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ABSTRACT

We model the impact of interest rates on the liquidity risk of banks. Banks hedge the interest rate
risk of their assets with their deposit franchise: when rates rise the value of their assets falls, but
the value of their deposit franchise rises. Yet the deposit franchise is only valuable if deposits
remain in the bank. This makes the deposit franchise runnable if deposits are uninsured. We show
there is no run equilibrium at low interest rates, but a run equilibrium emerges as rates rise. This
is because the value of the deposit franchise rises with rates, making a run more destructive, and
hence more likely. To prevent a run, the bank needs to keep the value of its uninsured deposit
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their value falls less if rates rise. However, this undoes the bank’s interest rate hedge, which can
make it insolvent if rates fall. The uninsured deposit franchise therefore poses a risk management
dilemma: the bank cannot simultaneously hedge its interest rate and liquidity risk exposures. We
show banks can address the dilemma by buying claims with option-like payoffs to interest rates,
or by raising additional capital as interest rates rise. These strategies minimize the additional
capital needed to prevent a run if rates rise and avoid insolvency if rates fall.
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1 Introduction

Why did the recent rise in interest rates destabilize a number of banks like Silicon
Valley Bank (SVB)? One concern is that these banks were insolvent due to losses
on long-term loans and securities. Yet, alongside these losses banks were making
record profits on deposits by paying far below market rates. This is not by chance:
prior work shows that banks invest in long-term assets to hedge the interest rate
exposure of their deposit franchise (Drechsler et al., 2021). This explains why bank
stocks held up well and tracked the market index as interest rates increased prior
to SVB's failure, as Figure 1 shows. But if banks are hedged to interest rates, why
did they become unstable?

We provide a model of the impact of interest rates on the liquidity risk of banks.
We model a bank that issues deposits and invests in loans and securities. The
bank has market power over deposits, which allows it to pay a deposit rate that
rises less than one-for-one with the market interest rate. The amount by which it
does so, the bank’s “deposit beta,” is thus less than one. The bank thus earns a
deposit spread that rises in proportion with the interest rate. This is the source of
its deposit franchise. The deposit franchise does not come for free: the bank pays
an operating cost to maintain it. The deposit franchise is effectively an interest rate
swap in which the bank pays fixed (the operating cost) and receives floating (the
deposit spread). This swap has negative duration. The bank hedges it by investing
in assets with positive duration; by holding long-term loans and securities.

For the deposit hedge to work, deposits must stay in the bank. If they leave,
the deposit franchise is destroyed. This creates run incentives if deposits are unin-
sured. The run incentives intensify when the value of the deposit franchise rises
relative to the value of the bank’s assets. This happens when interest rates are
high, because that is when deposit profits are large relative to the income from the
bank’s assets. Thus, the risk of a run increases with interest rates even though the
bank is hedged to interest rates absent a run. The 2023 regional bank crisis can be
understood as stemming from the impact of interest rates on the risk of a run on
the deposit franchise by uninsured depositors.

We use the model to study bank risk management and capital regulation. We
build on Drechsler et al. (2021) by introducing liquidity risk in the form of deposit
outflows. They can be due to two reasons. The first is the direct impact of interest
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Figure 1: KBE Bank Stock Index (red, left scale), S&P500 (blue dashed, left scale)
and Fed funds rate (black, right scale). Vertical line shows the failure of Silicon
Valley Bank.

rates: as interest rates rise, banks widen their deposit spreads, which leads some
depositors to shift toward higher-paying alternatives like money market funds.
This is the “deposits channel” of monetary policy of Drechsler et al. (2017). De-
posits channel outflows are relatively mild because the bank effectively chooses to
have them by setting a profit-maximizing deposit spread. Nevertheless, we show
that they shorten the negative duration of the deposit franchise relative to the no-
outflows case. This leads the bank to choose a shorter asset duration. We provide
a formula for how much; it shows that the bank should act as if its deposit beta
is slightly higher than it actually is. Using estimates of the strength of deposits
channel outflows from Drechsler et al. (2017), we find that an average bank with a
beta of 0.3 should use an effective beta of 0.35. This is a small, but non-negligible,
adjustment. The adjustment is larger for banks with more market power because
their deposits channel outflows are bigger.

The second reason for outflows is a run by uninsured depositors. Uninsured
depositors have an incentive to run if their deposits exceed the value of the bank’s
assets in case they run. In standard models (Diamond and Dybvig, 1983), deposits
can exceed asset values due to fire sales of the bank’s loans, which are illiquid.

There are no such fire sales in our model; the bank’s loans and securities are fully



liquid. Runs are instead due to the nature of the deposit franchise, which is intan-
gible. When a deposit is withdrawn, the bank loses the stream of deposit spreads it
would have earned on that deposit. Hence, the deposit franchise is maximally ex-
posed to Diamond-Dybvig runs because its recovery rate is zero. Moreover, since
its value is increasing in interest rates, a run is more destructive — and hence more
likely — at high interest rates.

Our model thus implies that a bank’s liquidity risk is increasing in interest rates.
When interest rates are low, the value of the deposit franchise is small relative to
the value of the bank’s assets. There is no incentive to run because it would have
little effect on the bank. But when interest rates rise and the deposit franchise
comes to dominate the value of the bank, a run equilibrium emerges. This is true
even if the bank is fully hedged to interest rates outside of a run.

We stress that only uninsured depositors have an incentive to run, and hence
the run risk only applies to the portion of the deposit franchise that comes from
uninsured deposits. The larger is this portion, the more likely is a run.

Uninsured depositors do not need to understand the notion of franchise value
to run. Once a run equilibrium exists, a run can be triggered by low earnings, a fall
in the stock price, or even a rumor on social media. The key insight is that a run
equilibrium only emerges at high interest rates. Once it does, even a small change
in fundamentals or sentiment can trigger a run.!

To offset the impact of interest rates on liquidity risk, the bank can shorten its
asset duration further. This limits the fall in the value of its assets when interest
rates rise, and hence prevents the deposit franchise from becoming too large rel-
ative to the bank’s assets. To prevent a run using this approach, the bank again
needs to act as if its deposit beta is higher than measured. However, this time the
adjustment is much larger: the bank’s adjustment rises one-for-one with its share
of uninsured deposits. Intuitively, the bank treats its uninsured deposits as if their
beta is one, regardless of their actual beta.

Shortening duration to hedge liquidity risk has a downside: it undoes the
bank’s interest-rate hedge. If interest rates fall instead of rising, the shorter-duration
assets fail to appreciate enough to offset the decline in the value of the deposit fran-

!In the case of SVB the run appears to have been triggered by a large quarterly loss, which was
the result of a reduction in deposits from the high-tech industry, SVB’s main customer base. The
initial reduction in high-tech deposits was due to a down cycle in the high-tech industry that was
independent of SVB.



chise. In cash flow terms, deposit spreads and interest income shrink such that the
bank may not be able to cover its operating costs. If the drop in rates is large
enough, the bank becomes insolvent. The bank turns into a “zombie bank”; it may
continue to operate but its equity-holders are underwater and hence face distorted
incentives. While the literature stresses regulatory forbearance, in our framework
zombie banks arise due to unhedged exposure to a decline in interest rates.

At the heart of our model is a risk management dilemma: the bank can hedge
itself to interest rates or liquidity risk, but not both. If it hedges to interest rates,
it becomes exposed to a run if interest rates rise. If it hedges to liquidity risk, it
becomes exposed to insolvency if rates fall. The dilemma disappears only if unin-
sured deposits do not contribute to the bank’s deposit franchise. This happens if
they do not earn a deposit spread (their deposit beta is one), i.e., they are effec-
tively wholesale funding. In this case the bank’s interest rate risk and liquidity
risk management objectives align. The bank invests such deposits in short-term
assets.

The risk management dilemma thus arises from low-beta uninsured deposits.
This is interesting because it explains why previous interest rate cycles did not
trigger similar instability. In the past, uninsured deposits were primarily large
time deposits and other forms of wholesale funding. These deposits have a beta
close to one and do not require expensive branch networks. As Drechsler et al.
(2023c) show, this changed during the zero lower bound period when uninsured
deposits flowed into low-beta checking and savings accounts.? It is this decoupling
of interest rate and liquidity risk that creates the bank’s risk management dilemma.
Our framework therefore implies that uninsured checking and savings accounts
pose an ongoing risk to the banking system.

How can banks or regulators address this risk? First, we show that banks ben-
efit from investing in assets with a convex payoff with respect to interest rates. For
example, they can embed option features such as interest rate floors in their loans,

or buy interest rate options such as swaptions or puttable bonds.® These convex

%In the case of Silicon Valley Bank (SVB), almost all of its deposits were uninsured corporate
checking and savings accounts. These had a low beta and a high operating cost, which calls for a
long asset duration. However, because they were uninsured, their liquidity risk calls for a short
duration. One interpretation of SVB’s failure is that it ignored the second consideration. It also
likely overdid the first, see U.S. Federal Reserve (2023).

3The buyer of a swaption has the right to enter into an interest rate swap at a fixed rate. The
buyer of a receiver swaption receives the fixed rate and pays floating. The buyer of a payer swap-
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payoffs ensure that the bank’s interest income rises enough to deter a run if inter-
est rates rise, while remaining sufficiently high to keep the bank solvent if inter-
est rates fall. Of course, options require capital up-front to pay for the premium.
Banks may resist raising this capital if they face equity issuance costs. In this case,
regulators may need to require them to do so as part of liquidity regulation.

