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SHADOW INSURANCE

BY RALPH S. J. KOIJEN AND MOTOHIRO YOGO1

Life insurers use reinsurance to move liabilities from regulated and rated compa-
nies that sell policies to shadow reinsurers, which are less regulated and unrated off-
balance-sheet entities within the same insurance group. U.S. life insurance and annuity
liabilities ceded to shadow reinsurers grew from $11 billion in 2002 to $364 billion in
2012. Life insurers using shadow insurance, which capture half of the market share,
ceded 25 cents of every dollar insured to shadow reinsurers in 2012, up from 2 cents
in 2002. By relaxing capital requirements, shadow insurance could reduce the marginal
cost of issuing policies and thereby improve retail market efficiency. However, shadow
insurance could also reduce risk-based capital and increase expected loss for the indus-
try. We model and quantify these effects based on publicly available data and plausible
assumptions.

KEYWORDS: Capital regulation, demand estimation, life insurance industry, regula-
tory arbitrage, reinsurance.

1. INTRODUCTION

LIFE INSURANCE AND ANNUITY LIABILITIES of U.S. life insurers were $4068
billion in 2012, which is substantial even when compared with $6979 billion
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in savings deposits at U.S. depository institutions (Board of Governors of the
Federal Reserve System (2013)). However, little research exists on life insurer
liabilities, especially in comparison with the large banking literature. The rea-
son, perhaps, is the traditional view that life insurance and annuity liabilities
are safe because they are more predictable, have a longer maturity, and are
less vulnerable to runs. Thus, the conventional wisdom is that all of the inter-
esting action is on the asset side of the balance sheet, where life insurers take
on some investment risk.

Developments in the life insurance industry over the last decade challenge
this traditional view. As a consequence of changes in regulation (see Section 2),
life insurers are using reinsurance to move liabilities from operating compa-
nies (i.e., regulated and rated companies that sell policies) to less regulated
and unrated off-balance-sheet entities within the same insurance group. These
“shadow reinsurers” are captives or special purpose vehicles in states (e.g.,
South Carolina and Vermont) or offshore domiciles (e.g., Bermuda, Barbados,
and Cayman Islands) with more favorable capital regulation or tax laws. In
contrast to traditional reinsurance with unaffiliated reinsurers, these transac-
tions do not transfer risk because the liabilities stay within the same insurance
group.

Using U.S. data on reinsurance agreements (see Section 3), we document
new facts about life insurance and annuity liabilities in Section 4, with a spe-
cial emphasis on the shadow insurance sector. We find that liabilities ceded to
shadow reinsurers grew significantly from $11 billion in 2002 to $364 billion
in 2012. This activity now exceeds total unaffiliated reinsurance in the life in-
surance industry, which was $270 billion in 2012. Life insurers using shadow
insurance tend to be larger and capture 48% of the market share for both life
insurance and annuities. These companies ceded 25 cents of every dollar in-
sured to shadow reinsurers in 2012, up from 2 cents in 2002.

By relaxing capital requirements, shadow insurance could reduce the
marginal cost of issuing policies and thereby improve retail market efficiency.
However, shadow insurance could also reduce risk-based capital because it
allows life insurers to issue more policies for a given amount of equity. We
develop a simple model in Section 5 to illustrate these effects. In our model,
a holding company consists of an operating company that sells policies and an
affiliated reinsurer whose only role is to assume reinsurance from the oper-
ating company. The key friction is that required capital in the two companies
is regulated, and the operating company faces tighter capital regulation than
the affiliated reinsurer.2 Affiliated reinsurance allows the holding company to
reallocate liabilities between the two companies to reduce the overall cost of
regulatory frictions.

2We take as given that life insurers are regulated, which breaks the Modigliani and Miller
(1958) theorem. The deeper economic frictions that justify regulation include informational fric-
tions and agency problems, such as moral hazard in the presence of state guaranty funds (Lee,
Mayers, and Smith (1997)).
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The model predicts that affiliated reinsurance reduces the operating com-
pany’s marginal cost of issuing policies and increases the equilibrium supply
in the retail market. To quantify this effect, we estimate a differentiated prod-
uct demand system for the life insurance market, assuming oligopolistic price
setting (Berry, Levinsohn, and Pakes (1995)). Our identifying assumption is
that shadow insurance reduces the operating company’s marginal cost, but it
does not affect demand directly. Our structural estimates imply that shadow
insurance reduces life insurance prices by 10% for the average company and
increases annual life insurance issued by $6.8 billion for the industry, which is
7% of the current market size.

If rating agencies and retail customers already have full knowledge of
shadow insurance, life insurers and regulators should be indifferent to disclos-
ing the financial statements of captives, or they may even prefer full disclo-
sure to avoid any chance of misinterpretation. Yet, the financial statements of
captives are not publicly available, except for those recently released by the
Iowa Insurance Division (2014). This leaves open the possibility that shadow
insurance reduces risk-based capital and increases expected loss for the indus-
try. In Section 6, we discuss the evidence from Lawsky (2013) and the finan-
cial statements of Iowa captives, which suggest that captives have significantly
less equity than operating companies. We also quantify the potential risk of
shadow insurance by adjusting measures of risk based on publicly available
data and plausible assumptions. Our adjustment reduces risk-based capital by
53 percentage points (or 3 rating notches) and increases the 10-year cumula-
tive default probability by a factor of 3.5 for the average company using shadow
insurance.

