that is not expected to generate revenues for several years.

One may cansider the financial impact of several levels of
premiun on a typical satelli*e mission, by computing the impact
of the higher costs of the missions (at higher premium levels) on
the present value of net incame of the missions, and the effect
higher premiums might have on financial performance measures of
the business entity such as per share earnings, r e of return on
investment, return on assets, and net profit margin.

Since cammmications satellite missions make up the bulk of
space missions subject to the iiability insurance requirement, a
cammunications satellite business example is considered in order
to illustrate potential financial impacts. In particular, Comsat
General Corporation and one of its planned satellite systems, the
Comstar K system, is considered, and the effects of four
liability premium levels are indicated..

The effect on several financial performance measures was
estimated using data from Comsat's annual Report for 1983 and

computing what each performance measure might be if Comsat had
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paid an additional insurance premium of $.5 million, $1.0
million, $5.0 million and $10.0 million. Table 5.1 presents the
results of the camputations, assuming that the insurance cost

increases are not passed on to the consumers.

TABLE 5.1 EFFECT OF VARIOUS PREMIUM LEVELS ON
QOMSAT'S FINANCIAL PFRFORMANCE MFASURES

FINANCIAL VARIABLES PREMIUM LEVELS (MILLIONS OF DOLLARS)
$.5 $1. $S. $10.

RATE OF RETURN ON i

QOMMON  STOCK BQUITY 8.75% 8.7% 8.2% 7.8%

NET PROFIT MARGIN 11.3% 11.0% 10.6% 7.7%

RETURN ON ASSETS 4.8% 4. 7% 4,5% 4.2%

BASED ON DATA FROM COMSAT, ANNUAL REPORT 1983

The financial data (Table 5.2) on the Comstar K mission is
included in Comsat's FCC filing for that mission. The satellite
system will include 2 satellites and one in—orbit spare. Costs
and revenues are projected for the system.[11] Using a discount
rate of 10% the present value of the net incame is $15.63
million. This was compared with the present valuve which woul.
result if premiums were to cost an additional $.5 million, $1.0
million, $5.0 miliion, and $10.0 million per satellite. At a $5
million premium the net present value was $6.58 million and at a
$10 million premium the present value was -$2.44. (Table 5.3)
However, calculations used the revenue forecast assumed under

present premium levels.
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TAELE 5.3 PRESENT VALUE OF NET INOOME AT
VARIOUS PREMIUM LEVELS

(millicns of dollars) J

| — e —
LEVEL PRESENT VALUE*
$.5 $14.72
1.0 13.82
5.0 6.5
10.0 -2.44
®OVER 15-YEAR PERICD USING A DISCOUNT RATE CF 10%

That would be wvalid if a comunications satellite
enterprise such as Camsat was faced with a unit elastic Jeanand
for its ser .ces. That is, if the same amount of revenue would
be received at any price (if prices were increased revenue would
remain the same because quantity demanded would fall by the same
percentage), premiums of between $5 million and $10 million would
threaten the viability of the mission, by causing the present
value of net incame to turn negative.

However, the cost of the satellite campenent ic a very small
percentage of total communications costs and very likely may be
passed on to the consumers without causing too much concern. If
this is the case, revenue would increase when consumers pay
higher prices because when demand is inelastic, consumers do not
cut back their demand significantly when prices go up. If the
venture can pasc on price increasec tc the consumer, the above

negative impac.  on the venture itself may not occur, or may only

10¢
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negative impacts nn the venture its-’*¢ may not occur, or may only
occur in the short run. If premiums were to increase and demand
is price inelastic, tis corporation would be ahle to pass the coet
of the higher premiums on to its custamers without materially
affecting revenues, and the resulting financial performance
measures.

The venture can pass costs on to users until the cost 1s
pushed beyond the cost of the next best choice, which in the case
of camunication satellites would be terrestrial systems
(microwave and fiber optics). If premiums were to cause costs to
rise to a point which would make terrestrial cammun.cations less
expensive than camunication satellites, the viability of the
camunications satellites would be threatened.

Determining the impact of premiums on the financial
viability of a mission is an unsatisfactory criteria for NASA “o
employ, however, in deciding when liability insurance shou’
provided by the Federal Govermment, because it would requi. .
case-b, —<case analysis, which would be costly to administer and
subject to numercous imperfections. (hwiously premium effocts on
a venture's financial viability depends on the venture. A

premium that may not impair Comsat missions may be too high for

another venture and so there is no gne "reasonabie"™ premium, based

on this criteria.

An  alternative criteria could be the point at which
launching via a 1J.S. system becomes significantly more expensive
than a camparable launch on a foreign system. If insurance costs

were so high that they made thle cost of launching a payload via

@@@ the shuttle more expensive than an Ariane lau ~h, users would
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consider premium charges unreasonable and NASA might lose
potential business to its French campetitors. Avoidance of this
possibility would be in the national interest.

Presumably NASA has priced shuttle launche= below cos. to
attract customers to the space transportation sy:tem. It may be
necessary to examine NASA's rationale in pricing to determine why
and to what extent add‘'.onal costs may be unreasonable.
Requiring users to pay high liability insurance costs, is counter
to the original objective of maintaining low launch prices.  Any
increase in insurance premiums associated with the launch of
payloads increases the cost of launcning the payloads to the
user and the cost of launching on the NASA system, relative tn
the cost of launching via a foreign competitor. The price of an
Ariane (Delta class PAM-D) launch rarges fram $25 - $30 million;
the price of en equivalent shuttle launch ranges fram $15 to $20
aillian, One may compare the owo prices if third party
liability insurance for launches cn the U.S. system were to
increase to $.5 million, $1 million, $5 million and $10 million.
A surict comparison of launch prices may not be sufficient,
however, since there are other variables affecting demand for
each of the different launch systems.

