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We analyze the effects of a reform of capital regulation for U.S. insurance companies
in 2009. The reform eliminates capital buffers against unexpected losses associated with
portfolio holdings of MBS, but not for other fixed-income assets. After the reform, insurance
companies are much more likely to retain downgraded MBS compared to other downgraded
assets. This pattern is more pronounced for financially constrained insurers. Exploiting
discontinuities in the reform’s implementation, we can identify the relevance of the capital
requirements channel. We also document that the insurance industry crowds outs other
investors in the new issuance of (high-yield) MBS. (JEL G20, G22, G23, G28)
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(Greenwood and Scharfstein 2013) and invested assets in excess of $3.6tn in
2015. While it was historically considered safe from a systemic perspective,
this began to change in the early 2000s when insurance companies, in particular
life insurers, have started to offer riskier products (Koijen and Yogo 2016a),
invest in riskier assets (Becker and Ivashina 2015), and exploit state-level law
changes permitting captive reinsurance (Koijen and Yogo 2016b). As a result,
insurance companies’ balance sheets have been heavily hit by the financial
crisis, in particular, because of their exposure to downgraded mortgage-backed
securities (MBS), pushing several insurers into distress (Ellul et al. 2014; Koijen
and Yogo 2015).

We document the effects of an important reform of capital regulation that
was instituted in the aftermath of the financial crisis. At a high level, this reform
approximately eliminated capital requirements for one asset class, nonagency
MBS, whereas capital requirements for all other fixed-income assets (corporate
bonds, municipal bonds, asset-backed securities other than MBS, etc.) remain
unaffected and tied to credit ratings. Given the unprecedented downgrades of
MBS during the financial crisis,1 the previous regulatory regime would have
implied a quadrupling of 2009 capital requirements for MBS compared to
2008 (and further increases in 2010). The reform, thus, both generated massive
capital relief for the insurance industry and lowered, going forward, the relative
regulatory cost of holding MBS, in particular high-yield MBS, as compared to
other asset classes. In addition, for a subset of MBS, the reform introduces quasi-
random capital requirements due to discontinuities in their implementation.

Our empirical analysis first examines the differential effect of the reform
across asset classes, both in legacy assets and in new issues. After the
reform, insurance companies are much less likely to sell downgraded MBS as
compared to other downgraded legacy assets. Financially constrained insurers
respond more to the reform, pointing to risk-taking as the channel. While the
main effect on insurers’ portfolios is driven by the (lack of) adjustments to
downgraded legacy assets, we also document that the insurance industry crowd
outs other investors in the new issuance of (high-yield) MBS. Using a regression
discontinuity framework, we can identify the relevance of capital requirements
for selling decisions within MBS. This result corroborates the interpretation that
capital requirements are a key driver for insurers’ differential trading behavior
across asset classes.

Figure 1 presents suggestive evidence for our main results. In the 2005−2008
period, the high-yield share in the U.S. insurance industry’s MBS portfolio
increased from 2.6% to 22% in 2009 (see panel A in Figure 1), largely driven
by unprecedented downgrades of MBS held by insurance companies. By 2015
this share increases to 34%. In contrast, the high-yield share for non-MBS
assets (see panel B in Figure 1) remains remarkably stable at almost exactly

1 In 2008, S&P downgraded over 30% of structured securities, in 2009 50%, and in 2010 again over 30%. There
were virtually no upgrades.
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Figure 1
Ratings distribution of MBS and non-MBS holdings of U.S. insurers
For each year-end from 2005 to 2015, this graph plots the ratings distribution of MBS holdings (panel A) and
non-MBS holdings (panel B) of all U.S. life and P&C insurers. The respective weights are computed using the
book value of aggregate security holdings (BACV) obtained from NAIC Schedule D Part 1. The graph conditions
on securities for which at least one rating is available. If multiple ratings are available for a given security, we
create a composite rating equal to the lowest rating (for two ratings) or the median (for three ratings).

5% throughout the entire 2005−2015 period, including the Great Financial
Crisis. The stability of the high-yield share outside MBS is maintained through
selling of downgraded assets (consistent with Ellul, Jotikasthira, and Lundblad
2011) and new purchases of highly rated assets. As a result of these divergent
trends, by 2015 40% of all high-yield assets in the overall fixed-income portfolio
are MBS investments.

Interpreting these different patterns across asset classes as the effect of the
reform would be a leap since the reform also coincides with the 2008/2009
Great Financial Crisis. First, MBS and non-MBS are associated with both
different baseline liquidity and creditworthiness. Second, a particular challenge
for identification is that while the financial crisis caused a major deterioration
of credit quality and drop in liquidity for all asset classes, MBS were
disproportionately affected. To control for these confounding factors, we posit
that credit ratings capture changes in credit quality and liquidity during the
financial crisis. That is, while the distribution of downgrades substantially
differs across asset classes, we assume that conditional on a credit-rating
downgrade, the deterioration of liquidity and credit quality is similar for MBS
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as for other asset classes, so that differential trading patterns can be interpreted
as the effect of the regulatory reform.

Using rich data on credit ratings and insurer holdings and trades in the period
from 2005 to 2015, we find that insurance companies are significantly less
likely to sell downgraded MBS after the reform, both in absolute terms and
relative to other asset classes. This result holds at the industry, the insurance
conglomerate (group), and the individual company level. Life insurers have a
higher propensity to hold on to downgraded assets as compared to property
& casualty (P&C) insurers. Within the set of life insurance companies, we
find that this pattern is even more pronounced for those with riskier liabilities,
as measured by a higher share of variable annuities (Koijen and Yogo 2018).
Moreover, financially constrained insurers, with low risk-based capital (RBC)
ratios and A.M. Best Capital Adequacy Ratios, are more prone to retaining
downgraded MBS. The cross-sectional heterogeneity of our findings is, thus,
consistent with the basic theoretical prediction that more constrained companies
have greater risk-taking incentives.

Since the reform for MBS capital requirements applies not only to legacy
assets but also to any MBS issued after the reform, we predict similar insurer
behavior in the primary market. Apart from the relevance of the primary
market in itself, this analysis has the additional advantage that we can rule out
secondary-market illiquidity as a driver of insurer behavior. While the issuance
of private residential mortgage-backed securities (RMBS) has not recovered
after the financial crisis, the market for commercial mortgage-backed securities
(CMBS) started to revive in 2012.

Based on a comprehensive data set of over 1.5 million newly issued securities
between 2005 and 2015, we show that following the reform the insurance
industry crowds out other investors (such as pension funds, bond funds) in the
issuance of MBS and, in particular, high-yield MBS. This response is primarily
driven by (large) life insurers, consistent with the idea that the business model
of these insurers is under greater reaching-for-yield pressure in times of low
interest rates (see Koijen and Yogo 2016a). In sum, our results suggest that the
response to the reform extends above and beyond legacy assets, although the
contribution of new (high-yield) MBS to the overall riskiness of the insurance
industry is modest due to the low total volume of new MBS issues.

This part of our analysis is motivated by the approximation that capital
requirements for MBS holdings are effectively zero regardless of risk; that
is, they fall into the most preferential NAIC-1 bucket. However, even after the
reform, a subset of MBS positions obtains designations ranging from NAIC-2
to the least attractive NAIC-6 bucket. This subset is inconsequential for overall
capital relief and the documented patterns across asset classes, but it offers
a unique opportunity for causal evidence: discontinuities in the assignments
of capital requirements introduce quasi-random capital requirements around
thresholds, thereby allowing us to cleanly identify the effects of capital
requirements on insurers’ selling behavior.

4

D
ow

nloaded from
 https://academ

ic.oup.com
/rfs/advance-article/doi/10.1093/rfs/hhab102/6363803 by guest on 27 D

ecem
ber 2021



[08:57 16/10/2021 RFS-OP-REVF210113.tex] Page: 5 1–45

Regulatory Forbearance in the U.S. Insurance Industry

To exploit this variation, additional institutional details of the reform are
relevant. As part of the reform, the coordinating body of insurance regulators
(NAIC) removed references to credit ratings in the calculation of capital
requirements for MBS.2 Instead of ratings, capital requirements for individual
securities are now based on “intrinsic prices” that reflect the expected loss
of principal. These intrinsic prices are provided by PIMCO (for RMBS) and
BlackRock (for CMBS), and are highly correlated with the market price.3 Apart
from the new inputs, the second key change is that the reform recalibrates capital
requirements, so that the implied capital buffers against unexpected losses in
adverse scenarios are zero. In practice, this is achieved by assigning the “risk-
free” NAIC-1 category as long as an asset is carried on the books at its intrinsic
price (or below). For the vast majority of MBS positions, accounting rules
governing marking-to-market and impairments (see Appendix B) imply that
risky MBS are indeed held at close to their intrinsic price, giving rise to our
approximation that the reform “eliminates capital requirements.”

However, for a subset of MBS, assets are recorded on the books above
intrinsic prices, for example, because price quotes for assets that are marked
to market are only imperfectly correlated with the intrinsic price provided
by PIMCO. Since the book price markup—the markup of the book value
relative to the valuation based on intrinsic prices—maps discontinuously ointo
capital requirements, we can exploit quasi-random capital requirements around
thresholds. For example, for any MBS with a book price markup between 0.85%
and 2.95%, a life insurer would face a capital requirement of 1.3% (NAIC-2),
jumping to 4.6% (NAIC-3) as soon as the book price markup exceeds 2.95%.

Using a regression discontinuity design with five cutoffs, we estimate the
sales elasticity at these cutoffs separately for life and P&C insurers. We find that
insurance companies react strongly in their decision to sell a mortgage-backed
security if it is assigned a higher capital requirement bucket, but with different
intensities at the five cutoffs. We estimate an easily interpretable elasticity
estimate across cutoffs that suggests that for every percentage-point increase in
capital requirements, life (P&C) insurers are 0.34 (0.25) percentage points more
likely to sell any fraction of their legacy MBS in the subsequent year. These
results confirm the relevance of capital requirements for selling decisions even
within an asset class that is not highly liquid.

The reform we study addresses a commonly voiced concern of hardwiring
institutional capital requirements to credit ratings.4 However, it also introduces
new flaws. First of all, by construction, the new risk measures focus on expected

2 Concerns about the accuracy of credit ratings motivated the reform (see Internet Appendix A).

3 In 2016, BlackRock replaced PIMCO as the provider of intrinsic prices for RMBS.

4 The optimistic ratings issued in the precrisis period were perceived to reflect long-term weaknesses within the
business model of rating agencies (Bolton, Freixas, and Shapiro 2012; Griffin and Tang 2012; He, Qian, and
Strahan 2012; Benmelech and Dlugosz, 2009b; Becker and Milbourn 2011; Baghai and Becker, 2018). These
could be exacerbated by the regulatory use of the ratings themselves (Opp, Opp, and Harris 2013).
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losses, not tail events, and are, thus, not substantially different from credit
ratings. Second, the mapping of these new metrics to capital requirements
is calibrated in such a way that the implied capital buffers cover expected
losses, thereby providing no protection against unexpected losses, the very
losses capital requirements ought to protect against (Brunnermeier et al. 2009).
Moreover, by selectively targeting MBS, the reform introduces cross-sectional
asset distortions in that insurers are not discouraged from investing in high-
risk MBS, while the penalty for other types of high-risk fixed-income assets
remains in place.

What was the motivation for this reform? One potential explanation is
the political-economy channel behind regulation going back to Olson (1965),
Stigler (1971), and Peltzman (1976). Consistent with this view, we show that
large life insurance companies are the biggest beneficiaries of this reform, that
is, companies that are presumably more influential in the regulatory process.
This interpretation also would be consistent with prior experience: Kroszner
and Strahan (1999) argue that industry interests were important to U.S. financial
regulation in the 1970s and 1980s.

