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“By Mar. 31, 2022, Silicon Valley Bank already had about $7 billion in market value loss. If it
sold any of its underwater securities to shorten the average maturity of its holdings and thereby to
reduce its downside if rates continued to go up, it would have had to recognize that $7 billion loss.
And if it recognized that loss, it would have lost almost half of its equity capital of $16 billion and
would have been in danger of failing. Instead, it chose to roll the dice.”

Litan, Lowy, and White, Fortune Magazine, April 14, 2023

1 Introduction

The bank failures of March 2023 have drawn new attention to the risks of bank securities
portfolios. Investment securities make up a quarter of commercial bank assets and are
sensitive to interest rates and other risks. On the other hand, the bonds in bank portfolios
are typically highly liquid and can therefore play a key role in bank management of risk.
For example, a bank seeking to reduce interest-rate risk can in principle do so quickly by
selling long-term bonds or hedging risk using qualified interest rate hedges.

This paper uses bond-level data to study in practice how large US banks manage risk
in their securities portfolios and how financial and regulatory frictions shape bank behav-
ior. We focus on bank responses to the sharp increase in interest rates in 2022-23, which
we show led to a sizeable shift in bank interest-rate risk with significant heterogeneity de-
pending on the ex ante composition of the bank’s portfolio—specifically the share of bonds
with embedded prepayment options (e.g., mortgage-backed securities) that extended in
maturity as rates went up.

While banks shortened the maturity of new bond purchases in response to the shifting
environment, we find little evidence of active management on two key margins: banks
with portfolios that became more exposed to interest-rate risk did not actively sell long-
term bonds to rebalance their exposure, or expand qualified interest-rate hedging. Con-
sequently, such banks experienced a much larger net increase in interest-rate risk as rates
rose, and at the bank level, a larger decline in mark-to-market asset values. In the second
part of the paper we investigate the drivers of this inertia, identifying financial and reg-
ulatory frictions related to the costs of realizing losses and the use of hedge accounting
that can help explain why banks did not manage their portfolios more actively.

Our analysis makes use of detailed position-level data on bank investment securities
holdings and qualified hedges from the FR Y-14Q collection, covering US banks with
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$100bn or more in assets representing over three-quarters of aggregate bank assets and
securities. We link the Y-14 data to security characteristics such as coupon, maturity, du-
ration and convexity, measured using leading industry valuation models that account
for the time-varying value of prepayment options for agency MBS and other “callable”
bonds.1 We develop a methodology to use the Y-14 data to infer bank trading activity at
the bond level and present new stylized facts on bank trading behavior. We further sup-
plement the Y-14 data with public bank regulatory data and 10-K disclosures regarding
bank interest rate risk and asset values, among other sources.

First, we show that the interest-rate risk of bank portfolios is significantly time-varying
due to holdings of fixed-rate bonds with embedded call features. Such assets make up
about 60% of bond holdings for our Y-14 sample, and as yields rose in 2022-23, the effec-
tive maturity of these bonds increased because the option to prepay became significantly
out of the money (e.g., mortgage refinancing fell to very low levels).2

As a result we observe a substantial increase in aggregate interest-rate risk in bank
portfolios in 2022-23 (as measured by duration) as well as very significant cross-bank het-
erogeneity in the evolution of risk due to variation in banks’ holdings of callable bonds.3

Furthermore, these cross-bank differences were not offset by natural hedges elsewhere
on bank balance sheets—we show that banks with large ex ante callable bond holdings
experienced a significantly larger decline in the total market value of assets after interest
rates rose. This heterogeneity and dependence on historical asset mix is difficult to recon-
cile with the simple view that banks just wanted to take on more risk (e.g., because they
expected rates to soon mean-revert).4

1As shorthand we refer to bonds that can be redeemed or prepaid at par collectively as “callable” bonds.
Strictly though, a callable bond is a security that can be redeemed by the issuer prior to maturity (e.g.,
municipal bonds or “munis” often have this feature), whereas for MBS the option instead rests with the un-
derlying mortgage borrowers, who can typically prepay without penalty (e.g., if they decide to refinance).

2For an option-free fixed-rate bond, there is a convex (and inverse) relationship between the bond price and
its yield, meaning that increases in yields have progressively smaller effects on price. This is not necessarily
the case if the bond features a prepayment or call option, however, since an increase in yields reduces the
value of the option, which the investor is short; in other words, such bonds exhibit “negative convexity”
(see e.g., Fabozzi, 1988) for further details). Intuitively, in the case of agency MBS, it became unattractive
for borrowers to refinance or sell their homes as interest rates rose in 2022-23 (Fonseca and Liu, 2024); this
sharply reduced mortgage prepayment and increased the effective maturity of MBS held by investors.

3For example, at the 80th percentile of the distribution, bank-level net portfolio duration peaked at 5.9 in
2022:Q3 compared to 4.2 in 2021:Q4 and only 3.1 in 2020:Q4. But at the 20th percentile, duration barely
increased in 2022, and by 2023:Q3, it was well below 2021:Q4 levels—2.5 compared to 2.9. We show that these
divergent outcomes are tightly connected to the share of callable bonds in the bank’s portfolio measured as
of 2019:Q4.

4Two other facts also speak against this “greater risk appetite” hypothesis. First, banks did significantly
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We then study bank responses to this shift in risk, finding that there was little active
management on two key margins. First, banks did not sell long-duration bonds in signif-
icant quantities to rebalance risk; in fact, the volume of bond sales was unusually low in
2022-23 both on average and for a very high share of the banks in our sample. Consistent
with a low willingness to actively sell bonds, we find that securities portfolio holdings
adjusted less elastically to deposit outflows than deposit inflows during this period, at
least at horizons up to a year. Second, banks did not significantly increase their use of
qualified hedges to offset increased interest rate risk. Perhaps most notably, banks most
exposed to rising interest-rate risk through their holdings of callable bonds did not sell
or hedge risky bonds more actively than other institutions. However, banks did actively
reduce the interest-rate exposure of regulatory capital and book equity by classifying the
riskiest bonds as “held-to-maturity.”5

In the second half of the paper, we study mechanisms underlying this lack of active
bank portfolio risk management, identifying two types of frictions that discourage active
management and can help explain the inertia in bank portfolios. First, we find that banks
display a version of the “disposition effect”—they are unwilling to crystallize unrealized
losses by selling “underwater” securities at a discount to book value. In a rising-rate
environment, this behavior prevents banks from selling long-duration securities since
these are exactly the bonds that will have experienced unrealized losses.

We identify these effects based on within-bank variation in which bonds were under-
water at a point in time, finding that in 2022-23, banks were about 3.5 times more likely

shorten the duration of their Treasury portfolios in 2022-23 by shifting new purchases towards shorter-
maturity securities as old bonds matured. Second, banks shifted the riskiest bonds into their HTM portfo-
lios. As we discuss, changes in other parts of bank balance sheets likely reinforced the increase in duration
we observe in bank securities portfolios, suggesting that banks would “naturally” want to take steps to
reduce the duration of their bond book if targeting a particular duration gap. First, on the asset side, many
loans (in particular whole residential mortgages) that banks hold also feature embedded call options and
therefore likely saw the same duration extension as agency MBS. Such loans are generally much less liq-
uid than securities, however, and selling them is thus costly, while waiting for them to mature (and then
replacing them with lower-duration assets) is slow. Second, on the liability side, evidence reviewed below
suggests that deposits (the main liability) shorten in duration as interest rates increase, which would further
increase the mismatch between asset and liability duration. Consistent with these factors, section 4 shows
that the economic value of bank equity became increasingly exposed to higher interest rates since 2021.

5As discussed in detail in Section 2, banks classify investment securities as “available-for-sale” (AFS) or
“held-to-maturity” (HTM). AFS securities are marked-to-market on the balance sheet, but unrealized
gains/losses do not flow through net income and, for most banks, regulatory capital. AFS securities are
eligible for hedge accounting, allowing the bank to net out gains and losses on the derivatives position and
underlying hedged security. HTM securities are not marked-to-market but instead recognized at amor-
tized cost. Two “costs” of the HTM classification are that i) selling such bonds has significant accounting
consequences, and ii) HTM bonds do not qualify for hedge accounting.
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to sell a bond at par, and about 8.5 times more likely to sell a bond at premium, compared
to a bond trading below book value. These estimates are robust to controlling finely for
bond fundamentals or even bond-by-time fixed effects. The tendency to avoid selling
underwater bonds is also evident prior to 2022-23, although in prior years bank trading
behavior appears motivated by smoothing gains and losses from securities sales, rather
than maximizing gains. Investigating potential mechanisms, we find that banks’ aversion
to realizing losses is partially driven by the design of capital regulation—it is about twice
as strong for banks that do not recognize unrealized losses in regulatory capital. We also
study whether the effect is due in part to banks catering to investors or depositors, using
different proxies for stock market valuations and liquidity risk. We indeed find that the
effect is amplified for banks with low price-to-book ratios, suggesting that banks may be
concerned about the negative market signal associated with realizing losses.

The second source of frictions we study relates to the costs of hedging interest rate risk
through “qualified” accounting hedges (such qualified hedges are preferred because they
prevent unwanted volatility in banks’ net income and regulatory capital). Even in our
sample, which reflects the largest banks, about half are at a corner solution where they
persistently do not use qualified hedges. Non-hedging is much more common among
smaller banks, suggestive of fixed costs. A further constraint is that hedge accounting is
not permitted for bonds classified as “held-to-maturity”; indeed, banks with larger HTM
portfolios are less likely to hedge. Finally, hedging varies widely across securities with
different complexity of hedging—e.g., in 2022-23, banks in aggregate hedged 49% of the
duration in their available-for-sale Treasury portfolios but only 9% of MBS duration.

To sum up, while bank securities holdings are large and liquid, we find that active
management of these portfolios played a surprisingly small role in bank interest rate risk
management during the recent interest rate tightening cycle. We also uncover evidence
of financial and regulatory frictions that limit active portfolio management and are likely
to be particularly binding during rising-rate environments. While our results primar-
ily reflect the behavior of the largest 30-35 banks, we conjecture that smaller banks may
be even less active in dynamically managing risk (e.g., Purnanandam, 2007 shows that
small banks are less likely to use derivatives). Given ongoing volatility in the interest
rate environment, the constraints on active risk management we observe present poten-
tial financial stability concerns which could in principle be addressed through changes to
financial regulations and accounting standards.
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Related literature. Our paper contributes to several strands of the literature. First, we
contribute to research on why banks hold securities, how they trade, and how securities
portfolios affect the transmission of shocks to bank lending and the real economy. Han-
son et al. (2015) propose that banks act as patient long-term investors taking advantage
of stable deposit funding. Hanson and Stein (2015) argue that banks are yield-oriented
investors that buy long-term securities when the yield curve is steep. Stulz et al. (2022)
document that bank securities holdings have increased over time, finding that this growth
is related to a lack of lending opportunities. Hanson et al. (2024) document similar trends,
noting that especially large US banks increasingly look like long-term bond mutual funds
financed by uninsured deposits. Kashyap and Stein (2000) find that bank security hold-
ings insulate banks against liquidity shocks due to monetary policy. Drechsler et al. (2024)
study the evolution of banks’ (and the Fed’s) aggregate MBS portfolios over 2020-24 and
how this evolution affected mortgage rates and borrowing. Greenwald et al. (2024) study
the transmission of interest rate shocks to lending through bank securities portfolios, also
making use of Y-14Q data. Rosen and Zhong (2022) use Call Reports data to study how
the securities portfolio reacts to funding shocks, finding like us that securities play a lim-
ited role in responding to deposit outflows.

More directly related to our use of granular security-level data, Abbassi et al. (2016)
classify German banks in the period around the global financial crisis (GFC) into groups
with higher vs. lower trading activity and expertise, and show that the former group of
banks increases their securities holdings (especially of securities that had lost value) and
reduces their lending during crisis times.6 Peydró et al. (2023) use similar data from Ital-
ian banks to study how negative shocks to bank health during the GFC and the COVID-19
period affect banks’ propensity to take risks in the securities they hold. Greenwald et al.
(2024) use the US Y-14Q data like we do and study how market-to-market losses on se-
curities during the recent interest rate hike period affect banks’ lending to firms. They
document larger effects of unrealized losses on lending for banks that include unrealized
losses in regulatory capital.7

Next, we relate to work that has studied the role of regulation and accounting stan-
dards for bank behavior (see, e.g., Barth et al., 1995; Laux and Leuz, 2009). The “gains
trading” we identify for banks during 2022-23 has been documented for insurance com-

6Abbassi et al. also study selling behavior, finding that banks that have more unrealized losses on investment
securities sell less; this effect is stronger for banks with high borrowing from the central bank.

7Orame et al. (2024) use data from Italian banks to study how historical cost accounting vs. mark-to-market
accounting affect the transmission of QE to bank lending.
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panies that use historical cost accounting by Ellul et al. (2015).8 Related work in the
accounting literature has documented strategic trading behavior by banks in order to
manage their reported earnings (e.g., Barth et al., 2017; Dong and Zhang, 2018; Aland
and Burks, 2023). This literature mostly uses realized net gains/losses at the bank level,
showing that this is related to earnings net of these gains and losses.9 We are instead
able to observe trading, and therefore gain or loss realization, at the security level, and
can therefore quantify gain/loss selling within a bank at a point in time. Furthermore,
our unique contribution is to illustrate that banks’ unwillingness to realize losses leads to
higher duration risk taking in a rising-rate environment, and to link this to different bank
and portfolio characteristics.

A number of papers have studied how banks strategically choose to classify securi-
ties as AFS or HTM, and how this choice is affected by whether a bank is required to
include unrealized securities losses in regulatory capital (Chircop and Novotny-Farkas,
2016; Fuster and Vickery, 2018; Kim et al., 2019, 2023; Hamilton, 2019) and to banks’ fi-
nancial fragility in the period we study (Granja et al., 2024).10 Earlier work had studied
how banks use accounting discretion when credit losses arise (e.g., Huizinga and Laeven,
2012; Bischof et al., 2021). Our finding of limited hedging by banks is in line with similar
results (based on different data sources) by McPhail et al. (2023) and Granja et al. (2024).

Finally, our paper directly relates to recent literature discussing to what extent banks
choose their assets (including securities) to match the effective duration of their liabilities,
and how this affects monetary policy transmission and bank fragility (Drechsler et al.,
2017, 2021, 2023; DeMarzo et al., 2024).11 Evidence suggests that banks’ “deposit betas”
vary over the interest rate cycle, and in particular, that they increase as rates increase,

8Ellul et al. are able to compare insurance companies that are subject to mark-to-market accounting to others
that use historical cost accounting, exploiting variation across insurer types and US states.

