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Abstract

Does deposit funding still drive credit creation? Deposit inflows affect credit directly,
through banks’ balance sheet 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 bank-credit impact of a $1 deposit inflow has fallen from $2.14 to
$0.62 over two decades. Both channels have weakened: banks extend less credit out of
each marginal deposit, reflecting greater costs of balance sheet expansion, and fewer credit
proceeds recycle into stable deposits, consistent with declining deposit specialness and a
greater use of non-bank alternatives. Central bank policy also matters: Quantitative Easing
lowers the credit impact of a marginal deposit through higher capital costs, while Quan-
titative Tightening can raise it through scarcer liquidity. We show that non-bank credit is
unlikely to offset the decline. 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; Drechsler et al., 2017). Beyond this direct
effect, lending can generate new stable deposits, creating a feedback loop that amplifies the 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, or about how that effect changes as the financial system evolves and

intermediation shifts outside banks.

In this paper, we decompose the total effect of deposit inflows on credit into a direct credit
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 higher balance sheet costs 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 providing empirical evidence on the magnitude and evolution of banks’
credit-deposit multiplier using weekly data from 2005 to 2025. The multiplier embeds both
banks’ direct credit response to a deposit inflow and the recycling of credit into new deposits,
and thus captures how an initial inflow propagates through successive rounds of credit creation.
To estimate it, we use high-frequency variation in the timing of U.S. Treasury cash settlements,
purged of predictable seasonal and recurring components, as an instrument for deposit inflows,

and trace the cumulative responses of deposits and bank credit over the following weeks.

We find that the credit-deposit multiplier is sizable: a $1 deposit inflow ultimately raises
cumulative deposits by $1.68 through balance sheet propagation. However, this amplification
has weakened markedly over time, with the multiplier declining from $2.43 in the early period
to $1.04 in the late period, and with the bank-credit response declining in parallel. These declines
indicate a weakening of one or both of the margins that govern the loop: banks may lend less

against a marginal deposit dollar, or fewer credit proceeds may return as stable deposits that



support another round of lending. The reduced form shows that the loop has weakened, but not
why. Post-crisis regulation, central bank balance-sheet policy, the growth of non-bank savings
and credit markets, and shifts in household behavior could each affect both margins. To trace
the decline to these primitives, ask how credit creation responds as they change, and recover the
response of total credit including non-banks, we next develop a structural model of the banking

sector.

Our structural model is built around the forces we seek to quantify: balance sheet costs,
non-bank competition, and the recycling of credit into deposits. Households are at once savers
and borrowers, allocating liquid wealth across bank deposits, market savings, and cash, and
borrowing from banks or non-banks; a banking system sets deposit and loan rates, and a non-
bank credit intermediary competes with banks for borrowers. The size and composition of the
banking system’s balance sheet are disciplined by the costs of maintaining capital and liquidity
buffers, while non-bank competition shapes the elasticity of bank credit demand. We charac-
terize the equilibrium of this economy in two layers. The first is a static portfolio equilibrium:
taking household liquid wealth as given, markets clear as a consistent allocation of that wealth
across claims, with banks and non-banks optimizing subject to their constraints. This layer pins
down banks’ direct credit response to deposit inflows as an equilibrium object shaped by balance
sheet costs and competition. The second layer is a monetary-creation channel, summarized by
a single recycling rate: the fraction of credit that returns as stable deposits. We microfound this
rate in household behavior. Bank credit creates liquid wealth for the households that receive its
proceeds, and they allocate it through the same portfolio choice that governs the first layer. The
recycling rate is therefore the deposit share of the marginal recipients of credit, and it falls when

credit reaches recipients that hold fewer deposits or when deposits become less special.

We recover the direct credit response structurally by differentiating the equilibrium con-
ditions, and discipline the recycling rate with data. We estimate the model’s parameters via
deterministic minimum distance, following the logic of structural banking models that use exter-
nally disciplined demand elasticities and equilibrium restrictions to recover supply-side frictions
(Wang et al., 2022). The banking sector’s deposit and loan first-order conditions discipline the
shadow costs of illiquidity and leverage, while the non-bank first-order condition disciplines the
cost of expanding non-bank credit supply. We jointly fit these pricing residuals and the reduced-

form credit-deposit multipliers in the early and late periods.

The estimated model delivers the two sufficient statistics that govern the credit-deposit



multiplier: banks’ credit response to deposit inflows and the recycling rate of credit proceeds
into stable deposits. Both have declined sharply. The credit response falls from 0.86 to 0.58:
about a third less of each marginal deposit dollar is channeled into new credit, with the remainder
absorbed by reductions in wholesale funding. The recycling rate falls from 0.67 to 0.09, a sharp
decline in the share of credit-generated payment flows that return to banks as the stable, low-cost
funding that supports further credit expansion. The microfoundation of the recycling rate points
to two forces behind its decline: the shift in bank credit from loans toward securities, which
sends credit proceeds to institutional sellers rather than to households and firms, and the smaller
share of financial assets that households and firms hold as deposits. We attribute the residual to

a shift, within sectors, toward recipients of credit proceeds who hold fewer deposits.

Turning to the central question of the paper, we find that the total bank-credit effect of a
deposit inflow has declined from 2.14 to 0.62: each dollar of deposits today generates less than
a third of the bank credit it once did. The total bank credit effect combines banks’ direct credit
response with the amplification of deposits through the multiplier. The decline reflects both a
weaker direct credit response and diminished deposit recycling, which 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 bank-
credit effects today than they would have had in earlier periods, when deposit funding translated

more powerfully into credit creation.

