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Abstract

Does deposit funding still drive credit creation? Deposit inflows affect credit both directly,
through banks’ lending response, and indirectly, through a feedback loop in which credit
generates new deposits. Using exogenous deposit shocks and a structural model, we show
that the total credit impact of a $1 deposit inflow has fallen from $1.70 to $0.40 over the past
two decades. The decline reflects a weakening of the credit—deposit feedback loop, consis-
tent with a declining specialness of bank deposits and greater use of non-bank alternatives.
Regulation and policy also shape banks’ credit response: capital requirements dampen it
while liquidity regulation partially offsets, and both QE and QT reduce credit in the post-
crisis environment. To offset the lost credit creation, non-bank credit must expand threefold
beyond what banks’ diminished lending response alone implies. These findings point to an
implicit narrowing of banking that dampens credit creation and reshapes monetary and fiscal

policy transmission.
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1 Introduction

Does deposit funding still drive credit creation? Stable bank deposits are widely thought to
support bank lending and maturity transformation, as they relax banks’ liquidity management
(Diamond and Dybvig, 1983; Kashyap et al., 2002a). Beyond this direct effect, the act of lending
itself can generate new stable deposits, generating a feedback loop that amplifies the overall
effect of deposit inflows on credit creation (Tobin, 1963; Friedman and Schwartz, 1963). Despite
its potential importance, this amplification channel has received relatively little attention in the
modern banking literature. As a result, we know little about the total effect of deposit inflows
on bank credit provision in the modern financial system, or about the forces that determine its

strength and how it evolves as the structure of the financial sector changes.

In this paper, we decompose the total effect of deposit inflows on credit into a direct
lending response and an indirect amplification through the credit—deposit feedback loop. We
document a pronounced decline in both channels over the past two decades, and use a structural
model to trace these declines to shifts in primitives driven by tighter regulation and non-bank
disintermediation. Our results point to an implicit narrowing of banking: deposits have become
substantially less effective at generating credit, even as formal deposit-taking remains integrated
with lending, with implications for the cyclicality of credit, the transmission of monetary and

fiscal policy, and the supply of safe assets.

We begin by provide empirical evidence on the magnitude and evolution of banks’ credit-
deposit multiplier using a high-frequency identification strategy over the period 2005-2019. The
credit—deposit multiplier embeds both banks’ marginal lending response and the recycling of
credit into new deposits, capturing how an initial deposit inflow propagates through successive
rounds of credit creation. Exploiting plausibly exogenous innovations in the timing of U.S.
Treasury cash settlements, which mechanically credit and debit private bank accounts but are
orthogonal to economic fundamentals, we instrument for contemporaneous deposit inflows and
trace their propagation through the banking system using local projections. This approach al-
lows us to recover a causal estimate of how an initial deposit inflow translates into cumulative
deposit growth over subsequent weeks. Our identification strategy allows us to circumvent two
key endogeneity concerns related to the estimation of the credit-deposit multiplier. The first is
correlated deposit flows driven by unobserved economic conditions, and the second is real-side

feedback from lending to income and deposit demand. Exploiting high-frequency innovations



in Treasury settlement timing provides an exogenous source of deposit inflows, and our focus on

short horizons limits the scope for real-side adjustment.

We find that the credit-deposit multiplier is sizable: a $1 deposit inflow ultimately raises
cumulative deposits by $2.05 through balance sheet propagation. However, the strength of this
amplification has weakened markedly over time, with the multiplier declining by roughly half
from 2.6 in the first half of our sample to around 1.3 in the second half. This decline indicates
a weakening of one or both of the underlying margins that govern the feedback loop: either a
reduced propensity of banks to expand credit in response to deposit inflows, or a lower tendency
for credit creation to generate additional stable deposit funding. Such changes may be a result
of post-crisis regulatory reforms or the growing role of non-bank intermediaries in credit and
liquidity provision. To disentangle these mechanisms and recover the total effect on credit, we
next develop a structural model that decomposes the decline in the credit-deposit multiplier into

its underlying drivers.

Our structural model features depositors and borrowers who choose between banks and
non-bank outside options, alongside a banking system that sets deposit and loan rates. Banks’
balance sheet expansion is disciplined by capital and liquidity requirements, while non-bank
intermediaries compete with banks in credit markets and thereby shape the elasticity of bank
credit demand. Within this environment, the credit-deposit multiplier emerges endogenously:
banks’ lending response is determined by underlying primitives, while the recycling of loan

proceeds into stable deposits governs the evolution of the deposit base.

We estimate the model by matching model-implied optimality conditions to their empirical
counterparts using aggregate U.S. banking data. The banking sector’s deposit and loan first-order
conditions jointly identify the shadow costs of illiquidity and leverage. The non-bank first-
order condition identifies the cost of expanding non-bank credit supply, which determines how
strongly non-bank lending offsets changes in bank lending. Finally, we use the reduced-form
estimates of the credit-deposit multiplier in the early and late periods to pin down the recycling
rate of loan proceeds into stable deposit funding. The estimated model delivers the two sufficient
statistics that govern the credit-deposit multiplier: banks’ marginal lending response to deposit
inflows, and the recycling rate of loan proceeds into stable deposits. We find that both have

declined sharply, and trace these declines to shifts in underlying primitives.

We find that banks’ lending response has declined from .67 to .32. In the earlier period,



banks channeled roughly two-thirds of each marginal deposit dollar into new lending; in the later
period, less than one-third supports credit expansion. Most deposit inflows are now absorbed by
reductions in wholesale funding or by increases in liquid asset buffers. The shift is stark: de-
posits have shifted from being primarily a source of credit creation to primarily a tool of balance
sheet management. Tracing this decline to underlying primitives, we find that tighter capital reg-
ulation in isolation would have produced an even larger fall in banks’ lending response, while
the effect of liquidity regulation is more nuanced. A higher required liquidity ratio increases
banks’ lending response to deposit inflows, since stable deposits relax the constraint and free up
capacity for credit. However, an increased share of runnable deposits reduces the extent to which
inflows ease liquidity constraints, dampening the response. On balance, liquidity regulation has

partially offset the decline caused by tighter capital requirements.

Moreover, we find that the recycling of loan proceeds into deposit inflows has fallen from
.92 to .73. In the earlier period, over 90 cents of every dollar of loan-generated payment flows
ultimately settled as stable deposits within the banking system, so that nearly all of the funds
created by lending returned in a form that relaxed banks’ liquidity constraints and could support
further credit expansion. In the later period, only about 73 cents returns as stable deposits. This
is consistent with a reduced specialness of bank deposits as a savings instrument, as households
and firms increasingly allocate funds toward non-bank alternatives such as money market funds
and other savings vehicles, diminishing the share of payment flows that returns to the banking
system as the kind of stable, low-cost funding that supports further credit expansion. Combining
the two channels, we find that tighter capital regulation can account for 80% of the observed
decline in the credit-deposit multiplier, diminished deposit recycling for 60%, and that liquidity

regulation on balance offsets 20% of the decline.

Turning to the central question of the paper, we find that the total effect of a deposit inflow
on bank credit has declined from 1.73 to 0.42: each dollar of deposits today generates less than
a quarter of the credit it once did. This total effect on credit is the product of banks’ lending
response and the amplification of deposits through the credit-deposit multiplier, so both forces
contribute substantially to the decline. The weaker lending response reduces the credit generated
in each round, while diminished deposit recycling weakens the amplification from one round to
the next. As a result, the financial system has lost an important amplification channel through
this implicit narrowing of the banking sector. Consequently, concerns about deposits migrating

from banks to non-banks such as Stablecoins may have more muted credit effects today than



they would have had in earlier periods, when deposit funding translated more powerfully into

credit creation.

This raises a natural question: Has the financial system developed an alternative mecha-
nism that can offset the loss of this bank deposit amplification channel? In particular, can the
rapidly growing non-bank sector compensate for the dampened credit response in banks? Indeed,
we estimate that the marginal cost of non-bank credit intermediation has roughly halved between
the two periods, consistent with the growth of market-based financing. To assess whether this
expansion can offset the weakening of bank-based credit creation, we examine how both bank
credit and total credit respond to deposit shocks in the early and late periods. We consider scenar-
10s in which non-banks’ marginal costs decline further or in which they gain a competitive edge
relative to banks. We find that non-bank credit can offset much of the decline in banks’ marginal
lending response, but fully offsetting the decline once the credit-deposit multiplier is taken into
account is substantially more difficult. This exercise highlights that assessing the effects on total
credit requires accounting not only for changes in banks’ marginal lending response, but also for
the strength of the underlying funding multiplier that governs amplification and that non-banks

cannot easily replicate.

Overall, we find that deposits injected into the banking system generate far less cumulative
amplification of credit than they did in the past, and non-bank intermediaries do not fully offset
this decline. As a result, both money and credit have become less responsive to deposit inflows,
dampening the amplification of the credit cycle. In this sense, our findings document an implicit
narrowing of banking, driven not by institutional separation, but by regulation and non-bank
competition, which has weakened the traditional feedback between deposits and credit. Deposits
have become less effective at supporting credit creation, even as formal deposit-taking remains

integrated with lending.
Literature Contribution

Whether deposit funding matters for bank lending is a classic question in banking. It
connects to seminal theories of why banks jointly provide deposit-taking and lending services
(Diamond and Dybvig, 1983; Kashyap et al., 2002a), as well as to a more recent debate about
the consequences of non-bank intermediaries eroding banks’ deposit base (Whited et al., 2022).
Our contribution is to quantify how deposit inflows translate into bank credit creation and to

link this relationship to underlying economic primitives. By doing so, we provide a framework



for evaluating how shifts in the composition of money and savings—including the migration
of funds toward non-bank instruments such as money market funds or stablecoins—affect the

supply of credit in the modern financial system.

Moreover, the idea that deposits and loans are connected through a feedback loop back at
least to Tobin (1963), yet remains underexplored. The literature has tended to emphasize two
separate views: one in which deposits fund loans, and another in which loans create deposits.
In the traditional “intermediary” view, banks collect deposits from savers, hold a fraction as re-
serves, and lend out the remainder, so deposit market size constrains lending (Kashyap et al.,
2002b; Bernanke and Blinder, 1988; Xiao, 2019). In the “money creation” view, lending itself
creates deposits (Tobin, 1963; Donaldson et al., 2018), and in the absence of a binding reserve
requirement is shaped by regulations, loan demand, and banks’ risk appetite. Empirically, micro
evidence shows that banks create deposits when they lend (Werner, 2014), aggregate deposits far
exceed cash deposits (Thakor and Edison, 2024), and reduced-form estimates document a posi-
tive elasticity from lending to deposit growth (Kundu et al., 2021). Our contribution is to bridge
these perspectives by quantifying the strength of the endogenous credit-deposit multiplier and
the amount of deposits and credit that are ultimately created from an initial deposit inflow.! This
multiplier highlights that deposits both constrain and are created by lending: the availability and
stability of deposits shape banks’ willingness to expand credit, while banks’ lending decisions
feed back into the deposit base. By decomposing the evolution and drivers of the multiplier, we

show how the balance between these forces shifts over time.

The credit—deposit multiplier relates to amplification mechanisms emphasized in the macro-
finance literature. A large body of work studies how intermediary balance sheet strength shapes
credit supply through net worth—based amplification. Seminal contributions show how collat-
eral values and internal liquidity constrain borrowing and investment (Kiyotaki and Moore,
1997; Holmstrom and Tirole, 1997), while Bernanke et al. (1999) highlights how stronger bal-
ance sheets reduce financing frictions and expand borrowing. Building on these foundations,
intermediary-based macro models emphasize how intermediary net worth governs leverage and
credit creation (Gertler and Kiyotaki, 2010; Gertler and Karadi, 2011), with implications for
risk premia and asset prices (Brunnermeier and Sannikov, 2014; He and Krishnamurthy, 2013).

More recent heterogeneous-bank frameworks study how these elasticities vary across institutions

"While we estimate a long-term liquidity multiplier that supports credit provision, Denbee et al. (2021) and
Piazzesi and Schneider (2018) study a related short-term payments liquidity multiplier, showing how transactional
liquidity shapes banks’ reserve management and monetary transmission.



(Corbae and D’Erasmo, 2021; Jamilov and Monacelli, 2025). Our framework studies a closely
related amplification mechanism operating through funding rather than intermediary net worth.
The marginal lending response captures how strongly banks expand credit in response to deposit
inflows and therefore plays a role analogous to the credit supply elasticities emphasized in this
literature. While we focus on short-run balance sheet propagation through funding flows, the
two mechanisms would interact at longer horizons. Lending generates profits that raise deposi-
tor wealth and bank equity, which in turn strengthen the feedback loop between deposit creation
and credit supply. In this sense, the credit—deposit multiplier complements the net worth—based

amplification mechanisms emphasized in the macro-finance literature.

We emphasize the importance of accounting for the recycling of loan proceeds into stable
deposit funding. This connects to recent work on deposit franchise value and depositor hetero-
geneity in both the cross-section and the time series (Drechsler et al., 2021a,b; Li et al., 2023;
DeMarzo et al., 2024; Blickle et al., 2025; Egan et al., 2025; Lu et al., 2024; Koont et al., 2024).
Recent work studies how central bank reserve creation expands bank balance sheets but may
fail to increase usable liquidity because banks hoard reserves in anticipation of state-contingent
liquidity demand (Acharya and Rajan, 2024). In particular, deposits can become a problem if the
bank expect depositors redeem jointly, which shows up in our system as deposit specialness rela-
tive to wholesale funding. While these liquidity risks also influence banks’ lending incentives in
our framework, we focus on a distinct amplification channel: the feedback loop between lending
and deposit creation. Although all payments ultimately settle through the banking system and
non-bank liabilities are backed by claims on bank deposits or reserves, our framework highlights
that only stable, low-margin deposits sustain the feedback loop between lending and deposit cre-
ation. The banking sector’s share of deposits can therefore be interpreted as the share of stable
funding in the system, relative to more institutional or flightier deposits that do not support this
amplification mechanism. Our contribution is to incorporate this recycling of deposits into the
measurement of the credit—deposit multiplier and to show how changes in the composition and

stability of deposits affect the strength of credit creation in the banking system.

Finally, the decline we document in the role of bank deposits in credit creation relates to
the growing literature on non-bank intermediaries and the implications of a shrinking traditional
banking sector (Begenau and Landvoigt, 2022; Buchak et al., 2024; Schneider et al., 2025). As
non-banks increasingly disintermediate banks on both sides of their balance sheets, a smaller

share of funding flows through the banking system’s balance sheet amplification mechanism.