9Aland and Burks (2023) use data from banks’ 10-K and 10-Q disclosures that separately report gross unreal-
ized and realized gains and losses, rather than just the net values in regulatory reports (Y9-C/Call Reports)
like earlier work. They find that banks use strategic selling to boost low earnings, while there is no evidence
of loss selling to curtail high earnings in order to smooth earnings over time. They also find that banks are
generally more willing to liquidate gains than losses, in line with our findings.

10A growing literature is studying other aspects of the 2023 US banking turmoil. Jiang et al. (2023) study
banks’ unrealized losses and their exposure to uninsured deposits. Dursun-de Neef et al. (2023) focus
on uninsured deposit withdrawals as a function of unrealized HTM losses. Flannery and Sorescu (2023)
estimate the effects of mark-to-market losses on banks’ capital positions. Choi et al. (2023) study which
bank characteristics were associated with bank stock returns following the SVB failure. Cipriani et al. (2024)
use interbank payments to identify which banks suffered a run, and discuss how these banks responded;
consistent with our results, they find that affected banks borrowed more, rather than selling securities.

11Also related is work studying how bank equity valuations and lending heterogeneously respond to interest
rate changes (e.g., English et al., 2018; Gomez et al., 2021).
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meaning the effective duration of liabilities falls (Emin et al., 2024; Greenwald et al., 2023;
Kang-Landsberg et al., 2023). This means that banks should shorten the duration of assets
as rates increase in order to remain hedged. We show that, during the recent rate increase
period, they did not do so (neither by selling long-duration securities nor by hedging
them) and discuss the frictions that may explain this.

2 Institutional setting and data

Securities held for long-term investment are an important part of bank balance sheets,
making up 26% of commercial bank assets at the start of the 2022-23 interest rate tighten-
ing cycle.12 These portfolios primarily consist of agency MBS and US treasury and agency
debt, with smaller shares of other fixed income instruments such as municipal bonds and
corporate bonds, and a small volume of equities.

Accounting. For accounting purposes, investment securities are classified either as
“held-to-maturity” (HTM) or “available-for-sale” (AFS). HTM consists of debt securities
that the bank has the positive intent and ability to hold until maturity, while AFS reflects
bonds that the bank may expect to sell in the intermediate term. The distinction between
AFS and HTM is important for understanding how realized and unrealized losses affect
bank earnings, financial ratios and regulatory capital. These differences are summarized
in Table 1. For our purposes, we highlight several key points:

1. The accounting treatment of HTM securities is similar to a balance sheet loan. The
investment is recorded at amortized cost rather than market value, and unrealized
gains and losses do not affect net income, assets, book equity or regulatory capital.
(Amortized cost is a security’s adjusted carrying value, reflecting the gradual write-
down over its life of any premium or discount at purchase. The market value, or
fair value, is the current trading price of the security. Finally, the face value is the
security’s principal amount to be repaid at maturity.)

12Banks also hold securities for short-term trading and market-making, primarily held in investment banking
subsidiaries of bank holding companies (BHCs). These trading portfolios are small or nonexistent for most
banks, but are very material for large dealer banks. From an accounting perspective, trading assets that are
bought and held principally for the purpose of selling in the near term are marked-to-market with gains and
losses reflected in net income and retained earnings as they occur. This accounting treatment removes many
of the disincentives to actively manage risk that we document for banks’ investment securities portfolios.
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2. Accounting rules discourage banks from selling or reclassifying HTM bonds. Doing
so typically causes the entire HTM portfolio to become “tainted”, meaning that the
HTM classification can no longer be used. (For an exception, see Kim et al., 2023.)

3. AFS securities are held at market value, not amortized cost. But unrealized losses
still do not flow through net income. Instead, the difference between market value
and amortized cost is reflected in a component of equity called “accumulated other
comprehensive income” (AOCI).

4. Most banks do not include unrealized AFS losses in regulatory capital because they
have adopted a regulatory treatment known as the “AOCI filter.” Exceptions in-
clude the largest banks, which are not permitted to use the filter, and some smaller
banks that have voluntarily elected not to use it.13 For these banks, regulatory capi-
tal is effectively “marked to market” as securities values fluctuate.

The bottom line is that realizing unrealized securities losses by selling underwater
bonds will typically have significant financial implications for the bank. For HTM se-
curities, there will be a drop in equity capital, net income, and regulatory capital at the
time of the sale, as well as accounting (and possibly regulatory) implications of tainting.
For AFS securities, the bank will experience a drop in net income, and for most banks also
a decline in regulatory capital.

Hedging. Banks make active use of swaps and other derivatives to hedge the ex-
posure of their securities portfolio. This is typically done through the use of qualified
accounting hedges. The key feature of a qualified hedge is that the bank effectively “nets
out” offsetting gains and losses on the hedge and the underlying hedged asset.14 This
is important because otherwise even a perfect hedge would generate volatility in net in-
come, because gains (losses) on the derivative would be recorded in net income while the
offsetting losses (gains) on the underlying security would not.

Banks face various constraints in their use of qualified hedge accounting (Pricewater-
houseCoopers, 2024). First, to qualify, the hedge position must meet several criteria (e.g.,
it must be highly effective at offsetting the specified risk during the period the hedge is

13The set of banks not permitted to use the AOCI filter has changed over time, but during the period of our
study, it includes banks with at least $700bn in total assets or significant cross-border exposures.

14Specifically, the gain or loss on both the hedging instrument and the hedged asset are recognized in earn-
ings. To the extent the hedge is effective, the two will cancel, leaving earnings unchanged on net. The
carrying value of the hedged asset is also adjusted for these gains and losses as they occur. See Pricewater-
houseCoopers (2024) for details.
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designated). The bank must document its claim that the position qualifies. Second, qual-
ified hedging of assets with embedded prepayment options (e.g., MBS) is more complex
since the asset may not exist for the duration the hedge.15 Finally, banks cannot obtain
qualified hedges for interest rate risk on HTM securities. We analyze bank hedging deci-
sions and these constraints in detail in Section 6.

2.1 Data

Our analysis is based on security-level data on the investment security holdings of large
US banking organizations with at least $100bn in total assets, reported at a quarterly
frequency in FR Y-14Q schedule B.1 regulatory filings, encompassing securities held in
banks’ AFS and HTM portfolios.16 Y-14Q filers held 77% of total assets and 78% of secu-
rities of all US commercial banks as of 2021:Q4. The number of banks that file the Y-14Q
fluctuates between 30 and 35 over our sample period. In 2023:Q4, the last quarter in our
sample, there are 34 banks, of which 11 include AOCI in capital. These tend to be the
largest banks, and they hold 65% of the securities (weighted by market value) in that
quarter.

Y-14Q securities data include information on the amortized cost, market value and
face value of each position, the purchase date, the accounting classification (AFS or HTM),
and security type (e.g., agency MBS, US Treasuries,17 corporate bonds).

There can be multiple reported transactions of the same security for a bank in a given
quarter because banks report individual security positions based on the date of the pur-
chase. Indeed, for roughly 15% of the CUSIP-bank-quarter observations in the raw data,
more than one position is reported. For our analysis, however, we collapse the origi-
nal data at the CUSIP-bank-quarter level. Next, we merge each security position with
security characteristics drawn from International Data Corporation (IDC) and Morgan

15Recent changes do, however, allow banks to employ “last-of-layer” hedges to a portion of their exposure.
16FR Y-14Q filers include US bank holding companies (BHCs) as well as US intermediate holding companies

of foreign banking organizations, and covered savings and loan holding companies. As a shorthand, we
refer to our sample as “banks.” In practice, all BHC investment securities are held in commercial bank-
ing subsidiaries, while trading securities (not reflected in the FR Y-14Q schedule B.1) are held by invest-
ment banking subsidiaries. For the full list of variables, see https://www.federalreserve.gov/apps/

reportingforms/Report/Index/FR_Y-14Q.
17The reported category in the Y-14Q data is “US Treasuries & Agencies,” meaning that agency bonds are also

included. About 95% of the bonds in the sample period in this category are Treasury bills and bonds. For
the rest of the paper, we will for simplicity use “Treasuries” to refer to the combined category.
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Stanley Capital International (MSCI), including maturity, coupon type (fixed or floating),
coupon rate, effective duration, and credit rating. The data also report whether the bond
is callable. While we cannot match every security in our FR Y-14Q data, the share of
unmatched securities has declined to less than 5% in recent years.18

We also merge the security-level data with FR Y-14Q schedule B.2, which reports in-
formation on qualified accounting hedges. These data include information on the fraction
of the position hedged, the type of hedged risk (e.g., interest rate, exchange rate, credit
risk), the type of hedge (e.g., fair value vs. cash flow), hedge interest rate (for hedges of
interest rate risk, indicates the benchmark interest rates) and hedge horizon (if the hedge
is a fair value hedge, reports the remaining life of the derivative instrument or an appli-
cable shorter period). For the purposes of our study, we use fair value interest rate risk
hedges that account for almost 85% of all hedges.

Finally, we also merge the data with aggregate bank-level information such as total
assets drawn from Call Report and FR Y-9C regulatory filings. We also conduct some
analysis directly at the bank level using these public filings, as discussed below.

2.1.1 Summary statistics

Figure 1 shows the total amount of securities (and the composition of the total in percent)
held by banks in our sample over the period 2015 to 2023. The total amount increased
slowly over 2015 to 2018, but then almost doubled between 2019:Q1 and 2022:Q1 when
it peaked around USD 4.65 trillion. Throughout this period, more than half of securities
were held in the form of agency MBS, and another 20-35% in US Treasuries, with that
share increasing over time.

Table 2 summarizes information from the security-level data, focusing on the period
2020 to 2023.19 Panel A shows all the security categories present in the data, sorted by
their share of total amortized cost. As already noted above, agency MBS and Treasuries
account for about 88% of holdings; the third-largest category is municipal bonds at 3.2%.

Panel B shows various summary statistics for each of the main security categories.
Among other things, it shows that all agency MBS, but also more than half of municipal

18The unmatched observations are concentrated in a small number of banks. In terms of the distribution of
missing observations across different security types, the categories most subject to missing maturity and/or
duration information are corporate bonds/CLOs, municipal bonds and “other.”

19Appendix Table A.1 provides the same statistics for the entire period from 2015 to 2023.
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bonds and corporate bonds/CLO, are callable, such that the remaining maturity is often
much larger than the effective duration.20 This implies that if one uses just the contrac-
tual maturity to proxy for duration risk, the resulting measurement error can be large
and time-varying (see Figure A.2 for the time series of weighted-average duration and re-
maining maturity). About 55% of securities are held as AFS, with this share being below
half only for MBS. The share of hedged securities also differ substantially across security
types; they are highest for US Treasuries at 26% and lowest for MBS at 3%. We return to
the question of why agency MBS holdings are typically unhedged in Section 6. Finally,
the bottom row shows that the quarterly sales hazard over this period averages 1.5% but
is more than twice as high for corporate bonds/CLOs and municipal bonds. We next
describe how this sales hazard is measured.

2.1.2 Measuring trading

Bank securities purchases are simple to measure because the date and time of each pur-
chase is reported directly in the Y-14 data. Identifying sales is less straightforward, how-
ever. Our basic approach is as follows:

1. We identify all instances where a bank-CUSIP pair exists in quarter t but does not
exist in t + 1.21

2. Based on the security characteristics, if in t + 1 the security matures, is paid down
early (i.e., is called) or is involved in an MBS exchange, we reset the sale indicator
to zero.22

3. If the bank is not a Y-14 filer in quarter t + 1 (e.g., because they drop, are acquired
or it is the most recent period), we reset the sale indicator to missing.

20Figure A.1 shows that the duration measures produced by different models by IDC and MSCI are very
similar.

21This initial step means that we restrict ourselves to examining “complete” sales where the entire holding of
the security is sold, rather than just a part of it. In the next version of the paper, we will incorporate partial
sales; our current results indicated that doing so somewhat increases the total volume of bank securities
trading but does not change the qualitative results of our study. (Partial sales are more complex to measure,
in particular for agency MBS, as the principal balance of these bonds declines gradually over time even if
the bank does not sell, due to scheduled and unscheduled paydowns.)

22If the maturity is missing and we cannot attribute the disappearance of the position to a pay down or
exchange, we reset the sale indicator to missing.
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4. If the bank-CUSIP pair exists in time t, disappears in t + 1, but reappears at a future
t + n, we treat the disappearance as a sale only if the above conditions are not met
and the t+ n purchase date differs from the original purchase date (since this would
suggest an actual sale followed by a later purchase of the same bond).

As a cross-validation exercise, we use the sale indicators constructed via the above
steps to calculate an estimate of total realized gains and losses on securities sales (using
the unrealized gain or loss at the end of the quarter prior to sale as a proxy for the realized
gain or loss, since we cannot directly observe the latter). We then compare this estimate at
the bank-quarter level to realized gains and losses reported in Call Reports. Although our
measure of realized gains/losses based on the sales indicator is imperfect (e.g., because
we do not include partial sales and do not know the exact timing of the sale within the
quarter), it is nonetheless matching the realized gains or losses as reported in Call Reports
pretty closely on average (see Figure A.3).

Our estimates of sale volume indicate that while banks are primarily buy-and-hold
securities investors (in line with Hanson et al., 2015), they sell on average 1-5% of their
portfolios each quarter. The volume of sales fluctuates significantly over time, and was
unusually low in 2022-23, as we discuss in more detail in the following sections.

3 The rising rate environment of 2022-2023

Figure 2 summarizes some of the relevant developments over the course of 2022-23. First,
panel A shows that the Federal Reserve started raising interest rates in March 2022 after
rates had been at zero during the pandemic period. The fed funds rate then gradually
increased until reaching the 5.25-5.5% range in July 2023. Longer-maturity yields simi-
larly rose strongly over the period January to October 2022, although they had started
increasing slightly already over the second half of 2021 (anticipating the Fed’s rate hikes).

As market rates increased over the course of 2022, the (mostly) fixed-rate securities in
banks’ investment portfolios rapidly lost value, as illustrated in panel B of the figure. By
2022:Q3, the total unrealized losses of US banks amounted to about $675bn; slightly more
than half of these losses were in HTM securities.23

23Panel A of Appendix Figure A.4 shows that Y-14 filers had about $500bn in unrealized losses, with a dis-
proportionate share of those losses occurring in the HTM portfolio relative.
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Panel C of the figure shows the security-level distribution of fair value over amortized
cost (“FV/AC”)—i.e., the current price of a security relative to the price at which it was
purchased, adjusted for amortization of premium/discount at which it was purchased
relative to par—for the banks in our sample. Securities with FV/AC>1 have increased in
value relative to their amortized-cost accounting value, while those with FV/AC<1 have
lost value—they are “underwater.” The figure shows that in mid-2021, most securities
were quite close to par; about half the securities had increased in value and just under
half had decreased in value, but typically by less than 5%. The distribution looks dra-
matically different one year later, in mid-2022, after market rates had already increased
substantially: almost all securities are underwater, and about one-third (value-weighted)
by more than 10%. Only few securities still had FV/AC≥1; for the most part, these were
floating-rate securities, hedged securities, or ones with negative duration (e.g., interest-
only strips of MBS). In mid-2023, the distribution had shifted even further to the left.

