
contents

Preface xv

1 Introduction toModern Insurance 1

1.1 Overview of the Insurance Sector 1

1.1.1 Liabilities 2

1.1.2 Assets 4

1.1.3 Leverage 5

1.1.4 Ownership Structure 7

1.2 Insurance Products 9

1.2.1 Life Insurance 10

1.2.2 Fixed Annuities 10

1.2.3 Variable Annuities 11

1.3 Insurance Data 14

1.3.1 Financial Statements 14

1.3.2 Insurance Prices 17

1.4 Institutional Background 19

1.4.1 State Guaranty Associations 19

1.4.2 Risk-Based Capital Regulation 20

1.4.3 Accounting Standards 21

1.5 A Baseline Model of Insurance Pricing 25

1.5.1 InsuranceMarket 25

1.5.2 Balance Sheet Dynamics 25

1.5.3 Financial Frictions 26

v



vi contents

1.5.4 Optimal Pricing 27

1.5.5 Empirical Implications 28

2 Risks in the Insurance Sector 30

2.1 Variable Annuities 31

2.2 Derivatives 33

2.3 Evidence on Risk Mismatch 34

2.3.1 Interest Risk Mismatch 34

2.3.2 SRISK 37

2.3.3 Stock Returns during the COVID-19 Crisis 38

2.4 Shadow Insurance 38

2.4.1 A Case Study of MetLife 40

2.4.2 Aggregate Facts 42

2.5 Securities Lending 45

2.6 Potential Transmission Mechanisms 47

2.6.1 Corporate BondMarket 48

2.6.2 Households 49

2.6.3 Firms 49

2.6.4 Banks 49

3 Insurance Pricing 51

3.1 Annuity and Life Insurance Prices 52

3.1.1 Summary Statistics 52

3.1.2 Pricing during the Global Financial Crisis 54

3.1.3 Evidence against Default Risk 57

3.2 Statutory Reserve Regulation 59

3.2.1 Term Annuities 61

3.2.2 Life Annuities 62

3.2.3 Life Insurance 64

3.3 Insurance Pricing Model 65

3.3.1 InsuranceMarket 65

3.3.2 Balance Sheet Dynamics 66



contents vii

3.3.3 Financial Frictions 66

3.3.4 Optimal Pricing 67

3.3.5 Empirical Implications 68

3.4 Estimating the Insurance Pricing Model 69

3.4.1 Empirical Specification 69

3.4.2 Identifying Assumptions 70

3.4.3 Marginal Cost of Capital 71

3.5 Evidence for Financial Frictions 76

3.5.1 Frictions in External Capital Markets 76

3.5.2 Frictions in Internal Capital Markets 77

4 Modeling Supply and Demand 81

4.1 Aggregate Facts about the Variable Annuity Market 82

4.2 AModel of Variable Annuity Supply 86

4.2.1 Variable Annuity Market 86

4.2.2 Balance Sheet Dynamics 88

4.2.3 Financial Frictions 90

4.2.4 Optimal Fee and Rollup Rate 90

4.2.5 Evidence from the Cross Section of Insurers 93

4.3 Estimating Variable Annuity Demand 94

4.3.1 AModel of Variable Annuity Demand 96

4.3.2 Identifying Assumptions 98

4.3.3 EstimationMethodology 99

4.3.4 EstimatedModel of Variable Annuity Demand 100

4.3.5 Consumer Surplus 103

4.4 Estimating Variable Annuity Supply 103

4.4.1 Empirical Specification 103

4.4.2 EstimationMethodology 107

4.4.3 EstimatedModel of Variable Annuity Supply 108



viii contents

5 Reinsurance 114

5.1 Risk of Shadow Insurance 115

5.1.1 Relation between Ratings and Shadow Insurance 115

5.1.2 Estimating Risk 117

5.1.3 Estimating Expected Loss 120

5.2 AModel of Insurance Pricing and Reinsurance 121

5.2.1 Insurance Holding Company 122

5.2.2 Balance Sheet Dynamics 122

5.2.3 Financial Frictions 124

5.2.4 Optimal Pricing and Reinsurance 124

5.2.5 Holding Company’s Risk-Based Capital 126

5.3 Modeling the Life Insurance Market 127

5.3.1 AModel of Life Insurance Demand 127

5.3.2 Empirical Specification for Marginal Cost 128

5.3.3 Identifying Assumptions 129

5.3.4 EstimatedModel of the Life InsuranceMarket 130

5.3.5 Retail Market in the Absence of Shadow Insurance 131

6 Portfolio Choice and Asset Pricing 133

6.1 Insurers’ Bond Portfolios 134

6.1.1 Portfolio Composition 134

6.1.2 Duration 137

6.1.3 Credit Risk 139

6.2 A Portfolio Puzzle for Insurers 140

6.3 Asset Pricing with an Insurance Sector 141

6.3.1 Financial Assets 142

6.3.2 Insurers 143

6.3.3 Portfolio-Choice Problem 144

6.3.4 Optimal Portfolio Choice 146

6.3.5 Asset Prices 147

6.3.6 Insurers’ Optimal Portfolio 149



contents ix

6.4 Empirical Implications 150

6.4.1 Demand for Low-Beta Assets 150

6.4.2 Sensitivity to Risk-Based Capital 150

6.4.3 Trend in Relative Credit Risk 152

6.5 Potential Extensions 153

6.5.1 Interest Risk Mismatch 153

6.5.2 Capital Structure 154

6.5.3 Insurance Pricing 154

6.5.4 Agency Problems 154

7 Research Topics and Policy Implications 155

7.1 Research Topics 155

7.1.1 Insurance of New Risks 155

7.1.2 Microfoundations of Insurance Demand 156

7.1.3 Regulatory Gaps 157

7.1.4 Political Economy of Insurance Regulation 157

7.1.5 Optimal Insurance Regulation 158

7.2 Policy Implications 159

7.2.1 Financial Disclosure 159

7.2.2 Stress Tests 160

7.2.3 Regulatory Oversight 160

A Data Appendix 162

A.1 Variables Based on the Financial Accounts
of the United States 162

A.2 Insurer Characteristics 163

A.3 Portfolio of US Life Insurers 165

B Optimality Conditions for a Multiproduct Insurer 166

Bibliography 169
Index 177



1
Introduction toModern Insurance

in section 1.1, we start with an overview of the insurance sector in the
context of financial markets and, more broadly, financial intermediation.
In Section 1.2, we describe the insurance products that we cover in the
empirical work throughout the book. In Section 1.3, we summarize the data
sources for research on insurance. In Section 1.4, we summarize the rel-
evant institutional background, including state guaranty associations, risk-
based capital regulation, and accounting standards. In Section 1.5, we present
a baseline model of insurance pricing with financial frictions and market
power.