This raises the question of whether the expansion of non-bank intermediation can compensate
for the weakening of bank-based credit creation. We show that although non-bank credit can
offset part of the decline in banks’ marginal lending response, fully replacing the amplification
generated by bank deposits is substantially more difficult once the credit—deposit multiplier is
taken into account. Our contribution is therefore to highlight that assessing the aggregate effects
of financial intermediation requires accounting not only for banks’ marginal lending responses,
but also for the strength of the underlying funding multiplier that governs how credit expands

through the banking system.

2 Defining the Total Effect of Deposit Inflows on Bank Credit

2.1 Banks’ Lending Response to Deposit Inflows

The central question in this paper is how deposit inflows translate into bank credit creation.
When deposits enter the banking system, banks may expand their balance sheets by increasing
lending or other assets. A natural starting point for thinking about this relationship is banks’
marginal lending response to deposits, which we denote by A = dL/dD: how much additional

credit banks supply when their deposit funding increases.

However, the total effect of deposit inflows on bank credit may differ from this marginal
response because deposits and lending are jointly determined within the banking system. When
banks extend credit, the associated payments generate deposits elsewhere in the financial system,
some of which return to banks. These newly created deposits can in turn support further balance
sheet expansion. As a result, the ultimate increase in credit following a deposit inflow depends
both on banks’ initial lending response and on how lending activity generates new deposits

within the financial system.

To formalize this idea, let Dy denote an exogenous inflow of deposits into the banking
system and let . denote bank credit. The total effect of deposit inflows on credit can be summa-
rized by the response d L /dD,. Understanding this relationship requires examining how deposits
and lending interact in the modern banking system and how balance sheet adjustments follow-
ing deposit inflows can generate additional deposits. Section 2.2 discusses how deposits and

lending are jointly determined in a fractional-reserve banking system. Section 2.3 illustrates



the mechanism through a simple example. Finally, Section 2.4 formally defines the total credit
effect by decomposing it into banks’ marginal lending response and the amplification generated

by deposit creation within the financial system.

2.2 The Link Between Deposits and Bank Credit

To understand how deposit inflows translate into bank credit creation, we begin by discussing
how deposits and lending are jointly determined in the modern banking system, where banks
operate with fractional reserves and are not constrained by binding reserve requirements. In
such an environment, the effect of deposit inflows on credit depends on how bank balance sheets

adjust and whether lending activity generates additional deposits within the financial system.

As a benchmark, consider a fully narrow banking system in which deposits are backed
one-for-one by central bank reserves, as illustrated in Figure 1. Under narrow banking, the
aggregate quantity of deposits is fixed by reserves, so that Q* = R, where R denotes aggregate
reserves. In this case, the aggregate supply of deposits is perfectly inelastic. Changes in the

demand for deposits shift equilibrium deposit rates r* but do not affect the quantity of deposits.

Narrow Banking

/.

Assets Liabilities 3 - 4
Reserves R | Deposits R T3 -1
R R D
D/
| Q

Figure 1: Narrow banking: deposits are backed one-for-one by reserves, so deposit quantity is
pinned down by aggregate reserves. Demand shifts change equilibrium rates but not quantities.

In contrast, in a fractional reserve banking system as in Figure 2, deposits are jointly de-
termined by (i) households’ willingness to hold deposits and (ii) banks’ willingness to expand
their balance sheets and issue deposit liabilities (e.g., to fund loans and securities). Unlike in
a narrow system, banks are not required to hold reserves one-for-one against deposits. Instead,

they choose balance sheet size to maximize their profits subject to liquidity and capital manage-
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Figure 2: Non-narrow banking: deposits are jointly determined by an upward-sloping deposit
supply curve (banks’ willingness to expand balance sheets) and a downward-sloping deposit
demand curve (households’ willingness to hold deposits). Shifts in either demand or supply
move both equilibrium rates and quantities.

ment or regulatory constraints that limit how much asset expansion can be supported by a given
stock of liquid resources. In this environment, shifts on either side of the market affect both
equilibrium rates and quantities. Bank balance sheet expansion can therefore be initiated either
by an increase in deposit demand, arising from changes in household preferences or portfolio
allocations toward deposits, or by a shift in credit supply, reflecting improvements in lending
opportunities or changes in banks’ regulatory environment that make asset expansion more at-

tractive.?

We see evidence of this deposit creation in the U.S. banking sector when we examine
the evolution of key monetary aggregates over time. We focus on two standard measures of
money that are most directly linked to the banking system’s role in money creation. MO, or the
monetary base, includes currency in circulation and reserves held by banks at the central bank
and represents the supply of base money injected by the central bank. M1, or narrow money,
includes currency in circulation as well as demand deposits and other highly liquid checkable
deposits. Comparing these two aggregates illustrates how the stock of bank deposits compares
to reserves. In Figure 3, we plot the evolution of M1/MO from 1960 through 2025. The fact that
the ratio fluctuates over time, and generally exceeds 1, is consistent with banks creating deposits

through lending.

The fact that banks create deposits to expand their balance sheets does not, by itself, imply

2This example abstracts from banks’ non-deposit wholesale funding adjustment. Allowing for this margin would
imply that balance sheet expansion occurs net of funding adjustments, as formalized in our model in Section 4.
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Figure 3: Evolution of M1/M0. Monthly data is from FRED (1960-2025). Vertical lines denote
the onset of QE after the 2008 financial crisis and pandemic-related stimulus. In May 2020,
savings deposits were reclassified as transaction accounts and added to M1.

the existence of a feedback loop between deposits and credit. Such amplification arises only if
banks respond to additional deposits by expanding credit provision, so that the marginal lending
response to deposits, dL/dD, is positive. This condition is likely to hold in practice because
deposits, when they constitute stable funding, relax banks’ liquidity constraints at the margin
and thereby support additional balance sheet expansion. As a result, deposits created through
lending can return to the banking system as funding and support further balance sheet expansion,
so that an initial deposit inflow may generate successive rounds of balance sheet expansion
within the banking system. The ultimate increase in credit can therefore exceed banks’ initial

lending response to deposits.

2.3 A Simple Example of the Credit-Deposit Feedback Loop

Beginning from an equilibrium quantity of deposits, an initial change in deposits—whether orig-
inating from a shift in demand or supply—can affect banks’ balance sheets through its impact
on funding conditions. If the deposits created through lending remain within the banking system
as stable funding, they may relax banks’ liquidity constraints at the margin and enable further
balance sheet expansion. In this case, an initial change in deposits can propagate through the
banking system as lending activity generates additional deposits that support further lending.

The following example illustrates this mechanism in a simple setting.

The example in Table 1 illustrates how an initial deposit inflow can propagate through the

10



Table 1: Simple Example: Credit-Deposit Multiplier

(a) Initial (b) Deposit Inflow (¢) Credit Creation
Assets Liabilities Assets Liabilities Assets Liabilities
R $100 | W $100 R $100 | D $100 R $100 | D $100
W $0 L $70 | W $70
$100 $100 $100 $100 $170 $170

(d) Deposit Recycling (e) Credit Creation (f) Deposit Recycling

Assets Liabilities Assets Liabilities Assets Liabilities
R $100 | D $163 R $100 | D $163 R $100 | D $203
L $70 | W $7 L $114 | W $51 L $114 | W $11
$170 $170 $214 $214 $214 $214

In this numerical example the banking sector then expands lending by A = 0.7 per dollar of deposit inflow, creating
flighty funding, denoted as wholesale liabilities, alongside the new loans. A fraction § = 0.9 of flighty balances is
recycled into deposits, initiating the next round.

banking system via successive rounds of balance sheet expansion, using a consolidated balance
sheet for the aggregate banking system. The banking system begins with $100 in reserves R
and $100 in wholesale funding VW, as in panel (a). Suppose that a preference shock leads to
increased demand for deposits by households. In response, banks issue $100 in deposits D
while retiring the more costly wholesale funding 1V, as in panel (b). The deposit inflow leaves
total assets unchanged but improves the banking sector’s funding composition, relaxing banks’
liquidity management and raising their willingness to extend credit. As a result, suppose that
banks extend new credit of $70, as in panel (c). The loan proceeds initially appear as flighty
wholesale funding at the issuing bank, and banks’ balance sheets grow by $70. The intermediary
view of banks stops here, whereby an increase in deposit funding leads to an effect on banks’

willingness to lend.

However, the quantity of deposits is endogenously determined, and this is what sets the
feedback loop in motion. As borrowers spend the loan proceeds, payments circulate through
the economy. Over time, some fraction of these proceeds settle as deposit funding in the bank-
ing system—say $63—as in panel (d). This results in an increase in deposits and a reduction
in wholesale funding, driven again by deposit demand and banks’ re-optimization of funding
composition. This constitutes a further improvement in the banking sector’s funding composi-
tion, again relaxing banks’ liquidity management and raising their willingness to extend credit,

as shown in panel (e). Some of the resulting loan proceeds again return as deposit funding in

11



Table 2: Aggregate Banking System: Incremental Expansion by Round

Round » Deposits Credit
1 $100.0  $70.0
2 $63.0 $44.1
3 $39.7 $27.8
4 $25.0 $17.5

Limit h — oo  $270.3  $189.2

This table reports the round-by-round expansion of deposits and loans under the credit-deposit multi-
plier, using the numerical example from Table 1. Each round’s new lending equals A = 0.7 times newly
retained deposits, which in turn equal § = 0.9 times the previous round’s lending. Successive rounds
therefore shrink by the factor A = 0.63, and the final row reports the limiting value of the resulting
geometric series.

panel (f), continuing the feedback loop. After two rounds, deposits have increased to $163 and
loans to $114.

This process continues until it converges, as shown in Table 2. Total deposits converge to
$270 and loans to $189. Amplification arises because deposits are superior to wholesale funding:
they relax the banking sector’s liquidity management, and proceeds from credit creation partially
recycle into new deposits. The interaction between banks’ credit response and the retention of

payment flows governs the strength of the credit—deposit multiplier.

2.4 The Total Effect of Deposit Inflows on Bank Credit

The simple example above illustrates how an initial deposit inflow can propagate through the
banking system via successive rounds of lending and redepositing. As discussed in Section
2.1, a natural starting point for thinking about the effect of deposit inflows on credit is banks’
marginal lending response to a deposit inflow, \. However, because a portion of loan proceeds
may return to the banking system as deposits, an initial deposit inflow can generate additional
rounds of balance sheet expansion. This mechanism implies that the ultimate increase in credit
may exceed banks’ initial lending response to deposits. We formalize this mechanism using
a simple propagation framework that separates banks’ lending response from the recycling of

deposits within the financial system.

Formally, we define the Credit-Deposit Multiplier mp as the total change in the deposit

12



base, AD;uq, generated by an initial deposit inflow A D,. Two sufficient statistics govern this
process. The first is A\, which corresponds to banks’ marginal lending response to deposit in-
flows. The second is 6, which reflects the marginal propensity for credit-financed expenditures
to be redeposited within the banking system as stable bank deposits. Together, these parameters

determine how an initial deposit inflow propagates through the system.

Given a deposit inflow A Dy, banks extend new loans in the amount AA Dy, of which a
fraction 6 returns as deposits, raising the deposit base to ADy + N\JAD,. These new deposits
M)A D, then support additional lending of A\20A Dy, of which a fraction 6 recycles as deposits,
and the process continues. Iterating forward, we can express the total deposit expansion from an

initial inflow A Dy as a geometric series:

AD; 1 4en = ADy (L4 A0+ (M0)* + -+ -+ (AO)") . (1)

The corresponding credit-deposit multiplier at horizon £ is:

mhy =1+ X0+ (N)* + -+ (\O)". (2)

As h — oo, the process converges (provided |\0| < 1), yielding the long-run credit-

deposit multiplier:
1

BEIESY

3)

mp

The credit-deposit multiplier mp describes how an initial deposit inflow expands the de-
posit base through successive rounds of lending and redepositing. To recover the total effect of
deposit inflows on bank credit, we combine this amplification mechanism with banks’ marginal
lending response to deposits. Specifically, if banks expand lending by A for each additional dol-
lar of deposits, then the total increase in credit generated by an initial deposit inflow ADj is
given by

ALotar = AmpADy. 4)

This expression highlights that the total credit effect of deposit inflows depends both on banks’
initial lending response to deposits and on the amplification generated by the recycling of de-

posits within the banking system.

In the Appendix we consider whether non-bank institutions can generate a similar funding
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multiplier by issuing money-like liabilities such as commercial paper or repo. Although balance
sheet amplification can arise through collateral reuse, these mechanisms are generally weaker
than the credit-deposit multiplier because non-bank liabilities do not function as the primary
settlement asset. We therefore focus on banks in the main text and abstract from non-bank

multipliers.

3 Empirical Analysis

3.1 Empirical Strategy and Data

To estimate banks’ credit-deposit multiplier, we measure how an initial deposit inflow translates
into a total change in deposits. A natural way to implement this is to estimate local projections

of deposits at horizon h on a shock to deposits at time ¢:
AD; p = o +mly - ADy + T X, + g4, 5)

In Equation (5), AD; = log D; — log D;_; captures deposit growth from period ¢t — 1 to ¢,
AD,; ., =log Dy —log D;_1 captures cumulative deposit growth from ¢—1 to t+h, X; denotes
a vector of controls dated at time ¢, and £, is the error term. In this setting, the coefficient m’})
represents the credit-deposit multiplier at horizon h. As h grows large, m® converges to the

long-run credit-deposit multiplier mp.

If all other determinants of deposit growth were fully accounted for in X}, then local pro-
jections would deliver unbiased estimates of m/, at each horizon, converging to the true credit-
deposit multiplier mp for large h. However, in practice, many relevant factors that influence
deposit dynamics, such as local demand conditions, interest rate expectations, or shifts in port-
folio preferences, are difficult or impossible to observe. As a result, A, may be correlated with
the error term ., giving rise to endogeneity and biasing our estimate of mp. For instance, we
may overestimate mp if AD; and A D, co-move positively because of an unobservable factor
that drives deposit flows at both horizons, such as a surge in aggregate risk appetite or liquidity

demand.

To address this endogeneity concern, we seek a shifter of contemporaneous deposit growth,

A Dy, that is uncorrelated with the unobservable factors that jointly drive both current and future
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deposit growth. We construct such a shifter using high-frequency innovations to Treasury cash

flows from the Daily Treasury Statement (DTS).