Our work on life and annuity reinsurance is related to the literature on prop-
erty and casualty reinsurance. This literature finds that property and casualty
reinsurance is used for various reasons, including risk transfer as well as capital
and tax management (Mayers and Smith (1990), Adiel (1996)). For life insur-
ers, risk transfer has always been a less important motive because of the more
predictable nature of their business, which explains why there is relatively little
unaffiliated reinsurance. All of the growth in life and annuity reinsurance over
the last decade is within the same insurance group, which points to capital and
tax management as the primary motive for this activity.

Our work is also related to the literature on financial and regulatory fric-
tions on the supply side of insurance markets. In particular, some recent pa-
pers show that capital regulation and accounting rules, when they interact with
financial frictions, affect investment behavior on the asset side of the balance
sheet (Merrill, Nadauld, Stulz, and Sherlund (2012), Becker and Opp (2013),
Becker and Ivashina (2015), Ellul, Jotikasthira, Lundblad, and Wang (2015)).
Our work complements this literature by showing that a set of capital regula-
tion and accounting rules on the liability side has a profound impact on rein-
surance activity and pricing behavior in the retail market (Koijen and Yogo
(2015)).
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2. CHANGES IN REGULATION THAT PRECEDED SHADOW INSURANCE

The four basic motives of life and annuity reinsurance are risk transfer, un-
derwriting assistance, capital management, and tax management (Tiller and
Tiller (2009, Chapter 1)). Over the last decade, the latter two motives have
become increasingly important relative to the former two because of two re-
lated developments. On the one hand, changes in regulation after 2000 forced
life insurers to hold more capital against life insurance liabilities. On the other
hand, new state laws after 2002 allowed life insurers to establish captives to
circumvent the new capital requirements. In this section, we summarize these
developments and related institutional background that is relevant to this pa-
per.

2.1. Changes in Life Insurance Regulation

In January 2000, the National Association of Insurance Commissioners
(NAIC) adopted Model Regulation 830, commonly referred to as Regulation
XXX. This was followed by Actuarial Guideline 38 in January 2003, commonly
referred to as Regulation AXXX. These changes in regulation forced life insur-
ers to hold much higher statutory reserves on newly issued term life insurance
and universal life insurance with secondary guarantees.

These changes in regulation are a matter of statutory accounting principles
and do not apply to generally accepted accounting principles (GAAP). The re-
serve requirements under GAAP are much lower and closer to actuarial value.
Therefore, an operating company that reports under statutory accounting prin-
ciples can cede reinsurance to either an affiliated or an unaffiliated reinsurer
that reports under GAAP to reduce overall reserves. In practice, unaffiliated
reinsurance can be expensive because of capital market frictions and market
power (Gron (1994), Froot (2001)).

2.2. New Captive Laws

South Carolina introduced new laws in 2002 that allow life insurers to estab-
lish captives, whose primary function is to assume reinsurance from affiliated
companies for the purpose of reducing overall reserves. States compete for
captive business in order to increase employment and tax revenue (Cole and
McCullough (2008)). Furthermore, the captive’s state of domicile does not di-
rectly bear risk because the liabilities go back to the operating company (and
ultimately the guaranty associations of states in which the policies were sold)
when a captive fails. A captive structure that has proven especially successful
is the special purpose financial captive, which is a type of special purpose ve-
hicle that was introduced by South Carolina in 2004 and by Vermont in 2007.
Twenty-six states have now adopted a version of the captive laws, eight of which
have defined special purpose financial captives (Captives and Special Purpose
Vehicle Use Subgroup (2013)).
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Captives differ from traditional reinsurers in several important ways. First,
captive reinsurance can be less expensive than unaffiliated reinsurance, espe-
cially after the fixed costs of entry have been paid. Second, captives can op-
erate with less equity because they report under GAAP and are not subject to
risk-based capital regulation. For example, captives in Vermont are required to
have only $250,000 in equity and are allowed to count letters of credit as admit-
ted assets (Captives and Special Purpose Vehicle Use Subgroup (2013)). Third,
captives have a more flexible financial structure that allows them to fund rein-
surance transactions through letters of credit or securitization. Finally, their
financial statements are confidential to the public, rating agencies, and even
regulators outside their state of domicile. The Supplemental Material (Koijen
and Yogo (2016, Appendix A)) contains balance sheet examples that highlight
these aspects of captive reinsurance.

U.S. tax laws disallow reinsurance for the primary purpose of reducing tax
liabilities. However, it can be an important side benefit of captive reinsurance
that motivates where a life insurer establishes its captives. Life insurance pre-
miums are taxable at the state level, and the tax rates on premiums vary across
states (Cole and McCullough (2008)). In addition, profits are taxable at the
federal level, so an operating company can reduce overall tax liabilities by ced-
ing reinsurance to an offshore captive. Bermuda, Barbados, and the Cayman
Islands are important captive domiciles for this purpose.

