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a b s t r a c t 

Many observers have argued that the fall in RMBS prices during the crisis was partly 

caused by fire sales. Using a unique dataset of RMBS transactions for insurance compa- 

nies, we show evidence supportive of a role, at the transaction level, of forced sales that 

occurred at discounted prices relative to fundamentals, and find that the RMBS market 

behaved as a whole as would be expected in the presence of fire sales. We show that risk- 

sensitive capital requirements and mark-to-market accounting can jointly create incentives 

for financial institutions subject to adverse capital shocks to sell stressed securities. 
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1. Introduction 

In most accounts of the credit crisis by economists (e.g., Brunnermeier 2009 ) or policymakers (e.g, Bernanke 2012 ), fire

sales of financial assets are described as the accelerant that helped transform a real estate crisis into a systemic crisis that

threatened to cause the collapse of the financial system. Many policy interventions were designed to decrease the risk of 

fire sales ( French et al. 2010 ; Bernanke 2012 ). Of particular concern were potential fire sales of private label residential

mortgage-backed securities (RMBS). 1 These securities, collateralized by subprime and Alt-A loans, were held in large quan- 

tities by financial institutions so that sharp decreases in their value could weaken such institutions, and make the crisis 

worse. 2 
∗ Corresponding author. 

E-mail address: stulz.1@osu.edu (R.M. Stulz). 
1 See, for instance, Bank of England (2008) . 
2 Some accounts of the crisis blame fire-sale prices of such securities, together with mark-to-market accounting, for weakening the balance sheets of 

financial institutions, which led to a rash of other problems during the crisis, including runs on some institutions and reduced lending at others. See for 

instance, “The origins of the financial crisis: Crash course,” The Economist, September 7, 2013. 
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An analysis of transaction-level RMBS price data from insurance companies reveals a striking decline in prices, accom- 

panied by an increase in the price dispersion, of RMBS through the crisis. Fig. 1 , Panel A plots average prices through time,

depicting a drop in prices from an average of $99.4 in 2006 Q1 to an average of $66.5 in Q3 of 2009. Fig. 1 , Panel B high-

lights a huge increase in price dispersion during the crisis. The interquartile range of prices in 2006 Q1 was less than $1 as

compared $43.9 in 2009 Q3. An obvious potential explanation for the huge decline in prices is the substantial decline in the

quality of mortgage fundamentals over the same period. Yet, RMBS fundamentals perform poorly in explaining RMBS prices 

during the crisis while they do well before and after the crisis. Fig. 2 plots residuals from a regression of RMBS prices on

RMBS fundamentals. As expected, price residuals average zero from Jan 2006 through October of 2007. These residuals then 

become sharply negative, so that prices drop to an extreme of $40 below what the fundamentals would predict during the

crisis, and then rebound so that residuals again have a mean of zero beginning January 2010, despite that fact that mort-

gage default rates increase monotonically throughout this time period. The observed patterns in transaction prices and price 

residuals raise the question of what role, if any, fire sales might have played in propagating price declines. 

This paper makes three important contributions to the understanding of the dramatically lower prices and increased price 

dispersion observed in the RMBS market during the crisis. We demonstrate conceptually that some financial institutions had 

incentives to sell RMBS at discounted prices because of capital requirements when subject to fair value accounting. We then 

show empirically that insurance companies that experienced a capital shock and were subject to fair value accounting sold 

RMBS at a larger discount and that prices of these RMBS exhibit subsequent reversals back to broader market levels. These

pricing patterns (discounts and subsequent reversals) do not appear in the transactions of insurance companies that did 

not experience an adverse capital shock and were not subject to fair value accounting. In addition, we find that the known

indicia of fire sales are present across the RMBS market during the financial crisis. Specifically, there is evidence of a rebound

in prices after the crisis (see Fig. 2 ), and investors with more expertise in RMBS appear to be sidelined during the crisis.

Thus, we are able to demonstrate the existence of the broad market indicia of fire sales, as well as carefully identify in

the cross-section a forcing mechanism that predicts which firms have greater incentive to engage in forced sales that are 

accompanied by lower prices. 

We begin by considering why financial institutions with a diversified portfolio of liquid assets would sell RMBS into an 

illiquid market. Following adverse shocks, financial institutions may need to raise capital ratios to meet regulatory require- 

ments, to be able to obtain or keep a target credit rating, or more generally to be able to conduct their business in an or-

derly fashion as customers or counterparties might be reluctant to deal with them because of insufficient capital from their 

perspective. We call a financial institution with capital ratios low enough that it wants to raise them to operate normally

a capital-constrained institution. When a financial institution is capital constrained, as was the case for many institutions 

during the crisis, it can issue securities that count as regulatory capital, sell assets to repay debt, or, for risk-based capital

requirements, sell riskier assets and invest the proceeds in assets that require less capital. During a financial crisis, issuing 

securities can be difficult and expensive. Hence, reducing capital requirements through asset sales may be the most efficient 

approach. With risk-based capital requirements, a financial institution may improve its regulatory capital ratios by selling 

the riskiest securities as these securities have the highest capital requirements. 3 

Though there is no data for RMBS trades of banks, there is data for insurance companies. While potentially applicable to

both, we are only able to test our theory for insurance companies. Empirical tests of our hypothesis are highlighted by two

sets of results. First, we provide evidence that firms exposed to adverse capital shocks sold downgraded RMBS at discounts 

relative to other sellers, controlling for fundamentals. Moreover, adverse shocks to capital only created significant pricing 

discounts when firms were subject to mark to market (MTM) accounting rules. 4 We find that our results are most pro-

nounced in firms with below-median levels of regulatory capital, which are the firms most likely to be capital constrained, 

and that the sales of downgraded RMBS by firms with below-median levels of regulatory capital occurred at pricing dis- 

counts of 5 to 18%, or more, depending on the specification, sample period, and consideration of marginal effects versus 

total effects. 

Our hypothesis maintains that risk-sensitive capital requirements can act as a mechanism to induce forced sales at de- 

pressed prices. If true, firms with low capital that have experienced an adverse capital shock should have the strongest 

incentive to sell downgraded RMBS. However, observing in the data that capital-shocked firms sold downgraded RMBS at a 

discount does not allow for a causal inference regarding the impact of capital on forced sales because downgraded RMBS 

themselves could impact a firm’s capital. In fact, the endogeneity is particularly pernicious because, aside from the simul- 
3 Our identification strategy obtains whether a financial institution is focused on meeting the RBC requirement directly, on maintaining a cushion above 

the requirement, or on keeping a credit rating that itself depends on the extent to which the financial institution exceeds the RBC requirement. From 

this perspective, it is important to note that credit rating agencies explicitly rated insurance companies during our sample period taking into account the 

extent to which they exceeded the RBC requirement. For example, the S&P RBC model relevant during our sample period was directly based upon the NAIC 

model, which specifies the RBC calculation for insurance companies, included the discrete categories for asset ratings and capital charges. As a result, an 

insurer could experience a ratings downgrade on account of a decline in the regulatory capital ratio. This is because the S&P ratings model that was in 

force had explicit reference to NAIC ratings categories for bonds and incorporated a risk-based capital calculation quite similar to the NAIC model (see New 

Risk-Based Insurance Model, 2007 ). Lebens and Morin (2006) compare the various rating agency models and, likewise, describe that they each incorporated 

risk-based capital calculations such as the NAIC model. 
4 There has been much debate about whether fair value accounting standards made the impact of fire sales worse. A widely-held view, summarized for 

instance in the Economist’s account of the crisis, is that fire sales directly impacted the balance sheets of financial institutions because of MTM accounting 

and hence caused them to record immediate losses. 
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Fig. 1. Monthly RMBS Transaction Prices, January 20 0 0 - December 2012 

Panel A of this figure plots the average price paid in RMBS transactions of insurance companies. Panel B plots monthly distributions of RMBS transactions 

prices. Transaction data are made available by Thomson Reuters EMaxx services, which compiles all of the publicly reported non-agency RMBS transactions 

of P&C and life insurance companies from regulatory filings. The data contain unique transactions that span the years 20 0 0 through 2012 and contains 

all transactions (as opposed to bonds included only in the repeat transaction sample). Transactions include insurance purchases of RMBS at the time of 

RMBS issuance as well as transactions on seasoned RMBS. Securities are classified as non-agency RMBS based on Thomson Reuters’ classification and based 

on a match of transactions with non-agency mortgage collateral data from Loan Performance. The sample does not necessarily include every RMBS held 

on insurer’s balance sheets, only RMBS that are captured in the Thomson Reuters transaction file. For example, market prices of defaulted bonds held on 

insurer’s balance sheet that did not trade during the sample period are not captured in this chart. 
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Fig. 2. Average RMBS Pricing Residuals 

This figure plots the residuals from a regression designed to explain variation in RMBS transaction prices. The dependent variable in the pricing regres- 

sion is the level of RMBS transaction prices. The control variables include one-month lagged default rates, cumulative rates of house price appreciation, 

mortgage interest rates, FICO scores, LTV ratio, and the fraction of mortgages that have adjustable-rate features, are owner-occupied, provide full income 

documentation, and are refinances. We also control for the change in the 5-year T-bond rate from the time of deal origination. The estimation sample 

period is January 2006-December 2012. 

 

 

 

 

taneity problem just described, unobserved omitted variables could have influenced RMBS purchase decisions that could 

jointly impact a firm’s subsequent capital position and subsequent RMBS prices. 

We deal with the simultaneity problem (the capital shock causing forced sales or forced sales causing the capital shock) 

by sorting firms based on an aspect of their operating business that influences their capital position without being directly 

correlated with the performance of RMBS. Firms that have experienced a negative shock to their insurance business, as evi- 

denced in their operating cash flows (hereafter, OCF) in the year prior to an observed RMBS transaction, have experienced an

adverse capital shock for reasons other than poor performance in their RMBS portfolio. 5 We show that negative OCF shocks, 

in connection with downgraded credit ratings on RMBS, lead to lower RMBS prices, all else equal, including, importantly, 

fundamentals of the mortgage collateral. 

While the use of one-year lagged negative OCF plausibly addresses the simultaneity problem, it does not rule out a 

potential omitted variable that could be driving a correlation between negative OCF and low RMBS prices. Put differently, 

the use of negative OCF shocks as a proxy for an adverse shock to regulatory capital satisfies the relevance criterion but does

not satisfy the exclusion restriction. The actions of firm management could jointly influence a firm’s OCF and the quality 

of RMBS in the asset portfolio. As an example, Koijen and Yogo (2013) document that managers’ actions can influence

both the operating performance of a firm and the firm’s asset/liability management. Specific to our setting, risk taking by 

management could cause both negative OCF and poor-quality RMBS that are subsequently downgraded and sold at discounts. 