Treasury cash flows reflect the government’s operating receipts and outlays, including
corporate and income taxes, tax refunds, federal salaries, grants to states, vendor payments,
and interest on Treasury debt. These flows move funds between the public sector and private
bank deposits. We aggregate daily Treasury withdrawals and deposits of operating cash into
weekly net cash flows, C'F}, treating deposits of operating cash as negative values so that positive
realizations correspond to net Treasury payments to the private sector. Our goal is to isolate
variation in routine Treasury operations, so we exclude categories that may reflect financial

system transfers or endogenous policy responses.>

We next purge this weekly series of predictable variation by residualizing on quarter-year
fixed effects o, calendar week-of-year fixed effects «,,, and six lags of the weekly cash-flow

series as in Equation (6), and use the resulting innovation, Z;, as our instrument.

6
CF, =0y +aw+ Y pCFi+ 7. (©6)

k=1
This innovation captures unexpected timing variation in Treasury settlement flows. Indeed, the
Ljung-Box portmanteau test fails to reject the null of no serial correlation in the innovation up to
six weekly lags, consistent with the interpretation of the shock as high-frequency timing noise

at the horizons that we use to estimate the deposit multiplier.

We implement this strategy in a 2SLS framework. To accommodate potential short-run
timing dispersion between Treasury settlement and the recording of deposit balances, we instru-
ment contemporaneous deposit growth AD; = log(Deposits); — log(Deposits);_; using both the
contemporaneous and one-period lag of the Treasury cash-flow timing innovation, allowing the
first stage to load on delayed effects without imposing serial correlation on the shock itself. We

measure deposits using aggregate core deposits from FRED, defined as total deposits held by all

3We include all operating cash categories except for internal transfers to and from the Federal Reserve, the
TGA, and depository institutions, and counter-cyclical means-based transfers including unemployment insurance,
food assistance, and TANF, which may correlate with broader economic conditions. We exclude October 2008,
which coincides with extraordinary fiscal and financial interventions during the Great Financial Crisis.
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Table 3: First Stage Estimates

The table reports first-stage estimates from the instrumental variables specification linking national core
deposit growth to Treasury cash-flow timing innovations. The sample covers 2005-2019. Standard errors
are reported in parentheses. Coefficients on the instrument and its lag are scaled by 10,000. One, two,
and three stars indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

(1) (2) (3)
2005-2019 2005-2011 2012-2019

L.Instrument 0.17*** 0.27*** 0.09

(0.05) (0.09) (0.06)
Instrument 0.18*** 0.20** 0.15**

(0.05) (0.09) (0.06)
L.Deposit Growth ~ -0.28*** -0.25%** -0.31%**

(0.04) (0.05) (0.05)
Observations 731 314 417
Adjusted R? 0.094 0.089 0.106
F 26.36 11.20 17.36

U.S. commercial banks excluding large time deposits. Our first stage specification is as follows,

AD, = o+ 12y + BoZiy1 + T Xy + 1. (7)

In the second stage, we regress cumulative deposit growth at horizon h, AD;_q 4}, =
log(Deposits);;, — log(Deposits);_; on instrumented deposit growth at time ¢ within the local
projection framework. In the vector of controls X; we include the lag of deposit growth AD;_;.

For horizon h, the second stage regression equation is,

AD; 1 pon = myAD, + T Xy + i ®)

Instrument validity requires that the relevance and exclusion assumptions be satisfied. The
relevance condition is supported by our first-stage F-statistics in Table 3. Intuitively, Treasury
payments and receipts credit and debit private bank accounts, generating changes in aggregate
core deposits at weekly horizons. The exclusion restriction requires that innovations in Trea-
sury cash-flow timing affect future deposit growth only through its impact on contemporaneous

deposit growth AD,, and not through any other channel. This is plausible because, after remov-
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ing predictable seasonality and persistence, the remaining high-frequency variation in Treasury
cash-flows largely reflects administrative settlement timing across a large number of payment

streams.

We consider two potential threats to identification. First, in the post-crisis period, Trea-
sury cash flows may affect reserves through movements in the Treasury’s account at the Federal
Reserve. This could generate co-movement between deposits and reserves that is not driven by
deposit inflows. In the Appendix, we show that our results are not sensitive to controlling for
contemporaneous changes in aggregate reserves, indicating that the estimates primarily reflect
deposit inflows rather than reserve co-movement at weekly frequency. Second, deposit inflows
could affect credit through real-side channels rather than balance sheet propagation. For exam-
ple, deposit-funded lending may stimulate economic activity, raising incomes and wealth and
thereby shifting out deposit demand. However, such real-side adjustments operate over longer
horizons, and the six-week window we study is likely too short for these mechanisms to play
a meaningful role. As a result, real-side feedback effects are unlikely to drive our estimated

deposit multiplier.

Thus, our empirical strategy allows us to estimate how cumulative deposit growth responds
to an initial exogenous inflow through balance sheet propagation, thereby recovering a causal

estimate of the deposit multiplier.

3.2 Estimates of the Credit-Deposit Multiplier

Figure 4 visualizes the coefficient estimates for our IV specification in Equation (8) at horizons
h from 0O to 6, with shaded bands indicating 95% confidence intervals. This specification cap-
tures how an initial funding inflow propagates through the banking system over time, including
through flows of funds between banks and across institutions. We define the long-run multiplier
m”, as the peak cumulative response, resulting in a value of 2.05. This implies that a 1 percent
deposit inflow ultimately leads to a 2.05 percent increase in total deposits in the banking system.
The impulse response indicates that initial deposit inflows are gradually re-deposited within the
banking system, leading to additional rounds of deposit growth across local institutions. These
effects level off after several weeks, suggesting that the cumulative response has converged to

the overall deposit multiplier.

We next examine its time variation. We split our time sample into an early and late period,
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estimating the credit-deposit multiplier over the years 2005-2011 and 2012-2019. Figure 4 Panel
B compares the dynamics of the deposit multiplier across two sample periods. We estimate,
for each period, our IV specification in Equation (8) at horizons 2 = 0 to 6. Comparing the
magnitudes shows a marked decrease in the latter sample, falling from 2.57 in the earlier period
to only 1.28.

The reduced-form multiplier embeds two distinct economic forces: a direct effect, cap-
tured by banks’ marginal propensity to lend out of deposit inflows, and an indirect effect, cap-
tured by the share of loan proceeds that recycle back into deposit funding. The observed decline
could therefore reflect changes in either channel, driven by post-crisis regulatory reforms and
policy, the expanding role of non-bank intermediaries, or shifts in household behavior. Disen-
tangling these forces and quantifying the total effect of deposit flows on credit requires additional

structure, which we turn to next.

Figure 4: Deposit Multiplier Estimates

This figure reports local projection estimates of the dynamic response of deposits to a deposit shock at
time ¢, estimated using an instrumental variables approach. Panel (a) shows the full-sample estimate from
2005 to 2019. Panel (b) compares estimates for the early (2005-2011) versus late (2012-2019) samples.
Shaded bands denote 95% confidence intervals.
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4 Model

In this section we develop a model of the U.S. banking sector that connects the credit-deposit

multiplier to structural primitives governing bank and household optimization, allowing us to
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decompose it into its constituent parts and quantify the total effect of an exogenous deposit

shock on credit.

4.1 Overview

The model features four types of agents. There are depositors, borrowers, a representative bank-
ing system, and a representative non-bank credit intermediary. The key exogenous variables in
the model are the current policy rate r° and the equity capital of the banking sector £, which
characterize the state of the world. Given these variables, banks set deposit and loan rates to max-
imize profits, subject to capital and liquidity constraints. The non-bank intermediary supplies
credit to borrowers and funds itself elastically at the policy rate, facing convex intermediation
costs. Depositors allocate their wealth across bank deposits, a non-bank savings vehicle, and

cash, while borrowers choose among bank credit, non-bank credit, and not borrowing.

4.2 Depositors

There is a mass W of depositors. Each depositor i makes a discrete choice over a menu k €
{D, M, C'} that includes a bank deposit D, a non-bank savings vehicle M, and cash C, which
differ in the yields they offer and the liquidity services they provide. Depositor ¢’s utility from
option k is

ui = aar® + &+, ©)

where « is the deposit rate sensitivity of depositors and &¥ is the idiosyncratic taste shock for
depositor i over option k. Bank deposits pay rate ¢ and provide liquidity services &;; the non-
bank savings vehicle pays the policy rate r° with liquidity services normalized to zero (£, = 0);

and cash provides liquidity services & but pays no interest (r¢ = 0).

We assume that the idiosyncratic taste shock ¥ is i.i.d. Type-1 extreme value, the standard
multinomial logit assumption, allowing for a closed form solution of the choice probabilities.
The market share of option k € {d, M,C} is

€§k+oéd7‘k

sp(rh) = (10)

efD'i‘Oéde —+ eadrs —+ @507
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and the demand for deposits can be written as,

D(r?) = sp(r?) - W (11)

4.3 Borrowers

There is a mass of borrowers with wealth 1W°. Each borrower j makes a discrete choice over
amenu k € {{,nb,(} that includes bank credit ¢, non-bank credit nb, and not borrowing ).
Borrower j’s utility from option k is

wy = —agrt + &+, (12)

where «y is the rate sensitivity of borrowers and 77;? is the idiosyncratic taste shock for borrower
j over option k. Bank credit charges rate r* and provides non-rate services &;; non-bank credit
charges rate ™ and provides non-rate services &,,;; and the utility of not borrowing is normalized

to zero (r? = & = 0).

As with deposit demand, we assume that the idiosyncratic taste shock 17§-c is 1.1.d. Type-1

extreme value. The market share of option k € {¢, nb, (} is thus

. eﬁk—oéﬂ“k
Sk(r ) - 1 + ese—aer® 4 génp—orm?’ (13)
and loan quantities are given by*
Ly(r") = Wls(r¥), k€ {¢,nb}. (14)

4.4 Banking System
4.4.1 Profit Maximization

We model a representative banking sector that chooses the deposit rate ¢ and loan rate * to
maximize profits. It takes as given the policy rate r°, equity capital £, and the demand functions

of depositors D(r%) and borrowers L(r’). The banking sector also holds central bank reserves

“For ease of notation we denote the banking sector’s loan demand L (r*) by L(r*) in the remainder of the paper.
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R, which we treat as an exogenous, system-level quantity.” The balance sheet constraint is
L)+ R=E+D(r%) + W, (15)
so that, for any (rd, rt ), wholesale funding is determined residually as
W=L0r")+R—E— D(r%. (16)
The banking sector’s profit maximization problem is given by,

max (r* =L + (r° —rY)D — %}VW2 + {In(K) + tln(A). (17)
In (17), the first two terms capture profits from loan and deposit markets respectively.® The
remaining terms represent costs: a quadratic wholesale funding cost xyy, reflecting the expense
of external financing outside the bank’s deposit base (Kashyap and Stein, 1995), and penalties
from capital and liquidity requirements, which we describe in detail below. These frictions link
deposit-taking to loan supply: without them, deposit inflows would have no effect on lending,

and the credit-deposit multiplier would reduce to one.

We model banks’ regulatory capital and liquidity constraints with log penalties, which
reduce profits by raising marginal costs as the capital or liquidity slack approaches zero. First,
the bank faces a risk-invariant capital constraint captured by & ln(K ) Letting > 0 denote the

level of the capital requirement, let the capital slack K be defined as
K =FE—-k(L+R) = (1—-krE — k(D+W)>0. (18)

Thus, the capital slack K is the excess of equity capital £ over a fixed fraction « of total assets,
with loans and reserves weighted uniformly. This risk-invariant leverage ratio is similar to the

Supplementary Leverage Ratio (SLR) implemented in the Basel III regulatory framework. By

3In the Appendix and in the quantitative calibration, we generalize the model to allow the banking sector’s liquid
asset position to adjust endogenously as a residual of its balance sheet optimization. Empirically, banks manage not
only central bank reserves but also interbank claims such as fed funds sold and reverse repo, which provide effective
liquidity beyond the stock of reserves. We capture this margin by replacing fixed reserves R with a broader liquid
asset residual that adjusts to clear the balance sheet identity. This extended specification yields a quantitatively
richer lending response A while preserving the same qualitative forces emphasized in the main text.

®Reserves and wholesale funds both earn the policy rate r°. With equity F fixed, their returns affect the level of
profits but not the bank’s profit maximization.
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rearranging with the balance sheet identity, we see that higher deposits D and wholesale funding
W tighten the constraint, while greater equity £ relaxes it. As the balance sheet grows relative
to equity, the capital slack K shrinks, and the penalty & In(K’) reduces profits, making additional

asset expansion increasingly costly.

Second, the bank faces a liquidity requirement captured by 7 In (A) Let y € [0, 1] be the
required ratio of liquid asset holdings relative to runnable liabilities, and ¢ € [0, 1] governs the

runnable fraction of deposits in the liquidity rule. Define the liquidity slack A as,
A=R—x(WD+W)>0 (19)

Here, the liquidity slack A is the excess of reserves R over a required fraction y of runnable
liabilities, given by the runnable share 1) of deposits D and all wholesale funding W. This
formulation is in the spirit of the Liquidity Coverage Ratio (LCR) in Basel III, which requires
banks to hold sufficient high-quality liquid assets to cover a fraction of their runnable short-
term liabilities. From (19), higher runnable liabilities such as wholesale funding W or runnable
deposits 1 D tighten the constraint, while greater reserves R relax it. As runnable funding rises
without a matching increase in liquid assets, the liquidity slack A shrinks, and the penalty 7 In(A)

reduces profits, making reliance on unstable funding increasingly costly.

The parameters £, 7 > 0 govern the severity of the capital and liquidity constraints. They
determine how sharply profits decline as the corresponding slacks K and A shrink, with larger
values implying that the constraints impose higher marginal costs when balance sheet capacity
becomes scarce. Intuitively, higher £ or 7 capture a more stringent regulatory environment or a

greater sensitivity of bank funding costs to tight capital or liquidity positions.