An alternative approach to addressing the bank’s risk management dilemma
is to directly adjust equity capital as interest rates change. A large enough capital
buffer deters a run and allows the bank to set its duration to hedge its interest
rate risk. We solve for the optimal capital buffer and find it is “rate-cyclical”, i.e.
it increases with interest rates. This is because the bank’s liquidity risk increases
with interest rates. This result provides a new rationale for time-varying capital
buffers. Different from the literature, it is one based purely on interest rates, not
the state of the economy.

We show that the bank needs more options or rate-cyclical capital if it faces
other unhedged risk exposures, for example to credit shocks. The reason is that
these shocks are more likely to trigger a run at high interest rates, when the bank’s
liquidity risk is already high. Our model implies that credit losses are themselves
more damaging at high interest rates.

The banks’ risk management dilemma can also be addressed by a lender of last
resort. The central bank must be willing to lend against the banks” uninsured de-
posit franchise. Doing so deters a run but raises concerns about bank moral hazard.
An example is the Bank Term Funding Program introduced in March 2023. Under
this program, the Federal Reserve lent against banks” mortgage backed securities
up to their par value. Since the market value of these securities was below their
par value, this can be interpreted as effectively lending against the banks” deposit
franchise.

What are the implications for the central bank’s interest rate policy? If banks
are hedging interest rates, an increase in interest rates can create financial instabil-
ity. On the other hand, if they are hedging liquidity risk, an interest rate cut can
make them insolvent. This reinforces the case for options-based or capital regula-
tion because it allows banks to hedge interest rates without opening the door to

tion pays fixed and receives floating. To implement risk management using swaptions, the bank
should buy long-term assets and payer swaptions, or equivalently, short-term assets and receiver
swaptions.



runs. Otherwise, the banks’ risk management dilemma creates a financial stability

dilemma for the central bank in setting interest rates.

2 Related Literature

Our paper belongs to the literature on banks’ liquidity risk and interest rate risk
management (e.g., Freixas and Rochet 2008, English et al. 2018, Nagel and Pur-
nanandam 2020, Gomez et al. (2021), Di Tella and Kurlat 2021). Closest is Drechsler
et al. (2021), which shows that when banks have deposit market power, deposits
are effectively a long-term liability that should be hedged with long-term assets.
Drechsler et al. (2021) focuses on a simplified setting without deposit outflows.
Our paper starts from the observation that there are two kinds of outflows that af-
fect the value of the deposit franchise. First, interest rate increases induce outflows
when banks do not adjust deposit rates one-for-one; this is the “deposits chan-
nel” of monetary policy (Drechsler et al., 2017). The outflows flow into higher-rate
substitutes such as money market funds (Xiao, 2020).* While these outflows are
important to consider and call for a shorter asset duration, they are “smooth” and
hence manageable compared to the second kind of outflows: runs on uninsured
deposits. As Hanson et al. (2015) argue, these types of outflows have a larger im-
pact on the ability of financial institutions to invest in long-term assets.

Our analysis of runs on the deposit franchise builds on Diamond and Dybvig
(1983) and the subsequent theoretical literature, reviewed extensively in Gorton
and Winton (2003) and Allen and Gale (2009). In line with recent theoretical work
on optimal liquidity regulation (Diamond and Kashyap 2016, Dewatripont and Ti-
role 2018), we add a hedging perspective by studying what assets the bank should
hold to prevent runs, and how liquidity risk management is in tension with inter-
est rate risk management.5

The key new point in our paper is that an uninsured deposit franchise is a

large but runnable part of a bank’s value. This creates important differences with

4Other recent models of deposit outflows include Bolton et al. (2020) and Jermann and Xiang
(2023).

5Other recent work includes empirical analyses of bank runs (e.g. Iyer and Puri 2012, Iyer et al.
2016) and liquidity risk more broadly (Bai et al., 2018), structural estimation of run incentives (Egan
et al., 2017), and embedding runs in macroeconomic models (Gertler and Kiyotaki 2015, Amador
and Bianchi 2021).



the standard source of runs in the literature: asset illiquidity as in Diamond and
Dybvig (1983). Runs in our model do not rely on such illiquidity, hence they can
happen even if a single bank is affected and if it holds only high quality liquid
assets (as SVB did). Moreover, in our framework run risk endogenously rises with
interest rates. This is important because it affects how banks should set their asset
duration and how their capital ratios should adjust with interest rates. Another
implication is that bank runs are less likely in a low-rate environment.

Our emphasis on the deposit franchise as an important part of banks” busi-
ness model builds on the large literature on the role of banks as providers of liquid
assets, e.g., Gorton and Pennacchi (1990), Kashyap et al. (2002), Stein (2012), DeAn-
gelo and Stulz (2015), Hanson et al. (2015), Dang et al. (2017), Moreira and Savov
(2017), Egan et al. (2021), Donaldson and Piacentino (2022). Motivated by the zero
lower bound period after the 2008 financial crisis, recent work has focused on the
harmful effect of persistently low interest rates on the deposit franchise (e.g., Abadi
et al. 2022, Ulate 2021, Wang 2022, Wang et al. 2022). This channel is why short as-
set durations are problematic in our model.

Our paper is motivated by the 2023 regional bank crisis, which was sparked by
asset losses due to an increase in interest rates as opposed to credit shocks. This
makes it reminiscent of the Savings & Loans (S&L) crisis of the 1980s. S&Ls held
long-duration mortgages, which they hedged with near-zero beta deposits due to
the deposit rate ceilings of Regulation Q. When Reg Q was repealed at the end
of the 1970s, S&Ls’ deposit betas shot up, making them insolvent (FDIC, 1997,
Drechsler et al., 2022).

For the current crisis, Jiang et al. (2023) use detailed bank data and estimate
a total decline in asset values of $2.1 trillion. They study several failure scenar-
ios depending on the extent of mark-to-market losses, banks’ capitalization, and
depositors” withdrawals. Drechsler et al. (2023b) find a similar decline in asset val-
ues using aggregate data. Drechsler et al. (2023a) estimate that the increase in the
value of the deposit franchise roughly offsets the decline in asset values though
they emphasize that this valuation is uncertain given the behavioral assumptions
on depositors.

Finally, our paper also brings interesting connections to the international fi-
nance literature on reserve assets and the Triffin (1961) dilemma (more recently,
Farhi and Maggiori, 2017, and He et al., 2019). Triffin (1961) warned that persis-



tent U.S. current account deficits would ultimately lead to a collapse of the dollar,
while Despres et al. (1966) argued that the U.S. deficits could remain stable as they
were implicitly backed by the present value of risk premia on its external assets
and, closer to us, liquidity premia on its liabilities. In this sense, one can think of
U.S. debt as the world’s uninsured deposit franchise.

3 A Model of the Deposit Franchise with Outflows

We model a bank that seeks to hedge the interest rate risk and liquidity risk of its
deposit franchise. We begin by focusing on interest rate risk by assuming that all
deposits are insured. Since insured depositors have no incentive to run, the bank
does not face liquidity risk.

The deposit franchise is the present value of the profits the bank earns on its de-
posits. These profits come from paying below-market rates on deposits, i.e. from
charging a deposit spread. When interest rates increase, the deposit spread widens
and the value of the deposit franchise rises. It does so by less if the rise in rates trig-
gers deposit outflows. Outflows can happen either because depositors substitute
to other assets like money market funds, or because they are uninsured and be-
come concerned about the bank’s solvency. We start with the first type of outflows
and introduce the second in Section 4.

Timing. Time is discrete, t = 0,1,.... The initial interest rate is . Then at the
end of period t = 0, an interest rate shock is realized: the interest rate becomes 7/,
which can be above or below r, and remains constant forever after.® In Section 4.3
we introduce other shocks such as credit losses.

At the beginning of t = 0, before the interest rate shock is realized, the bank
chooses a portfolio of assets to hedge against the shock, taking into account ex-
pected deposit withdrawals.

Deposit outflows. The bank starts with a depositbase D_; = D. It faces interest-

rate driven deposit outflows at the time of the interest rate shock. Thus, at the end

®In the context of the 2023 regional bank crisis, the shock is an increase in interest rates that
hurts the value of banks’ assets. As we explain below, banks must also hedge against decreases in
rates that hurt the profitability of their deposit franchise.



of t = 0, after the interest rate ' and deposit rate r); (specified below) are realized,

depositors withdraw a fraction w(s);, '), i.e.,
Dy=[1-w(sy7)] D,

where s/, = r’ — 1/, is the deposit spread set by the bank. The outflow rate w is
increasing in the deposit spread s/, and, holding s/, fixed, is decreasing in r’. The
two arguments capture the “deposits channel” of monetary policy (Drechsler et al.,
2017): depositors withdraw if the deposit rate r/; is too low relative to #/, in order
to substitute toward higher-yield assets such as money market funds. The second
argument captures the fact that deposit demand becomes less elastic at higher rates
as the opportunity cost of cash rises. The lower elasticity of deposit demand allows
banks to charge a larger spread s; when rates r’ are high, as we see in practice.

In addition to the interest rate-driven outflows w, in periods t > 1 the bank

experiences exogenous outflows at a rate J:
D; = (1—16)'Dy,

hence deposits have an average maturity 1/4. These outflows capture the natural
decay of a bank’s deposit franchise in the absence of further fixed investment.