Other measures of reasonableness may be used. A reasonable
premium may be set as a percent of total revenue cr a percent of
payload cost or a percent of launch cost.,

Gne approach to determining whether third party liability
premiums are reasonable is sugjested by a recent survey r Lormed

by the Rick Planning Group and Fack § Insurance Manacement
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Society. This survey ¢ .yuted cost-of-risk (defined in the
survey as net insurance premiums, unreimbursed loes costs, loss
control, 1loss prevention expenses and administrative cost) as a
percentage of revenue in 33 industry groupe and found that it
ranged from a low of 0.11% in the finance and banking industry to
a high of 2.47% in the transportation industry (and averaged .48%
over all industries).[12] Using these percentages as a criteria,
it may be concluded that if the cost-of risk represented by the
insurance costs of a particular mission were to exceed 2.5% of
the prcjected revenues of that mission, then the «ost of
insurance is out of line with the highest percentage paid in
other industries.

Table 5.4 sets out costs and revenues thal are proj«cted by
the American Satellite Corporation (ASC) for a proposed
mission[13] (the system consists of two in-orbit satellites in
1986, three in-orbit satellites in 1987 and four in-orbit
satellites and one ground spare in 1989). Irsurance costs as &
percentage of projected revenue are displayed on the last 1line,
and range from .06% to 2.3%8. laking the years 1986 and 1987,
when ASC plans to launch a satellite each year, the insurance
level that would amount to 2.5% of projected revenues would equal
$1 million in 1986 and $2.3 million 1. 1987. Projected
insurance costs are $.8 and $1.87 million in years 1986 and 1987
respectively. An additional $.2 million in insurance costs in
1986 and another $.44 million in 1987 would bring the percentage
of insurance costs to revenue in those years to 2.5%. Amounts

beyond that level would result in insurance costs being more than

@ﬂ 2.5% of revenues and thus greater than the maximum percentage of
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the survey.*

There are flaws with this technique. First it is based on
a survey which is based on a limited data set. Secondly, it
considers only insurance costs and revenues associated with a
particular mission and not with the entire corporation itself, as
does the Cost-of-Risk survey. It is not known what the ratio of
insurance costs to revenues within the corporation are. Also it
is based on projected cost and revenue data. Since the FQU
filing was produced there is reason to believe that insurance
costs will be much higher than was probably anticipated at the
time the filing was written (especialiy in the physical damage
area). ‘Therefore there is probably less room for growth in the
insurance costs before they become 2.5% of projected revenues.

Liability insurance cost may also be considered as a
percentage of launch costs, or payi.> valve. The preferred
method would be to set a reasonable premiw. as a percent of
launch costs since NASA can easily establ h thes costs and
payload cost data could be maripulated by the prospective user.
Gharging a single premium rate for all payloads creates
difficulties in allocating the liability risk in an orderly and
equitable mamner. Although CFES (Continuous Flow Electrophoresis
System), flown by McDonnell Douglas and the Micrigravity Research

* If insurance costs are depreciated over several years then
it would be appropriate to estimate the inc.ement that would
bring insurance costs to :z-5% of revenues fo- the years over
which the costs were dzpreciated. The sum of the increments
would indicatz how much of an insurance increase would bring
insurance costs to 2.5% of revenue.
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Associates (MRA) experiment do not pay launch costs under the
Joint Endeavor Agreement, if they were required to pay, each
launch of its payload would cost McDonnell Douglas approximately
$1 million and MRA, approximately $300 thousand.[14] NASA also
decided to waive liability insurance requirments in these cases,
but if each had to pay for liability insurance at the current
rate of $100 thousand, McDonnell Douglas would be paying 10% of
launch costs and MRA, 33%. If a comnmmnications satellite launch
costs on the order of $20 million: liability premiums are .5% of
launch ccsts. If one may reasonably assume that marginal
activities, those that are experimental and might be discouraged
by high insurance costs, use smaller, 1lighter payloads, then
. tting premium rates as a percentage of launch costs would allow
marginal users to pay a more moderate premium. Insurance costs
would then be less of a barrier to marginal activities.

An important criteria then, for reasonableness of premiums
is that the premium pot be an important consideration in total
mission costs., An arbitrary rule of thumb could be to chose 1%
of the launch costs, beyond which premium rates would be
considered unreasonable. In this case, McDonnell Douglas would
have to pay $10,000, MRA $3,000, and the cammmication satellite

owner, $200,000 for insurance.
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6. GERNMENT OPTIONS

This section discusses options available to the govermment
for the provision of third-party liability insurance to space
users, Jif the goverrment chooses to make such protection
available. These options are viable because of two key factors:

1. The expected liability jenerated by most space activities
is virtually nil. ‘Thus, in the ong term, premiums on
the order of those currently paid will recover expected
losses, and there is a great deal of freedam available
for the structuring of rates.

2. There are several precedents for govermment provision of
insurance, and these could provide models for the
provisior of third-party liability insurance to space
users.

6.1 Organizational Structures for Federally Provided Insurance

Many different organizational structures are possible for
Federally provided third-party liability insurance for space
vehicle users. Be use of this flexibility, choices should be
made carefully and with due consideration of the results. It
woild seem reasonable that the chosen organizational structure
should strive toward the following objectives:

1. It should not create a barrier to commercial space ‘
activities.

2. It should not be tied to Congressional decision making.

3. It should not constitute a burden on the Treasury.

4, It should pramote availability of insurance to all

qualified potential space vehicle users, large and small. \y
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5. Rates should be as objectively determined as possible;
such insurance should be administratively simple and
require no case-by-case decisions.