Another, not necessarily mutually exclusive, motivation is that insurance
regulators may have wanted to relieve pressure on the industry so as to mitigate
fire-sale discounts caused by industry-wide sales (see Shleifer and Vishny 1992,
or, within the insurance setting, Ellul et al. 2018), or to protect insurance
clients from price movements (Chodorow-Reich, Ghent, and Haddad 2020).
Indeed, the increase in capital requirements under the previous system would
have occurred at a difficult time: many insurance companies simultaneously
experienced market-value losses in their asset portfolios and faced tight
conditions for raising new equity. However, to avoid fire sales of legacy
assets, it does not seem necessary to extend capital relief to newly purchased
securities.

Our paper is most closely related to two papers covering this reform. First,
it subsumes (and significantly extends) Becker and Opp (2013), the first paper
in the literature on this reform. Second, it is related to Hanley and Nikolova
(2021), who show that insurers with a larger MBS exposure in the precrisis
period (and, hence, greater capital relief) are more likely to retain MBS. A
unique feature of our paper is that we have access to intrinsic prices from the
NAIC. This proprietary data set enables us to estimate the effect of capital
requirements on selling decisions by exploiting the discontinuous assignment
of capital requirements. Our paper also differs from that of Hanley and Nikolova
(2021) in our understanding of the reform and the hypotheses that we test in the
reduced-form empirical analysis. Hanley and Nikolova (2021) argue that the
reform grants insurers additional flexibility to strategically choose their book
values, which in turn generates capital relief. Instead, we show that the very
design of the reform generates capital relief, without any need for strategically
choosing book values. Second, they hypothesize that insurers with greater
capital relief would engage in greater risk-taking within MBS. However, we
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show that insurer-level capital relief does not yield robust predictions about
trading in any particular security class.

More broadly, our paper is related to recent work on the insurance
industry, on capital requirements, and on the design and implementation of
financial regulation in general. Insurance companies are prominent institutional
investors, and their demand is important for the pricing of traded assets (e.g.,
Koijen and Yogo 2019; Harris, Opp, and Opp 2021; Becker and Ivashina 2015;
Ellul, Jotikasthira, and Lundblad 2011; Ellul et al. 2015). We contribute to
this literature by documenting a permanent asset-portfolio impact of capital
regulation. To the best of our knowledge, ours is the first paper in the literature
to use a framework based on a regression discontinuity design to identify the
effects of capital requirements. The rapid, large, and less foreseeable reduction
in capital requirements generated by the reform that we study enables us to
better tease out the effects of capital requirements on institutional investors, as
compared to the more gradual and predictable changes of capital requirements
for banks. Yet, our results chime with recent work showing that banks respond
to higher capital requirements by aggregate risk reduction and less lending
(Behn, Haselmann, and Vig 2021; Chen, Hanson, and Stein 2017; Gropp et al.
2019).

1. The 2009 Regulatory Reform

Since 1994, the NAIC has used a risk-based capital system to regulate insurance
companies. This system imposes capital requirements and computes a solvency
metric, the risk-based capital (RBC) ratio, for each insurer at the end of each
year (see Appendix A for details). It aims to protect policyholders and taxpayers
from losses that may result from the insurer’s investment decisions (assets) or
underwriting business (liabilities).

In this paper, we focus on a change in capital regulation for a subcategory of
fixed-income assets, namely, nonagency mortgage-backed securities, which we
will, henceforth, simply refer to as MBS (without the “nonagency” qualifier).
Fixed-income securities represent the most important asset class for insurance
companies, and their regulatory treatment is conceptually similar to bank capital
requirements under the standardized model of Basel II. Precisely, the dollar
capital requirement for a particular fixed-income security s (CRs) is the product
of the book value of the asset (BVs) and its capital ratio requirement (cs).5 The
capital ratio requirement depends on the NAIC risk designation, which takes
on discrete values from 1 to 6 (see Table 1). NAIC-1 refers to the lowest risk
category, and NAIC-6 represents the highest risk category.6

5 Formally, the book value corresponds to the book-adjusted carrying value (BACV) and the capital ratio
requirement refers to the risk-based charge.

6 Holdings of U.S. government debt (including agency MBS) are exempt from capital requirements.
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Table 1
NAIC risk classification and capital ratio requirements

c Threshold for (BP−IP )/BP

NAIC Life P&C Rating threshold Life P&C

1 0.4% 0.3% A 0.85% 0.65%
2 1.3% 1% BBB 2.95% 1.5%
3 4.6% 2% BB 7.3% 3.25%
4 10% 4.5% B 16.5% 7.25%
5 23% 10% CCC 26.5% 20%
6 30% 30% D

This table shows the capital ratio requirements (c) for fixed-income securities as a function of the NAIC risk
category (1−6) for life and P&C insurers (columns 2 and 3). Column 4 illustrates the minimum rating that
guarantees the respective risk category and is applicable for all non-MBS fixed-income securities, for nonagency
RMBS until 2009, and for CMBS until 2010. The cutoffs for (nonagency) MBS under the new system based on
BPsi−IPs
BPsi

are listed in columns 5 and 6 for life and P&C insurers, respectively.

Table 1 illustrates that if a life insurance company holds a NAIC-4 bond
with a book value of $100, it faces a capital requirement of $10. The capital
requirement (in $) for the insurer’s entire fixed-income portfolio (CR) with N
bonds is given by:

CR=
N∑
s=1

CRs =
N∑
s=1

cs×BVs. (1)

Prior to year-end 2009, the NAIC designations for all fixed-income securities
were tied to credit ratings, as illustrated in the fourth column of Table 1.7 That is,
all AA-rated bonds received a NAIC-1 designation, whereas all B-rated bonds
were considered NAIC-4. The capital ratio requirements for corporate bonds,
asset-backed securities, and municipal bonds still follow this ratings-based
classification scheme.

Starting year-end 2009 for RMBS and year-end 2010 for CMBS, the NAIC
made fundamental changes in how to classify MBS. This reform instituted
changes in terms of both the input dimension of capital regulation and its
calibration of capital buffers.

1.1 New input to regulation
The goal of the reform is to replace credit ratings as inputs to capital regulation.8

To this end, the NAIC obtains annual expected-loss assessments from PIMCO
(for RMBS) and BlackRock (for CMBS).9 For each security (CUSIP), these

7 Only credit ratings by acceptable ratings organizations (AROs) qualify. AROs roughly correspond to credit rating
agencies designated as nationally recognized statistical ratings organizations (NRSROs) by the SEC.

8 The official rationale is stated as follows by NAIC (2021): “The huge impact that the NRSRO ratings-based
regulatory process for determining RBC had on insurance companies, along with the recognition of the data and
methodological shortcomings that rendered NRSRO credit ratings inaccurate, necessitated the development for
an alternative rating methodology.”

9 Starting 2016, BlackRock became responsible for assessing both RMBS and CMBS. We investigate potential
conflicts of interest on the side of BlackRock and PIMCO by examining whether their risk assessments are related
to their holdings/trading behavior, but we could not detect any such pattern.
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Figure 2
Intrinsic price versus market price
This graph plots IP (i.e., 1−ELOSS) against MP. In particular, we plot intrinsic prices for all modeled MBS
tranches from 2009 to 2015 against brokerage quotes of year-end market prices. Brokerage quotes are obtained
from NAIC Schedule D Part 1 by computing the ratio of “fair value” and “par value.”

providers estimate discounted expected losses of principal payments, which
we refer to as ELOSS. While it measures, in principle, the same object as
credit ratings, ELOSS∈ [0,1] is different in that it is a continuous estimate
of expected loss in contrast to a letter-grade rating. In particular, ELOSS
determines the regulator’s notion of an “intrinsic price” (IP ) for a security:

IP :=1−ELOSS. (2)

For example, the intrinsic price of a bond with 30% expected loss is given
by 70% of par. The intrinsic prices provided by PIMCO and BlackRock are
highly correlated with brokerage quotes of the market price (see Figure 2): the
respective correlation coefficients are 0.82 and 0.81. Moreover, Figure 2 reveals
that the intrinsic price, with a mean of 0.86, is close to, but on average slightly
above, the market price (MP), with a mean of 0.81.10

1.2 New calibration of capital buffers
Zero-loss securities are always assigned to the NAIC-1 category. For securities
with positive loss, the determination of a security’s capital ratio requirement
held by insurer i, csi , depends on the new metric ELOSS and on its book value.

10 In Appendix C, we highlight two channels that imply IP >MP for the typical structured security. First, ELOSS
disregards losses to coupons. Second, the discount rate used to estimate ELOSS, that is, the coupon rate of the
respective security, is inappropriate. Since losses tend to be higher in bad aggregate states of the world (negative
beta), standard insights from consumption-based asset pricing imply that the discounted market expectation of
losses must be greater than the losses using a state-independent discount rate equal to the coupon rate. See
Almeida and Philippon (2007), who make a similar point in the context of estimating distress cost.
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Figure 3
Discontinuous implementation of MBS RBC charges

This graph plots the capital charges c for life insurers as a function of
BPsi−IPs
BPsi

. The dotted lines refer to the

cutoffs for the respective NAIC 1−6 risk classification (as determined by column 5 in Table 1). The red line
visualizes the approximation implied by (4).

The requirement is an increasing step function of BPsi−IPs
BPsi

, where the book

price BPsi :=
BVsi
PVsi

refers to the book value of the bond per unit of par. BPsi−IPs
BPsi

measures the book price markup relative to the intrinsic price IP . The book
price markup is lower the more of the expected loss is reflected in the book
price, that is, the lower BP . As the black line in Figure 3 illustrates, the five
cutoffs for the step function are designed to approximate the identity function:11

csi =f

(
BPsi−IPs
BPsi

)
≈ BPsi−IPs

BPsi
. (3)

Example 1 contrasts the old and new system for capital ratio requirements.

Example 1. In 2003, life insurer i purchased a Aaa-rated mortgage-backed
security s at par, so that BPOLDsi =1. By 2010, the bond features substantial
credit risk as reflected by ELOSSs =40.6%, a D credit rating, and a market
price well below par,MP =0.6. As marking-to-market rules force the insurer to
mark the asset to market (see Appendix B for details), we obtain thatBPNEWsi =

11 To understand the magnitudes of the capital ratio requirements, observe that the cutoffs (in columns 5 and 6 of
Table 1) are simply the average of the respective adjacent NAIC capital ratio requirements: for life insurers, the
NAIC-1 cutoff is thus given by (0.4%+1.3%)/2 = 0.85%. The respective cutoffs for life and P&C insurers ensure
that the approximation in (3) holds.
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MPs =0.6. Here, BPNEWsi −IPs =0.6% captures the difference between the
expected loss of the security and the 40% write-down due to marking-to-market.
Table 1 now implies:
1) Old system: Based on the credit rating, the bond would be NAIC-6 with
cs =30%.

2) New system: Using
BPNEW

si
−IPs

BPNEW
si

=1%, the bond is NAIC-2 with

csi =1.3%≈1%.

2. Reform Assessment and Hypotheses

In this section, we evaluate the implications of the capital reform. We focus
on three types of implications: the impact on how capital buffers protect
against adverse scenarios (Section 2.1), the interaction of the new system
with accounting rules (Section 2.2), and, finally, the empirical implications for
insurer behavior (Section 2.3). Throughout this section we ignore nonlinearities
(Figure 3) in the relationship between IP and capital requirements. These are not
important to understanding the overall impact of the reform (they are important
for a few individual securities). We focus on the case where IP is close to MP,
which describes the majority of asset positions in practice (see Figure 2).

2.1 Economic capital buffers
We aim to evaluate the reform regarding the economic purpose of capital
requirements, namely to ensure capital buffers that protect against adverse
future shocks (relative to what is currently expected). In the language of banking
regulation, these losses are unexpected (see Brunnermeier et al. 2009).