The bank meets its deposit outflows by selling assets of equal value.

Deposit pricing and operating costs. The bank sets its deposit rate #/; after the
realization of the 1’ shock, according to a deposit pricing function r;(r"). We take

as given a linear pricing function

where B € [0,1] is the “deposit beta.” Banks in practice issue different types of
deposits (e.g., checking, savings, time), hence B is the average beta across all prod-
ucts. The deposit pricing policy and thus B are chosen endogenously by the bank,
for instance to maximize profits on deposits, but when analyzing hedging we can
take it as given.

Given B, the date-0 withdrawal rate can be rewritten as a function of ! only:

w(r)=w((1-p)r,r").



We normalize date-0 outflows without the interest rate shock to w(r) = 0. We
discuss below the relation between w and p arising from banks” optimal deposit
pricing policy, and how our results extend to a nonlinear pricing policy B(7').

The ability to charge a deposit spread does not come for free. The bank must
pay an operating cost of ¢ per dollar of deposits starting from period t = 1. This
operating cost is again averaged across all deposit products. In Appendix B we
extend the framework to allow for fixed costs x that must be paid even if deposits
are withdrawn, in addition to the variable cost c.

We adopt the timing convention that date-t interest expenses and operating
costs are paid on the outstanding deposits D;_; at the start of the period, while
withdrawals take place at the end of the period.

3.1 Valuing the Deposit Franchise

The bank uses the deposits it has and any additional equity it has raised to buy
assets with value A.” Then at t = 0, after the realization of the shock #/, the market
value of the bank is

V=A-1L,

where A = A(r') is the total market value of assets such as loans and securities
as a function of the market interest rate v/, and L = L(7’) is the market value of
liabilities. This value is the present value of all future deposit withdrawals, interest
expenses, and operating costs:

, [e9) }:t o) ([Br/ C) thl
L = Xp + E — + E , 1
(r ) 0 t=1 (1 r/)t t=1 (1 r/)t ( )

where X; = D;_1 — Dy are outflows in period t and are given by

Xo = w(r')D,
Xp=6(1-6)"1[1-w()]D fort>1

The first term in (1) corresponds to date-0 withdrawals that depend on the inter-

est rate shock, and the second term to exogenous withdrawals in periods t > 1.

7 A denotes assets after the cost to acquire and maintain the initial deposit base cD as well as
the interest expense BrD have been paid, as these do not depend on 7’.
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The third term captures interest expenses and operating costs on the remaining
deposits in each period.
It is convenient to rewrite the value of the bank as

V =A-D+DF,
where DF is the value of the bank’s deposit franchise:
DF =D — L.

The deposit franchise is an intangible asset that arises from the bank’s ability to pay
below-market rates on deposits. To see why, consider a bank that pays the market
rate (3 = 1) and incurs no operating cost (c = 0), e.g. a money market fund. In this
case (1) gives L = D, hence the value of the deposit franchise is DF = 0. The value
of the bank is then just V.= A — D.8

Our first main result shows why the deposit franchise provides a natural hedge

against interest rate increases and how rate-driven outflows reduce this hedge:

Proposition 1. The value of the deposit franchise at v’ is

DF(') =D [1—w (r')] {“]ﬁ—lr{c} - 2)
The modified duration of the deposit franchise at r, defined when DF (r) # 0, is
DF 1 1-pB)o /
TDF(r)E_DF((:)) - —— [‘E;F_(ﬁ)rﬁ_)c} +w' (r). 3)

Equation (2) is a simple valuation equation similar to a Gordon Growth for-
mula. The first term, D [1 — w (#')], is the size of the deposit base after the shock.
The second term is the net cash flow, (1 — B) ' — ¢ (the deposit spread net of oper-
ating costs) divided by the discount rate 7’ minus the growth rate —J. The deposit
franchise value can be positive or negative, depending on the interest rate r'. It is
positive when 7’ is high enough so the deposit spread exceeds the operating cost,
(1 — B)r" > c. But importantly, DF can become negative if rates fall enough and
(1-pB)r <c?

8We focus on the role of banks as deposit providers and abstract from the loan franchise value
coming from, e.g., monitoring (Diamond, 1984) or relationship lending (Petersen and Rajan, 1994).
%In a richer model with a yield curve that is not perfectly flat the deposit franchise can remain
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Equation (3) shows the duration of the deposit franchise. Suppose first that
there are no rate-driven outflows, w (') = 0. Then, assuming DF(r) > 0, the
deposit franchise has negative duration, i.e. it appreciates when interest rates rise.!
There are two reasons. First, a higher #’ lowers the present value of operating
costs c¢. Second, a higher 1’ raises the present value of deposit spreads (1 — )7/
as long as 6 > 0. In the limit 6 — 0 as in Drechsler et al. (2021), the present
value of spreads is 1 — B and independent of 7/, and only the cost effect remains.
But for plausible parameter values, the increase in the present value of deposit
spreads is the dominant force: our baseline calibration described below implies
(1 — B) 6 = 7% which is several times larger than ¢ = 1.5%.

Rate-driven outflows, w’(r) > 0, act in the opposite direction to raise the dura-
tion of the deposit franchise. If the bank loses deposits as rates rise, this hurts its
value if those deposits are profitable, i.e. (1 — B)r > c¢. One extreme case is when
w(r") jumps to 1 (w’ (r) — o0), which corresponds to a run at t = 0. In this case the
deposit franchise value falls to 0.

In the rest of the paper we focus on the case when the deposit franchise has
negative duration, Tpr (r) < 0. From (3), this requires that rate-driven outflows

w' (r) are not too large:

(HLil_i_—_(s'B)(szw’(r)[(l—ﬁ)r—c]. (4)

This condition says that when rates rise the bank gains more on the deposits that
remain than it loses on the deposits that leave. As we discuss below, this condition

is easily satisfied in the data.

3.2 Hedging Interest Rate Risk with Rate-Driven Outflows

Suppose that the bank seeks to hedge interest rate risk, by making V insensitive
to the shock 7/, for instance to avoid costs of financial distress in case V becomes

too low or negative. Interest rate risk can be hedged by holding assets A whose

valuable even if deposit spreads are temporarily below operating costs as long as they are expected
to eventually rise above them.

1%More generally, even if DF(r) < 0 then DF’(r) > 0 and an increase in rates raises the deposit
franchise value.
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duration offsets the negative duration of the deposit franchise, i.e., such that
dV = [A'(r) + DF'(r)] dr = 0.
Letting T4 be the modified duration of the bank’s assets, this requires

DF
Ty = ——Tpr.
A A DF

The bank must set its asset duration T4 to the negative of its deposit franchise
duration Tpr, taking into account the relative size of the deposit franchise to its
assets, DF / A. Doing so immunizes the value of its equity V to interest rate shocks.
The following proposition focuses on the natural case when A (r) = D, i.e. the
bank has raised D deposits and purchased assets of equal value. In this case its
equity is V = DF (r).

Proposition 2 (Hedging with Deposit Outflows). The modified asset duration that
hedges interest rate risk for a bank with initial assets equal to deposits, A(r) = D, is

Iy — (C+(1"”‘5—w'<r>[(1—ﬁ>r—c}). ©)

r44 r+0

For hedging purposes, rate-driven outflows w' (r) > 0are equivalent to assuming w'(r) =
0 with an effective deposit beta

p=p+uw (r)[(1—PB)r—cl(1+1/d). (6)

The effective beta is higher than the actual beta, B > B, if and only if the deposit franchise
is valuable, (1 — B)r > c.

Proposition 2 shows that the optimal asset duration for hedging is positive
given condition (4) that rate-driven outflows are not too large. The reason is that
the bank must protect itself against a decline in interest rates which hurts the de-
posit franchise, as in Drechsler et al. (2021). A positive asset duration hedges the
bank to such a decline.

Proposition 2 further shows that rate-driven outflows w’ (r) > 0 reduce asset
duration whenever deposits are profitable, (1 — ) r > c. These outflows limit the
appreciation of the deposit franchise when interest rates rise. To offset this, the

bank makes sure its assets decline by less, i.e. it chooses a shorter asset duration.
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Equation (6) gives another way of looking at the impact of outflows. It shows
that when deposits are profitable, a bank facing outflows should act as if its deposit
beta is higher than it actually is. The effective beta, B, captures the additional
expense the bank faces from rate-driven outflows. The bank has to make sure it
generates enough income to cover this expense if interest rates rise, i.e. it needs a
shorter asset duration.

A surprising implication of (5) is that the impact of outflows on asset duration
reverses sign at low rates. When rates are so low that deposits are unprofitable,
(1 — B)r < ¢, rate-driven outflows call for longer asset duration. The reason is
that they benefit the bank by shrinking its unprofitable deposit business. The bank
hedges this increase in value by choosing a longer asset duration.

The positive impact of outflows on duration at low rates is particularly stark
because we assume that all operating costs are variable. When depositors leave,
the bank recoups the costs it would have paid to service them. In Appendix B we
introduce fixed costs that still need to be paid even if depositors leave. We show

that if the fixed costs are large enough, outflows always shrink asset duration.!!