4.4.2 First Order Conditions

Given the profit maximization problem above, we next derive the corresponding first order con-

ditions. We begin with the condition for the loan rate

1
T—i—/ié

¢
ap(1 — sp(rt)) X A* K*

r* =% 4 kW +

(20)

This expression shows that the banking sector’s optimal loan rate 7 can be written as the sum of

five terms. The first is the policy rate, which provides the baseline cost of funds in the economy.
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The second is the marginal wholesale funding cost, which reflects the fact that with reserves
fixed, additional lending must be funded by expanding the balance sheet, raising reliance on
wholesale borrowing. The third is a demand markup, reflecting the bank’s market power arising
from borrowers’ preference for bank loans: when loan demand is less elastic, the bank sets a
higher rate above the policy rate. The fourth is a liquidity wedge, which arises because extending
loans must be funded with additional runnable liabilities and therefore tightens the liquidity
requirement when reserves are fixed. The fifth is a capital wedge, which reflects the shadow cost
of balance sheet expansion under the leverage constraint: when capital slack is scarce and K™ is
small, the marginal cost of expanding assets rises, increasing lending rates. The term 7/A* can
be interpreted as the shadow cost of liquidity, while £/ K™* can be interpreted as the shadow cost

of capital.
Next, we solve for the optimal deposit rate rix,

1 T
ar (L sarir [y T XY @

r®* = 5 ey W — A
The deposit first order condition shows that the banking sector’s optimal deposit rate r® is
determined by four terms. The first is the policy rate, which provides the baseline return on
funds. The second is the marginal wholesale funding cost, which raises the deposit rate banks
are willing to pay because each additional deposit reduces wholesale borrowing one-for-one,
saving kW at the margin. The third is a deposit markdown, reflecting the bank’s market power
arising from depositors’ preference for bank deposits: when deposit demand is less elastic, the
bank can offer a lower rate below the policy rate. The fourth is a liquidity wedge, which raises
the deposit rate banks are willing to pay because deposits reduce reliance on runnable wholesale
funding in the liquidity requirement when 1) < 1; as the runnable share of deposits increases,

this effect is dampened.

Taken together, equations (20) and (21) reveal a direct link between deposit taking and
credit provision. Deposits reduce reliance on costly wholesale funding and, when ¢ < 1, relax
the liquidity requirement—both of which lower the optimal loan rate. The banking sector’s will-
ingness to extend credit is therefore tied to its ability to attract deposits, providing the mechanism

through which the credit—deposit multiplier operates.
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4.5 Non-bank Credit Intermediary

We model a non-bank credit intermediary that sets the non-bank credit rate " to maximize
profits. It takes as given the policy rate 7° and the demand function of borrowers L, (™). The
credit intermediary earns a spread over the policy rate r* and faces convex intermediation costs
governed by x,;, > 0, which can capture, for example, costs related to funding, monitoring,

liquidity management, or regulation. The credit intermediary’s profit maximization problem is

given by,
Kn
max Moy = (b — 75) L (Tnb) — TerZzb(rnb)- (22)
The optimal non-bank loan rate satisfies
Tnp = Ts + + Knp * Lnb(rnb)- (23)

Oég(l — Snb)

This pricing condition is analogous to the bank loan pricing equation in Equation (20). The first
term is again the policy rate, which provides the baseline cost of funds in the economy. The
second is a demand markup, reflecting the non-bank’s market power arising from borrowers’
preference for non-bank credit: when loan demand is less elastic, the non-bank sets a higher rate
above the policy rate. The third is a cost wedge that is increasing in the scale of credit extended;
while banks face distinct wedges arising from liquidity and capital constraints, this term captures

non-bank intermediation costs in reduced form.

4.6 Equilibrium

An equilibrium consists of deposit and loan rates {r®, r* r*,}, wholesale borrowing W*, and
resulting allocations of deposits D(r?*), bank loans L(r**), and non-bank loans L,;(r%,), given

an exogenous level of reserves R, such that:
1. Depositors maximize utility over bank deposits, cash, and the non-bank savings vehicle,
yielding deposit demand D (r%*).

2. Borrowers maximize utility over bank loans, non-bank loans, and not borrowing, yielding

bank and non-bank loan demands L(r®) and L,;(r%,).
3. The representative banking system maximizes its profits given in Equation (17), subject
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to its balance sheet identity in Equation (15) and the definitions of capital slack K in
Equation (18) and liquidity slack A in Equation (19).

4. The non-bank credit intermediary maximizes its profits given in Equation (22).

4.7 Recovering the Credit-Deposit Multiplier

With the equilibrium in hand, we can now address the central question of the paper: how much
credit does a deposit inflow ultimately create? Recall that for a given deposit inflow dD,, the
total credit effect is,

ALotar = AmpADy, (24

which depends on the credit-deposit multiplier

1
Y

(25)

mp

Equation (24) highlights that the total credit effect of deposit inflows depends both on banks’
marginal lending response A, and on the amplification generated by the recycling of deposits

within the banking system 6.

Banks’ marginal lending response A captures the direct effect, and is defined as the equi-

librium derivative

which we recover as an endogenous object from the bank’s first order conditions. Intuitively,
A governs how strongly banks expand lending when deposits increase, taking into account the

induced effects on wholesale funding and the capital and liquidity slacks.

The recycling parameter 6 captures the indirect effect through the fraction of payment
flows generated by lending that are retained within the banking system as stable deposits. While
A emerges from the bank’s joint optimization over lending and deposit pricing, # summarizes
forces outside the bank’s decision problem, such as household portfolio choice, the structure
of the payment system, and the extent of non-bank intermediation. These forces determine
what fraction of lending proceeds settle as stable deposits, thereby governing the equilibrium

evolution of deposits.
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4.7.1 Equilibrium Lending Response \

The parameter A captures the equilibrium response of bank lending to changes in deposit fund-
ing, A\dD = dL. We derive the analytical expression for A in Appendix A.3. Under standard

regularity conditions, the Implicit Function Theorem ensures that the local equilibrium mapping
xr = (Tdv Tey Tnb, VI/, Da La Lnb)

is differentiable with respect to any (small) shock, including shocks to bank funding conditions
(d&p), borrower demand or loan-market conditions (d¢,), and investment opportunities (dW}).
This differentiability allows us to take total differentials of the bank’s balance sheet identity,
liquidity constraint, capital constraint, loan-supply first-order condition, and the nonbank credit
condition around the interior equilibrium, and to solve the resulting linear system for the local
co-movements of dL, dD, dW, dL,;, and dA. The resulting expression for the banking sector’s

equilibrium lending response is,

_dL Iiw+%2(1_¢)

€2

= Y
D o+ kw + 5 5

(26)

Several economic forces shape this response. First, A is larger when wholesale funding is
expensive (high k). In that case, deposits represent a relatively attractive source of funding, so
an inflow translates more strongly into additional lending. Second, liquidity regulation plays a
dual role. When deposits are more stable (low 1), they provide greater liquidity relief compared
to wholesale funding, which increases the lending response. At the same time, when liquidity
is tight (low A or high 7), expanding loans raises the shadow cost of liquidity, dampening the
response. The overall liquidity effect therefore depends on both deposit stability and how binding

the liquidity constraint is.

Third, competition from nonbanks affects A through %", which captures how responsive
bank lending is to the bank loan rate once the nonbank sector adjusts endogenously.” When
substitution between banks and nonbanks is strong and nonbank supply is relatively elastic, a
given expansion in bank lending requires larger equilibrium movements in loan rates and induces

greater crowding out of nonbank credit. In this case, the residual demand curve facing banks is

"This term is derived later and captures how the bank considers their own price and cross price elasticity.
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flatter, 7 is smaller, and the deposit-lending multiplier ) is lower. By contrast, when nonbank
competition is weaker, banks can expand lending with smaller rate adjustments and less cross-

sector reallocation, leading to a larger .

Finally, capital constraints discipline balance sheet expansion. When capital slack is lim-
ited (low K or high ¢ and k), additional lending tightens the leverage constraint and raises
the marginal cost of credit supply, reducing A. Overall, A reflects the interaction of funding
costs, regulatory constraints, and credit-market competition in determining how strongly deposit

growth translates into bank lending.

4.7.2 Equilibrium Deposit Recycling

The parameter € governs the fraction of payment flows generated by lending that is retained
in the banking system as stable deposits. When the bank extends AL in new loans, borrowers
spend the proceeds, creating new payment balances that circulate through the payment system.?
A fraction 6 of these circulating balances is retained as stable deposits, so that the recycling
condition satisfies

dD = dDy+ 6 dL.

Importantly, # need not equal banks’ deposit market share s;. Balances created by lending
circulate through the payment system for as long as the underlying loan remains outstanding, and
can flow between accounts without permanently settling. The parameter ¢ captures the fraction
that, at any given point in time, resides as stable deposits from the bank’s perspective. This can

fall below s, for two reasons.

First, lending-driven payment flows enter the economy as compensation for goods and
services rather than as a portfolio allocation. Recipients may spend these balances on their own
obligations before any residual enters a savings decision, so that newly created balances circulate
at a higher velocity than the existing deposit stock and a smaller fraction is resting as stable fund-
ing at any given moment. Second, marginal recipients of lending-driven payment flows—such

as firms, institutional investors, or non-bank intermediaries—may have systematically different

8Loans are long-maturity claims. Principal is not repaid within the period in which production and payments
occur, so repayment and refinancing decisions are abstracted from in the cash-flow accounting. Non-bank lending
ALy, also finances payments in gross terms, but represents a reallocation of existing cash rather than a source of
net new funding.
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propensities to hold deposits than the average wealth holder, paralleling the distinction between
marginal and average propensities to consume in fiscal policy. Crucially, € is not chosen by the
bank and does not enter its optimization problem. Instead, it represents the payment system that

determines what fraction of loan-generated balances ultimately settle as stable deposit funding.

4.7.3 How Deposit Inflows Propagate into Credit

To build intuition for how deposit inflows generate credit, consider an exogenous stable deposit
inflow dD,.° In equilibrium, total deposits dD and total loans dL are jointly determined by two

conditions,

dL = \dD 27)
dD = dDy + 0dL. (28)

The first, Equation (27), is the bank’s optimal lending response which states that the bank ex-
tends A dollars of new loans for each dollar of deposits. The second, Equation (28), is the deposit
recycling condition which states that total deposits equal the exogenous inflow plus the endoge-
nous deposits created by lending: when the bank extends d in loans, borrowers spend those
funds, generating payment flows of which a fraction 6 is retained within the banking system as
stable deposits. Solving this system yields directly the deposit multiplier and the corresponding

increase in bank loans,

D D
Do and dL =\ Do

dD =135 1)\

(29)

To see how this equilibrium quantity of deposits and loans arises, consider the round-by-
round balance sheet dynamics. Since no new reserves accompany the deposit inflows, the initial
effect is a pure liability recomposition: the stable deposit dD, replaces the wholesale funding
one-for-one, with no change in balance sheet size. Because stable deposits are less runnable than
wholesale, this recomposition relaxes the bank’s liquidity constraint, creating room for balance

sheet expansion.

9Such an inflow arises naturally from a shift in depositor preferences £, that reallocates household savings from
non-bank vehicles into bank deposits, or from a shift in borrower demand &, that stimulates lending and generates
payment flows that settle as stable deposits. In either case, the inflow represents a change in the composition of
bank liabilities rather than an injection of outside reserves.
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The bank responds by originating Ad Dy in new loans. When the bank lends, it simultane-
ously creates a new liability — the borrower’s account is credited. This new liability is initially
flighty, because the borrower may intend to spend the funds immediately. The balance sheet has
expanded by Ad D, on both sides, with new loans on the asset side, and new wholesale funding
on the liability side. The original stable deposit d D, remains in place, backing existing reserves.
It was not used to fund the loan, rather it relaxed the liquidity constraint that made the bank

willing to expand.'®

As the borrowers spend the loan proceeds and the resulting payment flows circulate through
the economy, a fraction 6 of the initially flighty liabilities settle into stable core deposits. This
adds O\dD, in stable funding to the banking system without changing balance sheet size —
it is a liability recomposition from flighty to stable funding. The remaining (1 — 6)\d D, stay
as flighty liabilities that do not support further expansion. The new stable deposits relax the
liquidity constraint further, enabling the bank to originate another A\20d D, in loans, again creat-
ing flighty liabilities that partially stabilize through 6. The process continues with diminishing

rounds, converging to the fixed point derived above.

It is worth highlighting that the roles of A and # are distinct in this mechanism. The param-
eter A governs how much credit is created per dollar of stable deposits, but by itself generates no
deposit amplification: if § = 0, lending creates only flighty liabilities that never stabilize, and
total stable deposits remain dDj. It is 0 that converts the flighty liabilities created by lending into
stable deposits, which in turn supports further lending. Both are necessary for the multiplier: A
without # produces credit but no deposit amplification, while # without A\ provides nothing to re-
cycle. Their interaction, summarized by the product A0, determines the strength of the multiplier

and the degree to which deposit inflows are amplified into credit.

4.7.4 Profits and Credit Creation at Longer Horizons

At longer horizons, the credit-creating capacity of deposit inflows is further strengthened by

profits generated through lending activity. When borrowers use credit to finance production,

19An equivalent accounting decomposition is to view the deposit inflow dDy as directly funding the loan: a
fraction A finances new lending while the remaining 1 — A retires wholesale. Both decompositions produce identical
balance sheet outcomes: assets increase by AdDy, deposits increase by d Dy, and wholesale falls by (1 — A)dDj.
However, the split decomposition obscures the role of 8, since the stable funding appears to leave when the borrower
spends, with only §Ad Dy returning. The self-funding interpretation avoids this confusion: the stable deposit remains
in place, lending creates flighty liabilities, and 6 unambiguously adds stable funding each round.
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they generate output Y and earn profits I = Y —wN — ‘L — r" L,,;, while banks and nonbank
lenders earn intermediation profits from interest spreads. These profits ultimately accrue to
households as wages, dividends, and retained earnings, raising depositor wealth 1V, and shifting
out deposit demand. To the extent that bank profits are retained rather than distributed, they
also raise bank equity F, relaxing the capital constraint and increasing the bank’s willingness to

expand its balance sheet.

The first channel operates through 6. Note that while the total pool of cash injected into
the payment system by lending remains AL, higher household wealth 1¥/; from positive profits
shifts out deposit demand, increasing the fraction of circulating balances that households choose
to hold as stable deposits, effectively raising 6. The second channel operates through A. Retained
bank profits raise equity £, which relaxes the capital constraint K = £ — k(L + R) and lowers
the shadow cost of balance sheet expansion, increasing the lending response A in response to any

given deposit inflow.

Both channels operate at business cycle frequency, since profits must be realized, dis-
tributed or retained, and reinvested before they affect deposit demand or bank equity, whereas
the credit-deposit multiplier that we study propagates through bank balance sheets at a high
frequency horizon over weeks. We therefore hold FE fixed and evaluate 6 at prevailing deposit
demand conditions, so that the multiplier captures short-run balance sheet propagation in isola-

tion.