Finally, deposit flows started reversing over the course of 2022-23: after very strong
deposit growth at many banks over the course of the pandemic, the median bank in the
US experienced year-on-year decreases in deposits from mid-2023 onward. This was sim-
ilar for Y-14 filers and more pronounced when looking at uninsured deposits only (see
Appendix Figure A.4).

Deposit outflows put pressure on banks to either increase the interest they pay on de-
posits or replace the deposits with wholesale funding—both of which are costly options.
Alternatively, they could shorten their balance sheet, and selling (AFS) securities would
be one of the most immediate ways of doing so. The need to act in this situation was
amplified by the fact that deposit betas typically increase over the course of a rate hiking
cycle (Emin et al., 2024; Greenwald et al., 2023; Kang-Landsberg et al., 2023), meaning
the effective duration of liabilities shortens and the duration of callable assets such as
mortgages and MBS increases (as shown below). This means that the durations of bank
assets and liabilities can become increasingly mismatched as rates increase, unless the
bank dynamically adjusts its balance sheet or hedges the risks using derivatives.

Finally, interest rate volatility implied by option markets also substantially increased
in 2022 (Sarisoy, 2023), meaning that large rate movements were thought to be likely. The
realization of a further rate increase in case a bank’s asset duration exceeds its liabilities
duration would have large negative effects on its economic net worth.

To summarize, banks faced a significant shift in their exposure to interest rate risk
in 2022-23, due to a combination of lower deposit duration, an increase in the duration
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of callable assets, and a spike in interest rate volatility. Some banks also experienced
significant deposit outflows.

4 Bank responses to rising rates

Given its size, liquidity, and risk profile, the securities portfolio is perhaps the most nat-
ural margin for a bank to manage its exposure to interest rate risk in response to the
changing environment in 2022-23. In this section, we establish eight facts about banks’
responses and what happened to the risk exposure of their securities portfolios and their
balance sheet overall. For the initial five facts, we focus on the large banks for which we
observe Y-14 CUSIP-level data; for the remaining three facts, we broaden the sample of
banks we study and incorporate additional data sources.

Fact 1: Interest rate risk in securities portfolios increased, driven by callable bonds.
Panel A of Figure 3 plots the overall weighted average duration of bank securities port-
folios. Notably, rather than banks reducing interest rate risk in response to rising deposit
betas (as discussed above), we observe a significant increase in duration, from about 3
years in 2020 to a peak of over 5 years by late 2022.24 Duration in 2022-23 is significantly
higher than in any prior year (starting in 2015).25

Panel B of Figure 3 shows that this rise in risk is explained by a sharp increase in dura-
tion for callable bonds, predominantly agency MBS. Duration for callable bonds naturally
increases when rates rise because the option to call the debt becomes further out of the
money. For example, mortgage prepayment was very high in 2020-21 but fell to extremely
low levels in 2022-23, extending the effective maturity of agency MBS.

In contrast, duration for noncallable bonds (e.g., US Treasuries) increased in 2020-21,
but then started declining, and by late 2023 had returned to levels similar to 2015-20 (of
around 3-3.5). Appendix Figure A.5 shows that, especially in 2021, banks shifted their
Treasury purchases to longer maturities, but then started to reverse course and concen-
trated their purchases increasingly in T-bills with a maturity below one year.

24A significant share of this increase occurs in 2021, as rates start creeping up and bank MBS portfolios are
replaced by lower coupon bonds due to high refinancing. But duration jumps up further in 2022 as the
Federal Reserve begins to tighten monetary policy.

25The same remains true if we extend the time series back to 2012 for those banks that already started re-
porting then — see Figure A.2. That figure also shows that the weighted-average remaining maturity of
securities evolved very differently over time to the weighted-average duration.
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Fact 2: Banks did not offset rising duration by hedging. Panel C of Figure 3 compares
the gross duration of bank portfolios to duration net of qualified interest rate hedges. We
measure these hedges using the Y-14Q schedule B.2, which reports hedged positions, the
instrument used, the risk hedged and hedge percentage.

While hedging does reduce the duration of bank portfolios (by about half a year), the
figure shows that the amount of duration absorbed by hedging did not substantially in-
crease from 2020 to 2023.26 As a result, the increase in interest rate risk on bank portfolios
is similar whether measured on a gross basis or net of hedging. Either way, the interest
rate risk of bank securities portfolios was higher in 2022-23 than anytime earlier in the
sample period.

Fact 3: Banks did not offset rising risk by selling risky bonds. A natural margin to
reduce interest rate risk would be for banks to sell long-duration bonds and replace them
with cash or short-term securities such as T-bills. In Figure 4, we investigate this margin
by plotting the intensity of bank sales and purchases of securities over time (using the
methodology described in Section 2.1.2 to identify trades).

Purchases always significantly exceed sales. This is because bank portfolios were gen-
erally growing over the sample period (especially in 2020-21) and due to replacement
of bonds as they matured. Purchases dropped dramatically in 2022-23, however, due
to slower balance sheet growth and deposit outflows. For a subset of the banks in our
sample, purchases of securities fell essentially to zero (see Appendix Figure A.7 for the
evolution of the distribution of purchases across banks).

Banks did not, however, step up outright sales of securities to raise cash or rebalance
their portfolios towards shorter-duration assets. In fact, sales were significantly lower in
2022-23 than at any earlier time in the sample period. This drop in trading was broadly
based across security types as shown in panel B of Figure 4. The decrease in sales propen-
sities was also shared across most banks in our sample (see Appendix Figure A.7 for the
distribution). We furthermore note that sales were particularly low in the second half of
2022, before the banking turmoil of 2023:Q1. This also means that the policy response, no-
tably the Bank Term Funding Program (BTFP; see Glancy et al., 2024) was not the cause

26Appendix Figure A.6 shows directly how the aggregate portfolio share that is hedged evolved over time.
While the share of the AFS portfolio that is hedged increased, this is offset by increased classification of
securities as HTM (as further discussed below) such that the overall share hedged only increased by about
2 percentage points from 2019 to 2023.
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of the low overall sales propensity over this period.27

Fact 4: Banks classified more bonds as HTM. While there is little evidence that banks
took significant steps to dampen the exposure of their portfolios to interest rate risk by
selling or hedging, they did increasingly insulate regulatory capital from changes in se-
curity values by classifying a larger share of bonds as HTM rather than AFS. This trend,
which has also been highlighted by Kim et al. (2023), Granja et al. (2024) and Greenwald
et al. (2024), is shown in Figure 5. The figure further shows that the aggregate share of
securities classified as HTM is significantly higher for banks that include AOCI in regu-
latory capital, consistent with a desire to reduce the volatility of regulatory capital. Such
banks also steadily increased the HTM share well before the rate hike period, whereas for
the remainder of our sample, the HTM share rises quite rapidly only over 2022.28

Figure 6 plots the evolution of portfolio duration separately for AFS and HTM portfo-
lios. The figure illustrates that the rise in duration documented earlier is much more pro-
nounced for securities classified as HTM; for the AFS portfolio, duration also increased
relative to the pandemic period, but did not exceed earlier peaks. Thus, banks used the
classification margin to isolate their regulatory capital from interest rate risk and make
unrealized losses less salient to investors. In Section 7, we shed further light on what
determined banks’ classification decision over this period.

Fact 5: Bank risk is highly related to ex ante asset mix. The facts presented above indi-
cate that banks engaged in relatively little active management of the securities portfolio
in 2022-23. This in turn suggests that the change in portfolio risk experienced by the bank
would be related to the types of bonds held ex ante — in particular, whether banks held
a large concentration of callable bonds whose duration increased significantly. This is rel-
evant because portfolio composition varies significantly across banks (e.g., agency MBS
made up about 3/4 of Silicon Valley Bank’s securities portfolio at the time of its failure).

We examine this issue by aggregating the securities-level data on interest rate risk to
the bank-quarter level. First, Figure 7 shows that the heterogeneity of portfolio duration
increased substantially after interest rates started increasing. For both gross duration
and net duration after hedges, the gap between the 20th percentile bank and the 80th

27In Section 5.1, we show that the cross-sectional patterns are also not driven by what happened in 2023.
28The drop between 2019:Q4 and 2021:Q4 reflects that four banks changed status as part of the 2019 “tailor-

ing rules” and were allowed to move their HTM portfolios into AFS; see Kim et al. (2023) for extensive
discussion.
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percentile bank was less than 1 in 2020, only slightly higher in 2021, but above 2 in 2022
and 2023. Thus, the interest rate risk that the different banks in our sample held in their
securities portfolio “fanned out” over the rate hike period.

Next, we estimate regressions to test which bank or portfolio characteristics were as-
sociated with a larger increase in portfolio duration as interest rates started to rise (by
interacting these characteristics with a “post-2022” dummy). Results are reported in Ta-
ble 3. The table’s key finding is that banks with larger ex ante holdings of callable assets
(predominantly agency MBS) experienced a much larger increase in interest rate risk as
the rate cycle turned. Quantitatively, in column 4, a bank holding entirely callable bonds
would experience an increase in duration of 1.39 in 2022-23 relative to a bank holding no
such bonds. Strikingly, the effect net of interest rate hedging is if anything larger (the point
estimate rises to 1.67 in column 8). This means that we find no evidence of dynamic hedg-
ing behavior that would be required to manage the interest rate risk of an MBS portfolio
during a rising-rate episode like 2022-23, when MBS duration extends.

Turning to the remainder of the table, we also find some evidence that banks that
include AOCI in regulatory capital experienced a smaller increase in risk. This effect is
significant only in the bivariate specifications, however, not in the multivariate models.

The results so far indicate that the interest rate risk exposure of bank portfolios in-
creased significantly in 2022, especially for banks holding high concentrations of callable
bonds such as agency MBS. However, since we have so far considered securities portfo-
lios in isolation, it is difficult to know whether banks’ overall risk exposure changed in
the same way. It is possible, for instance, that other parts of the balance sheet (e.g., the
loan book or the composition of deposits) provide a “natural hedge” for the banks most
exposed to the increase in risk in their securities portfolio. Our next two facts show that
the data indicate otherwise. Then, our final fact shows that in the cross section of banks,
bank portfolios responded asymmetrically to deposit inflows vs. outflows.

Fact 6: Banks’ realized exposure to interest rate risk was not offset by natural hedges.
We first study whether banks’ fair-value losses on securities and especially MBS, which
experienced larger fair-value losses during the rate hike period, were offset by more lim-
ited losses elsewhere due to lower exposure to interest rate risk embedded in their re-
maining assets. To do so, we use data on fair-value adjustments reported by publicly
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traded banks in their 10Q/10K quarterly disclosures.29 For each bank, we construct quar-
terly mark-to-market (MtM) equity ratios based on the fair value of assets (consisting of
the book value adjusted for fair-value changes in the value of securities and net loans
held at amortized cost).30 We then test in the cross-section of banks whether banks with
a higher ratio of securities over assets, and higher MBS over assets, see a larger decrease
in their MtM equity ratios in 2022-23 relative to the two years before. If that is the case,
it implies that banks’ high and rising interest rate risk exposure from securities was not
offset by lower exposure of other assets.

Results are reported in Table 4. In the first column, we simply regress banks’ MtM
equity ratio on a dummy equal to one from 2022:Q1 onward; the negative coefficient indi-
cates that the fair value adjustments on average reduced equity by about 3.35 percentage
points over this period, relative to a sample average of 10%.

The next two columns show that these adjustments were significantly larger for banks
with a higher share of securities and especially MBS as a fraction of total assets. In partic-
ular, columns (3) and (4), where the latter is estimated with quarter fixed effects so the un-
interacted post-2022 dummy is no longer identified, indicate that once we control for MBS
over assets, the coefficient on securities over assets is no longer significant—suggesting
that MBS holdings are a key determinant of banks’ realized exposure to the interest rate
increases—reflecting the negative convexity of these bonds—and that the exposure via
MBS is not offset by a reduced exposure in loans.

A limitation of these MtM equity ratios is that only assets are adjusted for fair-value
changes, while liabilities remain at their book value. However, it is possible that banks
that experienced larger losses on the asset side (due to holding longer-duration assets)
simultaneously experienced larger gains on the value of their deposit franchise. This
could be the case, for instance, if the bank has particularly low-beta depositors (such that
the deposits effectively have long duration). To control for this possibility, we add either
the deposit beta (as estimated by Drechsler et al., 2021) or quarterly deposit expenses to
the regression. As shown in columns (5) and (6), these additional regressors barely affect
our coefficients of interest.31

29These data (collected by S&P Global, formerly SNL) are available for 172 to 183 banks over our sample
period. Among those, between 50 and 62 (depending on the quarter) are among the top-100 banks by
assets in the US.

30This is similar to Jiang et al. (2023), although our estimates are based directly on banks’ own estimates of
the fair market value of their assets, rather than estimating these fair values based on asset composition and
aggregate price indices.

31The positive coefficient on the interaction of post-2022 with deposit beta indicates that banks with higher
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Fact 7: Banks’ overall exposure to interest rate risk increased in 2022-23. While the
previous fact indicates that banks with larger securities holdings and especially a larger
share of callable bonds experienced larger overall mark-to-market losses on their balance
sheet, it is possible that banks tried to adjust other aspects of their balance sheet to reduce
the forward-looking exposure to further interest rate increases. For instance, a bank could
replace short-term money market funding by longer-term bond funding. While we do not
have the granular information on the entire balance sheet available to construct our own
risk exposure measure, we can rely on supervisory information collected by the Office of
the Comptroller of the Currency (OCC).

The OCC collects data on the projected sensitivity of individual banks’ “economic
value of equity” (EVE, given by the fair value of assets minus the fair value of liabilities)
to assumed interest rate shocks of different sizes.32 The OCC then semi-annually dis-
closes the aggregate distribution of these sensitivities across different bank size classes.
We focus on the largest size class that is reported, banks with more than $10bn in assets;
however, the OCC does not include “large banks” (typically those with more than $100bn
in assets) in the calculation, meaning that the banks we focus on in our securities-level
analysis are not in this sample. Another caveat is that the metrics reported by the OCC
are not necessarily “point-in-time”; instead, they always include the most recent observa-
tion available from a given bank. That observation may be up to seven quarters old, but
the OCC states that most observations are from the previous calendar year.33 We thus use
the data reported in spring of year t as indication of EVE sensitivities in year t − 1.