Endogenous deposit pricing and the relation between  and w’. Our results
take advantage of the fact that the endogenous variables p and w’ can be used as
“sufficient statistics” for the bank’s hedging problem. In Section 3.3 below we use
estimates from Drechsler et al. (2017) to calibrate them. Here we discuss how they
are related.

While § depends on w’ through the bank’s deposit pricing problem, and w’
depends on B through the deposit demand function, in general neither is fully
pinned down by the other, which is why we treat them as separate. Indeed, with-
out additional restrictions on the deposit demand function w (s, r), the correlation

between B and w’ (r) can take any sign, as w’ is given by
w = (1-B)ws + wy,

where ws = dw/0ds; and w; = dw/dr. Banks facing relatively inelastic depositors

1t is difficult to know the mix of fixed and variable costs in practice. Some costs, like branches,
are relatively fixed while others, like transaction services, are variable. One component of variable
costs are regulations like the supplementary leverage ratio (SLR), which led large banks to turn
away deposits in 2021 when rates were low and deposits were not profitable (see Bolton et al,,
2020).
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(low ws) have more market power, which allows them to set a low . But given
their low B, these banks could see more or less outflows when rates go up, as
w’' depends on the product (1 — B)ws. Empirically, Drechsler et al. (2017) find
a negative correlation between B and w’: low B banks face stronger rate-driven
outflows w'.

Variable deposit beta. We can easily extend the model to allow for non-linear
deposit pricing with a deposit beta B(r) that depends on r. In that case, the optimal
modified duration is

Ta=Talpi-o — B () g
where Ty| B/(r)=0 is given by (5). Betas tend to increase with rates: as rates rise
the composition of deposits shifts from low-beta checking and savings accounts
to higher-beta time deposits (Drechsler et al., 2017); betas also increase for given
products (Wang, 2022). An increasing beta, /() > 0, makes the duration of the
deposit franchise less negative and hence calls for a shorter asset duration. Un-
like for outflows, this duration-shortening effect is present at both low and high
rates because an increase in § always hurts the deposit franchise value, even if it is

negative.

3.3 Quantification: U.S. Banks on the Eve of the Regional Bank
Crisis

Total U.S. deposits D stood at $17.5 trillion at the end of 2022. We use an average

deposit maturity 1/6 = 10 years, deposit beta = 0.3, and operating cost ¢ =

1.5%.12 Given these assumptions, the aggregate value of the deposit franchise of
all U.S. banks with a long-term interest rate of r = 4% is

DF = $1.6 trillion,

12For maturity 1/6, we use a recent FDIC study, see http://fdic.gov/regulations/reform /coredeposit-
study.pdf. The number we use, 10 years, is based on the last column of Table 5. Note that it is
in the lower range of estimates. For the recent betas, see https://www.gobaker.com/wp-
content/uploads/articles/TBG-B2111-Article_Series.pdf. For the operating cost, see Drechsler
etal. (2021).
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up from DF = —$680 billion in early 2021 when r was 1.5%. The increase in banks’
deposit franchise value is similar to their unrealized losses on loans and securities.
Banks had $17 trillion of loans and securities with an average duration of 3.9 years,
hence a 2.5% increase in interest rates leads to a loss of $1.7 trillion (= .025 x 3.9 x
17).13

The strength of the rate-driven outflows w’ can be calibrated using estimates
from Drechsler et al. (2017). They show that the typical 400 bps Fed hiking cycle
corresponds to a 12% outflow, hence w’ ~ 3.1% With these numbers, the upper
bound on w' in (4) is easily satisfied: the left-hand side of (4) is 0.6, an order of
magnitude larger than the right-hand side of 0.04.

Figures 2 and 3 show the optimal asset duration and effective beta § as func-
tions of w' for three values of the deposit beta. For an average bank with g = 0.3,
going from w’ = 0 to w’ = 3 implies reducing asset duration from 4.5 years to 4.2
years, or equivalently using an effective beta of

B =0.35.

The typical correction 8 — B is not negligible. There is also substantial heterogene-
ity across banks. Most importantly, equation (6) shows that the correction g — 8
is higher for low- banks (as they earn higher deposit spreads hence stand to lose
more from outflows) and high w’ banks, which also tend to be the low-§ banks
(Drechsler et al., 2017). For instance, their estimates imply that going from g = 0.2
(high market power) to = 0.4 (low market power), outflow betas decline from

w' = 3.5 to w’ = 2.5. Therefore, the effective betas for setting asset duration are

p=02— B = 0.28 (high market power)
B=04— B=043 (low market power)

Thus correcting for outflows has a modest effect for competitive banks, but a strong

effect for banks with high deposit market power. '

13These numbers are examples meant to give a sense of the magnitudes. Exact values of DF
depend on estimates of § and c; for instance using a lower deposit beta B = 0.2 (as was the case in
2022) implies DF = $2.1 trillion, while using a higher cost ¢ = 2% implies DF = $1 trillion.

4The numbers for the current hiking cycle are similar. Between March 2022 and May 2023, the
Fed funds rate rose by 5% and deposits declined by 9%. This gives w’ =~ 1.8. Deposit outflows tend
to lag, hence w' is likely to increase toward the historical norm.

Interestingly, Drechsler et al. (2021) show that banks’ income is slightly more interest-sensitive
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Figure 2: Optimal hedging duration T4 x (14 r) as a function of outflow elasticity
w' for three values of rate beta p = 0.2,0.3,0.4. The dotted gray line captures the
negative correlation between  and w’ estimated by Drechsler et al. (2017).
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Figure 3: Effective beta as a function of outflow elasticity w’ for three values of
rate beta B = 0.2,0.3,0.4. The dotted gray line captures the negative correlation
between B and w’ estimated by Drechsler et al. (2017).
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4 Uninsured Deposits and Liquidity Risk

A key assumption so far is that deposits are insured, hence outflows are only
driven by substitution toward higher-paying assets such as money market funds.
Concerns about the strength of the bank play no role. We introduce such concerns
via uninsured deposits. Uninsured deposits create the possibility of a run because
by running they destroy the deposit franchise value.

There are now two kinds of deposits, insured D; and uninsured Dy;:

D = D;+ Dy,

The two have respective deposit betas B! and Y and operating costs ¢! and cY.
The value of the bank is then

V = A— D+ DF + DFy,

where DF; and DF; are the deposit franchise values corresponding to insured
and uninsured deposits, respectively. The previous analysis applies to insured
deposits, whose rate-driven outflows are given by w; () as before.

Note that if the uninsured deposits are effectively wholesale funding with B =
1 and ¢ = 0, then DF;; = 0 and the model is equivalent to before. For uninsured
deposits to make a difference they must be low-beta, i.e. they must contribute to
the bank’s deposit franchise.

Run incentives. The key difference between insured and uninsured deposits is
that uninsured deposit outflows wy; (r,v) depend not only rates r but also on the
bank’s solvency ratio v = V /D, equal to bank value per dollar of deposits.!® The
sensitivity of uninsured outflows w; to bank solvency captures the possibility of

runs. We assume that wy; is given by

wy (r,0) =[1=A(0)] x1+A(v) xwy (r),

than their deposits. This is consistent with banks setting asset duration using an effective beta that
is slightly higher than their deposit beta, as in Proposition 2.

16We assume that all deposits, both insured and uninsured, enter the denominator equally; our
results would be reinforced if only the runnable uninsured deposits entered the denominator.
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where w,; is a baseline runoff rate absent any runs as for insured depositors, but
with a potentially different sensitivity w}, # w/ that also satisfies (4). The increas-
ing function A(v) denotes the fraction of uninsured depositors who do not run,
and wy; is a weighted average of a full withdrawal rate (i.e.,, 1) and the normal
withdrawal rate w;;. When A = 1, there is no run and wy = wy;; when A = 0
there is a full run and wy; = 1. Therefore, uninsured outflows can be higher than
insured ones both because uninsured depositors are more rate-sensitive (high w;)
and because they are concerned about bank health.

We work directly with A and assume a step function around an insolvency
threshold v:

IS}

o) = 0 v
1

0

AVARRVAY
S|

A natural threshold is v = 0, but v may be positive if, e.g., uninsured depositors all
run when the bank is distressed enough even if it still solvent, or negative if, e.g.,
the bank has a positive loan franchise value. Figure 4 displays the function A. For
an uninsured solvency ratio v below v all uninsured depositors run, hence A = 0
and wy; = 1; if v is above v then no uninsured depositor runs, hence A = 1 and
wy = wy.V

Our theory does not require all depositors to be extremely attentive to the
bank’s value, nor do they need to understand the notion of deposit franchise value.
In general, A could be an increasing function with a finite slope capturing hetero-
geneity in depositors” attention to bank fundamentals such as earnings and the
stock price. As v starts falling, the most attentive uninsured depositors notice a
decline in fundamentals, e.g., due to rate-driven outflows, and start withdraw-
ing. A larger fall in v then triggers withdrawals by depositors with intermediate
attention, and so on. The slope of A should also increase with depositor concentra-
tion, social media usage, and access to mobile banking (Cookson et al., 2023; Koont
etal., 2023). When the depositor base is diversified across sectors and demographic
categories and includes relatively slow-moving depositors, withdrawals are less
responsive to news about bank health. Our step function corresponds to the con-

servative case of an extremely concentrated and coordinated uninsured depositor

7Following the literature on fundamental-based runs (e.g., Rochet and Vives 2004; Goldstein
and Pauzner 2005) the model could be extended a step further by deriving the probability of a run
as a decreasing function of v, using a richer game with imperfect information among depositors.
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Figure 4: Fraction of remaining depositors A as a function of solvency ratio v.

base with access to an almost instantaneous withdrawal technology, as in the case

of corporate checking accounts at SVB.