Operating companies are ultimately responsible for all liabilities that they
issue, even those that they cede to reinsurers. Moreover, captives typically do
not transfer risk to outside investors through securitization (Stern, Rosenblatt,
Nadell, and Andruschak (2007)). These facts together imply that captives do
not transfer risk outside the insurance group and exist solely for the purpose
of capital and tax management. Thus, captives have a function similar to asset-
backed commercial paper conduits with explicit guarantees from the sponsor-
ing bank (Acharya, Schnabl, and Suarez (2013)), prior to the recent regulatory
reform of shadow banking (Adrian and Ashcraft (2012)).

3. DATA ON LIFE AND ANNUITY REINSURANCE

3.1. Data Construction

We construct our sample of life and annuity reinsurance agreements for U.S.
life insurers from the Schedule S filings for fiscal years 2002 to 2012 (A.M. Best
Company (2003–2013)). These financial statements are reported annually to
the NAIC according to statutory accounting principles, which are conveniently
organized along with ratings information by A.M. Best Company. The rele-
vant parts of Schedule S for our analysis are Part 1.1 (Reinsurance Assumed),
Part 3.1 (Reinsurance Ceded), and Part 4 (Reinsurance Ceded to Unautho-
rized Companies).

The data contain all reinsurance agreements (both ceded and assumed) at
each fiscal year-end for any operating company or authorized reinsurer. An au-



1270 R. S. J. KOIJEN AND M. YOGO

thorized reinsurer is subject to the same reporting and capital requirements as
an operating company in its state of domicile, whereas an unauthorized rein-
surer is not. In particular, the data contain reinsurance ceded by an operating
company to an unauthorized reinsurer, such as a domestic captive or a for-
eign reinsurer. However, we do not observe reinsurance ceded by unauthorized
reinsurers that do not report to the NAIC.

For each reinsurance agreement, we observe the identity of the reinsurer,
the type of reinsurance, the effective date, reserve credit taken (or reserves
held), and modified coinsurance reserve. The sum of reserve credit taken and
modified coinsurance reserve is essentially the dollar amount of reinsurance
ceded (see Koijen and Yogo (2016, Appendix A)). We know the identity of the
reinsurer up to its name, domicile, whether it is affiliated with the ceding com-
pany, whether it is authorized in the ceding company’s domicile, and whether
it is rated by A.M. Best Company. We define shadow reinsurers as affiliated and
unauthorized reinsurers without an A.M. Best rating. Our definition is stricter
than “captives” because some captives are actually authorized.

3.2. Summary Statistics

Table I reports summary statistics for our sample of life and annuity rein-
surance agreements, by whether they were ceded to unaffiliated or affiliated
reinsurers. The table also reports the same statistics for shadow reinsurers. Al-
though there are fewer affiliated than unaffiliated reinsurance agreements, the

TABLE I

SUMMARY STATISTICS FOR REINSURANCE AGREEMENTSa

Number of Reinsurance Agreements Mean Reinsurance
Ceded to Ceded (Million $)

Year Unaffiliated Affiliated Shadow Unaffiliated Affiliated Shadow

2002 1493 157 53 26 77 60
2003 960 119 70 26 116 59
2004 753 149 89 101 528 502
2005 824 182 110 28 211 163
2006 681 146 85 54 227 231
2007 599 114 65 39 345 451
2008 566 132 88 25 613 717
2009 456 120 67 37 1199 2003
2010 410 116 56 10 509 776
2011 310 110 49 56 626 640
2012 328 120 45 89 392 502

aSummary statistics for life and annuity reinsurance agreements are reported, by origination year and whether they
were ceded to unaffiliated or affiliated reinsurers. Reinsurance ceded is the sum of reserve credit taken and modified
coinsurance reserve ceded. Shadow reinsurers are a subset of affiliated reinsurers that are unauthorized and do not
have an A.M. Best rating.
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typical amount ceded is significantly higher for affiliated than unaffiliated rein-
surance. For example, 456 unaffiliated reinsurance agreements originated in
2009. In comparison, only 120 affiliated reinsurance agreements originated in
2009, 67 of which were ceded to shadow reinsurers. Average unaffiliated rein-
surance ceded was $37 million in 2009, which is much lower than $1199 million
for affiliated reinsurance and $2003 million for shadow insurance. The average
shadow insurance agreement grew from $60 million in 2002 to $502 million in
2012.

Table II summarizes the characteristics of the life insurers in our sample, by
whether they were using shadow insurance.3 Although most life insurers do
not use shadow insurance, the ones that do tend to be larger, by either market
share or total liabilities. In 2012, 78 companies used shadow insurance, whereas
443 companies did not. However, the life insurers using shadow insurance cap-
tured 48% of the market share for both life insurance and annuities. Further-
more, the average liabilities of life insurers using shadow insurance were 317%
higher than those of the other companies. The life insurers using shadow in-
surance are mostly stock instead of mutual companies. They also tend to have
lower risk-based capital, higher leverage, assets with lower liquidity, and higher
profitability.

