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Executive Summary

This report presents the results of a study and analysis of seven issues related to liability risk-
sharing for commercial space transportation, as directed by Congress in the Commercial Space
Transportation Competitiveness Act of 2000 (Public Law 106-405). It includes public views and

recommendations in addition to those of interested federal agencies, as directed by Congress.

The Commercial Space Transportation Competitiveness Act of 2000, Public Law 106-405, referred to in
this report as the Space Competitiveness Act, directs the Secretary of Transportation to submit a study
and analysis of seven key issues regarding the liability risk-sharing regime for U.S. commercial space
transportation. The issues are delineated as follows:

(1) analyze the adequacy, propriety, and effectiveness of, and the need for, the current liability
risk-sharing regime in the United States for commercial space transportation;

(2) examine the current liability and liability risk-sharing regimes in other countries with space
transportation capabilities;

(3) examine the appropriateness of deeming all space transportation activities to be
“ultrahazardous activities” for which a strict liability standard may be applied and which
liability regime should attach to space transportation activities, whether ultrahazardous
activities or not;

(4) examine the effect of relevant international treaties on the Federal Government’s liability for
commercial space launches and how the current domestic liability risk-sharing regime meets
or exceeds the requirements of those treaties;

(5) examine the appropriateness, as commercial reusable launch vehicles enter service and
demonstrate improved safety and reliability, of evolving the commercial space transportation
liability regime towards the approach of the airline liability regime;

(6) examine the need for changes to the Federal Government’s indemnification policy to
accommodate the risks associated with commercial spaceport operations; and

(7) recommend appropriate modifications to the commercial space transportation liability regime
and the actions required to accomplish those modifications.

As required by Congress, this report contains analyses, views and recommendations of interested federal

agencies, as well as views and recommendations of the public, on the seven specific areas of study and
analysis identified in the legislation.
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Current U.S. Liability Risk-Sharing Regime Under 49 U.S.C. Subtitle IX, Chapter 701,
(popularly known as the CSLA)

The U.S. liability risk-sharing regime for commercial space transportation is comprised of three tiers:
Tier I: Maximum Probable Loss (MPL)-Based Financial Responsibility Requirements

= Launch or reentry licensee obtains insurance to cover claims of third parties, including Government personnel, for
injury, loss or damage, against launch or reentry participants. Participants include the licensee, its customer, and
the U.S. Government and its agencies, and the contractors and subcontractors of each of them.

Launch or reentry licensee obtains insurance covering damage to U.S. Government range property.

= The Federal Aviation Administration (FAA) sets insurance requirements based upon the FAA's determination of the
MPL that would result from licensed launch or reentry activities, within statutory ceilings, not to exceed the lesser
of:

— $500 million for third-party liability, or the maximum available on the world market at reasonable cost.

— $100 million for U.S. Government range property, or the maximum available on the world market at reasonable
cost.

= Participants enter into no fault, no subrogation reciprocal or cross-waivers of claims under which each participant
accepts its own risk of property damage or loss and agrees to be responsible for injury, damage or loss suffered by
its employees, except that claims of Government personnel are covered claims under the licensee’s liability
insurance coverage.

Tier Il: Catastrophic Loss Protection (Government Payment of Excess Claims, Known as “Indemnification”)

= Subject to appropriations, the U.S. Government may pay successful third-party liability claims in excess of required
MPL-based insurance, up to $1.5 billion (as adjusted for post-1988 inflation) above the amount of MPL-based
insurance.

= U.S. Government waives claims for property damage above required property insurance.
Tier lll: Above MPL-Based Insurance plus Indemnification
= By regulation, financial responsibility remains with the licensee, or legally liable party.

Exceptions
- The government does not indemnify a party's willful misconduct.

- The government may pay claims from the first dollar of loss in the event of an insurance policy exclusion that is
determined to be “usual.”

This executive summary is organized in three parts. The first part reports the views and recommendations
of the interested public. Public views were obtained through a public meeting conducted at the Federal
Aviation Administration (FAA), virtual public meetings conducted on the Internet, and solicitation of
comments to a public docket. The second part provides the views and recommendations of the
Commercial Space Transportation Advisory Committee' (COMSTAC). COMSTAC submitted a report
for inclusion in the study at its October 2001 meeting. The third part provides a summary of report
findings, federal agency views and recommendations.

" COMSTAC is a committee of non-government, broad-based industry representatives which provides information and advice to
FAA and the Department of Transportation.
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PUBLIC VIEWS AND RECOMMENDATIONS

Public views and recommendations were elicited using several methods: (1) a public meeting conducted
on April 25,2001, at the FAA in Washington, D.C.; (2) the public docket, open for comments; and
(3) two Internet public meetings, held from April 27, 2001 through May 11, 2001, and from
September 4, 2001 until September 28, 2001, respectively. Most attendees at the April 25 meeting
represented the space transportation industry. The basic themes advocated during the public meetings
were:

1. The best way to support the U.S. launch industry is to have stability in the insurance and
indemnification regime. The expiration date or “sunset provision” is exploited by foreign
competitors, who have no monetary caps or expiration date, nor are they subject to
appropriation concerns. A change in the extant liability risk-sharing regime could raise the risk
profile of new launch operators and have the following potential effects: deter private
investment or increase capital costs as a result of higher perceived risk; shift customers to
foreign launch operators; discourage contractor participation leading to increased development
costs; and expose the launch operator to greater potential liability. These effects, in turn, could
lead to higher operational costs for government and commercial launch operations.

2. The current U.S. liability risk-sharing and indemnification regime should either be retained in
its existing form without any changes, or retained with improvements, such as elimination of
any sunset provision, to support the competitiveness of the U.S. industry. Foreign launch
services providers offer similar or better indemnification in a tight market with small profit
margins.

3. The only changes that should be considered in order to ensure continued growth and
competitiveness of the U.S. launch industry are those that would improve the existing risk
allocation regime, e.g., elimination of the sunset provision or a 10-year extension.
Modifications to indemnification, such as establishment of trust funds or use of tax credits
(to offset cost of additional insurance), would undermine U.S. industry competitiveness.

4. The need for Congress to appropriate funds for the $1.5-billion indemnification is a
disadvantageous provision in the current U.S. regime in comparison to foreign competitors’
regimes.

5. Some state laws limit liability for hazardous activities that are not part of a licensed space
launch or reentry. Because these activities are not covered by the statutory liability risk-sharing
regime, use of commercial spaceports may be hindered.

6. The commercial space transportation industry, including both reusable launch vehicle (RLV)
and expendable launch vehicle (ELV) operators, cannot be compared to the commercial airline
industry, and the commercial space liability regime will likely not evolve into that used by
airlines.
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COMMERCIAL SPACE TRANSPORTATION ADVISORY COMMITTEE (COMSTAC)
RISK MANAGEMENT WORKING GROUP VIEWS AND RECOMMENDATIONS

The FAA tasked COMSTAC to provide a report presenting the range of views on the issues identified for
study in the Space Competitiveness Act. COMSTAC adopted a report prepared by its Risk Management
Working Group on the seven issues of the Space Competitiveness Act. The report stated that the main
objective of the 1988 amendments to the Commercial Space Launch Act (CSLA), which established the
current risk allocation regime, was to ensure the competitiveness of the emerging U.S. commercial launch
industry—a need that continues under current market conditions. With regard to the various issues of the
Space Competitiveness Act, the report stated that:

1.

ES—4

The current regime enables U.S. commercial launch services providers to compete globally,
ensures financial responsibility and security for industry and government, protects the national
security of the United States and encourages innovation.

The risk allocation provided by the current regime is comparable to, albeit less favorable than,
that provided by government-supported foreign launch services providers.

It is neither necessary nor appropriate to deem all space transportation activities as
ultrahazardous.

The current regime enables the U.S. Government to meet its obligation under international law
with minimal risk to the U.S. taxpayer.

There are similarities between the operation of aircraft and conceptual RLVs. Despite the
similarities, there are fundamental differences between the operation of civil aircraft and RLVs.
Though the application of an aviation-style insurance regime may be possible in the future as
RLYV flight rates reach sustained higher levels, removal of the current indemnification regime at
this time would severely disrupt the formation of the RLV industry.

Current users of the spaceports (i.e., licensed launch operators) find application of the existing
statutory scheme to licensed launch site and reentry site operators to be adequate and appropriate.
However, one launch site operator believes that the FAA’s current interpretation of the CSLA
risk allocation scheme, which precludes the possibility of U.S. Government indemnification for
launch and/or reentry site operators, even though they are licensed by the FAA, is wrong. This
operator would like the FAA to extend the full benefits of the CSLA risk allocation regime to all
spaceports, including establishing a requisite amount of insurance and the promise to pay claims
in excess of such insurance, subject to appropriations.

COMSTAC recommended that the CSLA be amended to either (a) delete the “sunset provision,”
the preferred option, or (b) extend application of the indemnification provision for no less than a
10-year period.
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SUMMARY OF FINDINGS

The Federal Aviation Administration of the Department of Transportation (DOT), in cooperation with
interested federal agencies, has performed a study and analysis of seven issues specifically identified in
the Space Competitiveness Act, and provides the following summary of findings:

Issue 1 — Adequacy, Propriety, Effectiveness, and Need for the Current Liability Risk-Sharing Regime

The current liability risk-sharing regime for commercial space transportation is judged to be adequate
based on historical acceptability of statutory risk allocation, including risk-based insurance requirements;
support of U.S. obligations under relevant treaties; and the ability of the U.S. launch industry to compete
for a share of the commercial space launch market.

The current liability risk-sharing regime for commercial space transportation is deemed to be
appropriate due to the inherently high risk of space transportation. This is predicated on national
security, defense, commercial, and civil interests, including benefits derived from economies of scale;
considerable precedent for government subsidy and support of other industries such as commercial
nuclear power, commercial aviation, and semiconductors; and impacts on launch safety and international
competitiveness of U.S. industry.

Effectiveness of the current liability risk-sharing regime has been demonstrated by the following facts.
No U.S. commercial launch events have challenged the regime. Cross-waivers of claims among launch
participants have encouraged greater insurance industry participation in launch coverage. The U.S.
launch ranges continue to demonstrate the highest safety record in the world. Coverage for third parties
while protecting government interests from excessive risk has been achieved. Available insurance
capacity has increased from the inception of this regime (excluding the yet unknown future impact of the
terrorist attack of September 11, 2001, on available capacity).

The need for U.S. Government involvement in liability risk-sharing with the commercial space
transportation industry was assessed in terms of the following factors: historical evolution and maturity
metrics of the U.S. commercial space transportation industry; available insurance capacity history and
fluctuations; insurance premium history and volatility; and international competitiveness. The assessment
yields the following findings. Since the inception of the current U.S. liability risk-sharing regime, the
commercial space transportation industry has, under certain metrics, reached maturity for ELVs, while
available insurance capacity has increased and premiums have decreased during the time period of 1988
to 2001. Potential changes in the worldwide insurance industry (i.e., possibly smaller capacity and rising
premiums) stemming from the events of September 11, 2001, may also dictate a continuing need for a
liability risk-sharing regime. The current liability risk-sharing regime has existed for all licensed
commercial space launches. Although foreign competitors use risk-sharing regimes providing similar or
greater government indemnification, a variety of factors influence competitiveness. It is therefore
impossible to quantify the need for the current regime for reasons of competitiveness except to note that
the current regime places U.S. industry on a near-level playing field with foreign competitors. Removal
of this consideration may have destabilizing effects on competitiveness in an increasingly competitive
international market, particularly given that, over the next decade, launch vehicle supply is predicted to
exceed demand for launch services in the commercial space launch market.
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Issue 2 — Liability Risk-Sharing Regimes in Other Countries with Space Transportation Capabilities

Major competitors of the United States in commercial space transportation (Arianespace, China, and
Russia) offer risk-sharing regimes in which the government assumes a greater share of the risk compared
to that of the United States by using a two-tier system including unlimited government indemnification,
although some manage it contractually. Countries with emerging competitive commercial space launch
capability (Australia, Brazil, India, and Japan) have also adopted two-tier risk-sharing regimes featuring
unlimited government indemnification provisions. The current U.S. liability risk-sharing regime is nearly
comparable to that of current foreign competitors and emerging competitors with the significant
exceptions that the United States: (1) uses a more complicated three-tier system, as opposed to two tiers,
with a defined limit on government obligations to cover excess claims (“indemnification’); (2) uses a
more complex risk-based method to determine primary insurance coverage requirements; (3) has an
expiration date (i.e., sunset provision); and (4) has limited government indemnification subject to
appropriations.

Issue 3 — Ultrahazardous Activity and Appropriate Legal Standards

Certain hazardous activities, such as commercial nuclear power, chemical industry pollution, and civil
aviation in high-risk regions benefit from U.S. Government liability risk sharing. To date, space
transportation activities have not been classified as ultrahazardous under federal law and have not been
subject to strict liability standards, whereas activities such as nuclear power generation, explosives
manufacturing, and transport of dangerous chemicals are treated under a strict liability standard under
state laws without a legislatively conferred “ultrahazardous activity” classification. A federal declaration
that commercial space transportation is an “ultrahazardous activity” would likely cause legal
complications in claims litigation and settlement and negatively affect insurance market capacity and
conditions resulting in higher premiums and reinsurer withdrawal from the market, without affecting the
ultimate outcome of managing space launch accident liability claims. Regardless of whether a strict
liability or fault-based liability standard applies, societal and political incentives are expected to ensure
quick settlement and victim compensation in the event of a launch accident.

Issue 4 — Effects of Outer Space Treaties on Government Launch Liability

Two international treaties, the Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space, including the Moon and Other Celestial Bodies (the “Outer Space Treaty”) of
1967 and the 1972 Convention on International Liability for Damage Caused by Space Objects (“Liability
Convention”), are particularly relevant to the domestic space transportation liability risk-sharing regime.
Under the Outer Space Treaty, Article VI, the United States bears international responsibility for national
activities in outer space. Under the Outer Space Treaty, Article VII, each State Party that launches or
procures the launching of an object into outer space, and each State Party from whose territory or facility
an object is launched, is internationally liable for damage to another State Party to the Treaty or to its
persons for damage on the Earth, in air or in outer space. Under the Liability Convention, the
U.S. Government accepts liability, either absolute or fault-based, depending upon where damage occurs,
when it is a launching State. The current liability risk-sharing regime assigns financial responsibility for
the most probable third-party damages arising from U.S.-based FAA-licensed launches and those
conducted by U.S. commercial entities to the launch licensee whose insurance protects the interests of the
U.S. Government as an additional insured. Accordingly, under the existing liability risk-sharing regime,
the government is afforded financial protection in meeting certain of its international treaty obligations,
up to the amount of maximum probable loss, at no cost to the government (or U.S. taxpayer).
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Issue 5 — Propriety of Applying an Airline Liability Regime to Commercial Reusable Launch Vehicles

RLVs are designed to return to Earth from outer space or Earth orbit, substantially intact and, like aircraft,
to be used in subsequent flights. RLV development began in the 1970s with the space Shuttle and has
been supported at various times by the Air Force, National Aeronautics and Space Administration
(NASA), and private industry. After decades of development and billions of dollars of investment, a
commercially viable RLV has yet to develop. Routine RLV operation similar to that of commercial
airlines may be decades away.

RLV hazards are, in some ways, similar to those of ELVs during liftoff because of the nature of their
propellants, and are also similar to those of airlines in that a crash could occur during the liftoff or reentry
and landing phases. Depending upon the actual design of a vehicle, RLV hazards may be greater than
those of airlines in terms of the vehicle mass, propellant masses and propellant properties. Under
domestic law, RLV mission operators and certificated air carriers are required to obtain a minimum
amount of insurance, and there are no limits on liability. The major difference between RLV and airline
legal regimes is applicability of the CSLA risk-sharing program to RLV missions, including
indemnification. Major airlines, prior to September 11, 2001, have typically obtained between $1 billion
and $2 billion in insurance at reasonable rates to protect their assets from accident liabilities.
Government-industry liability risk-sharing consistent with the current regime is regarded as desirable to
enable RLV developers to manage risk in a manner comparable to that relied upon by ELV operators.
The experimental nature of commercial RLV design concepts — coupled with realistic expectations that
RLYV operations will not be as frequent, reliable, or routine as that of airlines for decades — suggests that it
is premature to offer recommendations on transitioning the liability regime applicable to RLVs to that of
airlines.

Issue 6 — Commercial Spaceport Operations

Currently, there are four licensed launch sites (popularly referred to as spaceports) in the United States.
Three commercial spaceports (i.e., Florida, California, and Virginia) are co-located with federal launch
facilities and are within the purview of federal range safety oversight. Alaska’s Kodiak Launch Complex
is not located on a federal facility. Other states have announced plans or expressed interest in developing
commercial spaceports, with principal emphasis on their use to support RLVs. The statutory liability
risk-sharing regime covers commercial spaceports during licensed launch or reentry activities. Non-
launch-related activities, such as rocket motor balancing, are not covered by the liability risk-sharing
regime. None of the states operating licensed spaceports or considering spaceports have the legal
authority to indemnify non-launch activities, thereby making them reluctant to offer their sites for
potentially hazardous services other than licensed launch or reentry, unless their customer accepts liability
risk. Government risk-sharing in launch liability protects launch participants, including commercial
spaceports, in the event of a catastrophic launch vehicle or reentry vehicle accident, and protects certain
interests of the U.S. Government arising under international law. Education, business development, and
related opportunities for commercial spaceports are recognized, but are not federally supported through
indemnification. Commercially available insurance can be obtained by spaceports for such activities.
Spaceports have identified no activity performed at their sites that warrants federal risk-sharing due to
unmanageable risk or for competitiveness purposes. No changes to the current liability risk-sharing
regime as it relates to commercial spaceport activities are recommended.
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Issue 7 — Recommended Appropriate Modifications

Ten possible options were analyzed and measured in terms of their capability to fulfill one or more of five
different purposes or objectives. Two additional modifications — maintaining the current liability risk-
sharing regime but offering unlimited or “limitless” indemnification and offering a more unconditional
government indemnification, such as that provided under Public Law 85-804 and Executive Order 10789
authority (discussed in Chapter 5 of this report) — satisfy four of the objectives; however, these options
would potentially increase the financial obligations of the U.S. Government and were not considered
economically viable. The two options were therefore not analyzed in detail and are not included in the
following assessment.

Certain options or modifications were found to bolster a given purpose, while others were either neutral
or detracted from that specific purpose. For each of the five objectives identified for analysis, the
modifications that definitively bolster specific purposes or objectives are delineated on the following
page. It should be noted that no single recommended modification fulfills all five objectives.

To maintain adequate space launch third-party liability insurance capacity including
catastrophic risk protection, one of the following could be done:

» Maintain the current liability risk-sharing regime

» Establish tax subsidies (with or without government indemnification)

To support the international competitiveness of the U.S. commercial space transportation
industry, one of the following could be done:

Maintain the current liability risk-sharing regime
Establish trust funds (with or without government indemnification)
Require industry to self-insure (with or without government indemnification)

Require industry to establish captive insurance (with or without government indemnification)

YV VvV VvV V'Y

Require industry to establish catastrophe bonds (with or without government indemnification)

To maintain the framework of the current regime, which is familiar to launch customers and
contractors, one of the following could be done:

Maintain the current liability risk-sharing regime
Require higher MPL-based insurance (Tier 1) with current government indemnification

» Maintain current MPL-based insurance requirements (Tier 1) with only $1 billion of government
indemnification but eliminate the sunset provision

To maintain a viable and robust U.S. commercial space transportation industry, one of the
following could be done:

» Maintain the current liability risk-sharing regime

» Establish tax subsidies (with or without government indemnification)

To establish full cost internalization by launch participants, one of the following could be done:

» Maintain current MPL-based insurance requirements (Tier 1) but eliminate government indemnification

» Eliminate MPL-based insurance requirements (Tier 1) and eliminate government indemnification
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Chapter 1
Introduction

Chapter 1 presents the purpose of this report; background regarding U.S. commercial space
transportation risk allocation from 1984 to the present; the current U.S. commercial launch
liability risk-sharing regime; and the organization of this report.

1.1 Purpose of Study

Congress directed the Secretary of Transportation to study and analyze the existing liability risk-sharing
regime for U.S. commercial space transportation. This study provides a framework for understanding the
role liability risk-sharing, as directed by 49 U.S.C. Chapter 701 (popularly known as the Commercial
Space Launch Act, or CSLA), has played in enabling development of the commercial space launch
industry and in securing its viability and international competitiveness.

First enacted in 1988, statutory provisions for allocating risk among public and private participants in
launch activities were intended to relieve private industry of the risk of potentially catastrophic liability
associated with launching satellites into space and to place U.S. industry on a more equal footing with
foreign launchers offering government-sponsored services and financial protections to customers and
suppliers. The most prominent feature of the regime provided a mechanism, popularly known as
“indemnification,” for payment by the government of excess liability claims against launch participants.