In order to rule out a “bad manager” hypothesis (or other time-invariant omitted variables), we rely on a difference-in- 

differences specification across a rule change introducing MTM accounting to life insurance firms in 2009. MTM accounting 

will reduce the impact of selling downgraded RMBS on earnings and capital because the realized losses are already reflected 

in the book value. 6 In our sample of insurance firms, Property & Casualty (P&C) insurers were subject to MTM accounting
5 Income from investments such as RMBS is not accounted for in the OCF that we use as a proxy for shocks to capital. Thus, strictly from an accounting 

standpoint, one-year lagged OCF is exogenous to economic capital. 
6 Absent MTM accounting, firms would only have to recognize the downgrade through an increase in required regulatory capital unless the security was 

near default. 
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over our full sample while life insurers began adhering to MTM accounting in 2009. 7 The change in accounting standards for

life insurers allows for an evaluation of pricing changes around the 2009 MTM accounting rule change. We find that firms

whose accounting rules changed from non-MTM accounting before 2009 to MTM accounting in 2009 exhibit price discounts 

after the change but not before. In contrast, insurers subject to MTM accounting before and in 2009 (P&C firms) demonstrate

no statistical differences in price discounts between the earlier years and 2009. That is, bonds subject to MTM accounting 

throughout the full sample period are associated with depressed prices throughout the full sample period. The difference-in- 

differences strategy allows for the identification of capital requirements and MTM accounting as features driving forced sales 

at disconnected prices, as opposed to a time invariant “bad manager” hypothesis. We emphasize, importantly, that negative 

OCF shocks alone do not rule out a “bad manager” hypothesis (or any other time-invariant omitted variable). Thus, our 

identification strategy relies on the combination of negative OCF shocks and a change in regulatory accounting standards 

for a segment of insurance companies. Further, because we rely on an accounting change to rule out any time-invariant

omitted variable concerns, we document that the rule change is not correlated with the fundamental quality of RMBS being 

purchased by either type of insurance company through time. Rather, the accounting rule change impacted RMBS prices by 

altering the price paid for a given set of fundamentals. 

Given our identification strategy, for an omitted variable to be driving our results, the omitted variable would need 

to have the following characteristics. Any omitted variables would need to be correlated with insurers that experienced 

negative OCF in the year prior to a transaction, only correlated with bonds that experienced credit ratings downgrades, 

uniquely correlated with transactions of negative OCF insurers that sold downgraded bonds in 2009 but not correlated with 

positive OCF insurers that hold downgraded bonds before or during the year 2009. Further, the omitted variable would have 

to be correlated with price rebounds after the crisis, but only in such a manner that the bonds that sold at the largest

discounts during the crisis (downgraded bonds sold by negative OCF insurers during 2009) would also have the largest 

rebounds. We address the possibility that changes in market expectations meet all these critieria in Section 4.2 

2. Hypothesis development 

Theories of fire sales describe the conditions under which forced sales occur at a discount and commonly contain two 

important elements: a mechanism by which a forced sale is triggered and a market environment that leads to a dislocation

in prices. 

2.1. Theories of fire sales 

To date, the literature has argued that leverage and, more specifically, collateralized lending can lead to the forced sale 

of assets ( Shleifer and Vishny 1992 , 1997, 2011). Consistent with this theory, empirical studies have documented the forced

sale of physical assets used as collateral for loans. For example, Pulvino (1998) documents that distressed airlines sold 

airplanes at substantially discounted prices. Collateralized lending also plays a substantial role in the forced sale of financial 

assets (see Brunnermeier and Pedersen 2009 ). As the value of an asset financed through collateralized lending falls, margin

calls force the borrower to either provide more equity or to sell some of the holdings of the asset. 8 As explained in the

introduction, regulatory capital requirements can create incentives for financial institutions to sell assets at fire sale prices. 

Capital requirements are functionally equivalent to collateral requirements. However, for capital requirements to lead to 

sales of dislocated assets, it must be that an institution only has assets that trade in dislocated markets or that the assets

that trade in such markets have particularly high capital requirements compared to assets that trade in normal markets. 

Consequently, risk-sensitive capital requirements can create incentives for firms to sell the riskiest assets to reduce capital 

requirements even if doing so means selling an asset below fundamental values. 

Though capital requirements can create forced sales, a forced sale does not have to take place at prices below fundamen-

tal values. In well-functioning, liquid markets, physical or financial assets should sell at prices that reflect their best use. 

While there may be transitory price pressure effects due to imperfect liquidity, price dislocation may be security specific 

and reverse quickly. 9 However, in periods of distress for the most natural purchasers of a class of assets, fire-sale prices can

occur because the assets have to be bought by buyers who are not natural purchasers of these assets ( Shleifer and Vishny

1992 ). 10 For instance, in the case of financial assets, the investors who buy may lack the knowledge of these assets that

natural buyers would have or may find the payoffs of these assets riskier within their portfolios than natural buyers would.

In circumstances where natural purchasers of assets exit the market, and forced sales occur, theories of fire sales predict 

that prices will be reduced for everyone that is selling. 
7 We detail the specifics of life companies’ adherence to MTM accounting, including their reliance on and the timing of “marking-to-model” practices in 

Appendix Section 1. 
8 Throughout the crisis, margin requirements increased (see Gorton and Metrick, 2010 ), forcing borrowers to sell assets to meet margin requirements or 

to provide more equity. As shown by Coval and Stafford (2007) , forced sales of assets can also occur when investors in an investment vehicle redeem their 

holdings. 
9 See Kraus and Stoll (1972) or Shleifer (1986) for examples of price pressure in equity markets or Babbel, Merrill, Meyer and deVilliers (2004) that study 

price pressure in Treasury bond secondary markets. 
10 See Benmelech and Bergman (2009) for empirical evidence regarding the role of distress in fire sales of physical assets. 
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While we offer empirical evidence documenting broad price declines in RMBS during the financial crisis and price re- 

bounds after the financial crisis, consistent with a broad fire sales theory, our hypothesized forcing mechanism, the com- 

bination of capital requirements and MTM accounting, also makes cross-sectional predictions about types of insurers that 

are more likely to sell at discounts. Even within a market exhibiting the characteristics of a market-wide fire-sale environ- 

ment, our forcing mechanism predicts more nuanced, cross-sectional variation in fire sales. Such cross-sectional variation 

in fire sales is more consistent with predictions made in recent theoretical work by Guerrieri and Shimer (2014) . These

authors demonstrate conditions under which similar assets could sell at varying prices in the same market at the same 

time. Indeed, they point to OTC markets, like the market for RMBS, as opposed to highly liquid markets, like the market for

large-cap public equities, as potentially allowing for such price variation. 

Our theory of forced sales driven by capital requirements predicts that capital-shocked insurance companies that had 

to use fair value statutory accounting engaged in forced sales if capital constrained, while insurance companies that were 

not capital-shocked or that were capital-shocked but not subject to fair value accounting did not engage in forced sales 

whether capital constrained or not (capital-shock forced sale hypothesis). Further, in order to characterize whether forced 

sales were associated with prices that occurred below fundamental value, we would expect price reversals, with the largest 

reversals concentrated among firms with forced sales. Price reversals should occur if natural purchasers and/or arbitrageurs 

were not present to keep prices close to fundamentals. Hence, price declines during the crisis followed by a partial reversal

after the crisis are consistent with the possibility of fire sales (reversal hypothesis). With the lack of natural purchasers 

and/or arbitrageurs, the forces that drive prices towards fundamentals are missing. 11 As a result, we expect prices that are

affected by forced sales to differ across similar assets because of the lack of natural buyers or arbitrageurs. It follows that

there should be variation in prices that is not accounted for by fundamentals (idiosyncratic variation hypothesis). Finally, 

we should see evidence that natural purchasers were sidelined during the crisis (sidelined natural purchasers hypothesis). 

Our hypothesis relies on a nuanced understanding of capital requirements and mark-to-market accounting practices. For 

the sake of brevity we have relegated a careful treatment of these topics to Sections 2.1–2.3 of the Internet Appendix.

Importantly, these sections also describe an accounting rule change that impacted life insurers but not P&C insurers. Our 

empirical strategy utilizes the rule change as an important source of variation. 

2.2. Related literature 

Our paper is the first paper to use transaction-level data to document that the market for RMBS was likely affected by

fire sales during the crisis. Beyond our contribution to understanding the determinants of RMBS prices during the crisis, our 

paper also contributes to the existing literature on fire sales. 

This paper is related to two recent papers also investigating capital requirements for insurance companies and fire sales. 

Ellul, Jotikasthira, and Lundblad (2011) document forced sales of corporate bonds by insurance companies because of the 

downgrading of bonds to non-investment grade ratings between 2001 and 2005. Using returns on bonds, they show that 

bonds experience reversals if they are held more by institutions more likely to sell following a downgrade. They find strong

evidence of a drop in price during the week of the downgrade for their sample. However, Ambrose, Cai, and Helwege

(2012) , using similar data, find no such evidence for bonds where the downgrade is non-informative. A second paper by

Ellul, Jotikasthira, Lundblad, and Wang (2012) document that fair value accounting leads to more selling of asset-backed 

securities (ABS) among P&C firms, whereas historical cost accounting for life insurance firms (hereafter called ‘life firms’) 

motivates them to hold downgraded asset-backed securities, selling corporate bonds instead. Our work differs by its focus on 

the RMBS market, which played a critical role in the recent crisis, by the use of transaction prices for individual securities,

and by its direct examination of all the main indicia that are associated with fire sales. We also use a substantially different

empirical strategy in identifying the effects of capital requirements and accounting rules on fire sales. 

Other papers document that capital regulations of insurance companies affect their behavior during the crisis. Koijen and 

Yogo (2013) present evidence that capital requirements can lead insurance companies to sell products at an economic loss 

to relax risk-based capital constraints. They find that life insurance companies were willing to sell annuities at a substantial 

economic loss during the crisis when such sales would relax regulatory capital constraints. Becker and Opp (2013) , discussed

earlier, study the implications of the change in regulations surrounding risk-based capital requirements for life insurance 

companies in the last quarter of 2009. 