TABLE II

CHARACTERISTICS OF LIFE INSURERS
USING SHADOW INSURANCEa

Using Shadow Insurance

Statistic No Yes

Number of companies 443 78

Market share (%):
Life insurance 52 48
Annuities 52 48

Stock company (%) 91 99

Mean:
Log liabilities 0�00 3�17
A.M. Best rating A− A
Risk-based capital (%) 307 208
Leverage (%) 72 89
Current liquidity (%) 158 80
Return on equity (%) 7 18

aSummary statistics for U.S. life insurers in 2012 are reported
by whether they were using shadow insurance. The market shares
are based on gross reserves held for life insurance and annuities,
respectively.

3See Koijen and Yogo (2016, Appendix B) for a description of the data on company character-
istics.
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4. NEW FACTS ABOUT SHADOW INSURANCE

We now document the rapid growth of shadow insurance over the last
decade, as a consequence of changes in regulation summarized in Section 2.
We start with a case study of the MetLife group, which is the largest insurance
group in the United States by total assets. We then show that the rapid growth
of affiliated reinsurance, especially with unrated and unauthorized reinsurers,
stands in sharp contrast to the behavior of unaffiliated reinsurance over the
same period.

4.1. A Case Study of the MetLife Group

Table III lists the U.S. operating companies of the MetLife group and their
affiliated reinsurers in 2012. The operating companies all have an A.M. Best
rating of A+ and cede reinsurance to the rest of the group. The reinsurers are
all unrated and assume reinsurance from the rest of the group. The reinsur-
ers are also unauthorized, except for MetLife Reinsurance of Delaware and
MetLife Reinsurance of Charleston since 2009. The liabilities consistently dis-
appear from the balance sheets of operating companies that sell policies and
end up in less regulated and unrated reinsurers.

Net reinsurance ceded by Metropolitan Life Insurance (the flagship operat-
ing company in New York) was $39.1 billion, which was nearly three times their

TABLE III

AFFILIATED REINSURANCE WITHIN THE METLIFE GROUPa

A.M. Best Net Reinsurance
Company Domicile Rating Ceded (Billion $)

Metropolitan Life Insurance New York A+ 39�1
MetLife Investors U.S.A. Insurance Delaware A+ 13�3
General American Life Insurance Missouri A+ 3�9
MetLife Insurance of Connecticut Connecticut A+ 3�6
MetLife Investors Insurance Missouri A+ 2�6
First MetLife Investors Insurance New York A+ 1�6
New England Life Insurance Massachusetts A+ 1�0
Metropolitan Tower Life Insurance Delaware A+ 0�8
MetLife Reinsurance of Delaware Delaware −0�4
MetLife Reinsurance of South Carolina South Carolina −3�1
Exeter Reassurance Bermuda −5�6
MetLife Reinsurance of Vermont Vermont −9�9
MetLife Reinsurance of Charleston South Carolina −12�9
Missouri Reinsurance Barbados −28�4

Total for the MetLife group 5�7

aThe U.S. operating companies of the MetLife group and their affiliated reinsurers, whose net reinsurance ceded
is greater than $0.1 billion in absolute value in 2012, are listed. Net reinsurance ceded is the sum of reserve credit taken
and modified coinsurance reserve ceded minus the sum of reserves held and modified coinsurance reserve assumed.
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capital and surplus. In the same year, net reinsurance assumed by Missouri
Reinsurance (a captive in Barbados) was $28.4 billion. The sum of net reinsur-
ance ceded across all companies in Table III, which is total reinsurance ceded
outside the MetLife group, was $5.7 billion. Thus, most of the reinsurance ac-
tivity is within the MetLife group, rather than with unaffiliated reinsurers.

4.2. Growth of Affiliated Reinsurance

Figure 1 reports total reinsurance ceded by U.S. life insurers to affiliated and
unaffiliated reinsurers. Affiliated reinsurance grew from $90 billion in 2002 to
$572 billion in 2012. In contrast, unaffiliated reinsurance peaked at $287 billion
in 2006 and is nearly constant thereafter. Affiliated reinsurance has exceeded
unaffiliated reinsurance since 2007.

Figure 2 breaks down Figure 1 into life versus annuity reinsurance. Affili-
ated life reinsurance grew from $36 billion in 2002 to $375 billion in 2012. This
trend coincides with the changes in life insurance regulation and new captive
laws. In contrast, affiliated annuity reinsurance was nearly constant until 2007,
then grew from $91 billion in 2007 to $197 billion in 2012. This growth is cu-
rious because Regulation (A)XXX does not apply to annuities, and its timing
coincides with the financial crisis.