Indemnification under the CSLA was initially enacted for a five-year term, thereby assuring Congress and
the Administration an opportunity to revisit the need for an extension based upon launch and insurance
industry developments and related market conditions. In 1993, a six-year extension of liability risk-
sharing and indemnification was enacted with little or no controversy; however, public debate over the
need to continue further government indemnification of commercial launch activities beyond 1999 proved
a temporary stumbling block to passage of a second multiyear extension. A one-year extension was
enacted in 1999 to retain the status quo while Congress considered longer-term legislation. In
October 2000, the Commercial Space Transportation Competitiveness Act of 2000 (referred to in this
report as the “Space Competitiveness Act,” or “SCA”) was enacted, assuring maintenance of the liability
risk-sharing status quo through 2004, but directing an assessment of the need to continue it thereafter.

The Space Competitiveness Act, Public Law 106-405, mandated the conduct of a multifaceted study of
liability risk-sharing under the CSLA. In continuing the existing regime through 2004, Congress found
that the extension would be beneficial to the international competitiveness of the U.S. space transportation
industry. Congress determined that the need exists to maintain the Nation’s economic well-being and
national security through a robust space transportation industry. However, Congress also found that space
transportation may evolve into airplane-style operations, given the much-heralded development of
reusable launch vehicle (RLV) technology for commercial use, and that this eventuality, along with other
considerations, warranted examination of appropriate risk-sharing for commercial space transportation
beyond 2004.
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Current U.S. Liability Risk-Sharing Regime Under 49 U.S.C. Subtitle IX, Chapter 701,
(popularly known as the CSLA)

The U.S. liability risk-sharing regime for commercial space transportation is comprised of three tiers:
Tier I: Maximum Probable Loss (MPL)-Based Financial Responsibility Requirements

= Launch or reentry licensee obtains insurance to cover claims of third parties, including Government
personnel, for injury, loss or damage, against launch or reentry participants. Participants include the licensee,
its customer, and the U.S. Government and its agencies, and the contractors and subcontractors of each of
them.

= Launch or reentry licensee obtains insurance covering damage to U.S. Government range property.

=  The Federal Aviation Administration (FAA) sets insurance requirements based upon the FAA's determination
of the MPL that would result from licensed launch or reentry activities, within statutory ceilings, not to exceed
the lesser of:

— $500 million for third-party liability, or the maximum available on the world market at reasonable cost.

— $100 million for U.S. Government range property, or the maximum available on the world market at
reasonable cost.

=  Participants enter into no fault, no subrogation reciprocal or cross-waivers of claims under which each
participant accepts its own risk of property damage or loss and agrees to be responsible for injury, damage or
loss suffered by its employees, except that claims of Government personnel are covered claims under the
licensee’s liability insurance coverage.

Tier Il: Catastrophic Loss Protection (Government Payment of Excess Claims, Known as “Indemnification™)

= Subject to appropriations, the U.S. Government may pay successful third-party liability claims in excess of
required MPL-based insurance, up to $1.5 billion (as adjusted for post-1988 inflation) above the amount of
MPL-based insurance.

= U.S. Government waives claims for property damage above required property insurance.
Tier lll: Above MPL-Based Insurance plus Indemnification

= By regulation, financial responsibility remains with the licensee, or legally liable party.

Exceptions
— The government does not indemnify a party’s willful misconduct.

— The government may pay claims from the first dollar of loss in the event of an insurance policy exclusion
that is determined to be “usual.”

In light of these circumstances and the lack of a sufficiently developed record regarding the need to
continue the liability risk-sharing regime of the CSLA, Congress directed the Department of
Transportation (DOT) to provide the factual, policy, and legal foundations upon which the Federal
Government and the private sector could assess its propriety and effectiveness. Then, if deemed
necessary, the Federal Government and private sector may use the information developed through the
study to consider a modified or replacement regime.
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The elements of this report, directed by Congress for study under the Space Competitiveness Act, are
delineated below.

1) “analyze the adequacy, propriety, and effectiveness of, and the need for, the current liability risk-
sharing regime in the United States for commercial space transportation;

2) examine the current liability and liability risk-sharing regimes in other countries with space
transportation capabilities;

3) examine the appropriateness of deeming all space transportation activities to be ‘“ultrahazardous
activities” for which a strict liability standard may be applied and which liability regime should
attach to space transportation activities, whether ultrahazardous activities or not;

4) examine the effect of relevant international treaties on the Federal Government’s liability for
commercial space launches and how the current domestic liability risk-sharing regime meets or
exceeds the requirements of those treaties;

5) examine the appropriateness, as commercial RLVs enter service and demonstrate improved safety
and reliability, of evolving the commercial space transportation liability regime towards the
approach of the airline liability regime;

6) examine the need for changes to the Federal Government’s indemnification policy to accommodate
the risks associated with commercial spaceport operations; and

7) recommend appropriate modifications to the commercial space transportation liability regime and
the actions required to accomplish those modifications.”

In addition, Congress directed that the report “...shall contain sections expressing the views and

recommendations of: (1) interested federal agencies including—(A) the Office of the Associate

Administrator for Commercial Space Transportation, Federal Aviation Administration; (B) the National

Aeronautics and Space Administration; (C) the Department of Defense; and (D) the Office of Space

Commercialization, Department of Commerce; and (2) the public....”

1.2  Background of U.S. Commercial Space Transportation Risk Allocation
1.2.1 Pre-1988 Liability Risk Management for Commercial Space Transportation

The Commercial Space Launch Act of 1984, Public Law 98-575, focused on liability considerations for
the U.S. Government arising out of commercial launches. It addressed launch liability concerns of the
U.S. Government by requiring that a launch licensee obtain liability insurance in an amount considered
necessary by DOT, considering the international obligations of the United States (49 U.S.C. App. 2615).
DOT would prescribe the appropriate amount of insurance after consulting with the Attorney General and
other appropriate agencies; however, the CSLA provided no further direction by which DOT would
determine the amount of insurance deemed appropriate to address the potential liability of the United
States. (International obligations assumed by the United States under treaties concerning launch liability
are addressed in detail in Chapter 6 of this report.)

In addition, DOT was given discretion to determine appropriate measures, including requirements for
liability insurance and hold harmless agreements, to protect the United States and its agencies and
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personnel from liability, loss, or injury as a result of a launch or operation of a launch site involving
government facilities or personnel (49 U.S.C. App. 2614).

In enacting these requirements, Congress acknowledged treaty-based liability assumed by the U.S.
Government and granted to DOT licensing authority commensurate with international responsibilities
assumed by the United States under treaty [S. Rpt. No. 98-656, 98" Cong., 2" Sess. at 14 (1984)]. For
international claims, the U.S. Government could require contribution from the licensed launch operators
to cover any treaty-based liability of the U.S. Government. Although DOT would prescribe insurance
requirements, commercial launch operators remained potentially liable for all third-party damages
resulting from commercial launches, without bound. Effectively, this arrangement left the licensed
launch operator potentially liable for the maximum possible loss that could result from a licensed launch.

Executive Order 12465, signed by President Reagan in February 1984, in combination with passage of the
CSLA subsequently that year, created the legal and policy framework for commercialization of the U.S.
launch industry and placed responsibility for safety regulation with DOT. Although the CSLA enacted a
legal framework for licensing of commercial launches, commercialization of the U.S. launch industry
proceeded slowly. Issuance in 1986 of National Security Directive 254 following the Challenger accident
of that year created a more favorable climate for launch commercialization by prohibiting launch of a
commercial or foreign payload on the Shuttle.

The year 1988 proved to be a significant turning point in commercialization of the U.S. space launch
industry. Administration space policy evolved to acknowledge the significance of private sector
launches. The National Space Policy issued by President Reagan on February 11, 1988, recognized a
distinct commercial space sector that would exist alongside military and civilian government sectors to
maintain U.S. space leadership. The Reagan Administration also announced a 15-point Commercial
Space Initiative (CSI 1988), reinforcing promotion of a robust commercial launch industry by, among
other things, establishing risk allocation between the government and private sector for use of government
launch ranges in the conduct of commercial launches. The Commercial Space Initiative called for a
waiver by the U.S. Government in the event of property damage at the federal ranges in excess of DOT-
required insurance. It also provided for a U.S. Government waiver of claims when loss or injury was the
result of government willful misconduct or recklessness. Passage of the CSLA Amendments of 1988,
Public Law 100-657 (1988 Amendments), codified into law the government’s property waiver policy and
the existing financial responsibility and liability risk-sharing regime.

Although national space policy was evolving to facilitate commercialization of a U.S. launch industry, no
launch licenses had been issued as of November 1988, when the existing liability risk-sharing regime was
enacted.

1.2.2 1988 Congressional Hearings

1.2.2.1 Bases for the 1988 Commercial Space Launch Act Amendments

For space launch services to become a viable commercial industry, federal policy needed to be established
making government-owned launch infrastructure at the federal ranges, including facilities and services,
available to support the new commercial industry. Federal ranges remained the primary source of critical
launch infrastructure, and agreements with the cognizant range authorities were necessary to allow a
commercial entity access to the ranges for purposes of launching private satellites. In response, the
Air Force developed a “model use agreement” that provided the terms and conditions for commercial use
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of national range assets. (See the U.S. Air Force Model Expendable Launch Vehicle Commercialization
Agreement, January 1988, (Revision), referred to herein as “Air Force Agreement.”)

Nevertheless, progress was slow in developing a commercial launch industry and gaining market share in
internationally competed launch services. Congress held hearings over a two-year period, 1987 and 1988,
regarding obstacles to space launch commercialization and means of facilitating commercialization. U.S.
industry representatives testified to the difficulties of attempting to act as a private commercial industry in
the face of government-backed foreign competition and enormous liability risk that previously had been
managed by the U.S. Government as part of launch services procurement.

Accordingly, a primary focus of congressional concern at the 1988 hearings was appropriate risk
allocation for commercial launches. At the hearings, the point repeatedly made by industry and Congress
was that launch services had, for years, been strictly a governmental function. The government typically
would self-insure its own property and assume its launch liability risk and that of its contractors
(i.e., launch vehicle operators). Under authority provided in Public Law 85-804, the Air Force agreed to
indemnify contractors providing launch services, and the National Aeronautics and Space Administration
(NASA) provided indemnification to its contractors under Section 308 of the Space Act of 1958, as
amended. An insurance market that would address liability and risk to range property and assets existed,
but was of limited capacity. To the extent insurance was available, it was costly and inadequate to cover
the liability exposure of launch operators and their contractors and customers.

Representatives of large and small launch operators testified that they were forced either to “bet the
company” with each launch or decide not to accept the risk and stay out of the commercial launch
business. To further aggravate matters, the newly established commercial launch industry was competing
against foreign suppliers of launch services, such as Arianespace, and the Soviet and Chinese launch
systems, whose governments subsidized launch operations and accepted liability risk on behalf of their
launch providers.

Further compounding the commercial launch industry’s insurance and risk management difficulties was
imposition by the Air Force under its “model use agreement” of third-party liability on the launch
operator. Under the Air Force Agreement, the user, or commercial launch provider, was required to fully
assume third-party liability arising out of use of Air Force ranges, to the extent of the maximum available
insurance, except in the event of intentional misconduct by the government or its contractors. That
agreement required the user to indemnify and hold harmless the government, its contractors, and
associated personnel from any third-party liability arising out of activities under the Air Force Agreement.
Moreover, under the terms of the Air Force Agreement, the United States reserved ‘“the right to pursue
claims or bring appropriate legal action against the user or any other responsible party for its damage or
for liability incurred under U.S. or international law or agreement” (Air Force Agreement, Article IV.c.6).
Hence, commercial launch providers were ultimately responsible for covering the maximum possible
liability that could arise out of their launch activities, whether insurance was available to cover the risk or
not. The Air Force Agreement was later modified to provide that, to the extent insurance was not
sufficient to cover all third-party claims, questions of liability between the parties and responsibility for
paying claims would be left for resolution according to applicable U.S. law.

Legislation was introduced in the House and Senate to address a more equitable means of allocating risk
between the public and private sectors. Hearings were conducted on February 16 and 17, 1988, before the
Subcommittee on Space Science and Applications of the House Committee on Science, Space, and
Technology on H.R. 3765, predecessor legislation to the 1988 Amendments. At the hearing, launch
industry representatives testified to a number of difficulties impeding space launch commercialization,
including concerns over appropriate risk allocation for launch services and the inability of the insurance
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market to respond. Industry representatives testified to the need for a risk allocation scheme, based in
law, that would relieve the commercial launch industry of the risk of potentially catastrophic liability
associated with launch vehicles, or from “betting the company” with each launch. Industry
representatives further raised as an obstacle to commercialization their inability to manage liability risks
in a satisfactory way due to lack of insurance capacity. Lack of government support for the commercial
launch industry’s potential liability was also cited as an impediment to the U.S. industry’s ability to
compete effectively against foreign launch services providers whose governments offered indemnification
to launch customers and other participants. At that time, the commercial launch services market was
dominated by the European Space Agency-backed Arianespace, which had gained the dominant share of
the commercial satellite launch business in the two-year Shuttle stand-down following the 1986
Challenger accident and the lack of an alternative U.S. launch vehicle supply. Demand for launch
services was relatively small, and the small market that existed was dominated by Arianespace launch
vehicles.

The commercial launch industry advocated an allocation of launch risk between private launchers and the
government as a means of alleviating, to varying degrees, obstacles to the launch industry’s ability to
become internationally competitive and viable. Government/industry risk-sharing would allow U.S.
launch operators to compete against foreign suppliers that offer government-backed indemnification,
modeled in large part on the precedent established by NASA in launching commercial payloads on the
Shuttle, according to industry testimony. Under the NASA Program, NASA would require payload
owners to provide the maximum liability insurance available at a reasonable premium and would
indemnify users of Shuttle services in the event of excess liability. Typically, $500 million was required
for a single payload launched on the Shuttle and, where multiple payloads were launched, payload owners
would contribute toward $750 million in coverage. Under authority of the Space Act of 1958, as
amended, Section 308, NASA could indemnify payload owners in the event of excess liability claims. As
part of the arrangement, payload owners were required to enter into cross-waivers of claims against
NASA and other payload owners under which each participant in a Shuttle launch would agree to absorb
its own property damage. The cross-waiver scheme relieved participants from the need to buy liability
insurance to protect against claims for damage to another’s property, thereby relieving further drain on the
limited supply of insurance for space launch.

Provisions of the legislation were actively debated at the hearings. Some representatives of the insurance
community were concerned that limiting liability insurance requirements to $500 million, regardless of
availability of more insurance at reasonable cost, would prevent the insurance market from developing,
place greater burden on the U.S. taxpayer, and provide a disincentive to launch operators to buy more
insurance even if it were available on reasonable price terms.

One witness testified that indemnification had no bearing on international competitiveness but, rather,
must be regarded in a larger context; that is, as part of a package of government support foreign
governments provide to their launch systems. He forecast that, in the long term, international competition
with support of foreign governments would cause U.S. expendable launch vehicles (ELVs) to become
noncompetitive, and this in turn would “necessitate the need for U.S. Government involvement in the
form of subsidization or a change in the private-public sector infrastructure for the provision of
commercial ELV launch services.” '

At the hearings, launch and satellite industry representatives testified that a comprehensive risk allocation
program limiting the amount of insurance that launch operators would be required to purchase would
relieve the strain on the liability insurance market for space launch and allow capacity to grow and

! Testimony of Joel Greenberg, President, Princeton Synergetics, Inc., H.R. Rep. No. 114, 100" Cong., 2d Sess. at 95 (1988).
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eventually respond to market demand. A public/private partnership for equitable sharing of launch risk
would benefit the U.S. Government while relieving launch providers of their concern that they would risk
their companies on each launch, a concern that could lead launch providers to decline to offer commercial
launch services, according to industry statements.

In its submission to the record, the American Institute of Aeronautics and Astronautics (AIAA) identified
the need for a commercially-tolerable approach to allocation of launch liability risks. It suggested that a
risk allocation program prescribing a level of reasonably available commercial insurance based upon an
assessment of risk factors would facilitate and encourage a U.S. commercial space transportation industry,
when coupled with an excess of insurance protection assumed or contained by the U.S. Government,
either through indemnity, a cap on liability, or a combination of government-provided insurance of last
resort and indemnity or a cap on liability for excess claims above the amount of insured risk. (See “U.S.
Commercial Space Transportation Risk Allocation Insurance, an AIAA Position Paper,” January 1988.)

The Administration did not support the risk allocation scheme proposed in H.R. 3765, however. Instead,
the Administration stated that it would propose a cap on non-economic damages, consistent with tort
reform, as a means of relieving the launch industry’s concern over unbounded risk, and would
recommend an insurance pool in place of government indemnification. Critics of the Administration’s
proposal pointed out that insurance pooling would not work for an industry with very few participants
(launch operators) and so few launch events per year (20 to 30 internationally competed commercial
launches predicted as the annual rate for the following 10-year period). House Subcommittee Chairman
Bill Nelson of Florida responded to Administration testimony by stating that tort reform was not within
the jurisdiction of the Committee on Science, Space, and Technology and was too controversial to
successfully address immediate concerns over launch liability.

Shortly thereafter, the Senate held hearings on H.R. 4399, the successor legislation to H.R. 3765,
introduced in the Senate as S. 2395. A hearing on “Commercial Expendable Launch Vehicle Liability”
was conducted before the Subcommittee on Science, Technology, and Space, chaired by
Senator Donald W. Riegle, Jr., of the Committee on Commerce, Science, and Transportation, which was
chaired by the Honorable Ernest F. Hollings. Chairman Hollings’s opening statement expressed deep
concern about foreign competition, but noted a number of issues requiring resolution. The Chairman
stated that he had “serious reservations” about the proposed risk allocation measures in the bill, noting
concern over the national interest in supporting a commercial launch industry and the propriety of
indemnification for the launch industry as distinct from other U.S. industries. He asked whether the
wrong issue was under debate and if the issue should be “whether or not the United States should be
trying to promote a commercial RLV industry when the rest of the world is promoting government-
subsidized launch vehicle industries...,” referring to the French Ariane, Russian Proton, Chinese Long
March, and Japanese H-II launch vehicle systems [S. Hrg. 100-750, 100" Cong., 2d Sess. (1988)].

Once again, the Administration testified against the bill, while the Senate Subcommittee on Science,
Technology, and Space stressed the need to retain U.S. industry leadership in space transportation and
pointed out the uniqueness of the commercial launch industry in terms of risk and risk management.

The launch industry testified that it had entered the commercial launch arena with the expectation that the
government would follow the precedent established by NASA on risk management in terms of an
insurance cap and cross-waivers limiting liability risk exposure. An insurance brokerage concern,
Alexander & Alexander, testified to the difficulties of covering launch liability through private insurance
for several reasons. Space insurance losses were substantial in the late 1980s, and that affected the
willingness of underwriters to accept liability risk for launches. The volatility of the market made it
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difficult to price insurance. And, most importantly, the law of large numbers and the ability to spread risk
that is critical to the provision of insurance did not apply to launches because there were so few events.

1.2.2.2  State of the Insurance Market

Following the Senate hearings on H.R. 4399, the Congressional Research Service issued a report entitled
Insurance and the U.S. Commercial Space Industry, submitted June 20, 1988, updating its 1985 report.
The report was prepared for the Senate Committee on Commerce, Science, and Transportation, chaired by
Senator Hollings. The report echoed a number of themes reflected in the Senate hearings, including
inapplicability of the law of large numbers and inability to adequately spread risk; the volatility of the
insurance market and, hence, premiums; and the potential for government liability and responsibility in
the event of an accident due to its involvement in launch activities.

The report considered a number of options, including risk pooling, such as that used for the nuclear power
industry, and a combination of tiered insurance with a government insurance fund to cover excess
liability. The former option was viewed as undesirable because there were too few launch services
providers to fund the pool. Merely adding subcontractors to the pool could increase launch costs, making
the companies less competitive internationally. The latter option would require further study, but still had
the disadvantage of increasing launch prices and making the U.S. industry less competitive against
foreign launchers.

The report concluded by stating that the issue before Congress was not whether the government should
support the commercial launch industry, citing government involvement in launch operations on a number
of fronts, including the provision of launch property and services, but rather, how much government
involvement would be appropriate. The report did not answer that question, noting that it must be
considered as part of larger policy questions.

1.2.2.3 1988 Amendments to the Commercial Space Launch Act

The 1988 amendments to the CSLA, enacted November 15, 1988, Public Law 100-657, formed the basis
of the three-tiered comprehensive risk allocation regime currently in effect. That regime, as currently
implemented by the FAA in regulations, is described in greater detail below. The amendments retained
the notion of risk-based insurance based upon a determination by DOT of the maximum probable loss
(MPL) to third parties and government property presented by a proposed launch. Over the objection of
some insurance industry members, required third-party liability insurance was capped at the lesser of
$500 million or the maximum available on the world market at reasonable cost. Government property
insurance requirements would be based upon a determination of MPL and limited to the lesser of
$100 million or the maximum available on the world market at reasonable cost. A requirement for
reciprocal waivers of claims among all launch participants, including the government, was added to the
CSLA. Above the required amount of insurance, the 1988 amendments to the CSLA provided for
payment by the government of excess claims. However, unlike other statutory indemnification schemes,
the CSLA provides a mechanism by which Congress may appropriate funds to cover excess liability, up
to a statutorily established ceiling, in response to a compensation plan prepared by DOT and submitted by
the President.