Figure 8 displays how the distribution of reported EVE sensitivities has evolved over
2020 to 2023. We focus on the scenario of a 300 bp parallel increase in interest rates, al-
though the evolution is qualitatively similar for 100 bp or 200 bp rate increases. The figure
shows that banks were substantially more exposed to the risk of further rate increases in
2022 and 2023 than they were in 2020 and 2021, in line with the duration risk increase we
documented for securities portfolios. For instance, the median bank with assets above
$10bn was projected to see its EVE increase in 2020 and 2021 if the yield curve were to
shift up; in contrast, in 2022 and 2023, that median bank is projected to experience almost

deposit betas experienced smaller fair-value losses on their assets. This is consistent with these banks hold-
ing shorter-duration assets to match their less “sticky” deposits, consistent with the arguments of Drechsler
et al. (2021).

32The assumption is that the entire yield curve shifts by a constant amount, typically between -200 bp and
+400 bp. The reported sensitivities are based on banks’ internal interest rate risk models.

33For example, the OCC’s Spring 2024 report states that “Seventy-five percent of the observations have an
as-of date between December 31, 2022, and December 31, 2023.”
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a 10% decrease in EVE. Differences are similarly pronounced across all reported points in
the distribution.

This evidence is consistent with stock price reactions around FOMC dates: Emin et al.
(2024) show that during periods of low rates, bank stocks tend to respond positively to
interest rate hikes, but when rates are already high, the opposite is the case.

Fact 8: Bank portfolios responded asymmetrically to deposit inflows vs. outflows. Fi-
nally, we consider the response of bank securities portfolios to liquidity shocks. Many
banks experienced significant deposit outflows in 2022-23, particularly large regional
banks and those with a high reliance on uninsured deposits. Given the illiquidity of loan
portfolios, selling securities seems a natural response to deposit outflows, both to raise
cash to and rebalance asset risk.34 But if banks are averse to selling bonds at a discount
to book value, such adjustment would be limited, and in particular, we may expect to
observe an asymmetric response in which the securities portfolio adjusts more to deposit
inflows than outflows.

Since we measure deposit flows only at the bank level, we test for the presence of such
asymmetric effects using quarterly Call Reports data, estimating regressions of the form:

∆ln(securitiesb,t) =
3

∑
i=0

αi∆ln(depb,t−i)
+ +

3

∑
i=0

βi∆ln(depb,t−i)
− + γb + κt + εb,t, (1)

where securitiesb,t is the total amortized cost of the investment securities portfolio for
bank b in quarter t (because we want to strip out changes in portfolio size driven by
market value fluctuations), depb,t is total deposits, with the + and – modifiers indicating
positive and negative deposit growth respectively, and γb and κt are bank and time fixed
effects included in some specifications. We use log changes on both sides of the estimation
equation, so that the estimated coefficients can be interpreted as the elasticity of securities
portfolio growth to deposit growth.

Estimates are reported in Table 5. The first four columns focus on the 2022-23 period,
varying whether we weight observations by bank assets (with weights summing to one
within each quarter) and whether we include bank fixed effects in addition to time fixed

34The immediate effect of deposit withdrawals is to reduce the bank’s holdings of cash and reserves. This
means that the composition of the bank’s balance sheet becomes more skewed towards risky assets (i.e., the
bank has become smaller, but the size of the bank’s loan and securities portfolios have not changed). In this
sense, we might expect banks to sell securities to re-attain the prior balance of cash and risky assets.
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effects. In each specification, the contemporaneous response of the securities portfolio
to positive deposit growth is indeed significantly larger than the response to negative
growth.35 This is particularly true when we weight by bank assets (columns 2 and 4)—in
these two specifications, the short-run elasticity of securities growth to deposit growth
is about 0.55, but the elasticity with respect to negative growth is close to zero.36 The
table also reports the long-run difference in sensitivity by summing the coefficients across
all lags for positive versus negative deposit growth (i.e., ∑3

i=0 α̂i – ∑3
i=0 β̂i). These long-

run differences are similar to the contemporaneous difference, suggesting the asymmetry
persists at least for several quarters.

Columns 5-8 repeat the analysis over a longer sample period from 1994-2023. We also
find evidence of an asymmetric response of the securities portfolio over this longer time
period, although the effect is smaller and less persistent—e.g., in columns 5, 6 and 7,
we find no evidence of an economically significant long-run asymmetry; we do find an
asymmetry in column 8, although the point estimate is about half as large as the same
specification estimated over the 2022-23 period (0.277 compared to 0.519).

With the caveat that we do not isolate exogenous variation in bank deposit growth,
our estimates are consistent with the presence of “downward rigidity” in the response
of the securities portfolio to deposit outflows, particularly in 2022-23 when portfolios
were typically underwater.37,38 Silicon Valley Bank (SVB) itself is an interesting case study
of such rigidity. As shown in Appendix Figure A.10, SVB rapidly acquired investment
securities as deposits flowed into the bank in 2020-21; but as deposit inflows turned into
outflows in 2022, there was no corresponding reduction in the size of the securities book.
Instead, SVB funded deposit outflows by borrowing in the wholesale market from the
Federal Home Loan Banks. SVB only liquidated bonds as a last resort in March 2023, an

35The difference between the two (i.e., α̂0 − β̂0 in the notation of equation 1) is reported in the row “Diff: pos-
neg”; the following row reports p-values from a hypothesis test that the positive and negative coefficients
are equal. Similarly, the row “LR Diff: pos-neg” reports the long-run asymmetry measured as ∑3

i=0 α̂i –
∑3

i=0 β̂i, with corresponding p-values reported in the subsequent row.
36Appendix Figure A.8 provides a binned scatter plot illustrating the relationship between securities growth

and deposit growth, and shows that the relationship is flatter below zero than above zero.
37Rosen and Zhong (2022) also find evidence of limited adjustment of the securities portfolio over 2001-2019,

focusing on a sample of 36 large BHCs.
38We emphasize that a bank can reduce the size of its portfolio over time even without outright sales. Indeed,

in aggregate, the size of bank portfolios did decrease over 2022-23 along with banks’ total deposits (cf.
Drechsler et al., 2024), reflecting the fact that paydowns plus the sales that did occur outpaced purchases.
However, the decrease in 2024 looks substantially more pronounced in terms of market values than in terms
of amortized cost or face value, especially for agency MBS—see Appendix Figure A.9.
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event that triggered the failure of the firm a few days later.39

4.1 Summary

To sum up this set of facts, we find surprisingly little active management of interest rate
risk in bank securities portfolios in 2022-23, either through increased hedging or sales
of the most interest-sensitive bonds. As a result, the economic exposure of bank portfo-
lios to interest rate risk increased significantly, particularly for bank portfolios with high
concentrations of callable assets such as agency MBS.

5 Strategic trading

The previous section showed that banks became less likely to sell securities after the sharp
increase in rates in early 2022, even as purchases of bonds declined sharply. This suggests
that banks may be reluctant to sell underwater bonds. In this section, we shed light on this
issue more directly by studying security sales at the bond level. We further investigate
whether there are systematic differences in trading activity across banks as a function of
the regulatory treatment of unrealized losses or other bank characteristics.

5.1 Strategic trading in 2022-23

We test whether banks are reluctant to sell underwater securities by running regressions
of the form:

P(salecbt) = f ( f air value/amort. cost)cbt + δb + κt + ΓXct + εcbt, (2)

where c indicates a security (CUSIP), b indicates a bank, and t indicates a quarter. The
function f (.) applied to a security’s ratio of fair (market) value to the amortized cost at
which it is carried (abbreviated “FV/AC”) is a series of dummies distinguishing between
securities that are above par (FV/AC > 1), around par, or underwater (FV/AC < 1). We

39As described by Reuters: “SVB (...) launched a $1.75 billion share sale on Wednesday to shore up its balance
sheet. It said in an investor prospectus it needed the proceeds to plug a $1.8 billion hole caused by the sale of a $21
billion loss-making bond portfolio consisting mostly of U.S. Treasuries. The portfolio was yielding it an average 1.79%
return, far below the current 10-year Treasury yield of around 3.9%.”
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typically use bank fixed effects (δb) and quarter fixed effects (κt), although some specifi-
cations feature bank-by-quarter fixed effects and some even CUSIP-by-quarter fixed ef-
fects.40 Finally, in some specifications, we control for the characteristics Xct of a security—
specifically its type (agency MBS, Treasury, etc.), whether it has a floating rate or a fixed
rate, and its remaining maturity.

We run these regressions on banks’ AFS portfolios only, since sales of HTM securities
are unusual and involve significant consequences for the bank as discussed earlier. In
most specifications, we weight individual CUSIP observations by their amortized cost
and cluster standard errors two ways by bank-quarter and CUSIP. In this subsection, we
limit the sample to 2022-23; in the next subsection, we extend it to the period since 2015.

We start by providing non-parametric evidence in Figure 9, where CUSIPs are grouped
into bins based on FV/AC, and the average sales propensity for each bin is plotted.41 The
binned scatterplots indicate a much higher sales propensity for securities that are trad-
ing at or above par than for securities that are underwater — the raw quarterly sales
propensity for premium securities is above 8%, while for underwater securities, it is be-
low 2% (panel A). The pattern barely changes when bank-by-quarter fixed effects are
added (panel B). When we further control for security characteristics, the level difference
is slightly reduced but remains large (panel C).42

We next turn to regressions to better quantify the differences in sales propensities
and assess their statistical significance. Since the graphical evidence suggests that what
mainly matters is whether a security is underwater vs. not (while “how deeply underwa-
ter” seems to have little effect), we group CUSIPs into three bins: FV/AC < 0.99 (“un-
derwater”), FV/AC ∈ [0.99, 1.01] (“around par”), and FV/AC > 1.01 (“premium”), and
define underwater securities the base category in the regressions.

We start with a linear probability model (i.e., OLS), which corresponds to the regres-
sion version of Figure 9. Panel A of Table 6 shows the results. In the first column, we
include no further controls and equal-weight all individual CUSIP positions. We see that
CUSIPs trading around or above par are about 3.5 percentage points more likely to be
sold, relative to a baseline quarterly sale probability for underwater securities of 1.5%.
Weighting CUSIPs by their amortized cost has little effect on the around-par coefficient

40With CUSIP-by-quarter fixed effects, variation in FV/AC across banks reflects different purchase times of
the same CUSIP across banks, or whether one bank hedged a given CUSIP while another bank did not.

41This figure is constructed following Cattaneo et al. (2024) and using their “binsreg” package.
42In Appendix Figure A.11, we also show that the pattern is qualitatively similar for securities that are hedged

and those that are unhedged.
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but more than doubles the coefficient for premium securities (column 2). For the rest of
the analysis, we focus on weighted results, since they better reflect the economic impor-
tance of the different securities included in the regression sample. Columns 3-5 indicate
that time or bank-by-time fixed effects have little effect on the results, while controlling
for security characteristics slightly reduces the coefficient estimates.

Finally, in the last column, we add CUSIP-by-time fixed effects, meaning we compare
the sales propensities of the same security in the same quarter across banks for which the
FV/AC of the security differs (which could reflect, e.g., different purchase times, or hedg-
ing). This substantially reduces the number of observations in the regression but leaves
the qualitative conclusion unaffected. Note that this also suggests that the lower sales
propensity of underwater securities does not reflect liquidity differences (which are likely
minor anyway, as Treasuries and agency MBS markets are generally highly liquid).43

In panel B, we repeat the analysis with logit models, where the reported coefficients
are odds ratios. In our preferred specification in column 4, the odds of a security being
sold are estimated to be 3.3 times higher for a security around par than for an underwa-
ter security, and 8.3 times higher for a premium security than an underwater security.44

The downside of the logit model is that we are more limited in terms of how many fixed
effects can be added to the model; therefore, we use only bank and time (rather than
bank-by-time) fixed effects. The advantage of the logit, on the other hand, is that effects
on probabilities (or odds) are modeled as multiplicative rather than additive, which is
arguably easier to interpret and will be particularly helpful in the coming subsections
where we use interaction terms. Whenever we use logit models, we report 95% confi-
dence intervals for the estimated odds ratios, rather than standard errors (which are not
easily interpreted).

Note that the results in this section remain qualitatively unchanged if we restrict the
sample to 2022 only (see columns 3 and 4 in Table A.2). This indicates that the patterns
we document are not driven by the banking turmoil of 2023:Q1 or the policy reaction
afterwards (which included the Bank Term Funding Program).

43As a further robustness check, Table A.2 shows that results are robust if we restrict the sample to Treasuries
only, where liquidity differences across CUSIPs are unlikely to be very important.

44Recall that odds are defined as the probability of an outcome happening (in this case a security being sold)
divided by the probability of the outcome not happening. For low-probability events, the odds are close to
the probabilities.
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5.2 Are the patterns in 2022-23 unusual?

The analysis above indicates that banks were much more likely to sell securities around
par and especially at premium than if they were underwater during the 2022-23 rate hike
period. Does this pattern always hold? To test this, we use the full Y-14Q sample starting
in 2015. We use the same logit regressions as above but now further interact the dummies
for a security being around par or at a premium with a dummy for an observation being
in the period since 2022:Q1. Interaction terms different from one would indicate that the
pattern in 2022-23 changed relative to earlier years.

Results are shown in Table 7. They indicate that in the pre-2022 period, banks were
also less likely to sell underwater securities. However, the sale probability is not mono-
tonically increasing in FV/AC, but instead had a tent shape—it is highest for securities
around par, then slightly lower for premium securities, and lower still for underwater se-
curities.45 As a consequence, the interaction terms with the post-2022 dummies are partic-
ularly large and significant for the premium securities, which had much higher (relative)
odds of being sold in 2022-2023 than in earlier years.

These results suggest that the dominant trading motives may have been different in
the 2022-23 period compared to earlier years. In 2022-23, banks seemed to sell with the
goal of maximizing their income (similar to the gains trading documented by Ellul et al.,
2015 for insurance companies during the global financial crisis). Over the 2012-21 period,
instead, the selling pattern is more consistent with a goal of smoothing, rather than max-
imizing, the income from securities trading. This is reminiscent of evidence on earnings
smoothing from the accounting literature (e.g., Barth et al., 2017; Dong and Zhang, 2018),
although that literature usually relates gain/loss trading at the bank level to a bank’s pre-
trading earnings, while our evidence here is comparing different securities within bank.

5.3 What drives strategic trading?

In this section, we attempt to shed light on what is driving the strong “disposition effect”
we observe in the 2022-23 period, where banks are much less likely to sell underwater
securities (“losers”) than securities that are trading around or even above par (“winners”).

45This is shown graphically in Appendix Figure A.12, which is the equivalent of Figure 9, but using data for
the 2015-21 period instead of 2022-23.

25



We do so by using the cross-section of banks and studying which bank characteristics are
associated with a more vs. less pronounced disposition effect.