6. It should not campete with the private insurance industry.

7. It ehould be stable in the long term.

A proposed organizational structure could be evaluated
against these objectives. Five altermative structures are
considered below.

1. Pederal Space Insurance Irust Fund — Under this
concept, the goverrment would create a Space Insurance
MAgency (SIA) to provide liability (and perhaps other)
insurance for space activities. The SIA would collect
premiums for insurance provided. These premiums would
be used to offset the cost of administering the SIA and
to pay any claims that might arise. Excess premiums,
those beyond administrative costs and claims, would be
placed in a trust fund to cover potential future
claims. The Treasury would be liable only for that
portion of claims that might exceed the magnitude of
the trust fund., As soon as the trust fund becames large
enough, potential 1liability to the Treasury would
essentially be eliminated. At such time as sufficient
funds are available, the SIA could reduce its premiums
and/or provide an income to the Treasury.

2. Groyp Insurance — Under this alternative, the govern-
ment would provide "group insurance” by purchasing a

camercial policy covering its launches on an annual,

EESn
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rather than a per flight basis. The cost of this
policy would then be allocated across space users
according to their use of the launch systems. The key

advantage of this alternative is that such a policy may
be obtainable at a lower premium than policies that are

purchased for individual flights.

3. Lavered Buy-Down — Under this concept, the insurance

industry would be called upon to provide space user
liability i.surance, but in lesser amounts. Private
insurance sources would provide the bottam layer of
insurance, say $100 million per activity, with the
govermment providing insurance .or higher layers, say
$100 million to $500 million. A premium would be
charged for the upper layer of insurance, but as in the
case of other layered insurances, the premiums for the
upper layer would be substantially lower than that for
the lower layer. Alternatively, NASA co:ld retain the
bottam layer of exposure for a fee, and obtain or
require the user to obtain camercial insurance to cover

the upper layers.

4. Self Insurance — Under this approach, users would self-

insure by agreeing to pay a retrospective premium in
case of an accident. This arrangement could be
structured in a similar manner to the secondary level

of insurance, of the nuclear industry.

5. Gaptive Insurance Company — Under this concept, the

govermment would establish a captive insurance campany

similar to those which many shipping and oil campanies
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have set up. A "captive” run under the aegis of NASA
would have the advantage of NASA's engineering
expertise. It would be available to offer coverages
much broader than *“hat available from the regular
insurance market. It would be available to play a key
role in the event of a capacity crunch in the insurance
market. It most likely would be able to offer more
competitive premiums—and like all captives, would be
able to take advantage of reinsurance arrangements on
any risks that it might decide to take. It could also
serve as a proving ground for U.5. underwriting
expertise in space projects.

The second and fourth options are mentioned for
completeness, but are not suggested because of their
disadvantages, which include difficulty in setting rates and
inability to identify who should make retrospective payments in
the event of a claim. The use of a group policy would present
difficulties unless all users were required to insure under the
group policy. Otherwise, commercial coverage offered outside the
group policy for 1lower premiums could lure some users away,
increasing the premium for those remaining under the group policy
or leaving the Goverrment to pay some portion of the group policy
costs, User self-insurance is not viable unless there is a
substained population of users who regularly use the launch
system. One can not expect users, who make infrequent use of the

launch system to agree to pay a portion of liability damages of

anotuoer user's launch. LIJ
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The remaining alternatives appear, at least on the surface,

to be viable. They seem to hold the potential for meeting the

specified objectives, and they provide same protection to the

Treasury against losses that it could incur without such
provision,
6.2 Determination Of Insurance Premium Schedule

Given any of the above organizational structur~s, it
remains to determine premium schedules for Pederally provided
insurance.

The structuring of an insurance premium schecule for
Federally provided third-party liability insurance could seek to
accamplish several objectives, such as the following:

1. It should be designed to pramote, not inhibit camercial

space activities.

2. Its conditions should not be subject to interpretation

or negotiation.

3. It s};ould not interfere with the provision of third-party

liability insurance fram commercial insurance sources.

4. It should not impose a burden on the United States Trea-

sury.

It would be all too easy to structure a premium schedule
that would inhibit commercial space activities. For example, if
Federal premiums were substantially lower than commercial
insurance premiums, but were available only to certain qualified
users, it could force potential space users to engage in a
lengthy approval process, thz2reby delaying or preventing

altogether the activity. On the other band, premiums that are

@@ high in relation to other costs of the activity could present a
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barrier. A premium of, say, $100,000 may be negligible to a user
launching a $50 million communication satellite, with a total
launch cost in excess of $30 million. But to a user with a very
small payload, say a $200,000 box with a $100,000 launch cost, a
$100,000 insurance premium could be devastating. The premium
structure should not inhibit potential user: with very small
payloads.

To facilitate the rapid approval of Federally provided
insurance, the provisions of that insurance should be laid out as
clearly and concisely, and subject to as little interpretation or
negotiation, as possible. If, to accamodate the insurance of
small payioads, premiums are to vary with payload size, then
such variation should be based, to the maximum extent possible,
on objective and easily measureC parameters. Payload cost or
financial status of the activity are not good measures. Both are
subject to a wide range of "interpretation” and are subject to
variabilities in accounting practices. Also, the administrative
costs of using such parameters would be high. The Space Shuttle
launch fee, on the other hand, is an easily determined parameter
that is not subject to debate. It is simply the amount paid by
the user to the Federal Government for launch services.