1.2.3 History of Extensions

The 1988 Amendments, as enacted, provided a brief 5-year life span for the newly developed commercial
launch liability risk allocation regime. In response to Administration objections to indemnification, a
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S-year sunset provision (a compromise from an initial 10-year proposal) was added, making it available
only for launches conducted pursuant to an application submitted to DOT by the end of 1993. Thus,
under the 1988 Amendments, claims arising out of a launch conducted pursuant to a license for which an
application had been submitted to and accepted by DOT by the end of December 1993, would be eligible
for indemnification.

In November 1992, the 5-year sunset provision was extended from December 1993 through 1999, by
Section 503 of the NASA Authorization Act for Fiscal Year 1993, Public Law 102-588.

In April 1999, with the next sunset date of December 1999 on the horizon, the House Subcommittee on
Space and Aeronautics of the Committee on Science conducted hearings to address, among other things,
U.S. commercial space launch competitiveness and bases to extend further space launch indemnification
under the CSLA. Inability to report a bill out of conference committee led to a one-year extension of the
sunset provision from December 31, 1999, to December 31, 2000, enacted by Section 433 of H.R. 2684,
the Departments of Veterans Affairs and Housing and Urban Development and Independent Agencies
Appropriations Act, 2000. The following year, the Commercial Space Transportation Competitiveness
Act of 2000 was enacted, providing a multiyear extension of the indemnification sunset provision through
December 2004 and directing DOT to study questions associated with appropriate risk allocation for
commercial space transportation and possible modifications to the existing risk-sharing program.

1.3 Current Liability Risk-Sharing Regime

In 1998, the FAA issued final rules, codified at 14 CFR 440, implementing the statutory three-tiered
liability risk-sharing regime for licensed launches set forth in the CSLA, as amended in 1988. (See
63 FR 45592-45625, issued August 26, 1998.) On September 19, 2000, the FAA issued comparable
requirements, codified at 14 CFR 450, for licensed reentries, including reentry of an RLV, although an
application had not yet been submitted seeking a license to conduct a reentry. (See 65 FR 56670-56705.)

Under the CSLA and as reflected in 14 CFR 440, the first tier or most probable risk of loss is covered by
insurance obtained by a launch licensee. The licensee is directed by the FAA to obtain the lesser of up to
$500 million of insurance or other demonstration of financial responsibility, as determined by the FAA,
or the maximum liability insurance available on the world market at reasonable cost if the FAA-
established amount is not otherwise available. The amount of insurance prescribed by the FAA is based
upon its determination of the maximum probable loss, or MPL, for covered third-party claims for bodily
injury or property damage resulting from licensed activities in connection with any particular launch or
reentry. Covered third-party claims are those of persons or entities not participating in the licensed
activity, except that claims by government and government contractor employees are also covered third-
party claims. Claims of employees of other launch participants are not covered third-party claims and are
the responsibility of their employer, as explained below. Insurance obtained by the licensee must cover as
additional insureds the licensee, its customer, the United States and its agencies, and the contractors and
subcontractors of each of them, involved in launch services.

Government range property must be covered by insurance or other demonstration of financial
responsibility up to the lesser of $100 million or the maximum available on the world market at
reasonable cost. The amount of insurance prescribed by the FAA is based upon its determination of the
MPL for covered property resulting from licensed activities in connection with any particular launch or
reentry. Covered property includes all property owned, leased, or occupied by, or within the care,
custody, or control of, the United States, its agencies, contractors, and subcontractors, involved in
licensed launch or reentry activities at a federal launch range. For purposes of allocating risk, government
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property located off the federal launch range is regarded as other third-party property and must be covered
by the licensee’s liability insurance. The government waives any claims it may have for damage or loss
to government range property above the required amount of insurance for that property.

MPL is defined in 14 CFR 440 to mean the greatest dollar amount of loss for bodily injury or property
damage that is reasonably expected to result from licensed launch activities. The regulations establish
probability thresholds on the order of 1 in 10 million that losses to third parties (other than government
personnel) will exceed the required amount of liability insurance and on the order of 1 in 100,000 that
losses to government property on a federal launch range will exceed the required amount of property
insurance. The difference in thresholds reflects the government’s acceptance of greater risk in supporting
launch activities than that accepted by the uninvolved public.

In the rulemaking proposal for launch financial responsibility, issued July 25, 1996 (see 61 FR 38992-
39021), the FAA explained in significant detail its methodology and assumptions used to determine MPL
and associated financial responsibility requirements for licensed launches and to assess and allocate
launch risk among launch participants. The analyses are specific to the type or model of launch vehicle
and launch site, taking into account property and population at and surrounding a particular launch site.
The FAA uses conservative assumptions in its analyses in estimating the number of casualties in the event
of a launch accident and the percent of loss to infrastructure at a launch site. The FAA assigns a value of
$3 million per fatality and does not consider consequential damages, such as loss of use or lost profits.

Launch participants are required to enter into no fault, no subrogation reciprocal waivers of claims under
which each party to the agreement agrees to accept the risk of damage or loss to its property and agrees to
waive and release claims against the other parties to the agreement for property damage or loss. Launch
participants must also agree to assume financial responsibility for covering claims of their employees
against other launch participants for injury, damage, or loss. Under 14 CFR 440, the FAA requires that
launch or reentry licensees execute reciprocal waiver of claims agreements with their customers and the
U.S. Government under which each party passes on the responsibility of the waiver of claims agreement
to its contractors and subcontractors by requiring that they enter into like agreements.

Reciprocal waivers of claims are a critical element of risk management because they relieve each
participant in a launch from liability to the other participants and from the threat of costly litigation in the
event their activity or property causes damage or injury to property or employees of the other launch
participants. The only exception from the waiver of claims agreement is in the event of a party’s willful
misconduct. Launch participants may insure or self-insure their own property, such as the launch vehicle
or spacecraft, but, by virtue of the reciprocal waivers, do not require liability insurance to protect
themselves from claims of other launch participants. And, because the licensee’s liability insurance must
cover all launch participants as additional insureds, launch participants do not need to obtain separate
liability coverage for claims that result directly from the licensed launch. In this manner, component
suppliers, such as rocket motor and other parts manufacturers, who might otherwise be reluctant to
participate in licensed activity, are covered for liability exposure resulting from a licensed launch. By
avoiding the need for multiple insurance coverage for claims arising out of the same launch event, and by
minimizing the risk of interparty litigation, launch costs are contained and insurance capacity is assured.

Above the amount of liability insurance the FAA prescribes in a license order, the CSLA payment of
excess claim provisions, or indemnification, provides a mechanism for Congress to appropriate funds to
pay successful covered claims of third parties against launch participants up to a statutorily established
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ceiling of $1.5 billion’, subject to post-1988 inflation. This amount represents the second tier of the three-
tiered risk allocation regime. The CSLA prescribes detailed procedures for congressional consideration
and approval of legislative authority providing for claims payment in response to a compensation plan
prepared by DOT and submitted to Congress by the President.

Above the combined amount of required insurance plus appropriated indemnification, the third and last
tier of risk, responsibility for covering claims belongs to the legally liable party. By regulation, the FAA
does not relieve the licensee of the government’s responsibility, including that arising under international
law, for satisfying claims in excess of the combined amount of insurance plus indemnification, the third
risk tier, unless the licensee has no legal liability for the claim.

Payment of excess claims under the CSLA also extends to third-party liability, where insurance is not
available to cover a successful claim because of an insurance policy exclusion determined usual for the
type of insurance involved. Under 14 CFR 440, the FAA does not make an advance determination that an
exclusion is usual, but places responsibility upon the licensee for obtaining insurance, if it is
commercially available at reasonable cost. For the FAA to support a claim for indemnification under
those circumstances, the FAA requires a certification of the licensee, at the time of submission of
evidence of compliance with the license, that insurance covering the excluded risk is not commercially
available at reasonable cost. Where coverage is not available because of a usual insurance exclusion,
government indemnification applies from the first dollar of loss.

14 Organization of This Report

This report consists of 12 chapters and 6 appendices, which have been designed to fully respond to the
requirements set forth in the Space Competitiveness Act. Chapter 1 presents the history, basis, and an
explanation of the current liability risk-sharing regime in the United States for commercial space
transportation. Chapter 2 presents information sources, limitations, and boundaries for the study and the
methodology used in analyses presented in this report. Chapters 3, 4, 5, 6, 7, 8, and 9 each address one of
the seven issues or elements specified in the Space Competitiveness Act and mandated by Congress for
this study. Chapter 10 presents a summary, findings, and recommended options as a result of the
analyses, study, evaluation, and assessments in the previous chapters. Acronyms and a glossary are
included in Chapters 11 and 12, respectively. Appendix A summarizes all public comments received
through meetings, Internet sites, and submissions to the FAA docket. Federal agency views and
recommendations are presented in Appendix B. The Commercial Space Transportation Advisory
Committee (COMSTAC) report on the current liability risk-sharing regime is presented in Appendix C.
Appendix D describes, as a result of interviews with key insurance brokers and underwriters, the
commercial space launch liability insurance market. Appendix E describes the history of U.S.
Government support of the commercial aviation, semiconductor, and commercial nuclear power
industries, respectively. Appendix F presents the effects of the events of September 11, 2001, on civil
aviation liability and the commercial airline insurance industry, and discusses correlating commercial
space transportation liability risk-sharing impacts.

2 The inflation adjusted amount is computed as $2.2 billion in 2001 dollars, but would be subject to further changes in inflation
rates and assessed at the appropriate time as needed. Due to fluctuation and variations in inflation rates, the report relies upon the
statutory construct of $1.5 billion subject to post-1988 inflation.
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Chapter 2
Scope of Study and Analyses

Chapter 2 delineates the sources of data used for this report, along with the boundaries and
limitations describing its scope. The methodology used in preparing the report is also presented
in this chapter.

2.1 Introduction

This chapter provides a description of the sources of information and data, limitations and boundaries,
and methodology that were used in developing this report.

2.2  Data and Information Sources

Information provided in this report is based on the following sources:

e Federal Aviation Administration (FAA)/Office of Associate Administrator for Commercial Space
Transportation regulations on commercial space transportation

e Congressional hearings on the Commercial Space Launch Act and amendments

e Virtual and in-person public meetings

e  Written public comments to the docket [Docket Number FAA-2001-9119]

e Consultation with federal agencies

e Consultation with aviation and launch liability insurance brokers and underwriters

e Consultation with satellite manufacturers who are major commercial launch customers
e Consultation with foreign launch services providers

e International treaties and law

e Law review articles and treatises, as well as a review of potentially relevant case law

e Documentation, reports, and studies (government and private)

e Economic analyses
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23 Limitations and Boundaries of Study and Analyses

The study and analyses presented in this report were prepared within certain specified and practical
limitations and boundaries. Most of these limitations and boundaries were necessitated by the nature and
history of the worldwide commercial space transportation and insurance business areas. Until enactment
of the Commercial Space Launch Act of 1984 and its subsequent amendments, the 1986 Challenger
accident, and establishment of the National Space Policy in 1988, as well as commercial space launch
agreements executed with Russia, China, and Ukraine in the early 1990s, commercial satellite owners and
operators relied primarily on the National Aeronautics and Space Administration (NASA) for most launch
services. The commercial space transportation industry is continuously evolving as new launch vehicles
are introduced, states consider the development of new commercial spaceports, and other countries are
developing space launch capability. The following delineates major limitations and boundaries for this
report.

e Although U.S. Government statistical data regarding commercial space launch market conditions
have been compiled prior to 1996 (including some data related to government policy, negotiated
memoranda of understanding regarding U.S. and foreign launch market conditions and payload
markets), the data compiled and published since 1996 are more complete.

e Launch operators, insurance brokers, and insurance underwriters will not divulge proprietary data
such as costs, due to the highly competitive nature of this business area.

e This report recognizes the difficulty of considering the impacts of one facet of government support
for a commercial industry in isolation, with the understanding that governments provide a range of
support in the form of economic enhancement or incentives (such as tax and investment credits),
research and development, and infrastructure. This report examines one element, public/private risk
sharing, with due regard for difficulties of isolating its effects on international competitiveness.

e Much of the information evaluated in this study, specifically that addressing insurance market
capacity and underwriting of launch liability risk, was gathered and evaluated prior to the tragic
events of September 11, 2001. Appendix F was prepared following September 11, to assess its
effects on insurance, risk allocation, and cost. That situation continues to evolve, and future
reexamination of its effects may be appropriate once stability is reintroduced into the insurance
market.

e The availability, content, and language translation of foreign laws regarding commercial space launch
risk sharing, as well as variations in legal regimes in terms of victim compensation, limits the amount
and detail of information that can be obtained in some cases.

e Third-party losses due to commercial space transportation accidents have been limited to several
historical events, in China and Kazakhstan, which cannot be extrapolated to other countries’ legal
systems.

e Reusable launch vehicles (RLVs), with the exception of the Space Shuttle (which is not a true RLV),
are still in the conceptual and developmental stage and have not yet been proven viable nor licensed
for actual space transportation.

Within the context of the aforementioned limitations and boundaries, this report fully responds to all the

issues delineated in the multi-faceted study mandated by the Commercial Space Transportation
Competitiveness Act of 2000 (the Space Competitiveness Act).
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2.4  Methodology for Acquisition of Information and Public and Federal Agency Views

The FAA conducted extensive research and analysis regarding report elements directed for study by
Congress. Results appear in Chapters 3 through 10 of this report. Also, as required by the Space
Competitiveness Act, the FAA published a notice of public meeting in the Commerce Business Daily and
the Federal Register (66 FR 15520) on March 19, 2001, announcing a public meeting to be held
April 25, 2001, at FAA offices in Washington, D.C. The purpose of the meeting was to address current
liability and risk sharing for commercial space launch and reentry activities and to solicit public views
and comments. At issue was whether the government should continue to share the risk of liability for
commercial launches in the unlikely event of an accident or should consider changes to existing law.
Participants included representatives of the commercial launch industry, space insurance brokers, and
state-sponsored commercial spaceports. Attendees were encouraged to provide their comments on the
Department of Transportation electronic docket website (http://dms.dot.gov). In addition, two virtual
public meetings on the Internet were conducted for those unable to travel to Washington, D.C., posing
specific questions for public response. The comments and views provided by the public and to the docket
are summarized in Appendix A. The first virtual public meeting was conducted from April 27, 2001 to
May 11, 2001. The second virtual public meeting, pursuant to notice in the Federal Register (66 FR
39545, issued July 31, 2001) was conducted September 4 through 14, 2001, and, due to the events of
September 11, was subsequently extended through September 28, 2001.

In addition to soliciting public views, Congress also directed that this report present views of interested
federal agencies, including NASA, the Department of Defense, and the Office of Space
Commercialization of the Department of Commerce, in addition to the FAA. Other interested agencies
involved in the preparation of this report or in research for its development include the Department of
Treasury, the Federal Communications Commission (an independent agency), the Nuclear Regulatory
Commission, the Department of Justice, and the Department of State.

Agency views and recommendations are provided in Appendix B. The final report of the Commercial

Space Transportation Advisory Committee (COMSTAC), prepared in response to a request from the FAA
Associate Administrator for Commercial Space Transportation, is presented in Appendix C.
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Chapter 3
Analysis of Adequacy, Propriety,
Effectiveness, and Need

Chapter 3 presents the study and analysis of the adequacy, propriety, effectiveness, and need for
the current liability risk-sharing regime for U.S. commercial space transportation. This analysis
includes such elements as adequacy of coverage; international obligations of the United States;
international competitiveness; industry analogues; safety implications; insurance market
development, volatility, and fluctuations; limits on inter-party litigation; industry ‘“maturity”
metrics; and possible transition factors.

3.1 Introduction

In 1988, the U.S. Congress amended the Commercial Space Launch Act of 1984 (CSLA) to establish
public-private risk allocation measures for commercial launches. Provisions include a mechanism for
payment by the U.S. Government, generally known as indemnification, of claims of third parties for
injury, damage, or loss against space launch operators and participants, including customers and
component suppliers, that exceed required amounts of insurance. Provisions also include the
government’s waiver of property damage claims in excess of required insurance, in addition to risk-based
insurance requirements and reciprocal waivers of claims among launch participants, as explained in
greater detail in Chapter 1. The risk-sharing and indemnification regime has been extended several times
since its enactment in 1988. In the most recent extension of the provision, the Commercial Space
Transportation Competitiveness Act of 2000 (the Space Competitiveness Act), Congress directed that the
program be evaluated with respect to several key issues that have characterized public debate.

Issue 1 of the Space Competitiveness Act states, “analyze the adequacy, propriety, and effectiveness of,
and the need for, the current liability risk-sharing regime in the United States for commercial space
transportation.” This chapter presents the results of an analysis of adequacy, propriety, and effectiveness
of, and need for, the current U.S. Government risk-sharing regime for commercial space transportation.
For purposes of this analysis, the following considerations will be addressed, as appropriate:

e Coverage for third-party/victim compensation

e  Coverage for government property

e  U.S. launch industry competitiveness

e Protection of the American taxpayer

e International obligations of the United States
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It should be noted that it is difficult to assess, in isolation, the effects of liability risk-sharing and
indemnification, and its operation, on international competitiveness. The launch business is a complex
one, and launch customers decide where and which launch services to use based on many different
factors. Indemnification must be considered in the context of these other factors, some of which are
discussed in depth in the following analysis.

3.2 Adequacy
3.2.1 Definition and Associated Issues

Assessing the adequacy of the current liability risk-sharing regime focuses largely on the extent to which
the provisions have met their stipulated objectives of catastrophic loss protection and facilitating
competitiveness of the U.S. launch industry in the international space transportation market. The impacts
of the regime on U.S. Government treaty obligations are briefly considered while more elaborate analysis
is deferred to Chapter 6. Detailed discussion of international competitiveness is deferred to Section 3.5.6.

3.2.2 Coverage for Third-Party Claims and Government Property Loss/Damage:
Adequacy of Risk-Based Financial Responsibility

The CSLA uses a three-tiered approach to liability and risk management' for licensed launch activities, as
previously explained in Chapter 1. The first tier of risk, which has the greatest likelihood of occurrence,
is covered by insurance or other demonstration of financial responsibility that a licensee (launch operator)
must demonstrate as a condition of launch authorization. All launch participants, including the U.S.
Government, are covered as additional insureds under the licensee’s launch liability coverage against
claims by a third party for bodily injury or property damage resulting from licensed launch activities.
Third parties include individuals not involved in the launch process, as well as government personnel
involved in the launch process. Insurance requirements are established by the Federal Aviation
Administration (FAA) based on a probabilistic assessment of the risk presented by a specific launch
proposal, taking into account the launch vehicle and its capability, vehicle performance (failure
probabilities), the payload, launch location, and proximity to populations and other property. Maximum
probable loss (MPL) analysis yields, in dollar amount, the greatest potential losses for bodily injury and
property damage that could reasonably be expected to result from a launch accident. The probability that
liability for third-party claims would exceed the MPL amount is about 1 in 10 million.

The CSLA limits required insurance for third-party claims for bodily injury and property damage to
$500 million, or the maximum available at reasonable cost if less than $500 million. Coverage for
government range property is determined using MPL methodology and is limited to $100 million or the
maximum available at reasonable cost if less than $100 million. The probability that government
property damage would exceed the MPL amount is about 1 in 100,000. The difference in risk thresholds
used reflects the government’s acceptance of greater risk when its launch property is used to directly
support a launch campaign, consistent with U.S. national space policy. The current MPL values range up
to $261 million for third-party losses resulting from launch vehicle flight and up to about $80 million for
U.S. Government property damage. Based on conservative assumptions utilized in performing MPL
analyses, the chances of claims exceeding required amounts of financial responsibility, and therefore
being eligible for indemnification, are quite small.

! For purposes of insurance and risk management, characteristics or considerations that may be used in defining risk include the
probability of occurrence of an undesirable event and the potential severity of loss.
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3.2.3 Impact on U.S. Government Treaty Obligations

As discussed in further detail in Chapter 6, the United States is a State Party to the Treaty on Principles
Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and
Other Celestial Bodies (the “Outer Space Treaty”). Under the Outer Space Treaty, a State Party that
launches or procures the launching of an object into outer space and each State Party from whose territory
or facility an object is launched, is internationally liable for damage to another State Party or its persons
caused by an object launched into outer space. (Outer Space Treaty, Article VII). In addition, the United
States is a signatory to the 1972 Convention on International Liability for Damage Caused by Space
Objects (Liability Convention). As such, the United States bears absolute liability for damage on the
surface of the earth or to aircraft in flight resulting from a launch when the United States is a launching
State (Liability Convention, Article II).