The use of affiliated annuity reinsurance during the financial crisis could be
explained by a motive to smooth reserves, including that which arises from cap-
ital constraints (Koijen and Yogo (2015)). Under Actuarial Guideline 43, the

FIGURE 1.—Reinsurance ceded to affiliated and unaffiliated reinsurers. Life and annuity rein-
surance ceded by U.S. life insurers to affiliated and unaffiliated reinsurers is reported. Reinsur-
ance ceded is the sum of reserve credit taken and modified coinsurance reserve ceded.
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FIGURE 2.—Life versus annuity reinsurance ceded to affiliated and unaffiliated reinsurers.
Reinsurance ceded by U.S. life insurers to affiliated and unaffiliated reinsurers is reported, sepa-
rately for life and annuity reinsurance. Reinsurance ceded is the sum of reserve credit taken and
modified coinsurance reserve ceded.
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reserve value of variable annuity liabilities under statutory accounting prin-
ciples increases relative to that under GAAP after a period of high volatility
(Credit Suisse (2012)). Therefore, a life insurer could smooth overall reserves
by moving liabilities from an operating company that reports under statutory
accounting principles to an affiliated reinsurer that reports under GAAP.

4.3. Geographic Concentration of Reinsurance

Figure 3 decomposes life and annuity reinsurance ceded by the reinsurer’s
domicile, separately for affiliated and unaffiliated reinsurance. The geography
of affiliated reinsurance is characterized by increasing concentration, which is
not present in unaffiliated reinsurance. As we discussed in Section 2, South
Carolina and Vermont are the most important domiciles for domestic captives
because of their capital regulation. The share of affiliated reinsurance ceded
to these two states grew from virtually none in 2002 to 19% in 2012. In con-
trast, the share of unaffiliated reinsurance ceded to these two states remained
low throughout the same period. Bermuda, Barbados, and the Cayman Islands
are the most important domiciles for offshore captives because of their capital
regulation and tax laws. The share of affiliated reinsurance ceded to these off-
shore domiciles grew from 9% in 2002 to 46% in 2012. In contrast, the share
of unaffiliated reinsurance ceded to these offshore domiciles fell slightly over
the same period.

4.4. Reinsurance With Unrated and Unauthorized Reinsurers

Figure 4 decomposes life and annuity reinsurance ceded by the A.M. Best
rating of the reinsurer, separately for affiliated and unaffiliated reinsurance.
The share of affiliated reinsurance ceded to unrated reinsurers grew from 21%
in 2002 to 76% in 2012. In contrast, the share of unaffiliated reinsurance ceded
to unrated reinsurers fell slightly over the same period.

Figure 5 decomposes life and annuity reinsurance ceded by whether the rein-
surer is authorized in the ceding company’s domicile, separately for affiliated
and unaffiliated reinsurance. The share of affiliated reinsurance ceded to unau-
thorized reinsurers grew from 19% in 2002 to 70% in 2012. In contrast, the
share of unaffiliated reinsurance ceded to unauthorized reinsurers is nearly
constant over the same period and is 23% in 2012.

4.5. Growth of Shadow Insurance

Figure 6 reports total reinsurance ceded by U.S. life insurers to shadow rein-
surers. Shadow insurance grew significantly from $11 billion in 2002 to $364
billion in 2012. In particular, growth accelerated during the financial crisis from
2006 to 2009. As a share of the capital and surplus of the ceding companies,
shadow insurance grew from 0.22 in 2002 to 2.49 in 2012. As a share of gross
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FIGURE 3.—Reinsurance ceded by the reinsurer’s domicile. Life and annuity reinsurance
ceded by U.S. life insurers is decomposed by the reinsurer’s domicile, separately for affiliated
and unaffiliated reinsurance. Reinsurance ceded is the sum of reserve credit taken and modified
coinsurance reserve ceded.
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FIGURE 4.—Reinsurance ceded by rating of reinsurer. Life and annuity reinsurance ceded by
U.S. life insurers is decomposed by the A.M. Best rating of the reinsurer, separately for affiliated
and unaffiliated reinsurance. Reinsurance ceded is the sum of reserve credit taken and modified
coinsurance reserve ceded.
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FIGURE 5.—Reinsurance ceded to unauthorized reinsurers. Life and annuity reinsurance
ceded by U.S. life insurers is decomposed by whether the reinsurer is authorized in the ceding
company’s domicile, separately for affiliated and unaffiliated reinsurance. Reinsurance ceded is
the sum of reserve credit taken and modified coinsurance reserve ceded.
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FIGURE 6.—Reinsurance ceded to shadow reinsurers. Life and annuity reinsurance ceded by
U.S. life insurers to shadow reinsurers is reported in total dollars and as a share of the capital
and surplus of the ceding companies. Reinsurance ceded is the sum of reserve credit taken and
modified coinsurance reserve ceded.

life and annuity reserves for companies using shadow insurance, shadow in-
surance grew from 2 cents of every dollar insured in 2002 to 25 cents in 2012.
This represents a significant accumulation of liabilities in a less regulated and
nontransparent part of the insurance industry.