We next use the model to study the drivers of this decline in the credit impact of deposit
flows. We decompose the decline into two channels. The first exercise returns the structural
primitives governing bank behavior from their late- to their early-period values, one at a time
and together. Two forces emerge as first-order, and they compound: reduced recycling and the
higher capital wedge each lower the total bank-credit response on their own, and their interac-
tion, since a weaker lending response leaves less credit to recycle and weaker recycling leaves
less funding to lend, accounts for about half of the decline. The liquidity wedge is small and
works in the opposite direction, slightly offsetting the decline by raising the liquidity benefit
of the marginal deposit dollar. The second exercise varies balance-sheet quantities, asking how
Quantitative Easing and Tightening affect the banking sector’s capacity to intermediate deposits
into credit. The object here is the marginal bank-credit response to a new deposit dollar—not the

direct credit-supply effect of QE itself. In the model, the two operate on the same balance-sheet



frictions in opposite directions. QE injects reserves and deposits together: liquidity improves,
but the balance sheet expands, tightening the capital position and lowering the marginal value
of a deposit. QT instead can tighten the liquidity constraint, as emphasized by Acharya and
Rajan (2024), removing reserves without a commensurate decline in deposit claims and raising
the marginal value of stable funding. Together, the two exercises show that the decline reflects
higher balance sheet costs, reduced deposit specialness, and the transformation of the balance

sheet itself.

A natural question is whether the non-bank sector is able to compensate for the dampened
credit response in banks. We approach this from two angles. First, we examine the direct
competitive response of non-banks to a deposit shock and find that non-bank credit contracts
rather than expands: the inflow reaches non-banks only through lower bank loan rates, which
pull borrowers away from non-bank credit, so non-bank credit contracts. A more elastic non-
bank sector deepens the contraction rather than closing the gap. Second, we ask how strong a
spillover from non-recycled credit proceeds to non-bank funding conditions would need to be
to restore the aggregate credit response to its early-period level. Even in the most favorable
case, in which all non-recycled proceeds flow into money markets, restoring the early-period
response requires a sizable pass-through from money-market depth to non-bank intermediation
costs. More broadly, because non-bank intermediation chains are longer, neither recycled non-
bank proceeds nor leaked bank flows are likely to compensate for the loss in bank recycling. On
the direct margin, non-banks contract rather than substitute; on the funding margin, they do not

replace the multiplier.

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 are unlikely to 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 in the payments market, 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 credit is a classic question in banking. It con-



nects to seminal theories of why banks jointly provide deposit-taking and credit provision ser-
vices (Diamond and Dybvig, 1983; Kashyap et al., 2002a; Drechsler et al., 2017), 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
reserves, and lend out the remainder, so deposit market size constrains lending (Bernanke and
Blinder, 1988; Kashyap et al., 2002b; 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
positive elasticity from deposit shocks to credit growth (Kundu et al., 2021). Our contribution is
to bridge these perspectives by quantifying the strength of the endogenous credit-deposit mul-
tiplier 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

"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. Li et al. (2026) show that interbank pay-
ment flows redistribute liquidity across banks, so that a bank lends more when payment inflows generated by other
banks’ lending relax its liquidity constraint, and Li and Li (2022) show that banks facing greater payment risk
lend less. While these papers study how payments redistribute liquidity among banks, we trace out how aggregate
deposit flows remain within the banking system as stable funding.



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 institu-
tions (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 separately. 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 depositor 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 highlight the importance of accounting for the recycling of credit 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., 2017, 2021; Li et al., 2023;
DeMarzo et al., 2024; Blickle et al., 2025; Egan et al., 2025; Lu et al., 2024; Koont et al., 2024),
as well as to the growing literature on non-bank intermediaries and the implications of a shrink-
ing traditional banking sector (Begenau and Landvoigt, 2022; Buchak et al., 2024; Schneider
et al., 2025). The recycling rate measures how much of banks’ own credit creation returns as
stable funding: a high rate means that credit provision replenishes the deposit franchise, while
its decline implies that credit expansion generates less franchise value per dollar. Similarly, as
non-banks disintermediate banks on both sides of their balance sheets, a smaller share of funding
flows through this amplification mechanism, raising the question of whether non-bank interme-
diation can compensate. We show that it is unlikely to: in equilibrium, non-bank credit contracts
rather than expands in response to a deposit inflow, and because non-bank intermediation chains
are longer, neither recycled non-bank proceeds nor leaked bank flows are likely to make up the

loss in bank recycling.



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 credit 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 credit are jointly determined within the banking system. When
banks extend credit, the associated payment flows circulate, and a fraction, which we denote
by 6, returns as the stable deposits that fund further credit. As a result, the ultimate increase in
credit following a deposit inflow depends both on banks’ marginal credit response A and on the

recycling rate 6.

Our object of interest is the total effect of a deposit inflow Dy on bank credit L, given by
dL/dDg, which embeds both the marginal response A and the amplification generated through 6.
The remainder of this section develops this object: how deposits and credit are jointly determined
in a fractional-reserve system, a simple example of the propagation mechanism, and a formal

decomposition into these two margins.

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 credit 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 credit provision 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 panel (a). Under narrow banking, the

aggregate quantity of deposits is fixed by reserves, so that Q* = R, where R denotes aggregate



Figure 1: Deposit determination under narrow and fractional reserve banking
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Panel A: 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.
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Panel B: 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.

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.

In contrast, in a fractional reserve banking system as in Figure 1 panel (b), deposits are
jointly determined 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
management 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 attractive.’