Some papers also examine the investment behavior of insurance companies. In particular, Becker and Ivashina (2012) find 

that capital requirements provide incentives for insurance companies to “reach for yield” in their security selection. Manconi 

et al. (2012) find that the yield spreads of corporate bonds increased more for bonds whose pre-crisis holders had more

investments in structured finance. The explanation is that investors who held more structured finance securities had to 

rebalance their portfolios as they made losses on these securities, leading them to sell corporate bonds that were more 

liquid and making the prices of these bonds depressed. Lastly, within the broader context of their analysis of nonstandard 

ABS markets, Chernenko et al. (2014) briefly consider fire sales. They do not find evidence of increased transaction volume 

in nonstandard ABS during the crisis, which they interpret as a lack of evidence for fire sales in this market. 
11 See Shleifer and Vishny (1997) for a theoretical model and Mitchell, Pedersen, and Pulvino (2007) and Mitchell and Pulvino (2012) for empirical 

evidence of this phenomenon. 
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Finally, our paper contributes to a growing literature focused on the costs and benefits of fair value accounting and on

how fair value accounting contributed to the crisis. An early theoretical paper in this literature, by Plantin et al. (2008) ,

shows how fair value accounting can lead to a vicious cycle of sales for levered institutions. Heaton et al. (2010) build a

model showing that the interaction between fair value accounting and capital requirements can lead to inefficient bank 

liquidations because of time variation in aggregate discount rates. Laux and Leuz (2009) , Laux (2012) review much of the

literature on the topic. Laux (2012) concludes that “there is still no evidence that fair value accounting caused widespread

fire sales of assets or contagion.” Some papers (e.g., Shaffer 2010 ) focus on the link between fair value and bank regulatory

capital, but they are more concerned about the impact of fair value losses on bank capital rather than about how capital-

constrained banks are pushed into fire sales. Baderscher et al. (2012) find that, for 20 07-20 08, the bulk of fair value charges

for large banks were incurred in the last two quarters of 2008. They also show that sales of RMBS are correlated with fair

value charges, but Laux (2012) argues that such a correlation can have multiple causes. 

3. Data 

In this section, we describe how we construct our sample, present the data we use to control for the characteristics of

RMBS, and provide summary statistics. We relegate many of the data details to Section 2.1 of the Internet Appendix. 

3.1. Sample construction 

RMBS transaction data are made available by Thomson Reuters EMaxx services, which compile all of the publicly reported 

transactions of P&C and life insurance companies from regulatory filings and produce a standardized bond transaction file. 

The data file contains unique transactions that span the years 20 0 0 through 2012. Data fields include transaction date,

transaction price, bond CUSIP, whether the transaction was a purchase or sale, the name of the insurance company involved 

in the transaction, the transaction broker, transaction volume (more than one investor can own a portion of the bond), and

the bond credit rating at the time of the transaction. We match the insurance company RMBS transactions to a database

of mortgage collateral attributes produced by CoreLogic. We rely on insurance company attribute data from AM Best and 

the National Association of Insurance Commissioners (NAIC). The NAIC provides data on regulatory capital filings as well as 

income statement and balance sheet data, including data on annual levels of OCF. The details of data from each source and

the matching methodology is described in the Internet Appendix, Sections 2.2 and 2.3. 

3.2. The use of a repeat-transaction sample 

Fire sales can be defined as forced sales that result in deviations in price from an asset’s fundamental value. An impor-

tant feature of our analysis is that we control for the fundamentals of the mortgage collateral in an RMBS, which allows us

to analyze RMBS prices relative to fundamentals. We can also observe credit ratings at the time of a transaction. Unfortu-

nately, RMBS contain a host of institutional features that also impact their price in important ways that are not captured

by mortgage collateral attributes. These features include seniority in the capital structure of a deal, performance triggers, 

differences in pre-payment treatment, and other unobserved features. As a means of controlling for these unobserved fea- 

tures, the majority of our pricing analysis relies on a repeat sales sample. For each RMBS in our sample that is involved

in more than one unique transaction, we calculate the change in price from the first transaction to the second transaction.

We do not require that the transaction pairs are associated with the same firm. If an RMBS has N unique transactions, we

calculate N-1 unique transaction pairs. In our estimation of potential fire sales, we require that the second transaction in a

transaction pair be a sell transaction. 12 

3.3. A description of each estimation sample 

We report summary statistics on the baseline sample in Tables 1 and 2 in order to characterize broad empirical patterns

in prices and collateral performance through time. To implement our empirical specifications, we construct three unique 

samples that differ in their unit of analysis and time period. The three samples are the “fire sales” sample, the “reversals”

sample, and the “natural buyers” sample. Details of each sample are described in detail in Internet Appendix Section 2.3. 

3.4. Summary statistics 

Table 1 reports summary statistics on RMBS transactions from 2006 through 2012. We report summary statistics on 

the levels and changes in prices that are calculated using the repeat transaction sample. The price levels reported in Table

1 represent the prices associated with the second transaction in a transaction pair. Table 1 also tabulates collateral default

rates associated with each transaction through time as well as total RMBS volume transacted in each quarter. The table 
12 One concern with a repeat sales sample is that RMBS transacted more than once may not be representative of the total sample of RMBS held on 

insurers’ balance sheets. RMBS included in the repeat sales sample are slightly larger and of a slightly lower credit quality, on average, compared to RMBS 

that were purchased and never sold during our sample period. 
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Table 1 

Summary Statistics. 

The RMBS transaction sample includes RMBS held on the balance sheet of life and P&C insurance companies. The sample includes bonds with at 

least two transactions, where the second transaction occurred during the years January 2006 through December 2012. Summary statistics are based 

upon the date of the second transaction in a transaction pair. The variable “average change in bond price” compares the current transaction to the 

previous transaction. Securities are classified as non-agency RMBS based on Thomson Reuters’ classification and based on a match of transactions 

with non-agency mortgage collateral data from Loan Performance. The sample does not necessarily include every RMBS held on insurer’s balance 

sheets, only RMBS that are captured in the Thomson Reuters transaction file. For example, market prices of defaulted bonds held on insurer’s 

balance sheet that did not trade during the sample period are not captured in this table. Transactions include insurance purchases of RMBS at the 

time of the RMBS issuance as well as transactions on seasoned RMBS. 

Transactions Level of Bond Price 

Average Change in Bond 

Price from First Transaction 

to Second Transaction Average Mortgage Collateral 

Default Rate in Month Prior 

to Observed Transaction 

Total $ Volume 

of Transactions 

(US$ M) Year, Qtr N Average Median Average Median 

2006 Q1 627 99.4 100.0 -0.17% 0.00% 3.8% $3,678 

2006 Q2 689 98.9 100.0 0.00% 0.00% 4.0% $2,412 

2006 Q3 681 98.9 100.0 3.19% 0.00% 4.9% $2,930 

2006 Q4 647 96.7 100.0 -2.51% 0.00% 5.8% $2,946 

2007 Q1 564 99.2 100.0 -0.46% 0.00% 5.8% $3,703 

2007 Q2 532 98.2 99.8 -1.33% -0.14% 6.7% $3,435 

2007 Q3 523 96.6 98.9 -3.03% -0.78% 7.7% $2,930 

2007 Q4 676 93.2 99.3 -3.89% -0.31% 7.7% $2,168 

2008 Q1 328 84.2 92.1 -14.31% -6.59% 9.5% $1,208 

2008 Q2 262 83.0 91.0 -13.91% -6.78% 11.3% $944 

2008 Q3 189 75.8 79.8 -17.71% -12.56% 10.8% $626 

2008 Q4 235 67.0 73.6 -27.42% -17.80% 13.6% $936 

2009 Q1 312 73.2 84.8 -13.78% -5.50% 13.1% $1,213 

2009 Q2 280 73.2 87.1 -16.68% -0.91% 17.4% $642 

2009 Q3 310 66.5 71.2 -20.66% -12.31% 18.0% $869 

2009 Q4 302 68.3 73.0 -16.16% -9.45% 18.2% $844 

2010 Q1 210 75.0 83.2 -6.93% -0.61% 18.6% $786 

2010 Q2 217 79.4 86.5 -3.14% -0.90% 22.0% $410 

2010 Q3 506 84.8 92.4 -0.66% 0.16% 21.4% $696 

2010 Q4 248 81.3 86.5 -1.06% 0.00% 22.9% $518 

2011 Q1 486 76.6 87.9 -9.44% -0.97% 25.8% $1,487 

2011 Q2 479 78.1 85.8 -3.24% -0.81% 23.9% $1,787 

2011 Q3 459 74.1 82.5 -11.74% -2.52% 26.0% $1,450 

2011 Q4 1228 72.0 79.1 2.22% -1.66% 27.0% $3,498 

2012 Q1 595 64.6 67.3 -2.07% -0.04% 30.4% $3,754 

2012 Q2 507 67.7 72.2 5.47% -0.33% 27.8% $1,282 

2012 Q3 566 71.8 78.4 8.96% 1.29% 28.5% $2,054 

2012 Q4 1530 75.8 85.0 25.40% 1.38% 28.9% $4,834 

 

 

 

 

 

 

highlights important empirical facts. Transaction prices, changes in prices between two consecutive transactions, and total 

transacted volume all declined through the crisis, then rebounded coming out of the crisis, despite collateral default rates 

increasing monotonically throughout the period. Monotonically increasing default rates are not surprising given that we 

report cumulative defaults. In Section 5 we analyze price reversals in the RMBS market and focus in more detail on the

broad RMBS pricing patterns documented in Table 1 . 

Table 2 provides more detail on the transaction sample by summarizing sample statistics across both transaction time 

and year of RMBS origination. As in Table 1 , all reported statistics are as of the second transaction in a transaction pair. Panel

A reports the total number of transactions, while Panel B reports the fraction of transactions that were sell transactions. 

Panel B reveals that the 20 06 and 20 07 vintages were sold at a higher frequency than prior vintages, and that the frequency

of sell transactions dried up during the financial crisis. Taken together, Panels A and B document that, while purchase 

transactions decline, there is a larger drop in selling transactions, which is consistent with an environment where natural 

buyers reduce their purchasing activity during a fire sale. Panels C and D of Table 2 report default rates and raw prices by

transaction year and vintage. These panels indicate that defaults were severe for the 2006 and 2007 vintages, which are the

years in which total RMBS origination was the largest in our sample. The most striking feature of Panel D is that, across

all vintages, prices declined and rebounded coming out of the crisis despite consistent increases in collateral default rates 

through and after the crisis, as shown in Panel C. 