A first hypothesis we test is whether the disposition effect is strengthened by the regu-
latory treatment of unrealized losses on AFS securities recorded in AOCI. As discussed in
Section 2, for most US banks, AOCI does not affect their regulatory capital, meaning that
regulatory capital is shielded from unrealized losses. For such banks, selling an under-
water AFS security will directly result in a reduction of regulatory capital. However, this
is not the case for banks for which this “AOCI filter” does not apply (primarily the largest
banks)—for them, unrealized gains or losses on AFS securities are always incorporated
in regulatory capital. A first hypothesis is therefore that the difference in sale probability
between securities below par and those at or above par is larger for those banks that do
not include AOCI in regulatory capital.

We test this hypothesis in panel A of Table 8. As above, we estimate logit models, but
now including only a single dummy for FV/AC > 0.99 (close to or above par — “not
underwater”) in order to simplify the analysis. Column 1 shows that, without including
time or bank fixed effects, securities that are not underwater are 4.7 times more likely
to be sold than securities that are underwater. In column 2, we then interact the not-
underwater dummy with a dummy for those banks that do not include AOCI in capital.
The coefficient on the interaction term is estimated to be positive and significant at p <

0.1, supporting the hypothesis stated above. In terms of magnitudes, the estimates in
column 2 imply that banks that do include AOCI in capital are about 2.9 times more likely
to sell a security that is not underwater than to sell a security that is underwater, while
for those banks that have the AOCI filter in place, meaning losses only affect regulatory
capital once they are realized, the corresponding factor is 7.0 (= 2.911 ∗ 2.414).46

Columns 3 and 4 show that adding bank and time fixed effects as well as security
controls has very little effect on these conclusions.47 Finally, in column 5 we address a
potential confound, namely that banks that have to include AOCI in regulatory capital are
also larger, and bank size itself might also be a determinant of the relative unwillingness

46The uninteracted coefficient on “AOCI not in capital” of 0.263 indicates that for securities that are under-
water (the base category in the regression), banks that include AOCI in capital are almost 4 times (1/0.263)
more likely to sell. However, we are more interested in variation in the strength of the asymmetry between
underwater and not-underwater securities than in variation in the overall sales propensity, which can also
be driven by differences in banks’ liquidity needs or other factors.

47The uninteracted coefficient on “AOCI not in capital” should no longer be interpreted, since it depends on
which bank’s fixed effect is omitted from the regression. The other reported coefficients do not depend on
this.
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to sell losers (e.g. due to different capital or liquidity requirements). To test this, we
add the log of bank assets to the regression and also interact it with the not-underwater
dummy. This interaction term is not significant, and its addition to the regression makes
the interaction coefficient of interest (on FV/AC > 0.99× AOCI not in capital) larger in
magnitude.

Next, we use similar regressions to test additional potential drivers of the disposition
effect. One possibility is that banks with relatively little regulatory capital are particularly
averse to realizing losses. We test this by interacting the not-underwater dummy with a
dummy for whether a bank has a CET1 buffer (relative to its capital requirement) below
the median in a given quarter. We simultaneously also control for whether a bank in-
cludes AOCI in regulatory capital, since we saw above that this appears to matter.48 Col-
umn 1 of panel B of Table 8 shows that banks with below-median capital buffers indeed
directionally display a stronger disposition effect, but the difference is not statistically sig-
nificant. This could reflect that the banks in our sample were generally well capitalized
over this period.

Another possibility is that banks avoid selling underwater securities in order not to
have to recognize the losses in their net income. This may be particularly important
for banks whose stock is already “under pressure.” We use two proxies for this: first,
a dummy for those banks that have a price-to-book (PB) ratio below the median in our
sample of banks; second, a dummy for whether their recent year-over-year stock return
is below median.49 Column 2 of the table shows that banks with a low PB ratio display
a much stronger disposition effect—relative to those with high PB ratios, their relative
probability of selling not-underwater rather than underwater securities is estimated to
be 4 times higher (significant at p < 0.01). Column 3 of the same table shows that if we
instead use the most recent one-year return as a way to sort banks, there is no significant
difference between above-median and below-median-return banks. Thus, these results
suggest that banks’ strategic trading behavior may be affected by their (longer-term) val-
uation in the stock market rather than the recent evolution of their stock price.

The following two columns investigate two variables that can be seen as proxies for
liquidity risk. Column (4) shows that banks that hold relatively low central bank reserves

48All regressions also include the uninteracted variables that we use for our interaction terms, but we do not
report them, in order to keep the table readable.

49In both cases, the median is calculated within each quarter, such that we have (almost) the same number of
below-median banks in each quarter. Results are qualitatively robust to using an indicator for having a PB
ratio below one, or to using an indicator for year-over-year returns below zero.
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compared to the size of their securities portfolio are significantly less likely to sell under-
water securities. This suggests that banks with high reserves are relatively less averse to
selling underwater securities. In contrast, column (5) shows that banks with more unin-
sured deposits (a proxy for run risk) do not display a stronger asymmetry—directionally,
the opposite is the case. Finally, column (6) shows that when we control for all these
factors simultaneously, a low PB ratio and the AOCI filter remain significantly positively
associated with the strength of the disposition effect.

In sum, the analysis in this section shows that banks vary in terms of how strongly they
engage in strategic trading whereby they are more likely to sell winners than losers. Our
results suggest that strategic trading is amplified by regulatory accounting that shields
capital from unrealized losses, or by a bank being viewed critically in the stock market.
These factors appear quite robust to controlling for various other characteristics. Never-
theless, we note that the characteristics we have considered are not randomly assigned
and may be correlated with other factors that affect banks’ trading behavior.

6 Frictions in hedging

The evidence so far suggests that frictions in trading underwater bonds constrained bank
interest-rate and liquidity risk management in 2022-23.50 In this section, we study whether
financial frictions also help explain why banks did not use interest-rate derivatives more
actively as an alternative margin to manage interest rate risk. As we have shown, the vol-
ume of duration removed by hedging increased only marginally as rates rose, and banks
with a high concentration of callable bonds experienced a much larger increase in risk
both gross and net of hedging.51

50Anecdotal evidence also supports this interpretation. For example, Abrahams (2024) discusses a recent
bond sale by Truist bank, writing that “On the investor call announcing the sale, Truist Chairman and CEO Bill
Rogers highlighted the opportunity to improve the bank’s interest rate profile by reducing the duration of the balance
sheet. Although reducing interest rate risk was not the only thing motivating Truist, it arguably has become a much
more important goal for all banks in the aftermath of the collapse last year of Silicon Valley Bank. Banks have many
ways to reduce rate risk, but selling securities with long duration and crystalizing a loss could be painful. Truist’s
gain from the sale of the insurance broker may have offset a lot of that pain. Absent an offsetting gain, Truist may have
hesitated to rebalance.” In this case, Truist was able to realize unrealized losses by offsetting them against the
profitable sale of a subsidiary — the article suggests that the bank may have been otherwise unwilling to
sell the underwater bonds, leaving it more exposed to interest rate risk.

51Aside from the evidence presented above, other research has also established that banks only engage in
limited hedging of interest rate risk; see, e.g., McPhail et al. (2023) and Granja et al. (2024).
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A simple explanation is that banks did not hedge more because they actively wanted
to increase the interest rate risk of their bond portfolios, either because of natural hedges
with other parts of their balance sheet or distortions that encouraged risk-taking (e.g.,
deposit insurance, too-big-to-fail). This does not seem like a complete explanation, how-
ever, in that it does not easily explain why the change in duration was so heterogeneous
across banks and so closely connected to the ex ante composition of bank portfolios, or
why banks did in fact significantly reduce the duration of their non-callable bond hold-
ings as interest rates increased — from an average of 4.5 years in 2021 to about 3 years by
end-2023.

A potential alternative or complementary explanation, which we investigate below, is
that financial frictions contributed to the limited use of derivatives in 2022-23 to offset ris-
ing duration. A first source of frictions are the transaction costs and margin requirements
of the hedge position itself.52 A second source arises from the fact that banks typically
hedge using “qualified accounting hedges” to avoid generating misleading volatility in
net income and capital. Below, we find evidence that banks’ interest-rate hedging in 2022-
23 was indeed systematically related to the ease of establishing such qualified hedges.

6.1 Background on hedging and hedge accounting

Banks typically hedge duration using qualified accounting hedges, which allow the bank
to effectively net out offsetting gains and losses on the hedge position and the under-
lying securities being hedged. Hedge accounting is important because otherwise the
derivatives position would generate significant earnings volatility due to the fact that
derivatives are marked-to-market with gains and losses flowing through net income, but
securities are not. This mismatch in accounting treatment may lead earnings to be very
rate sensitive even if the bank is fully hedged economically against interest rate risk.53

52Prior research finds that most banks do not use derivatives and that the use of derivatives is strongly
positively correlated with bank size, which is interpreted as evidence of fixed costs (Purnanandam, 2007;
Granja et al., 2024). As discussed below, even for our sample consisting of the largest and most complex
banks, hedging using qualified accounting hedges is positively correlated with bank size, and the median
bank in our sample is at a corner solution of zero hedging.

53A simple example: imagine a bank has a $1bn Treasury bond portfolio that it hedges fully against inter-
est rate risk using swaps, but this hedge does not have qualified hedge accounting status. Now assume
that interest rates fall, generating a $100m appreciation the Treasury portfolio offset by a $100m loss on
the derivatives position. The economic value of the bank is unchanged by this event, but the accounting
impact would be a loss of $100m, because the derivatives loss flows through net income but the gain on the
underlying securities does not. Qualified hedge accounting solves this problem because it allows the bank
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Non-qualified hedging will also increase the volatility of regulatory capital for banks that
exclude unrealized gains and losses on securities from regulatory capital.

Several criteria must be met in order to elect hedge accounting; e.g., the risk and hedg-
ing instrument must be eligible, and the hedging relationship must be “highly effective”
(i.e., highly correlated with the hedged risk of the underlying asset over the period of the
hedge). The bank must document that the hedge satisfies the relevant criteria and moni-
tor the hedge to ensure that it remains effective over time; this documentation is subject
to audit (see PricewaterhouseCoopers, 2024 for details).

Electing hedge accounting is more difficult for assets with embedded call options
(such as agency MBS) because the life of the asset is uncertain. Changes to hedge ac-
counting standards in 2017 made it easier to hedge interest rate risk for such assets by
allowing the use of “last-of-layer” hedging for the portion of a portfolio of debt securities
expected to be outstanding for the designated hedge period; e.g., a bank holding $1bn in
agency MBS may be able to elect hedge accounting for a hedge on $300m of the portfolio
if it can reasonably establish that at least 30% of the portfolio will be outstanding over the
entire duration of the hedge.54 Even so, last-of-layer hedging adds complexity and lim-
its the proportion of the position that may be hedged for MBS and other callable bonds,
which as we have shown make up a large share of bank securities portfolios.

6.2 Evidence

We test whether financial and accounting frictions influenced banks’ hedging activity by
studying cross-sectional variation in banks’ use of qualified accounting hedges. In partic-
ular, we consider the following factors:

1. Asset type. The administrative and financial costs of electing hedge accounting may
vary across security types; in particular, hedging may be more difficult for bonds
with embedded options, as discussed above. For our sample, the most important
distinction is likely to be whether the costs of hedging are higher for agency MBS
than for US Treasuries, given that these two asset types comprise 58% and 30% of
aggregate security holdings for our sample, respectively.

to net out offsetting gains/losses on the underlying bond and the derivative.
54This treatment is analogous to the structuring of a “planned amortization class” MBS tranche; these se-

curities are structured to be free of prepayment risk by allocating prepayments to other tranches within a
collateralized mortgage obligation (Fuster et al., 2023).
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2. Accounting classification. A further limitation of hedge accounting is that banks
are not permitted to hedge interest rate risk on held-to-maturity securities. While
many banks had significant AFS portfolios that could be hedged, the inability to
hedge HTM bonds may have been a binding constraint for some banks, particularly
if not all AFS securities are easy to hedge.

3. Bank size. If there are fixed costs associated with establishing a qualified hedging
program, we may expect that hedging would be more prevalent among larger banks
and that some banks (particularly smaller institutions) may be at a corner solution
where they do not use qualified hedges at all.

6.2.1 Security-level analysis

First, panel A of Table 9 estimates security-level regressions to investigate differences in
hedging costs across security types. Specifically, we regress the fraction of the security
position that is covered by an interest rate hedge on security type dummies as well as, in
some specifications, the duration of the bond and bank × time fixed effects. We restrict
the sample for these regressions to AFS securities, given that banks are not permitted to
elect hedge accounting for bonds classified as HTM.

Columns 1-3 focus on the 2022-23 period and show consistently that US Treasuries,
which are the omitted base category in the regression, are much more likely to be hedged
than any of the other major security types. Focusing on column 3, which looks within-
portfolio, the intensity of hedging is 29.4pp and 38.5pp lower, respectively, for agency
MBS and municipal bonds (the two main types of callable bonds in our sample) compared
to Treasuries with the same level of interest rate risk as measured by duration. Corporate,
sovereign, and “other” bonds are also less likely to be hedged although the difference
is less stark (e.g., hedging intensity is 19pp lower for sovereign bonds). The table also
shows, unsurprisingly, that bonds with longer duration are more likely to be hedged.

These differences across security types can also be understood simply by looking at
Appendix Table A.3, which reports summary statistics of the use of hedging by security
type. Within banks’ AFS portfolios, 49.3% of Treasury holdings are hedged against inter-
est rate risk in 2022-23, compared to only 8.6% of agency MBS holdings. (These statistics
take into account both complete and partial hedges, and weight each position by amor-
tized cost .)
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Columns 4-6 of Table 9 run the same regressions as columns 1-3, but over the period
2015-2021. Interest-rate hedging overall is much less common in this earlier period, and
the differences across security types are also less stark. It is, however, quite notable that
agency MBS stand out as being associated with lower hedging activity compared to any
other security type; this is no longer the case in 2022-23, even though agency MBS hedging
activity remains low. This difference suggests that changes in hedge accounting standards
in 2017 to allow for “last-of-layer” hedging did indeed reduce frictions in hedging risk for
agency MBS.

6.2.2 Bank-level analysis

Next, we consider the intensity of hedging at the bank level. Even if there are constraints
on hedging individual bonds (e.g., HTM securities cannot be hedged and MBS are more
difficult to hedge than Treasuries), these constraints may not be binding if other bonds
can be hedged instead.

Before turning to regression analysis, we calculate some simple but revealing statistics
at the bank level in 2022-23. First, consistent with the role of fixed costs, we find that
there is a mass of banks with zero qualified hedging activity — hedging is zero in 52%
of observations. Furthermore, the decision to engage or not engage in hedging is very
persistent. For a bank that did not hedge at time t, the probability that the bank hedged
at no point in 2022-23 exceeds 95%.