The same balance sheet expansion can also be described from the perspective of the house-
hold sector that holds the bank’s liabilities. Bank deposits are part of household liquid wealth,
and bank loans are household liabilities. When the bank extends credit, it creates a deposit and
a loan of equal value, and both appear on the household balance sheet: household liquid wealth
and household debt rise by the same amount, and household net worth is unchanged. Bank credit
thus adds to the liquid wealth of the household sector without adding to its net worth. For the
bank to expand its balance sheet in equilibrium, the household sector must be willing to hold the
additional claims. How the households that end up with the proceeds hold them, as deposits or
as money market fund shares, determines how much of the credit returns to the banking system
as stable funding. This is the recycling margin that we formalize in Section 4, where it is derived

from household portfolio choices.

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. Figure 2 plots the evolution of M1 relative to MO. The fact that the ratio fluctuates
over time, and generally exceeds 1, is consistent with banks creating deposits through credit

creation.?

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

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.

3The ratio drops below 1 during the QE period primarily because central bank reserves expanded disproportion-
ately relative to the bank deposit categories in M 1.
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Figure 2: 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.

Table 1: Simple Example: Credit-Deposit Multiplier

In this numerical example, a $100 deposit inflow replaces wholesale funding (b). The banking sector expands credit
by A = 0.7 per dollar of stable deposits, and loan proceeds appear as payment balances (PB) that circulate as
borrowers spend (c). A fraction § = 0.9 of these flows settles as stable deposits and the remainder as wholesale
funding (d), initiating the next round of credit creation (e) and recycling (f).

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

(e) Credit Creation

D it R li D it R li
(d) Deposit Recycling Assets Liabilities (D) Deposit Recycling
Assets Liabilities R $100 | D 3163 Assets Liabilities
R $100 | D $163 L $114 | PB $44 R $100 | D $203
L $70 | W $7 W 47 L $114 | W $11
$170 $170 $214 14 $214 $214

and thereby support additional balance sheet expansion. As a result, deposits created through
credit can return to the banking system as funding and support further balance sheet expansion.

The ultimate increase in credit can therefore exceed banks’ initial marginal credit response.
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2.3 A Simple Example of the Credit-Deposit Feedback Loop

The example in Table 1 illustrates how an initial deposit inflow can propagate through the bank-
ing system via successive rounds of balance sheet expansion, using a consolidated balance sheet
for the aggregate banking system. A deposit-demand shock first lets banks replace wholesale
funding with stable deposits, leaving total assets unchanged but improving the funding mix. Be-
cause stable deposits relax banks’ liquidity management, suppose that banks expand credit. The
credit proceeds initially appear as flighty payment balances at the issuing bank, and the inter-
mediary view of banks stops here, whereby an increase in deposit funding leads to an effect on

banks’ willingness to extend credit.

However, the quantity of deposits is endogenously determined, and this is what sets the
feedback loop in motion. As borrowers spend the credit proceeds, payments circulate through the
economy. Over time, some fraction of these proceeds settles as deposit funding in the banking
system, and the rest as flightier wholesale funding. The recycled deposits again relax banks’
liquidity management and support another round of credit expansion. Some of the resulting

credit proceeds again return as deposit funding, continuing the feedback loop.

Each entry in Table 1 also has a counterpart on the balance sheet of the household sector:
the borrower owes the loan, and the seller of the asset that the borrower purchases holds the
payment balance and subsequently the deposit. Appendix A.2 tracks the household side of the
example panel by panel and separates the borrower from the seller. Two features of the household
ledger are worth noting. The net worth of the household sector is unchanged throughout, since
each claim created through lending is matched by a corresponding liability, while its liquid
wealth and its debt both increase by the amount of credit extended. Lending thus expands gross
positions rather than net wealth. For the bank to expand its balance sheet in equilibrium, the
household sector must be willing to hold the additional claims, which in the aggregate is its
willingness to carry the additional debt: payments move deposits between households without
extinguishing them, and households carry the debt because borrowing is worthwhile at the loan
rate the bank offers, so no change in deposit pricing is required. The fraction of loan proceeds
that is retained as deposits reflects the portfolio choices of the households that end up holding

them. We formalize this margin in Section 4.

This process continues until it converges, as shown in Table 2. Amplification arises be-

cause deposits are superior to wholesale funding: they relax the banking sector’s liquidity man-
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Table 2: Aggregate Banking System: Incremental Expansion by Round

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

Round 7 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

agement, 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

Formally, we define the credit-deposit multiplier mp as the total change in the deposit base,
A Dy, generated by an initial deposit inflow A Dy. Two sufficient statistics govern this process.
The first is A\, banks’ marginal credit response to deposit inflows.* The second is 6, the marginal
propensity for credit-financed expenditures to be redeposited within the banking system as stable

bank deposits.

Given a deposit inflow A D, banks extend new credit in the amount AAD,, of which a
fraction 6 returns as deposits, raising the deposit base to ADy + AAD,. These new deposits
M)A D, then support additional credit provision of A20A 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:

ADy 140 = ADy (14 X0 + (M) + -+ (A0)").. (1)

“In general, the first-round response depends on the source of the inflow—a preference shift, a reserve injection,
or recycled payment flows—while every subsequent round involves the same response to recycled deposits. Sec-
tion 4.7.1 formalizes this distinction; the multiplier logic here requires only the recycled-deposit response, which
governs all rounds beyond the first.
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The corresponding credit-deposit multiplier at horizon A is:

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

As h — o0, the process converges (provided |A\f| < 1), yielding the long-run credit-

deposit multiplier:
1

BEESY

3)

mp

The credit-deposit multiplier m describes how an initial deposit inflow expands the de-
posit base through successive rounds of credit creation and redepositing. To recover the total
effect of deposit inflows on bank credit AL!"* we combine this amplification mechanism with

banks’ marginal lending response to deposits,

ALY — X\mpAD. 4)

In Appendix A.1 we consider whether non-bank institutions can generate a similar funding
multiplier. They are unlikely to: because non-bank liabilities do not serve as the economy-wide
settlement asset, credit proceeds return to non-banks only through longer intermediation chains,
attenuating at each link, and the limited recycling that occurs within these subsystems typically
does not support long-term credit provision to the real economy. 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 / on a shock to deposits at time ¢:

ADyyp = ap +mly - AD; + T X, + €4 5)
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In Equation (5), AD; is deposit growth from period ¢t — 1 to ¢t and A D, is cumulative deposit
growth from ¢t — 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 multiplier mp.

If all other determinants of deposit growth were fully accounted for in X, then local
projections would deliver unbiased estimates of m/, at each horizon, converging to the true mul-
tiplier mp, for large h. However, in practice, many relevant factors that influence deposit dynam-
ics, such as local demand conditions, interest rate expectations, or shifts in portfolio preferences,
are difficult or impossible to observe. As a result, AD; may be correlated with the error term
€+n, glving rise to endogeneity and biasing our estimate of mp. For instance, we may overes-
timate mp if AD; and AD,; 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, AD;,
that is uncorrelated with the unobservable factors that jointly drive both current and future de-
posit 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.’ The cash-flow innovation is constructed using
the full weekly DTS series. After constructing the innovation, the estimation sample excludes
January weeks because the turn of the year combines large scheduled federal payments, tax-
withholding timing, and year-end balance-sheet adjustments that add noise to the weekly link

between Treasury settlements and core deposit growth.

We next purge this weekly series of predictable variation by residualizing on quarter-year

SWe 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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fixed effects o, calendar week-of-year fixed effects v, and five consecutive weekly lags, as
in Equation (6). The lags absorb short-run settlement dynamics. We normalize the residual by
lagged aggregate deposits, Z, = u;/D;_1, so that a given dollar shock is scaled relative to the

deposit base over which it is absorbed.b

CF=o04+0aw+ Y pCFy+u,  K=1{1,2345}. (6)
kek

This innovation captures unexpected timing variation in Treasury settlement flows. The identi-
fying variation is the administrative timing of Treasury settlements after removing predictable
seasonal and short-run variation. Because the outcome is cumulative, the instrument must be
serially uncorrelated over the projection horizon. If a Treasury innovation in week ¢ predicted
further innovations in later weeks, cumulative deposit growth would include those later inflows,
and the estimated multiplier would mix the propagation of a single inflow with the arrival of
new ones. The residualization in Equation (6) is designed to remove this persistence. Appendix
Figure A.2 shows that little remains after normalization and conditioning on our controls. When
we project future values of the instrument on its current value, the responses at horizons one

through eight are close to zero.

Instrument validity requires that the relevance and exclusion assumptions be satisfied. The
relevance condition is supported by the first-stage estimates reported in Appendix Table A.2.
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 Treasury cash-flow timing affect future deposit growth only through its impact
on contemporaneous deposit growth A D,, and not through any other channel. This is plausible
because, after removing 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 implement this strategy in a 2SLS framework. We measure deposits using aggre-
gate core deposits from FRED, defined as seasonally adjusted total deposits held by all U.S.
commercial banks excluding seasonally adjusted large time deposits. Deposit growth AD; is

the log difference of core deposits, winsorized at the 1% level. Our sample runs weekly from

®We focus on the surprise component of government spending, while Greenwood et al. (2015) instrument for
Treasury bill issuance using the predictable seasonal component of bill supply, the fitted values from regressing
four-week changes in bills outstanding on week-of-year dummies.
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2005 to 2025; we estimate the multiplier over the full sample and separately for an early period
(2005-2010) and a late period (2011-2025). In the vector of controls X; we include four lags of
deposit growth and the contemporaneous change in the effective federal funds rate, measured by
the change in its Thursday-Wednesday weekly average. Because some Treasury payments settle
with short delays, we instrument contemporaneous deposit growth with both the contempora-
neous and one-period-lagged innovation, so that the first stage accommodates settlement effects

that reach deposit balances in the following week. Our first-stage specification is:
ADy = a+ 12 + BaZipy + Tn Xy + iy (7)

The first-stage estimates are reported in Appendix Table A.2. In the second stage, we regress
cumulative deposit growth at horizon h on instrumented deposit growth at time ¢ within the local

projection framework. For horizon h, the second stage regression equation is,

ADy_14in = ap +mbAD, + Th X, + ep. (8)

We consider three potential threats to identification. First, in the late period, Treasury set-
tlements move reserves as well as deposits, because changes in the Treasury’s account at the
Federal Reserve are no longer offset through balances held at commercial banks. Reserve move-
ments could then drive subsequent deposit growth independently of the deposit inflow itself. Ap-
pendix Figure A.4 shows that the late-period estimates are nearly unchanged when we control for
either the lagged level or the contemporaneous change in aggregate reserves, indicating that the
estimates primarily reflect deposit inflows rather than reserve co-movement at weekly frequency.
The model in Section 4 accommodates both cases, allowing deposit inflows to arrive either on
their own or together with reserves. Second, persistence in Treasury settlement timing could
cause current innovations to predict further inflows within the projection horizon. As discussed
above, Appendix Figure A.2 shows that the instrument has little persistence. Third, the deposit
response could reflect real-side feedback rather than balance-sheet propagation: deposit-funded
lending may stimulate economic activity, raising incomes and wealth and shifting out deposit
demand. Such adjustments operate over business-cycle horizons, however, and the eight-week

window we study is too short for them to play a meaningful role.