5. A MODEL OF INSURANCE PRICING AND REINSURANCE

We now develop a simple model that illustrates the impact of shadow insur-
ance on the retail market and risk-based capital. We make several simplifying
assumptions to highlight the key economic mechanisms. First, we tailor the
model to the life insurance market to match our empirical application, but the
key economic insights would carry over to the annuity market. Second, we do
not model equity issuance under the assumption that it is a more expensive
way to raise statutory capital than affiliated reinsurance (Myers and Majluf
(1984)), consistent with the evidence in Section 4. For a similar reason, we
leave out unaffiliated reinsurance, which we modeled in an earlier version of
this paper (Koijen and Yogo (2013)). Finally, we do not model taxes because it
is difficult to do so realistically, and the tax benefits of reinsurance are not sep-
arately identified from a reduced cost of regulatory frictions based on publicly
available data.
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5.1. A Holding Company’s Maximization Problem

A holding company consists of an operating company and an affiliated rein-
surer (i.e., a captive or a special purpose vehicle). In period t, the operating
company offers long-term life insurance at a per-period premium of Pt per
unit. As long as the policyholder pays Pt in each period t + s for s ≥ 0, the op-
erating company promises to pay a dollar if the insured dies in period t + s+ 1,
which occurs with probability 1 − π. Let RL be a constant gross discount rate
on liabilities in period t. Then the actuarial value is V = (1 − π)/RL per unit,
which is the present value of the death benefit in period t + 1. A share 1 −λ of
policies sold in period t are lapsed in each period t + s for s ≥ 1. Alternatively,
λ determines the effective maturity of life insurance. For example, one-period
coverage is a special case when λ = 0, and lifetime coverage is a special case
when λ= 1.

The operating company optimally prices insurance in an oligopolistic mar-
ket, where we assume the existence of a Nash equilibrium in prices. The op-
erating company faces a demand function that is continuous, continuously dif-
ferentiable, and strictly decreasing in its own price. Let Qt be the quantity of
policies sold in period t. After the sale of policies, the operating company can
cede reinsurance to the affiliated reinsurer. Let Bt ≥ 0 be the quantity of affil-
iated reinsurance ceded in period t.

The holding company’s profit in period t is

Yt =
∞∑
s=0

δs(Pt−s − V )Qt−s�(1)

where δ = πλ. Total profit is the sum of profits across all policies sold that re-
main in effect. Only a share δ of policies sold in period t − 1 remain in effect
in period t because of attrition through death and lapsation. Affiliated rein-
surance does not affect total profit under the maintained assumption of no tax
effects.

5.1.1. Balance Sheet Dynamics

We now describe how the sale of policies and affiliated reinsurance affect
the balance sheet. The operating company’s liabilities at the end of period t
are

Lt =
∞∑
s=0

δsV (Qt−s −Bt−s)= δLt−1 + V (Qt −Bt)�(2)

Liabilities are the sum of policies net of affiliated reinsurance that remain in
effect, evaluated at actuarial value. Let RA�t be the return on assets in period t.
The operating company’s assets at the end of period t are

At = RA�tAt−1 + V (Qt −Bt)+Yt�(3)
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This equation follows from the flow of funds identity, which says that the
change in assets is the change in liabilities plus total profit.

We define the operating company’s statutory capital at the end of period t as

Kt =At − (1 + ρ)Lt�(4)

where a higher ρ > 0 implies tighter capital regulation. Our formulation of
statutory capital has two interpretations, both of which lead to equation (4).
First, as we discussed in Section 2, operating companies must hold additional
reserves under Regulation (A)XXX. Under this interpretation, 1 + ρ is the
ratio of statutory reserve to actuarial value. Second, operating companies that
face risk-based capital regulation must hold additional capital to buffer shocks
to their liabilities. Under this interpretation, ρ is the risk charge on liabilities.

The only role of the affiliated reinsurer is to assume reinsurance from the
operating company. The affiliated reinsurer’s liabilities at the end of period t
are

L̂t =
∞∑
s=0

δsV Bt−s = δL̂t−1 + V Bt�(5)

Its assets at the end of period t are

Ât =RA�tÂt−1 + V Bt�(6)

We assume that the affiliated reinsurer faces looser capital regulation than the
operating company, which is captured by ρ̂ ∈ (0�ρ). We define the affiliated
reinsurer’s statutory capital at the end of period t as

K̂t = Ât − (1 + ρ̂)L̂t �(7)

We define the holding company’s excess capital at the end of period t as

Wt = At + Ât − (1 + ρ)(Lt + L̂t)�(8)

Excess capital corresponds to the operating company’s statutory capital if
its balance sheet were consolidated with that of the affiliated reinsurer. Al-
ternatively, if we interpret ρ as the risk charge on liabilities, this equation
corresponds to risk-based capital in differences instead of as a ratio (i.e.,
(At −Lt + Ât − L̂t)/(ρ(Lt + L̂t))).