Second, among banks that do hedge, we calculate the fraction of observations in which
the bank hedges all or almost all of the interest rate risk in its AFS Treasury portfolio.
This is the part of the portfolio that is most straightforward to hedge based on our earlier
discussion and bond-level results. We find that in the top quartile of active hedgers, the
bank hedges 88% of the AFS Treasury duration, and in the top decile, hedges 98% or
more of the duration. This indicates that a subset of banks are indeed “maxing out” their
Treasury hedging activity.

Turning to regression analysis, panel B of Table 9 studies the intensity of hedging at
the bank level in 2022-23, measured by the duration removed by hedging (in years).55 We
consider four specifications varying by whether or not the model controls for two bank

55Specifically, we measure the difference between the gross duration of the bank’s securities portfolio in
quarter t and the duration net of hedging.
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characteristics (log size and an “AOCI in capital” dummy), and whether time fixed effects
are included.

We find several results consistent with the view that financial and accounting frictions
matter for banks’ overall hedging activity. First, hedging intensity is negatively related
to the share of bonds classified as HTM. This matches our bond-level results and is con-
sistent with the view that the inability to elect hedge accounting for HTM bonds was a
binding constraint on hedging activity at least for some banks. Second, hedging activity
is positively (although not significantly) associated with the share of US Treasuries in the
bank’s portfolio, which by revealed preference appear to be easier to hedge based on the
bond-level analysis in panel A. Third, the intensity of hedging is strongly increasing in
bank size, consistent with the presence of fixed costs of hedging. Fourth, hedging ac-
tivity is higher for banks that include unrealized gains and losses in regulatory capital,
consistent with our earlier evidence that banks care about minimizing regulatory capital
volatility. All our specifications control for the pre-hedging duration of the bank’s portfo-
lio, which is also generally positively related to the intensity of hedging.

6.3 Summary

Our results suggest that financial frictions contributed to the limited use of qualified
hedges to offset rising bond duration. Many institutions are persistently at a corner so-
lution of zero hedging; this is particularly true for smaller banks, consistent with the
presence of fixed costs. The costs of hedging appear to be much lower for Treasury bonds
than other types of securities, and bonds classified as HTM (which typically have signifi-
cantly longer duration, as we show in the following section) may not make use of hedge
accounting at all. These constraints are correlated with the intensity of hedging suggest-
ing that they are binding at least for some banks. Also consistent with this interpretation,
a subset of banks hedge effectively all the duration out of their AFS Treasury portfolio.

Many of our results line up with other analyses of bank hedging of interest rate risk
(Purnanandam, 2007; McPhail et al., 2023; Granja et al., 2024; Greenwald et al., 2024);
for example, the finding that hedging activity is concentrated among the largest banks
is very consistent across studies and datasets. However, we reach a different conclusion
to Granja et al. (2024) in terms of whether frictions limited hedging activity at least for
some banks. Granja et al. calculate that banks had significant “headroom” to increase
AFS hedging further and do not find a correlation between the percentage of HTM bonds
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and hedging activity. The two main differences between our calculations are that 1) we
are able to identify the duration of each bond — typically banks do not hedge short-
duration bonds, and so simply counting the face value of unhedged securities overstates
the amount of interest rate risk that could be hedged; and 2) we are able to link each hedge
to the underlying security and show that the costs of hedging vary significantly across
security types, a point not previously established in the literature to our knowledge.

7 Bond classification

As we discuss in Section 4, an alternative margin that was widely used by banks to man-
age risk in recent years was to classify a larger share of bonds as HTM rather than AFS.
Such reclassification does not reduce the economic risk of the bank’s asset portfolio, but
does reduce the exposure of regulatory capital to interest rate risk for most banks, and
may also make unrealized losses less salient because they are not reported on the bank’s
balance sheet. In this section, we extend prior work by studying the determinants of
which bonds are classified as HTM, and in particular, whether banks are more likely to
classify risky but “hard to hedge” bonds as HTM.

Table 10 estimates security-level regressions to better understand what drives banks
to classify bonds as HTM. The table separately considers 2022-23 in columns 1-3 and the
earlier 2015-21 period in columns 4-6. There are two main findings. First, the table shows
that bonds with more interest rate risk are more likely to be classified as HTM—this is
true regardless of whether we condition on security type dummies and whether or not
we restrict to “within-portfolio” variation by conditioning on bank × time fixed effects.
The relationship between duration and HTM classification becomes more pronounced in
2022-23—an additional year of duration increases the probability of HTM classification
by 3.6 percentage points (about 8% of the mean), while over 2015-21 the corresponding
effect was 1pp (4% of the mean). Second, the bonds we previously showed are “hard to
hedge”—most importantly agency MBS but also municipal bonds—are significantly more
likely to be classified as HTM. This is true unconditionally but also conditional on the
level of interest rate risk in the security and when restricting to within-bank variation—
e.g., agency MBS are about 30 percentage points more likely to be classified as HTM than
Treasury bonds, a difference that is very consistent across columns 1-3.

From a financial stability perspective, these results suggest that banks employ the
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HTM classification as a substitute for hedging. While these two responses are both effec-
tive in reducing the volatility of regulatory capital and book equity, they are, of course, not
equivalent in terms of the actual level of interest rate risk borne by the bank. More gen-
erally, our interpretation is that frictions in managing securities portfolio risk contributed
significantly to the disconnect between the rising interest rate risk of bank portfolios and
the falling portion of this risk which is recognized in regulatory capital.

8 Conclusions

The recent shift in the interest rate environment in 2022-23 induced a large increase in
interest rate risk in bank securities portfolios, with significant heterogeneity across banks
due to the relative concentration of bonds with embedded options. However, we find
no evidence that banks most exposed to the shift in rates actively managed their portfo-
lios to reduce portfolio risk as the environment changed, either by selling long-duration
bonds or hedging them using qualified accounting hedges. We identify two types of
financial and regulatory frictions that limit banks’ ability to make adjustments to their
portfolio risk and are particularly pronounced in rising-rate environments. First, we find
that banks are reluctant to sell interest-sensitive bonds to reduce portfolio duration when
doing so involves crystallizing unrealized losses. Second, frictions in establishing quali-
fied accounting hedges affect the extent to which banks use derivatives to hedge interest
rate risk. These frictions raise potential financial stability concerns that could in principle
be addressed through regulatory and accounting reforms.
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9 Tables and Figures

Table 1: Accounting treatment of investment securities

available-for-sale held-to-maturity
(AFS) (HTM)

Recorded on balance Market value Amortized cost
sheet at:

Unrealized gains / losses are reflected in:
Net income? No No
Book equity? Yes, recorded in AOCI No
Regulatory capital? Only for largest banks No

(e.g., >$700bn) +
“opt out” banks

Realization of gains / losses through sale affects:
Net income? Yes Yes
Book equity? No Yes
Regulatory capital? Yes, except for Yes

largest banks +
“opt out” banks

Sale / reclassification Yes Generally no:
permitted by accounting “tainting” rule
regulations?

Interest rate hedges may Yes No
qualify for hedge accounting?

Notes: AOCI stands for accumulated other comprehensive income. “Opt out” banks are those banks that
have opted out from the AOCI filter, and thus include unrealized AFS losses in regulatory capital. For
further accounting details, Accounting Standards Codification (ASC) 320-10, issued by the Financial Ac-
counting Standards Board (FASB), provides guidance on the accounting and reporting of investments in
equity securities and debt securities.
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Table 2: Summary statistics

A. Composition of security types
Asset Class Nr Observations (000s) Dollar Share (%) Observation Share (%)
Agency MBS 1078.9 57.91 70.66
US Treasuries 40.7 30.16 2.71
Municipal Bonds 258.2 3.20 16.91
CLO 18.7 2.98 1.22
Sovereign Bonds 9.8 1.10 0.67
CMBS 22.2 1.07 1.45
Corporate Bonds 38.7 0.83 2.54
Student Loan ABS 11.0 0.79 0.72
Domestic Non-Agency RMBS 27.5 0.57 1.80
Auto ABS 6.2 0.44 0.40
Credit Card ABS 1.7 0.38 0.11
Other ABS 3.9 0.27 0.26
Other 6.4 0.15 0.43
Covered Bonds 0.8 0.10 0.05
Preferred Stock (Equity) 0.1 0.02 0.01
CDO 0.6 0.01 0.04
Foreign RMBS 0.2 0.01 0.01
Mutual Fund 0.0 0.00 0.00
Total 1527 100 100

B. Summary statistics by security type
Agency MBS US Treasuries Municipal

Bonds
Corp.
Bonds/CLO

Sovereign
Bonds

Other Total

Share of Portfolio (%) 57.9 30.2 3.2 3.8 1.1 3.8 100.0

Effective Duration (years) 4.62 3.99 6.57 3.53 2.30 2.68 4.38
(2.15) (3.34) (4.46) (2.58) (1.84) (2.61) (2.75)

Remaining Maturity (years) 23.90 4.43 16.67 9.07 3.06 21.28 16.95
(7.95) (4.12) (8.06) (3.61) (1.98) (14.75) (11.54)

Fair Value / Amortized Cost 0.95 0.97 0.98 0.98 0.98 0.98 0.96
(0.09) (0.06) (0.10) (0.04) (0.04) (0.07) (0.08)

Coupon (%, annual) 2.58 1.31 3.65 2.91 1.43 2.54 2.22
(0.93) (0.91) (1.41) (2.20) (1.14) (1.55) (1.22)

AFS (%) 48.91 63.66 58.81 45.12 95.96 80.14 55.26

Hedged (%) 3.11 26.25 10.04 1.16 19.76 9.44 10.66

Callable (%) 100.00 1.36 72.07 11.82 0.18 0.50 61.16

Fixed Rate (%) 92.72 99.59 91.65 20.72 84.43 46.12 91.02

Quarterly Sale (%) 1.27 1.39 3.18 2.99 1.28 2.95 1.48

Notes: The table reports summary statistics for different security types. The sample period is 2020:Q1 to
2023:Q4. US Treasuries include Treasury bills, notes, bonds, and also agency debt. In panel A, “Other” is
a collective category including cash equivalents, municipal income funds/trusts, commercial paper, collat-
eral trust notes, note purchase agreements, among others. In panel B, all values are weighted by security
amortized cost; standard deviations for continuous variables are reported in parentheses. The “Other” col-
umn includes CMBS, ABS (student loan, auto, credit card, and other), non-agency RMBS (domestic and
foreign), covered bonds, CDOs, preferred stock, mutual funds, and uncategorized securities. Source: FR
Y-14Q, Schedule B; IDC.
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Table 3: Bank-level determinants of rising interest rate risk

Gross Duration Net Duration
(1) (2) (3) (4) (5) (6) (7) (8)

Post-2022 × % Callable Bonds 1.690∗∗∗ 1.390∗∗∗ 1.872∗∗∗ 1.669∗∗∗

(0.359) (0.464) (0.424) (0.551)

Post-2022 × % HTM 0.773 0.636 0.672 0.409
(1.041) (0.888) (1.053) (0.913)

Post-2022 × AOCI in capital -0.716∗∗ -0.300 -0.727∗∗ -0.205
(0.321) (0.300) (0.341) (0.335)

Fixed effects Bank, Time Bank, Time Bank, Time Bank, Time Bank, Time Bank, Time Bank, Time Bank, Time
Cluster Bank Bank Bank Bank Bank Bank Bank Bank
Time period 2020-2023 2020-2023 2020-2023 2020-2023 2020-2023 2020-2023 2020-2023 2020-2023
Obs. 496 496 496 496 496 496 496 496
DV average 3.8 3.8 3.8 3.8 3.5 3.5 3.5 3.5

Notes: The table shows estimates of bank × quarter regressions of Gross/Net Duration (in years) defined as
the weighted average security duration by its market value at the bank-quarter level on bank characteristics as
of 2019:Q4 interacted with a post-2022 dummy equal to one from 2022:Q1 onward. Net duration accounts for
security hedges (i.e., duration is zero if the security is hedged). The sample period is 2020:Q1 to 2023:Q4. Bank
characteristics: % Callable Bonds: mean 0.64, st.dev. 0.29; % HTM: mean 0.19, st.dev. 0.16; # Banks with AOCI
in capital: 11. The sample covers the FR Y-14Q, Schedule B banks. Standard errors (reported in parentheses) are
clustered by bank. ***, **, and * indicate statistical significance at the 1%, 5% and 10% levels, respectively. Source:
FR Y-14Q, Schedule B; IDC; Call Reports.
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Table 4: Bank-level determinants of mark-to-market equity

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

Post-2022 -0.0335∗∗∗ -0.0204∗∗∗ -0.0194∗∗∗

(0.002) (0.004) (0.004)

Post-2022 × Securities/Assets -0.0815∗∗∗ -0.0241 -0.0235 -0.0359 -0.0270
(0.023) (0.029) (0.029) (0.032) (0.029)

Post-2022 × MBS/Assets -0.1156∗∗ -0.1161∗∗ -0.1201∗∗ -0.1160∗∗

(0.045) (0.045) (0.048) (0.045)

Post-2022 × Deposit Beta 0.0465∗∗

(0.020)

Deposit Expense -0.0018
(0.001)

Obs. 2681 2681 2681 2681 2303 2666
Bank FEs Yes Yes Yes Yes Yes Yes
Quarter FEs No No No Yes Yes Yes
DV average 0.100 0.100 0.100 0.100 0.099 0.100
DV Standard Dev 0.036 0.036 0.036 0.036 0.035 0.036

Notes: The table shows estimates of bank × quarter regressions of mark-to-market equity, calculated as (fair
value of assets − book value of liabilities)/(fair value of assets) on a post-2022 dummy equal to one from
2022:Q1 onward and the interaction of this dummy with measures of balance sheet composition, namely securi-
ties/assets or MBS/assets, measured as of 2019:Q4. The sample period is 2020:Q1 to 2023:Q3. Sample consists
of banks for which 10Q/10K are available, collected via S&P Global. Standard deviations: Securities/Assets:
0.15; MBS/Assets: 0.08. Deposit betas in column (5) are from Philipp Schnabl’s website and based on Drechsler
et al. (2021). Deposit expenses in column (6) are contemporaneous quarterly values calculated from Call Reports.
Standard errors (reported in parentheses) are clustered by bank. ***, **, and * indicate statistical significance at
the 1%, 5% and 10% levels, respectively.
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Table 5: Securities portfolio response to positive vs. negative deposit growth

Dependent variable: ∆ ln(securities)
(1) (2) (3) (4) (5) (6) (7) (8)

∆ ln(dep) if > 0 0.246*** 0.574*** 0.240*** 0.554*** 0.403*** 0.495*** 0.415*** 0.508***
(0.020) (0.125) (0.022) (0.134) (0.006) (0.046) (0.006) (0.049)