Now, abstracting from discontinuities, (1) and (3) jointly imply that the $
capital requirements for any MBS (per unit of par holding) satisfy:

CRsi

P arsi
=BPsi×f

(
BPsi−IPs
BPsi

)
≈BPsi−IPs . (4)

To understand the capital buffer that these capital requirements provide against
unexpected losses, first consider the scenario in which the book price of the
asset already reflects expected losses, that is,BPsi =1−ELOSS = IPs . Then, it
is immediate from (4) that the capital buffer against unexpected losses is zero.
Now consider the case where expected losses are not already reflected in book
prices, (BPsi > IPs). In this case, the asset’s book value is inflated relative to
the fundamental intrinsic price by an amount of BPsi−IPs . (4) now implies
that the resultant inflation of book equity is one-for-one compensated with
higher capital requirements on book equity, so that the true economic capital
buffer against unexpected losses is still zero. Thus, regardless of the accounting
practice (marking-to-market or historical cost), we obtain:

Result 1. After the reform, capital requirements for MBS are set such that
the implied capital buffer against unexpected losses is (approximately) zero.
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The reform can, thus, be understood as effectively removing capital
requirements for MBS. The following numerical example illustrates this
fundamental design flaw.12

Example 2. Consider a risk-neutral economy in which the discount rate is
normalized to zero. Over the next year, three macro states occur with respective
probabilities of (95%,3%,2%). The state-contingent payoffs of a bond carried
at par value of $100 are

(
$100,$78,$33

)
. Then, the intrinsic price of the bond

satisfies
IPs =95%×1+3%×0.78+2%×0.33=0.98.

If the regulator aimed to calibrate capital buffers to protect up to the worst
2% of outcomes, the financial institution would need to have a capital buffer
against unexpected losses of $98−$78=$20. In contrast, by Result 1, the 2009
regulatory reform for MBS ensures a buffer against unexpected losses of $0.

From a solvency point of view, it is equivalent if the bond in the example is
carried on the books at $98 (fundamental value) with $0 capital requirements, or
at $100 (par), thereby inflating assets and equity by $2, and capital requirements
are increased by the “expected loss” of $2. However, since insurance companies,
much like banks, are concerned about book equity (and, relatedly, book-based
RBC ratios), the two treatments may have different implications for the behavior
of insurance companies. Next, we investigate the implications of the reform for
formal capital requirements levied on book values as determined by the NAIC
designation.

2.2 Book capital requirements
The dependence of the NAIC designation on book prices (see (1) and
Table 1) makes it necessary to understand the two relevant accounting
rules governing write-downs, marking-to-market requirements and other-than-
temporary impairments (OTTI). In either case, the associated write-downs
ensure that book values account for the expected loss, that is,

BPNEWsi ≈ IPs , (5)

which, using (4), implies that book capital requirements are also approximately
zero. Write-downs are triggered if at least one of the following two conditions
is satisfied:

12 We thank an anonymous referee for suggesting this example. The example is not meant to suggest that setting
appropriate capital requirements against unexpected losses is an easy task. Even if one agrees on an objective
(here, 2% default probability), the appropriate calibration of capital requirements against unexpected losses
requires access to accurate measures of infrequently observed tail events and the correlation structure of assets
in the down state.
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1. Marking-to-market requirements: Marking-to-market requirements
apply for sufficiently distressed assets. For MBS, an insurer is required
to mark to market if the amortized-cost value exceeds the intrinsic
price with some margin.13 For life (P&C) insurers, marking-to-
market is required if IP is 26.5% (1.5%) below amortized cost.
Upon marking-to-market, the book value satisfiesBPNEWsi =MPs≈ IPs ,
where the approximate equality follows from the empirical relationship
documented in Figure 2. Thus, (5) applies again.

2. Other-than-temporary impairments (OTTI): The NAIC mandates
that any nontemporary credit loss leads to loss recognition (see SSAP
No. 43R).14 Then, the asset should be impaired to the present value of
cash flows expected to be collected (for which IP is an appropriate
proxy), so that (5) applies.

Because of the large credit deterioration of many MBS (as illustrated by
the time trend of credit ratings plotted in Figure 1), these conditions apply for
the vast majority of assets. Zooming in on the relevant subset of MBS with
ELOSS>0,15 after the reform 67.3% of all life-insurer positions and 84.3%
of all P&C-insurer positions are carried at or below the NAIC-1 cutoff based
on the intrinsic price, despite the significant credit risk shown in Figure 1.

The interaction of accounting rules and the reform of capital requirements,
thus, implies the following high-level approximation for capital requirements
across asset classes under the new system (the previous regime, described
above, is included for reference).

Table 2
High-level summary of reform

Previous regime New regime

MBS NAIC 1 to 6 as function of rating ≈ NAIC 1
non-MBS NAIC 1 to 6 as function of rating NAIC 1 to 6 as function of rating

Table 2 reveals that the reform introduces both low and risk-insensitive capital
requirements for MBS in the post-reform period. The capital savings compared
to the previous system are, thus, greatest for assets with poor ratings.

2.3 Predictions and hypotheses
To derive predictions of how the regime change for capital requirements affects
the allocation across asset classes, we consider the following parsimonious

13 Marking-to-market requirements for other asset classes and under the previous regime are a function of credit
ratings (see Appendix B for more details).

14 “For MBS, OTTI is considered to have occurred when there has been a delinquency or other credit event in the
referenced pool of mortgages such that the entity does not expect to recover the entire amortized cost basis of
the security” (paragraphs 30−37 of SSAP No. 43R).

15 Recall book prices are irrelevant for the set of securities with ELOSS =0 since these securities are always
considered to be NAIC-1.
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framework.16 Let v(A) denote the objective function of the insurance
company as a function of the investment in n different asset/risk classes
A=(AMBS,A2,...,An), whereA1 =AMBS is, for example, $ investment in high-
risk MBS. This objective function could be driven by incentives to engage in
risk-taking (as in Harris, Opp, and Opp 2021) or to manage risks (as in Froot,
Scharfstein, and Stein 1993). Then, given an equity amount E, the insurer’s
problem is to maximize v(A) subject to the RBC ratio constraint, taking as
given the capital ratio requirements cj associated with asset class j :

V (c,E) :=max
A
v(A) s.t.

E≥
n∑
j=1

cjAj .
17 (RBC)

This formulation suggests a useful parallel to standard consumer theory. Just
like goods prices affect the quantity of goods that can be purchased for a
given income budget, capital requirements affect how many assets can be
purchased for a given amount of equity. Drawing on this parallel, the 2009
reform effectively altered the “price” for high-yield MBS, cMBS . Now, as
standard consumer theory implies, even though the reform only changed capital
requirements for MBS, the allocation to all asset classes is potentially affected
since an optimizing insurer may reshuffle the entire allocation in response to
the price change.

Counterfactual behavior under previous reform. Taking the observed
equilibrium asset allocation A∗

j under the post-reform capital requirements as
the benchmark, we conceptually analyze the effect of reverting to the previous
regime on asset allocation. The total effect for any given asset class j can
be decomposed into a substitution effect, that is, high-risk MBS would have
been relatively more expensive (�cMBS >0), and an income effect, that is, an
insurer-level capital shock of size A∗

MBS�cMBS :

�Aj ≈ ∂Ãj (c,V (c,E))

∂cMBS
�cMBS︸ ︷︷ ︸

Substitution effect

− ∂Aj (c,E)

∂E
A∗
MBS�cMBS︸ ︷︷ ︸

Income (capital) effect

,18 (6)

where Ãj (c,V (c,E)) denotes the compensated asset demand holding the
insurer’s payoff constant at V (c,E). We now immediately obtain:

16 For ease of exposition, this framework abstracts from dynamics and liquidity considerations, but these realistic
features are irrelevant for the points made in this section.

18 This textbook Slutsky decomposition can be found in chapter 2 of Mas-Colell, Whinston, and Green (1995), for
example.
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Result 2. If the shadow value on capital is positive and asset allocation is
“normal” for all asset classes, that is, holdings increase in equity,

∂Aj (c,E)
∂E

>0,
then
1. (High-yield) MBS asset allocation would have been unambiguously lower
under the previous regime, that is, �AMBS <0.
2. The effect on other asset classes is ambiguous, that is, �Aj ≷0 for all j �=
MBS.

Intuitively, Result 2 requires regulatory constraints to matter, which is
empirically the case for more constrained insurers. The reason why the effect on
(high-risk) MBS asset allocation is then unambiguously negative follows from
standard price theory insights, that is, the (compensated) own price elasticity is
unambiguously negative. This effect is reinforced by the negative income effect,
that is, the capital shock of size A∗

MBS�cMBS that would have occurred.19

For all other asset classes j �=MBS, this negative income effect is also at
play, pushing toward less investment. However, it may be countervailed by
the substitution effect as securities from different (high-risk) asset classes are
likely net substitutes. As a result, the net effect is unclear and ultimately an
empirical question.20

A major challenge with estimating the effect of the reform across asset classes
is that the timing of the reform is contemporaneous to the Great Financial
Crisis. That is, a naïve pre-versus post comparison of observed asset-allocation
outcomes captures the effects of both the reform and the financial crisis. In
particular, the most relevant confounding effects of the financial crisis affecting
asset allocation are the major deterioration of credit quality, the concomitant
decrease in liquidity, and resultant capital shocks for insurers. As the credit
quality and liquidity of MBS were disproportionately affected by the financial
crisis (Benmelech and Dlugosz 2009a), any reasonable identification strategy
must control for these direct effects of the financial crisis.

Our analysis of the effects across asset classes in Section 4.1 builds on the
identifying assumption that credit ratings capture changes in credit quality
and liquidity during the financial crisis. That is, while the distribution of
downgrades is substantially different across asset classes, we assume that
conditional on a credit-rating downgrade, say from Aa to B, the deterioration
of liquidity and credit quality is similar for MBS as for other asset classes.
Therefore, downgrades should have similar direct effects on liquidity/credit
quality across asset classes, but after the reform no longer trigger increases
in capital requirements for MBS, so that differential trading patterns following

19 While formally not captured by our static model, even the regulatory cost of holding highly rated MBS is reduced
in a dynamic sense, as possible future deterioriations in ratings will not affect capital ratio requirements.

20 In contrast, if the reform had proportionally lowered capital requirements for all assets, only the income effect
would be present, and we would obtain an unambiguous increase for all asset classes (under the conditions stated
in Result 2).
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downgrades can be interpreted as the effect of the regulatory reform. The second
part of our empirical analysis in Section 4.2 does not rely on this identifying
assumption, but instead exploits the discontinuous mapping of BPsi−IPs

BPsi
into

capital requirements for MBS in the post-reform period (see Table 1 and
Example 1). Using a regression discontinuity framework, we can then estimate
the effect of capital requirements within MBS. Building on this conceptual
analysis, we now turn to the empirical investigation of the reform.

3. Data

In this section, we first describe all data sources used for our analysis. We then
present summary statistics and motivating evidence for the effect of the 2009
regulatory reform on insurance companies’ asset allocation.

3.1 Data description
Our main data consist of a panel covering the holdings and trades of fixed-
income assets for all insurance companies in the U.S. from 2005 to 2015.
This data set is based on NAIC Schedule D Part 1. It contains CUSIP-level
end-of-year holdings for all fixed-income securities including treasury bonds,
corporate bonds, private MBS, and agency-backed RMBS. It provides the book
value and par value for each security and insurer, the NAIC risk classification
of each security, and insurer characteristics (such as the state of incorporation
and the business type). We limit our analysis to the two most important types
of insurers: life and P&C.