1.1 Overview of the Insurance Sector

We start with an overview of the insurance sector through historical data on
the balance sheets of both life insurers and property and casualty insurers.
Since the 1980s, life insurers have grown significantly, and the composition of
their liabilities has shifted from life insurance to variable annuities. Alongwith
the changing nature of their business, life insurers’ leverage has becomemore
volatile because of greater risk mismatch since the 1990s. Thus, the primary
function of life insurers has changed from traditional insurance to financial
engineering.Thepresenceof high leverage and riskmismatchmakes life insur-
ers similar to pension funds. However, the minimum return guarantees make
life insurers unique because they are engineering complex payoffs for policy-
holders over long horizons that are difficult to hedge with traded options. In
terms of portfolio choice, life insurers have shifted from loans to corporate
bonds since the 1960s.

1



2 chapter 1 . introduct ion to modern insurance

table 1.1. Liabilities of Financial Institutions in 2017

Sector Trillion $

Life insurance 6.5
Property and casualty insurance 1.2
Banks 16.9
Private defined contribution 6.2
Private defined benefit 3.2

Authors’ tabulation based on the Financial Accounts of the
United States (Board of Governors of the Federal Reserve
System, 2017). See Appendix A.1 for variable definitions.

1.1.1 Liabilities

Insurers are among the largest of financial institutions. Table 1.1 reports the
liabilities of US financial institutions in 2017. Life insurers had $6.5 trillion
of liabilities, and property and casualty insurers had $1.2 trillion of liabilities.
Life insurers are larger than private defined contribution plans and private
defined benefit plans but smaller than banks. However, size does not tell the
whole story because these financial institutions serve distinct and important
functions.

The large size of the banking sector reflects its importance for payments
and short-term liquid savings. Of the $16.9 trillion in liabilities, $11.7 trillion
are in savings deposits, which is a rough estimate of the short-term liquid sav-
ings function of the banking sector. In contrast, defined contribution plans
are long-term retirement savings in tax-advantaged accounts. Defined bene-
fit plans are also long-term retirement savings but typically offer guaranteed
income during retirement. Annuities sold by life insurers have a similar func-
tion to defined contribution plans because they are long-term savings prod-
ucts with a tax advantage. Fixed annuities have a similar function to defined
benefitplansbecause theyoffer guaranteed incomeduring retirement. In addi-
tion to guaranteed income, variable annuities offer and an upside potential if
investment returns are high.

Figure 1.1 shows the shares of US household net worth that are interme-
diated by insurers and pension funds. In 2017, life insurers accounted for
10.0% of household savings, which is higher than 9.6% for private defined
contribution plans and 5.0% for private defined benefit plans. Property and
casualty insurers accounted for 1.9% of household savings. Although prop-
erty and casualty insurance is important for insuring idiosyncratic risk, it is
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figure 1.1. Insurance and Pension Liabilities. Authors’ tabulation based on the Financial
Accounts of the United States for 1945 to 2017 (Board of Governors of the Federal Reserve

System, 2017). See Appendix A.1 for variable definitions.

not a large share of household savings because the policies typically have short
maturities.

Private defined benefit plans peaked at 9.4% of household net worth in
1985 and fell thereafter. The fall of defined benefit plans is offset by the rise
of life insurers and defined contribution plans. Private employers are shifting
from defined benefit plans to defined contribution plans to avoid the risk of
underfunded pensions. However, not all employers offer defined contribu-
tion plans, and some employees may not be eligible for pension benefits. In
contrast, life insurers could play an important role in retirement savings, even
for households without access to defined contribution plans. Households can
hold annuities in defined contribution plans, individual retirement accounts,
and non-retirement accounts.

Table 1.2 reports the compositionofUS life insurers’ liabilities in 2017.Life
insurance and annuities in the general account each accounted for $1.2 tril-
lion of liabilities. Life insurers manage some private pension funds, and these
liabilities accounted for $0.7 trillion. Other liabilities, including accident and
health insurance, accounted for $0.8 trillion.
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table 1.2. Composition of Life Insurers’ Liabilities in 2017

Liability Trillion $

General account
Life insurance 1.2
Annuities 1.2
Pension funds 0.7
Other (including accident & health) 0.8

Separate account (variable annuities) 2.7

Authors’ tabulation based on the Financial Accounts of the United
States (Board of Governors of the Federal Reserve System, 2017).
See Appendix A.1 for variable definitions.

Separate account liabilities, which are primarily variable annuities, ac-
counted for $2.7 trillion in 2017. The mutual fund underlying a variable
annuity is held in a separate account on behalf of policyholders, which is
not subject to the insurer’s default risk. The minimum return guarantee on
the mutual fund is part of annuity liabilities in the general account. General
account liabilities are subject to default risk because of risk mismatch with
general account assets.

Figure 1.2 shows the composition of US life insurers’ liabilities, which are
in shares of household net worth for comparison with Figure 1.1. In the early
part of the sample before the 1980s, life insurance was larger than annuities.
Since the 1990s, variable annuities have grown rapidly and are now the largest
liability. In 2017, fixed and variable annuities together accounted for 4.9% of
household net worth, which is about twice the size of 2.4% for life insurance.
The label “life insurance companies” was appropriate back in 1945, but they
should perhaps be relabeled “annuity and life insurance companies” in mod-
ern times. However, even the latter label does not do justice to the fact that
themajority of the annuity business involves financial engineering of complex
payoffs.

1.1.2 Assets

Figure 1.3 shows the composition of US life insurers’ general account assets.
Loans (primarily mortgages) were a major share of assets in the early part of
the sample. Loans were 44% of assets in 1967 but were only 15% of assets by
2017. Instead, 58% of assets are in corporate and foreign bonds, and 15% are
in government bonds in 2017.
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figure 1.2. Composition of Life Insurers’ Liabilities. Authors’ tabulation based on the
Financial Accounts of the United States for 1945 to 2017 (Board of Governors of the Federal
Reserve System, 2017). General account annuities include pension liabilities before 1985.

See Appendix A.1 for variable definitions.

Figure 1.3 also shows the composition of US property and casualty insur-
ers’ assets. Government bonds have always been the largest asset class in their
portfolio. Property and casualty insurers have a more conservative portfolio
than life insurers because of the less predictable nature of their liabilities with
tail risk. Nevertheless, property and casualty insurers have gradually shifted
their portfolio from government bonds to corporate bonds since the 1960s.

Figure 1.4 shows the institutional ownership ofUS corporate bonds. Insur-
ers have always been the largest institutional investors of corporate bonds and
thus play a central role in corporate funding and investment. In 2017, insurers
owned 38% of corporate bonds, which is higher than 16% for pension funds,
10% for banks, and 30% for mutual funds.