∆ ln(dep) if < 0 0.126*** 0.091 0.129*** -0.030 0.325*** 0.264*** 0.277*** 0.166***
(0.024) (0.085) (0.028) (0.096) (0.008) (0.039) (0.008) (0.046)

Diff: pos-neg 0.120 0.483 0.111 0.584 0.078 0.231 0.137 0.343
p-value 0.001 0.008 0.007 0.002 0.000 0.000 0.000 0.000
LR Diff: pos-neg 0.232 0.454 0.186 0.519 -0.045 0.081 0.054 0.277
p-value 0.001 0.019 0.120 0.011 0.012 0.182 0.009 0.000
Obs. 35200 35200 35160 35160 832725 832725 832542 832542
Weights No Yes No Yes No Yes No Yes
Time period 2022-23 2022-23 2022-23 2022-23 1994-2023 1994-2023 1994-2023 1994-2023
Fixed effects Time Time Bank, Time Bank, Time Time Time Bank, Time Bank, Time

Notes: Quarterly bank-level regression of ∆ ln(securities), defined as the quarterly log change in the value of
investment securities measured at amortized cost, on current and lagged quarterly log changes in deposits
(up to three lags) split by positive and negative log changes. Sample excludes extreme values likely due to
merger events, specifically observations where the absolute value of asset or deposit growth exceeds 25%
or the absolute value of securities growth exceeds 50%. Weights for weighted regressions are each bank’s
share of total system assets at time t. Standard errors (reported in parentheses) are clustered by bank. ***,
**, and * indicate statistical significance at the 1%, 5% and 10% levels, respectively. Source: Call Reports.
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Table 6: Strategic trading in 2022-23

A. Linear probability model
(1) (2) (3) (4) (5) (6)

FV/AC ∈ [.99-1.01] 0.034∗∗∗ 0.030∗∗∗ 0.032∗∗∗ 0.030∗∗∗ 0.025∗∗∗ 0.021∗

(0.006) (0.006) (0.006) (0.007) (0.006) (0.012)

FV/AC > 1.01 0.035∗∗∗ 0.079∗∗∗ 0.085∗∗∗ 0.077∗∗∗ 0.072∗∗∗ 0.102∗∗

(0.010) (0.018) (0.019) (0.017) (0.017) (0.043)
Obs. 467,728 467,728 467,728 467,728 467,728 69,563
Fixed effects No No Time Bank x Time Bank x Time Bank x Time

CUSIP x Time
Controls No No No No Yes No
Weights No Yes Yes Yes Yes Yes
P(sale) for FV/AC < 0.99 .015 .012 .012 .012 .012 .0083

B. Logit
(1) (2) (3) (4)

FV/AC ∈ [.99-1.01] 3.650∗∗∗ 3.843∗∗∗ 3.269∗∗∗ 3.329∗∗∗

[2.3,5.9] [2.4,6.2] [2.0,5.4] [2.2,5.1]

FV/AC > 1.01 8.425∗∗∗ 9.735∗∗∗ 7.370∗∗∗ 8.340∗∗∗

[4.9,14.5] [5.4,17.5] [4.0,13.4] [4.9,14.1]
Obs. 467,728 467,728 467,025 467,025
Fixed effects No Time Bank, Time Bank, Time
Controls No No No Yes
Weights Yes Yes Yes Yes
P(sale) for FV/AC < 0.99 .012 .012 .012 .012

Notes: The table shows estimates of security-level regressions with dependent variable taking the value of
one if a security is sold in the next quarter, and zero otherwise. Panel A uses OLS, panel B uses logit models.
FV: fair value. AC: amortized cost. The independent variables are dummies for different bins of FV/AC;
the omitted category is underwater securities (FV/AC < 0.99). Controls include: security type, floating rate
indicator, and remaining maturity (all from IDC/MSCI). In panel A, the coefficients can be interpreted as
additive in terms of probabilities; in panel B, the coefficients are reported as odds ratios (i.e., multiplicative
effects on odds). The sample period includes potential transactions from 2022:Q1 to 2023:Q4. Standard
errors are clustered at the bank-quarter and CUSIP levels and are reported in parentheses in panel A; in
panel B, the numbers in square brackets show the 95% confidence interval for the odds ratio. ***, **, and *
indicate statistical significance at the 1%, 5% and 10% levels, respectively. Source: FR Y-14Q, Schedule B;
IDC; Call Reports.
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Table 7: Strategic trading: 2022-23 vs. earlier years

(1) (2) (3) (4)
FV/AC ∈ [.99-1.01] 2.936∗∗∗ 2.787∗∗∗ 2.871∗∗∗ 3.009∗∗∗

[2.3,3.7] [2.2,3.5] [2.3,3.6] [2.4,3.7]

FV/AC > 1.01 1.837∗∗∗ 1.715∗∗∗ 1.641∗∗∗ 1.684∗∗∗

[1.4,2.4] [1.3,2.2] [1.3,2.1] [1.3,2.2]

FV/AC ∈ [.99-1.01] × Post-2022 1.243 1.379 1.342 1.334
[0.7,2.1] [0.8,2.3] [0.8,2.3] [0.8,2.2]

FV/AC > 1.01 × Post-2022 4.587∗∗∗ 5.677∗∗∗ 5.184∗∗∗ 6.013∗∗∗

[2.5,8.4] [3.0,10.7] [2.6,10.2] [3.1,11.5]
Obs. 2,630,483 2,630,483 2,630,483 2,630,483
Fixed effects No Time Bank, Time Bank, Time
Controls No No No Yes
Weights Yes Yes Yes Yes
P(sale) for FV/AC < 0.99 .014 .014 .014 .014

Notes: The table shows estimates of security-level logit regressions with dependent variable taking the
value of one if a security is sold in the next quarter, and zero otherwise. FV: fair value. AC: amortized cost.
The independent variables are dummies for different bins of FV/AC; the omitted category is underwater
securities (FV/AC < 0.99). Post-2022 is an indicator variable equal to one for the period 2022:Q1-2023:Q4
and zero for the period 2015:Q1-2021:Q4. Controls include: security type, floating rate indicator, and re-
maining maturity (all from IDC/MSCI). The coefficients are reported as odds ratios (i.e., multiplicative
effects on odds). The sample period includes potential transactions from 2015:Q1 to 2023:Q4. Standard
errors are clustered at the bank-quarter and CUSIP levels; the numbers in square brackets show the 95%
confidence interval for the odds ratio. ***, **, and * indicate statistical significance at the 1%, 5% and 10%
levels, respectively. Source: FR Y-14Q, Schedule B; IDC; Call Reports.
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Table 8: Drivers of strategic trading in 2022-23

A. AOCI filter
(1) (2) (3) (4) (5)

FV/AC > 0.99 4.669∗∗∗ 2.911∗∗∗ 4.294∗∗∗ 3.168∗∗∗ 2.565∗

[3.0,7.3] [1.7,5.0] [2.9,6.4] [1.9,5.2] [0.9,7.1]

AOCI not in capital 0.263∗∗∗ 2.963 0.117
[0.1,0.6] [0.2,36.3] [0.0,4.5]

FV/AC > 0.99 × AOCI not in capital 2.414∗ 2.366∗∗ 2.617∗

[1.0,6.1] [1.1,5.2] [1.0,7.1]

Log(Assets) 0.028∗

[0.0,1.1]

FV/AC > 0.99 × Log(Assets) 1.102
[0.7,1.8]

Obs. 467,728 467,728 467,025 467,025 467,025
Fixed effects No No Bank, Time Bank, Time Bank, Time
Controls No No Yes Yes Yes
Weights Yes Yes Yes Yes Yes
P(sale) for FV/AC < 0.99 .012 .012 .012 .012 .012

B. Other sources of heterogeneity
(1) (2) (3) (4) (5) (6)

FV/AC > 0.99 2.129∗∗ 1.727∗∗ 4.293∗∗∗ 1.764∗∗ 3.672∗∗∗ 2.079∗

[1.1,4.1] [1.0,2.9] [1.9,9.8] [1.1,2.9] [2.0,6.7] [0.9,4.6]

FV/AC > 0.99 2.824∗∗∗ 3.765∗∗∗ 2.406∗∗ 1.562 2.295∗∗ 3.202∗∗

× AOCI not in capital [1.4,5.8] [1.8,8.0] [1.1,5.3] [0.6,4.1] [1.0,5.2] [1.3,8.2]

FV/AC > 0.99 1.610 1.200
× CET1 Buffer < Median [0.8,3.4] [0.5,2.8]

FV/AC > 0.99 3.973∗∗∗ 3.182∗∗∗

× PB Ratio < Median [1.7,9.1] [1.5,6.8]

FV/AC > 0.99 0.646 0.529
× YoY Stock Ret < Median [0.3,1.6] [0.2,1.4]

FV/AC > 0.99 3.588∗∗∗ 1.975
× Reserves/Securities < Median [1.4,9.3] [0.7,5.5]

FV/AC > 0.99 0.750 0.798
× Uninsured Deposits/Deposits > Median [0.3,1.7] [0.4,1.8]

Obs. 467,025 467,025 467,025 467,025 467,025 467,025
Fixed effects Bank, Time Bank, Time Bank, Time Bank, Time Bank, Time Bank, Time
Controls Yes Yes Yes Yes Yes Yes
Weights Yes Yes Yes Yes Yes Yes
P(sale) for FV/AC < 0.99 .012 .012 .012 .012 .012 .012

Notes: The table shows estimates of security-level logit regressions with a dependent variable taking the value of one
if a security is sold in the next quarter, and zero otherwise. FV: fair value. AC: amortized cost. The omitted category
is underwater securities (FV/AC < 0.99). Controls include: security type, floating rate indicator, and remaining
maturity (all from IDC/MSCI). The coefficients are reported as odds ratios (i.e., multiplicative effects on odds). The
sample period includes potential transactions from 2022:Q1 to 2023:Q4. In Panel A, AOCI not in capital equals one if a
bank filters its AOCI from the regulatory capital and zero otherwise. In Panel B, CET1 Buffer is the difference between
the available CET1 capital and the bank required CET1 capital in a given quarter. Standard errors are clustered at the
bank-quarter and CUSIP levels; the numbers in square brackets show the 95% confidence interval for the odds ratio.
***, **, and * indicate statistical significance at the 1%, 5% and 10% levels, respectively. Source: FR Y-14Q, Schedule B;
IDC; Call Reports.



Table 9: Interest rate hedging

A. Security-level

Dependent variable: fraction of position hedged
2022-2023 2015-2021

(1) (2) (3) (4) (5) (6)
Agency MBS -0.375∗∗∗ -0.419∗∗∗ -0.294∗∗∗ -0.238∗∗∗ -0.230∗∗∗ -0.211∗∗∗

(0.038) (0.038) (0.031) (0.024) (0.023) (0.018)

Municipal Bonds -0.333∗∗∗ -0.416∗∗∗ -0.385∗∗∗ -0.013 -0.025 -0.051
(0.045) (0.049) (0.039) (0.042) (0.048) (0.047)

Corporate/CLO -0.450∗∗∗ -0.437∗∗∗ -0.290∗∗∗ -0.189∗∗∗ -0.071∗∗∗ -0.050∗∗∗

(0.038) (0.037) (0.027) (0.026) (0.027) (0.019)

Sovereign Bonds -0.231∗∗∗ -0.168∗∗∗ -0.193∗∗∗ 0.065∗ 0.102∗∗∗ -0.020
(0.043) (0.041) (0.027) (0.036) (0.037) (0.019)

Other -0.361∗∗∗ -0.319∗∗∗ -0.225∗∗∗ -0.108∗∗∗ -0.055∗∗ -0.112∗∗∗

(0.044) (0.044) (0.033) (0.029) (0.028) (0.020)

Duration [years] 0.034∗∗∗ 0.036∗∗∗ 0.025∗∗∗ 0.026∗∗∗

(0.003) (0.004) (0.002) (0.002)
Obs. 472,037 443,645 443,645 2,238,015 2,064,580 2,064,580
Fixed effects No No Bank x Time No No Bank x Time
DV average .22 .23 .23 .12 .13 .13

B. Bank-level

Dependent variable: duration removed by hedging (years)
(1) (2) (3) (4)

Duration [years] 0.036∗∗ 0.037∗∗ 0.010 0.011
(0.016) (0.017) (0.020) (0.022)

HTM [share of portfolio] -0.142∗∗∗ -0.145∗∗ -0.227∗∗∗ -0.231∗∗∗

(0.054) (0.056) (0.053) (0.055)

US Treasury [share of portfolio] 0.082 0.084 0.033 0.032
(0.063) (0.064) (0.056) (0.056)

AOCI not in capital [0/1] -0.073∗∗∗ -0.074∗∗∗

(0.028) (0.028)

Log(Assets) 0.055∗∗∗ 0.055∗∗∗

(0.011) (0.012)
Obs. 263 263 263 263
Fixed effects No Time No Time
DV average .13 .13 .13 .13

Notes: Panel A shows estimates of OLS regressions with a dependent variable the percent of the security amounts
hedged from interest rate risk. Omitted security type category in Panel A is US Treasuries. Sample includes available-
for-sale (AFS) securities only. Observations are weighted by amortized costs, and standard errors are clustered
by bank-quarter. The dependent variable in Panel B is the difference between gross and net duration measured
in years. The sample period in Panel B is from 2022 to 2023, and standard errors (reported in parentheses) are
heteroskedasticity-robust. ***, **, and * indicate statistical significance at the 1%, 5% and 10% levels, respectively.
Source: FR Y-14Q, Schedule B; IDC; Call Reports.
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Table 10: Held-to-maturity classification

2022-2023 2015-2021
(1) (2) (3) (4) (5) (6)

Agency MBS 0.318∗∗∗ 0.254∗∗∗ 0.352∗∗∗ 0.167∗∗∗ 0.173∗∗∗ 0.225∗∗∗

(0.047) (0.048) (0.049) (0.024) (0.025) (0.027)

Municipal Bonds 0.217∗∗∗ 0.142∗∗∗ 0.126∗∗ 0.069∗∗∗ 0.093∗∗∗ 0.122∗∗∗

(0.041) (0.051) (0.056) (0.021) (0.024) (0.028)

Corporate/CLO 0.346∗∗∗ -0.197∗∗∗ -0.020 0.067∗∗ -0.084∗∗∗ -0.003
(0.036) (0.034) (0.050) (0.033) (0.022) (0.028)

Sovereign Bonds -0.206∗∗∗ -0.141∗∗∗ 0.014 -0.132∗∗∗ -0.122∗∗∗ -0.101∗∗∗

(0.029) (0.036) (0.046) (0.014) (0.014) (0.023)

Other -0.026 -0.019 0.208∗∗∗ 0.009 0.013 0.063∗∗∗

(0.028) (0.032) (0.030) (0.019) (0.021) (0.023)

Duration [years] 0.036∗∗∗ 0.036∗∗∗ 0.010∗∗∗ 0.010∗∗∗

(0.004) (0.004) (0.002) (0.001)
Obs. 800,348 758,410 758,410 2,778,844 2,564,030 2,564,030
Fixed effects No No Bank x Time No No Bank x Time
DV average .46 .45 .45 .25 .26 .26

Notes: The table shows security×quarter regressions with a dependent variable that takes one if a security
is designated held-to-maturity (HTM), and zero if it is available-for-sale (AFS). The omitted security type
category is US Treasuries. Observations are weighted by amortized costs, and standard errors (reported in
parentheses) are clustered at the bank-quarter level. ***, **, and * indicate statistical significance at the 1%,
5% and 10% levels, respectively. Source: FR Y-14Q, Schedule B; IDC; Call Reports.
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Figure 1: Total security portfolio
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Notes: Total outstanding amounts (amortized cost) of investment securities for banks that report to FR Y-
14Q, Schedule B. Based on a balanced panel of banks since 2015:Q1. “Other” includes CMBS, ABS (student
loan, auto, credit card), non-agency RMBS (domestic and foreign), covered bonds, CDOs, preferred stock,
mutual funds, and uncategorized securities. Source: FR Y-14Q, Schedule B.
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Figure 3: Duration of bank securities portfolios

A. Total portfolio
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C. Gross vs. net duration
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Notes: Panel A shows the weighted average duration in years for all securities (pooled across the AFS and
HTM portfolios of all banks in our sample). The weight is the market value of the security. The dashed
line indicates the post-2022 period. Panel B splits the sample into callable and non-callable bonds. Panel
C shows gross and net duration; the latter reduces the duration proportionally to the percent of hedged
security holding. The dashed line indicates 2022:Q1. Source: FR Y-14Q, Schedule B; IDC.