We complement the holdings data with data on trades from NAIC Schedule
D Part 4. This data set covers transactions for insurers’ fixed-income positions
from January 1, 2006, to December 31, 2015. Holdings data cannot be used to
infer trading activity, since reductions in par value of a fixed-income security can
reflect prepayment, calls, or maturity. To identify trades, we use information in
the fields “name of purchaser” and “realized gain (loss) on disposal” in Schedule
D Part 4. We consider a security actively sold if the “name of purchaser” does
not indicate any of the following categories: redemptions, maturity, or default.
Moreover, we require that the transaction generate a nonzero realized gain or
loss on disposal.21 For example, if the “name of purchaser” lists a transaction
with “Goldman Sachs,” it is categorized as an trade, while it would not be a
trade if it listed “MBS paydown,” “called,” or “maturity” (see Appendix D for
a detailed description of our classification methodology and keywords). Our
analysis indicates that only 25% of all fixed-income transactions listed in NAIC
Schedule D Part 4 are due to active sales.

21 The idea behind this restriction is that transactions in secondary markets will unlikely take place exactly at book
values and, thus, generate either realized gains or losses. In contrast, the data indicate that scheduled prepayments
(almost) always lead to exactly zero gains or losses. Appendix D provides more details.
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We usually aggregate holdings to the insurance group level. Annual financial
statements and ratings information, which we retrieve from A.M. Best Company
for the fiscal years 2005−2015, are recorded at the individual company level.
We aggregate up these data at the group level, but also provide robustness
checks of our analyses at the individual company level.

We use extensive credit ratings data. For structured securities, we obtain all
ratings directly from the three major credit rating agencies, that is, Moody’s,
S&P, and Fitch. For all other issues, we rely on the Mergent FISD Corporate-
Bond Database, as well as the Mergent FISD Municipal-Bond Database, to
obtain ratings from all three rating agencies.22 If ratings from two rating
agencies are available for a given security, we use the lower one. If ratings
from all three rating agencies are available, we use the median rating.

In addition, we obtain the year-end NAIC ELOSS metrics calculated by
PIMCO and BlackRock for all RMBS (2009 to 2015) and CMBS (2010 to
2015). These proprietary data are used to calculate capital requirements after
the reform, and serve as an input to our regression discontinuity analysis.

When we move our analysis from existing securities to newly issued ones,
we use data on all newly issued securities from January 1, 2005 to December
31, 2015. We define the issue date as the date of the first rating from any one
of our data sources.

Finally, all securities (CUSIPs) are matched with asset categories available
from the CUSIP master file, including mortgage-backed securities and private
loans. We use this information to build the following seven asset categories:
corporate bonds and loans, asset-backed securities (excluding mortgage-backed
securities), mortgage-backed securities (excluding agency mortgage-backed
securities), agency mortgage-backed securities, government debt, municipal
bonds, and other (including equity-like instruments).

3.2 Summary statistics
Figure 4 plots the book values of all fixed-income assets held by life and P&C
insurers. (We present book values rather than the quantitatively similar market
values to facilitate comparison with official NAIC numbers.) By 2015, life
insurers’ total fixed-income holdings amounted to $2,734bn, whereas P&C
insurers held in total $960bn, implying combined holdings of $3,694bn.

For our asset categorization, we distinguish between MBS, the treated group
of securities, and agency MBS that are not treated. For life and P&C insurers
combined, the share allocated to MBS has increased from 12.3% in year-
end 2005 up to 14.7% at the onset of the crisis (year-end 2008). It then
decreased sharply over the crisis period due to prepayments/redemptions, write-
downs and a lack of new issues, and has remained stable at 8% since 2012.

22 If a security’s rating shows up in multiple data sources, we rely on the respective credit rating agency as the main
source, for example, if for a given CUSIP-year we have both an S&P rating directly from S&P and via Mergent
FISD, we use the rating obtained from S&P.
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Figure 4
Fixed-income asset allocation by insurance companies
The graphs plot the evolution of book-adjusted carrying values across fixed-income categories from 2005 to 2015
for life insurers (panel A) and P&C insurers (panel B). The asset classification is based on the CUSIP master file.

While corporate bonds are the most important category within the fixed-income
portfolio for both life and P&C insurers, only P&C insurers allocate a substantial
share toward municipal bonds (of similar magnitude as corporate bonds).

Table 3 presents summary statistics for the main variables used in our
analysis. In panel A, we summarize information on our security-insurer(group)-
year data set. In panel B, we present summary statistics for our data set of newly
issued securities at the security level. While only 1.9% of all new issues are
initially rated BB+ or worse, this fraction increases to 12.1% in the subsample
of MBS.

In Table 4, we present summary statistics separately for life and P&C insurers,
using A.M. Best data on financial statements and ratings for the last year
available, 2015.23 We label an insurance group as life (P&C) if the majority of
assets are held by life (P&C) insurers within a given group. This classification
does not pose a significant concern as in our data 92% of all groups consist of
only life or P&C insurers.

Following Koijen and Yogo (2015) and Koijen and Yogo (2018), we consider
their total admitted assets, variable annuity liabilities (measured as the total
related account value plus the gross amount of reserves minus the reinsurance
reserve credit), the ratio of MBS over total assets, return on equity (ROE), their
leverage ratio (calculated as one minus the ratio of equity to total admitted

23 All differences between life and P&C insurers are virtually invariant over our sample period.
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Table 3
Summary statistics

A. Security-insurer(group)-year level
(2006−2015) Mean SD Min Max N

Sold any fraction 0.128 0.334 0 1 5,806,490
Sold >50% of position 0.099 0.298 0 1 5,806,490
MBS 0.083 0.276 0.000 1 5,806,490

max
{
�RBC

ratings
sit−1 ,0

}
0.001 0.014 0 0.297 5,806,490

max
{
�RBC

ratings
sit−1 ,0

}
if MBS =1 0.009 0.038 0 0.297 482,888

Life insurer 0.536 0.499 0 1 5,806,490

B. New security issues
(security level, 2005−2015) Mean SD Min Max N

Issue volume in 2015 $m 63.627 2,758.296 0.000 2,199,949 1,552,612
Fraction by insurers 0.047 0.179 0.000 1 1,552,612
Fraction by life insurers 0.018 0.108 0.000 1 1,552,612
Participation by insurers 0.112 0.315 0 1 1,552,612
Participation by life insurers 0.053 0.224 0 1 1,552,612
MBS 0.047 0.212 0 1 1,552,612
High yield (HY) 0.019 0.138 0 1 1,552,612
HY if MBS =1 0.121 0.326 0 1 73,416

The summary statistics in panel A refer to flow variables from the run-time of year 2006 until the run-time of
year 2015, and correspond to the respective descriptions in Table 6. The variables in panel B correspond to the
respective descriptions in Table 8.

assets), and RBC ratio (calculated as total adjusted capital over authorized
control level risk-based capital). In addition, we include information on A.M.
Best Financial Strength Ratings and Capital Adequacy Ratios (ranging from
0 to 999.9), which reflect whether an insurer will be able to meet its policy
obligations.

Table 4 reveals several relevant differences between life and P&C insurers.
Life insurers are significantly more likely to be held by their shareholders
(“stock”), whereas P&C insurers are significantly more likely to be held by
their policyholders (“mutual”). Life insurers are significantly larger and are the
only type of insurers that relies on variable annuities.24 Life insurers also hold
more mortgage-backed securities on average, 4.7% of their admitted assets as
compared to 2.5% for P&C insurers. Life insurers have significantly higher
leverage ratios and are worse capitalized, as measured by their RBC ratios and
A.M. Best Capital Adequacy Ratios, but their financial strength ratings are
similar to those of their P&C counterparts.

3.3 Motivating evidence
In the following, we present evidence that motivates our scrutiny of the role of
capital requirements and the 2009 regulatory reform in shaping asset-allocation
decisions by U.S. insurers. We use a detailed breakdown of insurers’ asset
portfolios in conjunction with our comprehensive ratings data to characterize

24 We record P&C insurance groups with nonzero variable annuities due to (very few) life insurers that are part of
P&C insurance groups.
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Figure 5
Ratings distribution of all fixed-income assets over time
For each year-end from 2005 to 2015, this graph plots the (book-value weighted) ratings distribution for the fixed
income assets held by life insurers (panel A) and P&C insurers (panel B). The category “NR” refers to securities
for which we do not observe a rating, either because no rating exists or because those securities are not covered
by any of our databases.

the evolution of credit risk in the fixed-income portfolio of the U.S. insurance
industry.

Figure 5 plots the year-end ratings distribution of the combined fixed-income
asset holdings, separately for life (panel A) and P&C insurers (panel B).
Compared to Figure 1, we also include the share of assets without a rating
(labeled “NR”). These assets are securities for which no credit rating exists
(e.g., a private corporate loan) and (a small number of) securities for which
ratings exist, but they are not covered by any of our databases. While the share of
assets without a rating is stable over time for both types of insurers, life insurers
are much more exposed to unrated assets (20.4% in 2015) as compared to P&C
insurers (5.8% in 2015), which largely results from differential exposure to
private corporate loans.

We observe two trends in the overall portfolio that are indicative of reaching-
for-yield behavior. First, conditional on availability of a rating, the fraction
of high-yield investments doubles approximately for both types of insurers,
from 5.3% to 8.4% for life insurers and from 2.1% to 5.0% for P&C insurers.
Second, even the set of investment-grade securities show a granular trend toward
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Figure 6
Regulatory-capital charge for MBS and non-MBS held by insurance companies
The graph plots the time series of actual year-end capital requirements (as a fraction of book values) for insurers’
non-MBS holdings, MBS holdings, and starting year-end 2009, the counterfactual capital requirements for MBS
holdings based on the previous (ratings-based) system. The sample of securities included in this graph requires
the availability of at least one rating in the respective year.

lower-rated (but higher-yielding) assets. In particular, the super-safe AAA share
(conditional on availability of a rating) dropped from 37.4% to 23.8% between
2005 and 2015 for life insurers, and from 54.1% to 32.5% for P&C insurers. Our
introductory Figure 1 indicates that holdings of MBS, the only set of securities
treated by the regulation, go a long way of explaining these stylized facts.

Next, we zoom in on the importance of the regulatory reform. To demonstrate
the capital relief the reform produced for U.S. insurers, Figure 6 plots the actual
average required regulatory-capital charge for MBS holdings (represented by
black crosses), the counterfactual average capital requirement for MBS under
the previous ratings-based system (starting 2009, indicated by the black circles),
and the actual average regulatory-capital charge for non-MBS (indicated by the
orange crosses). Compared to the counterfactual capital requirements based on
ratings, we observe an extreme capital relief (≈92% in 2015) for insurance
companies holding MBS. Moreover, despite the significant deterioration in
the credit quality of MBS compared to non-MBS (see Figure 1), capital
requirements for MBS drop below those for non-MBS by 2015, consistent
with our high-level approximation of the reform in Table 2.

To shed light on the characteristics of insurers that are more affected by
the reform, we distinguish between insurers that benefited from the reform, by
incurring lower capital requirements than those that would have been implied
by the counterfactual ratings-based system, and insurers that did not, in the
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first year after the reform, 2010.25 Naturally, these groups differ by the extent
to which they were invested in MBS. We present their respective summary
statistics in Table 5.

Most notably, insurers that benefited from the reform are much more likely to
be life, rather than P&C, insurers: on average, 39.9% of insurers that benefited
from the reform are life insurers, in comparison to only 17.7% of insurers
that did not (the difference is significant at the 1% level). Consistent with
the different correlates of life and P&C insurers (see Table 4), insurers that
benefited from the reform are also much larger, have higher leverage ratios,
lower RBC ratios, lower A.M. Best Capital Adequacy Ratios, and a higher
share of variable annuity liabilities.26 Other differences, even if statistically
significant, are of smaller economic magnitudes, for example, the difference in
ROE. While these results should not be interpreted as a test of any particular
model of the regulatory process and its political economy, these correlates
indicate that the 2009 reform benefited insurers that were more likely to be
large and influential.