By setting insurance requirements on the basis of MPL, as directed by the CSLA, the government is
essentially making a risk estimate that its potential liability under the Outer Space Treaty and Liability
Convention will be covered by MPL-based insurance requirements. The MPL is structured so that the
risk estimate of government indemnification obligations is no greater than 1 in 10 million (a probability
of 0.0000001). Put another way, the government might expect to incur a substantial liability obligation
under the CSLA at a likelihood more remote than 1 in every 10 million commercial launches. Even if the
number of commercial space launches increased exponentially, as some visionaries have predicted,
commercial space launches from the United States might occur for hundreds of years without exceeding
the estimated MPL, although it cannot be said with certainty that damage of this magnitude will not occur
tomorrow. Balancing that risk with the benefit of preserving the competitiveness and viability of the U.S.
commercial space launch industry, it would appear the current risk-sharing regime is adequate.

To date, there have been no claims for third-party liability resulting from a U.S.-licensed commercial
launch, much less any exceeding required insurance. In fact, the government is aware of no claims of
third-party liability having been presented against the required coverage. Coverage required by the CSLA
to protect potential governmental liability up to the insured amount is essentially provided at no cost to
the government or to U.S. taxpayers, who might be the ultimate cost bearers in the event of a catastrophic
accident.

3.2.4 International Competitiveness

States that are parties to the Liability Convention are absolutely liable when they are a launching State for
damage caused by its space object on the surface of the Earth or to aircraft in flight. To cover the liability
exposure of governments resulting from launches they conduct or procure or that are conducted from their
national territory or facilities, governments generally require a launch operator to provide some level of
first-tier insurance or demonstration of financial responsibility. This level varies, however. For example,
for launches from French Guiana, Arianespace requires insurance, as a condition of a launch contract with
its customer, to protect Arianespace and its customer in the event of third-party claims. Additional
insureds include the French Government and other parties to the launch. Insurance is required in the
amount of 400 million French francs, or approximately $53 million (2001 dollars); Arianespace agrees to
protect its customers against all damages above that figure. By way of contrast, the United States
calculates the level of MPL for specific launches and requires demonstration of financial responsibility up
to that point (or up to $500 million, whichever is less) and provides a mechanism whereby Congress may
appropriate up to $1.5 billion (as adjusted for post-1988 inflation) covering excess liability.

In terms of assessing international competitiveness, it is difficult to determine whether and to what extent
the risk allocation regime in the United States is “adequate” compared to that of other nations because so
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many factors influence competitiveness and a customer’s selection of launch provider. If adequacy is
defined in terms of ability of U.S. launch services providers to compete against international competitors,
in the face of more advantageous management of customer liability, it would appear that the current risk-
sharing regime is adequate. However, it remains true that other governments offer more comprehensive
and advantageous coverage for customers and contractors than that provided under the current regime of
the CSLA. To some extent, the existence of the U.S. regime offsets or “neutralizes” the advantages
offered by other governmental programs. It is speculative to quantify shifts in international market share
that may result from shifting additional financial or liability risk from the government to commercial
launch providers and their customers for U.S. licensed launches. However, it is reasonable to anticipate
market reactions to increased cost, risk, uncertainty, and liability exposure, particularly under current
market conditions of large supply and low demand for launch services.

33 Propriety
3.3.1 Definition and Issues

Propriety is interpreted to address whether maintaining the current liability risk-sharing regime appears to
be appropriate as a continued role for the government—a fundamental point of public discussion when
private markets may exist to satisfactorily fulfill this role. Private markets could be insurance markets,
privately established and managed trust funds, or private secondary pools of financial assurance, for
instance—options discussed in Chapter 9 of this report.

3.3.2 Appropriateness of Government ‘“Indemnification” of Commercial Space
Transportation

Section 3.3.3 and Chapter 5 of this report discuss a variety of precedents cited to support the government's
role in commercial space launch indemnification, as well as examples of “dangerous and risky activity”
potentially affecting human health and safety for which the government does not indemnify. For
example, the U.S. Government does not indemnify industries that may impose environmental, health, or
natural resource damages by way of waterborne vessels carrying oil or hazardous substances, offshore
facilities used for oil exploration and drilling, underground storage tanks and injection wells, and surface
coal mining operations (reclamation).

In many of these cases, financial assurance, or the satisfactory demonstration of ability to meet mandated
financial responsibility requirements, is a common component of the assignment of liability under U.S.
law governing these activities (Boyd 2001). Private insurance and capital markets, rather than the Federal
Government are relied upon for performance bonds and other demonstrations of financial qualification.
In most (but not all) cases, however, the government plays a role in setting various insurance limits, much
in the way that the FAA/Office of the Associate Administrator for Commercial Space Transportation
requires insurance for space transportation launch providers.”

In terms of precedent, although not necessarily cost-effectiveness of the investment, the Federal
Government has subsidized transportation systems in the United States in an attempt to encourage growth
of the commercial sector by reducing financial risks. The United States effectively subsidized the
transcontinental rail system through land grants. Government intervention in aviation included federal
support for research and development (R&D) of aircraft technology and economic subsidization and

2 These cases are discussed in detail in “Financial Assurance Rules and Natural Resource Damage Liability: A Working
Marriage” (Boyd 2001).
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regulation of passenger airlines, including airmail contracts to commercial airlines. However, the U.S.
Government has avoided direct intervention in the development and production of commercial aircraft.

3.3.3 Industry Analogues: Comparison to Other Government-Subsidized or -Supported
Industries

A challenge in using analogies to support or question the government's role in launch liability risk-sharing
is that such precedents may not be fully analogous with commercial space transportation, its current
liability risk-sharing regime, and changes in insurance markets and space transportation since the late
1980s. Distinguishing characteristics of commercial space transportation considered important for
making relevant analogies include:

e Government support has been justified on the basis of U.S. national interests, including a
relationship among commercial, civil, and national security objectives of insured and low-cost
access to space.

e Government intervention includes limited assumption of third-party risks.

e Government intervention includes providing facilities and support directly related to safety
performance in the form of space launch range and testing facility operation and range safety
oversight and responsibility on federal ranges.

e The industry involves potentially high third-party risk.

e Prior to enactment of the CSLA, space transportation was conducted by the government or under
government contracts with provision for contractor indemnification in the event of a high
consequence accident.

e The industry involves emerging and evolving transportation and technologies.

e The industry competes internationally for a share of the limited demand for launch services against
foreign competition, including heavily government-supported foreign competition.

e The industry involves R&D efforts that may justify government support if the benefits from the
R&D are nonappropriable—that is, if there are technology spillovers from nonpatentable results,
from industrywide learning-by-doing, or industrywide learning about costs.

Several analogous industries within the collective spirit of these characteristics were chosen for review.
Other industries receiving direct or indirect government support (agriculture, higher education, etc.) were
excluded. Ideally, focus would be on commercial markets, but space transportation overlaps both
commercial activity and government-contracted activity.

Chapter 5 of this report discusses the risk and insurance aspects of several other industrial sectors. In
general, little precedent is found for a regime that fully matches the current liability risk-sharing regime
for commercial space transportation.

For example, in the case of nuclear power generation (discussed in greater detail in Section 5.3.2),
amendments to the 1957 Price-Anderson Act, which provided government indemnification, have, since
1975, required the industry to evolve a self-funded secondary insurance pool. The primary and secondary
insurance capacity is now far greater than that set originally by the Price-Anderson Act. Should the

3-5



Chapter 3 — Analysis of Adequacy, Propriety, Effectiveness, and Need
-

claims exceed the available primary and secondary insurance capacity, the Price-Anderson Act includes a
provision for Congress to “...provide full and prompt compensation to the public for all public liability
claims resulting from a disaster of such magnitude,” which is specified in 42 U.S.C. 2210 Section 170(e).

In the case of chemical industry environmental damages (discussed in greater detail in Section 5.3.3), the
U.S. Government specifies financial assurance amounts that must be demonstrated for material-handling
facility (including vessels carrying hazardous waste and most onshore and offshore facilities) operator
licensing. These liabilities pertain to natural resource and environmental damages. Owners/operators are
held financially liable for amounts exceeding these limits. In addition, funds financed by per-unit
environmental taxes on facilities are made available to cover damages after all attempts have been made
to recover costs from the owner/operator. These include the Superfund (for hazardous materials) and the
Oil Spill Liability Trust Fund. Since 1995, the Superfund is no longer funded by the tax, but instead by
cost recovery (including penalties and fines), investment income, and appropriations by Congress.

A key principle from federal support of transportation technology is the challenge of “pushing on a
string.” Federal subsidies to fund mass transit infrastructure, for example, affect the supply of, but not the
demand for, mass transit, and the public continues to prefer independent auto travel to mass transit
alternatives. Similarly, in the case of space transportation, federal funding of launch R&D may be less
effective than finding ways to encourage demand for access to space. In addition, recent study has also
suggested that federal support of capital costs for transit development biases localities toward investment
in capital-intensive facilities with high operating costs (Li and Wachs 2001). While this principle may
not be directly related to indemnification, it does pertain to the larger context of the health of the space
transportation industry and, thus indirectly, to federal intervention by way of indemnification or other
policies to make it more competitive. The distortion of capital versus operations also illustrates the type
of bias that federal involvement can create, perhaps unintentionally, in the launch market. In the case of
space launch, an example of this bias may arise in incentives for the private sector to undertake safety-
related R&D. (This is mentioned in Section 9.2.2.3 of this report under “Catastrophe Bonds.”) The
concern is that if commercial launch operators do not fully bear the costs of the safety procedures now in
place at federal ranges, the operators may have less incentive to invest scarce R&D money into risk-
mitigating designs. If commercial launches bear the full cost of safety, there may be greater incentives to
invest in safety-related R&D. Although practical experience within the U.S. commercial launch industry
has led to a consistent safety track record, it seems that the government risk-sharing regime’s influence on
safety innovation has been minimal. (See discussion in Section 3.3.4.)

The role of government in supporting R&D, testing, safety regulation, and infrastructure development for
the commercial aviation and semiconductor industries in large part underlies these industries’ success,
especially regarding supply. In the case of the commercial aviation industry, many experts claim that
Lindbergh's flight across the Atlantic seemed to ignite the demand for passenger airlines much more
effectively than any government program of the time (Rose 1986). Government efforts in establishing the
Air Commerce Act of 1926 and later the Civil Aeronautics Act of 1938, were the cornerstone of Federal
Government regulations enacted at the urging of the aviation industry to maintain safety standards and
nurture the financially shaky airline industry. The airline industry is also responsible for its success.
Even though the government boosted demand for commercial airlines through airmail subsidies, a
substantial share of passenger transport was carried by airlines without airmail contracts. Appendix E
contains additional information about the development of the commercial aviation industry, as well as the
semiconductor industry in light of government support.

Government efforts in bolstering a flagging industry also offer some insights into the difficulty of
rationalizing and ensuring successful government industrial support. In 1994, Congress enacted the
General Aviation Revitalization Act (GARA) of 1994, Public Law 103-298, in an effort to help the U.S.
light aircraft industry by providing a statute of repose for product liability suits related to light aircraft
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(typically used for training, personal use, and for small businesses). At the time of enactment, domestic
production of small piston-driven aircraft had fallen to just 5 percent of the levels of previous decades.
The industry cited the potential for huge liability exposure as the result of product liability suits filed
against aircraft manufacturers and held that, absent some legislative protection, the industry could vanish
altogether. The aircraft industry has generally held up GARA as an unqualified success, citing the
creation of 25,000 new jobs and production levels 100 percent higher than pre-enactment levels
(GAMA 2001). Detractors of GARA and of limitations on product liability generally have argued that
the enactment of the GARA limitations has had little or nothing to do with the resurgence of the light
aircraft industry. A consumer advocacy group asserts in a fact sheet that “product liability was not the
industry’s problem in the first place” (PC 2001). Opponents cite independent economic factors, such as
the cyclical nature of the industry, limited demand, and even the manufacture of superior aircraft (making
used aircraft attractive alternatives to new planes) as reasons the industry was in decline. Commentors
also dispute as “artificial” the figures cited by the industry that liability insurance cost industry from
$70,000 to $100,000 per new aircraft sold (Tarry and Truitt 1995) and note that, during several of the
supposed years of crisis, aircraft companies such as Beech and Cessna posted record profits, primarily
due to their increasing market share in the lucrative small turboprop and jet markets (Anton 1998).

The domestic general aviation industry, enactment of GARA, and the resulting market responses offer
limited analogies in considering potential alternative liability regimes for the commercial space
transportation industry. First, GARA’s statute of repose may offer some consumer protection under the
theory that if a plane does not malfunction and crash after 19 years, subsequent failure is not likely to
have been caused by some defect in manufacture, but by some other cause (such as negligence). This
assumption continues to be hotly debated. The commercial space transportation launch business as
currently configured would have a much smaller “window of liability,” that is, the potential liability
resulting from launch would likely manifest itself within minutes of ignition, or at most days, or, for
reusable launch vehicles (RLVs), during reentry. Second, the limitations of GARA seem to be directed
toward passengers, whether paying or not, and not toward uninvolved third parties such as victims of
ground damages. Were a launch accident to cause injury and damage to uninvolved third parties, they
would be able to make the same compelling argument that, as involuntary and innocent participants in the
event, they should not be limited in legal options for recovering for their loss.

In the case of the semiconductor industry, the Federal Government enacted Public Law 100-418, the
Omnibus Trade and Competitive Act, providing government matching funds for R&D and manufacturing
base upgrades to the semiconductor industry, as well as expanding R&D at various research centers
among selected universities. Government funds, in conjunction with restructuring and retooling of the
manufacturing base, resulted in U.S. semiconductor manufacturing regaining the international market
competitiveness lost in 1985.

The complex mix of policy intervention and the role of commercial demand may be seen in the prosperity
of the commercial aviation and semiconductor industries. Appendix E of this report offers more
extensive discussion of U.S. Government support of these industries. Indemnification, prior to
September 11, 2001, was not deemed necessary for commercial aviation because of its relatively high
number of aircraft, flights, passenger miles and revenue generating capacity as compared to commercial
space transportation.

3.3.4 Launch Safety

The direct impact of the current liability risk-sharing regime on launch safety design and implementation
is minimal. Indirectly, strong safety programs at federal launch ranges have helped keep third-party
insurance rates from escalating. At the primary launch sites used for commercial launches—Vandenberg
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Air Force Base and Cape Canaveral Air Force Station—there are stringent federal launch and range safety
procedures that must be followed by government and commercial launch providers. At times, the safety
community is even accused of being too intrusive in the design and acceptance of launch vehicles,
command destruct systems, fueling activities, and associated operations. There are detailed safety
regulations (e.g., Air Force 127-1 series) that establish safety criteria. When taken as a whole, launch
safety operations are imposed externally by the safety community and executed internally by commercial
launch providers to ensure success rates are competitive. Both underpin future business opportunities and
competitiveness.

Launch and range safety activities at federal launch ranges include detailed inspections, certifications, and
quality-control oversight of vehicle designs, hardware operations, and launch management. Safety rules
are in effect as soon as hardware and personnel arrive at the launch base and remain in force until the
launch team departs. Safety accountability is a federal responsibility under the long-standing charge of
providing security and public safety during hazardous operations. Commercial spaceports located on
federal launch ranges (Spaceport Florida Authority, the California Space Authority, and Virginia Space
Flight Center) comply with federal—U.S. Air Force or NASA—safety requirements.

Commercial spaceports not located on federal launch ranges (Alaska and potentially state-owned inland
commercial spaceports) may not have to comply with extant federal launch range standards and
procedures. However, there will be basic safety requirements established by the FAA for launch vehicle
operations (e.g., 14 CFR 417), and responsibility will fall on the site operator to protect public safety by
restricting access.

3.3.5 International Competitiveness

As stated earlier, States that are parties to the Liability Convention are absolutely liable when they are a
launching State for damage caused by its space object on the surface of the Earth or to aircraft in flight.
As to the propriety of the existing domestic liability risk-sharing regime, it would appear the current
regime is “proper” in the sense that the basic approach of victim compensation and adherence to treaty
obligations is comparable to that of other nations engaged in similar activities, at least in terms of the
maximum probable liability exposure.

It does not appear that the differences between the third-party liability regime in the United States and in
other nations, by themselves, are having a substantial adverse impact on international competitiveness of
the domestic commercial space launch industry. One might argue a compensation regime is improper if
its existence is due to excessive or improperly placed costs. Insurance costs for launches are substantial,
but the bulk of this expense comes from underwriting the payload and not on potential third-party
liability. The levels of financial responsibility required by the FAA reflect the monetary value that juries
and courts in tort claim cases tend to place on human life, as well as larger numbers of people and higher
valuation of property exposed to risk for launches from U.S. territory. While some MPL calculations may
be higher than those of comparable launches by other countries, many factors may come into play,
including, possibly, less willingness by the government (and by extension, the taxpayer) to assume risks
that could be borne by the companies engaging in the activity giving rise to the risk. Some developing
countries have legal systems that can result in relatively lower financial compensation for victims when
launches go awry—the 1995 incident in Xichang, China, which resulted in deaths and injuries to third
parties, is one example.
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34 Effectiveness
3.4.1 Definition and Issues

Assessment of the current liability risk-sharing regime in terms of its effectiveness addresses its role in
loss protection and international competitiveness. This section discusses protection against third-party
claims, cross-waiver provisions among launch participants that limit litigation, safety implications, and
the extent to which the capacity of the insurance market has developed during implementation of the
current regime. A more elaborate discussion of international competitiveness, a factor critical to
assessment of effectiveness, is deferred to Section 3.5.6, and additional discussion of U.S. market share is
presented in Section 3.5.

3.4.2 Protection Against Third-Party Claims and Government Property Damage

Under the CSLA, the FAA establishes risk-based insurance requirements covering potential damage,
injury or loss to third parties and government range property. To date, third-party claims and damage to
facilities and other range property owned by the government have been insubstantial. The current regime,
in combination with range safety oversight and federal regulation, has been effective in affording
adequate protection to the public. The FAA is proposing uniform safety standards at nonfederal launch
sites, including spaceports, consistent with those at federal launch sites, to minimize the possibility of a
catastrophic occurrence in an increasingly commercial realm.

3.4.3 Cross-Waiver of Claims Provisions—Limits on Litigation

Given range safety standards and practices, a party suffering injury resulting from a commercial launch is
more likely to be a participant in the launch than an uninvolved third party (an innocent bystander).
Claims and litigation among launch participants have occurred in the past, typically where a launch has
failed and a valuable payload was destroyed. By requiring cross-waivers of liability claims for
commercial launch participants, the CSLA risk allocation mechanisms ensure that the parties most likely
to sue one another (the participants or insurers of the participants faced with a substantial claim) will not
do so and will assume their own risk of property loss for which asset insurance is available. Cross-waiver
provisions are essential to limiting cost and need for additional liability insurance, thereby restricting
launch costs. Because launch participants must accept risk and responsibility for their own losses on a
no-fault basis, there is an added incentive for each participant to ensure that others participating in a
launch campaign adhere rigidly to safety and best practices.

3.4.4 Safety Implications

The current liability risk-sharing regime has been associated with an excellent launch safety record in
terms of absence of harm to third parties and extremely little government property damage resulting from
a commercial launch. It is difficult to disentangle the contribution of the current regime per se and the
safety practices at the federal ranges for commercial launch programs. Over the course of the Nation’s
space program, safety implications have proven to be a key factor in the design, development, and
operation of space systems. Due to the toxic nature of booster and payload fuels, hazardous launch
processing, and actual launch events, comprehensive safety programs have evolved. Today, government
and commercial payload and launch operations at Kennedy Space Center, Cape Canaveral Air Force
Station, Vandenberg Air Force Base, and NASA’s Goddard Space Flight Center, Wallops Flight Facility,
at which Virginia Space Flight Center is located, are the safest in the world. Safety offices and officers
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are provided by the launch services provider, payload manufacturer, and range operators. Virtually every
launch-related event is reviewed and assessed for safety adequacy. Changes in design, techniques, and
procedures are made to improve safety. Today’s space vehicle fleet safety activities are part of daily
operations at the coastal launch ranges.

3.4.5 International Competitiveness

States that are parties to the Liability Convention are absolutely liable when they are a launching State for
losses that might be suffered by third parties on the surface of the Earth or to aircraft in flight. If
effectiveness is defined broadly as the ability to provide compensation to victims while protecting the
interests of the government from excessive liability risk, then the current regime is probably effective.
FAA regulations specify that U.S. Government liability includes that accepted by the government under
international treaties. It may be impossible to know concretely whether the current regime is truly
effective without a significant history of accidents and resulting claims, which, fortunately, are
exceedingly rare. In relative terms, required demonstrations of financial responsibility are higher in the
United States, in part because of exposure of greater numbers of people and more valuable property to
launch risks—all other things being equal, casualty related damages in French Guiana would likely be
lower than on the coast of Florida due to the difference in population density. By itself, an effective
domestic liability regime does not appear to substantially impact international competitiveness. Put
another way, it appears it is possible to have a commercially viable domestic commercial space
transportation industry that effectively protects third parties. Because the principal foreign competitors of
the U.S. launch industry offer comprehensive liability protection to customers, the U.S. launch liability
regime is at least a neutralizing factor although it is not as advantageous as the program offered by
Arianespace. While the effects of its absence cannot be predicted, the lack of a regime could be
destabilizing in an internationally competitive market experiencing limited launch demand.