The premium structure should generate enough revenue to
fully fund any claim payme: ts that might have to be made, and it
should not prevent the insurance industry from continuing to
provide insurance up to its capacity to do so. Thus, at least
for "larger"™ satellites, such as the PAM-D class communication

satellites, the Federal insurance premium should be well above
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current insurance industry premiums.

If the Federal Goverrment uses a method similar to that used
by the insurance industry for determination of rates, being sure
that any premium is well above the expected liability, the rate
should be high enough to set aside reserves to make rpayments
against possible claims over a reasonably short time.

The above objectives appear tc be achievable using a
carefully structuréd premium schedule. It is suggested that such
a schedule could be based on the Space Shuyttle users fee and set
so as not to campete with the private insurance industry, given

its current rate structure.
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7. CONCLUSIONS AND RECOMMENDATIONS

Several practices and precedents associated with third-party
liability insurance in other industries may be used as a basis
and rationale for structuring the Federal approach to third-party
liability insurance for space vehicle users. A precedent for
goverrment comitment to indemnification of damages beyond
camercially available insurance may be found in the Price-
Anderson Act. Federal Acts, such as Price-Anderson and the
Federal Limitation of Liability Act of 1851, limited private
industry liability, with the abjective of encouraging development
of the industry. Other Acts applying to liability caused by
spills of oil and other hazardous substances have limited
liability and also established Funds to pay damages in excess of
the liability limits. GOne practice that may be useful, 1if the
Federal government chooses to provide same portion of 1liability
insurance, 1s that of ar-anging coverage in layers.

Reasonableness of premiums depends on one's perspective.
Rates must be reasonable to the seller and the buyer, otherwise
the two groups will not do business. An analysis of rates in
other industries suggests it would not be inconsistent with
standard insurance industry practice if rates for space liability
insurance were to rise significantly (perhaps to $5€0,000 to
$1,000,000) if space liability insurance is considered a product
line.

Several criteria are suggested to determine reasonableness
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from the user's point of view, but reasonableness is subjective
and varies with the user. Rates that may be reasonable to one
user could be unreasonably high to another. Current rates are
probably reasonable fram many points of view but even they could
impede small ventures. An alternative to the govermment
determining whether adequate insurance is available at reasonable
rates, would be for the government to make available Federal
insurance as a back-up to cammercial insurance and designed so as
not to campete with cammercial insurance.

Several viable alternatives are available to the govermment.
1f structured correctly the provision of third-party liability
insurance through the Federal govermment could serve the goal of
pramoting space commercialization, could be self-supporting and
would be highly unlikely to negatively impact the Treasury.
Because the expected liability is low (in the case of the Space
Shuttle estimated at $10,000 per shuttle flight), the goverrment
is not likely to be in a situation which would cause a drain on
the Treasury. By charging a premium the govermment is putting
aside funds to cover any damages that might arise.

If the government decides to provide third-party liability
insurance careful study should be devoted to consideration of the
structure and fomat of the Federally provided insurance. Once
steps are taken precedents will be locked in for the future an
wrong decisions can be costly. Further study should focus on the
following:

* Impact of various premium rates on space cammercialization.

* An evaluation of the insurance options available to the
government,
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* The organizatimm of the entity that administers the
insurance.

* Structure of the third-party liability provision.
* Determination of a premium schedy -.

Specifically it is recommended that an analysis be performed
of a goverrment entity set up to provide third party 1liability
insurance. The insurance options mentioned above should be
evaluated and the organization and administration of the
govermment entity should be studied. Various premium schedules
should be evaluated. The long term an’ suort term impact on both

the private sector and the government should be ccnsidered.
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GLOSSARY*

Absolute Liability: Liability without proof of fault or
negligence,

Capacity: A measure of the amount or insurance which an insurance
campany is able or prepared to assume on particular risks.

Captive Insurer: An insurance company set up by a campany or
group of companies to insure their own risks or risks common to
the group.

Earned Premivr: The portion of a premium which is the property of
an insurance campany, base? on the expired portion of the policy
period,

Excess tieaties: Provide for reinsurers to pay ordy the amount of

any given loss in excess of the amount the primary insurcr agrees
to retain.

facultative Reinsurance: A procedure by which insurance companies
reinsure risks on ar. individuasl basis, with a reinsurer having
the option to accept or Gecline each risk.

Hazard: Condition which creates o, increases the chances of a
loss.

Indemixy: To provide financial ccmpensation for losses.

Insurance: A system under which individuals, businesses and other
organizations or entities, in exchange for payment of z sum of
mone © (a premium), are guaranteed campensation for losses
resulting fram certain perils under specified
conditions.

Liability Inswrance: Insurance covering the policyholder's legal
liability for injuries to other persens or damage to their
property.

Limit: The maximum amount of benefits that an insurer agrees to
pay in the event of & loss.

Line: A tyvpe or kind of insurance.

Lloyds: Groups of individuals, called syndicates (not insurance
campanies), assuming liability through ar underwriter, Each
individual independently and personally assumes a proportionate
part of the risk accepted by the underwriter.

Loss: The basis on which an insuranc. claim is submitted and/or
paid.

*Source: Sharing the Risk, Insurance Information Institute.
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Loss Ratio: The percentaje of premiums (usually earmned premiums)
used to pay losses and loss adjustment expenses,

loss Reserve: An insurer's estimated 1liability for unpaid
insurance claims or losses that will have tc be paid in the
future.

Mitual Insurance Company: An iﬁcorporated insurance organization
owned by its policyholders.