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
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estimate of the deposit multiplier.

3.2 Estimates of the Credit-Deposit Multiplier

Figure 3 visualizes the coefficient estimates for our IV specification in Equation (8) at horizons
h from 0O to 8, with shaded bands indicating 95% confidence intervals based on Newey-West
standard errors with a lag length equal to the horizon h. Panel (a) captures the estimation for the
complete sample. This specification captures how an initial funding inflow propagates through
the banking system over time, including through flows of funds between banks and across in-
stitutions. We define the long-run multiplier mp by averaging the coefficients at horizons five
and six. The full-sample multiplier is 1.68, implying that a $1 exogenous deposit inflow raises
cumulative deposits by approximately $1.68. 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 early and late periods,
estimating the multiplier over the years 2005-2010 and 2011-2025. Panel (b) compares the
dynamics of the deposit multiplier across the two samples. Comparing the magnitudes shows
a marked decrease in the latter sample: the early-period response is 2.43, while the late-period
response is 1.04. We summarize each response by its average at horizons five and six. The
multiplier operates through successive rounds of lending and redepositing that play out over
several weeks, and by horizon five the full-sample response has leveled off. Longer horizons
allow slower forces outside the multiplier mechanism, such as shifts in deposit demand or real-

side feedback, to enter the response.

We also use the same instrumental variables design to estimate the response of bank credit
to deposit inflows, as reported in Appendix Table A.5 and Figure A.3. We find that bank credit
rises following a deposit inflow and that, like the deposit response, it is markedly weaker in the
late period. This parallel decline is consistent with the multiplier mechanism. Deposit inflows
support new credit, and that credit in turn generates new deposits, so a weakening of either link

dampens both the deposit and the credit response.

The reduced-form responses embed two distinct economic forces: a direct effect, captured

by banks’ marginal propensity to expand credit out of deposit inflows, and an indirect effect,
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Figure 3: 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 2025.
Panel B compares estimates for the early (2005-2010) and late (2011-2025) samples. Shaded bands show 95%
confidence intervals based on Newey-West standard errors with lag h.
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captured by the share of credit proceeds that recycle back into deposit funding. Each is itself an
equilibrium outcome, shaped by banks’ capital and liquidity costs, competition from non-bank
lenders, and households’ portfolio choices. The reduced form tells us that the feedback loop has
weakened, but not why: post-crisis regulation, central bank balance-sheet policy, the growth of
non-bank intermediaries, and shifts in household behavior could all have contributed. Tracing
the two forces to these primitives, and asking how credit creation responds as they change,

requires additional structure, which we turn to next.

4 Model

4.1 Overview

The model features three types of agents: households, a representative banking system, and a
representative non-bank credit intermediary.” Households are at once savers and borrowers: they
hold liquid wealth, which they allocate across bank deposits, market savings, and cash, and they

borrow from banks or non-banks to finance illiquid assets. The key exogenous variables are the

"We use “households” as shorthand for the non-bank private sector that holds financial claims: households,
nonfinancial firms, and institutional investors.

18



current policy rate °, the equity capital of the banking sector F, and the level of central bank
reserves R, which together characterize the state of the world. Given these variables, banks
set deposit and loan rates to maximize profits, subject to capital and liquidity constraints, and
the non-bank credit intermediary sets its lending rate to maximize profits. Finally, competitive
funding markets clear the associated balance sheets. Money market funds allocate household
market savings between short-term non-bank funding claims and safe assets, while a broader
institutional sector supplies bank wholesale funding and the remaining market funding of non-
bank credit.

We characterize the equilibrium in two layers. The first is a static portfolio equilibrium:
taking household financial wealth as given, markets clear as a consistent allocation of finan-
cial claims, with the banking sector and the non-bank intermediary optimizing subject to their
constraints. Within this layer there are no payment flows to trace: the equilibrium is a settled
allocation of stocks where all markets clear. In particular, the lending response A captures the
banking sector’s optimal reallocation of a marginal dollar of stable funding between new lending

and reduced wholesale funding, given how the capital and liquidity slacks re-bind.

The second layer is the monetary-creation channel. Bank credit creates liquid wealth for
the households who receive its proceeds, and they allocate it by the same portfolio choice that
governs the first layer. The fraction of lending that returns as stable deposits, the recycling rate
6, is therefore not a separate primitive: it is the deposit share of the marginal recipients of credit
proceeds, which depends on who those recipients are. Because we seek the marginal response to

a shock rather than the full monetary equilibrium, money creation enters the model only through
6.

Our objects of interest, bank credit and total credit, are therefore governed by two objects:
the lending response \, evaluated at the equilibrium balance sheet, and the recycling rate 6.
We recover A structurally by differentiating the equilibrium, and use the data to discipline the

monetary layer summarized by 6.
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4.2 Households
4.2.1 Balance Sheet and Liquid Wealth

The household balance sheet is
Wit A = N +B, 9)

where W is liquid wealth, A denotes illiquid assets (real assets and long-duration securities),
B debt, and N net worth. Liquid wealth is the sum of bank deposits, market savings, and cash,

We =D + M + C. Itis a gross position: it can change while net worth does not.