Remark 1 (Insured vs. uninsured depositors). Different types of depositors are bet-
ter defined in terms of their actual withdrawal behavior, but for clarity we label
the sleepy depositors “insured” and the flighty ones “uninsured”. In practice the
distinction between insured and uninsured depositors is not as clear: some unin-
sured depositors are “sleepy” (i.e., they do not monitor the bank’s health) while
some insured depositors may be flighty because they want to avoid the inconve-
nience of going through the FDIC resolution process. Insured depositors” behavior
also depends on the perceived soundness of deposit insurance and the country’s
fiscal capacity.

4.1 Runs on the Deposit Franchise

Let u = Dy /D be the share of uninsured depositors. The solvency ratio of the
bank after the interest rate shock as a function of A around the usual normalization

wy (r) =0is:

(1 i)y —ct
o(A, ") =0(0,7") +ur (1 —wy(r')) P , (7)
—DFy(A+")/D
where A" — Dt DE (¥
0 (0,r') = A =D+ DR (r) ®)

D
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is the solvency ratio when all uninsured depositors run (A = 0). v is monotone
in the fraction of remaining depositors A: increasing if DF; > 0 and decreas-
ing if DF; < 0. Inverting v(-,7') yields a function A(v,’), defined as satisfying
v(A(v,7"),7") = v, and capturing the fraction of remaining uninsured depositors
that is consistent with a solvency ratio v.

Definition 1 (Equilibrium). Given 7' and bank assets A(+'), a stable equilibrium
(henceforth, equilibrium) is given by a pair of bank value v and fraction of remain-
ing depositors A such that A(v) = A(v,7") and A crosses A from below.

Our next main result shows that relying on a large uninsured deposit franchise,
for instance at high interest rates, creates the potential for runs:

Proposition 3 (Interest Rates and Liquidity Risk). Suppose that the uninsured deposit
franchise is profitable: (1 — pY)r’ > cY.

e Ifv(0,7") > v then the unique equilibrium is run-free, i.e., A = 1.

e If v(1,7") < v then the unique equilibrium features A = 0, i.e., all uninsured
depositors run.

e Ifv(0,7") < v <w(1,r"), then both equilibria A = 0 and A = 1 exist.

The run equilibrium is more likely to exist when the share of uninsured deposits u is higher,
the interest rate ' is higher, and the uninsured deposit beta Y is lower.

At high rates, the uninsured deposit franchise is a large but runnable part of
the bank’s value: it relies on depositors remaining with the bank and tolerating
low deposit rates. This creates important differences with the standard source of
runs in the literature: asset illiquidity as in Diamond and Dybvig (1983) and the
subsequent literature. Notably, runs in our model do not rely on fire sales, hence
they can happen even when a single bank is affected and when it holds only high
quality liquid assets (as SVB did). Moreover, in our framework liquidity risk nat-
urally increases with the level of interest rates, and banks with a more valuable
uninsured deposit franchise (low BY) face higher liquidity risk.

Figures 5 and 6 illustrate the shift from a unique run-free equilibrium to equilib-
rium multiplicity when rates increase. The natural interpretation of the condition
v(0,7") > v is that the bank has enough capital; we return to this issue in Section

5.2 on bank capital.
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v(1,7) =o(1,1")

(0, 7') 0 (0, 7) v

increase in rates

Figure 5: Unique equilibrium (blue dot) at rate r, two equilibria (blue dot and red
circle) at higher rate ' > 7.

4.2 Hedging Interest Rate Risk versus Liquidity Risk: the Dilemma

A key insight of the model is that runs can happen as rates rise even if the bank
is fully hedged against interest rate risk in the good equilibrium. In other words, the
bank faces a risk management dilemma, illustrated in Figure 5. Suppose the bank
initially hedges interest rate risk, assuming the good equilibrium (A = 1) prevails.
Then it chooses assets such that

A'(r)+ DF|(r) + DF;(1,r) =0

and the optimal duration follows Proposition 2. The bank is hedged as long as
uninsured depositors do not run, which is shown in Figure 5 by the fact that
v(1,7) = v(1,7') in spite of an increase in rates from r to r'. However, a byproduct
of this hedging strategy is that the value under a run v(0, ') is unhedged and can
potentially fall below v. The reason is that hedging against rates requires positive
asset duration. When rates rise, the value of assets falls while the value of the de-
posit franchise rises. But since the deposit franchise is runnable, the liquidity risk
of the bank increases.

Conversely, hedging liquidity risk requires the bank to invest in short-term as-

sets. Starting from the run-free equilibrium, hedging liquidity risk requires en-
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Rate ¥ > r, no run

Rate r

Rate 7’ > r, run on DFy;

Figure 6: Bank balance sheet: one equilibrium at old rate r, two equilibria at new
rate r’ > r.
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suring that v(0,’) never falls below v. This can be done by choosing assets such
that

A'(r) + DFj(r) =0,

effectively ignoring the negative duration of the uninsured deposit franchise. The
bank must invest in assets with modified duration

DF
Ty = TTDFII

which is lower than the duration that hedges the bank in the good equilibrium,
Ty = %TDFI + %TDFH (1,7), assuming the uninsured deposit franchise is prof-
itable and hence has negative duration.

Hedging liquidity risk can again be reinterpreted as hedging without deposit
outflows, but against an effective beta that exceeds the actual deposit beta. Ignor-
ing the “smooth” (in contrast to runs) rate-driven outflows studied extensively in

the previous section, we obtain a very simple formula for the effective beta:
Proposition 4 (Hedging Liquidity Risk). Suppose there are no smooth rate-driven out-
flows, w} = wy; = 0, and initially there is no run equilibrium: v(0,r) > v.

Then the bank can hedge against liquidity risk by using an effective duration

g A=phite
TA - (1 u) (7"+5)2 ’
or equivalently an effective beta
B=1—u)xpl+ux1+uc/s, )

The effective beta B increases with the share of uninsured deposits and the operating cost

on uninsured deposits cY.

A bank with a larger share of uninsured deposits can hedge against the liquid-
ity risk arising from higher rates by shortening the duration of its assets. Equation
(9) shows that when ¢! = 0, the correction is extremely simple: instead of using
an average beta (1 — u)p! + upY the bank should act as if its uninsured deposits
have a beta B = 1. In addition, there is a correction increasing with c// because
operating costs are one reason the bank normally holds long duration assets, but

this term is small given § > c.
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The correction 3 — B can be large. When most deposits are uninsured (1 — 1)
as was the case for SVB, hedging liquidity risk requires holding only zero-duration
assets (cash and floating-rate loans). By contrast, SVB had an unusually high share

of long-duration assets.

Banks face a dilemma as there is no duration that allows them to simultane-
ously hedge the interest rate risk in the good equilibrium and the liquidity risk
arising from the bad equilibrium:

Proposition 5 (Dilemma). Suppose that initially the uninsured deposit franchise is prof-
itable (1 — BY)r > cH), only the good equilibrium exists

v(l,r) =0" >0v(0,r) =v,s >,

and for simplicity wy; = 0.

o If the bank perfectly hedges interest rate risk in the good equilibrium by holding
long-term assets A such that v (1,7") is constant in v', then there exists a threshold

U472
1—pu— 2

u

7=

(10)
such that for v’ > 7 the run equilibrium exists. The threshold 7 is decreasing in the
uninsured deposit ratio u and increasing in the uninsured beta Y.

o If the bank perfectly hedges liquidity risk by choosing short-term assets A such that
v (0,7") is constant in ', then there is no run equilibrium but there exists a threshold

CU_(SU*M*Q )
r= <7

u

such that for v’ < r the equilibrium bank value is v. The threshold r is increasing in
the uninsured deposit ratio u and the uninsured beta Y.

Proposition 5 formalizes the bank’s risk management dilemma. Hedging in-
terest rate risk requires it to hold long-term assets to offset the negative duration
of the deposit franchise. But since the deposit franchise is partly uninsured, it is
runnable. As rates rise and the deposit franchise grows relative to the bank’s as-
sets, the liquidity risk of the bank increases. The first part of the proposition shows

that if rates rise enough, a run equilibrium always emerges.
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This result reveals that the dilemma arises from low-beta uninsured deposits:
holding costs c! fixed, the threshold 7 becomes infinite as Y grows towards 1 (at

pY =1-— U*u_g) ; in Section 4.4 we extend this result to the case of endogenous costs

cY. Intuitively, a run on uninsured deposits is only a problem if they contribute to
the bank’s deposit franchise value, i.e., if B is low. If B! is high then uninsured
deposits bring neither value nor negative duration to the bank, hence the bank can
simply hold cash against them, and there is no conflict between hedging interest
rate risk and liquidity risk.

4.3 Risks from Holding Short-Duration Assets

The second part of Proposition 5 shows that holding short-duration assets does
not solve the bank’s risk management dilemma. It ensures there are no runs in
equilibrium, but the bank becomes unhedged to interest rates. If rates fall, its assets
do not appreciate enough to offset the decline in the deposit franchise, as shown
in Figure 7.