: Failure to use the deyree of care which a person of
reasonable pruderce woald use under given or similar
circumstances. A persorn may be negligent by acts of amission or
camission, or both.

Net Onderwriting Profit or Loss: Statuatory underwriting profit
less (or loss plus) dividends to policy holders.

' Surpluys: The sum remaining after all liabilities
are deducted fram all assets. Suns such as paid-in capital and
special voluntary reserves are als/ included in this term. This
surplus is an additional financial protectiar to policyholders in
the event & campany suffers unexpected or catastrophic losses.
In effect, it 1is the financia) base that permits a campany to
sell insurance.

Popl: An organization of insurers ¢r reinsurers through which
particular types of risk are underwritten with premiums, losses
and expenses shared in agreed-upon amounts.

Premiur: The sum paid for an insuraice policy. Net premiums
written represent premium incame retained by insurance campanies,
direct or after reinsurance transactions. Direct written
premiums are the amounts actually paid by policy holders.

Pro-rata Treaties: Also may be referred to as proportional
reinsurance. The amount of insurance, the premium and losses are
shared by the primary insurer and the reinsurer 1in agreed
proportions.

Rate: The cost of a given unit of insurance, on which a premiuc
is based.

Reinsurance: Assumption by onc insurance conpany of all or part
of a risk undertaken by another insurance campany.

Retention: The amount of risk retained by an insurance campany
and not reinsured.

Retrospective Rating: A method permitting adjustment, subject to
maximum  and minimum limits, of the final premium for a risk on
the basis of its own loss experience.

,Ol
@@ Risk: The chance of loss. Also used to refer to the insured or
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to property covered by a policy.

Risk Management: Management of the varied risks to which a
business firm or corporation might be subject. It 3imvcives
analvzing all exposures to gauge the possibility of loss and
determining how to minimize losses by such means as insurarce,
reduction or elimination of risk or the practice of safety and
security measures.

Self-insurance: An arrangement through which some firms and
individuals plan to assume all or a portion of their own losses.
Self-insurers often establish special funds for this purpose, and
purchase insurance to cover losses in excess of predetermined
amouns.

Subrogation: The legal process by which an insurance campany,
after payinrg a loss, seeks to recover the amount of the loss
frar another who is legally liable for it.

Surplus Lines: (1) A risk cr part of & risk for which there is
nct normal insurance market available. (2) Insurance written by
non-admitted insurance companies.

Tort: A wrongful act, resulting in injury or damage. on which a
civil action may be based. Does not apply to a breech of
contract.,

Treaty: A form of reinsurance agreement between insurance
conpanies.

Treaty Reinsurance: A contract of reinsurance setting forth the
conditions for reinsuring a class or classes of insurance.

nbrella Liability: A form of irsurance protection against losses
in excess of the amount covered by other 1liability insurance
policies; also protects the insured in many situations not
covered by the usual liability policies,

Underinsurance: A condition in which not enough insarance is
carried to cover tne insurable value.

Underwriting: The process of selecting risks for insurance and
determining in what amounts and on what terms the insurance
carpany will accept the risk.

Upderwriting Profit or Ioss: The amount of money which an
insurance campany gains or loses as a result of its widerwriting
rations. A net gain or loss on underwriting operations
represents a company's statutory underwriting result 1les. any
amount it may pay to its policyholders in the form of dividends.

hearned Fremium: The portion of a premium that a company has
collected but has yet to earn because the policy still has

@@ unexpired time to run.
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APPENDIX A

LONDON QOMPARED WITH U.S. INSURANC MARKET

London will be a leading force in satellite underwriting due
to a number of recent developments, and its unique institutiona’
airangements.

First, as the premium statistics show, London, in general
and Lloyd's in particular, are the worldwide centers for marine
and aviation insurance. The first satellite insurance was placed
in the three Londcn aviation syndicates. London and Lioyd's, in
particular, have been involved with the develomment of satellite
insurance and place the bulk cf satellite liability insurance.

Lioyd's has not been immune to the vicissitudes of the world
underwriting cycle. In the marine area, they have been hit by
declining risks of the worldwide shipping recession. Aviation
underwriting results hzve been poor due to the financial woes of
the airline industry. Bowever, underwciters at lLloyd's were among
the first to recognize the problem. Capacity has been greatly
reduced in many problem areas. Reinsurance has tightened and
unprofitable business, particularly treaty business has been cut
back. These stepe were taken a full year before U.S. iisurance
companies took similar stepe. As such, may marine syndicates
can expect to be profitable in 1984 and 1985

In the underwriting cycle, the marine market is always the
first to turn, because it is smaller.

By structure many of the Lloyd's marine syndicates are also

those most active in the aviation and satellite areas. This is
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the result of historic 1 development.

Lloyd's reputation for flexibility innovation and
underwriting flair is well deserved. With many developments
originating at Lloyd's -— such as insurance in o0il rigs aid jets
—under tl.c right set of circumstances Lloyd's might be able to
develop a thriving satellite market.

Partly, Lloyd's innovation and flexibility is due to “X¢
specialization of «00 synidicates within the collective market,
Lloyd's has leaders that specialize in certain types of insurance
and the market will follow the recognized leaders. If two or
three can agree on premium rates and terms and conditions for a
particular risk, others often will follow suit and significant
capacity becumes available.

U.S. insurance campanies are expected to show a profit
(overall) every year. The President and Ceairman of the
insurance companies thus can be expected to make short term
decisions to satisfy stockholders and directors. Because marine
and aviation premiums are a small part of anv one company's book
and hence a smail part of the problem, if any, a marine
department can usually avoid rash short term type actions, but
rot always. Thus while U.S. marine departments are not *closed
down™ for bad results, they may become risk averse ard stop
entertaining particular classes of the business, due to the
intense short term need for profit fram managemert.