Households are gross savers and gross borrowers at the same time: a household keeps
liquid wealth while it carries debt, even though the debt costs more than the liquid wealth earns.
Keeping a dollar liquid therefore has a cost. The dollar could have repaid debt or been invested in
illiquid assets, so it forgoes the household’s opportunity cost of funds, r°, and earns instead the
return on liquid wealth, ", the yields and liquidity services of the deposits, market savings, and

cash it is allocated to. The difference, ° — "V

, 1s the cost of carrying liquid wealth. Households
bear it because liquid wealth is a buffer against payment needs, whose value is increasing and
concave in total liquid wealth, as in money-in-the-utility-function and convenience-yield models
(Sidrauski, 1967; Krishnamurthy and Vissing-Jorgensen, 2012; Nagel, 2016). A household
holds liquid wealth up to the point where the value of the last dollar of buffer equals the cost of
carrying it; under a Cobb-Douglas value of liquid and illiquid holdings, for example, it spends
a fixed amount of interest on carrying each (Appendix A.5). Gross positions therefore matter,
not only net worth, and desired liquid wealth rises when the cost of carry falls. The allocation of
liquid wealth across deposits, market savings, and cash, to which we now turn, does not depend
on its level, so in the static portfolio equilibrium we take liquid wealth as given at its observed

level; the level matters when bank credit changes it, in Section 4.7.2.

4.2.2 The Allocation of Liquid Wealth

Households allocate liquid wealth across a menu k& € {D, M, C'} that includes a bank deposit
D, market savings (e.g., money market fund shares) M, and cash C. These options differ in the

yields they offer and the liquidity services they provide. Household ¢’s utility from option £ is

uf = agr® + &, + ¢k, (10)
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where ay is the rate sensitivity of households and ¥ is the idiosyncratic taste shock for household
i over option k. Bank deposits pay rate ¢ and provide liquidity services £, market savings pay
the policy rate ¥ with liquidity services normalized to zero (€5, = 0), and cash provides liquidity

services &c 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 share of liquid wealth held in option £ is

€£k+adrk

sp(r?) = ke{D,MC}, (11)

eéptaard 4 coar® 4 oéc’

and we write s; = sp for the deposit share. The demand for each instrument is
Xie(rh) = sp(rd) - W, ke {D,M,C}, (12)
and because the shares sum to one, allocations satisfy the wealth identity
D+M+C = W< (13)

Equation (13) closes the allocation of liquid wealth: every dollar is held in one of the three
options, so any reallocation across categories must net to zero. Two properties of (11) are used

below:
oD oD

giva ~ S o
The first states that the deposit share does not depend on the level of liquid wealth, so the

= OédD (1 — Sd). (14)

marginal dollar of liquid wealth is allocated like the average dollar. The second is the slope

of deposit demand in the deposit rate.

4.2.3 Demand for Credit

The liability side of the household balance sheet is a demand for credit: a household borrows
the amount B = W% + A — A by which its desired holdings exceed its net worth, and this
amount falls as the loan rate rises, since both desired liquid wealth and desired illiquid assets
fall (Appendix A.5). To parameterize this demand and the choice between bank and non-bank

credit, we follow the depositor side and use a discrete-choice formulation. There is a mass W
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of potential borrowing. Each unit i is allocated by a discrete choice over a menu k € {¢,nb, 0}

that includes bank credit ¢, non-bank credit nb, and not borrowing (), with utility
uf = —apr® + &+t (15)

where ay is the rate sensitivity of borrowers and ¥ is the idiosyncratic taste shock over option
k. Bank credit charges rate r* and provides non-rate services &, non-bank credit charges rate
r"* 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 n¥ is i.i.d. Type-1
extreme value. The market share of option k& € {¢, nb, 0} is
e Eh—aer®

¢ nby __
Sk(r A ) B 14+ e&e—ayrt + e &np—argrm?’ (16)

and credit quantities are given by®
Li(r,r™) = si(rf, ) - WP, k € {¢,nb}. (17)
Because the logit shares sum to one, borrower allocations satisfy the identity
L+ L+ Ly = WP, (18)

where Lg = sq(r¢, 7" - W° denotes potential borrowing that is not taken up at prevailing rates.
Equation (18) is parallel to the wealth identity (13) on the savings side, with the understanding
that the () component reflects unrealized borrowing capacity rather than a claim held on any
balance sheet. Household debt in (9) is the credit actually extended, B = L + L., = (1 —
sg) W?; the share sy that goes unused rises with the loan rate, which is how the downward-

sloping demand for credit is parameterized.’

8For ease of notation we denote the banking sector’s loan demand L, (r¢, 7"?) by L(r?,r"") in the remainder of
the paper.

° Appendix A.5 derives the demand for credit implied by the household problem. Its semi-elasticity with respect
to the loan rate is the counterpart of cp(1 — s¢) here, so matching the two is a normalization on the curvature of
the liquidity value and of the payoff from illiquid assets. The household problem also implies that credit demand
rises with the deposit rate, because a higher return on liquid wealth lowers its cost of carry; the demand system here
omits this term, which is the response of liquid wealth to the deposit rate from which we abstract.
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4.3 Banking System
4.3.1 Profit Maximization

We model a representative banking sector that chooses the deposit rate ¢ and loan rate r* 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 bank is a price-taker in the wholesale funding
market, where it borrows at the policy rate r°.' The banking sector also holds central bank
reserves 12, which we treat as an exogenous, system-level quantity. The balance sheet constraint
is

LY+ R=E+ D(r%) + W, (19)

so that, for any (r?, r*), wholesale funding is determined residually as
W =L(r"+R—FE—D(. (20)
The banking sector’s profit maximization problem is given by'!,

max (r'—r® =)L + (r® —r*— pg)D + Eln(K) + 7ln(A). (21)

)

In (21), the first two terms capture profits from loan and deposit markets respectively, net of per-
unit operating costs i, and p4, which capture expenses such as borrower screening and servicing
on the loan side and branch operations and payment services on the deposit side. Unlike these
per-unit costs of intermediation, the remaining terms capture the costs associated with capital
and liquidity management, which depend on the size and composition of the bank’s balance

sheet and which we describe in detail below.