Table 3 provides high-level summary statistics of the insurance companies involved in RMBS transactions. Panel A reports 

statistics for P&C insurers. Panel B focuses on life insurers. Large differences between average and median asset sizes indicate 

the presence of some large insurers. When comparing across insurer types, life insurers are, on average, substantially larger 

than their P&C counterparts. They also report lower capital-to-asset ratios, on average, than P&C insurers. RBC ratios are 

noisy enough across the two types of insurers that the observed differences are not statistically significant. Life insurers 

hold a substantially larger number of RMBS in their portfolios compared to P&C insurers, but total RMBS holdings represent 
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Table 2 

Summary Statistics by Vintage Year and Transaction Year 

This table reports summary statistics of the RMBS sample as a function of the transaction year and the year of bond issuance. The RMBS transaction 

sample includes RMBS held on the balance sheet of life and P&C insurance companies. The sample includes bonds with at least two transactions, where 

the second transaction occurred during the years January 2006 through December 2012. Presented statistics are based upon the date of the second 

transaction. Panel’s A-D report two-way summary statistics of transactions based on the year of bond origination (vintage year) and transaction year. 

Panel A reports the total number of transactions. Panel B reports the fraction of transactions that were sell transactions. Panel C reports average mortgage 

default rates for the mortgage collateral supporting each bond. Panel D reports average transaction prices. 

Panel A. Total Number of Transactions by Transaction Year and Bond Vintage 

Transaction Year 

2006 2007 2008 2009 2010 2011 2012 

Vintage Year 

2000 13 6 4 4 2 10 9 

2001 39 19 7 6 8 19 14 

2002 125 70 13 17 32 76 64 

2003 332 227 85 107 121 227 170 

2004 621 431 139 191 266 506 487 

2005 1,000 689 282 310 331 781 979 

2006 496 787 330 333 276 658 848 

2007 142 153 236 145 375 627 

Panel B. Fraction of Sell Transactions by Transaction Year and Bond Vintage 

Transaction Year 

2006 2007 2008 2009 2010 2011 2012 

Vintage Year 

2000 76.9% 50.0% 25.0% 25.0% 50.0% 80.0% 77.8% 

2001 84.6% 73.7% 0.0% 50.0% 62.5% 78.9% 85.7% 

2002 71.2% 64.3% 0.0% 47.1% 40.6% 85.5% 89.1% 

2003 63.9% 58.1% 17.6% 43.0% 36.4% 74.4% 75.9% 

2004 68.4% 65.2% 17.3% 49.7% 32.7% 64.2% 65.7% 

2005 69.6% 62.3% 22.7% 57.4% 44.1% 65.6% 63.0% 

2006 49.8% 58.2% 20.9% 66.4% 59.4% 73.7% 66.7% 

2007 15.5% 13.7% 68.2% 47.6% 69.3% 69.4% 

Panel C. Mortgage Collateral Default Rates by Transaction Year and Bond Vintage 

Transaction Year 

2006 2007 2008 2009 2010 2011 2012 

Vintage Year 

2000 9.6% 10.4% 28.3% 31.8% 34.1% 31.4% 42.8% 

2001 32.3% 34.6% 32.6% 31.8% 31.9% 35.2% 43.5% 

2002 21.9% 25.0% 21.4% 26.4% 26.2% 28.1% 31.2% 

2003 10.3% 12.4% 6.8% 10.4% 16.2% 20.2% 21.1% 

2004 4.8% 8.4% 9.3% 11.0% 18.7% 18.7% 22.9% 

2005 1.6% 5.5% 10.9% 14.7% 19.9% 24.0% 27.4% 

2006 0.2% 4.8% 13.9% 20.9% 26.8% 32.6% 33.3% 

2007 0.5% 10.2% 22.3% 27.5% 32.4% 35.3% 

Panel D. Average Transaction Prices by Transaction Year and Bond Vintage 

Transaction Year 

2006 2007 2008 2009 2010 2011 2012 

Vintage Year 

2000 $93.3 $98.8 $95.4 $63.8 $82.5 $85.7 $86.9 

2001 $96.4 $86.9 $86.8 $71.3 $84.9 $60.0 $81.1 

2002 $99.1 $89.2 $90.3 $63.2 $85.5 $66.4 $74.8 

2003 $98.8 $95.3 $83.9 $83.9 $88.3 $81.2 $85.5 

2004 $98.7 $97.2 $83.6 $80.7 $89.5 $83.2 $87.7 

2005 $97.6 $96.8 $78.2 $70.0 $83.1 $78.0 $77.0 

2006 $99.8 $97.3 $75.3 $63.1 $70.4 $65.7 $61.1 

2007 $98.7 $75.4 $66.8 $76.3 $67.6 $61.2 

 

 

 

 

 

a smaller fraction of the total fixed income portfolio of life compared to P&C insurers. Differences in ex-ante observable

characteristics of insurers raise a potential endogeneity concern that we address in Section 4.1 . 

Panels A and B of Table 4 report data on the evolution of credit ratings of the RMBS in our fire sales sample. Horizontal

rows represent the S&P credit ratings as of the first transaction in a repeat transaction pair while vertical columns represent

the credit ratings as of the second transaction in a repeat transaction pair. Each cell of the table represents counts of RMBS

within the corresponding ratings. We report tables separately for the P&C and life samples. In the life sample, of the 517
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Table 3 

Do Negative Operating Cash Flow Insurers Differ Along Observable Dimensions? 

This table reports summary statistics on the observable characteristics of positive and negative OCF insurers. Panel A reports summary statistics 

for life companies while Panel B summarizes P&C insurers. We report average differences in asset size, capital-to-assets ratio, RBC ratios, 

and total bond holdings between positive and negative operating cash flow insurers. T-statistics evaluate the statistical significance of the 

differences. 

Panel A. Summary Statistics on P&C Insurance Companies 

Positive One-Year Lagged Operating Cash 

Flow Companies 

Negative One-Year Lagged Operating Cash 

Flow Companies Difference T-statistic 

N Mean Median N Mean Median 

Asset Size ($ M) 

2007 263 $280 43 40 $80 30 $200 1.62 

2008 270 $241 $42 35 $249 $20 -$81 -0.07 

2009 249 $288 $48 69 $97 $24 $191 1.99 

Capital / 

Assets 

2007 263 0.379 0.361 40 0.474 0.448 -0.090 -4.00 

2008 270 0.368 0.342 35 0.430 0.405 -0.062 -2.48 

2009 249 0.382 0.361 69 0.449 0.420 -0.067 -3.58 

Risk-Based Capital Ratio (R.B.C.) 

2007 263 8.4 7.09 40 11.6 7.0 -3.14 -2.72 

2008 270 9.1 6.77 35 10.8 7.3 -1.66 -0.95 

2009 249 10.0 7.21 69 9.8 7.1 0.17 0.12 

Total Bond Holdings (Count) 

2007 263 4.6 2 40 5.8 2.0 -1.27 -0.74 

2008 270 5.9 2 35 4.3 1.0 1.67 0.66 

2009 249 6.0 2 69 4.6 1.0 1.47 0.74 

Fraction of Fixed Income Portfolio Held as RMBS 

2007 263 0.084 0.036 40 0.161 0.058 -0.077 -2.66 

2008 270 0.097 0.034 35 0.096 0.046 0.001 0.04 

2009 249 0.107 0.034 69 0.101 0.038 0.006 0.22 

Panel B. Summary Statistics on Life Insurance Companies 

Positive One-Year Lagged Operating Cash 

Flow Companies 

Negative One-Year Lagged Operating Cash 

Flow Companies 

Difference 

in Means 

T-statistic 

N Mean Median N Mean Median 

Asset Size ($ M) 

2007 143 $2,315 $389 70 $1,163 $157 $1,152 1.84 

2008 143 $1,913 $344 77 $1,335 $209 $577 1.04 

2009 164 $2,068 $386 56 $1,084 $122 $983 1.57 

Capital / 

Assets 

2007 143 0.141 0.136 70 0.135 0.075 0.005 0.24 

2008 143 0.142 0.131 77 0.131 0.072 0.011 0.51 

2009 164 0.138 0.170 56 0.170 0.088 -0.032 -1.31 

Risk-Based Capital Ratio (R.B.C.) 

2007 143 12.8 8.5 70 15.4 10.5 -2.6 -1.32 

2008 143 11.5 8.1 77 14.5 8.3 -3.0 -1.65 

2009 164 12.1 9.0 56 15.7 8.5 -3.7 -1.85 

Total Bond Holdings (Count) 

2007 143 32.5 7.0 70 15.7 5.0 16.8 1.68 

2008 143 30.6 6.0 77 21.0 6.0 9.6 0.98 

2009 164 31.3 7.0 56 16.8 6.0 14.4 1.34 

Fraction of Fixed Income Portfolio Held as RMBS 

2007 143 0.033 0.021 70 0.055 0.024 -0.023 -1.80 

2008 143 0.035 0.023 77 0.052 0.027 -0.018 -1.57 

2009 164 0.046 0.021 56 0.042 0.026 0.004 0.24 

 

 

transactions that were originally rated AAA, 65 were subsequently downgraded, 53 of which were downgraded sufficiently 

to cross a NAIC ratings threshold (e.g., NAIC 1 to NAIC 2). The P&C sample exhibits similar patterns. 

4. Identifying forced sales 

Identifying a causal link between constrained levels of capital at insurance companies and RMBS transactions that oc- 

curred below fundamental value is a challenge because of two potential sources of bias: simultaneity and omitted variables. 

To identify fire sales, Ellul, Jotiskasthira, and Lundblad (2011) estimate the probability of a sale given a downgrade. The main

determinant of this probability is a firm’s insurance line or its RBC level. Declines in a firms’ capital position could induce

firms to sell downgraded RMBS at fire sale prices, but capital declines themselves could be caused by downgraded RMBS, 
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Table 4 

Credit Ratings Matrix for Bonds in the Repeat-Transaction Sample 

Panels A and B report credit ratings transition matrices by insurer type. The sample includes all RMBS that are included in the pricing 

analysis presented in Table 6 . To be included in the pricing analysis, RMBS have to have at least two transactions where the second 

transaction is a sell transaction that occurred between Q1 2007 and Q3 2009, have associated insurance company data on fundamentals 

and operating cash flow, and data on underlying mortgage collateral. 

Panel A. P&C Sample: Incidence of Downgrades in Repeat Transaction Sample 

Rating at Second Transaction 

Rating at First Transaction AAA AA A BBB BB B CCC CC D 

AAA 287 4 6 2 3 10 2 0 0 

AA 43 0 0 0 0 3 1 1 

A 9 1 0 0 1 0 1 

BBB 7 3 4 3 0 0 

BB 8 0 1 0 1 

B 13 5 0 0 

CCC 11 1 1 

CC 2 0 

D 2 

Panel B. Life Sample: Incidence of Downgrades in Repeat Transaction Sample 

Rating at Second Transaction 

Rating at First Transaction AAA AA A BBB BB B CCC CC D 

AAA 517 3 9 3 11 16 18 3 2 

AA 158 1 1 1 4 4 2 0 

A 162 6 5 1 2 3 1 

BBB 47 2 3 0 1 2 

BB 7 0 0 0 0 

B 12 0 0 0 

CCC 13 0 0 

CC 0 0 

D 4 

 

 

 

 

 

possibly because the firm has a riskier portfolio of bonds or made worse investment choices. Because of this possibility, we

propose a specification designed to disentangle the endogenous relationship between firm capital and RMBS credit quality. 