1.1.3 Leverage

Figure 1.5 shows the leverage (i.e., ratio of liabilities to assets) of US finan-
cial institutions. Property and casualty insurers have always had lower and
more volatile leverage than life insurers because of the less predictable nature
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of their liabilities. Life insurers have a nearly constant leverage ratio of just
above 90% from 1945 through the 1990s. However, the shift from life insur-
ance tovariable annuities since the1990smeans that life insurersnowhave less
predictable liabilities subject to riskmismatch.Alongwith the changingnature
of their business, life insurers’ leverage has become more volatile since the
1990s.

Life insurers and banks have similar levels of leverage, but they moved in
opposite directions during the global financial crisis. In 2008, life insurers’
leverage spiked up to 97%, while banks’ leverage spiked down to 86%. Life
insurers can afford to let leverage increase in response to a transitory shock
to asset values because of the long-term and less runnable nature of their
liabilities.

1.1.4 Ownership Structure

An insurance company could be either a stock or a mutual company. The
shareholders receive the dividends in a stock company, whereas the policy-
holders receive the dividends in a mutual company. A stock company need
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figure 1.6. Life Insurers’ Liabilities by Ownership Structure. Authors’ tabulation based on
the Best’s Statement File for 1998 to 2016 (A.M. Best Company, 1999–2017).

not be publicly traded because it could be privately held. An advantage of a
stock company is access to external capital markets, which facilitates faster
growth. A disadvantage is that the stockholders’ incentives are not necessarily
aligned with the policyholders’ incentives, so there is greater scope for agency
problems (Mayers and Smith, 1981).

Figure 1.6 shows US life insurers’ liabilities by ownership structure. Stock
companies have accounted for all of the growth since the late 1990s. On
the extensive margin, there was a higher than average rate of demutualiza-
tion from 1997 to 2001 (Erhemjamts and Phillips, 2012). On the intensive
margin, access to external capital markets partly explains the faster growth of
stock companies. In addition, stock companies specialize in insurance prod-
ucts that have experienced the fastest growth since the2000s. Figure 1.7 shows
that variable annuities are the largest liability for stock companies, while life
insurance is the largest liability for mutual companies.

Another recent trend in ownership structure is the acquisition of life insur-
ers by private equity firms. Kirti and Sarin (2020) find that private equity
investment in life insurers grew from $23 billion in 2009 to $250 billion in
2014. When acquired by private equity firms, life insurers increase leverage
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and portfolio risk by holding non-agencymortgage-backed securities (MBSs)
instead of highly rated corporate bonds.

1.2 Insurance Products

We describe the insurance products that we cover in the empirical work
throughout the book. We also define the actuarial value of life insurance and
fixed annuities. An insurer that issues life insurance or a fixed annuity must
buy a portfolio of Treasury bonds to replicate its future cash flows. A portfolio
of corporate bonds, for example, does not replicate the cash flows because of
credit risk.Therefore, the lawofoneprice implies that theTreasury yield curve
is the appropriate cost of capital for the valuation of life insurance and fixed
annuities.
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1.2.1 Life Insurance

Term life insurance pays a death benefit upon the death of the insured during
a fixed maturity ofM years. The policy is in effect as long as the policyholder
pays an annual premium while the insured is alive. The policy is lapsed if the
policyholder stops paying the annual premium before maturity or the death
of the insured. Let yt(m) be the zero-couponTreasury yield atmaturitym and
time t. Letπn be the one-year survival probability at age n. The actuarial value
ofM-year term life insurance at age n per dollar of death benefit is

Vt(n,M) =
(
1+

M−1∑
m=1

∏m−1
l=0 πn+l

(1+ yt(m))m

)−1( M∑
m=1

∏m−2
l=0 πn+l(1− πn+m−1)

(1+ yt(m))m

)
.

(1.1)

The first term in parentheses is the present value of the premiums divided
by the annual premium.The second term inparentheses is the present value of
the death benefits. This formula does not account for the potential lapsation
of policies. There is currently no agreed-upon standard for lapsation pricing,
partly because lapsations are difficult to model and predict.

Guaranteed universal life insurance provides lifetime coverage at a con-
stant guaranteed premium and accumulates no cash value. Thus, guaranteed
universal life insurance is essentially term life insurance without a fixed matu-
rity. The actuarial value of guaranteed universal life insurance is a special case
of equation (1.1) whenM=N − n, where N is the maximum attainable age
according to the appropriate mortality table.

We briefly mention other types of life insurance that are not a focus of this
book. Universal life insurancewithout a constant guaranteed premium aswell
as whole life insurance provide lifetime coverage and accumulate cash value.
These types of policies can be thought of as a combination of life insurance
and a savings account. Variable life insurance also provides lifetime coverage
and accumulates cash value in a subaccount that is essentially an equity or
bond mutual fund.

1.2.2 Fixed Annuities

A term annuity pays an annual income for a fixed maturity ofM years. Since
termannuities have a fixed income stream that is independent of survival, they
are straight bonds rather than longevity insurance. The actuarial value of an
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M-year term annuity per dollar of income is

Vt(M) =
M∑

m=1

1
(1+ yt(m))m

. (1.2)

A life annuity with anM-year guarantee pays an annual income for the first
M years regardless of survival, then continues paying income thereafter until
the death of the insured. Let πn be the one-year survival probability at age n,
and let N be the maximum attainable age according to the appropriate mor-
tality table. The actuarial value of a life annuity with an M-year guarantee at
age n per dollar income is

Vt(n,M) =
M∑

m=1

1
(1+ yt(m))m

+
N−n∑

m=M+1

∏m−1
l=0 πn+l

(1+ yt(m))m
. (1.3)

A life annuity without a guarantee is a special case whenM= 0.

1.2.3 Variable Annuities

A variable annuity is a mutual fund with longevity insurance and a potential
tax advantage that is sold through an insurer. For an additional fee, the insurer
offers anoptionalminimumreturn guaranteeon themutual fund.Thus, a vari-
able annuitywith aminimum return guarantee is a retail financial product that
packages a mutual fund with a long-maturity put option on the mutual fund.
To illustrate howvariable annuitieswork,we startwith an example of an actual
product.

MetLife Investors USA Insurance Company (2008) offers a variable annu-
ity called MetLife Series VA, which comes with various investment options
and guaranteed living benefits. In 2008:3, one of the investment options was
the American Funds Growth Allocation Portfolio, which is a mutual fund
with a target equity allocation of 70% to 85% and an annual portfolio expense
of 1.01%. One of the guaranteed living benefits was a Guaranteed Lifetime
Withdrawal Benefit (GLWB). MetLife Series VA has an annual base contract
expense of 1.3% of account value, and a GLWB has an annual fee of 0.5% of
account value. Thus, the total annual fee for the variable annuitywith aGLWB
is 1.8%, which is on top of the annual portfolio expense on the mutual fund.