Shortening duration to hedge liquidity risk is not a perfect solution because it
hurts bank solvency if interest rates fall. At low rates deposit spreads are insuffi-
cient to cover operating costs. If the bank holds short-term assets then its interest
income will also be low. This can make the bank insolvent even though the value
of its assets is relatively high. The bank can become a “zombie bank”; the resulting
incentives from debt overhang and risk-shifting can have adverse macroeconomic

consequences if widespread (Caballero et al., 2008; Acharya et al., 2022).

Uninsured deposit withdrawals at low rates. When the interest rate declines by
so much that v(A = 1,7) falls below v, uninsured depositors start withdrawing
again, i.e.,, A < 1. But this kind of outflow is substantially different from the run
that can happen at high rates. Low-rate withdrawals happen only when the de-
posit franchise is unprofitable, i.e., when rates are so low that v(A,r) is actually

decreasing in A because the per-dollar profit on deposits, (1 — gY)r — c!

, 1s neg-
ative. This is illustrated in Figure 7, where the threshold rate ' = c¢/(1 — g4)
is the rate such that the uninsured deposit franchise is worth exactly zero. When
the rate falls further, for instance to ’ < 1/, the franchise value becomes negative.

Since the bank is losing money on each uninsured deposit, it actually welcomes
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Figure 7: Unique equilibrium as interest rate falls from r to ' to r”.

outflows. In that case the bank does not really face liquidity risk: starting from
A = 1, uninsured deposit outflows increase the bank value v until it reaches v.
This highlights that in our framework liquidity risk is a feature of high interest

rates.!8

Credit risk. We focused on interest rate shocks thus far for clarity. When banks
hold assets that are exposed to other unhedged sources of risk, for instance credit
risk, then these other shocks can also trigger a run on the uninsured deposit fran-
chise. We show that following the same logic as for interest rate shocks, this ampli-
fication is more likely when the uninsured deposit franchise is large, for instance
when interest rates are high and the bank has a large share of uninsured deposits.

Let s denote the unhedged credit risk shock so that the value of assets is de-
creasing in s (dA/ds < 0). Suppose that initially only the run-free equilibrium
exists and

A(r,s) — D+ DF;(r) + DFy(1,r)

v(l,r,s) = 5 :

In our framework the deposit franchise does not hedge credit shocks because they

do not enter into the deposit demand function.!” This leaves the bank overall

18 As discussed above, in the presence of fixed costs as in Appendix B, the value of the bank
increases less when unprofitable deposits leave.

9For large banks that are considered too-big-to-fail, adverse macroeconomic shocks may lead
to an inflow of “flight-to-safety” deposits which can be captured through a net outflow function
w(r,s).
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Figure 8: Effect of a shock to asset values s’ < s and policy response r’ < r.

unhedged. An adverse shock s triggers a fall in A, and hence lowers bank solvency
v. If the fall in v is large enough, some uninsured depositors withdraw (A < 1),
reducing the value of the deposit franchise DFy;. If the deposit franchise is large,
as it is at high interest rates, the fall in its value hurts v further and triggers more
withdrawals, and so on. The mechanism is shown in Figure 8. It highlights that
credit risk in our framework is amplified by high interest rates.

Constraints on monetary policy. How should the central bank set interest rates,
taking into account the impact on financial stability? Our framework implies that
it depends on banks’ risk management policy.

If banks hedge interest rates, then an interest rate increase can expose them to
runs. Conversely, an interest rate cut makes runs less likely. However, the rate
cut does not increase the value of banks in the no-run equilibrium (asset values
rise but deposit franchise value falls). Thus, accommodative monetary policy, for
example following credit losses, does not improve banks’ solvency.

If banks hedge liquidity risk by holding short-term assets, then interest rate
cuts actually hurt bank solvency. The reason is that asset values rise less than the
amount by which the deposit franchise value shrinks. A rate cut then worsens
the impact of a negative credit shock. If the deposit franchise is very valuable,
accommodative monetary policy can even make the good equilibrium disappear,

as depicted by the dotted red line in Figure 8.
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This reinforces the case for strategies such as swaptions and capital require-
ments that allow banks to keep their deposit franchise valuable and hedge interest
rate risk based on the good equilibrium. This allows the central bank to set interest
rates without adversely affecting bank health.

An interesting extension outside the scope of our model would be to include
imperfect and dispersed information about s and other characteristics such as
and w’. In that case, uninsured depositors could even interpret ordinary rate-

driven withdrawals as a signal of poor asset quality s.

4.4 High § Uninsured Deposits: a “Divine Coincidence”

Drechsler et al. (2023c¢) find that prior to 2012 uninsured deposits consisted primar-
ily of large CDs, effectively wholesale funding, which have a beta B! close to one
and operating cost ¢! close to zero. Thus, uninsured deposits contributed little to
banks’ deposit franchise value. Holding short-duration assets against this type of
deposits both hedges the bank to interest rate risk and prevents runs. We refer to
this as a “divine coincidence” in the spirit of the macro literature. It helps explain
why SVB-type runs were relatively uncommon in the past.

Formally, Proposition 5 shows that for a given cost ¢, the threshold interest
rate 7 at which a run equilibrium emerges grows without bound when Y — 1.
In other words, the run equilibrium fails to emerge. The reason is that in this case
uninsured withdrawals do little to damage the value of the bank, hence they do not
trigger further withdrawals. This is very different from models with illiquid assets
where uninsured deposits always create the potential for runs. Our framework
thus implies that the liquidity risk implications of uninsured deposits depend on
their deposit betas.

While this argument holds c! fixed as Y rises, in principle we expect c! to fall.
This is because operating costs are increasing in the level of services that a bank
provides (branches, apps, etc.), which in turn helps it attract low-beta deposits.
A bank that provides a high level of services (high c) is thus able to pay a lower
deposit rate (low B). We therefore expect operating costs and deposit betas to be
negatively related, both across types of deposits and across banks. We now en-
rich the model to allow for endogenous operating costs and show that the divince

coincidence goes through.
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Suppose the bank can invest in the quality of its services. The initial investment
determines its future operating costs. Following standard g-theory logic, the bank
chooses a higher investment scale and thus higher operating costs when the de-
posit franchise is more valuable, for instance if the bank has more market power.
Focusing on the uninsured deposit franchise, the optimal operating cost is given
by a function ¢ = ¢ (DFy) with ¢(0) = 0. Since DF itself depends on the oper-
ating cost, we get a solution ¢! = C((1 — pY)r*), where r* is the long-run interest
rate and C(-) is an increasing function with C(0) = 0; the free-entry condition
¢ = (1 — pY)r* in Drechsler et al. (2021) is a special case with C(x) = x.2

Focusing on uninsured deposits (similar expressions hold for insured deposits),
the resulting deposit franchise value is

(1-pHr —c((1- 5”)7*)) _

DFy(r') = Du(1 —wy(r")) ( ¥+ 6

Suppose that " € (0, rmax) for some finite rmax. We have the following result:

Proposition 6. There exists a threshold Eu < 1 such that for a high-enough uninsured
deposit beta, Y > Bu, if the bank hedges against interest rate risk then the good equilib-
rium is the unique equilibrium for any r’ € (0, rmax). The threshold Bu is increasing in

the uninsured deposit ratio u.

As BY — 1, the uninsured deposit franchise DF;; converges to zero and so
does the interest rate risk due to the possibility of runs in the bad equilibrium.
The “divine coincidence” is that by optimally hedging against the high Y deposit
franchise using short-duration assets, the bank also deters runs. This is possible
because the uninsured franchise DF;; is small and does not bring much negative
duration to total bank value. This result can hold in spite of a large uninsured
deposit ratio u, but a higher u requires a higher gY.

Drechsler et al. (2023c) further show that after 2012 uninsured deposits shifted
toward checking and savings accounts. Unlike wholesale funding, these accounts
have a low  and a high operating cost ¢, hence they contribute a lot to the deposit
franchise. In the case of SVB, almost all of its deposits were uninsured corporate
checking and savings accounts. This means that it had a large uninsured deposit

20For simplicity we take as given the demand curve for deposits and therefore the resulting r4
and S; of course an even more complete version of this problem would acknowledge that the § is
itself endogenous to investments in quality and thus ¢, but this would only change the function ¢.
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franchise. As our model shows, this is the extreme case for a bank’s risk manage-
ment dilemma. The low B and high cost call for a long asset duration, while the
fact that the deposits are uninsured calls for a short duration. SVB’s decision to
invest heavily in long-term MBS reveals that it ignored the second consideration,
leaving it maximally exposed to a run.?!

A broader implication of our analysis is that uninsured checking and savings

accounts, more so than wholesale funding, expose banks to instability.

5 Resolving the Dilemma: Options and Capital

We propose three resolutions to the risk management dilemma that can be im-
plemented by banks or regulators. The first is based on ex-ante hedging through
options on interest rates. The second is based on ex-post capital raising that adjusts
with the level of interest rates. The third is an ex post government intervention in
the spirit of the Bank Term Funding Program (BTFP) introduced by the Federal
Reserve in March 2023.

5.1 Options

We show that a hedging strategy that takes into account both interest rate and liq-
uidity risks requires the bank to hold assets with strong convexity, for instance
puttable bonds or loans featuring an interest rate floor. An equivalent implemen-
tation is a combination of long-duration assets with call options on interest rates
(e.g., “payer swaptions”). Since options are costly, this requires the bank to raise
more capital up front.