3.4.6 Development of Insurance Market Capacity

The amount of financial assurance that launch operators must demonstrate for licensing under the current
regime is based upon the determination of MPL; however, it is not to exceed the lesser of $500 million or
the maximum liability insurance available on the world market at reasonable cost. All launch licensees to
date have chosen to demonstrate financial assurance by the purchase of insurance.

A detailed description of the history of insurance capacity and market volatility is found in Appendix D.
In summary, the current insurance market is, in several respects, much more robust than was the case in
the 1980s, when the commercial launch industry was emerging. At that time, some prominent launch
mishaps (most visibly the Challenger tragedy in 1986) and substantial claims—in the hundreds of
millions of dollars—made several years unprofitable for the space insurance market. Capacity was also
affected by catastrophes unrelated to space launches or aviation, such as large natural disasters (primarily
hurricanes) that essentially flooded the insurance market. In short, examination of gains or losses in the
industry for specific years yields an incomplete picture, because underwriters will raise rates to recoup
losses and insured parties will pay a premium to cover risky activities. Third-party liability insurance is
provided by aviation insurers (who provide similar coverage for airlines) and, therefore, tends to operate
more independently of the payload insurance market; yet, like other insurance markets, it is subject to
general trends.
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A 1988 study by the Congressional Research Service for the Committee on Commerce, Science, and
Transportation of the U.S. Senate noted the sensitivity, or volatility, of the space insurance market,
including liability insurance.’

3.5 Need
3.5.1 Definition and Issues

As previously indicated in this study, the U.S. commercial launch industry's safety record has been
excellent, so much so that there have been no third-party claims. Congress has requested evaluation of
the need for the current liability risk-sharing regime. Areas of evaluation include whether the industry
continues to need the level of indemnification offered, how the industry has matured over past decades as
a commercial sector, how it is faring in international competition, and whether insurance and capital
markets would perform satisfactorily without government indemnification.

Directly related to the need for insurance and catastrophic risk protection is the nature and cost of the
extensive safeguards taken to mitigate risk. In the case of expendable launch vehicles (ELVs), these costs
are predominantly incurred at launch ranges to protect against third-party and government property
damage. Related issues include the costs borne by the government (effectively, U.S. taxpayers) to supply
this level of safety at shared costs with launch providers, and who should pay for range upgrades and
modernization, currently the focus of an Air Force initiative. As noted in Section 9.4.1 (benefits and costs
of third-party liability risk-sharing and indemnification), an undesirable side effect when industry does
not pay the full cost of safety is the possibility that industry may under-invest in safety or safety
innovation. Range-related issues are outside the scope of this study, but it is crucial to note that space
launch liability insurance and the safety record to date cannot be divorced from range operating
provisions. While funding R&D for future new commercial spaceports, reentry vehicles, and launch
vehicles themselves is not an FAA objective, achieving an equivalent level of safety for these facilities
and vehicles is an FAA objective and is an important consideration in addressing the future of the
commercial space industry.

Also related to the discussion of need for the existing liability risk-sharing regime is its importance in
assuring a stable component supplier base by covering liability of all suppliers of component parts and
services related to launch operators. Without such comprehensive coverage, contractors may withdraw
from participation in space launch rather than risk corporate assets on potential liability.

3.5.2 Commercial Space Transportation Industry Evolution

Another need-related argument made on behalf of the current regime pertains to the maturity of the
industry. In general terms, an “infant industry” argument is a popular claim for government support and
protection of an industry. It asserts that industries could grow to optimum size under such protection
because they benefit from large-scale operations. Once this size is attained, the support can be removed,
leaving behind a viable and competitive industry.

Theoretically this is a valid argument, but there are difficulties with its practical application. First, the
argument can be misused by declining industries or obsolete technologies that attempt to protect their

? Prior to September 11, 2001, the liability insurance market appeared to have evolved significantly since 1988, in terms of
capacity and willingness to underwrite launch liability risk. Appendix F assesses the effects of the September 11 tragedy on the
availability and cost of launch liability insurance for the near term.



Chapter 3 — Analysis of Adequacy, Propriety, Effectiveness, and Need
-

position in the market. For example, many industry experts and steel users are criticizing American steel
producers for recently resurfacing a 40-year-old argument to convince Congress to impose import
restrictions on finished steel products (Wayne 2001). Second, once government support has been
imposed, it can be difficult to eliminate, regardless of the industry’s competitive standing. Finally, even
in cases where the infant industry position applies, it is generally more efficient to offer a direct subsidy
as a means of helping industry to expand.

The evolution of the U.S. commercial space launch industry, discussed next in this section, suggests an
industry rich in experience, knowledge, and voluntary investing in ever-expanding capacity that may
exceed demand. The discussion also suggests a natural progression of the formation of partnerships
among some entities (such as Sea Launch Limited Partnership) and growth in overall competition,
typically signs of a healthy industry.

The brief review below includes a mix of developments that began in the mid- to late 1980s and has
continued to shape the commercial space transportation industry:

e The changed role of the Shuttle in U.S. space transportation policy in the aftermath of the 1986
Challenger accident

e The relationship between the U.S. Government and commercial launch demand and its effect on
commercial launch vehicle production and operation

e The development of international competition and allegations of nonmarket pricing practices
among foreign competitors leading to international trade agreements

e Launch infrastructure and modernization

e New vehicle development

e Recent trends toward manifesting multiple payloads by customers
e Reusable launch vehicle development

e Commercial spaceport licensing

e The formation of international joint ventures such as International Launch Services and Sea Launch
Limited Partnership

e The effect of such joint ventures in giving access to established business relationships with Western
markets and leading policymakers to relax quota limits relating to certain foreign vehicle launches

Sources for the review include government reports, reviews by the RAND Corporation and other experts,
and information from annual reviews in Aviation Week and Space Technology (AWST) and the American
Institute of Aeronautics and Astronautics' Aerospace America. Specific references are noted in the
following discussion.

Mid- to late 1980s
In 1988, the U.S. Office of Technology Assessment (OTA) critically evaluated in a special report the

status of the U.S. launch industry (OTA 1988). The OTA pointed out that, in the early 1980s, the
direction of U.S. launch policy was to eventually rely solely on the Space Shuttle for access to space.
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Despite the CSLA of 1984, which encouraged commercial space transportation, Shuttle-pricing policies
favoring commercial payloads had crowded out much of the demand for alternative transportation. The
Challenger accident led decisionmakers to reconsider including ELVs as part of a resilient national
launch strategy. By the late 1980s, a replacement Shuttle orbiter was in production for flight in 1992, and
the Air Force had ordered 57 ELVs with a forecasted requirement for an additional 45 ELVs by the end of
1993. The OTA also made the following observations about the status of the industry at that time:

e Lack of Resiliency in the Ability to Maintain Schedules in the Face of Failures. Failures of ELVs
and the Shuttle in 1986 called into question the resiliency of existing launch fleets. The OTA report
suggested as options the development of new, more reliable vehicles, improvements in the
reliability of existing vehicles, reductions in the duration of stand-downs after failures, and the
design of payloads to be flight-capable on more than one type of vehicle. The OTA also suggested
expanding ground facilities and building additional launch pads.

e High Launch Costs. Launch costs in the late 1980s were between $3,000 and $6,000 per pound
($6,600 and $13,200 per kilogram) to low Earth orbit (LEO). The OTA noted that these costs were
prohibitively high for civil, military, and commercial space activities, and activities such as a
baseline Strategic Defense Initiative kinetic-energy weapon architecture or a human mission to
Mars. The OTA also pointed out that the costs of payloads, between $20,000 and $60,000 per
pound ($44,000 and $132,000 per kilogram), could prove the ultimate limitation on the use of space
to beyond LEO.

e Shuttle Flight Rate Uncertainties. The OTA observed that planned Shuttle flight rates could be
optimistic, given that the industry had less experience with Shuttle processing than ELV processing.

In addition to these issues, the OTA also noted limits on payload size imposed by the fleet of vehicles and
environmental concerns associated with combustion byproducts.

In a study also motivated by the loss of Challenger that provided a basis for a decision to build a
replacement orbiter, the Congressional Budget Office (CBO) assessed the status of the industry in 1986
(CBO 1986). It noted that, before the Challenger accident, launch demand projections from NASA, the
U.S. Department of Defense (DOD), and Battelle Columbus Laboratories (under contract with NASA) for
the period from 1986 to 2000 projected the U.S. launch market to grow rapidly in the late 1980s and peak
at 35 Shuttle-equivalent flights* annually during the 1990s, when the U.S. space station was to be built.
This level of activity would more than quadruple the annual average launch rate from 1970 to 1985.
These projections included anticipated demand for commercial payloads (about 25 to 30 percent of total
projected payloads), but did not include payload demand for deployment of a space system defense or
extensive manufacturing in space. The CBO observed, however, that, “if the historical record is a guide,
NASA, DOD, and NASA contractors have consistently overestimated launch demand.” The CBO also
offered lower and higher projections.

Because the Reagan Administration had proposed commercializing U.S. ELVs, the CBO also addressed
whether ELV commercialization “would lead to an internationally competitive industry in the 1990s”
(CBO 1986). At that time, the only competition was Arianespace, but the CBO forecast other foreign
entrants into the market. Figuring prominently in the CBO launch projections for commercial ELVs were
government demand and the moving of commercial satellite launches from the Shuttle to ELVs. Prior to
the Challenger accident, NASA had positioned the Shuttle to dominate the international market for space
transportation by setting a minimum Shuttle price for ELV launches. In the wake of the loss of

* A Shuttle-equivalent flight is defined in the report as the transportation of 65,000 pounds (30,000 kilograms) to LEO destination
of 28.5 degrees, 160 nautical miles (296 kilometers) above the Earth.
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Challenger, the CBO concluded “direct federal acquisition of ELVs from potential private entrants is the
most important federal influence on the international competitiveness of U.S. firms, since it would reduce
the unit costs of ELVs through procurement of larger numbers,” (CBO 1986). The CBO commented:

The commitment of the DOD to purchase ELVs, the backlog of payloads created by the
Challenger accident, and only limited foreign competition could characterize an environment
through the early 1990s in which U.S. private firms could become internationally competitive
and economically efficient. But after that time, the dissolution of the backlog and intensified
(and perhaps subsidized) foreign competition could leave U.S. producers at a disadvantage
(CBO 1986).

The CBO listed attempts to eliminate subsidies, e.g., through the General Agreement on Tariffs and
Trade, or providing government subsidies for operating costs or technology development, as approaches
to maintaining U.S. industry international competitiveness. Another development in the 1980s was the
creation of the Office of Commercial Space Transportation within the U.S. Department of Transportation
(DOT). (Later, the office was moved to the FAA under a delegation of authority from the Secretary of
Transportation to the FAA Administrator).

Early 1990s

By the early 1990s, and nearly 10 years after passage of the CSLA in 1984, the number of commercial
launches was still small. Between January 1989 and July 1992, there were 19 commercial launches,
including 2 failures and 17 successful “commercial-like” launches. These commercial-like launches were
defined in a 1993 review of the industry by the National Defense Research Institute of the RAND
Corporation for the Under Secretary of Defense for Acquisition (Chow 1993). They included launches by
Delta II for the global positioning system (GPS) satellites and by Atlas II for the Defense Satellite
Communication System III under the Medium Launch Vehicle-I and II programs, respectively. RAND
observed that competition among domestic suppliers for payloads of different sizes was not proving to be
fierce, since the providers tended to serve different lift classes. In addition, RAND examined whether
differences in reliability between government and commercial launches were statistically significant and
thus influencing the market. The report estimated confidence intervals to test for significant differences
and found that the ranges overlapped, indicating that there was no statistical confidence that different
procurement approaches result in different reliabilities.

The report offered additional observations about the health of the industry at the time, noting that
manufacturers of smaller vehicles were concerned about the conversion of surplus strategic missiles into
space launch vehicles by U.S. competitors, and that the largest-capacity ELV, Titan IV, had no domestic
competition. Arianespace had about 60 percent of the commercial market, and other foreign competition
remained small. The report noted that, based on cost and performance information, foreign competitors
did not appear to have a cost advantage over U.S. suppliers, although foreign technologies and
infrastructures were more modern. Foreign competition, however, continued to be a potentially near-term
concern, including competition from, and the possibility of nonmarket pricing by, China and new
members of the Commonwealth of Independent States. The report further noted that, while the U.S.
launch industry could survive on government demand alone, an advantage of supplying other countries
would be deterrence of foreign development of space launch vehicles or ballistic missiles, which would
help slow missile proliferation. The report also echoed the concerns of other analysts that the U.S. launch
infrastructure, of 1950’s vintage, was 40 years old at the time and in need of modernization.

The Office of Space Commerce (later renamed the Office of Space Commercialization) of the U.S.
Department of Commerce (DOC), in a report entitled Space Business Indicators 1992, expected eight
commercial launches by U.S. launch providers and forecast about $500 million in revenue for the launch
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providers for the coming year (DOC 1992). Launch prices for medium to large payloads ranged from
about $45 to $100 million or more. The DOC report also noted that, although demand for launches
appeared to have leveled off, launch demand forecasts included planned new communications systems
using small satellites in LEO and direct broadcast satellite services. Seven DOT-licensed launches were
conducted in 1992, including launch of one small Brazilian environmental satellite, a reentry vehicle for
microgravity experiments, as well as several small vehicle launches. DOC estimated $60 million in
revenue from these launches and forecast this smaller launch vehicle market as a growing market
segment. The report also cited a DOT study predicting a substantial market for recoverable microgravity
experiments—up to 18 reentries per year by 1999 and as many as 30 by 2005.

DOC noted that, although the U.S. Government remained the largest consumer of U.S. launch services,
declining defense spending had led DOD to reduce its future launch requirements. In the international
market, the European Space Agency was developing the Ariane V, and Japan planned to begin operating
its new H-II vehicle in 1993. China appeared to be having difficulty winning launch contracts.

A task group report by the Vice President's Space Policy Advisory Board in November 1992 sharply
criticized the status of the U.S. launch industry (Aldridge et al. 1992). The report noted that, while
government launch requirements through 2000 were likely to be met, the current U.S. launch industry had
“significant overcapacity” in vehicle production based on future projections of launch demand. The task
group reported that international competition based on nonmarket pricing would strain the U.S. industry:

In light of the industrial overcapacity and the recent entry of very capable space launch vehicles
from nonmarket economies into the launch vehicle competition, there is little hope for the
United States to be price competitive in this market without major reductions in launch vehicle
costs and mutual agreements on pricing guidelines and enforcement provisions.
The group also found that the national launch capability, including the Shuttle and ELVs:
...1s fragile, not as reliable or safe as it could be, more expensive than it need be, and inefficient
in its operations. The combination of existing launch vehicle technology and dated operational
concepts in launch facilities costs excessive time and money, reduces U.S. competitiveness, and
keeps the United States from achieving low-cost access to and the full benefits of space.
Continuing, the group recommended:
e Range modernization (FAA 1999b)5
e Cancellation of plans to develop a heavy-lift National Launch System vehicle
e A new initiative, the development of a National Launch System-type vehicle in the 20,000-pound
(9,100-kilogram)-to-LEO class as “the key to future commercial competitiveness of U.S. space
launch vehicles”
e Development of a single new vehicle, Spacelifter, for medium and heavy lift

e Downsizing of the industry through cost sharing

e A more formal “national” space launch management arrangement headed by an executive-level
government appointee reporting directly to either NASA or DOD

> In 1993, the Air Force began the Range Standardization and Automation Program to modernize launch ranges by 2006.
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Mid-1990s

By 1994, DOD had halted the National Launch System and Spacelifter projects to pursue the Evolved
Expendable Launch Vehicle (EELV) Program. The objective of the EELV Program was to modernize the
existing fleet rather than invest in new vehicle technology. Among other developments during this
period, the most notable were perhaps the formation of several key international joint ventures
(Caceres 1998). In 1995, Russia's Khrunichev and Energia joined with Lockheed Martin to form a joint
venture, International Launch Services (ILS), which markets the Proton and Atlas vehicles. The
partnership was immediately successful in competing with Arianespace for heavy-lift demand. The same
year, Russia's Polyot formed the Cosmos-USA joint venture with Assured Space Access to market
Cosmos internationally, and Khrunichev and Daimler-Benz Aerospace formed the Eurockot joint venture
to supply the Rockot vehicle. Daimler-Benz Aerospace was a shareholder in Loral's Globalstar LEO
satellite program, and Khrunichev was an equity partner in Motorola's Iridium. Also in 1995, a team
comprised of Boeing, Energia, Yuzhnoye of Ukraine, and Kvaerner of Norway formed Sea Launch
Limited Partnership (Sea Launch) to launch the Zenit Il from ocean platforms. Sea Launch garnered
orders from Hughes Space and Communications and Space Systems/Loral for at least 15 Sea Launch
missions through 2002. In 1996, Aerospatiale, TsSKB-Progress, the Russian Space Agency, and
Arianespace formed Starsem to market Cyclone and Soyuz vehicles commercially. The partnership gave
Arianespace a medium-lift capability to compete in the low- and medium-Earth-orbit market.

Japan's H-II launch vehicle, introduced in 1994, continued on shaky financial ground. Some observers
noted that, “at $180 million per launch, the vehicle is not commercially viable” (Caceres 1998).
Similarly, Japan's J-I and M-V vehicles were also deemed expensive and even less commercially
competitive.

Late 1990s and 2000

As the year 2000 approached, the early series of the Atlas, Delta, Titan, Proton, Cosmos, and Soyuz
vehicles had been active since the 1960s. Ariane, Long March, and Ukraine's Cyclone had been operating
since the 1970s. New vehicles that were then expected in the coming years included Atlas IIAR (later
redesignated Atlas III), Delta III, Proton KM, an improved Cosmos, and new RLVs including Kelly
Space & Technology's Eclipse Astroliner, Kistler Aerospace Corporation's K-I, and Rotary Rocket's
Roton—all planned for test flight in 1999.

AWST’s 1999 “Year-in-Review” highlighted launch activity in 1997 and 1998 that centered on multiple
small payload launches as deployment of large networked constellations of LEO telecommunication
satellites began. There had been at most one commercial LEO payload launched each year from 1993 to
1996. In 1997, LEO launches were 64 percent of the total commercial payloads launched. During 1997
and 1998, 84 Iridium satellites were launched using 11 Boeing Delta IIs (7920), 4 China Great Wall
Industry Long March CZ-2C/SDs, and 3 International Launch Services Proton Ks, for an average of 4 to
5 satellites per launch. Loral had planned to use 3 Ukrainian Zenit II vehicles to launch 36 Globalstar
satellites, but a failed Zenit mission in September 1998 caused Loral to consider a mix of Delta II (7420)
and Starsem Soyuz U vehicles. Orbital Sciences Corporation's (Orbital Sciences) Pegasus had launched
24 Orbcomm satellites on three flights. Meanwhile, with an eye toward this segment of the market, the
European Space Agency approved development of FiatAvio's Vega small-lift vehicle.

A trend was apparent toward multiple payloads per launch not only among small spacecraft, but including
the piggybacking of large geostationary satellites on powerful new vehicles such as Ariane V, Delta III
and IV, Zenit 3SL, and Atlas III.
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All of the launch vehicles introduced since the early to middle 1990s had failed at least once, including
the Ariane V, Delta I, Long March CZ-3B, EER Systems’ Conestoga, Lockheed Martin's Athena,
Orbital Sciences' Pegasus XL, and Brazil's VLS. By 1997, the Athena, Long March, and Pegasus
programs had successful missions and, in 1998, Ariane V also flew successfully. These programs,
however, had incurred millions of dollars in added development costs and delays. AWST commented that
these losses might force some new launch providers to shut down, reducing competition and maintaining
prices. In addition, Arianespace was facing increasing competition from Proton.

The award of the EELV development contract by the Air Force to The Boeing Company (Boeing) and
Lockheed Martin Corporation (Lockheed Martin) in 1998 was expected to lead to a 25 to 50 percent
savings in DOD launch costs over the next 20 years by replacing Titan IV, Atlas III and Delta II. Initial
launch of an EELV was planned for 2002. The EELV Program would also have more potential use by
commercial payload customers rather than DOD, although the program would receive about $2 billion in
guaranteed government business through 2006. DOD business could enable Atlas and Delta to compete
more aggressively with Arianespace and Proton in the commercial market.

During 1996 through 1998, the FAA licensed the California Spaceport Authority, the Spaceport Florida
Authority, operation of the Kodiak Launch Complex, and the Virginia Space Flight Center. In its year-
end report for 1998, the FAA noted that 1998 was the first time in U.S. space launch history that
commercial FAA-licensed launches (including orbital and suborbital) from U.S. ranges exceeded those of
U.S. Government payloads, primarily driven by the commercial LEO market. The 100th FAA-licensed
launch also occurred that year. The FAA noted that the first 50 of these launches took place from 1989 to
1995, and the second 50 occurred during the next three years (FAA 1999a). During 1999, U.S.
commercial vehicles made fewer launches and earned lower revenues than expected. Sea Launch was
successful in its first launch, and its second launch represented the first time an FAA-licensed launch was
conducted outside U.S. borders entirely without the use of U.S. range assets. Half of 36 commercial
orbital launches that year were to LEO (the others were to GSO), but forecasts of future LEO demand
decreased markedly because of difficulties in the LEO-based communications market. Also in 1999, two
Titan IVs, a Delta III, and an Athena II failed. The Atlas II was delayed in launch activity, as was the first
flight of Atlas III, because the Centaur upper stages of both vehicles use the same engine as the Delta III.