To understand theGLWB, we first describe a standalone investment in the
mutual fund and the withdrawals that it would enable for retirement income.
Suppose that a policyholder were to invest in the American Funds Growth
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evolution of account value and the guaranteed amount for MetLife Series VA with a GLWB
from 2008:3 to 2016:4. The investment option is the American Funds Growth Allocation
Portfolio. The policyholder is assumed to annually withdraw 5% of the highest guaranteed

amount after 2013:3. For simplicity, this example abstracts from the impact of fees on account
value and the guaranteed amount.

Allocation Portfolio in 2008:3. After 2013:3, the policyholder withdraws a
constant dollar amount each year that is 5% of the highest account value ever
reached. This behavior describes a policyholder who invests in a mutual fund
five years before retirement and subsequently spends down her wealth by
consuming a constant dollar amount each year. Figure 1.8 shows the path of
account value per $1 of initial investment with the shaded region covering
the withdrawal period after 2013:3. The account value fluctuates over time
because of uncertainty in investment returns.

The same policyholder could purchase a GLWB from MetLife and guar-
antee her investment returns. A GLWB has an annual rollup rate of 5% before
the first withdrawal, which means that at each contract anniversary, the guar-
anteed amount steps up to the greater of the account value and the previous
guaranteed amount accumulated at 5%. Thus, a GLWB is a put option on
the mutual fund that locks in each year to a strike price that accumulates at
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an annual rate of 5%. Figure 1.8 shows that the guaranteed amount can only
increaseduring thefive-year accumulationperiod, protecting thepolicyholder
from downside market risk.

When the policyholder enters the withdrawal period, she can annually
withdraw up to 5% of the highest guaranteed amount ever reached. In our
example, the guaranteed amount in 2013:3 is $1.44, which means that the
policyholder can withdraw up to $1.44× 0.05= $0.072 per year. Each with-
drawal gets deducted fromboth the account value and the guaranteed amount.
A GLWB is a lifetime guarantee in that the policyholder receives income (i.e.,
$0.072 per year) as long as she lives, even after the account is depleted to
zero. During the withdrawal period, the guaranteed amount steps up to the
account value at each contract anniversary. In Figure 1.8, these step-ups occur
in 2014:3 and 2016:3 because of high investment returns.

Because the annual rollup rate is 5% and the annual fee is 0.5%, one may
be tempted to conclude that the guaranteed return on the variable annuity
is 4.5% during the accumulation period. This logic turns out to be incorrect
because the guaranteed amount of $1.44 in 2013:3 is only payable as an annual
income of $0.072 over 20 years (or until the policyholder’s death). Because of
the time value of money, the present value of $0.072 per year over 20 years
is worth substantially less than $1.44. Koijen and Yogo (2022a, appendix A)
show the empirical relevance of this contract feature based on the historical
term structure of interest rates.

A GLWB is the most common type of guaranteed living benefit. The three
other types of guaranteed living benefits are a Guaranteed Minimum With-
drawal Benefit (GMWB), a Guaranteed Minimum Income Benefit (GMIB),
and a Guaranteed Minimum Accumulation Benefit (GMAB). A GMWB is
similar to aGLWB, except that the policyholder does not receive income after
the account is depleted to zero. A GMIB is similar to a GLWB, except that the
guaranteed amount at the beginning of the withdrawal period converts to a
life annuity (i.e., fixed income for life). A GMAB provides a minimum return
guaranteemuch like the accumulation period of aGLWB, but it does not have
a withdrawal period with a guaranteed income.

If a policyholder were to die while the contract is in effect, her estate would
receive a standard death benefit that is equal to the remaining account value.
For an additional fee, the insurer offers four types of guaranteed death bene-
fits (highest anniversary value, rising floor, earnings enhancement benefit, and
return of premium) that enhance the death benefit during the accumulation
period.
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Evenwithoutminimumreturnguarantees, variable annuitiesmaybeattrac-
tive to policyholders because of a potential tax advantage in nonqualified
accounts. Earnings on variable annuities can be deferred and accumulate tax
free if the first withdrawal occurs after age 59.5. However, all earnings, includ-
ing the capital gains, are taxed at the ordinary income tax rate, which is higher
than the capital gains tax rate. Therefore, the tax advantage can justify the vari-
able annuity fees only if the accumulation period is sufficiently long. In an
illustrative example, Brown and Poterba (2006, table 5.2) show that the accu-
mulation periodmust be longer than 40 years to justify an annual fee of 0.25%
under the 2003 tax rates and an 8% pre-tax return (with 2% from dividends
and 6% from capital gains).

1.3 Insurance Data

We describe the data on financial statements and insurance prices, much of
which we use throughout the book.

1.3.1 Financial Statements

US insurers prepare annual financial statements according to the statutory
accounting principles and file them with the National Association of Insur-
ance Commissioners (NAIC). In addition to the balance sheets and the
income statements, these data contain variable annuities in General Inter-
rogatories Part 2 Table 9.2, portfolio holdings in Schedule D, derivatives in
Schedule DB, and reinsurance in Schedule S. The National Association of
Insurance Commissioners (1994–2019) sells the financial statements to aca-
demic researchers at a discounted price. The A.M. Best Company and SNL
Financial also sell the same financial statements in a processed and cleaned
format that may be easier to use.

The A.M. Best Company offers two products that contain the financial
statements and rating information. Best’s Insurance Reports contain highlights
from the financial statements that are the most relevant to ratings and are
available since 1992 (A.M. Best Company, 1993–2012). Best’s Statement File
contains the complete financial statements and is available since 1999 (A.M.
Best Company, 1999–2017).

Based on the financial statements, we construct insurer characteristics that
we use throughout the book. They are log assets, log liabilities, asset growth,
leverage, and net equity flow. We also use insurer characteristics that the
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A.M.BestCompany constructs as part of the ratingprocess.They are theA.M.
Best rating, risk-based capital, current liquidity, return on equity, and the
A.M. Best financial size category. We provide a complete definition of these
insurer characteristics in Appendix A.2.

general interrogatories

General InterrogatoriesPart 2Table 9.2 reports the total related account value,
the gross amount of variable annuity reserves, and the reinsurance reserve
credit on variable annuities. The total related account value is themarket value
of the mutual funds. The gross amount of variable annuity reserves is the
accounting value of theminimum return guarantees net of hedging programs.