Suppose the bank starts from the good equilibrium with value v(1,r) = v* > .
As rates vary, the bank can ensure that its value does not fall below v* in the good

equilibrium, while preventing the bad equilibrium if

v(1,7) > v* (11)
v(0,7) >0 (12)

2In addition SVB may have underestimated factors that made their outflow elasticity w’ par-
ticularly high, due to withdrawals unrelated to the standard substitution towards MMFs. Most of
its depositors were startups whose funding dried up with rising interest rates, which led to more
withdrawals to finance their operating expenses even before the run.
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for all ¥’. Under condition (12) runs never happen since even if all uninsured de-
positors withdraw, the value v(0, ') is still above v. (11)-(12) then translate into a
lower bound on asset values, which must remain above a minimal level A*('):

Proposition 7. Suppose that the bank starts from a solvency ratio v* > v and holds assets
A* such that

A*(r'y=(1+v*)D—DF (r') = DFy (A = 1,r’)4

.

~~

long-term assets

+max {0,DF; (A =1,7) — (v* —v)D}. (13)

swaptions

Then for any v’ only the run-free equilibrium A = 1 exists and the bank value never falls
below its initial value v* D.?

To first order the second term in (13) equals
N -max {0,7" — 7}
where (assuming wy; = 0 to simplify) 7 is given by (10) and

U+ (1-8Y)6

N =uD
! (7+0)?

(14)

Therefore the bank needs to buy an amount N of standard payer swaptions with strike 7.

Hedging against both risks requires a convex asset payoff A* which can be
interpreted as a puttable bond, i.e., the opposite of callable bonds which have neg-
ative convexity. It can also be implemented by holding long-term assets that hedge
against interest rate risk in the good equilibrium—as if all deposits were insured—
together with interest rate options that pay off when interest rates are high, i.e.,
payer swaptions. The swaptions are in the money if and only if the interest rate
exceeds a strike 7 equal to the threshold rate above which runs appear in Proposi-
tion 5. Ex ante the bank must spend N x P on options, where the premium

P =E” [max {r' —7,0}]

22From the hedging dilemma in Proposition 5 we know that the bank cannot make (11) hold
with equality while satisfying (12). Hence at high rates the bank’s value must exceed v*D.
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can be computed using standard option pricing formulas, given a stochastic pro-
cess for interest rates. P is increasing in the volatility of 7’ and decreasing in the
strike 7. Importantly a bank with a more valuable uninsured deposit franchise
(higher u and lower BY) must buy a larger amount N of options and use a lower
strike 7, which increases the cost per option P.

Figure 9 plots the asset payoff A* as a function of r. The key observation is that
A* must be extremely convex due to the kink at 7 = 7.2% In this numerical example
this corresponds to a swaption strike 7 ~ 3%. For r’ < 7, assets have a long dura-
tion and so A* decreases strongly with #’. For r’ > 7, assets have a short duration
and A* is insensitive to 7. Figure 10 shows the decomposition of A* in (13) as a
function of r’. Equivalently, the bank could hold short-term assets combined with
receiver swaptions, i.e., put options on interest rates that insure against the loss in
deposit franchise value as rates fall, as shown in Appendix Figure A.1.

Banks are already active in the swaption market in order to hedge the negative
convexity of their MBS portfolio on the asset side: as rates fall, more mortgages
are refinanced and the duration of MBS falls. Our model highlights another reason
why banks with a large uninsured deposit base should buy—or be required to
buy—swaptions: the deposit franchise asset has negative convexity, just like the
MBS.

Hedging requires capital ex ante to pay for the options. Bank’s equity holders
may find it too costly to issue the capital needed to buy enough swaptions if there
are equity issuance costs due to, e.g., adverse selection or debt overhang. In this
case regulators would need to mandate a minimum level of swaptions (that de-
pends on each bank’s uninsured deposit franchise) as part of liquidity regulation.

5.2 Rate-Cyclical Capital

Instead of raising capital ex ante to buy options, the bank can address its risk man-
agement dilemma by raising capital (or changing its dividend) ex post as interest
rates change. Our model has implications for how such an optimal capital buffer,

which may again be required by regulators, should depend on interest rates:

23Smooth rate-driven outflows also induce negative convexity of the deposit franchise, but we
focus on the more extreme negative convexity induced by the possibility of runs at high rates.
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Figure 9: A* as a function of #. Parameters: ¢ = 1.4%, 6 = 0.1, r = 4%, [31 = [Zu =
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Figure 10: Decomposing A*(r") according to (13) into long-term assets (left panel)
and payer swaptions with strike ' = 7 (right panel).
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Figure 11: Capital requirement 0 at low rate 7/, and high rate ry;gy,.

Proposition 8. The minimum solvency ratio T that prevents runs at v’ is

(1- B —c
r'+0o }

o0 u) = o+ u(l — () |

It increases with the interest rate ' and the uninsured deposit ratio u.

Proposition 8 characterizes the level of capital the bank needs to deter runs at
any given interest rate. This level is increasing in interest rates as illustrated in
Figure 11. The reason is that the uninsured deposit franchise is more valuable
at high rates. This makes the value of the bank more sensitive to the fraction of
uninsured depositors who remain, A. Given the increased sensitivity, bank value
has to be higher ex ante in order to deter a run. The bank therefore needs to raise
more capital (or reduce its dividend) as the interest rate rises. Once it has done
so, the bank no longer faces a risk management dilemma and can focus on interest
rate risk management.

Implementing v > v with a capital requirement corresponds to attributing a
risk-weight to the uninsured deposit franchise. The risk-weight accounts for the
increased liquidity risk of the bank as interest rates rise. The behavior of liquid-
ity risk thus yields a new rationale for procyclical capital requirements. Unlike
standard arguments, the procyclicality here comes from a pure interest rate effect,
not the state of the economy. While we frame the result in terms of a capital re-

quirement, depending on the cost of issuing equity banks may wish to follow this
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strategy independent of regulation in order to prevent runs.

One advantage of ex ante insurance through options before negative shocks are
realized is that raising capital is difficult in times of stress. Incomplete information
about bank strength means that going to the equity market is viewed as a signal
of weakness. This stigma effect may be dampened, however, if equity issuance
is mandated according to a well-understood rule that depends on the aggregate

interest rate as in Proposition 8.

5.3 Lender of Last Resort

We end by showing how a lender of last resort can eliminate the run equilibrium ex
post and thus avoid the risk management dilemma ex ante. We caution, however,
that in a richer model this could lead to moral hazard or adverse selection.
Suppose that the central bank (henceforth, the Fed) gives a long-term loan to
the bank
B(A, 7))

contingent on the extent of the run 1 — A, with B(1,7') = 0. After borrowing

from the Fed the solvency ratio entering uninsured depositors’ run function A(v)

/ / /
is D — A(r )—i—/\DFul()l,r )+B(Ar")

— 1. Importantly the denominator is given by deposits
D hence does not take into account the long-term loan from the Fed, which is not
runnable and effectively junior to current uninsured deposits. This is why the long-
term loan improves v. More generally, it is enough if the denominator includes the
government loan B discounted by a “runnability” factor « < 1.
By setting
B(A,7) = (1—A)DEy(1,7")

the Fed can ensure that
(A7) =0(1,7)

for any A. Therefore, the Fed policy eliminates the run equilibrium, in the sense
that if the bank is hedged against interest rate risk in the good, run-free, equi-
librium, then there is no run equilibrium. Moreover, since there is no run, the

intervention ends up costless in equilibrium.

Proposition 9. Suppose that for any A, a bank facing an uninsured deposit run 1 — A can
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borrow
B(A,7") = (1—A)DFy(1,7) (15)

long-term from the Fed. Then A = 1 is the unique equilibrium and the equilibrium cost of
the Fed intervention is zero.

One particular implementation resembles the Bank Term Funding Program
(BTFP) introduced by the Federal Reserve in March 2023 allowing banks to bor-
row from the Fed at par, that is against a collateral value A(r) instead of A(r').
Starting from an interest rate r such that DF;(1,7) = 0, this corresponds to a loan
size

B(A, 1) = (1= A) [A(r) = A()],
which is exactly (15).

In principle complete private insurance markets could also implement this al-
location: banks would buy insurance contracts contingent on their idiosyncratic
realization of A and not just on the aggregate interest rate " as in Section 5.1. In the
model featuring only interest rate risk and purely idiosyncratic runs, these con-
tracts would prevent runs from happening in the first place hence the equilibrium
price of such insurance would be zero. However, in a richer setting featuring con-
tagion and widespread runs, or in the presence of other aggregate shocks s as in
Section 4.3, such private insurance markets would be insufficient, which is why
we focus on government-provided insurance.

There are two main drawbacks of the Fed policy we describe: moral hazard and
adverse selection, both of which are outside the model. The equilibrium cost for
the Fed is zero because banks hold high-quality liquid assets such as agency MBS
and Treasuries whose value depends only on r. Banks therefore have no “bad”
assets to offload on the Fed. In a model with more complex bank incentives and
assets, the intervention may lead to excessive risk-taking and adverse selection in
asset purchases, in particular because it is targeted at the ex post weakest insti-
tutions instead of favoring the healthiest ones.?* The expectation of ex-post Fed
intervention may also reduce private incentives to buy swaptions ex ante. All else
equal, these considerations favor the options-based and capital-based approaches
discussed in Sections 5.1 and 5.2.