But Lloyd's, in contrast to U.S. companies has a unique
three year accounting year. Rather than opercting on a twelve
month basis, Lloyd's acts on a thirty-six month basis. The final

accounting for a given year is not made and determined for two
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years. This helpe to even out the expected fluctuations in
experience, sc that a bad loss and an abnormal year can be taken
in nomal stride. Moreover, if underwriters know they've had a
bad year, they still have two years in which to demonstrate that
they can take corrective actions., As a result, the Lloyd's
market while open to innovation, is also more open to considering
risk. The Lloyd's market is far more receptive to charging high
rates for tough risks that the U.S. insurance market will not
incure for any price. By its accouhting method and its
composition as special ‘*v syndicates, and its ability to spread
large amounts of risk amongst all its menbers, Lloyd's is ideally
suited for high risk <. ucity type accounts.

Added to these unique qualities of Lloyd's is a
responsiveness to camme..ial needs and a penchant for innovation
and for developing expertise. As such, Lloyd's is the center for
marine activities and aviation insurance, and will for the
forseeable future set the terms and conditions in the satellite
indistry. One might expect various facilities in the U.S. to
offer limited capacity; these would be the largest aviation
facilities and same of the more aggressive marine facilities.

However, in the present underwriting climate in the U.S.,
that is, with U.S. companies and reinsurers evoeriencing unheard
of and unprecedented underwriting losses, there is 1little
likelihood tlat U.S. insurance companies will see  space
insurance, either physical image or liability as an attractive

opportuiity. Those U.S. <c panies which do see space as an

@@ ﬂ attractive area in which to cumence insurance activities wili be
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hampered in their efforts by a lack of reinsurance. They will
not be able to line up reinsurance treaties, As such, capacity
which is available in the U.S. will be very small. A broker may
have to talk to seven U.S. underwriters to get capacity of
$2,000,000. A broker in London on the other hand may approach
three or four Lloyd's leaders and be able to 1line wp
$100,000,000.

Significant U.S. capacity perhaps could be gathered in one
underwriting pool; however this capacity will not be forthcaming
without same evidence of premium volume and, most importantly,

profitable experience.

125

(08

S . S T



e T N Bt

( "r) '

Sectian 1

1.] Mossinghoff, Gerald J., "Managing Tort Liability Risks in the

Era of the Space Shuttle,” Journal of Space Law, Vol. 7, No.
2, 1979.

[2.] Discussion with Robert Wojtal, Office of the General Counsel,
NASA, September 25, 1984.

[3.] (harles L. Deem, "Liability of Private Space Transportation

Campanies to Their Custamers,“ Insurance Counsel Journal,
July, 1984.

{4.] Letter fram Christopher DeMuth of the Office of Managemnt
to Neil Hosenball of NASA, no date.

{5.] 14 CFR, Part 1214, National Aeronautics and Space
Administration,

[1.]7 "Amending the Atamic Energy Act of 1954, As Amended,™ Senate
P ort No. <36, 85th Congress, lst Session.

[2.] "Bearings Before the Joint Committee on Atamic Energy on
Govermmental Indemnity for Private Licensees and AEC Contractors
Against Reactor Hazards, 84th Congress, 2nd Session, May 15, 16,
17, 18, 21, and June 14, 1956.

[3.] AIF, Rackground Info, Public Affairs and Information Program,
The Price-Anderson Act: Questions and Answers, Atamic Industrial
Forum, Inc., September 1983.

[4.] Long, John D., Qperation of the Nuclear Liability Insurance
System Under the Price-Anderson Act.

i5.1 The Price-Anderson Act - The Ti.id Decade, Report to
Congress, U.S. Nuclear Requlatory Conmission.

[6.] Muclear Liability ..surance: Protection for the Public, Report
3 (Rev. 3/83) American NuClear Insurers.

(7.] 42, U.S.C., Section 170.

[8.] Rockett, Laurie R. et. al., Financial Protection Against

Muclear Hazards: Thirty Years' Experience Under the Price-
Anderson Act, Trustees of Columbia University in the City of New
York, 1984.

[9.] Shea, Marguerite, "Nuclear Power and Insurance," Chi Bar
@ @ Association Young Lawyers Journal, vol. 13, No. 4, January 1984.

‘-mmmmmmuu—_—““



[10.) Apalysis of the Price-Anderson Act, GCeneral Accounting

Office, August 18, 1980.

(11.] Insurance for the Muclear Indusiry, American Miclear Insurers.

(12.}

{13.]

(14.]

[15.]

(16.]

(17.]

(18.]

{19.]

{20.]
[21.]

22.]

"Nuclear Power, Safety & Insurance: Issues of the 1980's The
Insurance Irdustry's Viewpoint®™ Alliance of American
Insurers et. al., December 1979.

"Price Anderson and Nuclear Insurance: 2An Interview with J.
Michael O'Connell, Manager, Mutual Atamic Energy Liability
Underwriters,® Chicago Bar Association Young Lawyers Journal, Vol.
13, No. 4, January 1984.

*Reactor Information Report", Current to September 27,
1984, Atamic Industrial Forum.

Marks, James R. and John D, Craigie, Sharing the Risk,
Insurance Information Institute, March 1981.

"Nuclear Insurance: Facts and Figures”, Report #1 (Rev. 3/83),
Mmerican Muclear Insurers.

Gourley, Donald et. al., "The Nuclear Liability Claims
Experience of the Nuclear Insurance Pools", January, 1984.