In 2000, Aerospace America noted in its “Year-in-Review” series the inaugural launch of the Atlas III
carrying a Eutelsat communications satellite (Williams 2000). This was the 50th consecutive successful
Atlas/Centaur mission and the first U.S.-built vehicle to have a Russian-built engine, the RD-180. The
review noted the large number of vehicle R&D programs underway. In May 2000, nine launch providers
were slated to help define requirements and safety improvements for a second-generation RLV. In
August, four small launch providers received study contracts for concepts for a space station contingency
resupply service to augment the Space Shuttle. Thiokol and Boeing entered a teaming arrangement to
develop a new system, AirLaunch, for government “launch on demand” capability, and NASA performed
wind tunnel tests on a rocket-based, combined-cycle, air-breathing launch vehicle.

Sharply contrasting with these additions to the capacity of the launch market were demand projections
that fell well short of matching supply. In its 2000 Commercial Space Transportation Forecasts, the FAA
and its Commercial Space Transportation Advisory Committee (COMSTAC) forecast around
40 commercial launches annually through 2010, a forecast that declined close to 20 percent from 1999.
AWST, in its “Year-in-Review” for 2000, noted that, “with just over 700 [total—commercial and
government] satellites forecast to be launched through 2005, it is clear there will be a lack of sufficient
business to sustain the 40 to 50 launch vehicle programs that are currently operational or soon plan to be”
(Caceres 2000). AWST typically forecasts a larger market than many other sources, but even its review
was titled “Industry Faces Launch Excess.”
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3.5.3 Commercial Space Transportation Industry ‘“Maturity’’ Metrics

Since the first use of the Delta and Atlas vehicles in 1979 and 1980 to launch commercial satellites, over
two decades of experience suggest that the U.S. ELV launch industry of the new millennium is “mature,”
based on several commonly used indicators in studies of industrial organization (Kreinin 1987).

Continued Planned Investment. One of the strongest indicators is the continued large increases in
investment in U.S. ELV lift capability since the late 1980s. In 1988, the OTA (OTA 1988) measured
total national capability for all U.S. vehicles (defined by OTA as the aggregate lift capability in pounds
delivered to a 100-nautical-mile (185-kilometer) circular orbit at 28.5 degrees inclination). The
expendable vehicles in OTA’s calculations were Scout, Titan II, Delta II (3920), Atlas/Centaur, Titan III,
and Titan IV. Not all of these vehicles have since been used for commercial launch, but investment in
this capacity nonetheless represents the overall supply of investment dollars for space transportation.

Based on launch rate (defined as sustainable launch rate with current facilities), the total capability for
these ELVs was 572,960 pounds (259,895 kilograms); based on production rate (maximum sustainable
production with current facilities), it was 703,040 pounds (318,899 kilograms). Using OTA’s
methodology for 1999 data, with data from Isakowitz et al. (Isakowitz, Hopkins, and Hopkins 1999),
launch and flight rate capabilities for all U.S. ELVs available for commercial and government use were
847,642 pounds (384,490 kilograms) and 1,317,404 pounds (597,575 kilograms), 48 and 87 percent
larger, respectively, than in 1988. If the capabilities of planned new vehicles during the next five years
are added, total capabilities are then 1,953,802 pounds (886,245 kilograms) and 3,072,344 pounds
(1,393,615 kilograms), 340 and 430 percent larger, respectively, than in 1988. The ELVs included in the
1999 calculations are Athena I, Athena II, Atlas IIA, Atlas IIAS, Atlas IITIA, Delta II (7320), Delta 11
(7920), Delta III, Pegasus XL, Taurus, SSLV Taurus, Titan II, and Titan [VB. Planned vehicles include
Atlas IIIB, Atlas V400, Atlas V500, Delta IV medium, Delta IV medium plus, and Delta IV heavy.6
These estimates do not include the capacity of Sea Launch or the ILS-marketed Proton.

In terms of additions to commercial capacity measured by production and launch rates, the 1999 U.S.
commercial ELV capability is over twice as large as the total U.S. ELV capability in 1988 (114 versus
50), and commercial launch rate capability is almost 15 percent larger (63 versus 55). In terms of planned
additions to commercial capacity, production and launch rates increase capacity even further (55 and 36).
The Atlas III series is intended to gradually replace the Atlas II series, however, so net additions to
capacity are on the order of at least 22 and 32 percent, respectively, for production and launch rates, with
data for Atlas V and Delta IV resulting from EELV investment and technology currently unavailable. As
of 2000, these new additions to capacity are planned for routine use by 2005.

Continuous Technological Improvement and Innovation. This chapter notes new space transportation
vehicles launched recently including Atlas III and Delta III and those planned for 2002 and the coming
years. These vehicles all incorporate a moderate amount of improved technologies as well as a small
amount of wholly new innovation. This combination of technological change—progressive refinement
and moderate innovation rather than a series of significant redefinitions of a technology in attempts to
find one that works—is indicative of a mature industry. For instance, the new Atlas III includes new
engines and a single-stage booster, but these components have been introduced specifically to continue a
trend toward enabling reductions in part counts, number of engines, and staging events to increase
reliability and reduce cost. The new RD-180 engine, a joint venture between Pratt & Whitney and NPO
Energomash, has higher thrust and specific impulse and incorporates throttling capability. These

® The production capability totals may be more comparable in 1988 and 1999 than flight rate capability, as the definition of flight
rate in the 1999 data is sometimes expressed as “what the market will bear,” rather than sustainable launch rate with current
facilities.
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improvements have increased the geosynchronous transfer payload capability of the Atlas series 2.5 times
from 1990 to 2000, a higher growth rate than at any time in the series' history, but a rate that has, at the
same time, permitted the vehicle to maintain reliability and flight rates. The Delta III series has an all-
new cryogenic upper stage, and, although the first two maiden flights were unsuccessful, once flight-
proven (it has flown successfully), the vehicle will continue the trend toward continuous performance
increases in geosynchronous transfer capability.

Some of the newest innovations are forthcoming in RLVs. For example, the Kistler Aerospace
Corporation (Kistler) K-I has a very differently designed payload fairing that is a separate element of the
launch vehicle and operates not by splitting open and separating from the vehicle during payload
deployment, but rather opens by way of an articulated hinge that swings back into place after deployment
and latches shut for reentry. Flight avionics are also unique in that stages have their own control systems
to be capable of independent flight, and the second stage must be capable of restarting on orbit. The
stages are also designed to burn LOX/ethanol propellants, which are nontoxic and easier to maintain than
conventional propellants.

As in any industry, the financial success of improvements and innovations can progress in fits and starts,
and, in the current introductory years, as is the case for RLVs in particular, the jury is out. Taken
together, however, the continuous improvements and adoption of new innovations by the class of
traditional vehicles (such as Atlas and Delta) and the frontier technological change pioneered by the
RLVs are indicators of a technologically healthy industry. These changes are evidence of ongoing,
multiyear R&D programs, a labor force that has talent and resources to pursue design and testing, and
production facilities that can be upgraded to permit new throughput.

Entry and Consolidation. The record of continued planned capacity investment during nearly two
decades of growth is typically a hallmark of a healthy, mature industry.” Another benchmark is the entry
(but not necessarily success) of newcomers, including both U.S. and foreign launch providers
(Caceres 2000). Finally, industry consolidation (joint U.S. and international partnerships, as in Sea
Launch and ILS) frequently takes place as firms mature and identify complementary business
opportunities. Table 3-1 indicates growth in the number of vehicles serving the commercial market and
mergers from 1984 to 2000 and explains changes in market shares, as described in Section 3.5.6, a
discussion of international competitiveness.

It is important to note that ELVs are single use transportation vehicles, as compared to aircraft, with each
launch constituting a unique high-risk event. In addition, the number of ELV launches is very small in
comparison to commercial aircraft.

In summary, the U.S. ELV commercial space transportation industry has been assessed to be mature,
based upon the criteria applied in this analysis, but still retains an inherent high degree of risk requiring a
liability risk-sharing regime.

7 This is the case even if demand projections appear to fall significantly short of additions to supply (Kreinin 1987).
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Table 3-1 Vehicles Flown in Commercial Payload Market 1984-2000

| 19841988 | 19891993 | 1994-1998 | 1999-2000°
Geostationary
U.S. Atlas Atlas Atlas Atlas
Delta, Shuttle Delta Delta Delta
U.S./Multinational Zenit (Sea Launch)”
Foreign Ariane Ariane Proton® Proton®
Long March Ariane Ariane
Long March
Nongeostationary
U.S. Pegasus Athena Athena
Delta Delta
Pegasus Pegasus
Taurus Taurus
Foreign Cyclone Cyclone Proton® Proton®
Start Dnepr Cosmos
Cosmos Start
Start Soyuz
Zenit Long March
Long March

* Excludes Japan’s N-1, H-I, and H-II flights for Japanese commercial communications payloads.

® KB Yuzhnoye, RSC Energia, and Boeing.

¢ Lockheed Martin-Khrunichev-Energia (LKE); listed as U.S./Multinational because it is a joint U.S. and foreign partnership
that FAA categorizes as “foreign.”

3.5.4 Insurance Industry Available Capacity History—Market Fluctuations

In the mid-1980s, the space insurance market for payloads in particular had been aggravated by a
widespread “liability insurance crisis” affecting almost all industries. The widespread crisis affected the
entire property/casualty market and was manifested in an increase in liability insurance rates, lack of
available coverage in some areas, and the potential for large jury verdicts. In the case of space launches, a
long series of losses beginning in 1984, encompassing the Challenger tragedy in January 1986 and
culminating in failures of the Delta and Ariane vehicles in the spring of 1986, caused insurers to
reevaluate the probability of loss and, in turn, to either restrict the availability of insurance coverage,
increase premiums substantially, or both. Insurance coverage of more than $100 million per vehicle had
been readily available for 5 to 6 percent of insured value until 1984. After that time, insurance coverage
fell to $60 million per vehicle and premiums increased to about 30 percent of insured value. The
statutory risk allocation provisions enacted in 1988 arose in this context. Although payload and space
insurance, in general, are distinct from third-party liability insurance, markets for each kind of insurance
are not completely unrelated, and may be equally subject to broader insurance market disruptions.

Since the 1980s, but prior to September 11, 2001, the space insurance market and the insurance market
overall have remained healthy in terms of capacity, or the reserve available to cover the maximum loss
sustainable in the overall insurance market. A recent article reports that underwriters have lost money for
a third year in a row after heavy claims made by satellite owners for in-orbit failures (not launch-related)
(Taverna 2001). While these claims affect the total size of the space insurance market and, therefore, the
supply of insurance available for launch, the industry also notes that they may alter certain provisions of
their in-orbit coverage and, in turn, rebuild capacity in the market. Space insurance covers assets, such as
satellites and launch vehicles, however. The health of the liability insurance market must be separately
assessed.
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Many experts believe the liability insurance industry to be more robust than during the liability crisis of
the mid-1980s due to structural and institutional changes and a more global marketplace that enables
improved opportunities for pooling to share risk. Table 3-2, below, shows that capacity has become
significantly larger, on the order of less than $1 billion.® Insurance policies are also now routinely traded
like mortgages, other financial instruments, and commodities (less attractive policies can be swapped in
return for higher premiums). In addition, reinsurance offers insurers numerous opportunities to diversify
their portfolios and further hedge their risk. Reinsurance enables underwriters, through a series of
commercial arrangements with other underwriters, to dilute the risks they have assumed by spreading
them across broad segments of the industry. In the case of space transportation insurance, difficulties of
statistical (actuarial) quantification for the current fleet of vehicles have markedly lessened, although
some insurers still admit that actuarial calculations remain subjective, and that the industry has an
impressive safety record. Moreover, insurers indicated that capacity of about $1 billion of space
insurance is available at moderate premiums. In the event of a catastrophic loss in space or in aviation (a
conjoint market), this capacity could be oversubscribed. Several contemporaneous launch failures
involving payloads worth hundreds of millions of dollars could exhaust the market’s capacity. But
insurers also agreed that capacity would be rebuilt over time. If the event were independent—a unique
occurrence on a vehicle and not endemic to a fleet or the industry as a whole—future insurance would
likely still be available for space launch liability. If the event were related to a more widespread cause,
then insurance may be difficult to obtain at any reasonable price; but, in this event, an obvious conclusion
would be to query whether space launch is advisable and would be attempted at all until the cause of
failure were fully understood and rectified.

Whereas only a small and quite limited market existed initially, launch liability insurance is now readily
available. However, it is a part of the larger aviation liability market and it remains to be seen how recent
events of September 11, 2001, will affect long-term cost and availability of liability insurance. Recent
developments affecting insurance market capacity and premiums after September 11 are presented in
Appendix F.

Table 3-2 Growth of Total Capacity in the Space Launch Insurance Market

Year $ Millions
1987 150
1990 300-350
1995 550
1996 650
1998 800-1,000
2001 1,000

Sources: FAA 1998, SAIC 2001.
3.5.5 Insurance Premium History and Volatility

In congressional testimony and discussions with the industry on the current liability risk-sharing regime,
insurance industry representatives have been careful not to overstate stability in the industry. Like any
other market, it is subject to possibly wide fluctuations. But, also like most markets, the industry as a
whole recovers fairly soon from large losses. Sometimes the losses induce a change in coverage or in
specific geographic regions, but these changes are appropriate responses to new market conditions or
behavior on the part of the insured. Information collected from interviews with space launch liability
insurance underwriters and brokers is presented in Appendix D.

8 Following September 11 events, it appears that space insurance capacity has declined to about $815-900 million per launch
event.
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3.5.6 International Competitiveness

One of the principal rationales for the current liability risk-sharing regime is to enable the U.S. space
transportation industry to compete internationally against government supported foreign launch providers
with government-backed indemnification. This section offers an overview and examples of the
complexities of assessing competition in the international marketplace, including the effects of
government policies in the United States and abroad, measurement challenges, and data limitations.

Clearly, the international market for launch services is keenly competitive. During the FAA public
meeting in April 2001 (see Appendix A), on the current regime and issues presented for study by the
SCA, in comments to the public docket, and in the COMSTAC Report (see Appendix C), launch
operators strongly endorsed the international competitiveness rationale, emphatically agreeing that risk
sharing and indemnification are crucial to the industry's ability to compete in international markets. The
argument goes as follows: A customer in the market for launch services requires a stable, predictable,
transparent risk allocation regime, such as that currently implemented under the CSLA. The existence of
and growth in significant foreign competition, in concert with projections of lower demand, have created
an excess supply of space launch vehicles in the world market. In this buyer’s market, all factors become
more important to a payload customer. According to launch operators, the current liability regime allows
U.S. launch providers to compete on a more level playing field and to achieve economies of scale to
support the civil and national security-related launch demands of the government. Absent the current
risk-sharing regime, the operators claim U.S. launch providers would be forced to purchase relatively
high levels of coverage that would put them at a cost disadvantage and subject them to capacity
fluctuations in the market for insurance. Further, the operators argue that any retreat from government-
supported risk-sharing arrangements would create uncertainty and perceptions of greater, perhaps
unacceptable, risk for potential customers that understand and accept the existing regime. Change in the
status quo would signal concerns among customers that the benefits of liability risk-sharing would no
longer be available to them at the time of launch, which may be several years following execution of a
launch contract. Faced with unpredictability and customer discomfort, U.S. launch operators claim they
could be sorely disadvantaged in competing for limited demand against foreign launch providers with
stable risk allocation regimes of indefinite duration (that is, having no sunset provision). Launch services
providers have not supported these arguments with market data to substantiate their claims, although one
launch services provider stated in its comments to the public docket that it has had to obtain written
confirmation from the FAA affirming the terms of applicability of the CSLA indemnification provision to
its customer’s launch (LM 2002).

A challenge in making this assertion without empirical support in the form of market data is that it does
not give policymakers enough information to judge the effects, if any, of indemnification on
competitiveness. To some observers, the argument resembles a demand to support the domestic space
transportation industry by excluding foreign “imports” in the form of foreign space transportation
vehicles simply because they may undersell domestic producers—an argument that goes back many years
(Kreinin 1987).9 Industries often claim that their products, production processes, facilities, and labor are
essential—e.g., to national security—and therefore should be preserved by government support. One
counter to this claim is made by asking whether the competition is from countries that are allies. If so, an
argument for domestic support for national security reasons may be weakened. On the other hand, if the
national security argument is true, then the argument may be made that support should be directly
provided via the defense budget.

® A short satire from the early nineteenth century offers replies to this argument. In “The Petition of the Candlemakers,”
complaints against the importation of free sunlight are given in an imaginary petition to the French Chamber of Deputies. The
petitioners request a law to close all windows, dormers, skylights, holes, chinks, and fissures through which sunlight may pass in
order to guarantee employment in the whale oil industry.
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In addition, a distinct but related effect of encouraging competition rather than reducing it is that
consumers of services and products often benefit from access to the competitive markets offered by
international competition. In this view, a discussion of competitiveness solely from the perspective of the
launch industry may be too narrow.'” The relevant issue for society as a whole is the effect of
competition (and indemnification) for payload services on the launch industry as well as on consumers.
Consumers include everyone who uses telecommunication services and benefits from lower launch prices
(including foreign prices subsidized by foreign countries). In other words, even if indemnification does
influence vehicle choice, observe who benefits from use of indemnification to compete for the market.
From this perspective, using indemnification as a tool to attain competitiveness theoretically, at least,
costs the citizens of the country practicing this approach and benefits consumers in the rest of the world.
Because this point is often lost in public discussion of the current regime, the following example may
help emphasize the idea:

Example: Indemnification Beneficiaries. It is often noted in public debate that Arianespace requires less
insurance of customers than the United States does in basing insurance requirements on MPL for
comparable vehicles. But this does not necessarily disadvantage the United States. One implication may
be that the expected third-party loss is less for Arianespace, hence a lower required amount of insurance is
appropriate from the point of view of ensuring that third parties are compensated. However, another
implication is distribution of the burden of third-party losses if they do occur. In the event of losses,
European citizens will, in effect, subsidize all consumers of the services provided by the payloads
launched by Arianespace. In the United States, these beneficiaries could include the payload design and
construction business and consumers of the services of the payloads.

The underlying concept in this example—the distribution of the costs and benefits of indemnification—
shows that, on net, determining the effect of indemnification policies by the United States and other
countries is more complicated than ascertaining the effect on launch providers alone. For this reason,
indicators of competitiveness in space transportation may misrepresent the complete picture of gains and
losses from government policy intervention. However, because no claim has been paid by the U.S.
taxpayer, indemnification to date has cost the United States little, but to the extent it sustains international
competitiveness for U.S. launch providers, it has yielded benefits for the U.S. economy and consumers.

Measurement Issues. Assessing the need for the current regime to ensure international competitiveness of
the U.S. launch industry is difficult for several reasons. The industry has never operated in the absence of
government-provided liability provisions [prior to the current regime, NASA could provide liability
insurance for third-party claims under Section 308(a) of the Space Act of 1958, as amended and the
Department of Defense indemnified its contractors’ liability risk under Public Law 85-804]. There are no
“before and after” data to compare regimes with and without indemnification.

It is also difficult to compare the market shares of U.S. launch providers with those of other countries or
to evaluate the need for indemnification for several reasons:

1. All launch vehicles in the international market receive various forms of government backing
(e.g., direct financing, below-cost access to ranges and other facilities, funding of some or all
R&D, restrictions that government and sometimes commercial payloads fly on launch vehicles of
the same nationality as payload ownership).

2. Companies in different countries operate under different regulatory frameworks in terms of
export credits, reflight guarantees, and general business practices.

9 As noted earlier in this section, the effect of commercial business on achieving economies of scale to service government
launch demand, or vice versa, is hard to estimate, but is accepted and endorsed by defense agencies.
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3. U.S. Trade Agreement quotas on Russia, China, and Ukraine had limited the number of
internationally competed launches they could offer each year and imposed pricing constraints''.

In short, evaluating competitiveness in this market is tantamount to evaluating the relative effectiveness
of the different countries engaged in managing the competition of virtually all aspects of the launch
industry, from quantity and price agreements to indemnification regimes.

Even without these complications, there are no watertight definitions of competitiveness or methods to
measure it consistently. As a popular economics textbook notes in discussing definition and measurement
of market share, ““Market' deserves the same careful handling we would give a stink bomb.... Indeed, the
predictive accuracy of one's structural measure may depend more heavily on the proper choice of market
definitions than on the proper choice of statistical index” (Kreinin 1987). In fact, the definition of
relevant market can make important differences in determining market share. It could be argued that fiber
optic networks, which do not involve satellite launches at all, have had a major impact on the space
launch industry overall.