5.1.2. Objective Function

The Insurance Holding Company System Regulatory Act protects the inter-
ests of existing policyholders and the state guaranty funds by restricting the
movement of capital within a holding company, including through affiliated
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reinsurance (National Association of Insurance Commissioners (2011, Ap-
pendix A-440)). Furthermore, increased use of shadow insurance could draw
regulatory scrutiny or intervention (Lawsky (2013)). We model these regula-
tory frictions through a cost function:

Ct = C

(
Kt

Lt−1
�
K̂t

L̂t−1

)
�

We assume that this cost function is continuous, twice continuously differen-
tiable, strictly decreasing, and strictly convex. The cost function is decreasing
because higher statutory capital, relative to balance sheet size as captured by
lagged liabilities, reduces the likelihood of regulatory scrutiny or intervention.
The cost function is convex because these benefits of higher statutory capital
have diminishing returns.

In each period t, the holding company chooses the insurance price Pt and af-
filiated reinsurance Bt to maximize firm value. The holding company has lim-
ited liability and operates as long as excess capital relative to balance sheet
size exceeds a constant default boundary: Wt/(Lt−1 + L̂t−1) ≥ τ. We assume
the absence of arbitrage, which implies the existence of a stochastic discount
factor Mt+1 that is strictly positive but not necessarily unique (Cochrane (2001,
Chapter 4)). Thus, firm value is the present value of profits minus the cost of
regulatory frictions:

Jt = Yt −Ct +Et[Mt+1Jt+1](9)

= Yt −Ct + Prt

(
Wt+1

Lt + L̂t

≥ τ

)
Et

[
Mt+1Jt+1

∣∣∣ Wt+1

Lt + L̂t

≥ τ

]
�

where the second line follows from the normalization that firm value condi-
tional on default is zero.

5.2. Optimal Insurance Pricing and Reinsurance

To simplify notation, we first define the operating company’s shadow cost of
capital as4

ct = − ∂Ct

∂Kt

+Et

[
Mt+1

∂Jt+1

∂Kt

]
�

The shadow cost of capital quantifies the importance of regulatory frictions in
either the present or the future. Similarly, we define the affiliated reinsurer’s

4Our assumptions on the cost function imply that the value function is differentiable (Stokey,
Lucas, and Prescott (1989, Theorem 4.11)), and the partial derivative with respect to statutory
capital can be passed inside the conditional expectation by Leibniz’s rule.
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shadow cost of capital as

ĉt = − ∂Ct

∂K̂t

+Et

[
Mt+1

∂Jt+1

∂K̂t

]
�

The following proposition characterizes the optimal insurance price and affili-
ated reinsurance.

PROPOSITION 1: The optimal insurance price is

Pt =
(

1 − 1
εt

)−1

Φt�(10)

where εt = −∂ log(Qt)/∂ log(Pt) is the elasticity of demand and

Φt =
(
1 + (1 + ρ)ct

)
V

1 + ct

is the marginal cost of issuing policies. If affiliated reinsurance is at an interior
optimum, it satisfies

ctρ= ĉt ρ̂�(11)

We prove Proposition 1 in Koijen and Yogo (2016, Appendix C). The first
term in equation (10) is familiar from the Bertrand pricing formula. The opti-
mal insurance price is decreasing in the elasticity of demand. The second term
is marginal cost that arises from regulatory frictions. Marginal cost increases
with the shadow cost of capital and tighter capital regulation (i.e., higher ρ).

Equation (11) says that the holding company equates the shadow cost of cap-
ital across the two companies, appropriately weighted by the tightness of cap-
ital regulation. For example, suppose that the two companies have the same
shadow cost of capital prior to affiliated reinsurance. Then the operating com-
pany cedes reinsurance to the affiliated reinsurer that faces looser capital reg-
ulation (i.e., ρ̂ < ρ). The operating company’s statutory capital rises relative to
the affiliated reinsurer’s, so that equation (11) holds with ct < ĉt after affiliated
reinsurance.

COROLLARY 1: Affiliated reinsurance reduces the marginal cost of issuing poli-
cies (i.e., ∂Φt/∂Bt < 0). Furthermore, affiliated reinsurance reduces excess capital
if ∂Pt/∂Bt < 0.

We prove Corollary 1 in Koijen and Yogo (2016, Appendix C). Affili-
ated reinsurance reduces the operating company’s shadow cost of capital and
thereby reduces the marginal cost of issuing policies. A lower marginal cost im-
plies a lower price through equation (10), provided that the demand elasticity
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does not decrease to more than offset the lower marginal cost. Thus, affili-
ated reinsurance could reduce the insurance price and increase the quantity of
policies issued.

If affiliated reinsurance reduces the insurance price, it also reduces excess
capital according to Corollary 1. The reason is that the marginal increase in
equity from the additional business is less than the marginal increase in capital
required to support the additional liabilities. Thus, affiliated reinsurance could
reduce risk-based capital and increase the probability of default. In practice,
we cannot accurately assess these effects because the balance sheets of captives
are not publicly available, which means that we do not directly observe excess
capital (8) or the probability of default (9).