24Gee, e.g., Philippon and Skreta (2012) and Tirole (2012) for an analysis of the cost of intervention
with adverse selection, and Philippon and Schnabl (2013) and Philippon and Wang (2022) for the
design of ex post interventions that mitigate moral hazard.
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6 Conclusion

Banks hedge the interest rate risk of their assets with their deposit franchise. When
interest rates go up, the value of the assets falls but the value of the deposit fran-
chise rises. For this to work deposits must stay in the bank. If they leave, whether
in search of higher rates or out of concern about the bank’s health, the hedge fails
and the bank can become insolvent. This creates run incentives among uninsured
depositors.

We present a model of runs on the deposit franchise and study its implications
for bank risk management. The key ingredient is “low-beta” uninsured deposits
that contribute to the bank’s deposit franchise. Relying on such deposits makes the
bank subject to runs even if its loans and securities are fully liquid. However, runs
only appear at high interest rates. At low rates deposits are unprofitable, hence
the bank is unharmed by a run and a run never occurs. At high rates, when bank
assets are down and the deposit franchise is up, a run is a lot more harmful and
hence more likely. Our key result therefore is that for banks with an uninsured
deposit franchise, liquidity risk is increasing in interest rates.

We provide formulas for the bank’s optimal risk management policy taking
deposit outflows into account, but stress that the bank faces a new risk manage-
ment dilemma: it cannot simultaneously hedge its interest rate risk and liquidity
risk exposures. Hedging interest rates with long-duration assets opens the door
to runs at high rates, while hedging liquidity risk with short-duration assets can
lead to insolvency at low rates. This implies that low-beta uninsured deposits (e.g.,
uninsured checking and savings accounts) are a source of instability for banks. We
show that a solution for banks, though not costless, is to buy options such as put-
table bonds or swaptions, or to raise additional capital when interest rates rise.

Our results highlight that banks are in the business of providing optionality
to their customers. They do so through their assets, for example by extending
mortgages with the option to refinance, and they do so through their liabilities,
by allowing depositors to withdraw at will. Both are options on interest rates:
mortgage borrowers prepay when rates are low, depositors withdraw when rates
are high. Both give banks negative convexity. It is well known that mortgage
prepayment risk can be hedged using swaptions. Deposit prepayment risk can as

well.
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But who will take the other side? An intriguing answer, one we leave for future
work, is that since in times of stress deposits mainly stay within the banking sys-
tem, the natural providers of convexity are financial institutions that enjoy “flight
to safety.” Like the hiker who need not outrun the bear provided he can outrun his

companion, the ultimate deposit franchise is the one that can outlast the others.
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Appendix

A Proofs

A1 Proof of Proposition 1
From (1) and using D; 1 = (1 —6)!"1(1 — w)D we have

> 5Dt—1 i (’BT/ + C) Dt—l
= (1+7) = (1+7)
i (1—6)1
= (1 + T/)t
5+ Br' +c¢)
r'+46 '

(0+pr' +c)

Therefore

and

DF'(r) = D {(1 —w(r)) [%} —w'(r) {wl }

o {0 [0

using w(r) = 0. Thus the duration evaluated at r is

DF() 1 (=ppite
DF(r)  r+6(1—=B)r—c WA

TDF(r) =
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A.2 Proof of Proposition 2

The optimal modified duration is

DF'(r)
4= 7a0)
_ DF'(r)
D
_c—l—(l—ﬁ)é_w,(r)(l—ﬁ)r—c
 (r+9)2 r+6

The effective beta B solves

c+(1—-p)o
(r o)

1-B)r—c _ c+(1-pB)s

r+o (r+6)>2

(B—B)o = (r+0)w'(r)[(1—p)r—]
Bp=p+w(r)[(1=p)r—cl(1+7/0)

~a/(n)!

A.3 Proof of Proposition 4

To hedge v(0, ") we need

A+ DF} =0
TA:%DF}
— (1—u)cl+(1_ﬁ1)5
(r+6)?

This corresponds to the optimal duration for a bank with an effective beta 3 solving

I+ (1-pD  c+(1-p)s
O W A (e
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A.4 Proof of Proposition 5

If the bank perfectly hedges interest rate risk in the good equilibrium by choosing
assets A such that v (1,7') is constant, i.e.,, A(r') = v*D — DF;(r') — DFy(A = 1,7")

for some constant v* > v, then

1—‘BU)T’I—CU
/ — 1 /_ (
v(0,7)=0v(1,r)—u s
:U*_u(l—ﬁu)r’—cu
r+6
hence for
1— uy.,., U
v(O,r’)<Q<:>v*—u( pr —c <v
'+
* Uy AU
N Q<(1 B —c
u '+ 6
v* —v v* —v
=5 u 1— u__ YNy
& ” +c < ( B ” )
sr >7= Cu+v*’zy
1-pu -2

where 7 decreases with the uninsured deposit ratio u.
If instead the bank perfectly hedges liquidity risk by making v(0, ) constant

equal to v, then

! (1_‘BU)1,/_CU
o(L,r) v v tu P <v
* u _ 1— uy,./
PR P (/ B)r
u '+
N _2(5+(1—/3U+U — Oy < U
u u
u_v-uvs
or <r=-° .
1—pU4 ==

47



A.5 Proof of Proposition 7
Satisfying (11)-(12) requires
A(r")+ DF/(r")+ DEy(A =1,7") > (1 +9*)D
A(r"Y+ DF/(r') > (1+9v)D

or

A(r') > A*(r') =max {(1+2)D — DF; (') ,(14+v*)D — DF; (') = DFy (A =1,7") } .

Substracting (1 + v*)D — DF; (r') — DFy (A = 1,7") from both sides and adding it
back outside the bracket we get

A*(¥) = (14+v*)D — DF; (¥') — DFy (A = 1,#) + max {—(v* —0)D + DFy (A =1,7),0} .

The term (1 + v*)D — DF; (') — DFy (A = 1,1") corresponds to the long-term as-
sets that hedge interest rate risk in the good equilibrium.
The second term in A* can be approximated to first order as

max {0, DFy (A = 1,7) + DF;(A =1,7) x (' = 7) — (v* —v)D}
=DF;(A =1,7) x max {0,7' — 7}

since DFy; (A = 1,7) = (v* — v) D by definition of 7. The amount of standard swap-
tions the bank needs to buy is thus

N = DF/;(A = 1,7)
U+ (1-8Y)6

=uD
SR G2

B Fixed and Variable Operating Costs

Recall that in the baseline model we assume that c is a cost per dollar of remaining
deposits hence the franchise value is

DE(¥) =D (1 - w(r')) %
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In practice operating costs are a combination of pre-determined costs that do not
fully respond to withdrawals, and costs that scale with the amount of deposits in
each period. Here we extend the model by allowing the bank to decide the scale
of the branch network and services offered before the interest rate shock, which
corresponds to costs x that must be paid even if deposits are withdrawn at t = 0.
In that case the franchise value writes instead

DF(¥) =D (1 —w(r')) g _r,ﬁj)fé_ € D i -

For simplicity we still assume that costs « stop being paid upon exogenous with-
drawals (at rate §); otherwise nothing substantial changes except that expressions
are slightly more complex because the last term is —Dx /7’ instead. Define the total
cost

C=c+x.

Results are mostly unchanged under this formulation except for two points.
First, since outflows do not help economize the fixed operating costs x, if all

costs are fixed (C = x,c = 0) then outflows always hurt the franchise value even
when DF < 0. We can generalize Proposition 2 to:

Proposition. Suppose that w'(r) ((1— B)r —c) < W hence DF' > 0. The modi-

fied duration of assets for hedging interest rate-driven outflows for a bank with A(r) = D

_(@=pp+Cc _, [A-B)r—c

As in Proposition 2 the effect of endogenous outflows still depends on the level

15

of interest rates. If 1 — B > c¢/r then outflows hurt the franchise value hence asset
duration should be shorter. But now it is only the variable part of the cost ¢, not
the fixed cost «, that matters for this effect, whereas the franchise value is positive
if and only if the deposit spread (1 — B)r exceeds the total cost C = ¢ + k.

Second, the analysis of uninsured depositor runs is unchanged, except that in a
run A = 0 the uninsured deposit franchise may be negative instead of zero, since
the fixed operating costs ¥ must still be paid. This only affects the expressions for
v and A as follows. The solvency ratio of the bank after the interest rate shock as a
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function of A is still

1- 89 —¢
40

(A7) =0(0,7") +ur (1 —wy (1)) (
as in (7), but the solvency ratio when all uninsured depositors run (A = 0) is

A(r')— D+ DF; (1) K
N — —
v(0,1) = 5 s

instead of (8). The cost x implies that the bank should hold some long-term assets
to cover «k per period even to hedge liquidity risk, i.e., to stabilize v(0,7’). But the
dilemma between hedging interest rate and liquidity risk persists for two reasons:
tirst, a bank hedging interest rate risk in the no-run equilibrium must account for
total operating costs C = ¢ + «, and second, the term % increases with r/
even if c = 0.

C Additional Figures
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Figure A.1: Decomposing A*(r') into short-term assets (left panel) and receiver
swaptions with strike » = 7 (right panel).
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