We define variable annuity liabilities as the total related account value plus
the gross amount of variable annuity reserves minus the reinsurance reserve
credit on variable annuities. For each insurer, we define its reserve valuation
as the ratio of the gross amount of variable annuity reserves to the total
related account value. The reserve valuation measures the value of the min-
imum return guarantees per dollar of underlying mutual funds. In the cross
section, the reserve valuation is higher for insurers that have sold more gen-
erous guarantees. In the time series, the reserve valuation increases when the
stock market falls, interest rates fall, or volatility rises. We define the reinsur-
ance share of variable annuities as the ratio of the reinsurance reserve credit on
variable annuities to the gross amount of variable annuity reserves.

schedule d

Schedule D reports all fixed income and equity holdings at the CUSIP level.
Other than insurers, mutual funds and exchange-traded funds (ETF) are the
only other US institutional investors who report fixed income holdings. The
importance of insurers in the corporate bond market and the availability
of holdings data create an opportunity to study the impact of institutional
investors on corporate bond prices, following the demand system approach
in Koijen and Yogo (2019). In fact, recent research takes the corporate bond
literature in this direction (Bretscher et al., 2021; Yu, 2021; Siani, 2022).

schedule db

Schedule DB reports all derivatives, including futures, options, and swaps, at
the contract level. Such detailed data are not available for US banks. The data
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are ideal for studying the hedging and risk-shifting motives of insurers (e.g.,
Cummins, Phillips, and Smith, 2001; Sen, 2022).

schedule s

Our data on life and annuity reinsurance agreements are from Schedule S for
2002 to2013(A.M.BestCompany, 2003–2014).The relevant parts of Sched-
ule S are Part 1.1 (Reinsurance Assumed), Part 3.1 (ReinsuranceCeded), and
Part 4 (Reinsurance Ceded to Unauthorized Companies). The data contain
all reinsurance agreements (both ceded and assumed) at each fiscal year-end
for any operating company or authorized reinsurer. An authorized reinsurer is
subject to the same reporting and capital requirements as an operating com-
pany in its state of domicile, whereas an unauthorized reinsurer is not. In
particular, the data contain reinsurance ceded by an operating company to
an unauthorized reinsurer, such as a domestic captive or a foreign 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, the reserve credit taken (or reserves
held), and the modified coinsurance reserve. The sum of the reserve credit
taken and modified coinsurance reserve is the total amount of reinsurance
ceded.We know the identity of the reinsurer up to its name, domicile, whether
it is affiliated with the ceding company, whether it is authorized in the ced-
ing company’s domicile, and whether it is rated by the 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.

consolidated financial statements

Compustat contains the consolidated financial statements under the generally
accepted accounting principles (GAAP) for publicly held holding companies.
These financial statements are not as detailed as the financial statements for
the subsidiaries under the statutory accounting principles. Reconciling the
financial statements of the holding company and its subsidiaries is a daunt-
ing task because of differences in accounting standards, captive reinsurance,
and non-insurance subsidiaries without public financial statements. However,
Compustat data may suffice for some empirical applications in which only
information at the holding company level is necessary.
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international financial statements

The A.M. Best Company offers separate products that contain the financial
statements for global insurers, European insurers reporting under Solvency II,
andCanadian insurers.TheSecuritiesHoldingStatistics of theEuropeanCen-
tral Bank contain all fixed income and equity holdings of European insurers at
the ISIN level (Koijen et al., 2021).

1.3.2 Insurance Prices

life insurance

Our data on life insurance premiums are from Compulife Software (2002–
2012), which is a computer-based quotation system for insurance agents. In
Chapter 4, we focus on guaranteed universal life insurance for males and
females aged 30 to 80 (every 10 years in between). We pull monthly quotes
from January 2005 to July 2011 for all states at the regular health category and
a face amount of $250K.

In Chapter 5, we focus on 10-year guaranteed level term life insurance for
males aged 30 as representative of the life insurancemarket.However, we have
also examined 20-year policies and older age groups for robustness. We pull
quotes at the end of June of each year from 2002 to 2012 for all states at the
regular health category and a face amount of $1 million.

We calculate the actuarial value of life insurance based on equation (1.1),
the appropriate mortality table from the American Society of Actuaries, and
the zero-coupon Treasury yield curve (Gürkaynak, Sack, and Wright, 2007).
We use the 2001 Valuation Basic Table before January 2008 and the 2008
Valuation Basic Table since January 2008. These mortality tables are derived
from the actual mortality experience of insured pools, based on data pro-
vided by various insurers. Thus, they account for adverse selection such that
an insured pool has a lower life expectancy than the overall population. We
smooth the transition between the two vintages of the mortality tables by
geometric averaging.

fixed annuities

Our data on term and life annuity prices are from theWebAnnuities Insurance
Agency, which has published quotes from the leading insurers at a semiannual
frequency since January 1989 (Stern, 1989–2011) and at amonthly frequency
from January 2007 to August 2009 (Stern, 2007–2009). We focus on single
premium immediate annuities in nonqualified accounts, for which only the
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interest is taxable. These policies cannot be lapsed because the premium is
paid up front as a lump sum. For term annuities, we have quotes for 5- to
30-year maturities (every five years in between). For life annuities, we have
quotes for “life only” policies without guarantees as well as those with 10- or
20-year guarantees.Thesequotes are available forbothmales and females aged
50 to 85 (every five years in between).

We calculate the actuarial value of term annuities based on equation (1.2)
and the zero-coupon Treasury yield curve. We calculate the actuarial value of
life annuities basedonequation(1.3), the appropriatemortality table fromthe
American Society of Actuaries, and the zero-couponTreasury yield curve.We
use the 1983AnnuityMortality BasicTable before January 1999 and the 2000
AnnuityMortality Basic Table since January 1999. These mortality tables are
derived from the actual mortality experience of insured pools, based on data
provided by various insurers. Thus, they account for adverse selection such
that an insured pool has a higher life expectancy than the overall population.
We smooth the transition between the two vintages of the mortality tables by
geometric averaging.

variable annuities

Based onMorningstar (2016a), we construct a comprehensive panel data set
on the variable annuity market at the contract level since 1999. The data con-
tain quarterly sales and a textual summary of the prospectus for each contract,
fromwhichwe extract the history of fees and contract characteristics. The key
contract characteristics are the base contract expense, the number of invest-
ment options, and the types of guaranteed living and death benefits that are
offered.1 For eachguaranteed livingbenefit, thekey characteristics are the type
(i.e., GLWB,GMWB,GMIB, orGMAB), the fee, the rollup rate, and thewith-
drawal rate. Morningstar provides the open and close dates for each contract
and guaranteed living benefit, from which we construct the history of when
different benefits were offered.