4.1. Motivating the identification strategy 

For conceptual purposes, consider a linear model of the following form: 

Chg P ric e i,t−1 → t = α + β · Capital P ositio n j,t + δX i,t + ε i,t (1) 

where the variable capital position captures the capital position of firm j at time t. Chg. Price captures the change in price

of RMBS i between two consecutive transactions . X represents a matrix of bond fundamentals that includes the full set of

RMBS-specific fundamentals described in the data section. In addition to observable attributes of the collateral, a specifica- 

tion explaining variation in RMBS prices must address other institutional features of RMBS. The repeat-transaction criterion 

implicitly controls for deal-specific features of each RMBS such as seniority in the deal’s capital structure and other unob- 

served contractual features. 

Careful estimation of the economic relationship proposed in Eq. (1) requires a variable that is correlated with shocks to 

the capital position of a firm but not correlated with the performance of the RMBS portfolio. We propose using negative

shocks to a firm’s OCF in the year prior to an observed RMBS transaction as an exogenous proxy for the extent to which

a firm has become more capital constrained. Cash flow from operations essentially represents an insurance company’s un- 

derwriting income. 13 As such, negative cash flow from operations represents an episode of increased liabilities, triggered 
13 An example of an event that could precipitate a negative cash flow from operations year for a property and casualty insurer is a catastrophic loss in 

a given year. Insurance companies create a reserve from which losses are paid based upon actuarial estimates of losses. In a year with, for example, a 

surprise level of losses due to a hurricane, tornado, or verdict in a liability lawsuit, an insurer could experience losses that are greater than the reserve 

that was created to pay those losses. That event could trigger a lower, or even negative, increment to cash from operations. On the life insurance side, 

companies reserve against future liabilities at the time a life insurance or annuity policy is issued. Over time, reserves are released in the form of income 

as the policy matures and actual experience is revealed. Negative OCF shocks are often due to the actual experience deviating from assumptions that were 

made at the time reserves were set for a particular policy. If the mistaken assumptions apply to many policies, the aggregate effect can show up as a 

negative OCF shock. For example, when the interest rate environment changes, policyholders may exercise an early surrender option at a lower, or higher, 

than expected rate. If a competitor issues a favorable policy, surrenders can accelerate more rapidly than expected, etc. It is the deviation of actual behavior 

or experience from that which was expected when calculating reserves that leads to negative OCF shocks. Thus, negative OCF is, almost by definition for 

life insurers, a year where outcomes were below expectations that were set at a previous point in time. Irrespective of its cause, a negative operating cash 

flow reduces capital. 
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most frequently by an increase in insurance claims. Negative cash flow from operations should not be influenced by rec- 

ognizing losses on RMBS because, in the statutory accounting treatment of insurance companies, investment income does 

not contribute to cash flow from operations. Because of this, negative OCF should be correlated with firms experiencing an 

adverse shock to capital; however, the source of the shock is not likely to be correlated with the fundamentals of the RMBS

we are trying to evaluate. For life firms, a shock to operating income is the most relevant measure of a true shock from

the operations of the business. For P&C firms, a shock to underwriting income is a more accurate measure of a shock from

operations. For consistency in the exposition, we refer to both of these measures as operating income shocks. 

Though lagged negative cash flow shocks should be correlated with the capital position of an insurance company, and 

plausibly address the simultaneity problem, they do not completely satisfy the exclusion restriction. The use of lagged neg- 

ative OCF introduces the possibility of an omitted variables problem because negative cash flow shocks could be correlated 

with unobserved management attributes that could jointly influence the selection of poor-quality RMBS in the investment 

portfolio and poor operating performance of the firm (the kind of poor operating performance that results in negative OCF). 

For this reason, our identification strategy requires an additional step. We rely on changes in the MTM accounting treatment 

for life firms that came into effect in 2009 and estimate whether this change impacted life transactions differently from P&C 

transactions, whose accounting treatment did not change over this period. By exploiting the accounting rule change, for an 

unobserved endogeneity bias to be of concern, it would have to be uniquely correlated with P&C firms that experienced 

RMBS downgrades over the entire sample period but only life insurance companies that experienced downgrades in 2009. 

The use of negative OCF as an exogenous shock to insurers’ capital is only valid if negative OCF shocks are not system-

atically correlated with observable attributes of insurers that could impact RMBS prices. Table 3 reports differences in the 

observable attributes of positive and negative OCF firms. Negative OCF P&C insurers report higher capital-to-assets ratios 

over the full sample period, and slightly larger RBC ratios in 2007. Panel B reports differences for life insurers. Negative OCF

life insurers report statistically higher RBC ratios in 2008 and 2009, are smaller in 2007, and hold more RMBS as a fraction

of their fixed income portfolio in 2007. Understanding how the insurers’ attributes documented in Table 3 influence the 

prices at which RMBS transact is the purpose of the identification strategy employed in this paper. It is difficult to draw

causal inference regarding the impact of capital requirements on RMBS prices if our proxy for shocks to capital (i.e. operat-

ing cash flow shocks) is correlated with other observable or unobservable attributes of insurance companies that could also 

impact RMBS prices. For this to be a concern in our setting, however, it would need to be the case that the performance of

an insurer (or any other observable characteristic) is correlated with the fundamental quality of RMBS being purchased. If 

insurers were purchasing RMBS of observably different quality ex ante, it would not be a surprise to see differences in the

prices of RMBS when we evaluate the treatment effect of the change in accounting practices. 

Fig. 4 evaluates whether insurer attributes are correlated with RMBS fundamentals by plotting the ex-post default rate of 

mortgage collateral being purchased by positive and negative OCF insurance companies (split by insurance company type). 

For each RMBS purchased by an insurer, we find the associated mortgage collateral pool and report the default rate of that

collateral through time. For example, if an insurer purchased a specific RMBS in January of 2006, we report the default rate

of the collateral underlying that RMBS each month through the end of 2009. If an insurer purchased a specific RMBS in July

of 2007, we also report the collateral default rate each month from 2006 through the end of 2009. The plot, and unreported

statistical tests, indicate that the ex-post default rates of each pool are quite similar through time. Internet Appendix Table 

3.1 further documents default rates by collateral vintages, and confirms that the ex-post similarity in default rates through 

time is not driven by vintage effects. 

4.2. Operating cash flow and capital 

As discussed in the introduction and our hypothesis section, our empirical strategy proposes that shocks to OCF represent 

shocks to capital that are due to insurance operations rather than RMBS returns. Table 5 evaluates the relationship between

insurers’ OCF and insurer credit rating outcomes. An inital set of probit regressions (Models (1) and (2)) confirms that nega-

tive OCF firms more frequently experience subsequent credit rating downgrades. Our fire sale hypothesis also maintains that 

adverse shocks to capital create an incentive for insurers to sell RMBS that are expensive to hold in terms of their required

regulatory capital. A second set of probit and tobit models reveal that negative OCF firms are more likely to subsequently

sell RMBS (Models (3)–(6)). Internet Appendix Section 3.2 describes these estimates in greater detail. 

4.3. RMBS downgrades and operating cash flow shocks 

Our hypothesis maintains that risk-based regulatory capital creates an incentive for firms to sell downgraded securities, 

even potentially at depressed prices, when they are subject to MTM and they are capital constrained. P&C firms are subject

to MTM accounting over the full sample period (20 07–20 09), while life firms are subject to MTM accounting in 2009 but

not in 2007 or 2008. To test our hypothesis, we group all P&C transactions from 20 07–20 09 and life transactions in 2009

into a “MTM sample,” and all life transactions in 2007 and 2008 into a “non-MTM sample.” We test our hypothesis in 

the MTM and non-MTM samples and present the results in Table 6 . The dependent variable in our tests is calculated as
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Table 5 

Negative Operating Cash Flow, Insurer Downgrades, and RMBS Selling Behavior. 

Models (1) and (2) report results from Probit regressions where the dependent variable is equal to one for insurers that experienced a credit rating 

downgrade and zero otherwise. Models (3) and (4) report results from Probit regressions where the dependent variable is equal to one for insurers 

that sold at least one RMBS out of their RMBS portfolio and zero otherwise. Models (5) and (6) report results from a Tobit regression where the 

dependent variable is the fraction of RMBS (count) sold out of the RMBS portfolio. The key independent variables in the regressions are measures of 

lagged operating cash flow (OCF). The estimates control for the log assets, capital-to-assets ratio, RBC ratio, and total size of the RMBS portfolio of each 

insurer. The sample size in Models (1) and (2) is smaller than Models (3)–(6) because we lack credit ratings data on all the firms in the our sample. 

We include year fixed effects and cluster standard errors by firm. 