Figure 4: Purchases and sales of securities

A. Purchases and sales (scaled by previous quarter’s portfolio size)
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Notes: In Panel A, purchases are defined by the purchase date; securities that disappear from a bank’s
balance sheet in a given quarter are considered sales together with several other conditions outlined in
Section 2.1.2. The dashed line in Panel B indicates 2022:Q1. Source: FR Y-14Q, Schedule B; IDC.
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Figure 5: Share of securities classified as HTM
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Notes: HTM stands for held-to-maturity securities. AOCI is accumulated other comprehensive income.
The dashed line indicates 2022:Q1. Sources: FR Y-14Q, Schedule B; Call Reports.

Figure 6: Duration by security classification: AFS vs. HTM
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Notes: Duration is in years provided by IDC. HTM stands for held-to-maturity securities; AFS stands for
available-for-sale. The dashed line indicates 2022:Q1. Sources: FR Y-14Q, Schedule B; IDC.
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Figure 7: Distribution of duration across banks, 2020-2023

A. Gross duration
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B. Net duration
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Notes: Dollar-weighted gross (Panel A) and net duration (Panel B) are first calculated for each bank; next,
banks are then equal-weighted to calculate the 20th, 50th and 80th percentile of duration within each quar-
ter. Sources: FR Y-14Q, Schedule B; IDC.
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Figure 8: Exposure of banks’ economic value of equity to interest rate increases

−40

−20

0

20

40

P
ro

je
c
te

d
 I

m
p

a
c
t 

o
f 

+
3

0
0

b
p

 R
a

te
 C

h
a

n
g

e
 o

n
 E

V
E

, 
in

 %

Lowest 25th Pctile Median 75th Pctile Highest

 

2020

2021

2022

2023

Notes: The graph shows the evolution of the projected impact of a 300 bp parallel upward shift in the yield
curve on banks’ economic value of equity (EVE). For each year from 2020 to 2023, five points of the impact
distribution are shown (as those are the points reported in the source data). Example of how to read the
graph: in 2020, the most negatively affected bank was projected to see a 22% reduction in its EVE if interest
rates were to increase by 300 bp; in 2023, the corresponding value was a 41% reduction. We report data for
the largest disclosed bank category: mid-sized banks with assets above $10bn. Data source: OCC Interest
Rate Risk Statistics Report, Spring 2021, 2022, 2023, 2024.
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Figure 9: Sales propensities in the cross section of securities in 2022-23

A. Raw data
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B. With bank × quarter fixed effects
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C. With bank × quarter fixed effects and security controls
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Notes: The figure includes only AFS portfolios. Sale indicator equals one if a security is sold over the
course of the next quarter. Each observation is weighted by its reported amortized cost. Sources: FR Y-14Q,
Schedule B; IDC.
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Appendix: Additional figures and tables

Table A.1: Summary statistics: 2015-2023

A. Composition
Asset Class Nr Observations (000s) Dollar Share (%) Observation Share (%)
Agency MBS 2449.5 58.29 68.39
US Treasuries 92.8 26.49 2.63
Municipal Bonds 654.0 4.73 18.26
CLO 40.3 3.20 1.12
CMBS 51.4 1.46 1.43
Sovereign Bonds 17.6 1.08 0.51
Student Loan ABS 25.2 1.06 0.71
Corporate Bonds 110.8 1.05 3.10
Domestic Non-Agency RMBS 81.2 0.83 2.27
Credit Card ABS 4.9 0.53 0.14
Auto ABS 13.0 0.44 0.36
Other ABS 8.5 0.29 0.24
Covered Bonds 2.3 0.21 0.06
Other 10.1 0.14 0.29
Mutual Funds 4.8 0.07 0.14
Foreign RMBS 1.1 0.05 0.03
Preferred Stock (Equity) 0.7 0.03 0.02
CDO 2.0 0.02 0.06
Common Stock (Equity) 9.1 0.01 0.26
Total 3580 100 100

B. Summary statistics by security
Agency MBS US Treasuries Municipal

Bonds
CLO/Corporate Sovereign

Bonds
Other Total

Share of Portfolio (%) 58.3 26.5 4.7 4.3 1.1 5.1 100.0

Effective Duration (years) 4.27 3.94 6.74 2.38 2.45 2.51 4.15
(2.03) (3.31) (4.47) (2.70) (1.91) (2.57) (2.69)

Remaining Maturity (years) 23.99 4.47 17.15 8.75 3.18 20.36 17.54
(7.66) (4.22) (8.25) (4.12) (1.97) (13.59) (11.31)

Fair Value / Amortized Cost 0.97 0.98 1.00 0.99 0.99 1.00 0.98
(0.07) (0.05) (0.08) (0.03) (0.03) (0.07) (0.07)

Coupon (%, annual) 2.83 1.45 3.86 2.78 1.71 2.74 2.48
(0.94) (0.89) (1.46) (2.15) (1.51) (1.60) (1.25)

AFS (%) 55.86 69.54 73.07 65.37 96.84 81.43 62.47

Hedged (%) 2.19 23.00 17.21 4.24 28.65 11.71 9.26

Callable (%) 100.00 1.78 62.74 9.93 0.34 0.53 62.31

Fixed Rate (%) 91.37 99.17 90.84 26.56 84.83 42.85 89.39

Quarterly Sale (%) 1.48 2.21 2.70 3.93 1.75 2.79 1.88

Notes: The sample period is 2015:Q1 to 2023:Q4. In panel B, all values are weighted by amortized cost, and
standard deviations for continuous variables are reported in parentheses. The “Other” column includes
CMBS, ABS (student loan, auto, credit card, and other), non-agency RMBS (domestic and foreign), covered
bonds, CDOs, preferred stock, mutual funds, and uncategorized securities. Source: FR Y-14Q, Schedule B;
IDC.
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Table A.2: Strategic trading in 2022-23 (robustness checks)

(1) (2) (3) (4)
FV/AC ∈ [.99-1.01] 3.127∗∗∗ 2.977∗∗ 2.912∗∗∗ 3.198∗∗∗

[1.4,6.9] [1.3,6.9] [1.6,5.4] [1.9,5.3]

FV/AC > 1.01 15.642∗∗∗ 17.089∗∗∗ 8.740∗∗∗ 9.590∗∗∗

[6.5,37.5] [6.6,44.1] [4.6,16.6] [5.6,16.6]
Obs. 15,919 15,919 251,652 251,277
Fixed effects No Time No Bank, Time
Controls No Yes No Yes
Weights Yes Yes Yes Yes
P(sale) for FV/AC < 0.99 .0087 .0087 .012 .012
Sample Treasuries Treasuries 2022:Q1-2022:Q4 2022:Q1-2022:Q4

Notes: The table shows estimates of security-level regressions with dependent variable taking the value of
one if a security is sold in the next quarter, and zero otherwise. FV: fair value. AC: amortized cost. The
independent variables are dummies for different bins of FV/AC; the omitted category is underwater secu-
rities (FV/AC < 0.99). Controls include: security type, floating rate indicator, and remaining maturity (all
from IDC/MSCI). The coefficients are reported as odds ratios (i.e., multiplicative effects on odds). Columns
(1) and (2) restrict the sample to only US Treasuries/Agencies. Columns (3) and (4) include potential trans-
actions from only 2022:Q1 to 2022:Q4. Standard errors are clustered at the bank-quarter and CUSIP levels;
the numbers in square brackets show the 95% confidence interval for the odds ratio. ***, **, and * indicate
statistical significance at the 1%, 5% and 10% levels, respectively. Source: FR Y-14Q, Schedule B; IDC; Call
Reports.
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Table A.3: Interest-rate hedging by security type: 2022-23

A. AFS portfolio

Security type % Probability of Hedge % Hedged % Last-of-layer % Select CF hedge % Other FV hedge

Agency MBS 17.4 8.6 4.4 0.9 3.3
US Treasuries 53.7 49.3 0.1 9.0 40.2
Municipal Bonds 19.1 12.6 1.0 4.6 6.9
Corporate/CLO 1.9 1.8 0.0 0.4 1.4
Sovereign Bonds 24.1 23.1 0.0 1.1 22.0
Other 7.9 7.6 0.1 1.4 6.1
Total 30.6 24.5 2.2 4.2 18.2

B. Total portfolio (AFS + HTM)

Security type % Probability of Hedge % Hedged % Last-of-layer % Select CF hedge % Other FV hedge

Agency MBS 7.9 3.4 1.7 0.4 1.3
US Treasuries 40.6 27.6 0.1 5.0 22.5
Municipal Bonds 10.0 6.5 0.5 2.4 3.6
Corporate/CLO 1.7 1.6 0.0 0.4 1.2
Sovereign Bonds 22.8 21.7 0.0 1.0 20.7
Other 4.0 3.8 0.1 0.7 3.1
Total 18.3 11.4 1.0 1.9 8.5

Notes: Summary statistics on the weighted fraction of securities that are hedged against interest rate risk,
accounting for both partial and complete hedges. Constructed from FR Y14-Q, Schedule B. Note that banks
are not permitted to elect hedge accounting for bonds classified as HTM; as a result, the hedging percentage
is zero and therefore not separately reported.
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Figure A.1: Validation of duration measure (IDC vs. MSCI)
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Notes: The graph shows weighted average duration. Each security is weighted by its reported market
value. The dashed line indicates 2022:Q1. Source: FR Y-14Q, Schedule B; IDC; MSCI.

61



Figure A.2: Duration of banks securities portfolios: 2012-2023

A. Duration (years)
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Notes: Panel A shows weighted average duration. Panel B shows weighted average remaining maturity.
Each security is weighted by its reported market value. The dashed line indicates 2022:Q1. Source: FR
Y-14Q, Schedule B; IDC; MSCI.
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Figure A.3: Validation of sales (Y-9C vs. Y-14Q)
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Notes: This is a binscatter using bank-quarter level data from 2015-2023. Source: FR Y-14Q, Schedule B;
Call Reports.
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Figure A.4: The rising rate environment of 2022-2023 – additional evidence

A. Unrealized gains/losses on securities – Y-14 filers
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B. Deposit growth – Y-14 filers
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C. Deposit growth – uninsured deposits only (all banks)
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Figure A.5: Maturity of US Treasury purchases
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Notes: Weighted-average original maturity of US Treasury purchases, weighted by amortized cost. Source:
FR Y-14Q, Schedule B; IDC; MSCI.
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Figure A.6: Fraction of securities portfolio hedged against interest rate risk

A. AFS portfolio
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B. Total portfolio (AFS + HTM)
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Notes: The graph shows the weighted fraction of securities that are hedged against interest rate risk, ac-
counting for both partial and complete hedges. Split by hedge accounting designation. Source: FR Y14-Q,
Schedule B.
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Figure A.7: Distribution of purchases and sales across banks

A. Purchases
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B. Sales
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Notes: Purchases (Panel A) and sales (Panel B) are first calculated for each bank, and expressed as a fraction
of the previous periods portfolio; next, banks are then equal-weighted to calculate the 20th, 50th and 80th
percentile of trading within each quarter. Sources: FR Y-14Q, Schedule B; IDC.
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Figure A.8: Deposit growth vs. securities portfolio growth: 2022-23

Notes: Binned scatter plot of the quarterly log change in investment securities (measured at amortized cost)
against the quarterly log change in deposits. Line of best fit is based on polynomial regressions of order
3 estimated separately for positive and negative values of deposit growth, using the Stata package binsreg.
Estimated using Call Reports data. Sample period is 2022:Q1 to 2023:Q4.
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Figure A.9: The evolution of MBS and Treasury portfolios over 2019-2023

A. Agency MBS – Y-14 B. US Treasuries – Y-14
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C. Agency MBS – Call Reports D. US Treasuries – Call Reports
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Notes: Figure shows the evolution of banks’ total holdings of agency MBS (Panels A and C) and US Trea-
suries (Panels B and D) based on different measures of holdings. In the Y-14 data, we observe face value,
amortized cost, and market (or fair) value; in the Call Reports, face value is not reported. In all panels,
a balanced panel of banks since 2019:Q4 is used, and all series are indexed to equal 100 in 2019:Q4. The
dashed line indicates 2022:Q1. Source: FR Y-14Q, Schedule B; Call Reports.
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Figure A.10: Silicon Valley Bank did not sell securities even as interest rate risk increased
and deposits flowed out

Source: Call Reports.
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Figure A.11: Sales propensities in the cross section of unhedged vs. hedged securities in
2022-23

A. With bank × quarter fixed effects and security controls
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B. With bank × quarter fixed effects and security controls (also control for duration)
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Notes: Sale indicator = 1 if a security is sold over the course of the next quarter. Includes only AFS portfo-
lios; each CUSIP observation is weighted by its reported amortized cost.
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Figure A.12: Sales propensities in the cross section of securities in 2015-21

A. Raw data
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B. With bank × quarter fixed effects
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C. With bank × quarter fixed effects and security controls
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Notes: Sale indicator = 1 if a security is sold over the course of the next quarter. Includes only AFS portfo-
lios; each CUSIP observation is weighted by its reported amortized cost.
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