4. The Impact of the Reform on Asset Portfolios

Based on our evaluation of the reform in Section 2, we first analyze the
differential effect of the reform across asset classes by only relying on the
high-level summary of the reform in Table 2, that is, low and risk-insensitive
capital requirements for MBS after the reform in contrast to all other fixed-
income asset classes. As part of this analysis in Section 4.1, we examine the
effects on insurers’ trading behavior both for legacy assets (Section 4.1.1) and
for newly issued securities (Section 4.1.2). In Section 4.2, we then exploit
institutional details of the reform, in particular the discontinuous mapping of
the book price markup into capital requirements, to identify the effect of capital
requirements within MBS.

4.1 The differential effect across asset classes
4.1.1 Insurers’ trading behavior for legacy assets. As argued in
Section 2.3, different trading behavior around the reform could be driven by
higher risk-taking within MBS or lower risk taking for non-MBS, or some
combination thereof. Raw data in Figures 1 and 5 suggest, however, that the
increase in risk-taking for MBS is the driving force. This would be in line with
our conjecture if we assume that the income effects (see (18)) are quantitatively
similar across asset classes, while the reform-induced differential effect on MBS
trading reflects a potential substitution effect.

25 Results are similar if we use year 2015, the last year of our sample.

26 As variable annuities are only relevant for life insurance companies, one may wonder whether this correlation
is also present within the sample of life insurance groups. Indeed, life insurance groups that benefited from the
reform have a share of 0.06 in variable annuities, compared to 0.01 for such insurance groups that did not benefit
from the reform (the difference is significant at the 1% level).
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Table 6
Effect of regulatory reform on insurers’ selling legacy securities

Sold any fraction of security ∈{0,1}
Securities MBS MBS MBS All All
Variable (1) (2) (3) (4) (5)

max
{
�RBCratings,0

}
× MBS × Post −0.732∗∗∗ −0.607∗∗∗

(0.138) (0.140)

max
{
�RBCratings,0

}
× Post −0.543∗∗∗ −0.661∗∗∗ −0.651∗∗∗ 0.005 −0.096

(0.053) (0.091) (0.091) (0.102) (0.105)

max
{
�RBCratings,0

}
× MBS 0.581∗∗∗ 0.279∗∗

(0.122) (0.124)

max
{
�RBCratings,0

}
0.792∗∗∗ 0.676∗∗∗ 0.710∗∗∗ 0.138∗ 0.481∗∗∗

(0.051) (0.087) (0.088) (0.084) (0.086)
Security FE N Y N Y N
Security-insurer FE N N Y N Y
Year FE Y N N N N
Rating-asset-class-year FE N Y Y Y Y
�Rating-asset-class-year FE N Y Y Y Y
Insurer-year FE N Y Y Y Y

N 482,888 477,510 454,125 5,677,802 5,264,392

The sample is a panel at the security-insurer-year level sit from 2006 to 2015, that is, nonmaturing security s
held by insurer i (group level) in year t−1 and traded in year t . In the first three columns, we consider only
(nonagency) mortgage-backed securities. The dependent variable is an indicator variable for whether insurer

i sold a nonzero fraction of security s in year t . max
{
�RBC

ratings
sit−1 ,0

}
is the absolute increase in risk-based

charges (RBC, from 0 to 0.297) of security s as a function of the NAIC risk category according to credit ratings
(also after the regulatory reform) for life and P&C insurers i in year-end t−1 (compared to the previous year).
MBSs is an indicator variable for whether security s is a mortgage-backed security, and Postt is an indicator
variable for the year 2010 and onward. Rating-asset-class-year fixed effects are determined by security s’s rating
in year-end t−2, and�Rating-asset-class-year fixed effects are determined by the change in ratings (in notches)
between year-end t−2 and t−1. All singletons are dropped from the total number of observations N . Robust
standard errors (clustered at the security level) are in parentheses. *p <.1; **p <.05; ***p <.01.

To estimate whether the new system increases insurers’ willingness to bear
risk in structured securities relative to other asset classes, for example, corporate
bonds, we exploit downgrades of MBS versus other asset classes before and
after the regulatory reform. In particular, we examine insurers’ decision to
sell legacy assets. Our granular data at the security-insurer(group)-year level
sit allow us to exploit the consequences of security downgrades for specific
insurer positions.27

In Table 6, the dependent variable, Soldsit , is an indicator for whether insurer
i actively sold any nonzero fraction of security s in year t .28 As explanatory
variable, we use the absolute increase in risk-based charges (RBC, from 0 to
0.297) of security s as implied by credit ratings for life and P&C insurers i in

year-end t−1 (compared to the previous year), max
{
�RBCratings

sit−1 ,0
}

. In the

post-reform period, when ratings are replaced as inputs in the calculation of

27 While in Table 6 we focus on the insurance group level, the estimates are very similar in the somewhat larger
sample when considering the individual company level (see Table B.1 of the Internet Appendix).

28 We focus on sales, since industry evidence in Table B.3 of the Internet Appendix suggests that selling (rather
than buying) decisions are relevant for the risk-taking behavior.

25

D
ow

nloaded from
 https://academ

ic.oup.com
/rfs/advance-article/doi/10.1093/rfs/hhab102/6363803 by guest on 27 D

ecem
ber 2021

https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhab102#supplementary-data
https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhab102#supplementary-data
https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhab102#supplementary-data
https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhab102#supplementary-data
https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhab102#supplementary-data
https://academic.oup.com/rfs/article-lookup/doi/10.1093/rfs/hhab102#supplementary-data


[08:57 16/10/2021 RFS-OP-REVF210113.tex] Page: 26 1–45

The Review of Financial Studies / v 00 n 0 2021

risk-based charges, these risk-based charges are counterfactual.29 By using
implied risk-based charges under the previous regime, we exploit within-
security variation across insurers i, as risk-based charges vary by business
line, and the fact that not all rating downgrades triggered increases in capital
requirements. For example, a rating downgrade by two notches from BBB+ to
BBB- would not lead to higher capital requirements under the ratings-based
regime, as the NAIC risk designation is the same for both ratings (see Table 1).
In contrast, a rating downgrade by two notches from BBB to BB+ would imply
an increase in capital requirements from NAIC-2 to NAIC-3.

We first focus on MBS. In column 1, we estimate a raw estimate that
does not account for any other source of variation but year fixed effects.
Since we consider selling decisions, we expect the sign of the coefficient for

max
{
�RBCratings

sit−1 ,0
}
×Postt to be negative, as capital requirements are no

longer sensitive to risk (see Table 2). Indeed, while insurers are more likely to
sell MBS that are downgraded and subsequently associated with higher capital
requirements (in line with Ellul, Jotikasthira, and Lundblad 2011), they do so
with a significantly lower likelihood after the regulatory reform.

This continues to hold in column 2 after adding not only security and insurer
by year fixed effects but also rating by year and rating-change (measured
in notches) by year fixed effects. The reasoning is that the RBC effect of a
rating downgrade is not just a function of the notches (two notches in the
above example), but also a function of the previous rating (BBB+ vs. BBB in

the example). In this manner, the coefficients for max
{
�RBC

ratings

sit−1 ,0
}

and

max
{
�RBC

ratings

sit−1 ,0
}
×Postt are estimated off downgrades by any number

of notches that were, or would have been, associated with higher capital
requirements under the previous regime, as compared to downgrades—by the
same number of notches—that were not. Quantitatively, a downgrade from
NAIC 2 to 3, that is, a non-investment-grade downgrade, is associated with
an absolute increase in RBC of 0.033 for life insurers, from 1.3 to 4.6%.
This translates into a (0.033×0.661=) 2.2-percentage-point lower likelihood
of selling MBS after the regulatory reform (column 2), which corresponds to
roughly one-sixth of the average value for the dependent variable (see panel A
in Table 3).

In column 3, we include security-insurer fixed effects, which capture
time-invariant heterogeneity at the security-insurer level, such as the general
investment profile of insurance companies according to their business model
(life vs. P&C). This implies that we drop (few) observations that are associated
with securities held by insurers in only one of the two periods around the
regulatory reform. This leaves our estimates virtually unaltered.

29 All results are robust to using an indicator for an increase in risk-based charges, that is,

1
{
�RBCratings >0

}
sit−1

.

26

D
ow

nloaded from
 https://academ

ic.oup.com
/rfs/advance-article/doi/10.1093/rfs/hhab102/6363803 by guest on 27 D

ecem
ber 2021



[08:57 16/10/2021 RFS-OP-REVF210113.tex] Page: 27 1–45

Regulatory Forbearance in the U.S. Insurance Industry

In columns 4 and 5 of Table 6, we estimate analogous regression
specifications to those in columns 2 and 3 on the sample of all fixed-income
securities:

Soldsit =β1max
{
�RBCratings

sit−1 ,0
}
×MBSs×Postt

+β2max
{
�RBCratings

sit−1 ,0
}
×Postt +β3max

{
�RBCratings

sit−1 ,0
}
×MBSs

+β4max
{
�RBCratings

sit−1 ,0
}

+μs +ψkt +ηit +εsit , (7)

where μs and ηit denote security and insurer-year fixed effects, respectively,
and ψkt denotes rating by year and rating-change by year fixed effects for each
asset class k.

The coefficient of interest is β1, which indicates whether insurers sell
downgraded MBS with a different likelihood following the regulatory reform.
In column 4, we include (as is the case in column 2), rating (change) by
year fixed effects for each asset class. We find that prior to the reform,
higher capital requirements translate into greater propensity of insurers to sell
downgraded fixed-income securities (as reflected by the positive coefficient

for max
{
�RBCratings

sit−1 ,0
}

), and even more so for MBS (positive coefficient

for its interaction with MBSs). This effect stays in place for all non-MBS
fixed-income securities, as there is no post-reform reduction in insurers’

propensity to sell them: the coefficient for max
{
�RBCratings

sit−1 ,0
}
×Postt is

insignificant. In contrast, this effect is reduced significantly after the reform

for MBS: the coefficient for max
{
�RBCratings

sit−1 ,0
}
×MBSs×Postt is negative

and significant at the 1% level. This continues to hold true after including
security-insurer fixed effects in column 5.30

In Table 7, we analyze heterogeneity of insurer responses based on the
business line and according to various measures of financial constraints. The
first sample split, presented in columns 1 and 2, shows that only life insurers
respond to the reform by not reducing their propensity to sell downgraded
MBS. This result may, in part, reflect life insurers’ riskier liabilities, as
measured by their reliance on variable annuities, and other financial constraints
(Tables 4 and 5). Following Koijen and Yogo (2018), we examine whether the
trading response by life insurers is related to their exposure to variable annuity

liabilities. The coefficient for max
{
�RBCratings

sit−1 ,0
}
×MBSs×Postt is negative

and significant only for insurance groups with a nonzero share of life insurers
and variable annuity liabilities amounting to over 5% of their assets (column 3),

30 A small fraction of our observations are trades of a small part of a position. We rerun regressions with an indicator
for whether an insurer sold more than 50% of a position as dependent variable to focus on impactful trades. The
results are in Table B.2 of the Internet Appendix and show similar results.
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but not for the remaining insurance groups with a nonzero share of life insurers
(column 4).31

In the remaining columns, we consider splits on financial constraints. This
split is motivated by our Result 2, which requires regulatory constraints to
bind. Naturally, we expect these constraints to be more relevant for financially
constrained insurers. Empirically, we find that worse capitalized insurers
respond more strongly, for example, insurance groups with RBC ratios in the
bottom third of the distribution (column 5) compared to the top third (column 6).

Similarly, the coefficient for max
{
�RBCratings

sit−1 ,0
}
×MBSs×Postt is negative

and significant for insurance groups with (intra-group median) A.M. Best
Capital Adequacy Ratios in the bottom, rather than the top, third of the
distribution (column 7 vs. column 8).