Probit Regression: Probit Regression: Tobit Regression: 

Dependent Var: Firm 

Experiences Ratings 

Downgrade 

Dependent Var: Firm Sells at 

Least One RMBS out of RMBS 

Portfolio 

Dependent Var: Fraction of 

RMBS Sold out of RMBS 

Portfolio 

(1) (2) (3) (4) (5) (6) 

Lagged OCF / Assets -2.037 ∗∗ -1.302 ∗∗ -0.657 ∗∗

(-2.004) (-2.039) (-2.074) 

Negative Lagged OCF 

Indicator 

0.619 ∗∗∗ 0.188 ∗ 0.080 

(4.319) (1.750) (1.568) 

Log Assets 0.086 ∗ 0.098 ∗∗ 0.128 ∗∗∗ 0.130 ∗∗∗ 0.055 ∗∗∗ 0.056 ∗∗∗

(1.866) (2.111) (4.267) (4.315) (4.334) (4.409) 

Capital / Assets -0.405 -0.488 -0.448 -0.445 -0.216 -0.211 

(-0.733) (-0.837) (-0.951) (-0.950) (-0.907) (-0.891) 

RBC Ratio -0.008 -0.008 -0.004 -0.003 -0.002 -0.002 

(-0.691) (-0.709) (-0.549) (-0.486) (-0.639) (-0.572) 

Total RMBS Holdings 

(count) 

-0.002 ∗ -0.002 0.004 ∗∗ 0.004 ∗∗ 0.001 ∗∗∗ 0.001 ∗∗∗

(-1.711) (-1.538) (2.073) (2.111) (2.604) (2.711) 

Life Insurer Indicator 0.592 ∗∗∗ 0.522 ∗∗ -0.027 -0.028 -0.078 -0.075 

(2.584) (2.125) (-0.164) (-0.173) (-0.972) (-0.934) 

Fraction RMBS in Fixed 

Income Portfolio 

0.877 ∗∗ 0.888 ∗∗ 0.773 ∗∗ 0.749 ∗∗ 0.226 0.216 

(2.175) (2.125) (2.269) (2.209) (1.533) (1.474) 

Constant - 

2.467 ∗∗∗
- 

2.811 ∗∗∗
- 

3.261 ∗∗∗
- 

3.369 ∗∗∗
- 

1.453 ∗∗∗
- 

1.511 ∗∗∗

(-3.248) (-3.729) (-6.876) (-6.992) (-6.488) (-6.653) 

Year Fixed-Effects Yes Yes Yes Yes Yes Yes 

Standard Errors 

Clustered by Firm 

Yes Yes Yes Yes Yes Yes 

Observations 1,260 1,260 1,579 1,579 1,579 1,579 

Psuedo R2 0.208 0.232 0.182 0.180 0.145 0.142 

 

 

 

 

 

 

 

the change in price from a previous transaction given that the second transaction is a sell. 14 Two independent variables

are of interest in the table. The first is our proxy for adverse capital shocks, named one-year lagged OCF , and is scaled

by assets. The second variable of interest, named increase in capital charge from bond downgrade , measures the change in

the regulatory capital charge on account of a ratings downgrade for a given RMBS, scaled by the insurer’s total capital. Note

that the capital requirements for insurance companies use NAIC rating categories. Credit rating agency ratings map into NAIC 

rating categories. RMBS downgrades that span a NAIC rating category result in substantial increases in risk-based regulatory 

capital charges. An example of a downgrade that spans a NAIC ratings category would be a downgrade from a AAA rating to

a BBB rating. AAA-rated RMBS are assigned a 0.004 capital charge while BBB-rated RMBS are assigned a 0.013 capital charge.

Thus, the increase in the capital charge as a percent of an insurer’s total capital for a $10M RMBS downgraded from AAA

to BBB would be calculated as ((0.013-0.004) ∗$10M)/total insurer capital. If the RMBS has not been downgraded between 

consecutive transactions the variable takes the value of zero. Under our hypothesis, increased capital charges resulting from 

RMBS downgrades should lead to forced sales for capital constrained insurers that result in large price declines in RMBS. 
14 The repeat sales sample also influences the specification of our control variables. In the case of some variables, rather than controlling for the level 

of collateral attributes such as collateral default rates, rates of house price appreciation, etc., we control for changes in the control variables from the time 

of the first transaction to the second. The change in collateral attributes should more accurately capture the change in credit quality that might influence 

observed pricing changes. For example, two unique pairs of repeat transactions might be associated with the same level of collateral default rates at the 

time of the second transaction, but one pair of transactions might be associated with a much larger relative change in default rates between the first 

and second transactions. Some variables are still appropriately specified in levels, not changes. These include the LTV ratio, percent of loans with little 

or no documentation, and the geographic concentration of the collateral pool. The determination of controlling for variables as levels versus changes was 

determined by evaluating the correlation of the levels and changes of each variable with changes in RMBS prices. 
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Table 6 

Estimating Fire Sales in RMBS Transactions. 

The dependent variable in this OLS estimation is the percent change in price on a given RMBS between two transactions, where the second transaction occurred between Q1 2007 and Q3 2009. The mark- 

to-market sample includes all P&C transactions between 20 07-20 09 and life transactions in 2009. The non-mark-to-market sample includes life transactions in 20 07-20 08. The variable one-year lagged OCF 

measures the operating cash flow (OCF) of insurers scaled by total assets in the year prior to the sell transaction. OCF does not include gains or losses on account of a change in the market value of the 

non-agency RMBS held on an insurance company’s balance sheet. Increase in capital charge from bond downgrade measures the change in regulatory capital charges for RMBS that were downgraded sufficient 

to cross an NAIC ratings threshold (e.g. AAA , AA , or A-rated bond downgraded to BBB-rated or lower (See Section 2.5 in the appendix for more detail)) between the first and second transactions. The variable 

2009 indicator is equal to one for all transactions that occurred in the first three quarters of 2009. RMBS fundamentals are measured in changes from the prior transaction to the current transaction for the 

following variables: default rates , cumulative rates of house price appreciation, mortgage interest rates , FICO scores, the fraction of mortgages that have adjustable-rate features are owner-occupied and are refinances . 

Collateral attributes are measured in levels for the following variables: combined loan-to-value ratio, the percentage of loans that are no/low documentation , and geographic concentration. Five-year T-bond rate 

measures the level of the 5-year T-bond at the time of the second transaction in a transaction pair. The model includes fixed-effects for the quarter of the first trade interacted with the quarter of the second 

trade. Standard errors are clustered by firm and by the month of the second transaction in every model. 

Dependent Variable: % Change in Price from Prior Transaction 

Mark-to-Market Sample Non Mark-to-Market Sample Non Mark-to-Market 

(20 07-20 08) Switching 

to Mark-to-Market 

(2009) 

Mark-to-Market Sample 

Full Sample Below- 

Median RBC 

Sample 

Below- 

Median RBC 

Sample 

Full Sample Below- 

Median RBC 

Sample 

Below-Median RBC 

Sample 

Below-Median RBC 

Sample 

20 07-20 09 20 07-20 09 20 07-20 08 20 07-20 08 20 07-20 08 20 07-20 09 20 07-20 09 

(1) (2) (3) (4) (5) (6) (7) 

One-Year Lagged OCF ∗ Increase in Capital Charge from Bond Downgrade ∗ 2009 Indicator 35.423 ∗∗∗ 6.500 

(9.12) (0.49) 

One-Year Lagged OCF ∗ Increase in Cap. Charge from Bond Downgrade 4.785 9.880 ∗∗∗ 13.577 ∗ -1.878 -1.384 1.133 23.062 ∗∗∗

(1.48) (7.02) (1.89) (0.84) (0.84) (0.38) (4.21) 

One-Year Lagged OCF ∗ 2009 Indicator -1.087 -0.008 

(-1.25) (0.04) 

Increase in Capital Charge from Bond Downgrade ∗ 2009 Indicator -3.211 ∗∗∗ 1.038 

(-10.05) (1.31) 

One-Year Lagged OCF 0.016 -0.052 -0.149 0.048 0.092 0.177 -0.121 

(0.15) (0.42) (1.14) (0.69) (1.05) (1.56) (0.86) 

Increase in Capital Charge from Bond Downgrade -0.693 ∗∗ -1.380 ∗∗∗ -1.968 ∗∗ -0.464 ∗∗ -0.529 ∗∗∗ -0.718 ∗∗∗ -3.104 ∗∗∗

(2.03) (7.44) (2.49) (2.55) (4.87) (-3.26) (5.08) 

2009 Indicator -0.201 -0.169 

(-1.52) (1.31) 

Changes in Collateral Quality from Prior Trade: Yes Yes Yes Yes Yes Yes Yes 

Qtr. First Transaction ∗ Qtr. Second Transaction Fixed Effects Yes Yes Yes Yes Yes Yes Yes 

Cluster Standard Errors by Firm Yes Yes Yes Yes Yes Yes Yes 

Cluster Standard Errors by Month of Second Transaction Yes Yes Yes Yes Yes Yes Yes 

Observations 590 254 163 874 444 510 254 

Adj. R2 0.638 0.749 0.768 0.775 0.830 0.781 0.768 

3
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Table 7 

Evidence of RMBS Price Reversals. 

The dependent variable in this OLS estimation is the price per $100 of RMBS at the time of a transaction. In-crisis is equal to one if the transaction 

occurred during the crisis (crisis = Q3 2007 through Q3 2009). Post-crisis is equal to one if the transaction occurred after the crisis. A pre-crisis indicator 

serves as the omitted group. The variable bond experienced constrained sale during crisis is equal to one for RMBS that were sold during the crisis by 

an insurer that experienced negative operating cash flow and where the RMBS was downgraded sufficient to cross an NAIC regulatory capital charge 

threshold (e.g. AAA downgraded to BBB). Mortgage attributes include one-month lagged default rates , mortgage interest rates , FICO scores, LTV ratio, and 

the fraction of mortgages that have adjustable-rate features , are owner-occupied , provide full income documentation , are refinances, and a measure of the 

geographic concentration of the mortgage collateral. Standard errors are clustered by bond and month of transaction. 

Level of Bond Price at Time of Transaction 

Sample: 2006 - 2012 

(1) (2) (3) 

In-Crisis Trade Indicator ∗ Bond Experienced Constrained Sale During Crisis -22.930 ∗∗∗ -20.809 ∗∗∗

(4.92) (3.78) 

Post-Crisis Trade Indicator ∗ Bond Experienced Constrained Sale During Crisis -6.558 

(1.18) 

Pre-Crisis Trade Indicator ∗ Bond Experienced Constrained Sale During Crisis 2.267 

(1.64) 

In-Crisis Trade Indicator -9.120 ∗∗∗ -8.928 ∗∗∗ -8.932 ∗∗∗

(4.34) (4.30) (4.31) 

Post-Crisis Trade Indicator -3.783 ∗∗ -3.806 ∗∗ -3.626 ∗

(2.01) (2.05) (1.94) 

Increase in Capital Charge from Bond Downgrade -2.658 ∗∗∗ -2.127 ∗∗∗ -2.133 ∗∗∗

(2.69) (2.77) (2.77) 

Measures of Collateral Quality: 

Default Rate month t-1 -79.379 ∗∗∗ -78.942 ∗∗∗ -78.772 ∗∗∗

(11.12) (11.25) (11.24) 

FICO Score -0.102 ∗∗∗ -0.101 ∗∗∗ -0.100 ∗∗∗

(5.77) (5.79) (5.73) 

Combined Loan-to-Value Ratio -0.245 ∗∗ -0.234 ∗∗ -0.230 ∗∗

(2.39) (2.29) (2.25) 

Percentage of A.R.M.’s -2.259 -2.414 ∗ -2.420 ∗

(1.57) (1.69) (1.71) 

Percent of Loans Owner Occupied 0.772 0.635 0.695 

(0.16) (0.13) (0.14) 

Percent of Loans No Doc./Low Doc. -7.872 ∗∗∗ -7.741 ∗∗∗ -7.707 ∗∗∗

(3.19) (3.15) (3.10) 