"American Nuclear Insurers Cites Growth Despite Difficulties
of Nuclear Power Industry®™, JAmerican MNuclear Insurers
Letter, Vol. 7, No. 1, April 1984.

*Nuclear Insurance: FPacts and Fiqures”, Mmerican Nuclear
Insurers Reports, Repert #1 (Revised March 1984) .

42 UOSOC.' &Cn 2014.

Nuclear Energy Liability Policy (Facility Form}, Mutual Atamic
Energy Liability Underwriters.

Nuclear Energy Liability Policy (Supplier's and Transporter's
Form), Nuclear Energy Liability Insurance Association.

Sectian 2.2

[1.] Conversation with Al Jones, AIG Marine Division, September 6,

1984.

[2.] Unpublished manuscript fram American lnstitute of Marine

Underwriters.

[3.] Buglass, Leslie J., Maripe Insurance and General Average in

the United States An Average Adjuster's Viewpoint, 1981.

[4.) The American Club Since 1917.

&1



dum.m—n-u—n—u“—um--lnamun

i | [ SHPEN
ST
RY by

Rasn

(")'.

[5.]) Sharkey, Betsy, "Capacity Glut Grows in Offshore Market,"
Busiress Insurance, September 13, 1982.

[6.] Shapiro, Stacy, "P & I Clubs Cover Marine Gaps,™ Business
Insurance, September 14, 1981.

[7.] Correspondence from J. J. Murphy, The American Qub.

{8.) Bergson, Lisa, "American (Qub Weathers Stormy Seas,®
Business Insurance, September 14, 1981.

[9.] Notes from Michael Brenna, The Great American Insurance Company.

{10.) Protection and Indemnity Policy, American Steamship Owners,
Mutual Protection and Indemnity Association, Inc.

[11.] Protection and Indemnity Clauses, SP-38, 1955.
[12.] Protection ard Indemnity, SP-23 (revised 1/56).

[13.] Conversation with John Murphy, American Club, September 5,
1984,

[14.] Wright, Stanley R., "Liabilities (1) Arising out of Collision
with Another Another Vessel and not Covered by the Hull
Policy, (2) for Damage to Another Vessel or Her Cargo, Not
Caused bv Collision with the Insured Vessel, (3) for
Damage to Any Cbject or Property Except Another Vessel or
Ber Cargo," Tulane Law Review, Vol. 43, No. 3, April 1969.

[16.] Public Law $3-153, Nov. 16, 1973.

[17.] Menton, O.R., "Superfund The Rational Oil Spill Liability
and Compensation Proposal®™, Exxon Corporation, 1977.

{18.] Public Law 93-627, Jan. 3, 1975.

(19.] Public Law 95-372, Sept. 18, 1978.

Secticn 2.3

{J.] R. L. Carter, Reinsurance, Kluwer Publishing, 1979.

[2.] Allen, Tom C., "A Proposed Solution to the Insurance
(slgfcity Problem”, Insurance Law Journal, January 1970, No.

{3.] Conversation with Frederic Parker of Associated Aviation
Underwriters, August, 1984,

[4.] "The Legal Liability of Owners and Operators of General
Aviation Aircraft", United States Aircraft Insurance Group. ly

128 -



'l&_ln——u--——-n—m-—a“mmum—_“-

Rasn

(5.] Mel, Salah El Din, Aviation Insurance, Practice, Law &
Reinsurance, William Clowes & Suns, Ltd.

[6.) Civil Aeronautics Board Econamic Regulations, Part 298.
[7.] Civil Aeronautics Board Econamic Requlations, Part 205.

[8.] DeYoung, E. Bill, "A 'Fly-By' of Aviation Insurance,” The
peekly Underwriter, January ¢, 1982.

i5.] "Corpcrate Fleet Coverage Can Vary," Business Insurance,
September 19, 1983,

(10.] Jervis, B.G., Study Course 190A, The CII Tuition Service,
1981,

[11.) Shapiro, Stacy, "Airlines to Face Steep Rate Hikes During
Renewals, " Business Insurance, Marth 26, 1984,

{12.] Bris, Sven and Nordstram, Lars-Olof, "Maintaining a Viable
Market: Comments on the Qurrent sSituation in World Aviation
Insurance,® NFT, April 1978.

{13.] Shapiro, Stacy, "british Airways Socked with 90% Premium
Hike," Business Insurance, April 9, 1984.

[14.] Shapiro, Stacy, "“Losses Force Pan Am to Take Special $1C
Million Deductible,®™ Business Insurance, July 30, 1984,

Section 2.4

[1.] Mossinghoff, Gerald J., "Managing Tort Liability Risks in
the Era of the Space Shuttle,® Journal ¢£ Space Law, Vol.
7., No. 2, 1979,

[2.] Convention on International Liability for Damage Caused by
Space (bjects, United Nations.

13.] Rhodes, Mark S.,"Liability Insurance and the Space Shuttle,”
Case & Comment, September-October 1983,

[4.] Discussion with Robert Wojtal, Office of the General
Counsel, NASA, September 25, 1984.

[5.] Shared Shuttle Only Launch Services Agreement, Standard
Provisions, Articles II-XX.

[o.] Discussion with Lynne P. Vollmer, General Counsel,
Internationa: Technology Underwriters, September 25, 1984.

[7.] NASA Memo fram H/Assistant Administrator for Procurement, on
NASA Procurement Notice No. 83-3.

[8.] 14 CFR, Part 1214, DNational Aeronautics and Space
Administration.