Finally, these results also hold when we translate our tests to the more
aggregate industry level. In Table B.3 of the Internet Appendix, we examine
security holdings across all insurers following downgrades, and use the change
of par value of a given security as dependent variable. We use as independent
variable an indicator for whether a security was downgraded to a lower NAIC
risk category in the previous year, which we interact with an indicator for
the post-reform period from 2010 to 2015. Following the reform, insurers hold
relatively more of downgraded MBS (compared to other security types), and this
increase in risk-taking is due to insurers’ selling, rather than buying, decisions.
In Table B.4 of the Internet Appendix, we confirm that life, rather than P&C, and
more constrained insurers, as measured by their reliance on variable annuities
and weak capitalization (low RBC ratios and A.M. Best Capital Adequacy
Ratios), react more strongly to the regulatory reform by not reducing their
MBS holdings.

In sum, our analysis at the industry and insurer level draws the same picture
regarding the effect of the reform on insurers’ trading behavior in legacy
assets. We provide evidence that the typical insurer is responsive to regulatory
constraints (Koijen and Yogo 2015): the risk insensitivity of MBS capital
requirements after the reform induces a lower propensity to sell downgraded
MBS compared to other asset classes. Our heterogeneity analysis in is consistent
with risk-taking being the channel. In line with standard theories of risk-taking,
we document that more constrained insurers are more responsive in exploiting
the risk-taking opportunities of the reform.

4.1.2 Insurance companies as investors in new security issues. As the
reform also extends to newly issued MBS after the crisis, we next consider
the effect of the reform on primary markets. Since all precrisis holdings will
eventually mature or default, insurers’ behavior in the market for new securities

31 We restrict the sample to insurance groups with a nonzero share of their assets held by life insurers as this product
is only offered by life insurance companies.
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Figure 7
New issuance of fixed-income securities over time
The graphs plot the evolution of total new issues by asset class from 2005 to 2015 for all nonfederal issues.

determines the long-run impact of the reform. Moreover, the potentially
confounding effects of illiquidity (see discussion at the end of Section 2.3)
are largely irrelevant for asset allocations in the primary market.32 Above and
beyond the insurance sector, primary markets for MBS are important because
they fund large amounts of assets and investments in the U.S. economy.

To investigate whether the reform has enabled insurers to actively invest in
risky MBS, we use our comprehensive data on fixed-income securities issued
between 2005 and 2015. Figure 7 provides an overview of these new issues,
the total number of which is just short of 1.6 million (this only includes rated
securities). Since MBS issuance is of particular interest to our study, it is useful
to highlight that MBS issuance dropped significantly in 2008, recovered in
2012, but is still significantly below precrisis levels.

As can be seen in the respective summary statistics (panel B of Table 3),
P&C insurers hold slightly larger shares than do life insurers on average
across securities. However, this is because P&C insurers primarily participate
in smaller issues: the total fraction of all new issues—approximately $10tn
p.a.—in a given year held by life insurers (2.6% on average) is twice as large
as that held by P&C insurers (1.3% on average).

32 Liquidity considerations may be relevant in a dynamic sense, as expected future illiquidity in secondary markets
may affect insurers’ willingness to invest in primary markets today.
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Table 8
Fraction invested by insurance companies in newly issued securities

Fraction by insurers ∈ [0,1] Life P&C

Sample All ≥$5m ≥$5m ≥$5m ≥$20m ≥$20m ≥$20m
Variable (1) (2) (3) (4) (5) (6) (7)

MBS × Post 0.042∗∗∗ 0.024∗∗∗
(0.003) (0.003)

MBS × HY × Post 0.046∗∗∗ 0.045∗∗∗ 0.051∗∗∗ 0.042∗∗∗ 0.010∗∗
(0.007) (0.007) (0.010) (0.009) (0.004)

MBS × HY −0.044∗∗∗
(0.002)

HY × Post −0.060∗∗∗
(0.002)

High yield (HY) −0.040∗∗∗
(0.001)

Asset-class FE Y Y N N N N N
Year FE Y Y N N N N N
Asset-class-year FE N N Y Y Y Y Y
HY-asset-class FE N N N Y Y Y Y
HY-year FE N N N Y Y Y Y

N 1,552,612 403,506 403,506 403,506 221,580 221,580 221,580

The sample consists of all new securities s rated and issued at date t anytime from 2005 to 2015. The sample
in the second to fourth (fifth to seventh) column is limited to all new issues with a size of at least $5m ($20m).
The dependent variable in the first five columns is the fraction, between 0 and 1, of newly issued security s held
by insurance companies. The dependent variable in the sixth and seventh column is the fraction of newly issued
security s held by insurance groups with the majority of their assets held by life or P&C insurers, respectively.
MBSs is an indicator variable for whether security s is a mortgage-backed security, HYs is an indicator variable
for whether security s is a (high-yield) security rated BB+ or worse, and Postt is an indicator variable for the
year 2010 and onward. All singletons are dropped from the total number of observations N . Robust standard
errors (clustered at the security level) are in parentheses. *p <.1; **p <.05; ***p <.01.

We now hypothesize that insurance companies are more likely to invest in
newly issued MBS after the regulatory reform, as compared to other investors.33

For each new security issue, we determine the total fraction purchased by
insurance companies. We use the sum of insurers’ year-end holdings (book
values) in the issuance year as a proxy for insurers’ purchases at issuance.

In column 1 of Table 8, we estimate a simple difference-in-differences
specification, including only asset-class and year fixed effects. We use as
dependent variable the fraction, between 0 and 1, of new issues held by
insurance companies. The estimated coefficient for MBSs × Postt reflects that
following the reform, the fraction of MBS purchased by insurers increases by
4.2 percentage points.

In column 2 (and here on out), we drop all securities with an issuance volume
of less than $5m (e.g., very small municipal bonds), leaving us with the top
quarter of the volume distribution across all security categories. Our estimate
of the increase in the fraction of MBS purchased by insurers after the reform
drops to 2.4 percentage points, but remains significant at the 1% level.

The findings from columns 1 and 2 are in line with our conjecture, as the
regulatory reform solely affects (nonagency) MBS and there is no similar reform

33 Note that even MBS issues that are highly rated at issuance benefit from the reform in a dynamic sense as
(potential) future downgrades will not lead to increases in capital requirements.
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for other investors. However, within this subset of securities, we would expect
even stronger effects for high-yield MBS, which we define as MBS rated BB+
or worse. To test this, we estimate the following regression specification at the
security level:

Fraction insurersst

=β1MBSs×HYs×Postt +β2MBSs×HYs +β3HYs×Postt
+β4HYs +ψkt +εst , (8)

where Fraction insurersst is the fraction, between 0 and 1, of newly issued
security s (belonging to asset class k) in year t held by insurance companies,
MBSs is an indicator variable for whether security s is a mortgage-backed
security, HYs is an indicator variable for whether security s is a (high-yield)
security rated BB+ or worse, Postt is an indicator variable for the year 2010
and onward, and ψkt denotes asset class by year fixed effects. Standard errors
are clustered at the security level. In additional specifications, we also control
for interactions of HYs and year fixed effects, as well as interactions of HYs
and asset-class fixed effects.

We estimate (8) in column 3. As we exploit variation in high-yield versus
non-high-yield securities within MBS, we can also include asset class by year
fixed effects, which capture any differential trajectory across fixed-income asset
classes. In comparison to other MBS, the fraction of high-yield MBS purchased
by insurers is 4.6 percentage points higher after the regulatory reform. This
estimate is not only larger than that in column 2 but also economically
significant in absolute terms, as the sample mean is 4.7%, with a standard
deviation of 17.9%. This confirms our hypothesis also for the purchasing, rather
than selling, behavior of insurance companies.

In column 4, we add interactions of the high-yield indicator with asset-class
and year fixed effects, and our estimate is virtually unchanged. When we drop all
securities with an issuance volume of less than $20m in column 5, the estimate
increases somewhat compared to that in column 4. Excluding municipal bonds,
this sample corresponds to the top 60% of all issues according to their issuance
volume.

In the last two columns of Table 8, we calculate the dependent variable
separately for life and P&C insurers, so that the two respective estimates add
up to our estimate from column 5. The coefficient for the fraction invested by
life insurers in new issues (column 6) is more than four times as large as that
for P&C insurers (column 7).34

We conclude our analysis of purchases of new issues by zooming in on
the relative importance of insurer-level covariates for the type of risk-taking

34 As a robustness check, we use an indicator for whether insurance companies have strictly positive holdings of
new issues (reported in Table B.5 of the Internet Appendix). The results are very similar to those in Table 8.
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Table 9
Insurers’ portfolios of new issues post-reform

Fraction MBS of Fraction HY MBS of
new-issue purchases in % MBS new-issue purchases in %

Mean dependent variable 2.773 2.773 0.038 0.038 0.038
Variable (1) (2) (3) (4) (5)

Life share 1.003∗∗ 0.671∗ 0.057∗∗ 0.060∗∗ 0.052∗∗
(0.400) (0.378) (0.027) (0.027) (0.024)

Stock share −0.024 0.088 −0.009 −0.010 −0.011
(0.403) (0.390) (0.022) (0.023) (0.022)

Mutual share 0.446 0.558 −0.009 −0.010 −0.017
(0.451) (0.439) (0.023) (0.023) (0.023)

ln(Assets) 0.552∗∗∗ 0.425∗∗∗ 0.019∗∗∗ 0.020∗∗∗ 0.015∗∗∗
(0.068) (0.071) (0.005) (0.006) (0.005)

Variable annuities/assets −0.156 −0.582 −0.127 −0.123 −0.116
(2.678) (2.656) (0.114) (0.112) (0.114)

ROE 0.589 0.882 −0.196∗ −0.199∗ −0.210∗
(1.233) (1.205) (0.117) (0.117) (0.118)

RBC ratio 0.003 0.002 0.000 0.000 −0.000
(0.002) (0.002) (0.000) (0.000) (0.000)

A.M. Best Capital Adequacy Ratio −0.001 −0.001 0.000 0.000 0.000
(0.001) (0.001) (0.000) (0.000) (0.000)

Share MBS 2005−2008 11.423∗∗∗ −0.115 −0.251∗
(2.430) (0.135) (0.143)

Fraction MBS of new-issue purchases 0.012∗∗∗
(0.004)

Year FE Y Y Y Y Y

N 4,857 4,857 4,857 4,857 4,857
R2 .082 .096 .018 .018 .044

The sample is a panel at the insurer-year level it from 2010 to 2015, for all newly issued securities purchased
by insurer i (group level) in year t . The dependent variable in the first two columns is the fraction of newly
issued (nonagency) MBS to all new issues purchased by insurer i in year t , measured in % (from 0 to 100). The
dependent variable in the last three columns is the fraction of newly issued (nonagency) MBS with a rating of
BB+ or worse to all newly issued (nonagency) MBS purchased by insurer i in year t , measured as a percentage
(from 0 to 100). Life shareit−1 is the share of assets held by life insurers within insurance group i in year t−1.
Stock shareit−1 is the share of assets held by insurers owned by their shareholders within insurance group i in
year t−1. Mutual shareit−1 is the share of assets held by insurers owned by their policyholders within insurance
group i in year t−1. Each insurer is classified as stock, mutual, or other. Variable annuitiesit−1 captures variable
annuity liabilities, measured as the total related account value plus the gross amount of reserves minus the
reinsurance reserve credit, of insurer i in year t−1. Assetsit−1 and ROEit−1 denote, respectively, total admitted
assets and the return on equity ratio of insurer i in year t−1. RBC ratioit−1 is the risk-based capital ratio, equal
to total adjusted capital over authorized control level risk-based capital, of insurer i in year t−1. i in year t−1.
A.M. Best Capital Adequacy Ratios range from 0 to 999.9, and we include the intra-group median value for each
insurer i in year t−1. Share MBS 2005–2008i equals the average ratio of (nonagency) MBS to total assets of
insurer i in the period 2005−2008. All singletons are dropped from the total number of observations N . Robust
standard errors (clustered at the insurer level) are in parentheses.

behavior we just documented. For this purpose, we build an insurer-year panel
for the post-reform period from 2010 to 2015, and use as dependent variable
the fraction of newly issued (nonagency) MBS to all new issues purchased by a
given insurer i in year t . We note that the mean fraction of new assets invested
in MBS is smaller than the overall portfolio share in MBS (cf. Table 4), which
is a consequence of the drastic decline in new MBS issues (see Figure 7).