Percent of Refinance Loans -9.193 ∗∗∗ -9.169 ∗∗∗ -9.171 ∗∗∗

(2.66) (2.65) (2.65) 

Geographic Herfindahl Index -0.742 -0.221 -0.158 

(0.17) (0.05) (0.04) 

Constant 200.868 ∗∗∗ 199.703 ∗∗∗ 198.767 ∗∗∗

(10.65) (10.63) (10.59) 

Cluster Standard Errors by Month of Transaction Yes Yes Yes 

Cluster Standard Errors by Bond Yes Yes Yes 

Observations 5,690 5,690 5,690 

Adj. R2 0.343 0.348 0.349 

 

 

 

 

 

 

 

 

Our pricing specification also controls for a host of collateral attributes and fixed effects. We include fixed effects for the

quarter of the first transaction interacted with a fixed effect for the quarter of the second transaction. That is, we estimate

price changes associated with our fire sale variables after controlling for the average price changes of securities that traded 

in the exact same quarter of the first and second transaction. Standard errors are clustered both by insurance company and

by the month of the second transaction. 15 

Model (1) of Table 6 presents results for the full MTM sample for completeness even though this sample includes firms

to which our hypothesis applies, namely the capital constrained firms, and other firms to which it does not. We will then

focus more directly on the capital-constrained MTM firms. The variables of interest are one-year lagged OCF, increase in capital 

charge from bond downgrade , and the interaction of these two variables. One-year lagged OCF on its own appears to have little

impact on RMBS pricing. In contrast, the variable increase in capital charge from bond downgrade has a substantial impact on

pricing, a result that is not surprising given that the increases in capital charges are the direct result of ratings downgrades
15 All the results in our paper are robust to clustering standard errors at the firm level only, the month of transaction only, or by both firm and month of 

transaction as is the case in the reported results. We also note that the estimation sample in Table 6 ultimately only includes firms that satisfy the criteria 

we require for identification purposes, rendering the average firm included in Table 6 slighlty different than the summary statistics reported in Table 3 . 

The average P&C firm included in Table 6 is slightly smaller and less capitalized, while the average life insurer in Table 6 is slightly larger but also slightly 

less capitalized. 
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Table 8 

Purchasing Patterns of “Natural Buyers” During and After of the Financial Crisis. 

This table reports the results of an OLS regression designed to explain variation in RMBS purchasing activity. The dependent variable is measured as 

the natural log of the number of RMBS purchases in a given month, measured at the insurance company level. We sort each insurance company in our 

sample into quartiles based on their RMBS purchasing activity over the period 20 0 0-20 05. We then estimate regressions of purchasing activity over the 

subsequent 2006-2012 sample period. We create a crisis period (Q3 2007–Q3 2009) indicator variable and a post-crisis (post-Q3 2009) period indicator 

equal to one for trades that occurred during the respective periods. We control for insurance company attributes such as the log of the RBC ratio and 

log of total assets. Standard errors are clustered at the company level and by quarter of transaction. 

Dependent Variable: Log # of Purchases in Month (Measured at Insurance Company 

Level) 

(1) (2) (3) (4) 

Top Quartile Purchaser Indicator ∗ Crisis Indicator 

-0.434 ∗∗∗

(7.17) 

Top Quartile Purchaser Indicator ∗ Post-Crisis 

Indicator 

-0.398 ∗∗∗

(7.72) 

Bottom Quartile Purchaser Indicator ∗ Crisis Indicator 0.163 ∗∗∗

(5.01) 

Bottom Quartile Purchaser Indicator ∗ Post-Crisis Indicator 0.154 ∗∗∗

(5.02) 

Top Quartile Purchaser Indicator 0.267 ∗∗∗ 0.589 ∗∗∗

(6.57) (12.03) 

Bottom Quartile Purchaser Indicator -0.053 ∗∗∗ -0.177 ∗∗∗

(2.96) (6.36) 

Crisis Indicator -0.172 ∗∗∗ -0.059 ∗∗∗ -0.173 ∗∗∗ -0.211 ∗∗∗

(6.88) (4.59) (6.93) (6.86) 

Post-Crisis Indicator -0.160 ∗∗∗ -0.056 ∗∗∗ -0.161 ∗∗∗ -0.197 ∗∗∗

(7.20) (4.02) (7.33) (7.38) 

Log Regulatory-Based Capital Ratio 0.001 0.001 0.004 0.004 

(0.25) (0.20) (0.71) (0.71) 

Lot Total Assets 0.059 ∗∗∗ 0.059 ∗∗∗ 0.074 ∗∗∗ 0.074 ∗∗∗

(8.27) (8.28) (8.36) (8.37) 

Constant -1.312 ∗∗∗ -1.396 ∗∗∗ -1.630 ∗∗∗ -1.600 ∗∗∗

(6.85) (7.44) (7.15) (6.97) 

Standard Errors Clustered at Company Level yes yes yes yes 

Standard Errors Clustered by Quarter yes yes yes yes 

Observations 28,544 28,544 28,544 28,544 

Adj. R2 0.155 0.173 0.118 0.121 

 

 

 

 

 

 

 

 

 

 

 

 

 

which themselves are associated with decreases in RMBS prices. The estimates indicate that RMBS prices decline an average 

of roughly 9% in the case of a one-standard deviation increase in capital charges for MTM observations. 

The combination of increased capital charges from RMBS downgrades and adverse shocks to capital is where forced sales 

at depressed prices should be most pronounced, but only during periods when insurers are subject to fair value treatment. 

We test this hypothesis with the interaction of the lagged OCF variable with the increased capital charge from downgrade 

variable. The interaction term takes on a value of zero when the RMBS has not been downgraded, negative values when

lagged OCF is negative and RMBS downgrades have occurred, and positive values when RMBS downgrades have occurred 

but the firm has positive lagged OCF. Our hypothesis is that negative OCF MTM bonds that have been downgraded will be

sold at a discount relative to downgraded bonds sold by positive OCF MTM bonds. The coefficient on the downgrade/OCF 

interaction for the full MTM sample reported in model (1) of 4.785 has the sign predicted by our hypothesis, though it is

not estimated with precision given the associated t-statistic of 1.48. 

We now focus directly on firms that are more likely to be capital constrained as a result of an adverse capital shock,

as our hypothesis applies to these firms only. To create a group of firms that are more likely to be capital constrained, we

select firms with below-median RBC. Model (2) of Table 6 indicates that the pricing discounts for the MTM sample are

concentrated in the below-median RBC group of insurers. 

In order to understand the economic magnitude of our results, consider the following. Conditional on our set of controls, 

the estimated coefficient of 9.88 indicates that a one-standard deviation decline in OCF for a MTM insurer, estimated at the

average capital charge arising from the average bond downgrade, is associated with a price decline of 5%, over and above

the average price change for a sample of bonds whose first and second transactions happened in the same months. In other

words, at average bond downgrades, a one standard deviation decline in OCF is associated with a 5% pricing discount beyond

what the fixed effects and controls (including, importantly, mortgage defaults) would predict. 

To calculate the total pricing effect of bond downgrades and negative OCF we add the average estimated discounts asso- 

ciated with the bond downgrades and OCF variables on their own. The bond downgrade variable reports a tightly estimated 

coefficient of -1.38 in model (2) of Table 6 while the estimate on the OCF variable is an estimated -0.052. Given that the

most common bond downgrade in the MTM sample is from AAA to B, with an associated increase in capital charge of 0.096,

the average bond downgrade is associated with a price decline of roughly 13%. Average OCF changes are associated with in-
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significant price declines of just over 1%. Taken together, our estimates indicate a local marginal pricing discount of 5% for

OCF shocks at a given bond downgrade, and total pricing discounts of 18% for the average ratings downgrade of bonds held

by firms that experience one standard deviation declines in OCF. To be clear, the estimated discounts are over and above

price changes that would be predicted by our set of fixed effects and fundamental controls. 

In model (3) of Table 6 we report the coefficients for the MTM sample separately for the 20 07-20 08 sample. We report

estimates from the 20 07–20 08 subperiod as a prelude to results presented in the next section where we consider a rule

change that occurred in 2009 for non-MTM insurers. The 20 07–20 08 subperiod of the MTM sample is associated with

pricing discounts on negative OCF/downgraded bonds. These estimates suggest a marginal fire sale discount slightly larger 

than the 5% estimated in model (2). 

In contrast to the MTM sample, our hypothesis for the non-MTM sample predicts that estimates on the downgrade/OCF 

interaction should not be different from zero. Model (4) of Table 6 confirms this prediction. The coefficient on the 

OCF/downgrade interaction is -1.878 and insignificant. Finally, in model (5) we report results for below-median RBC firms 

that are not MTM. The estimated coefficient on our key interaction term is small and insignificant, similar to the estimated

coefficient on the full non-MTM sample, indicating that our hypothesized fire sale variables do not explain changes in bond 

prices for non-MTM firms. 

4.4. Mark-to-market accounting, downgrades, and cash flow shocks 

Results presented in Table 6 thus far indicate that cash flow shocks and RMBS downgrades were associated over the full

sample period, and the 20 07–20 08 subperiod, with pricing discounts on RMBS for below-median RBC insurers subject to 

MTM accounting. In contrast, our hypothesized variables are not associated with price discounts when RMBS are held by 

firms not subject to MTM accounting. 

Our hypothesis predicts that capital-constrained firms should not sell at a discount following an adverse capital flow 

shock when they are not subject to MTM accounting but should after their accounting changes to MTM. Since we have

firms that move from non-MTM accounting to MTM accounting in our sample, we can perform a difference-in-differences 

test. In model (6) of Table 6 we exploit the change in MTM accounting treatment for life insurers in 2009 and test whether

a transition to fair value accounting treatment resulted in fire sale discounts that are concentrated in 2009 for these firms.

The rule change allows for a comparison of the OCF/downgrade interaction before and in 2009 for life firms. Given that

many market factors changed in 2009, not just MTM rules for life insurers, as a counterfactual exercise we estimate in

model (7) whether differences in pricing discounts for RMBS held in MTM portfolios are statistically different before and 

in 2009. We construct an additional indicator variable named “2009 indicator” that is equal to one for all transaction-pairs 

where the second transaction occurred within the first three quarters of 2009. 16 The 2009 indicator is interacted with the 

OCF variable and the increased capital charge from the downgrade variable. 