Several analytical approaches are taken in an attempt to estimate competitiveness. The results illustrate
the difficulty of empirically assessing the influence of indemnification on competition. For both
geosynchronous orbit (GSO) and nongeostationary orbit (NGSO) markets, the percentage of all
“internationally competed” payloads launched by U.S. space transportation providers and the U.S. share
of all internationally competed commercial launches are analyzed. The data for these estimates come
from the FAA. “Internationally competed” payloads generally have commercial functions or are
commercially operated, but also include government payloads open to international launch services
procurement. They do not include dummy payloads or those that are captive to national flag launch
service providers, such as U.S. and certain foreign government payloads, or those with some other strong
tie to particular launch service providers, such as the commercial group MirCorp-launched Progress re-
supply missions on Soyuz. The data include payloads regardless of the success of the launch or the
payloads’ performance on orbit. Internationally competed launches encompass all of the launches that
carry internationally competed payloads.

The number of foreign launches may have been higher in the absence of imposed quotas. It should also
be noted that the FAA counts launches on Zenit III SL (Sea Launch) as “multinational” and subject to
negotiated quota restrictions. Launches for the ILS-marketed Proton are classified as Russian. In both
cases, U.S. launch providers are partners in the ventures.

In addition, summary measures of international market competition for total launches and revenues are
also constructed using the “H index.” The H index is a commonly used index of market concentration that
accounts for both the number of companies as well as their relative size.'> Each country is treated as a
“company” in the calculation of the index (thus, competition among U.S. companies is not analyzed).
Data compiled from Isakowitz et al., 1999, are used to identify payloads, launches, and revenues by
country.

" The Russian agreement was allowed to expire in December 2000 and the Ukraine agreement was terminated in June 2000. The
China Agreement expired in December 2001. U.S. Government involvement with international competition in the launch market
began in 1984 when a U.S. company filed a Section 301 petition alleging that Arianespace was subsidized by the French
Government and that it was dumping launch services in the U.S. market at predatory prices. At the time, the President determined
that European practices were not sufficiently different from U.S. practices (then primarily in support of Shuttle commercial
activities) to justify action. In 1989, the United States signed a Commercial Launch Services Memorandum of Agreement with
China that controlled the latter's entry into the commercial space market and, in 1993, similar provisions were negotiated with
Russia, restricting the number of launches per year and the prices of launches to GSO and NGSO.

12 The H index is named for Orris Herfindahl and Albert Hirschman. It is the sum of the squares of the sizes of firms in a market
in which sizes are expressed as a proportion of total market sales, assets, employment, or other measures.
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The data show an increasingly competitive market with entry of vehicles from Russia and Ukraine and the
beginnings of mergers of complementary business acumen (as in the case of Sea Launch and ILS). On
one hand, this increase in competitive activity is probably independent of the liability regime because all
launch service providers rely upon some form of risk allocation. Hence, U.S. space transportation launch
providers would argue that the ability of U.S. providers to compete is assured by having a liability risk-
sharing regime that at least neutralizes the ability of foreign competitors who offer an indemnification
regime. On the other hand, it is unclear what effect, if any, changes in the U.S. regime would have.

It is also important to note the relatively small percentage of U.S. launch costs represented by third-party
liability insurance premiums at current rates. The premiums are about 0.2 percent of reported launch
prices for larger U.S. vehicles and 0.5 percent for smaller vehicles. It is unknown whether, and if so, by
how much, the cost of coverage in the absence of indemnification might increase or whether any change
would be long- or short-run following the events of September 11, 2001. However, this current market,
with an over-supply of launch services, is expected to increase price sensitivity.

Competition in Payloads

Indemnification is one of many factors contributing to overall competitiveness.  How does
indemnification factor into this analysis? First, performance of U.S. launch providers in capturing
payloads was evaluated, since payloads are one measure of the demand side of space transportation.
Launch demand has evolved into two somewhat distinct markets during the past decade. The primary
market during the 1980s and early 1990s, large spacecraft to be deployed in GSO, remains, but consists
largely of launching replacement spacecraft on a fairly routine cycle, rather than adding wholly new
capacity. The trend among launch vehicles has been to carry up to four to six LEO payloads on a single
launch. The small payload market for NGSO launches has represented new capacity and a unique market,
although this market has been subject to significant financial difficulty in the past few years. It is served
by a distinct class of launch vehicles (e.g., Pegasus, Athena, Start) competing with several mid-sized
vehicles (Delta, Long March, and Proton). Accordingly, it is important to note that competition exists
both internationally and domestically—e.g., among Pegasus, Athena, and Delta for small NGSO
payloads.

The GSO Commercial Payload Market. Table 3-3 shows internationally competed payloads launched
from 1989 to 2001." Despite the fact that U.S. launch providers flew 63 percent more payloads in 1994-
1998 than in the previous five years, U.S. market share has dropped by half over the entire time period
reviewed — from 28 percent in the 1989-1993 time frame to 14 percent in the past three years.

13 1t should be noted that while the 1989-1993 and 1994-1998 periods each capture five years, the 1999-2001 period captures
only three years. Comparisons among these periods of total numbers of payloads and launch vehicles flown are thus not
appropriate here.
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Table 3-3 Internationally Competed Payloads (Geostationary Orbit)
(1989 - 2001)

1989-1993 1994-1998 1999-2001
Payloads # Percent # Percent # Percent
On U.S. vehicles 19 28 31 26 8 14
On foreign vehicles 48 72 85 74 44 77
On multi-national vehicles 0 0 0 0 5 9
Total 67 100 116 100 57 100

The NGSO Commercial Payload Market. Table 3—4 shows the commercial NGSO payload market since
the beginning of significant NGSO demand in the mid-1990s. U.S. vehicles dominated the launch market
with a 68 percent market share between 1993 and 1998. That share has declined, however, in the past
three years while foreign market share has increased. As shown previously in Table 3-2, the large growth
in the number of small vehicles serving this market and the piggybacking of large numbers of small
NGSO payloads on existing large vehicles such as Delta and Proton explain much of the competition in
this market (Isakowitz, Hopkins, and Hopkins 1999; FAA 2000; FAA 2001).

Table 3—4 Internationally Competed Payloads (Nongeostationary Orbit)
(1993 - 2001)

1993-1998 1999-2001
Payloads # Percent # Percent
On U.S. vehicles 101 68 33 41
On foreign vehicles 48 32 47 58
On multi-national vehicles 0 0 1 1
Total 149 100 81 100

Second, major U.S commercial satellite design and manufacturing companies assessed the importance of
risk allocation in selecting a launch provider as follows. The U.S. satellite manufacturing industry is
aware of and understands the details of the current liability risk-sharing regimes for commercial space
launches both in the United States and at foreign launch sites. Although the industry knows of the
maximum probable loss (MPL) calculation by the FAA, the $1.5 billion indemnification for third-party
claims is frequently cited as a key aspect of the U.S. liability risk-sharing regime. The industry is also
very aware of the cross-waiver provisions and implications for their liability and risk exposure. In
evaluating a bid by launch providers to place one or more satellites into orbit, other important criteria are
used in selecting a launch provider. They include: price “envelope,” launcher reliability, schedule, risks,
performance, and other contract terms and conditions.

The price “envelope” of a launch services contract bid includes not only the cost of the launch, but also
the cost of all required insurance, shipping satellite(s) to the launch site, support personnel, and operations
at the launch site. According to the U.S. commercial satellite design and manufacturing companies, a
lower cost bid by one launch provider can be offset by higher costs to move satellite(s), personnel, and
equipment to a remote launch site. For example, the additional costs for a U.S. satellite company,
attributable to location, the Baikonur Cosmodrome, were estimated to be approximately $1 million more
than at Cape Canaveral Air Force Station, Florida. After the costs of the satellite itself and the launch
vehicle, insurance costs (i.e., payload insurance, launch vehicle insurance, and launch liability insurance)
typically represent the third highest element of the total cost. Most launch contracts are won based on
very small differences in price, as weighted by other factors discussed below.
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Reliability, another important factor in awarding a launch contract, is defined as the reliability of the
specific launch vehicle to deliver the payload to its desired orbit. A lower cost can be offset by lower
launch vehicle reliability. Along with price and reliability, the third most mentioned criteria among major
U.S. commercial satellite designer/manufacturers for selecting a launch provider is schedule. The client
for satellite services establishes a specific schedule in which it expects its satellites to be placed in orbit
and become operational so that the system utilizing these satellites can function and start generating
revenue. Schedule credibility is a measure of the launch provider’s prior record in meeting schedules and
is enhanced by offering alternate launch vehicle and launch site provisions for the same satellite(s).

Performance for a launch services contract is not only whether a payload can be placed into a specific
orbit location, but also whether one contract can guarantee a longer lifetime for that satellite. The lifetime
aspect of a contract is related to how close the satellite can be placed into its exact desired orbit while
using minimal fuel from the satellite itself for its initial placement. The more fuel remaining in the
satellite correlates directly to a longer lifetime since fuel is periodically used to maintain orbital location
due to temporal orbital decay. Contract terms and conditions are another important factor and can include
such items as financing, additional liabilities, the presence or absence of cross-waivers, cancellation
penalties, and failure-to-perform penalties. In some cases, the customer has a preference for a specific
launch provider and this factor becomes an overriding consideration in selecting the winning bid.

In conclusion, the satellite manufacturing industry considers an acceptable liability risk-sharing regime to
be a “go no-go” criterion in evaluating launch providers’ bids, according to major U.S. satellite
manufacturing companies. Within this context, the current U.S. liability risk-sharing regime is considered
to be acceptable, albeit inferior, to that of principal foreign competitors (i.e., Arianespace, Russia, and
China). Any significant changes in the current U.S. regime, such as eliminating or reducing the amount
of government indemnification, would, at a minimum, cause the industry to more closely examine its risk
exposure and associated costs in selecting a launch provider. The satellite manufacturing industry
supports the current U.S. liability risk-sharing regime without any modification because it is well
understood and provides acceptable coverage as compared to international competitors. Any changes
affecting indemnification may offer advantages to competitors of U.S. launch providers, which are not
expected to modify or discontinue their respective launch liability risk-sharing regimes.

Competition in Launches

Another measure typically used to discuss competitiveness in the launch industry is the number of
launches performed by each spacefaring country. This measure is also influenced by the payload trends
previously discussed. Note that the number of payloads is not necessarily equal to the number of
launches because of multi-manifesting payloads.

GSO Launches. Table 3-5 indicates shares of the number of GSO launches for U.S. launch providers.
The share of U.S. launch providers has declined from 40 to 16 percent since 1989. Isakowitz gives
detailed data on launches by country. Europe’s share of launches has consistently been at least
40 percent. China and Russia/Ukraine have garnered 10 to 25 percent of the market at various times. It is
important to note that China and Russia agreed to quotas and price restrictions during some of this time
period, and these restrictions influenced their market shares.
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Table 3-5 Launches of Internationally Competed Payloads (Geostationary Orbit)
(1989 - 2001)

1989-1993 1994-1998 1999-2001
Launches # Percent # Percent # Percent
U.S. vehicles 22 40 31 32 8 16
Foreign vehicles 33 60 66 68 37 74
Multi-national vehicles 0 0 0 0 5 10
Total 55 100 97 100 50 100

NGSO Launches. Table 3—6 shows shares of launches in the NGSO market. While the United States had
72 percent of the launch market from 1993 to 1998, that share has dropped to 38 percent in the past three
years; foreign vehicles’ shares have more than doubled between these periods. Russia and Ukraine hold
large market shares.

Table 3—6 Launches of Internationally Competed Payloads (Nongeostationary Orbit)
(1993 - 2001)

1993-1998 1999-2001
Payloads
# Percent # Percent
U.S. vehicles 28 72 12 38
Foreign vehicles 11 28 19 59
Multi-national vehicles 0 0 1 3
Total 39 100 32 100

Market Concentration Reflected in the H Index

The H index is a common summary statistic of market concentration. The index ranges from 0 to 1; an
index close to O indicates a fully competitive market; an index approaching 1 indicates a much more
concentrated market in which a single entity may dominate; and an index equal to 1 describes a monopoly
market. Table 3-7 shows the index for GSO and NGSO markets based on launches and revenues from
1989 to 2000." The index for the GSO market has fallen significantly during the post-Shuttle era of
commercial space transportation. For GSO launches, the index has fallen from 0.45 to 0.33 and for
revenues, from 0.57 to 0.34. Based on this measure, the market is increasingly less concentrated, and
none of the players has a dominant market share. In the NGSO market, the index has increased slightly
for launches and remained close to 0.5 for revenues. While the index is larger for NGSO than for GSO, it
is still not as large as it would be in the case of extreme market concentration. From a broad economic
assessment of market conditions, this degree of competition in both the GSO and NGSO markets is
healthy and not necessarily a sign of an industry where market power is exercised. As noted above,
however, numerous policies (including quotas, pricing agreements, export restrictions, and other
government influences) play a strong role in this outcome.

'4 The classification of Sea Launch as Multinational and Proton as foreign is maintained, consistent with FAA practice.
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Table 3-7 The Herfindahl Index

| 19891993 | 1994-1998 | 19992000
GSO
Launches 0.45 0.34 0.33
Revenues 0.57 0.40 0.34
NGSO
Launches * 0.41 0.46
Revenues * 0.49 0.47

* Too few launches to estimate index

Conclusions

This analysis of payload, launch, and revenue data to discern trends in different measures of
competitiveness is intended to show the extreme difficulty, both conceptually and in practice, of
discerning the effects of indemnification policy on the commercial space transportation market. Based on
a variety of measures reported here, the market is increasingly competitive and is measured on a
conventional index, the H index. No one country dominates the markets for GSO and NGSO.

Several factors could explain the patterns reflected in the data, but in all cases, the effects of
indemnification policies are speculative at best. The data neither support nor reject a contribution of
indemnification to competitiveness. Factors affecting these patterns may include:

Export Controls. U.S. restrictions on exports of spacecraft technology and component systems to some
countries can clearly favor a choice of U.S. vehicles by U.S. payload owners if the spacecraft incorporate
new technology not previously licensed for export to these countries. Such a pattern is observable in the
data for U.S. payloads launched on U.S. vehicles.

Buy Domestic. Another pattern in more detailed study (not captured in the figures) of the foreign GSO
payload data is a high degree of nationalism in the choice of launch vehicle by payload owners in
countries with national launch capability. This pattern may or may not reflect nationalism per se, but
rather a host of factors such as export controls, technology transfer issues, pressure to “buy domestic,”
proximity to the launch site, ease of doing business, and domestic launch subsidies (most foreign vehicles
are government-owned and -operated).

Arianespace Market Share. The data also show that, among countries without indigenous launch
capability, most consistently choose Arianespace for GSO launches. Here, because required third-party
insurance for Ariane tends to be less than for U.S. vehicles, specific questions concerning the effect of
indemnification might be asked, but such questions only further illustrate the challenge of linking
indemnification with competitiveness. Arianespace has practiced aggressive marketing and pricing, and
the effect of its indemnification policy, compared with the U.S. program, is far from clear.

Managed Competition. This discussion illustrates the difficulty of ascertaining the competitive effects of
the current indemnification regime. The launch market to date is the result of interplay among a
multitude of complex policy interventions, rendering a relationship between competitiveness and
indemnification virtually impossible to discern empirically. It is difficult to predict the effects of reducing
government indemnification or increasing the amount of indemnification at any or all tiers of the current
regime. The degree of competition and the apparent flexibility of payload owners in choosing among
vehicles suggest some of the effects that might result from potential changes in the current regime. Costs
related to increases in liability insurance, assuming it is available, could be financed by launch providers
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rather than passed on to customers through higher launch prices because payload owners appear to be
flexible in their choice of launch vehicle. However, it is not clear what effect the opposite policy
direction would have—whether increases in government indemnification would result in lower U.S.
launch prices and a more competitive U.S. industry. Under the current regime, the price of required
insurance is a small percentage of total launch prices. Reducing it would not affect prices very much.
Finally, although detailed discussion of alternative options is deferred to Chapter 9 of this report, two
additional options are illustrative in light of the competitiveness discussion. These options are:
(1) requiring U.S. operators to contribute to a self-insurance secondary pool modeled after the current
regime in nuclear power generation, or (2) establishment of a trust fund similar to that used to manage
liability for oil spills. Both options would either be financed by launch providers or result in increased
launch prices if the costs were passed on to the payload customer, or some combination of both. It is
unlikely that much of the cost increase would be passed through to customers because of the current
degree of competition in launch vehicles. However, it may also be the case that, given the safety record
of the industry, equity in a pool or trust fund could generate income for launch providers (since the equity
can be invested).

As the preceding suggests, the global commercial launch industry is currently highly competitive, with
low market concentration. No single country dominates the launch business, and consumers (companies
seeking launch services) have been increasingly mobile in choosing among service providers. The
applicable liability regime is one among many factors launch purchasers take into account when making
decisions about which providers, locations, and countries best meet their expected needs.

3.5.7 Possible Transition Factors

Regardless of whether or to what extent the current liability risk-sharing regime for commercial launches
may be needed today, there may come a time when the current framework providing government
indemnification is no longer needed. The existence or occurrence of certain factors may indicate when a
reexamination of the liability regime is appropriate.

The key transition factor is the ability of the private market to address risk exposure. This ability
primarily involves the long-term capacity of the market; in any given time period, an unusual event could
occur to absorb a large amount of capacity (the events of September 11, 2001, in the United States are an
obvious example), but the key issue is whether the insurance market can recover capacity within a
reasonable adjustment period. In addition, it should be noted that the relevant portion of the insurance
market is the subset of the market that serves the space transportation industry for third-party coverage.

The long term is the relevant time period because, in the long term, if launch frequency increases, more
firms enter the launch market, and RLVs emerge as commercially viable options, the private sector may
become better able to shoulder the entire potential liability. Firms may elect to self-insure for launches,
participate in risk pools, or purchase insurance. As the industry becomes more mature, insurers will gain
greater experience in assessing related launch risk and insurance pricing. In other words, the standard
approach to demonstration of financial assurance (the purchase of conventional space launch insurance)
will involve less subjectivity because the spectrum of uncertainty (which plays a substantial role in
insurers’ price-loss calculus) will be narrowed. In the long term, if growth of relatively new instruments
such as catastrophe bonds and practices such as reinsurance increase, the capacity of the market will
increase. Many of these factors are readily observable in the growth and maturity of the nuclear power
industry; however, it is not reasonable to expect that the number of launch providers, even if RLVs
become a viable form of space transportation, will approach the number of nuclear facility licensees.
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It should be noted, however, that the “top tier” of the risk liability regime—that is, amounts of
$1.5 billion or more—is potentially the area where launch providers may find it most difficult to obtain
traditional insurance coverage at a reasonable price, assuming it is available at such levels. Insurers, and
most significantly, reinsurers may be reluctant or wholly unwilling to assume catastrophic risk exposure,
much like the unwillingness demonstrated following the events of September 11, to insure for war risk or
terrorism-related losses.

Commercial launches that are licensed by the FAA are generally considered to be safe, but the potential
for damage to third parties exists. Insurers understand and can readily calculate coverage premiums to
address all probable losses to third parties while ensuring long-term profits. The likelihood that a
catastrophe will occur resulting in billions of dollars in damages to third parties is vanishingly small by
comparison, yet underwriting potentially huge amounts becomes more difficult as the upper tier of
potential exposure increases. The U.S. Government may be uniquely situated to act as the ultimate
insurer for activities such as space launches, where the potential for substantial damages is very small but
the potential damages very great (in other words, low risk of a high consequence event). In fact, space
transportation launch providers that purchase launch insurance today may in effect be betting that: (1) an
accident exceeding the MPL will not occur, and/or (2)if such an event were to occur, the U.S.
Government would step in to indemnify third-party losses regardless of the applicable risk-sharing
regime.

Finally, the risk-sharing regime may be able to transition fully to the private sector if the market becomes
inured to short-term disruption that may make launch insurance temporarily unavailable. Such disruption
might be caused by launch-related accidents, as was the case with the Challenger disaster, or it might be
caused by large insurance losses caused by natural or man-made disasters. To the extent that the space
transportation insurance industry remains vulnerable to such short-term disruption, there may always be a
possible role for the U.S. Government to step in and assume the risk—the war risk insurance program for
commercial airlines is an example.

3.6 Summary

The liability regime for commercial space transportation in the United States, by itself, appears to be
adequate, appropriate, necessary, and effective, but many factors influence industry viability, and it is
speculative to consider effects resulting from the absence of risk sharing. This is true primarily because it
is very difficult to separate the competitiveness effects of the risk allocation regime from the dozens of
other factors that are taken into account when launch customers decide which launch services provider to
employ, as confirmed in discussions with payload manufacturers. Other factors that may play important
roles include: the extent to which other governments subsidize programs, whether directly or through
indirect means; different regulatory frameworks for launch operations (with impacts on scheduling and
customer convenience) and other business practices; the impact of quotas on launch frequency and cost;
and technology transfer issues for new launching technologies.