Columns 1 and 2 of Table 9 show that life and large insurers are particularly
prone to allocating more funds to new MBS issues among their total investment
in new issues in general. Controlling for business line, the organizational
form—that is, whether insurance groups are held by their shareholders or
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policyholders—is not correlated with the propensity to hold MBS. Neither is
their reliance on variable annuities. This continues to hold true after controlling
for the historical fraction of MBS over total assets in 2005−2008, as a proxy
for losses incurred during the financial crisis. Interestingly, insurers that used
to invest more in MBS in the precrisis period continued to do so after the
crisis, suggesting some persistence in the “asset management style” that is not
captured by the other covariates.

In columns 3 and 4, we use the fraction of new high-yield MBS issues in
the portfolio of new MBS issues as dependent variable, thereby isolating the
riskiest tranches of new purchases. Again, the life business model and size
(total admitted assets) exhibit the strongest correlation. This holds even after
controlling for the fraction of MBS out of all new issues (column 5). All of these
insights continue to hold true when moving from the group to the individual
company level (Table B.6 in the Internet Appendix).

Overall, both the business model and size drastically differ for insurers that
benefited from the reform versus those that did not in Table 5. This suggests a
substantial overlap in the set of insurers that used to invest in MBS before the
crisis and those that continue to do so.

4.2 Quasi-random capital requirements
Our evidence in the previous section indicates that the reform enables insurers to
hold on to downgraded MBS and to participate in new issues of risky MBS. This
analysis relies only on the approximation that MBS fall into the category with
the lowest capital requirements (NAIC-1) because they are marked to market,
they have been impaired in the past, or because ELOSS≈0. However, while
this is indeed true for the majority of MBS positions (see Section 2.2), a subset
of securities have book prices sufficiently above the NAIC-1 cutoff that they
face higher capital requirements. These are securities that have been marked to
market and for which MP sufficiently exceeds IP , even though MP is highly
correlated with IP and often below IP (see Figure 2); or securities that are
not required to be marked to market because their amortized cost is not too far
away from IP .35

This subsample of MBS allows us to identify insurers’ direct trading response
to capital requirements after the regulatory reform by exploiting that the book
price markup BP−IP

BP
maps discontinuously into capital requirements. Hence,

we can employ a regression discontinuity design around the five NAIC threshold
values for the determination of capital requirements. This identification is thus
as close as one can get to the theoretical thought experiment of exogenously
increasing capital requirements, which results in the prediction of lower
holdings (cf. first hypothesis of Result 2).

As ELOSS values are provided at the end of each year for the purpose of
calculating MBS capital requirements, we analyze the trading response in the

35 This happens as some insurers may have purchased MBS at sufficiently low prices after the financial crisis.
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subsequent year. We, hence, limit our security-insurer-year data set to all RMBS
held anytime from year-end 2009 to year-end 2014 and CMBS held anytime
from year-end 2010 to year-end 2014.

Cutoffs, which vary for life and P&C insurers, are based on BPsit−IPst
BPsit

(see
Table 1). As the highest cutoff is at 0.265, and to remove outliers that are too far
away from the highest and the lowest cutoffs, we limit the sample to securities
for which −0.5≤ BPsit−1−IPst−1

BPsit−1
≤0.5, thereby removing a relatively small

number of 13,946 out of 114,035 security-year observations. In addition, we
drop all securities with zero expected loss, as these securities are automatically
assigned the lowest capital requirement (NAIC-1) and, hence, the discontinuity
does not apply. This restriction affects half of the remaining security-year
observations (47,912 out of 100,089 security-year observations).

To estimate the effect of capital requirements on insurers’ selling of MBS,
we run the following regression at the MBS-insurer-year-level sit , and use the
same dependent variable as before (see Table 6):

Soldsit =
5∑
k=1

βkT hreshold to NAIC-k+1sit−1 +γ
BPsit−1 −IPst−1

BPsit−1
+ηit +εsit ,

(9)
where Threshold to NAIC-Xsit−1 equals 1 whenever BPsit−1−IPst−1

BPsit−1
is equal

to or exceeds the cutoff for the category NAIC-X (where X ranges from 2
to 6). BPsit−1 and IPst−1 are short-hand notations for book price (= BVsit−1

PVsit−1
)

and intrinsic price (based on ELOSS). ηit denotes insurer-year fixed effects.
We double-cluster standard errors at the security and insurer levels, as the
identifying variation is jointly determined at the security (due to ELOSS) and
insurer levels (different book values across insurers).

In Table 10, we show the results from estimating (9) separately for life and
P&C insurers in columns 1 to 5 and 6 to 10, respectively. Life insurers respond
to various thresholds, and the respective increases in capital requirements, with
different intensities. For example, based on our estimates in column 1, life
insurers are more likely to sell any fraction of their legacy MBS by 3.4, 5.7,
and 7.8 percentage points when the associated capital requirements increase
from NAIC-2 to NAIC-3, from NAIC-3 to NAIC-4, and from NAIC-5 to
NAIC-6, respectively. For these thresholds, the percentage-point increases in
selling probabilities are proportional to the corresponding capital requirement
increases (see Table 1). That is, insurance companies respond more when the
percentage-point increase in capital requirements is larger.

After we add insurer-year fixed effects as well as quadratic and cubic splines
in column 2, the first threshold is also associated with an increase in insurers’
selling propensity (albeit a modest one, by one percentage point). In addition,
life insurers are now 2.8 percentage points more likely to sell any fraction
of their legacy MBS when the associated capital requirements increase from
NAIC-4 to NAIC-5.
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In column 3, we include security fixed effects. As book prices tend to be
persistent, and expected-loss assessments are time-invariant for 41% of the
mortgage-backed securities in the regression sample, this forces the effects to
be identified off variation across different cutoffs for different insurers holding
the same security. This requirement is rather restrictive, and severely limits
the number of securities being used for our estimation. Still, two coefficients
remain statistically significant: life insurers’ propensity to sell legacy MBS
increases by 1.6 and 3.2 percentage points when the associated capital
requirements increase from NAIC-2 to NAIC-3 and from NAIC-5 to NAIC-6,
respectively.

Finally, in column 4, we reestimate the specification from column 2, but
additionally include rating by year fixed effects. By holding constant—around
each threshold—the rating in a given year, we control for any time-varying
unobserved heterogeneity at the rating-class level, including the average credit
spread or liquidity by rating. Furthermore, we also control for the difference
between the book price and the market price. In line with insurers’ gains trading
(Ellul et al. 2015), the coefficient for the latter is negative and significant, while
all other coefficients remain robust. Most importantly, our treatment effects are
robust: the thresholds to NAIC-3 and NAIC-4 remain the important ones for
life insurers’ decision to sell MBS.

In contrast, the sensitivity of P&C insurers’ selling behavior to capital
requirements is weaker and most of the time insignificant. Across all
specifications from column 6 to 9, their sensitivity appears to be concentrated
on the NAIC-5 cutoff the crossing of which is associated with an economically
significant increase in P&C insurers’ selling probability of up to 7.6 percentage
points.

These specifications allow the coefficient for each cutoff to differ, since
the implied increase in capital requirements differs across the cutoffs. This
approach is conservative but makes the economic interpretation more difficult,
in particular given that the coefficients are estimated with different precisions.
Now, to obtain a single, easily interpretable estimate of the sales elasticity with
respect to capital requirements, we hypothesize that the sales probability is
related to the absolute increase in capital requirements. In line with this, we
replace the indicator variables for the different thresholds with the step function
of actual capital requirements (see Figure 3), RBCsit−1. Using the same set of
controls and fixed effects as in columns 4 and 9, we find that a one-percentage-
point increase in capital requirements causes an increase in the sales probability
of 0.34 percentage points for life insurers and 0.25 percentage points for P&C
insurers (see columns 5 and 10, respectively).

Hanley and Nikolova (2021) raise the potential concern that book
value impairments might be endogenously chosen so as to reduce capital
requirements. As this would run counter to one of the identifying assumptions,
namely, that there is no endogenous sorting at the thresholds, we make sure that
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this concern does not drive our results. To this end, we consider how the results
differ in the subsample for which insurers are required to mark to market.36

This subset exploits only quasi-random differences between market values
and intrinsic values (see Figure 2). Thus, higher values of RBCsit−1, that
is, higher capital requirements, are driven entirely by instances in which
MPst−1> IPst−1 whenever a security is marked to market, in which case we
set Mark-to-marketsit−1 =1. In column 11 of Table 10, we use the total sample
of life and P&C insurers, and add an interaction term between RBCsit−1 and
Mark-to-marketsit−1, the coefficient for which is statistically insignificant. Most
importantly, the coefficient is economically small. This implies that insurers’
estimated response to capital requirements is virtually invariant even when we
can rule out endogenous book values.

As the implementation of capital requirements following the regulatory
reform is an RD setting with cumulative multiple cutoffs, we can further refine
our cutoff-specific regression discontinuity treatment effects by employing
local polynomial estimation and robust bias-corrected inference procedures
(Cattaneo et al. 2016, 2020). While in Table 10, each observation above the
NAIC-2 cutoff and below the NAIC-6 cutoff is used to estimate two different
treatment effects, we can now choose the bandwidth to be nonoverlapping,
which ensures that observations are used only once. For this purpose, we trim
the sample a bit more, such that 0≤ BPsit−1−IPst−1

BPsit−1
≤0.3, so as to yield a balanced

number of observations on both sides of each cutoff.
The regression discontinuity plots are presented in Figure 8, separately

for life (top panel) and P&C insurers (bottom panel). To match our baseline
specification in Table 10 (columns 2 and 4 for life, and columns 7 and 9 for
P&C), we use as dependent variable the residual from the regression of Soldsit
on insurer-year fixed effects, estimated on the same samples as in Table 10. As
can be seen by comparing the averages on both sides of each cutoff (indicated as
straight lines, i.e., zero-order polynomials), we find positive treatment effects
on life insurers’ propensity to sell MBS when capital requirements increase
from NAIC-1 to NAIC-2, from NAIC-2 to NAIC-3, from NAIC-3 to NAIC-
4, and from NAIC-5 to NAIC-6. This matches our regression results for life
insurers in the first four columns of Table 10. Similarly, for P&C insurers, only
crossing the NAIC-5 threshold is associated with an increase in P&C insurers’
selling probability (see columns 6 to 9 of Table 10).