We model the costs of capital and liquidity management with log penalties, which reduce
profits at an increasing rate as the banks’ capital or liquidity slack approaches zero. These penal-

ties are a reduced-form representation of the banking sector’s revealed preference for maintain-

10We use “wholesale funding” as shorthand for non-core funding, encompassing rate-sensitive or runnable liabil-
ities. The economically relevant distinction in the model is the funding’s stability: D denotes stable core deposits
while W absorbs the remainder.

"'We present the bank’s profit maximization after substituting out the balance-sheet identity. Reserves earn the
policy rate ° and are financed at the margin by wholesale funding at the same rate, so reserve income nets out.
The substitution places the opportunity cost 7 inside the loan and deposit margins and leaves a term - I/, which is
constant with equity fixed and does not affect the banking sector’s choice of rates.
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ing capital and liquidity buffers. This preference may stem from regulatory requirements; from
internal risk management, such as avoiding costly recapitalization, default, or liquidity short-
falls; or from market discipline, as wholesale funding spreads widen when capital and liquidity

positions weaken.

First, the bank faces a risk-invariant capital constraint captured by & ln(K ) Let x € [0, 1]

denote the banking sectors’ minimum desired capital ratio. Define the capital slack K as
K =FE—-k(L+R) = 1-r)FE — g(D+W)>0. (22)

Thus, the capital slack K is the excess of equity capital £ over a fixed fraction « of total as-
sets, with loans and reserves weighted uniformly. This risk-invariant leverage ratio resembles
the Supplementary Leverage Ratio (SLR) implemented in the Basel III regulatory framework,
though x need not correspond to a regulatory minimum; it may equally capture an internally
chosen target above any mandated level.!”> By rearranging with the balance sheet identity, we
see that higher deposits D and wholesale funding ¥ tighten the constraint, while greater equity
E 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 constraint captured by 7 In (A) Let x € [0, 1] denote the
banking sectors’ minimum desired ratio of liquid asset holdings relative to wholesale funding.
Define the liquidity slack A as,

A=R—xW>0 (23)

Thus, the liquidity slack A is the excess of reserves R over a fraction x of wholesale fund-
ing W. This formulation resembles the Liquidity Coverage Ratio (LCR) in Basel III, which
requires banks to hold high-quality liquid assets against runnable short-term liabilities. More
broadly, however, it captures banks’ precautionary liquidity management against the withdrawal
and rollover risk inherent in demandable and short-term funding, in the spirit of Diamond and
Dybvig (1983). From (23), higher wholesale funding tightens the constraint, while greater re-
serves relax it. As wholesale 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.

Importantly, these frictions link deposit-taking to loan supply. Since wholesale funding

12The model is qualitatively similar if we consider a risk-based capital requirement.
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is the residual funding margin, a deposit inflow reduces wholesale borrowing dollar-for-dollar
for a given balance sheet. The liquidity penalty is what makes this relevant for lending: because
wholesale funding requires liquid backing while deposits do not, substituting deposits for whole-
sale funding relaxes the liquidity constraint and lowers the marginal cost of lending. Without the
liquidity penalty, marginal deposit inflows would be irrelevant for the marginal cost of lending
and thus would have no effect on lending behavior. The capital penalty and market power in

deposit and loan markets govern the strength of this link.'?

4.3.2 First Order Conditions

Given the profit maximization problem above, we next derive the corresponding first order con-
ditions. Throughout, starred quantities denote values at the optimum, in particular K* and A* are

the capital and liquidity slack evaluated at the equilibrium balance sheet implied by (r®, ).

We begin with the condition for the loan rate rt,

§
K+

4

r =% o+ (24)

+X

.
+ K
*

ap(1 — sp(r?)) A

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. The second is the per-unit operating cost of bank lending. 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 wholesale
liabilities and therefore tightens the liquidity slack. The fifth is a capital wedge, which reflects
the marginal cost of balance sheet expansion: 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.

13Making these funding margins imperfect substitutes is a deliberate departure from Modigliani-Miller neutrality,
and is well grounded for banks: equity is costly to raise, and deposits, which households hold for their safety and
liquidity services, are more stable than wholesale funding. Because the penalties are reduced form representations
of banks’ revealed preferences for buffers, our analysis requires only that banks behave as if these margins are
imperfect substitutes, not a stand on the deeper source of the friction.
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Next, we solve for the optimal deposit rate rix,

1 T
e 1 —satr 5y T XA (25)
The deposit first order condition shows that the banking sector’s optimal deposit rate 7%* is de-
termined by four terms. The first is the policy rate, which provides the baseline return on funds.
The second is the per-unit operating cost of deposit provision. 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: deposits displace

wholesale funding and thereby relax banks’ liquidity slack.

Taken together, equations (24) and (25) reveal a direct link between deposit taking and
credit provision. Deposits reduce reliance on wholesale funding and relax the liquidity require-
ment. The banking sector’s willingness to extend credit is therefore tied to its ability to attract

deposits, providing the mechanism through which the credit-deposit multiplier operates.