5.3. Impact of Shadow Insurance on the Retail Market

In Koijen and Yogo (2016, Appendix D), we quantify the impact of shadow
insurance on the retail market by estimating a differentiated product demand
system for the life insurance market, together with the optimal pricing equa-
tion. Demand is determined by the random coefficients logit model (Berry,
Levinsohn, and Pakes (1995)), where product differentiation is along company
characteristics. We specify marginal cost as an exponential-linear function of
shadow insurance and company characteristics. We then estimate the struc-
tural model under an identifying assumption that shadow insurance reduces
marginal cost, but it does not affect demand directly. Finally, we use the struc-
tural model to estimate counterfactual insurance prices and market size in the
absence of shadow insurance.

We summarize our conservative estimates under the assumption that rat-
ings and risk-based capital already reflect the risk of shadow insurance. In
Koijen and Yogo (2013), we also reported larger effects under an alternative
assumption that ratings and risk-based capital do not adequately reflect the
risk of shadow insurance. Marginal cost would increase by 13.3% for the aver-
age company using shadow insurance in 2012. In response to higher marginal
cost, the average company would raise prices by 10.4%. The quantity of life
insurance issued annually would fall by $7.2 billion for the operating compa-
nies using shadow insurance, while the other companies would gain $0.4 bil-
lion because of substitution effects. Higher prices mean that some potential
customers would stay out of the life insurance market. The industry as a whole
would shrink by $6.8 billion, which is 7% of its current size of $91.5 billion in
2012.

6. POTENTIAL RISK OF SHADOW INSURANCE

We now discuss the possibility that shadow insurance reduces risk-based cap-
ital and increases expected loss for the industry. As we discussed in Section 2,
captives are not subject to Regulation (A)XXX or risk-based capital regula-
tion. Therefore, captives would have to voluntarily hold as much capital as the
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operating companies in order for shadow insurance to not affect risk at the
holding company level. Two pieces of evidence suggest that this is not always
the case.

First, Lawsky (2013) has examined nonpublic financial statements of cap-
tives that assume reinsurance from operating companies in New York and
found widespread use of fragile sources of funding, such as conditional letters
of credit (guaranteed by the parent company) and naked parental guarantees.
These fragile sources of funding erode the effective equity in captives. Moody’s
Investors Service shares a similar view that “because many companies’ captives
are capitalized at lower levels compared to flagship companies, the use of cap-
tives tends to weaken capital adequacy” (Robinson and Son (2013, p. 3)).

Second, the Iowa Insurance Division (2014) recently released financial state-
ments for eight captives in their domicile for 2013 and 2014. These financial
statements report how much equity these captives have when evaluated under
the statutory accounting principles that apply to operating companies. Six of
the eight captives have significantly negative equity under statutory account-
ing. When aggregated over the eight captives, total equity under statutory ac-
counting is −$2�7 billion in 2014.

We do not have sufficient data to accurately assess the potential risk of
shadow insurance. Based on publicly available data, we can only explore what
plausible assumptions imply for risk. In Koijen and Yogo (2016, Appendix E),
we quantify the potential risk of shadow insurance by adjusting measures of
risk based on two assumptions. First, we assume that captives do not have eq-
uity under statutory accounting, consistent with the two pieces of evidence.
Second, we assume that the risk profile of reinsurance ceded is identical to as-
sets and liabilities that remain on the balance sheet, which is a natural starting
point. Under these assumptions, our adjustment reduces risk-based capital by
53 percentage points (or 3 rating notches) and increases the 10-year cumula-
tive default probability by a factor of 3.5 for the average company using shadow
insurance. This implies an expected loss of $14.4 billion for the industry, which
is 26% of the total capacity of state guaranty funds.

7. CONCLUSION

We have documented new facts about reinsurance for U.S. life insurers. All
of the growth in life and annuity reinsurance over the last decade is explained
by affiliated reinsurance within the same insurance group, rather than unaf-
filiated reinsurance across groups. This growth in affiliated reinsurance accel-
erated during the financial crisis, especially for annuity reinsurance. Affiliated
reinsurance is geographically concentrated in states (e.g., South Carolina and
Vermont) and offshore domiciles (e.g., Bermuda, Barbados, and Cayman Is-
lands) with more favorable capital regulation or tax laws. Shadow insurance is
the part of affiliated reinsurance that is with less regulated and unrated rein-
surers. The U.S. shadow insurance sector grew significantly from $11 billion
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in 2002 to $364 billion in 2012. Life insurers using shadow insurance ceded 25
cents of every dollar insured to shadow reinsurers in 2012, up from 2 cents in
2002.

Based on publicly available data, we do not know the amount of equity in
captives, the fragility of their funding arrangements, or the risk profile of their
assets and liabilities. Therefore, we cannot conclusively tell whether shadow
insurance simply offsets inefficient capital requirements and taxes, or whether
it increases expected loss for the industry. In the interest of more transparency,
state regulators could release the financial statements of captives, following the
lead of the Iowa Insurance Division. More broadly, financial disclosure should
not be limited to the United States because insurance is a global business. In
particular, we do not know the size of the European shadow insurance sector
because of limited disclosure and inconsistent reporting requirements across
countries.
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