Sales are available at the contract level but not at the benefit level. There-
fore, wemust aggregate fees and rollup rates over all guaranteed living benefits

1. We use assets under management by subaccount fromMorningstar (2016b) to compute
a measure of investment options that adjusts for the nonuniform distribution of assets across
subaccounts within a contract. Ourmeasure is the inverse of theHerfindahl index over the sub-
account shares within each contract, which equals the number of investment options when the
subaccounts are uniformly distributed.



1.4. inst itut ional background 19

that a contract offers to construct a panel data set on sales, fees, and character-
istics at the contract level. For each date and contract, we first average the fees
and the rollup rates by the type of guaranteed living benefit. We then use the
average fee and rollup rate in the order ofGLWB,GMWB,GMIB, andGMAB,
based on availability. For example, if a contract does not offer a GLWB but
offers aGMWB,weuse the average fee and rollup rate on theGMWB.Because
a GLWB is themost common type of guaranteed living benefit and a GMWB
is the closest substitute for a GLWB, our procedure yields a representative set
of fees and rollup rates that are comparable across contracts.

We merge the Morningstar data and the annual financial statements by
company name. The annual financial statements are from the Best’s Statement
File, which is merged with NAIC’s General Interrogatories Part 2 Table 9.2 by
theNAIC company code. The final data set is a quarterly panel on the variable
annuity market from 2005:1 to 2015:4, where the start date is dictated by the
availability of the NAIC data. For the summary statistics that only require the
Morningstar data, we use a longer sample that starts in 1999:1.

1.4 Institutional Background

Since the McCarran Ferguson Act of 1945, states have regulated US insurers,
and there is no national insurance regulator. States regulate many aspects of
the insurance business, including the coverage requirements for policies, the
premiums for some types of insurance such as health, revisions in the pre-
miums of existing policies, the accounting standards for financial reporting,
and the capital requirements to ensure solvency. Although the regulation can
vary across states, most states adopt the model regulation established by a
coordinating organization known as the NAIC.

1.4.1 State Guaranty Associations

Since the Life andHealth InsuranceGuarantyAssociationModel Act in 1970,
all states have established guaranty associations to cover insurance claims in
case of default. The maximum coverage varies across states and types of poli-
cies. For example, California covers up to $250K for annuities and $300K for
life insurance. Guaranty associations assess the surviving companies to pay
off the defaulted insurance claims. All states cap annual guaranty association
assessments, typically at 2% of recent life insurance and annuity premiums.
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State taxpayers indirectly bear the cost of defaulted insurance claims because
the assessments are tax deductible.

On the one hand, guaranty associations protect policyholders, who may
not be informed or coordinated enough tomonitor their insurer.On the other
hand, guaranty associations create a risk-shifting motive for managers and
shareholders (Lee,Mayers, andSmith, 1997).Therefore, state regulatorsmust
set and enforce capital requirements to limit excessive risk taking. As we have
seen, the insurance sector was already large and functioning as a relatively
unregulated system before 1970. It is unclear whether the insurance sector
is better off in the current system of capital regulation protecting guaranty
associations.

Although the US government does not explicitly guarantee insurers, it did
bail out AIG, Hartford, and Lincoln Financial through the Troubled Asset
Relief Program (TARP) during the global financial crisis. Other insurers such
as Allstate, Genworth Financial, and Prudential Financial applied for TARP
but were ultimately rejected or withdrew their application. In the aftermath of
the global financial crisis, theFinancial StabilityOversightCouncil designated
AIG, Prudential Financial, and MetLife as systemically important financial
institutions to enforce higher capital requirements that would prevent future
bailouts.However, all three insurers have successfully challenged this decision
and are no longer designated systemically important as of October 2018.

1.4.2 Risk-Based Capital Regulation

Since theRisk-BasedCapital for InsurersModelAct in 1993, insurance regula-
tors haveused risk-based capital as an importantmetric of an insurer’s financial
strength. Rating agencies also use risk-based capital as an importantmetric for
assigning credit ratings. Risk-based capital is the ratio of accounting equity to
required capital:

RBC= Assets−Reserves
Required capital

. (1.4)

Reserves in the numerator are an accounting measure of liabilities that may
not coincide with the market value. Required capital in the denominator is a
measure of how much equity could be lost in an adverse scenario. Although
the exact formula for computing the required capital is complex, it is help-
ful to think of it as proportional to reserves and increasing in the riskiness of
the liabilities, as we discuss below. For a sufficiently high risk-based capital
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ratio, insurance regulators view equity capital as adequate tomeet the insurer’s
existing liabilities, even in an adverse scenario.

To avoid a rating downgrade or regulatory action, an insurermay behave as
if there were a risk-based capital constraint. There are four levels of risk-based
capital that trigger regulatory action. When the risk-based capital ratio falls
below the “company action level” of 2, the insurer must submit a plan of cor-
rective actions. When the risk-based capital ratio falls below the “regulatory
action level” of 1.5, the insurance regulator examines the insurer and orders
corrective actions. When the risk-based capital ratio falls below the “autho-
rized control level” of 1, the insurance regulator has the authority to place the
insurer under regulatory control.When the risk-based capital ratio falls below
the “mandatory control level” of 0.7, the insurance regulator places the insurer
under regulatory control.

An economic risk constraint works similarly to a risk-based capital con-
straint. For example, let ε be a multiplicative shock to the leverage ratio with
a cumulative distribution function F(ε), which arises from a risk mismatch
between assets and liabilities. Consider a value-at-risk constraint under which
the probability that assets cover liabilities must exceed a threshold:

Pr
(
Liabilities
Assets

ε ≤ 1
)

= F
(

Assets
Liabilities

)
≥ κ . (1.5)

We can rewrite this constraint as
Assets− Liabilities

(F−1(κ) − 1)Liabilities
≥ 1. (1.6)

Comparing the left side of this equationwith risk-based capital (1.4), required
capital must be a fraction F−1(κ) − 1 of reserves for the two equations to be
equivalent. An insurer with more conservative risk management has a higher
F−1(κ) due to a higher κ or lower risk reflected in the cumulative distri-
bution function. The horizon over which a value-at-risk constraint matters
for life insurers is presumably much longer than that for banks and property
and casualty insurers, given the long-term and less runnable nature of their
liabilities.

1.4.3 Accounting Standards

An insuranceholding companyconsists of operating companies that sell insur-
ance and reinsurers that specialize in reinsurance. An operating company
reports financial statements according to the statutory accounting principles,
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based on the NAIC’s model regulation. A reinsurer that is not licensed to sell
insurance reports financial statements under GAAP. The holding company
reports consolidated financial statements under GAAP. European insurers
report under Solvency II, which is different from GAAP. However, the Euro-
pean Union allows insurers to operate outside of the European Union under
the home country’s solvency regime under Solvency II equivalence.