We constrain the sample to the firms more likely to be capital constrained given the results in model (2) of Table 6 that

indicates discounts are concentrated in firms closer to the RBC regulatory boundary. Model (6) reports results for RMBS 

not subject to MTM in 20 07–20 08 and then switched to MTM in 2009. In that model, RMBS held by insurers not subject

to MTM before 2009 that became subject to MTM in 2009 have significantly higher downgrade/OCF discounts in 2009 

compared to pre-2009. Model (7) of Table 6 reports placebo test results for the RMBS subject to MTM both before and

in 2009. For model (7), the coefficient on the three-way interaction term for MTM RMBS is not statistically different from

zero, indicating that the RMBS downgrade/OCF discount was not statistically different in 2009 compared to pre-2009 when 

the accounting treatment was MTM throughout. 17 This evidence appears to be at odds with a time-invariant bad manager 

hypothesis as an explanation for the relation between price discounts and negative OCF. Bad managers could be the source 

of negative OCF for below-median RBC firms, and poorly-performing RMBS portfolios, but such a correlation is unlikely to 

be present for firms that became subject to MTM only in 2009 but that were not in 2007 and in 2008, yet be present for

MTM firms over the whole sample period. 

4.5. Forced sales, pricing discounts, and subsequent price spirals 

A prominent feature of the Brunnermeier and Pedersen (2009) model of fire sales is a downward spiral in prices that is

triggered by an initial fire sale. Under a downward spiral hypothesis, the fire sale of one institution prompts subsequent sales

by other institutions, putting further downward pressure on prices. Internet Appendix Section 3.4 describes the details of 

tests of downward pricing spirals. These tests reveal that about 10% of the forced sale transactions identified by our criteria

were followed by an additional, subsequent sell transaction involving a different entity, during the crisis , with a median 

transaction price $11.70 lower than the price of the initial forced sale transaction. 
16 As discussed earlier, the adoption of marking-to-model rules took effect late in 2009. We therefore constrain our mark-to-market event to the first 

three quarters of 2009. 
17 The reported coefficient on the “one-year lagged OCF ∗increase in capital charge from bond downgrade” interaction term is larger than the coefficient 

reported in model (3) of Table 6 . Conceptually these coefficients should be similar given that the interaction term in model (7) is capturing the effect of 

the interaction term in 20 07–20 08. In fact, these coefficients are similar, absent the quarter-of-first-transaction ∗quarter-of-second transaction fixed effects 

that are included to account for other potential omitted variables. 
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5. Price reversals 

In addition to forced sales, a market experiencing fire sales should also exhibit price reversals. As a starting point in

documenting price reversals, we plot in Panel A of Fig. 1 the average price paid in RMBS transactions over the sample period

Jan 2006 through December 2012. 18 Average RMBS transaction prices of originally AAA-rated securities hovered around par 

value as of Q4 of 2006. 19 Prices began to fall slightly in Q3 of 2007, averaging 96.58 cents on the dollar. Prices plummeted

in 2008, averaging 84.20, 82.75, 76.22, and 67.05 in quarters 1, 2, 3, and 4, respectively. Prices fell even further into Q3 of

2009, reaching a low of 66.51. Prices rebounded slightly in Q4 of 2009 and into 2010, reaching an average of 81.56 by Q4

of 2010. Prices remained volatile in 2011 and 2012, but held steady at levels above the lows of 2009, on average. Panel B of

Fig. 1 plots the distribution of monthly prices by quartile and demonstrates the large dispersion in prices during the crisis. 

Evidence of reversals using price levels does not account for changes in mortgage fundamentals. Internet Appendix Sec- 

tion 4.1 describes empirical tests that account for the influence of mortgage fundamentals on price changes. Plots of price 

residuals shown in Figs. 1 and 2 indicate that prices fell substantially more than justified by a decline in mortgage funda-

mentals. 

A plausible explanation for the documented pattern of price declines and subsequent reversals, as opposed to a fire 

sales explanation, is a “changing-expectations” or changing discount rate hypothesis. A changing-expectations hypothesis 

argues that price declines heading into the crisis were the result of the substantial decline in mortgage market fundamentals 

accompanied by expectations of high default rates in the future. These expectations might have been too pessimistic and 

might have become more positive as the business situation improved and various government liquidity provision programs 

kicked in. A change in expectations and, ultimately the discount rate, could be responsible for the observed rebound in 

RMBS prices. Internet Appendix Section 4.2 describes how the magnitude of price rebounds for forced RMBS sales is not 

consistent with a change in market expectations. 

6. Heightened pricing errors and lack of natural buyers 

In addition to transaction-level indicators of fire sales, we explore broad, macroscopic evidence that indicates that the 

pricing discounts and price reversals documented in the previous section took place in an environment that demonstrates 

the hallmark signs of fire sales in the broader RMBS market. One reason to consider other types of fire sales evidence is the

possibility that the results documented in the previous section are evidence of microscopic, one-off forced sales of RMBS 

that cause price pressure, resulting in price discounts as opposed to fire sales. 

In addition to forced sales and reversals, Shleifer and Vishny (2011) identify at least two other indicators of fire sales

that have been explored in the literature. These are the exit of natural buyers and violations of arbitrage conditions. None of

these additional two indicators is individually dispositive in isolation and, in fact, they are not independent. In this section, 

we present evidence of increased idiosyncratic variation and of natural buyers leaving the market. 

6.1. Evidence of greater unexplained cross-sectional variation in prices 

As in Section 3.1 , we estimate a regression of RMBS prices on the set of mortgage fundamentals and harvest the residuals.

Fig. 3 plots the three-month moving average of the standard deviation of the residuals over the period 2006–2012. The 

plot documents little variance in the pricing residuals in the period preceding the crisis. Variance in the pricing residuals 

increases three-fold during the crisis and tapers off coming out of the crisis. 

6.2. Evidence of natural buyers leaving the market 

We explore the question of whether natural buyers may have left the market. Using a sample of RMBS transactions 

between 20 0 0 and 20 05, we group each insurance company into quartiles based on their purchasing activity during the

20 0 0 through 20 05 time period. This approach relies on the argument that some insurance companies were more natural

buyers of RMBS than others, by revealed preference. We then evaluate the purchasing patterns of top-quartile purchasers 

and bottom-quartile purchasers during the subsequent 2006 through 2012 time period. In this way our test can identify 

whether those insurance companies that demonstrated a proclivity for purchasing RMBS between the years 20 0 0-20 05, our 

measure of “natural buyers” within the industry, subsequently reduced their purchasing of RMBS during the crisis at rates 

different from changes in the purchasing patterns of bottom-quartile purchasers Table 7 . 

Table 8 reports the results of a regression designed to explain variation in the purchasing activity of insurance companies

through time. The details of these regressions are described in Internet Appendix Section 5.1. The results in Table 8 docu-

ment empirical patterns that indicate that insurance companies that were the most active participants in the RMBS market 

prior to the crisis left the RMBS market at statistically significant rates during the crisis and returned to the RMBS market
18 The R-squared of the regression that generates Fig. 1 is about 12%. One important fundamental issue in explaining time-series variation of observed 

prices that we cannot control for is changes in expected returns driven by the crisis. 
19 In the discussion that follows, we refer to average price levels of securities that were originally rated AAA. 
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Fig. 3. Three-month Moving Average of the Standard Deviation in RMBS Pricing Residuals 

This figure plots the three-month moving average of the standard deviation in residuals from a regression designed to explain variation in RMBS transaction 

prices (same regression that is estimated to produce Fig. 2 ). The dependent variable in the pricing regression is the level of RMBS transaction prices. The 

control variables include one-month lagged default rates, cumulative rates of house price appreciation, mortgage interest rates, FICO scores, LTV ratio, and 

the fraction of mortgages that have adjustable-rate features, are owner-occupied, provide full income documentation, and are refinances. We also control 

for the change in the 5-year T-bond rate from the time of deal origination. The estimation sample period is January 2006-December 2012. 

 

 

 

 

 

 

at statistically significant rates relative to their less-frequent purchasing peers. This pattern is not repeated by bottom quar- 

tile purchasers. Variation in purchasing activity within the cross-section of insurance industry natural purchasers within our 

sample period appears consistent with the natural-buyer-leaving the market condition of fire sales of Shleifer and Vishny 

(2011) . 

7. Conclusion 

Fire sales are a common theme in recent influential papers on the financial crisis ( Brunnermeier 2009 ; Shleifer and

Vishny 2011 ). In this paper, we consider capital requirements as an important mechanism which may contribute to price 

patterns consistent with fire sales in financial markets, show that this mechanism was at work during the crisis for RMBS,

and provide broad evidence of the indicators of fire-sale in the RMBS market. We describe the economics of how capital

requirements can lead to forced sales and show that MTM accounting is a critical requirement for such fire sales to occur.

We propose and test hypotheses designed to identify a capital requirement channel at play in the transactions of non-agency 

RMBS by insurance companies. Our results help better understand how capital requirements and accounting rules affect the 

decisions of financial institutions to sell assets. Further, understanding the economics surrounding the market valuation of 

non-agency RMBS during the financial crisis is important given the critical role that RMBS played in destabilizing financial 

institutions’ balance sheets. 20 Finally, our analysis contributes to our understanding of fire sales in financial markets and 

especially bond markets, since using a novel approach to avoid having results contaminated by information effects, we find 

evidence of fire sales by constrained insurance companies. 

Though our analysis employs data from insurance companies, our results have broad implications for financial institutions 

of all types. Specifically, capital requirements can create similar incentives for banks to sell assets at significantly discounted 

prices. While capital requirements for U.S. banks were not credit-quality sensitive for loans, they were for structured finance 

securities such as RMBS, so that we would expect the issues raised in this paper to be relevant for RMBS transactions by

banks as well. Many financial institutions and money managers allocate capital using value-at-risk (VaR). Such an allocation 

mechanism would also have similar implications for forced sales as it would lead a firm to want to sell the assets that
20 See Erel et al., (2014) for a discussion of the importance of RMBS and other structured finance instruments on the balance sheet of financial institutions. 
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Fig. 4. Default Rates of Mortgage Collateral by Insurance Type 

This figure plots the average mortgage default rate through time of RMBS that were purchased by P&C insurers and life insurers prior to 2009. Negative 

OCF insurers refers to insurance companies that experienced a negative operating income shock. The acronym “MTM” refers to insurers that adhered to 

mark-to-market accounting practices, which applied to P&C firms through our full 20 06-20 09 sample period, and to life firms in the year 2009. 

 

 

 

 

 

 

 

contribute the most to VaR following an unexpected increase in VaR. These assets are most likely to be the riskiest assets

among the assets held in large quantities. Selling low-risk assets that trade in liquid markets is unlikely to impact VaR much.

The various mechanisms that are identified in the literature as being associated with fire sales were all at play in the

RMBS market. There is no way to assess the relative importance of each mechanism with the data available. However, the

data we have allows us to show that the market behaved very much like a market that was materially affected by fire sales.
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