The profit-driven amplification that we abstract from is closely related to the financial
accelerator studied in the macro-finance literature (Bernanke et al., 1999; Gertler and Kiyotaki,
2010; He and Krishnamurthy, 2013), in which higher intermediary net worth relaxes borrowing
constraints and enables further credit expansion. Our credit-deposit multiplier operates before
and independently of this channel. At the same time, the two mechanisms would interact at
longer horizons: profits raise depositor wealth and bank equity, which strengthen the credit-

deposit feedback loop through both 6 and A, generating more lending and further profits.
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5 Model Calibration

5.1 Data

We assemble an aggregate quarterly panel for the U.S. commercial banking sector combining
Federal Reserve balance sheet quantities with FDIC Quarterly Banking Profile interest flows.

All quantities are expressed relative to nominal GDP. The sample spans 1999Q1-2024Q4.

We measure core deposits, loans, wholesale funding, and equity using aggregate balance
sheet data. Deposit and loan rates are constructed from interest flows and stocks. The policy rate
is the effective federal funds rate. On the depositor side, money market funds and currency serve
as liquid outside options; on the borrower side, nonbank credit is measured using corporate
debt securities from the Financial Accounts. Details of variable construction are provided in
Appendix A.S.

5.2 Demand Parameters

We discipline deposit and credit demand using aggregate market shares constructed from the
quantity data. Depositors choose between bank deposits, money market funds, and currency,
while borrowers choose between bank loans, market debt, and an outside option of not bor-
rowing. Price elasticities are taken from the literature and imply standard markup formulas in
the logit model. These objects map observed spreads into implied demand elasticities and are
treated as inputs to the bank-side estimation. Finally, we discipline the recycling parameter ¢

using reduced-form estimates of the credit—deposit multiplier.

5.3 Calibrated Parameters

We display the calibrated parameters in Table 4. First, in Panel A, we display the statutory
parameters that govern the regulatory regimes in the pre- and post-periods. We define the capital
requirement to be 8% in the post-period. This is greater than the “well capitalized” level specified
by the Supplementary Leverage Ratio (Koont and Walz, 2021) due to the fact that the capital
measure here is the difference between assets and liabilities, which is a broader measure of

capital compared to Tier 1 capital in the SLR. We assume a relatively unconstrained capital

31



Table 4: Model Calibration

The table reports statutory parameters, calibrated preference parameters, and structural parameters estimated by
GMM. Panel A lists statutory capital and liquidity parameters fixed by regulation. Panel B lists deposit and loan
rate sensitivities. Panel C reports GMM estimates with standard errors in brackets. Panel D reports model-implied
deposit multipliers with IV estimates.

Symbol Description Value

Panel A: Statutory Parameters

Kpre Capital requirement (pre) 0.020

Kpost Capital requirement (post) 0.080

Xpre Liquidity ratio (pre) 0.150

Ypre Flightiness (pre) 0.300

Xpost Liquidity ratio (post) 0.350

Ypost Flightiness (post) 0.600

Panel B: Price Elasticities

Qg Depositors’ rate sensitivity 1.270

g Borrowers’ rate sensitivity 5.560

Panel C: Estimated Parameters (GMM)

Kw Wholesale curvature 3.216 [1.244]

T Liquidity wedge 0.106 [0.062]
Capital wedge 0.560 [0.290]

KD Nonbank quadratic cost (pre) 4.953[0.829]

KD ZSt Nonbank quadratic cost (post) 2.376 [0.836]

Opre Recycling wedge (pre) 0.919 [0.076]

Opost Recycling wedge (post) 0.761 [0.215]

Panel D: Deposit Multipliers (Data vs Model)

Mpre Deposit multiplier (pre) Model: 2.58 Data: 2.60

Mpost  Deposit multiplier (post) Model: 1.33  Data: 1.30

Apre Deposit—loan amplification A (pre) Model: 0.661
Apost Deposit—loan amplification A (post) Model: 0.319

regime in the pre-period (e.g., Kpe = 0.02)."

Next, we specify liquidity regimes in the pre- and post-periods. The parameter x governs
the required share of liquid assets relative to runnable funding, while 1/ determines the fraction
of deposits treated as runnable.'? In the pre-reform regime, (xpre,¢¥pre) = (0.15,0.30) imply
a requirement equal to 15 percent of runnable funding, corresponding in the data to an average
required buffer of roughly 9 percent of total assets; actual liquid assets average 21.7 percent of
assets, leaving substantial liquidity slack. In the post-reform regime, (Xpost, ¥Vpost) = (0.35,0.60)
imply a requirement equal to 35 percent of runnable funding, corresponding to an average re-

quired buffer of 22.4 percent of assets; actual liquid assets average 25.8 percent of assets, leaving

"Note that the main capital regime in the pre-period was focused on risk-based capital requirements rather than
simple leverage requirements, which became more binding in the post period (Walz, 2026). In this baseline version
of the model we isolate the marginal increase in balance sheet costs rather than the effect of risk-based capital
requirements which would be qualitatively similar.

12We plot the full quarterly series of the quantities Kt and At in Appendix Figure A.2.

32



only 3.4 percent slack. The post-reform calibration therefore captures a pronounced tightening
of effective liquidity requirements, with the required buffer relative to assets more than doubling
and liquidity slack declining sharply. In the fixed-reserve version of the model, liquidity regula-
tion operates by constraining the composition of funding relative to liquid assets rather than by
requiring endogenous reserve accumulation; in the complete model, we allow non-reserve liquid

assets to adjust, consistent with observed liquidity buffers.

Next, Panel B reports the asset-market elasticity parameters that discipline depositor sup-
ply and borrower demand, taken from the literature (Xiao, 2019; Diamond et al., 2024). These
elasticities govern the responsiveness of deposits and loans to interest rates and therefore shape

equilibrium funding pass-through and lending competition.!?

Panel C presents the structural parameters estimated by just-identified GMM. The liquidity
slack parameter 7 and the capital slack parameter £ capture the marginal cost of operating close

to statutory liquidity and capital requirements reported in Panel A.

The quadratic nonbank cost parameter declines, reflecting a lower marginal cost of non-
bank credit provision in the later regime. We also estimate regime-specific recycling parameters.
The recycling wedge falls from 677¢ to 67°, implying substantially weaker deposit recycling
in the post-period. Together, these parameters govern the strength of endogenous balance sheet

amplification.

Panel D reports the model-implied deposit multipliers in the pre- and post-periods along-
side their instrumental variable counterparts. The model produces a pre-period deposit multi-
plier of 2.60 and a post-period multiplier of 1.30, closely matching the empirical estimates. This
alignment provides quantitative discipline for the estimated cost, slack, and recycling param-
eters. The calibration of lambda suggests that each deposit inflow produces about half of the

initial credit impulse in the post period.

13The exact values for these price elasticities do not qualitatively change the model.
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Figure 5: First-Round and Total Credit Effects

The figure compares the first-round credit effect and the total credit effect of a one percent of GDP deposit outflow in
2001Q4 and 2021Q4. The first-round effect corresponds to the immediate change in total credit, A A D, holding
deposits fixed and abstracting from recycling. The total effect incorporates full amplification through endogenous
deposit re-depositing and multiplier dynamics, m X A AD. Differences across periods reflect changes in both
marginal pass-through and amplification strength.

0.0

No multiplier (x)
Multiplier
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6 Quantitative Analysis

6.1 Multiplier Decomposition

We use the calibrated model to decompose the decline in the deposit multiplier between 2001Q4
and 2021Q4. We use the calibrated model to quantify the importance of the credit—deposit
multiplier in explaining changes in credit sensitivity over time. Figure 5 compares the credit

impact of a one percent of GDP deposit outflow in 2001Q4 and 2021Q4.

The red bars report the first-round, on-impact response of bank lending. In the model
this corresponds to the marginal pass-through parameter, AL = AA D, abstracting from deposit
recycling. The blue bars show the full credit effect once endogenous redepositing is taken into

account, given by my = _1_A0,\'

Two results stand out. First, first-round pass-through declines substantially between 2001Q4
and 2021Q4. Second, amplification through the multiplier is quantitatively important in 2001Q4,
where recycling more than doubles the initial credit contraction. By 2021Q4, both marginal
pass-through and multiplier strength are attenuated, substantially dampening the overall credit

response to funding shocks.
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Figure 6: Decomposing Changes in A and the Deposit Multiplier

Each panel reports a sequential decomposition of the change from the 2001Q4 baseline to the 2021Q4 baseline. The
first bar shows the total change. The subsequent bars report the marginal contribution of sequentially substituting
(1) capital regulation, (ii) deposit runnability (deposits specialness), and (iii) liquidity regulation. The multiplier in
panel (b) also incorporates the influence of (iv) the recycling parameter, with each effect computed relative to the
previous bar.

<
(O
o e
- R

_ 0.0-
Q
=
E
o= 0.4+
(2]
o]
Q
)
[m]

-0.8 1

Q° 200 es® {00 R
A 0‘(\6“ e(}.\)\a c',\‘a\(\ e(;\)\‘a 60‘10
<@ @ S oy ®
o o 690‘5\\ \;\0‘\)\6\

(b) Deposit multiplier m

Next, we use the model to study the drivers of the decline in the credit impact of deposit
flows. Figure 6 reports a sequential decomposition of the change from the 2001Q4 baseline to
the 2021Q4 baseline. Starting from the 2001Q4 economy, we replace parameters one at a time

with their post-regulation counterparts and report the marginal contribution of each substitution.

Panel (a) reports the pass-through parameter A = dL/dD. X declines from roughly 0.65 in
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2001Q4 to about 0.32 in 2021Q4, a reduction of approximately 0.33. Tightening capital regula-
tion more than accounts for this decline: moving to the post-regulation capital wedge reduces A
by roughly 0.40 on its own. Changes in deposit runnability further lower A by about 0.05, reflect-
ing a weaker funding advantage of deposits in the post period. In contrast, the post-regulation
liquidity regime offsets part of the contraction, increasing A by roughly 0.08-0.10 relative to
the capital-only counterfactual. Stricter liquidity requirements reduce effective liquidity slack,

increasing the sensitivity of lending to marginal funding shocks in the model.

Panel (b) reports the deposit multiplier m. The multiplier falls from approximately 2.6 to
1.3, a decline of about 1.3. As with ), tighter capital regulation explains more than the total
observed reduction, lowering m by roughly 0.8 in isolation. Reduced deposit runnability con-
tributes an additional decline of about 0.2. The post-regulation liquidity regime partially offsets
these forces, raising the multiplier by roughly 0.2 relative to the capital and runnability adjust-
ments. Finally, the decline in the recycling parameter § lowers the multiplier by approximately
0.6. Economically, a lower recycling parameter reduces the fraction of loan-financed activity

that returns as deposits, weakening the endogenous feedback loop that generates amplification.

6.2 Effects on Total Credit

We next translate the multiplier decomposition into implications for aggregate credit. Figure 7
reports a sequential decomposition of the response of total credit A(L + Ly;,) to a one percent
of GDP deposit outflow.

The first bar shows that a one-percentage-point deposit outflow reduces total credit by
roughly one percentage point of GDP less in 2021Q4 than in 2001Q4, reflecting the decline
in the amplification mechanism. The remaining bars decompose this change sequentially. Re-
verting capital regulation to its pre-2012 level accounts for the bulk of the difference, nearly
restoring the stronger credit response observed in the earlier regime. Next, increasing the rela-
tive liquidity services of deposits (i.e., reverting the runnability parameter to its pre-2012 value)
further strengthens the sensitivity of credit to deposit shocks. In contrast, replacing the post
liquidity requirement with the pre-reform liquidity regime attenuates the contraction, consistent
with greater liquidity slack dampening balance sheet adjustment. Finally, reverting the recycling
parameter to its pre-2012 value amplifies the credit response, as stronger recycling increases the

propagation of the initial deposit outflow through endogenous funding feedback. A residual term
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Figure 7: Decomposing Changes in Total Credit

The figure reports a sequential decomposition of the change in total credit A(L + Ly, ) from the 2021Q4 baseline to
the 2001Q4 baseline, following a one percent of GDP deposit outflow. The first bar shows the change in the effect
of on deposits (e.g., the passthrough decreased by nearly 1 percentage point of GDP). The subsequent bars report
the marginal change from reverting the 2021Q4 banking sector back to the following counterfactuals sequentially:
(i) the pre-capital wedge, (ii) the pre-runnability parameter, (iii) the pre-liquidity requirement, and (iv) the pre-
recycling parameter, with each effect computed relative to the previous bar.

~A(L+L,y) (% GDP)
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captures differences in steady-state balance sheet conditions across the two periods.

6.3 Can Non-Bank Credit Offset the Weakened Deposit Multiplier?

The total effect of deposit inflows on bank credit has declined from 1.73 to 0.42. A natural ques-
tion is whether non-bank credit intermediation—through bond markets, private credit, and other
market-based channels—can compensate for this weakened deposit channel. We decompose the
answer into two parts: whether non-bank intermediation costs have genuinely declined, and how

much cost improvement would be required to offset the bank channel decline.

6.3.1 Non-Bank Intermediation Costs

In the model, ,,, is a parsimonious parameter that captures not only intermediation costs but also
macro trends. To isolate genuine non-bank intermediation costs, we exploit the relative spread

rnp — T¢e. Common forces affecting both bank and non-bank pricing—credit risk conditions,
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general financial conditions—cancel in this difference. From the bank and non-bank first-order

conditions:

1 1 T
nb — = r - +ann__a 30
o~ Te = (o —7s) ¥ (aé(l_snb) Oée(l—se)) it TR GO
where 7/A is the bank regulatory wedge and (710, —7s) is the term spread. Including 7 /A, strips
out the bank regulatory tightening that compressed r,;, — 7, from the bank side. Any common
credit risk force that contaminates 7/A; also moves 7, proportionally—since borrowers come

from the same pool—so these effects cancel.

We back out «;,; directly,

1 1 T
(rap = 7¢) = (1104 = 75) = <ae<1—snb> B Oée(l—Sz)) T

’
Lnb

Kint = (€2
evaluated at period-specific averages. Every term on the right is either observed data or already

estimated from the bank side.

We find that Kt pre = Kintpost> 1ndicating that non-bank-specific intermediation costs
were approximately stable across periods. The entire apparent decline in «,; was driven by
common macro forces and bank regulatory tightening, not by genuine improvement in non-bank
supply capacity. This is consistent with the observation that non-bank credit relative to GDP did

not expand between periods.