In summary, we have presented evidence that capital requirements matter in
a causal way for insurance companies’ selling of (mortgage-backed) securities.
It is worth emphasizing that this result holds despite of the low level of liquidity

36 Since marking-to-market is not directly observed, we use two definitions, both of which yield virtually the
same results. First, in our benchmark definition employed in Table 10, we follow Ellul et al. (2015) by defining
marking-to-market as fair value = book value. In our implementation, we allow for some small measurement
error by labeling a security as marked to market whenever

∣∣BPsit−1 −MPst−1
∣∣<0.005. Alternatively, we label

a security as marked to market if it has a strict “Unrealized Valuation Decrease” in a given year (as reported in
Schedule D Part 1). Results are available on request.
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Figure 8
RD estimates using five cutoffs for life and P&C insurers
The graphs present cutoff-specific regression discontinuity treatment effects based on local polynomial methods
(Cattaneo et al. 2016, 2020). The dependent variable is the residual from the regression of Soldsit , which is an
indicator variable for whether insurer i sold a nonzero fraction of security s in year t , on insurer-year fixed effects
on the sample at the RMBS-insurer-year level sit from 2010 to 2015 (CMBS-insurer-year level from 2011 to
2015), that is, nonmaturing RMBS (CMBS) s held by insurer i (individual company level) in year t−1 and
traded in year t after the regulatory reform. The sample is furthermore limited to MBS with nonzero expected
loss. The estimates are plotted using 15 bins below and above each of the five cutoffs (see Table 1) separately

for life (top panel) and P&C insurers (bottom panel). The running variable is
BPsit−1−IPst−1

BPsit−1
∈ [0,0.3].
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for this asset class. This evidence, thus, lends support to the idea that insurers’
propensity to sell downgraded MBS (see Table 6) has indeed decreased due to
the regulatory reform.

5. Concluding Remarks

The U.S. insurance industry provides a unique setting for analyzing the effects
of capital requirements for an important institutional investor with over $3.6tn
in total assets. By putting many institutional details together, we uncover that
a capital requirement reform aimed at “replacing flawed credit ratings” for
mortgage-backed securities goes far beyond its stated purpose by essentially
removing capital requirements for this asset class altogether.

One interpretation is that the reform reflects industry interests rather than the
long-term goal of financial stability. Alternatively, the rules could reflect the
short-term desire to avoid defaults and fire sales, which can be considered an
improvised macroprudential regulation. However, these potential benefits need
to be balanced against the associated long-run costs. In this paper, we have
characterized risk-taking by insurance companies in the market for MBS as a
potential building block of such long-run costs. Interestingly, while the new
reform affects all insurers, our evidence suggests that life insurers and more
financially constrained insurers are most prone to reacting to the reform. This
cross-sectional evidence is consistent with the risk-taking channel, as standard
theories predict that more constrained companies put more weight on short-term
risk-taking benefits relative to the long-run charter value.

Was the reform good or bad in net terms? To answer this question, it is
useful to keep in mind the very purpose of capital requirements. The textbook
role of capital requirements is to ensure financial institutions’ solvency to
withstand bad tail realizations (unexpected losses). Thus, whether insurers’
capital buffers—be they driven by regulatory requirements or self-interest—
are sufficient can be judged only when these tail realizations occur. However,
since the reform was instituted in 2009, the U.S. economy strongly rebounded
from the Great Recession, and so did the values of insurers’ MBS positions.
During the period between 2010 and 2019, holding on to risky MBS (or any
other risky asset) turned out to be an ex post profitable position. But the
possibility of severe disruptions suggests that this does not mean it was a gamble
worth taking ex ante.

Future research on this reform may examine other outcomes, such as
spillover effects on prices and the real economy. In a world in which financial
intermediaries, such as insurance companies, are marginal investors (see, e.g.,
He and Krishnamurthy 2013; Koijen and Yogo 2019) and the shadow cost
of regulatory capital is positive, we should observe feedback effects of the
regulatory regime on equilibrium prices.37 These equilibrium prices, in turn,

37 See Harris, Opp, and Opp (2021) for an asset pricing condition that relates expected returns to regulatory risk
classifications.
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should affect issuers’ incentives to place securities in the primary market and,
ultimately, affect real investment in the economy. While this type of analysis is
beyond the scope of this paper, it would be interesting to analyze these important
effects in future work.

Appendix A. Capital Requirements for U.S. Insurers

For all insurer types (life, P&C, and health), overall risk-based capital requirements are a function
of the risk sources, Rs , that an insurer faces on the asset as well as on the liability (underwriting)
side:

Risk-based capital requirement =R0 +

√√√√ 5∑
i=1

R2
i . (A1)

For example, for a P&C insurer, R0 to R2 represent asset risks (from affiliate companies, fixed
income, and equities, respectively), whereas categories R3 to R5 account for credit risk, reserving
risk, and premium risk (see Table A1). The (square-root) formula suggests that this regulation
implicitly assumes that the risk sources 1 to 5 have zero correlation.38

The capitalization of an insurer is measured at an annual level by the risk-based capital (RBC)
ratio, which relates total adjusted surplus (roughly an insurer’s book equity) to the overall risk-based
capital requirement given by (A1):

RBC ratio =
Total adjusted surplus

Risk-based capital requirement
. (A2)

The more severe the capital shortage based on the RBC ratio, the stronger is the regulatory
intervention. It ranges from the regulator mandating changes from the company to the regulator
taking over control. The five action levels are:

1. No Action, which means that a company’s RBC ratio is at least 2.

2. Company Action Level, which means that the RBC ratio is at least 1.5 but less than 2.

3. Regulatory Action Level, which means that the RBC ratio is at least 1 but less than 1.5.

4. Authorized Control Level, which means that the RBC ratio is at least 0.7 but less than 1.

5. Mandatory Control Level, which means that the RBC ratio is less than 0.7.

Since the safety buffer to avoid regulatory action (RBC ratio of 2) is very low,39 virtually all
insurers exceed this minimum requirement in noncrisis times. Multiple studies (see, e.g., Merrill
et al. 2014) suggest that the RBC ratio still matters, not just in crisis times. First, the RBC ratio is
an input to credit ratings of insurance companies (which are used as a marketing tool to sell life-
insurance policies to customers). Second, in a dynamic setting, capital requirements may matter
even if the capital constraint does not bind in each period.

38 The term R0 is outside of the square root to prohibit regulatory arbitrage via the legal structure of companies.
Koijen and Yogo (2016b) show that captive reinsurance can be used to sidestep this.

39 To get a sense of the implicit safety buffer built into this regulation, consider a hypothetical insurer that only
faces asset risks in the form of a stock portfolio (essentially acting as a mutual fund). The current regulation sets
the capital requirement for stocks to 15% of the book value, that is, a $100m stock portfolio would require a
risk-based capital requirement of $15m, translating into a $30m minimum equity requirement to avoid regulatory
interventions. Thus, the risk buffer for the relevant annual observation horizon is roughly equal to twice the annual
stock market volatility of 15% (see Campbell et al. 2001).
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Table A1
Overall risk components for life, P&C, and health insurers

Life P&C Health

R0 - Affiliate investment -Affiliate investment - Affiliate investment
- Off-balance sheet risk - Off-balance sheet risk - Off-balance sheet risk
- Business risk I

R1 - Invested asset risk - Fixed-income asset risk - Invested asset risk
- Interest rate risk

- Reinsurance risk

R2 - Equity asset risk - Equity asset risk - n/a

R3 - Insurance risk - Credit risk - Insurance risk
- 50% reinsurance risk

R4 - Health provider credit risk - Loss reserve risk - Credit risk
- 50% reinsurance risk

R5 - Business risk II - Premium risk - Business risk
- Growth risk

Appendix B. Marking-to-Market Rules

We provide a quick overview of marking-to-market rules (for details, see Merrill et al. 2014,
who use the difference in accounting rules of life and P&C insurers for their identification strategy).
A bond’s book value is given by either its amortized cost (typically at par) or its market value.

Previous system. Life insurers have to mark to market if a bond is rated NAIC-6, that is, if its
rating is “D” (see Table 1). P&C insurers have to mark to market if a bond is considered NAIC-3
or worse.

New system. The accounting treatment of MBS now depends on the intrinsic price. If the
amortized cost per unit of par (AC) of a bond is sufficiently above the intrinsic price (IP ), then
the bond has to be marked to market, and can no longer be held at AC. The cutoffs for marking-
to-market differ for life and P&C insurers. For life insurers, the cutoff is the NAIC 5–6 threshold,
that is, if IP is 26.5% below AC. For P&C insurers, the cutoff is the NAIC 2–3 threshold, that is,
if IP is 1.5% below AC. Once a bond is marked to market, so that BP =MP , the capital charge
typically becomes NAIC-1, since the market price is below IP for most bonds (see Figure 2).

Appendix C. Bias of ELOSS

The market price of any bond (as percentage of par) should equal the present value (PV) of
(expected) principal and coupon payments:

MP =PV (Principal)+PV (Coupon) (C1)

=1−RF −ELOSSM +PV (Coupon). (C2)

The portion of the value associated with principal repayments can be expressed as the difference
of a risk-free zero coupon bond (with associated market price 1−RF ) and the expected discounted
loss of principal,ELOSSM . In contrast to ELOSS, the “true” market value of losses,ELOSSM , is
computed by discounting losses in each state of the world with the appropriate stochastic discount
rate rather than the coupon rate. Now, using the definition of IP :=1−ELOSS and (C2), we obtain
the following decomposition of IP :

IP =MP +ELOSSM−ELOSS+RF −PV (Coupon). (C3)
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We will now argue that IP >MP for the typical security since RF ≈PV (Coupon) and
ELOSSM >ELOSS. The first argument is empirical. Coupons are typically modest on structured
securities (riskier tranches are often issued below par (low coupons) to avoid large cash flows
to these tranches before senior claims have been paid). Thus, PV (Coupon) is likely of similar
magnitude as RF . Second, asset pricing theory suggests that ELOSSM >ELOSS. The present-
value calculation of ELOSS performed by PIMCO/BlackRock uses the coupon rate as the discount
rate. In contrast, the market assessment, ELOSSM , should depend on state-contingent prices. To
make concrete predictions, we make the following (empirically supported) assumption.

Assumption 1. The typical risky structured security pays a coupon c that is greater than the
risk-free rate, and has higher losses in bad aggregate states (high marginal utility).

Proposition 1. If Assumption 1 holds, then ELOSSM >ELOSS.

Proof. Assume there exists a unique stochastic discount factor m̃ and let L̃ denote the stochastic
realization of the loss of principal, then

ELOSSM =E
[
m̃L̃

]
=Cov

(
m̃,L̃

)
+E[m̃]EM

[
L̃

]
.

Moreover, let rF denote the risk-free rate, which satisfies 1+rF = 1
EM [m̃] . Since losses are expected

to be high in bad aggregate states (high marginal utility), CovM
(
m̃,L̃

)
>0 (see Cochrane 2009).

Thus,

ELOSSM >
E

[
L̃

]
1+rF

.

Finally, since it is empirically true that (almost all) bonds have a coupon rate c that is greater than
the risk-free rate, we obtain that

ELOSSM >
E

[
L̃

]
1+rF

>
E

[
L̃

]
1+c

=ELOSS.

�
Appendix D. Classification of Sales

To classify an active sale in NAIC Schedule D Part 4, we rely on information from two fields,
that is, “name of purchaser” and “realized gain (loss) on disposal.” First, we require that the name
of purchaser do not contain information that precludes active trading. Based on inspection of the
most common field entries, we create the following four broad categories, and list examples of
relevant keywords after. (The full list of keywords, alongside Stata code, can be obtained from the
authors on request.)

1. (Scheduled) maturity of security: “matured,”“maturity”

2. Partial prepayment: “redemption,”“principal paid,”“paydown,”“called at 100,”“amorti-
zation”

3. Default: “write-off,”“tranche loss,”“principal loss”

4. Other: “conversion to equity,”“security reclassification,”“exchange”

In addition, we require that active sales imply either a strictly positive or a strictly negative value
for “realized gain (loss) on disposal.” The rationale underlying this restriction is that transactions in
secondary markets will unlikely take place exactly at book values and, thus, generate either realized
gains or losses. The data indicate that scheduled prepayments (almost) always lead to exactly zero
gains or losses. As such, this restriction does not bind in the case in which the information from
the field “name of purchaser” is sufficiently precise. However, it does have a bite and is helpful
when the field “name of purchaser” is empty or is generic, for example, “various.”
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