Reserve valuation is the valuation of an insurance liability under an
accounting standard for the purposes of financial reporting, and it is impor-
tant because higher reserves reduce risk-based capital (see equation (1.4)).
The reserve valuation of life insurance differs substantially between the statu-
tory accountingprinciples andGAAP.This difference in accounting standards
creates an incentive for life insurers to use shadow insurance, whichwediscuss
in Chapters 2 and 5. We also discuss the statutory accounting principles for
variable annuities, which is important for Chapter 4.

life insurance

In January 2000, the NAIC adopted Model Regulation 830 (commonly
known as Regulation XXX) for the reserve valuation of term life insurance. In
January 2003, the NAIC adopted Actuarial Guideline 38 (commonly known
as Regulation AXXX) for the reserve valuation of universal life insurance
with secondary guarantees. By increasing the reserve valuation, the new reg-
ulation forced insurers to hold more capital on newly issued life insurance
policies.

The new regulationwas amatter of the statutory accounting principles and
does not apply to GAAP. The reserve valuation under GAAP is much lower
and closer to the actuarial value.Therefore, an operating company that reports
under the statutory accounting principles could cede reinsurance to either an
affiliated or unaffiliated reinsurer that reports under GAAP to reduce over-
all reserves. In practice, unaffiliated reinsurance can be expensive because of
capital market frictions and market power (Froot, 2001).

captive laws

South Carolina introduced new laws in 2002 that allow 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
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captive business to increase employment and tax revenue (Cole and McCul-
lough, 2008). Furthermore, the captive’s state of domicile does not directly
bear risk because the liabilities go back to the operating company (and ulti-
mately the guaranty associations of states in which the policies were sold)
when a captive fails. A captive structure that has proven especially success-
ful is the special purpose financial captive, which is a type of special purpose
vehicle that was introduced by South Carolina in 2004 and Vermont in 2007.
Twenty-six states have adopted a version of the captive laws, eight of which
have defined special purpose financial captives (Captives and Special Purpose
Vehicle Use Subgroup, 2013).

Captives differ from traditional reinsurers in several important ways. First,
captive reinsurance can be less expensive than unaffiliated reinsurance, espe-
cially after thefixed costs of entry havebeenpaid. Second, captives canoperate
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 $250K in equity and could count letters of credit as admitted assets
(Captives and Special Purpose Vehicle Use Subgroup, 2013). Third, captives
have a more flexible financial structure that allows them to fund reinsurance
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.

US tax laws disallow reinsurance for the primary purpose of reducing tax
liabilities. However, it can be an important side benefit of captive reinsur-
ance that motivates where an insurer establishes its captives. Life insurance
premiums are taxable at the state level, and the tax rates on premiums vary
across states (Cole andMcCullough, 2008). In addition, profits are taxable at
the federal level, so an operating company can reduce the overall tax liabili-
ties by ceding 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 et al.,
2007). These facts together imply that captives do not transfer risk outside the
insurance group and exist only for the purpose of capital and taxmanagement.
Thus, captives have a function similar to asset-backed commercial paper con-
duits with explicit guarantees from the sponsoring bank (Acharya, Schnabl,
and Suarez, 2013), before the regulatory reform of shadow banking (Adrian
and Ashcraft, 2012).
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variable annuities

Variable annuity liabilities enter both reserves and required capital in risk-
based capital (1.4). As summarized by Junus andMotiwalla (2009), Actuarial
Guideline 43 has determined the reserve value of variable annuities since
December 2009, and theC-3 Phase II regulatory standard has determined the
contribution of variable annuities to required capital since December 2005.
ActuarialGuideline 43 is a higher reserve requirement than its precursorActu-
arialGuideline 39, so insurerswere given aphase-in period throughDecember
2012 to fully comply with the new requirement.

To compute reserves and required capital, insurance regulators provide
various scenarios for the joint path of Treasury, corporate bond, and equity
prices. Insurers simulate the path of equity deficiency for their variable annu-
ity business (net of hedging programs and reinsurance) under each scenario
and keep the highest present value of equity deficiency along each path. Insur-
ers then compute reserves as a conditional mean over the upper 30% of
equity deficiencies (called CTE 70). This conditional tail expectation builds
in a degree of conservatism that is conceptually similar to a correction for
risk premia, but reserves do not coincide with the market value of liabilities.
Insurers use the samemethodology for required capital, except that they com-
pute a conditional mean over the upper 10% of equity deficiencies (called
CTE 90).

More generous guarantees with higher rollup rates or better coverage of
downside market risk relative to fees require higher reserves and more capi-
tal. Moreover, minimum return guarantees are long-maturity put options on
mutual funds, whose value increases when the stockmarket falls, interest rates
fall, or volatility rises. Therefore, both reserves and required capital increase
in an adverse scenario like the global financial crisis, which puts downward
pressure on risk-based capital.

In contrast to the conditional tail expectation under Actuarial Guideline
43, GAAP allows insurers to record variable annuity reserves at market value.
As a result, variable annuity reserves under the statutory accounting principles
could increase relative to those under GAAP after a period of high volatility
(Credit Suisse, 2012). Moreover, an insurer that implements a hedging pro-
gram under GAAP could actually increase the volatility of accounting equity
under the statutory accounting principles. For these reasons, insurers have
an incentive for captive reinsurance of variable annuities either to increase
risk-based capital or to implement a hedging program under GAAP.
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1.5 A Baseline Model of Insurance Pricing

Traditional theories of insurance markets assume that insurers operate in an
efficient capital market and supply policies at actuarially fair prices. Conse-
quently, the market equilibrium is primarily determined by the demand side,
either by life-cycle demand (Yaari, 1965) or informational frictions (Roth-
schild and Stiglitz, 1976). In contrast, we present a baseline model in which
financial frictions and market power are the primary determinants of insur-
ance prices.

We build on the baseline model in the subsequent chapters. In Chap-
ter 3, we extend the insurance pricing model to multiple types of policies to
explain pricing across policies with different statutory reserve requirements.
InChapter 4,weextend the insurancepricingmodel to contract designwith an
application to the variable annuity market. In Chapter 5, we extend the insur-
ance pricingmodel to reinsurance to explain shadow insurance and its impact
on the retail market. In Chapter 6, we extend the insurance pricing model to
portfolio choice to explain why insurers are the largest institutional investors
of corporate bonds.

1.5.1 Insurance Market

For simplicity, we assume that an insurer sells just one type of policy (e.g.,
annuities or life insurance). Insurers compete in an oligopolistic market and
have market power because of product differentiation along policy charac-
teristics other than the price, which we parameterize through a differentiated
product demand system in Section 4.3.1. For now, we assume that the insurer
faces a demand function that depends on its own price and the prices of its
competitors. The demand function is continuously differentiable and strictly
decreasing in its own price.