Perspectives on the overall health of the industry vary considerably, but there is competition among
launch providers, and the domestic launch services industry remains viable. The current liability-sharing
regime is probably adequate in reducing risk exposure of the government and in affording protection to
the public for commercial launches, yet the costs of providing insurance to the launch providers does not,
by itself, appear to overly impact the profitability of the launching business. In addition, competition
among launch firms may drive down costs for companies needing the services, many of which are based
in the United States. These companies have suffered recently in the marketplace and could benefit from a
reduction in launch costs. Changes to the current risk-sharing regime may affect competition and the
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health of the domestic industry, but independent variables may generate even greater changes, and
marginal changes to the regime alone would likely have little impact.

The suitability of the domestic liability regime as currently configured is a policy judgment and depends
largely on whether observers believe the government is not sufficiently involved in supporting
commercial space transport, the involvement is just right, or the scope is overreaching. If the industry
were to transition substantially either way—for instance, if launch providers began exiting the launch
market; if RLVs entered service and changed the economics of the market; if other countries made
substantial changes to their risk allocation regimes; or if catastrophes affected the capacity of the
insurance market generally and aerospace and liability markets specifically (a post-September 11, 2001,
discussion is contained in Appendix F), Congress might consider the industry to be so impacted that
reexamination of the liability risk-sharing regime is needed.
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Chapter 4
Current Liability Risk-Sharing Regimes in
Other Spacefaring Countries

Chapter 4 presents the study and analysis of liability risk-sharing regimes in 12 other countries
or foreign organizations and compares them to the liability risk-sharing regime of the United
States. The 12 foreign countries or entities included in this analysis are: Arianespace, Australia,
Brazil, People’s Republic of China, India, Israel, Japan, Russia, South Africa, Sweden, Ukraine,
and United Kingdom (highlighted, along with the United States, in the associated map.)

4.1 Introduction

As discussed in Section 1.1, Congress directed that the current commercial space transportation liability
risk-sharing regime, including indemnification, be evaluated with respect to several key issues that have
characterized public debate. Issue 2 of the Commercial Space Transportation Competitiveness Act of
2000 (also known as the Space Competitiveness Act) states, “examine the current liability and liability
risk-sharing regimes in other countries with space transportation capabilities.” This chapter presents the
liability risk-sharing regimes for commercial space launches in 12 other spacefaring countries or entities.
Some of the countries discussed in this chapter have established viable commercial space launch
capabilities; others are actively developing and testing space launch vehicles; and some have adopted
laws for liability risk-sharing even though they have not developed an indigenous space transportation
capability. All 12 countries or entities have ratified the Outer Space Treaty of 1967 and the 1972
Convention on International Liability for Damage Caused by Space Objects, with one exception. South
Africa has ratified the Outer Space Treaty, but has never ratified the Liability Convention. The principal
emphasis for this chapter is commercial space launch third-party liability insurance requirements and
government-supplied indemnification. Most launch services provided at foreign launch sites utilize
contractual cross-waiver provisions comparable to those of the United States. Doing so tends to resolve
issues regarding responsibility for claims settlement between launch providers and their customers,
contractors, and subcontractors and has the added beneficial effect of lowering insurance premiums.

4.2  Worldwide Space Transportation Capabilities

4.2.1 Arianespace

Arianespace is the production, marketing, and operations organization for the Ariane Expendable Launch
Vehicle (ELV) family. Two other organizations comprise the triad involved in the Ariane launch
vehicles: the Centre National d’Etudes Spatiales (CNES) and the European Space Agency (ESA). CNES
is the French space agency; it owns the Kourou Space Center, is the prime contractor for Ariane, and
provides site maintenance, operations, and technical support along with payload processing. ESA
develops Ariane ELVs and owns launch infrastructure, payload processing and Ariane-V production
facilities, as well as down-range tracking stations (Arianespace 2001a).
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ESA is an organization comprised of 15 European countries (Austria, Belgium, Denmark, Finland,
France, Germany, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and United
Kingdom) that is headquartered in Paris, France (ESRIN 2001). France, which contributes 30 percent of
ESA’s budget, selected a launch site in Kourou, French Guiana, in 1964 and successfully launched a
French sounding rocket from this site in 1968. Today, the Kourou Space Center is the sole launch site,
with geostationary, low Earth, and polar orbits available for all Ariane space launch vehicles
(ESA 2001a). Kourou’s close proximity to the equator at 5.2 degrees North latitude gives it an advantage
in payload delivery because less fuel is required for launch compared to the primary U.S. launch sites at
Cape Canaveral Air Force Station, Florida, and Vandenberg Air Force Base, California (ST 2001a).

Over 100 Ariane launches have occurred at Kourou since the Ariane launch vehicle became operational in
1982 (CNIE 2001). ESA’s two primary ELVs are the Ariane IV and the Ariane V, which collectively
offer low Earth orbit (LEO) and geosynchronous transfer orbit (GTO) payload delivery capabilities
similar to the currently licensed Delta and Atlas ELVs as well as the Titan (ESA 2001b). Arianespace is
one of the major competitors of U.S. commercial space launch operators. Between 1996 and 2000,
Arianespace captured 41 percent of all worldwide commercial space launch revenues compared to the
34 percent share captured by U.S. launch operators. Arianespace performed 27 percent of all worldwide
commercial launches during this same five-year period (AST 2001).

Arianespace obtains primary third-party launch liability insurance on behalf of its customer in the amount
of 400 million French francs, the equivalent of approximately $53 million U.S. at the current exchange
rate (Arianespace 2001b). Insurance covers the liability of the French Government, CNES, ESA,
Arianespace, their contractors and subcontractors, in addition to the launch customer and its contractors,
arising out of the launch. This indemnification coverage is in effect for a period of three years following
the launch. Any third-party claims exceeding this insurance coverage are the responsibility of ESA
(ultimately, the European government owners, principally France). Any damage to the launch site or
property owned by ESA is the sole responsibility of ESA and is not covered by any launch-specific
insurance requirements. Cross-waivers of claims modeled on the National Aeronautics and Space
Administration (NASA) precedent exist for each launch, which, as in the case of U.S. launches, simplifies
responsibility for losses and makes each customer, contractor, subcontractor, and supplier responsible for
his or her own respective losses due to a launch failure. Third-party losses beyond 400 million French
francs are not subject to any appropriation actions by the French government or any other participating
European country’s government body.

4.2.2 Australia

Australia has a long history of involvement in the exploration of space, starting with a joint project with
the United Kingdom in 1946 that encompassed military space rocket testing at the Woomera Range in
South Central Australia (CRCSS 2001). Woomera was selected because it is surrounded by a vast,
uninhabited land area to the north and northeast that is ideal for weapon-, missile-, and rocket-testing
purposes. Woomera is located inland about 280 miles north of Adelaide at 31.1 degrees South latitude
(ST 2001a). U.S. military satellites use ground tracking stations at several locations in Australia, as
NASA does for civilian tracking purposes. In 1967, Australia became the fourth country to successfully
launch its indigenous WRESTAT satellite, designed and constructed in Australia using a U.S. Redstone
rocket from the Woomera launch site. British and joint European sounding rocket launches and LEO
launches continued from Woomera in the 1960s and 1970s (Pandora 2001). Over 35 different types of
small sounding and LEO rockets were launched from Woomera between 1949 and 2000. Australia has
pursued a modest space program since 1985, but remains an importer of space goods and services. In
1994, the Australian Space Council Act established the Australian Space Council to integrate and direct
the National Space Program using an executive arm called the Australian Space Office. Currently,
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Australia’s limited research funding has precluded development of any indigenous launch vehicles and
Woomera remains the only operational launch site. Kistler Aerospace Corporation has expressed interest
in using Woomera for launching its RLV design, which is under development. While Woomera is
considered a good candidate for sounding rocket and LEO launches, the Australian Government has
announced interest in developing Christmas Island, which is owned by Australia and is located south of
Indonesia in the Indian Ocean at 10.5 degrees South latitude, as a potential launch site for GTO launches
(ABC 2001).

Australia passed the Space Activities Act of 1998 to set a legislative framework for regulation of space
activities in Australia. This act was modeled after the U.S. Commercial Space Launch Act of 1984. The
Space Activities Act requires that a launcher, after receiving a permit from the Australian Government’s
Space Licensing and Safety Office, must obtain third-party liability launch insurance for an amount not
less than the maximum probable loss (MPL) that may be incurred by third parties for damage resulting
from launch, as determined by regulations. A launch permit is required for any entity that plans to launch
from Australian territory, regardless of nationality. The responsible party for the launch is not liable to
pay compensation for third-party damage to the extent it exceeds the insured amount, absent gross
negligence of the responsible party or related party. The Australian Government thereby relieves the
responsible party of excess liability, which effectively amounts to indemnification of excess liability.
According to Australian officials, modifications to the Space Activities Act may be forthcoming that
further refine provisions regarding excess liability management. Australia has not specified numerical
values for MPL for any ELV or reusable launch vehicle (RLV) to date because no launch company has
applied for a license (Morris 2001). Australia has hosted and authorized an FAA-licensed suborbital
launch, conducted by Astrotech Space Operations, Inc., and continues to pursue entry into this business
area by offering sites to prospective launch operators.

4.2.3 Brazil

Space activity in Brazil began in 1964 with the creation of a space national research commission that
initially focused on development and launching of a series of indigenous sounding rockets. Hundreds of
these sounding rockets, denoted SONDA I, SONDA II, SONDA III, and SONDA IV, were successfully
launched in the 1960s, 1970s, and 1980s (Brazil 2001). Brazil modified some rockets into surface-to-
surface missiles for export. Sounding rockets were launched from a launch site located approximately
12 miles south of Natal, Brazil, on the Atlantic coast. Brazil initiated ballistic missile development
activities in the mid-1980s. Brazil’s pursuit of military applications for missile technology in the 1960s
through the 1980s coincided with ongoing mutual distrust and nuclear weapons development competition
between Brazil and Argentina during this time period. After 1991, when civilian governments had
replaced the military regimes in both countries, both countries reached agreements that defused this
situation (CEIP 2001).

The change in emphasis from military to civilian and scientific applications for Space Launch Vehicles
(SLVs) occurred in the 1990s. The Brazilian Space Agency (Agencia Espacial Brasileira, or AEB) was
created within the Ministry of Science and Technology in 1994 and given responsibility for national space
activity and development. Since the 1980s, Brazil has been developing the Veiculo Lancador de Satelites
(VLS) satellite launch vehicle, which is derived from the SONDA sounding rocket technology. The VLS
is designed to deliver satellites to LEO with a design payload capacity smaller than that of the U.S.
Pegasus or Minotaur LEO ELVs. Launches of the VLS in 1997 and 1999 both resulted in failures. Brazil
now launches its sounding rockets and VLS from the Alcantara Launch Center, located on Brazil’s
northern Atlantic coast near Sao Luis at 2.3 degrees South latitude (ST 2001a), which began development
in the 1980s and is now operational. Due to its proximity to the equator (with its associated centrifugal
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“boost” advantage for launch vehicles), China, Israel, and Ukraine have expressed interest in using
Alcantara for their ELVs.

The Brazilian Government has developed a draft law, Regulation No. 8 of the Ministry of Science and
Technology Brazilian Space Agency, which stipulates that the AEB licenses all launches and would
establish the required amount of third-party liability insurance for each launch, which the launch operator
must obtain. The amount of insurance would be determined in accordance with the degree of risk for the
launch activity. AEB has stated that the Brazilian Government would be responsible for claims exceeding
the launch operator’s third-party liability insurance coverage (BSA 2001). Specific insurance amounts
have not been determined because no license has been requested for a commercial launch to date. The
law would apply to any applicant, regardless of nationality, that requests a license to launch from
Brazilian territory.

4.2.4 People’s Republic of China

The People’s Republic of China (PRC) has been involved in development and deployment of ballistic
missiles and extension of their use in launching satellites since the PRC Twelve-Year Plan for the
Development of Science and Technology in 1956. As a result of its Korean War involvement against the
United States and with initial technical support from the Soviet Union, the PRC received its first ballistic
missiles from the Soviet Union in 1956. After the Sino-Soviet split in 1960, PRC missile development
was continued indigenously with the help of Qian Xuesen, a Chinese citizen trained in the United States
and involved in U.S. missile development programs until he was charged with spying for the PRC and
was allowed to return to mainland China. Under his leadership, the PRC developed a series of
intercontinental ballistic missiles (ICBMs) in the 1960s and 1970s. China launched its first satellite into
LEO in 1970 using a modified military ICBM named Long March I (Cox 1999). Much of the missile
guidance technology used by the PRC was stolen from U.S. military missiles and military aircraft.

Following the 1970 Long March I satellite launch, the PRC modified successive ICBMs to create the
commercial derivative ELVs Long March II, III, and IV in the 1970s, 1980s, and 1990s. Since the
breakup of the Soviet Union, the PRC has acquired space launch technology from Russia, especially
engine technology (Cox 1999).

Due to the 1986 Challenger Space Shuttle explosion and Delta and Titan ELV launch failures in 1985 and
1986, there was a dearth of available U.S. launch capability in the late 1980s. A lack of ESA capacity and
the U.S. policy precluding the use of Soviet launch vehicles for U.S. satellites resulted in the U.S.
Government adopting a “Green Line” policy to transfer some missile technology to the PRC and allow
the PRC to launch U.S.-manufactured commercial satellites. The PRC launched its first U.S. satellite in
1990, followed by 23 additional successful PRC launches of U.S. satellites (Cox 1999). The PRC
currently offers several versions of its Long March II, Long March III, and Long March IV ELVs, each of
which is capable of launching payloads into LEO or geostationary and polar orbits. They can launch
payloads similar in weight to that of medium-size U.S. ELVs, such as the Delta Il and Atlas II families of
vehicles.

The PRC operates three inland satellite launch centers at Jiuquan (in the Gobi Desert in northwestern
China at 40.6 degrees North latitude), Taiyuan (northeastern China at 37.5 degrees North latitude), and
Xichang (southwestern China at 28.25 degrees North latitude) (ST 2001a). Most commercial satellite
launches have occurred at Xichang due to its launch center infrastructure and its relatively closer latitude
to the equator. All international commercial space launches performed by the PRC are offered by the
China Great Wall Industry Corporation (CGWIC), founded in 1980, and authorized by the PRC
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Government. During the five-year period from 1996 to 2000, the PRC accounted for 3 percent of all
worldwide commercial launch revenues and 6 percent of all commercial launches (AST 2001).

Insurance is obtained through an indigenous PRC insurance company, the Peoples’ Insurance Company
of China, which seeks coverage from underwriters in Europe. Third-party liability insurance is in effect
for a period of two years following launch. The PRC Government will cover any claims above
$100 million (CGWIC 2001). The PRC Government, not a jury, would determine the amount of any
third-party claims, although a third party can theoretically file claims if he or she does not believe the
amount of the government-determined settlement is sufficient. If a client is concerned that the
$100 million is not adequate, the CGWIC can arrange for an additional $300 million in third-party launch
liability insurance paid for by the client. The CGWIC estimated that an additional $300 million in
insurance would cost a client approximately $900,000 (CGWIC 2001, SAIC 2001a). Two Long March
launch accidents occurred at Xichang, one in 1995 and one in 1996 (ST 2001a). These accidents, which
involved fatalities and injuries in the local population, resulted in total payment of third-party liability
claims of less than $10 million for both accidents. The PRC Government assumes all responsibility for
any launch-related damages to government property.

4.2.5 India

India’s space program began with the 1969 creation of the India Space Research Organization (ISRO),
which is currently under the auspices of the Department of Space. India conducted its first domestic
space launch in 1980 and has developed four different ELVs: Space Launch Vehicle-III (SLV-III) (first
satellite launched in 1980, designed for LEO missions); Advanced Satellite Launch Vehicle (ASLV) (first
successful launch in 1992, designed for LEO missions); Polar Satellite Launch Vehicle (PSLV) (first
successful launch in 1996; designed for polar orbits); and Geosynchronous Satellite Launch Vehicle
(GSLV) (first successful launch in 2001, designed for GTO missions). The GSLV uses rocket engine
technology from Russia and is comparable in payload delivery capability to the Delta II ELV
(FAS 2001a, ISRO 2001).

India’s government created the ANTRIX Corporation to market launch services worldwide. India
launched two small, secondary payloads to LEO for Germany and Korea on a single vehicle in 1999.
ANTRIX uses the ELVs and launch facilities of ISRO in much the same way as the Rocket System
Corporation uses the National Space Development Agency’s resources in Japan. The ISRO launch site is
located at the Sriharikota Range Centre on Sriharikota Island off the southeast coast of India (about
62 miles north of Chennai at 13.9 degrees North latitude) (ST 2001a). India has not launched any
commercial payloads to date (AST 2001).

India self-insures all indigenous satellite launches. Through commercial contracts for launch services
with ANTRIX, India obtains liability insurance covering third-party liability. India includes no-fault, no-
subrogation, interparty waivers of liability in its commercial satellite launch contracts. ANTRIX relies
upon government procedures for indemnification in the event of third-party liability in excess of
insurance. The specific amount of third-party commercial space launch liability insurance coverage for
each ELV was not provided by ANTRIX or ISRO for the Indian ELVs in the conduct of this study
(SAIC 2001e).

4.2.6 Israel

Israel’s space program can be traced back to the 1960s with the advent of indigenous university-based
research. The Israel Academy of Sciences and Humanities established the National Committee for Space
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Research in 1963 (Israel 2001). The Israel Space Agency was created in 1983 to develop scientific and
industrial infrastructure for a national space program (NASDA 2001c). As in the case of many other
countries, Israel’s development of a launch vehicle for satellites was derived from its military need to
develop missiles. Thus, the Israeli launch vehicle, called the Shavit (Hebrew for “Comet”) was derived
from the Jericho II medium-range ballistic missile (FAS 2001b). The Shavit is a small LEO ELV that
was first launched in 1988, with a satellite payload, from the Palmachim Air Force Base, which is situated
south of Tel Aviv and Jerusalem (31.9 degrees North latitude) (Friends 2001a, ST 2001b). Since 1988,
Shavit has been used in four satellite launches with a 75 percent success rate (i.e., one of the four launches
was unsuccessful). To avoid overflight of foreign territory, all Shavit launch trajectories have been
retrograde orbits over the Mediterranean Sea and the Straits of Gibraltar, which imposes a significant
penalty on payload capacity (FAS 2001b). Israel has been involved in cooperative agreements, satellite
launches, and/or space launch Memoranda of Understanding (MOUs) with the ESA, Russia, China, India,
and Ukraine (Israel 2001).

Currently, Israel has no government regulation that establishes any liability risk-sharing regime for
commercial space launches from Israeli launch sites. Property and/or third-party damages arising from
any government satellite launches would be paid by the government. Since the Shavit ELV was
developed and would be launched by a private company, the Israel Aircraft Industries (IAI), IAI would be
responsible to fully pay any damages due to its launch, including third-party liability claims, in a manner
similar to the responsibility of aircraft manufacturers. No specific launch liability coverage exists for
Shavit launches. Previous Israeli-designed and -built satellites have been launched by Ariane or Zenit
ELVs, but launch liability was subject to the regulations governing those nations’ launch operators
(SAIC 2001f). Israel has been marketing derivatives of the Shavit to other nations for commercial
launches. However, no Shavit derivatives have yet been launched outside of Israel.

4.2.7 Japan

The Japanese space program is conducted under the auspices of the National Space Development Agency
(NASDA) of Japan, a government-supported organization. Japan launched its first small rockets in the
1960s with its first orbital launch success in 1970 (NASDA 2001a). Early Japanese ELVs, the N-I and
N-II, were based on U.S. Thor/Delta technology, and satellites were successfully launched from 1975
through 1986. However, a 1969 United States-Japan agreement prohibited commercial launches using
these rockets without U.S. permission (CNIE 2001). The next generation of Japanese ELVs, the H-I and
H-II, have been Japan’s principal launch vehicles since the 1990s for GTO and LEO payloads. The H-Iis
subject to the same U.S. permission constraints for commercial launches. The H-II is the first completely
Japanese-designed launch vehicle not subject to any restrictions by the United States. The smaller,
mobile J-I is an ELV designed for smaller payloads and LEO missions. The M-V is another small
Japanese ELV. The next generation of larger ELVs, the H-IIA, began development in 1995 and is
currently undergoing testing as a replacement for the H-II, which has suffered a series of launch failures.
The H-IIA is envisioned by NASDA as competition for the next generation of U.S. Evolved ELVs
(known as EELVs), as well as Ariane and Long March launch vehicles. The H-IIA payload capability is
approximately twice that of either Titan II or Delta II to LEO. The successful launch of an H-IIA on
August 29, 2001, from Tanegashima Space Center bolstered NASDA’s confidence and the continuing
development of this ELV (NASDA 2001b).

Japan has two launch sites at the Tanegashima (Tanegashima Island in southern Japan at 30.4 degrees
North latitude) and Kagoshima (Kyushu Island in southern Japan at 31.2 degrees North latitude) Space
Centers (ST 2001a). Tanegashima is the preferred launch site, but its use is hampered by restrictions
imposed by the local fishing industry, which reach