6.3.2 Required Reduction in Non-Bank Costs

We may not fully capture non-bank growth (e.g., off balance sheet PE/PC growth). Thus, we
now ask, starting from the post-period economy, how much would non-bank intermediation
costs need to fall to generate enough non-bank credit expansion to offset the bank channel de-
cline? For each counterfactual value of x;nt, we solve for the equilibrium rates and compute the
resulting change in total credit relative to the baseline. We find that a 4.3% reduction in x;nt
generates sufficient non-bank credit expansion to offset the first-round bank lending decline in
A. However, offsetting the full decline, including the reduced multiplier m, requires an 11.8%
reduction, nearly three times as large. This ratio quantifies the asymmetry between replacing

first-round bank lending and replacing the amplification mechanism. Replacing the amplifica-
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tion decline is disproportionately harder because, in the earlier period, each successive round
of credit arose endogenously through deposit recycling at no additional cost. Non-bank supply
expansion requires independent cost improvements to generate credit that the banking system

previously created for free through compounding.

This asymmetry is compounded by the cyclical nature of the deposit multiplier. Each
episode of deposit inflows—from monetary easing, fiscal transfers, or portfolio reallocation—
triggers successive rounds of credit creation through the recycling mechanism. The weakened
multiplier reduces the credit response to each such episode. A reduction in non-bank intermedi-
ation costs raises the level of non-bank credit but does not make non-bank credit responsive to
subsequent deposit inflows. To the extent that deposit-driven credit amplification recurs over the
credit cycle, non-bank intermediation costs would need to decline continually to offset succes-

sive episodes of multiplier underperformance.

Taken together, these findings suggest that non-bank growth—whether through the shift
toward originate-to-distribute lending or through the expansion of off-balance-sheet vehicles—
does not restore the deposit-credit amplification channel. Credit originated by non-banks but
held on bank balance sheets remains subject to the weakened multiplier. Credit held off bank
balance sheets can in principle expand, but offsetting the full multiplier decline requires roughly
three times the cost improvement needed to offset the first-round lending decline alone, and this

burden recurs with each credit cycle.

6.4 The role of QE

Thus far, we have attributed the decline in the banking sector’s propensity to transform de-
posits into credit to tighter regulatory requirements and weakened deposit recycling. However,
these forces operated alongside another major post-crisis policy shift: the Federal Reserve’s
large-scale asset purchases, or Quantitative Easing. Between 2008 and 2014, the Fed purchased
trillions of dollars in Treasury securities and MBS. When these purchases were from non-bank
counterparties, they simultaneously created reserves on bank balance sheets and deposits in the
sellers’ bank accounts, expanding the banking system’s balance sheet on both sides. By the end
of our sample period, QE-created deposits averaged roughly 12% of GDP, a substantial fraction

of the banking system’s deposit base.

A natural question is to what extent this balance sheet expansion contributed to the decline
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in the credit-deposit multiplier and the banking system’s propensity to create credit through de-
posit inflows. To assess this channel, we construct a counterfactual banking system stripping out
QE-induced deposits and reserves and ask how the lending response and the credit-deposit multi-
plier would differ. We measure QE-created deposits as the fraction of reserve growth attributable

to the Fed’s asset purchases. Specifically, for each quarter ¢, we define

Dopt = ¢ - max(R; — Ryye, 0), (32)

where Rme is the average reserve-to-GDP ratio over 2005-2007 (before QE began) and ¢ is the
share of reserve-created deposits that land in core deposits. Our baseline sets ¢ = 1. We then
construct a counterfactual balance sheet by removing QE-created deposits and the associated

reserves:
D, =D, — DgEy, R =R, — DgE. (33)

Equity and loans are held fixed. We remove QE deposits from the depositor market entirely
rather than reallocating them to money market funds or other savings vehicles. This reflects the
fact that QE deposits were not an equilibrium outcome of the depositor choice problem—they
were a mechanical byproduct of the Fed’s asset purchases. The sellers of securities to the Fed
were institutional investors whose funds, absent QE, would have remained in securities outside

the deposit-MMF-cash choice set.

These QE deposits are institutional in nature—they land in accounts of asset managers,
pension funds, and dealers’ clients—and are functionally closer to wholesale funding than to the
stable core deposits that relax banks’ liquidity constraints and support further credit expansion.
QE therefore expands bank liabilities against fixed equity, potentially tightening leverage con-
straints without providing the stable funding that supports the feedback loop between lending
and deposit creation. We accordingly adjust the runnability of the counterfactual deposit base.
Because QE deposits are institutional and flighty, we assign them a runnability of Vo = 1,
equivalent to wholesale funding. Removing them lowers the overall runnability of the deposit

base:

T YDy — Ygr - Dopy

34
Yy ) 34)

A key feature of the exercise is that we allow wholesale funding to adjust. Without QE
reserves, banks cannot sustain the same level of wholesale borrowing. We let the bank re-

optimize wholesale funding in each quarter using the model’s first-order condition, holding all
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structural parameters (7, &, k) at their estimated values:

v_(l=X)r &k

W = , 35
Rw A i (35)

where K and A are computed from the balance sheet identity:

K=(1-RE—-r(D+W), A=E—-L+(1—-x)D+(1-x)W. (36)

In the post period, the FOC drives wholesale funding to approximately zero: without QE reserves
providing liquidity slack, banks cannot support any wholesale borrowing under post-crisis reg-
ulatory parameters. This implies that the post-crisis wholesale funding market is effectively

underwritten by QE reserves.

Finally, we evaluate the lending response ) at the counterfactual balance sheet using the
original structural parameters and compute the counterfactual multiplier m = 1/(1 — 95\), hold-
ing 0 at its estimated value. Because we cannot re-identify 6 without a counterfactual I'V estimate
of the multiplier, holding 6 fixed makes our estimates a lower bound on QE’s total contribution.
QE likely also depresses ¢ by compressing deposit rate spreads and diluting the stable deposit

base, which would amplify the counterfactual multiplier beyond what we report.

We decompose the total decline in A and m from the clean pre-QE baseline to the actual
post-period outcome into three additive components: the effect of regulation alone (changing
regulatory parameters while holding QE off), the effect of QE alone (adding QE while holding

regulation at pre-crisis levels), and their interaction. Formally,

Regulation only = A\,o5t — Apre, 37
QE only = Agpprereg — Apre; (38)
Interaction = A5 — Xpost — AQE preReg T+ S\We. 39)

The decomposition reveals a striking result: QE’s effect on the lending response depends
fundamentally on the regulatory environment. Under pre-crisis regulation, adding QE to the
banking system modestly increases A—the textbook transmission mechanism in which QE re-
serves provide liquidity slack that supports additional lending. Under post-crisis regulation,

the same QE expansion substantially decreases )\, as the balance sheet expansion pushes banks
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against binding leverage constraints.

Regulation alone accounts for approximately 56 percent of the decline in A, reducing the
lending response from 0.76 to 0.52. QE in isolation has a small positive effect, raising A by 0.03
under pre-crisis regulatory parameters. The interaction between QE and regulation accounts for
the remaining 52 percent. For the multiplier, the pattern is similar: regulation alone accounts for
86 percent of the decline, QE in isolation is mildly expansionary, and the interaction accounts

for 20 percent.

The large interaction term reflects a fundamental tension in post-crisis policy. Basel I1I
tightened constraints to make banks safer; QE expanded bank balance sheets to ease financial
conditions. But expanding balance sheets against tightened constraints does not ease credit
conditions—it tightens them further. The reserves provide liquidity, but the associated liabilities
consume capital and liquidity capacity that regulation has made scarce. Each dollar of QE-
created balance sheet expansion is more costly under post-crisis capital requirements (k = 0.08)
than it would have been under pre-crisis requirements (x = 0.02), and each dollar of institutional
QE deposits is more costly under the post-crisis liquidity framework (with its higher runnability

weights and tighter liquidity ratios) than under the pre-crisis framework.

7 Conclusion

This paper quantifies how bank deposit creation has changed over time and what that implies
for macro transmission. Using plausibly exogenous shocks to depositor wealth, we document
a pronounced decline in the credit—deposit feedback: before the financial crisis, each dollar of
external deposits ultimately generated more than three dollars of total deposits; by the 2020s,

the multiplier is close to one.

We interpret these facts using a structural model in which deposit creation arises from the
joint determination of deposits and loans under capital and liquidity requirements. The model
attributes the decline in the multiplier to tighter balance sheet constraints and to a shrinking share
of deposits intermediated by banks, rather than to changes in any exogenous market size. In our
framework, three sufficient statistics summarize this amplification channel: the bank share on
the funding side, the responsiveness of lending to marginal deposits, and the extent to which new

deposits expand bank assets rather than substituting for other funding sources. All three emerge
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Figure 8: Decomposing Effects of QE and Regulation
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endogenously from regulatory slacks and portfolio composition. Counterfactuals that relax cap-
ital or liquidity wedges or increase banks’ funding share materially strengthen the multiplier,
while policies that reduce banks’ footprint weaken it. The model also delivers asymmetric re-
sponses: equal-sized inflows and outflows of deposits generate different lending effects because

the shadow value of funding is state dependent.

The continued growth of non-bank intermediation, such as the rise of stablecoins, would

further attenuate both the banking multiplier and the economy-wide multiplier, since a smaller
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share of funding would pass through the banking sector’s amplification mechanism. This high-
lights that reallocating money from banks to non-banks is not neutral: as banks become a smaller
part of the financial system, deposit and credit creation become less responsive to underlying
shocks. Conversely, looser capital requirements combined with liquidity regulation that further
favors deposit funding would increase the equilibrium degree of credit amplification. Taken
together, our results show that the behavior of the credit—deposit multiplier, and therefore the
transmission of both monetary and fiscal policy, depends critically on the competitive and regu-

latory structure of the banking sector and on banks’ role in creating deposits.

44



References

Acharya, Viral V. and Raghuram Rajan, “Liquidity, Liquidity Everywhere, Not a Drop to
Use: Why Flooding Banks with Central Bank Reserves May Not Expand Liquidity,” The
Journal of Finance, 2024, 79 (5), 2943-2991.

Begenau, Juliane and Tim Landvoigt, “Financial regulation in a quantitative model of the
modern banking system,” The Review of Economic Studies, 2022, 89 (4), 1748—1784.

Bernanke, Ben S. and Alan S. Blinder, “Credit, Money, and Aggregate Demand,” The Ameri-
can Economic Review, 1988, 78 (2), 435-439.

Bernanke, Ben S, Mark Gertler, and Simon Gilchrist, “The financial accelerator in a quanti-

tative business cycle framework,” Handbook of macroeconomics, 1999, 1, 1341-1393.

Blickle, Kristian, Jian Li, Xu Lu, and Yiming Ma, “The dynamics of deposit flightiness and
its impact on financial stability,” Technical Report, National Bureau of Economic Research
2025.

Brunnermeier, Markus K and Yuliy Sannikov, “A macroeconomic model with a financial
sector,” American Economic Review, 2014, 104 (2), 379-421.

Buchak, Greg, Gregor Matvos, Tomasz Piskorski, and Amit Seru, “The secular decline of

bank balance sheet lending,” Technical Report, National Bureau of Economic Research 2024.

Corbae, Dean and Pablo D’Erasmo, “Capital buffers in a quantitative model of banking in-
dustry dynamics,” Econometrica, 2021, 89 (6), 2975-3023.

DeMarzo, Peter M, Arvind Krishnamurthy, and Stefan Nagel, “Interest rate risk in banking,”

Technical Report, National Bureau of Economic Research 2024.

Denbee, Edward, Christian Julliard, Ye Li, and Kathy Yuan, “Network risk and key players:
A structural analysis of interbank liquidity,” Journal of Financial Economics, 2021, 141 (3),
831-859.

Diamond, Douglas W and Philip H Dybvig, “Bank runs, deposit insurance, and liquidity,”
Journal of political economy, 1983, 91 (3), 401-419.

45



Diamond, William, Zhengyang Jiang, and Yiming Ma, “The reserve supply channel of un-

conventional monetary policy,” Journal of Financial Economics, 2024, 159 (C).

Donaldson, Jason Roderick, Giorgia Piacentino, and Anjan Thakor, “Warehouse banking,”
Journal of Financial Economics, 2018, 129 (2), 250-267.

Drechsler, Itamar, Alexi Savov, and Philipp Schnabl, “Banking on Deposits: Maturity Trans-
formation without Interest Rate Risk,” The Journal of Finance, 2021, 76 (3), 1091-1143.

—,_—,and _ , “Banking on deposits: Maturity transformation without interest rate risk,” The
Journal of Finance, 2021, 76 (3), 1091-1143.

Egan, Mark, Ali Hortacsu, Nathan Kaplan, Aditya Sunderam, and Vincent Yao, “Dynamic
Competition for Sleepy Deposits,” NBER Working Paper, 2025, (w34267).

Friedman, Milton and Anna J. Schwartz, “Money and Business Cycles,” The Review of Eco-
nomics and Statistics, 1963, 45 (1), 32—-64.

Gertler, Mark and Nobuhiro Kiyotaki, “Chapter 11 - Financial Intermediation and Credit
Policy in Business Cycle Analysis,” in Benjamin M. Friedman and Michael Woodford, eds.,
Benjamin M. Friedman and Michael Woodford, eds., Vol. 3 of Handbook of Monetary Eco-
nomics, Elsevier, 2010, pp. 547-599.

_ and Peter Karadi, “A model of unconventional monetary policy,” Journal of Monetary Eco-
nomics, 2011, 58 (1), 17-34. Carnegie-Rochester Conference Series on Public Policy: The
Future of Central Banking April 16-17, 2010.

He, Zhiguo and Arvind Krishnamurthy, “Intermediary Asset Pricing,” American Economic
Review, April 2013, 103 (2), 732-70.

Holmstrom, Bengt and Jean Tirole, “Financial intermediation, loanable funds, and the real
sector,” the Quarterly Journal of economics, 1997, 112 (3), 663—691.

Jamilov, Rustam and Tommaso Monacelli, “Bewley banks,” Review of Economic Studies,
2025, p. rdaf062.

Kashyap, Anil K. and Jeremy C. Stein, “The impact of monetary policy on bank balance
sheets,” Carnegie-Rochester Conference Series on Public Policy, 1995, 42, 151-195.

46



— , Raghuram Rajan, and Jeremy C. Stein, “Banks as Liquidity Providers: An Explanation
for the Coexistence of Lending and Deposit-taking,” The Journal of Finance, 2002, 57 (1),
33-73.

Kashyap, Anil K, Raghuram Rajan, and Jeremy C Stein, “Banks as liquidity providers: An
explanation for the coexistence of lending and deposit-taking,” The Journal of finance, 2002,
57 (1), 33-73.