In period t, the insurer chooses the price Pt per policy and sellsQt policies.
The actuarial value per policy is Vt . The reserve value per policy is V̂t . As we
discuss in Section1.4.3, the reserve value depends on the statutory accounting
principles and could be greater or less than the actuarial value.

1.5.2 Balance Sheet Dynamics

We describe how the sale of policies affects the balance sheet. Let At−1 be
the assets at the beginning of period t, and letRA,t be an exogenous gross asset
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return in period t. The assets at the endof period t, after the sale of policies, are

At =RA,tAt−1 + PtQ t . (1.7)

The insurer must also record reserves on the liability side of its balance
sheet. Let Lt−1 be the reserves at the beginning of period t, and let RL,t be
an exogenous gross return on reserves in period t. The reserves at the end of
period t, after the sale of policies, are

Lt =RL,tLt−1 + V̂tQ t . (1.8)

We define statutory capital as equity minus required capital, which is
proportional to reserves:

Kt =At − Lt︸ ︷︷ ︸
equity

− φLt︸︷︷︸
required capital

, (1.9)

where φ > 0 is a risk charge on liabilities under risk-based capital regulation.
In comparison to equation (1.4), we specify statutory capital as a difference
(rather than a ratio) of equity and required capital to simplify the derivation
of the optimal insurance price. However, we could scale statutory capital by
lagged liabilities without substantively altering the results. Substituting equa-
tions (1.7) and (1.8) into equation (1.9), the law of motion for statutory
capital is

Kt =RK,tKt−1 + (Pt − (1+ φ)V̂t
)
Qt , (1.10)

where

RK,t = At−1

Kt−1
RA,t − (1+ φ)Lt−1

Kt−1
RL,t (1.11)

is the return on statutory capital.

1.5.3 Financial Frictions

Following the discussion in Section 1.4.2, low statutory capital could lead to
a rating downgrade or regulatory action, which have adverse consequences
in both retail and capital markets. Moreover, financial frictions make equity
issuance costly. We model the cost of financial frictions through a cost
function:

Ct =C(Kt). (1.12)



1.5. a ba sel ine model of insurance pr ic ing 27

This cost function is continuous, twice continuously differentiable, strictly
decreasing, and strictly convex.The cost function is decreasingbecausehigher
statutory capital reduces the likelihood of a rating downgrade or regulatory
action. The cost function is convex because these benefits of higher statu-
tory capital have diminishing returns. An alternative interpretation of the
cost function is that the insurer has an economic risk constraint, such as the
value-at-risk constraint in Section 1.4.2.

1.5.4 Optimal Pricing

The insurer’s profit from selling policies is

Dt = (Pt −Vt)Qt . (1.13)

A simple interpretation of this profit function is that for each policy that the
insurer sells for Pt , it can buy a portfolio of Treasury bonds that replicates its
expected claims forVt . For term annuities, this interpretation is exact because
the future claims are deterministic. For life annuities and life insurance, we
assume that themortality risk is idiosyncratic and that the insured pool is suf-
ficiently large for the law of large numbers to apply.2 The insurer chooses the
price Pt to maximize firm value, which is the profit minus the cost of financial
frictions:

Jt =Dt −Ct . (1.14)

We could specify firm value as the present value of profits, but we opt for the
simpler presentation because the key insights do not depend on dynamics.

To simplify the exposition, we present the optimality condition for a single
insurer with the understanding that all insurers have the same optimality con-
ditions in aNash equilibrium. To simplify the notation, we define the demand
elasticity as εt = −∂ log(Qt)/∂ log(Pt). We also define the marginal cost of
capital as

ct = −∂Ct

∂Kt
> 0. (1.15)

The marginal cost of capital represents the importance of financial frictions,
which decreases in statutory capital by the convexity of the cost function.

2. For life insurance, we also assume that the policy is annually renewable or that the
lapsation risk is idiosyncratic.
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The first-order condition for the price is

∂Jt
∂Pt

= ∂Dt

∂Pt
+ ct

∂Kt

∂Pt

=Qt + ∂Qt

∂Pt
(Pt −Vt) + ct

(
Qt + ∂Qt

∂Pt

(
Pt − (1+ φ)V̂t

))
= (1+ ct)Qt + ∂Qt

∂Pt

(
(1+ ct)Pt −Vt − ct(1+ φ)V̂t

)= 0. (1.16)

We rearrange this equation to solve for the optimal price:

Pt =
(
1− 1

εt

)−1 1+ ct(1+ φ) V̂tVt
1+ ct

Vt . (1.17)

The optimal price is the product of three terms. The first term is the markup
that is inversely related to the demand elasticity. This term decreases to one
as demand becomes perfectly elastic (i.e., εt →∞). The second term arises
from financial frictions. This term approaches one as themarginal cost of cap-
ital decreases to zero. The third term is the actuarial value or the frictionless
marginal cost.

1.5.5 Empirical Implications

Because ct > 0, the optimal price (1.17) satisfies an inequality:

Pt ≷
(
1− 1

εt

)−1
Vt if

(1+ φ)V̂t
Vt

≷ 1. (1.18)

When (1+ φ)V̂t/Vt is high, the capital regulation is conservative through a
high risk charge φ on liabilities or a high reserve valuation V̂t relative to the
actuarial value Vt . In this case, statutory capital decreases when the insurer
sellsmore policies. Thus, the optimal price is higher than the frictionless price
if the insurer is financially constrained (i.e., high ct > 0).

This case describes property and casualty insurance. The capital regula-
tion for property and casualty insurers is conservative to ensure an adequate
capital buffer against tail risk. Thus, the supply contracts and prices increase
when property and casualty insurers are financially constrained after a severe
weather event that causes operating losses (Gron, 1994; Froot andO’Connell,
1999). This case also describes variable annuities, as we discuss in Chapter 4.
It is also related to the banking literature, which shows that the loan supply
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contracts when banks are financially constrained (e.g., Peek and Rosengren,
1997).

When (1+ φ)V̂t/Vt is low, the capital regulation is aggressive through a
low risk charge on liabilities or a low reserve valuation relative to the actuarial
value. In this case, statutory capital increases when the insurer sells more poli-
cies. Thus, the optimal price is lower than the frictionless price if the insurer is
financially constrained (i.e., high ct > 0). When the reserve value is less than
the actuarial value, the insurer can raise accounting equity as long as the price
is above the reserve value, even if the economic profit is negative because
the price is below the actuarial value. Although this case is less common, it
describes fixed annuities and life insurance during the global financial crisis,
as we discuss in Chapter 3.
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