129



Seeus, Guaw Geas AN

( s ome waw oW MG e acEs L I R B )

[9.] Sloup, George Paul, "Liability and Insurance Aspects of the
Space Transportation System Under the New Section 303 of
the National Aeronautics and Space Act,” Annals of Air and
Space Law, Vol. IV, 1979,

(10.] Memorandum for the Record, NASA, January 30, 1979.

(11.] Public Law 96-48, 96th Congress, August 8, 1979.

[12.] Authorizing Appropriations to the National Aeronautics and
Space Administration, 96th Congress, lst Session, House of
Representatives, Report No. 96-52,

[13.] Memorandum of Understanding Between International Technology
Underwriters, Inc. and the Rational Aeronautics and Space
Administration. .

[14.] Agreed Wording 26th July, 1983.(Facility for third party
liability protection put in place by Intec)

Section 4

[1.] *Muclear Insurance: Facts and Figures®™, .merican Nuclear
Insurers Reports, Report #1 (Revised March 1984).

[2,] "Reactor Information Report™, Current to September 27, 1984,
Atamic Indv_trial Forum,

[3.] "Nuclear Liability Insurance: Protection for the Public®,
Report #2 (Rev. 3/84), Amwerican Nuclear Insurers.

[4.] The Standard Steamship Owners' Protection and Indemnity
Association (Bermuda) Ltd., Directors' Report and Accounts
the Year Ended 20th Fet ary 1983.

[5.] Bris, Sven, and Nordstram, Lars-Clof, "Maintaining a Viable

for

Market: Comments on the Qurrent Situation in World Aviation

Insvrance,™ NFT, April, 1979.

[6.] "World Aviation and Aviation Insurance,” Sigma, Swiss
keinsu-ance Comparnry, No. 6, June 1984.

{7.] MAgreed Wording 26th July, 1983. (Facility for third party
liability protection put in place by Intec)

[8.] Discussion with Lynne P. Vollmer, General Counsel,
International Technology Underwriters, September 25, 1984.

[9.] Marks, James R. and John D. Craigie, gharing the Risk,
Insurance Information Institute, March 1981.

[10.] Webb, Bernard L. et. al., Insurance Campary Qperations,
Volume 1, American Institute for Property and Liability
Underwriters.,

130

i
I
i
|

e ————— 0 L

P
)



AN

Reon

(11.) Allen, Tom C., "A Proposed Solution to the Insurance
Capacity Problem,” Insurance Law Jourpal, January 1970, No
564.

[12.] Best's Aggregates and Averages, 1984.

[13.] "Bearings Before the Joint Committee on Atamic Enerqy on
Governmental Indemnity for Private Licensees and AEC
Contractors Against Reactor Bazards, 84th Congress, 2nd
Session, May 15, 16, 17, 18, 21, and June 14, 1956.

[14.] "Cost-of-Risk Survey 1983", Risk Planning Group, Inc.
Sectian 5

(1.] Rosenthal, Albert J. and Korn, Harold L. and Lubman,
Stanley B., Catastrophic Accidents in Government Programs,
Legislative Drafting Research Pund, 1963.

[2.] Mossinghoff, Gerald J.,, "Managing Tort Liability Risks in
the Era of the Space Shuttle," Journal of Space Law, Vol.
7, No. 2, 1979.

[3.] NASA Memo from H/Assistant Administrator for Procurement, on
NASA Procurement Notice No. 83-3.

[4.) The Price-Anderson Act - The Third Decade, Report to
Congress, U.S. Nuclear Regulatory Commission.

[5.] "Bearinrgs Before the joint Commit ee on Ataomic Energy on
Government Indemnity and Reactor Safety," 85t Congress,
1st Session, March 25, 26, and 27, 1957.

[6.] "Hearings Before the Joint Committee on Atomic Energy on
Governmental Indemnity for Private Licensees and A:SC
Contractors Against Reactor Hazards, 84th Corqgrecs, 2nd
Sessions, May 15, 16, 17, 18, 21, and Junc 14, 1956.

[7.] Rockett, Laurie, R. et. al., Financial Protection Against
Nuclear Hazards: Thirty Years' Experience Under the Price-
Anderson Act, Trustees of Columbia University in the City
of New York, 1984.

[8.] Rhodes, Mark S., "Liability Insurance and the Space Shuttle®,
Qse & Coment, September-October 1983.

[9.] TR Space Log, Twenty-Fifth Anniversary of Space
Exploration, 1957-1982.

[10.] Discussion with Lynne P. Vollmer, General Counsel,
International Technology Underwriters, September 25, 1984.

[11.] In the Matter of the Appiications of Comsat General
Corporation: For Authority to Construct, Launch and

Vo



. . - .. " - - PR

[12.)

[13.]

114.)

[15.)

[16.)

[17.]

[18.}

Operate 12/14 Gz Satellites and to Construct and Operate
Related I78C Earth Station Facilities., POC Filing,
Novenmber 7, 196..

"Cost-of -Risk . rvey 1983," Risk Plaming Giowp, Inc,

In the Matter of American Satellite Comparry, Amen.nent of
Application for Authority to Construct. Launch and Operate
Its Third Domestic Commumications Satellite, PCC Filing.

Conversation with Madelyn Brown, NASA Beadquarters,
November 28, 1984.

Brise, Sven and Nordstram, Lars-Olof, "Maintaining a Viable
Market: Comments on the Qurrent Situation in World
Aviation Insurance®, 1979.

Conversation with Betty Scott, National Transportation
Safety Board, December 19, 1984.

"Natural Catastrophies and Major lLosces in 1977", Sigma,
Swiss PRe.

"Natural Catastrophies and Major Losses in 1982%, Sigma,
Sriss Re.

| TS ,