Kiyotaki, Nobuhiro and John Moore, “Credit Cycles,” Journal of Political Economy, 1997,
105 (2), 211-248.

Koont, Naz and Stefan Walz, “Bank credit provision and leverage constraints: Evidence from

the supplementary leverage ratio,” Mar 2021.

_, Tano Santos, and Luigi Zingales, “Destabilizing digital” bank walks”,” Technical Report,

National Bureau of Economic Research 2024.

Kundu, Shohini, Seongjin Park, and Nishant Vats, “The Geography of Bank Deposits and
the Origins of Aggregate Fluctuations,” 2021. SSRN Working Paper. Available at SSRN:
https://ssrn.com/abstract=3883605 or http://dx.doi.org/10.2139/ssrn.3883605.

Li, Lei, Elena Loutskina, and Philip E. Strahan, “Deposit market power, funding stability and
long-term credit,” Journal of Monetary Economics, 2023, 138, 14-30.

Lu, Xu, Yang Song, and Yao Zeng, “Tracing the impact of payment convenience on deposits:
Evidence from depositor activeness,” Jacobs Levy Equity Management Center for Quantita-

tive Financial Research Paper, The Wharton School Research Paper, 2024.
Piazzesi, Monika and Martin Schneider, “Payments, credit and asset prices,” 2018.
Schneider, Thomas, Philip Strahan, and Jun Yang, Banking in the United States 04

Thakor, Anjan and G Yu Edison, “Funding liquidity creation by banks,” Journal of Financial
Stability, 2024, 73, 101295.

Tobin, James, “Commercial banks as creators of ‘money,” 1963.

Walz, Stefan, “Bank Regulation as Interest Rate Policy,” Columbia Business School Research
Paper, 2026, (4741062).

47



Werner, Richard A, “Can banks individually create money out of nothing?—The theories and

the empirical evidence,” International review of financial analysis, 2014, 36, 1-19.

Whited, Toni M, Yufeng Wu, and Kairong Xiao, “Will central bank digital currency disinter-
mediate banks?,” Available at SSRN 4112644, 2022.

Xiao, Kairong, “Monetary Transmission through Shadow Banks,” The Review of Financial
Studies, 10 2019, 33 (6), 2379-2420.

48



Appendix A.1 Additional Empirical Results

For our Treasury cash flow innovation shock for deposits, a concern may be that in the post-
crisis period, Treasury cash flows may affect reserves through movements in the Treasury’s
account at the Federal Reserve. This could generate co-movement between deposits and reserves
that is not driven by deposit inflows. To test whether reserve movements are a driver of our
results, we re-estimate the late period estimate while controlling for the simultaneous change
in aggregate reserves, AR,;. Figure A.l1 shows that the results remain very similar, indicating
that the estimates primarily reflect deposit inflows rather than reserve co-movement at weekly

frequency.

Figure A.1: Deposit Multiplier Estimates: Controlling for Changes in Reserves

This figure reports local projection estimates of the dynamic response of deposits to a deposit shock at
time ¢, estimated using an instrumental variables approach. It compares estimates for the early (2005-
2011) versus late (2012-2019) samples. Shaded bands denote 95% confidence intervals.
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A.2.1 Bank First Order Conditions

Appendix A.2 Baseline Model Derivation

L= (' =)L + (F =1)D — ZEW? + ¢In(K) + 7in(A) (1)

Re-writing the capital and liquidity slack in terms of choice variables of the bank, using

the balance-sheet identity to substitute out wholesale funding,

K = F—k(L+R) (2)
A=xE+ {1 -x)R—-xL+x(1-¢)D 3)
A.2.1.1 Loan Rate r*
The total derivative of profits along bank’s optimal responses:
dil — dIl  dIl dr?
e R 4
drt  drt + drd drt @)
—~—
=0
Via the envelope theorem, the cross terms drop. Thus,
dll ¢ dL dW dL & dK dL 1 dAdL
(P YV L L — kWM 2 —
=) g T e W e T K a a T TN dL dr?
dL dL ¢ dL T dL
l s
=0r"—r)—+L—-—kiyW——Kk=— —X—— 5
(=) e T L= W oG = et T XK g ©)
where we used
aw ] dK dA
) N T A
The first order condition sets this equal to zero:
dL dL 1 dL T dL
l s
=" —r)—+L— — = k== — X~ 6
0=("=r )drf + KWWdTK N TR ©)



Solving for r’:

s L 1 T
r=r +HWW_d_L+K€E+XK
drt

As before,

Substituting back yields

rt =1 4+ kW +

A.2.1.2 Deposit Rate r?

The total derivative of profits along bank’s optimal responses:

dil  dll  dIl dr

ard — dd gt gl
=0

Via the envelope theorem, the cross terms drop. Thus,

o adD WD € dKdD |7 dAdD
drd dr W AD drd T KdD drd T AdD dr?
dD dD TdD
_ s ..d _ o e
= (r T)drd D—l—ﬁWWd + x(1 ¢)Adrd
where we used
dW dK dA
Setting equal to zero:
dD dD T dD
_ s d
0=(r —T)dT D—H@Wde X(l—w)KW

T
_— /ﬁ'/ E— JE—
al(l—sh K TR

(7
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€)

(10)

(1)

(12)



dD
Using i a?(1 — s%) D, we obtain
r

1

d s
— W - —
T r° + Rw d(l sd)

(- )§ (13)

dL
A.2.2 Derivation of A\ = —
erivation o D

dL
In this section we derive the pass-through A = D the change in loans L generated by a
marginal change in deposits D, evaluated at the bank’s optimum. Three ingredients determine
A: the balance sheet identity, the capital and liquidity identities, and the loan pricing condition

(with non-banks).

We study small shocks around an interior optimum z* = (v, r;, W*, D*, L*). Given our
functional forms, the objective and demand maps are C'! on the domain { K > 0,A > 0}. We

assume two regularity conditions at the evaluated point:

(i) Interiority: the optimum lies in the smooth region, with K > 0, A > 0, W > 0, and
shares strictly in (0, 1)

(i) Nonsingular Jacobian: the Jacobian of the stacked equilibrium system with respect to

is invertible.

Under (1)—(i1) the Implicit Function Theorem ensures a unique, differentiable local equilibrium
map x(z), so it is valid to take total differentials of the equilibrium system and solve for the local
co-movements dx for any small driver z.!* Thus, we take total differentials in turn of each of the

model’s key balance sheet definitions and optimality conditions below to obtain the linearized

4For instance, a change in the policy rg or a non-price deposit shifter Z that enters only the deposit demand
identity D = Dd(’/‘d, rs;0p, Z)



relations among (dA, dK,dL,dD,dW,dL,y).

L+R=E+D+W, (balance sheet) (14)
A=R—x(yD+W), (liquidity identity) (15)
K =F —k(L+ R), (capital identity) (16)
re=rg+ m + kW + X% + K %, (bank loan pricing) (17

1

Tnb = 175 + Kb Lnp + (non-bank pricing)  (18)

al(1—spp)’
In (14)—(16), reserves R are exogenous and fixed, so dR = 0 in the comparative statics below.
(a) Balance sheet identity. Differentiating (14) gives,

dW =dL — dD. (19)

Intuitively, with reserves fixed, an increase in loans must be financed either by additional deposits

or by wholesale funding.

(b) Liquidity identity. Differentiating (19) gives,
dA = —x (¢ dD + dW). (20)
Substituting in dWW from (19) yields,
dA:—X<dL+(w—1)dD>. Q1)

Thus, loan expansion tightens liquidity through its funding needs, while deposits relax liquidity

to the extent that they are less runnable than wholesale funding (¢ < 1).

(c) Capital identity. Differentiating (16) gives,

dK = —rdL. (22)



Intuitively, with reserves fixed, expanding loans increases total assets one-for-one and tightens

the leverage constraint in proportion to .

(d) Loan pricing with non-banks. With non-bank credit, bank loan demand depends on both

loan rates, L = L(ry, ), and the non-bank loan rate 7, is pinned down by (18). We therefore

differentiate the two pricing conditions (17)—(18) jointly and use logit semi-elasticities to express

dL as a function of the wedges (dWV, dA, dK).
Differentiating (17) gives

1 1
drp— ———
A (1— sp)

-
2d8g+lide—XPdA—li%dK.

Under multinomial logit,
ng = —06683(1 — Sg) dT’g + O/Sgsnb d?“nb,

so substituting (24) into (23) yields

d'r’nb—f—(1—5g)(ﬁWdW—XédA—m%dK>.

S¢Snb

d?”g:

Differentiating (18) gives

1 1
Arpy = Epp dLppy + ———— dspp.
T'nb Knb b+Oé€(1—Snb)2 Snb

Using logit semi-elasticities,
dLnb = —O/(l — Snb)Lnb d’l“nb + O/SgLnb d?“g,
dSnb = —O/Snb(l — Snb) dTnb -+ O/SanZ d?“g,
and substituting (27)—(28) into (26) implies

Snb
1-— Snb

(1 + Iinb()/(l — Spp) Ly + i=s
— onb

>drnb =Sy (IinbO/Lnb + %)dﬁ-

(23)

(24)

(25)

(26)

27)
(28)

(29)



Finally, bank loan demand satisfies
dL = —a*(1 — )L dry + o sp L drpy. (30)

Combining (25), (29), and (30) yields a linear relation of the form

dL:—kglb(deW—XPdA—m%dK) 31)

where the coefficient #"* > 0 is given explicitly by

B0 = o L(1 — s;)?

(1—s¢) (1 + /‘fnbO/(l — Spp) Ling + 1211,) — SeSnb ("‘fnbOf Ly + m)

o :
(1 —sp) (1 + (1 — spp) L 1?};) — S7Sub (“nbOCKLnb + (172,1;,)2)

(32)

When the non-bank rate is held fixed (or s,,;, = 0), the fraction in (32) equals one and (31) would

include only the banking sector endogenous response.

(e) Combine to solve for \. We now substitute the balance-sheet relation (19), the liquidity
differential (62), and the capital differential (63) into (31).

First, substituting (19), (62), and (63) into the wedge term gives

§

ko AW — X — dA — k = dK = k(AL — dD) Xé(—x(dLJr(w—l)dD)) kS (= kdl)

A? K? K?

2

§/f TX
= (ww+ 55 X+ >dL (s - - 1))dD. (33)
Then (31) becomes
2 2 2
n ™ | € - TX
dL = —wb(mWJrFJrﬁ)dLJr mgb(mW—FW—l))dD. (34)



dL
Re-arranging and solving for A = D yields

% B ’%enb<“W oy (w_ 1))
WD 14 (o + 35+ 45)
(HW+ (1—1#))

- ot (kw85 o

A:

A.2.3 Derivation of W) = ‘jl—Vg

We again study small shocks along an interior optimum x*. With reserves R fixed, the balance
sheet identity is
L+R=E+D+W. (36)

Taking total differentials and using dR = 0 and dE = 0 yields
dL =dD + dW, (37)

or equivalently,
dW =dL —dD. (38)

Dividing both sides of (38) by dD gives

dW dL
Wo = U5 =ap
=X—1. (39)

Thus, when reserves are fixed, wholesale funding adjusts residually to satisfy the balance sheet
identity: each additional unit of lending not financed by deposits must be financed one-for-one

by wholesale funding.



Appendix A.3 Quantitative Model Derivation

In the main text, we present the model holding central bank reserves R fixed. In this appendix,
we generalize the model to allow the banking sector’s liquid asset position to adjust endoge-
nously as the residual of its balance sheet optimization. We redefine R to denote the banking

sector’s total cash and reserve balances, determined residually by the balance sheet identity
L+R=E+D+W.

We define R broadly to include not only central bank reserves and vault cash but also
interbank claims such as fed funds sold and reverse repo. Although interbank claims cancel in
aggregate, they reflect an important liquidity management margin: individual banks that lose
reserves through lending can restore their liquid asset positions by borrowing in the fed funds
market or selling reverse repo. Restricting R to central bank reserves alone would understate
the effective liquidity capacity of the banking system, because it would ignore the ability of in-
dividual banks to access liquid resources through the interbank market. The broader definition
captures this margin in reduced form. In aggregate, interbank activity inflates both R and whole-
sale funding W by equal amounts. A dollar of gross interbank activity adds one dollar to R but
tightens the liquidity constraint by only x < 1 dollars through W, so the net effect is to raise
liquidity slack A by 1 — x. The broader definition of R therefore captures the additional effective
liquidity that interbank markets provide to the banking system.

With R as the residual, wholesale funding W becomes an independent choice variable.
The representative banking sector chooses the loan rate ¢, the deposit rate 7%, and wholesale

funding W to maximize
I1= (rg—rS)L(rg) + (TS —rd)D(Td) — %VWQ + fln(K) + Tln(A), (40)

taking % and equity E as given. Re-writing the capital and liquidity slack in terms of choice

variables of the bank. Using the balance sheet identity

L+R=FE+D+W = R=E+D+W-1I, 41)



we can substitute out reserves in the liquidity slack:

K = (1-rkFE — k(D+W),

A=R—x(D+W)
=(E+D+W—L)—x(¥D+W)
=FE—L+(1—x¢¥)D+ (1—x)W.

Using (42) and (43), the bank chooses (r¢, r¢, W) taking (r°, E) as given.
A.3.1 Bank First Order Conditions

A.3.1.1 Loan Rate r*

Differentiating profits with respect to r yields

0= % = (T’Z—TS)%—FL—FT%?}—?%.
From (43), 2% = —1, so
dL T dL
0= (TK—TS)W%—L—KW,
which implies
re=7Tg— £ + -
Under logit loan demand, % = —ay(1 — s;)L, so the loan pricing equation is
Ty =17"s+ ; + 1.
ap(1—ss) A
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(42)

(43)

(44)

(45)

(46)

(47)



A.3.1.2 Deposit Rate ¢

Differentiating profits with respect to r? yields

Cord drd KoDdrl " "AOD drd
From (42), 2 8D = —k, and from (43), 2 aD =1—x,so
dD & dD TdD
=(r¥—rHh = —D—k>2— +(1— ——
0= =) Frar T4 TR
which implies
D f T
Td =78 — =7 — + (1 —xv)—
d S % K ( )A

Under logit deposit demand, fﬁ = ay(1 — sq)D, so the deposit pricing equation is

1 ¢ T
=rg—————k—+(1~—- —.
" "s Oéd(l — Sd) FLK + ( Xw)A
A.3.1.3 Wholesale Funding IV
Differentiating profits with respect to I yields
oIl 1 0K 1 0A
0=ow = W R aw TR aw

From (42), 2 —k, and from (43), 24 =1 — y, so

’BW_ ’8W

Oz—mWW—mé—i-(l—X)

-
K A

Equivalently, the wholesale funding condition is

]__
Kiww:%—%.
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dL
Ao302 D i t‘ f A — T
erivation o 1D

In this section we derive the pass-through

the change in bank lending L generated by a marginal change in deposits D, evaluated at the
equilibrium of the model. Three ingredients determine \: the balance sheet identity, the capital
and liquidity identities, and the joint bank—nonbank pricing system. We study small shocks

around an interior equilibrium
* * * * * * * * *
= (ry, vy, R W, D* L* L)),

in which capital slack K > 0, liquidity slack A > 0, wholesale funding W > 0, and all market
shares lie strictly between zero and one. Because the equilibrium is interior and the system of
pricing conditions, demand equations, and balance sheet identities is locally well behaved, small
shocks to exogenous drivers induce well-defined local co-movements among the endogenous
variables. We therefore take total differentials of the equilibrium system and solve for the implied

linear relations among

(dA, dK, dR, dL, dD, dVV, de, dT[, d?”nb, dLnb)
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The key equilibrium conditions are:

L+R=E+D+W, (balance sheet identity) (55
A=R— WD+ W), (liquidity identity) (56)
K=(1-krE-kr(D+W), (capital identity) (57)

1 —
W = T L (wholesale FOC) (58)
A K
1
re=rst st % (bank loan pricing) (59)
rg=T"g— m + x(1 — w)% — KJ%, (bank deposit pricing) (60)
1

b = Tg -+ KLy - (non-bank pricing) (61)

(1 — spp)

In this general version, equity F is treated as fixed, so dE = 0 in the comparative statics

below, while reserves R adjusts endogenously through (55). Differentiating A produces

dA\ = (dD + dW — dL) — x(v»dD + dW)
= —dL+ (1 —x¥)dD + (1 - x)dW. (62)

Loan expansion tightens liquidity through its effect on reserve holdings, while deposits relax
liquidity to the extent that they are less runnable than wholesale funding (¢ < 1). Differentiating
the capital identity (57) gives

dK = —k(dD + dW). (63)

Intuitively, expanding liabilities reduces capital slack in proportion to . With non-bank credit,
bank loan demand depends on both loan rates, L. = L(r,r,;), and the non-bank loan rate 7,
is pinned down by (61). We therefore differentiate the two pricing conditions (59)—(61) jointly
and use logit semi-elasticities to express dL as a function of (dW, dA, dK). Differentiating (59)
gives

1 1

d”f’g:—

T
O/mdS[ — —dA. (64)

AQ

Differentiating our logit demand functions we have

dsy = —a'sy(1 — s;) dry + aspspp drpy. (65)
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Next we substitute (65) into (64) to yield

S¢Snb T
dT’g: 1_8£ d’f‘nb—(l—Sg)FdA. (66)
Differentiating (61) gives
d dL,, + ! ! d (67)
Trb = Knp ALppy + — ———= dSpp.
b b@hmp + 5 (1= sm)? b
Using logit semi-elasticities,
ALy = —a (1 = $pp) Loy drpp, + as¢ Ly dr, (68)
dsny = —' s (1 — Spp) diry + o spps0 drg, (69)

and substituting (68)—(69) into (67) implies

(1 + linbO/(l — Spp) Ly + Snb )drnb =5 (l{nbO/Lnb + L)dw. (70)

1 —sp (1 - Snb)2
Finally, bank loan demand satisfies
dL = —0/(1 — sg)Ldr, + s L dr . (71)
Combining (66), (70), and (71) yields
dL = — & ( — = dA 2
S (- )

where the non-bank-adjusted loan semi-elasticity #*° > 0 is given explicitly by

FPP = a'L(1 — s;)*

(]_ — Sg) (1 —+ Iinbagf(l — Snb>Lnb —+ 1?:;[)) — S¢Snp (/{nbo/Lnb + @%)
X . (73)
(1—s0) (1 + Kb (1 — $pp) Ly + 1i’;ﬁlb) — 575nb (’inbaéLnb + (1_55;)2)

When s,,;, = 0 (or the non-bank rate is fixed), the fraction in (73) equals one and (72) reduces to

the banking-sector-only response. Note that by using this term the bank considers their own price

14



and cross price elasticity. We now substitute the liquidity differential (62) and the wholesale-

optimality condition into the linearized loan-demand relation (72) to solve for the pass-through

From (72) and (72)—(64), we have

o T b T
dL:—@b<—FdA):@deA, (74)
so that A2 1
T K;

Next, differentiating the wholesale FOC (58) implies

o d = _TE=X) gy R

It 77 K. (76)

Using (63) to substitute K = —k(dD + dW) into (76) yields

€H2> 7(1-X) Er®
dW = ——————~dA — dD. 77
(“W T gz) W A2 K? (77
Substituting (75) and rearranging produces
1— 1 1 2
dW:—(—X)QdeL——Qf—KQdD. (78)
Rw + &r /’ie Rw -+ % K

Finally, substitute (78) into the liquidity differential (62), and use (75) to eliminate dA:

A% 1
8 4L = —dL+ (1 — x)dD + (1 — x) dW
7_/435
(1-x) 1 1 &k
— —dL+(1— D+(1-y(-2"X g~ S gp).
d +( X¢)d +< X)( HW+§H2~ZTLbd Hw—|—§2K2d >

(79)

15



dL
Collecting dL and dD terms and solving for A = D yields

A= — = . (80)

dW
A.3.3 Derivati f = —
erivation of WWp D

We can start with the differential form of dA

dA = (1= x1)dD + (1 — y)dW — dL. (81)

Next differentiate the wholesale FOC,

1—xy)r &
W = % - % (82)
to get
1 1
Kjde:—(l—X)TFdA—l—lﬁéﬁdK. (83)
Substituting into (83) yields
£k 1 ER?

Now impose the definition A = dL/dD and rewrite (81) as
dA = [(1 ) — A] dD + (1 — ) dW. (85)

Substituting (85) into (84) gives

2 2
(RW+%)CJW: —(1—X)T%<[(1—X¢) —\JdD + (1= x)dW) — %Cm
2 _ —
N <,{W+%+T<1A—2X)2)dwz_<¥[(1_xzp)—)\}+%’f)dﬂ (86)
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Dividing by dD yields the compact expression

o = AW U0 [(1 — xg) — A] + &5 .
b= 4D e | T1x? ®7)
kw+ %z + —3x
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Appendix A.4 Do Non-Bank Liabilities Generate a Multiplier?

Table A.1: Non-Bank Funding Multiplier

Funding Inflow Asset Purchase Funding Creation
A L A L A L
Cash $100 | CP  $100 Treasuries $100 | CP $100 Treasuries $100 | CP $100
Cash $90 | Repo $90
$100 $100 $100 $100 $190 $190

Having established the link between deposits and bank credit, and the forces that give rise
to a credit-deposit multiplier, it is useful to consider how these mechanisms differ for non-bank

institutions.

Like a bank, a non-bank institution can expand its balance sheet by issuing non-bank li-
abilities, such as commercial paper, repo, or shares. Such expansions may arise either from
shifts in demand for non-bank liabilities or from shifts in their supply, for example in response
to new profitable investment opportunities. Whether such an increase in non-bank funding gen-
erates a multiplier depends on the extent to which non-bank claims are treated as money-like
and whether they relax funding constraints. One case in which a multiplier can arise is when
non-bank funding inflows are used to purchase assets that can be used as collateral to obtain

additional funding, for example through repo transactions, as documented in Table A.1.

While non-bank balance sheet amplification can give rise to funding multipliers under
certain conditions, such multipliers are likely to be weaker in practice, reflecting the unique role
of deposits as the settlement asset. We therefore focus on banks’ credit-deposit multiplier and

abstract from non-bank multipliers.
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Appendix A.5 Data Construction

This appendix describes the construction of the aggregate quantity and price series used in the

calibration and estimation of the model.

We assemble a quarterly panel for the U.S. commercial banking sector spanning 1999Q1
to 2024Q4. Balance sheet quantities are obtained from the Federal Reserve’s weekly series
for all commercial banks, including total assets, total liabilities, total loans, total deposits, and
large time deposits. Weekly observations are converted to quarterly frequency by taking the last
available observation within each calendar quarter. Core deposits are defined as total deposits
net of large time deposits. Wholesale funding is defined as total liabilities net of core deposits.

Equity is constructed residually as the difference between assets and liabilities.

Deposit and loan rates are constructed using interest income and expense data from the
FDIC Quarterly Banking Profile (QBP). Specifically, deposit and loan rates are measured as
annualized ratios of trailing four-quarter interest flows to trailing four-quarter average stocks.
Using trailing windows smooths high-frequency variation in flows and ensures comparability
with the quarterly balance sheet quantities. The policy rate is measured by the effective federal

funds rate, averaged over the same trailing four-quarter window.

Market credit rates are measured using Moody’s Baa corporate bond yields. On the bor-
rower side, nonbank credit is proxied by the stock of outstanding U.S. corporate debt securities
from the Financial Accounts of the United States. On the depositor side, money market fund
assets and currency in circulation are used as alternatives to deposits. All quantities are scaled

by nominal GDP to create consistent time series.

Regulatory quantities entering the model are constructed from aggregate balance sheet ob-
jects and statutory capital requirements. Capital slack and liquidity slack are computed as func-
tions of equity, loans, core deposits, and wholesale funding, and therefore vary endogenously

over time with the evolution of bank balance sheets.

Appendix A.6 Demand System Details

This appendix provides additional details on the construction of market sizes, market shares, and

demand objects used in the calibration.
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On the depositor side, the market size in quarter ¢ is defined as
Wtd = Dt + Mt + Ct,

where D; denotes core deposits, M; denotes money market fund assets, and C; denotes currency
in circulation. Depositor market shares are given by s¢ = D,/W2, s = M,/W¢, and s¢ =
Cy/WE.

On the borrower side, bank credit is measured by aggregate bank loans L;, and nonbank
credit is measured by the stock of outstanding corporate debt securities L,; ;. To allow for an

outside option of not borrowing, total borrower market size is defined as
b
Wt - nb(Lt + Lnb,t)a

where 7, > 1 pins down the average share of non-borrowers. Borrower market shares are

sk = L/W} and st* = L, /WP, with the no-borrowing share given by s? = 1 — sl — s7b.

Both depositor and borrower demand systems are modeled as multinomial logit. Given
price sensitivities oy and oy, observed market shares map into implied elasticities and markups
according to standard logit formulas. In particular, observed deposit spreads correspond to

markups of 1/{agy(1 — s¢)}, while observed loan spreads correspond to markups of 1/{ay(1 —

si)}-

Appendix A.7 GMM Estimation

This appendix describes the Generalized Method of Moments (GMM) procedure used to esti-

mate the supply-side parameters of the model.

We estimate the parameter vector

— pre post
O = {7-7 ga Kb s Fup 0pre7 onst}

by matching model-implied optimality conditions to their empirical counterparts. The moment
conditions are constructed from: (i) deposit- and loan-pricing optimality conditions; (ii) reduced-

form estimates of the credit—deposit multiplier in the pre- and post-regulation regimes; and (iv)
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the nonbank credit pricing condition, estimated separately in each regime.

Let 75 and 7; denote the pre- and post-regulation subsamples, respectively, and let post, =

1{t € T1}.

gr(©)

. _
S [0F —ot) - e e e ]
LN (1 - s At K
T
1 [ ¢ .S 1 1
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Appendix A.8 Implied Balance Sheet Slack Variables

Next we provide additional details on the evolution of the capital and liquidity slack variables

used in the model. Capital slack is defined as the difference between available equity and re-

quired equity under the statutory capital requirement. Liquidity slack is defined as the difference

between liquid assets and runnable liabilities scaled by regulatory liquidity parameters. Both

slack variables are functions of balance sheet quantities and therefore vary over time with the

evolution of deposits, loans, wholesale funding, and equity. Figure A.2 plots the implied quar-

terly series for capital slack and liquidity slack over the sample period. The figure illustrates

a pronounced tightening of both constraints following the financial crisis and the implementa-

tion of post-crisis regulatory reforms. These movements play a central role in shaping pricing

behavior and the propagation of deposit shocks in the model.
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Figure A.2: Model Implied Structural Parameters

The figure plots the implied slacks (K, A;). The vertical line marks the start of the post-reform regime. Lower
values indicate tighter constraints.

\ Post-regulation
0.154
- A
. — K
o
N 0.104
(O] 1
S [
2 1
<
[}
S
@ 0.05- i
I
1
1
1
1
1
1
0.00 :
T T 1 T
2000 2010 2020
Year

22



	Introduction
	Defining the Total Effect of Deposit Inflows on Bank Credit
	Banks' Lending Response to Deposit Inflows
	The Link Between Deposits and Bank Credit
	A Simple Example of the Credit-Deposit Feedback Loop
	The Total Effect of Deposit Inflows on Bank Credit

	Empirical Analysis
	Empirical Strategy and Data
	Estimates of the Credit-Deposit Multiplier

	Model
	Overview
	Depositors
	Borrowers
	Banking System
	Profit Maximization
	First Order Conditions

	Non-bank Credit Intermediary
	Equilibrium
	Recovering the Credit-Deposit Multiplier
	Equilibrium Lending Response 
	Equilibrium Deposit Recycling 
	How Deposit Inflows Propagate into Credit
	Profits and Credit Creation at Longer Horizons


	Model Calibration
	Data
	Demand Parameters
	Calibrated Parameters

	Quantitative Analysis
	Multiplier Decomposition
	Effects on Total Credit
	Can Non-Bank Credit Offset the Weakened Deposit Multiplier?
	Non-Bank Intermediation Costs
	Required Reduction in Non-Bank Costs

	The role of QE

	Conclusion
	Appendix Additional Empirical Results
	Appendix Baseline Model Derivation
	Bank First Order Conditions
	Loan Rate r
	Deposit Rate rd

	Derivation of =  epstopdfdLdD
	Derivation of WD =dWdD

	Appendix Quantitative Model Derivation
	Bank First Order Conditions
	Loan Rate r
	Deposit Rate rd
	Wholesale Funding W

	Derivation of =  epstopdfdLdD
	Derivation of WD= epstopdfdWdD

	Appendix Do Non-Bank Liabilities Generate a Multiplier?
	Appendix Data Construction
	Appendix Demand System Details
	Appendix GMM Estimation
	Appendix Implied Balance Sheet Slack Variables