4.4 Non-bank Credit Intermediary

We model a non-bank credit intermediary that sets the non-bank credit rate 7"* to maximize prof-
its. It takes as given the policy rate ° and borrower demand L,,;,(r™°). The credit intermediary
earns a spread over the policy rate and faces a per-unit cost 1i,,, which can capture, for example,
costs related to funding or monitoring. In the baseline specification this cost is constant; in Sec-
tion 6 we consider an extension that allows non-bank funding costs to vary with conditions in

the short-term funding market. The non-bank’s profit maximization problem is,

max Iy = (r™ — 1% — pnp) Ly (r™). (26)

TTL
The optimal non-bank loan rate satisfies

1

Oég(l — Snb) '

b

= 1"+ + (27)

TTL

This pricing condition is analogous to the bank loan pricing equation in Equation (24). The first

term is the policy rate, which provides the baseline cost of funds in the economy. The second is
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the per-unit cost of non-bank lending. The third 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.

Because the non-bank bears no state-dependent balance-sheet costs, the bank to non-bank
spread reveals the shadow price of intermediating through the banking sector’s balance sheet: it
widens exactly when the bank’s capital and liquidity slack are scarce. To the extent that bank’s
wedges reflect regulation in excess of banks’ internalized economic costs, this spread is the price

of regulatory arbitrage.

The non-bank intermediary plays two roles in the model. First, it disciplines the elasticity
of bank credit demand in equilibrium: because borrowers substitute between bank and non-bank
credit, the non-bank’s cost structure shapes the residual demand curve facing banks and thereby
influences banks’ marginal lending response A\ to deposit inflows. Second, it provides the margin
along which we evaluate whether non-bank credit can offset the decline in the bank channel, as

we explore in Section 6.

4.5 Money Markets and Institutional Market Funding

Market funding is supplied through two sectors. Households place market savings M with
money market funds, which allocate these balances between short-term claims that finance non-

bank credit, NV, and a residual safe asset B),;. The money market balance sheet is therefore
M = N + By,. (28)

Alongside money markets, a broader institutional sector supplies market funding P. It allo-
cates these funds across bank wholesale claims W/, non-bank funding P,;, and a residual safe
asset Bp. Non-bank credit is financed jointly by money market and institutional claims. The

corresponding balance sheets are

P =W+ Py + Bp, (29)
Lnb =N + Pnb- (30)
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Both funding sectors are competitive, and all claims earn the policy rate r°. The residual safe
assets are supplied elastically at that rate, so the allocation of market funding is pinned down by
the funding needs of banks and non-banks. Bank wholesale funding W is determined residually
by the bank balance sheet in (19), while non-bank lending L, is determined by the intermedi-
ary’s optimization in (26). The two funding sectors supply these claims and place any remaining

balances in the residual safe assets.

Combining the sectoral balance sheets gives aggregate market clearing,
M+ P=W+ L,, + B, B = By + Bp. (31)

This structure separates household market savings from the broader pool of institutional funding
while allowing both sectors to finance non-bank credit. In the baseline, the funding allocation
clears balance sheets without introducing an additional pricing wedge. Section 6 extends the

model by allowing money-market depth to affect the marginal cost of non-bank intermediation.

4.6 Equilibrium

An equilibrium consists of rates {r®* r® r"**} quantities { D*, M*, C*, L*, L*,, W*}, and fund-
ing allocations { P*, N*, P*,

B, By}, given the exogenous state (¥, E, R) and household lig-
uid wealth W<, such that:

1. Households allocate liquid wealth across bank deposits, market savings, and cash accord-
ing to (11), yielding demands D(r®), M (r%), and C(r%*); their liquid wealth is consistent

with (54) at the prevailing loan rate and asset returns.

2. Households borrow by choosing among bank loans, non-bank loans, and not borrowing

according to (16), yielding loan demands L(7*) and L, (7""*).

3. The banking sector chooses (r%*, r) to maximize its profits given by (21), subject to its
balance sheet identity in (19) and the definitions of capital slack K in (22) and liquidity

slack A in (23), which residually determines its wholesale funding demand W*.

4. The non-bank credit intermediary sets r"** to maximize its profits given by (26).
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5. All markets clear. Banks and non-banks accommodate deposit and credit demand at their

chosen rates, and the money-market and institutional funding balances satisfy (28)—(30).

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? We develop the answer in three steps. The first
two introduce the banking sector’s marginal lending response A and the recycling rate 6; the
third combines them into the bank-credit response to a deposit inflow, and extends it to the total

credit response by incorporating the non-bank sector.

4.7.1 The Marginal Lending Response \

Deposit inflows can arise from several distinct shocks: a depositor preference shock &p that
shifts household allocation towards deposits, a reserve injection dR that expands household
financial wealth, or a loan demand shock &, that raises lending and generates deposit growth
through the recycling of payment flows. Each shock produces a marginal lending response, \°,
which depends on what else moves alongside the deposit inflow. The subsequent amplification,
however, is shock-independent: at every round beyond the first, the bank faces the same inflow

of recycled stable deposits regardless of which shock initiated the chain.

We therefore focus on the marginal lending response to recycled deposits, A = dL/dD:
how much additional credit the banking sector extends per dollar of stable deposit inflow arriv-
ing on its own, with reserves and household wealth held fixed, taking into account the induced
reduction in wholesale funding and the re-binding of the capital and liquidity slacks. Because
it governs every recycling round, A is the object that determines amplification. Appendix A.2
derives )\, along with the shock-specific first-round responses \°, by differentiating the bank’s
balance sheet identity, the capital and liquidity slacks, and the bank and non-bank pricing con-

ditions around an interior equilibrium. For the recycled-deposit case, this yields,

X2

dL A2
A= — = ) 32
dD 1 ™% ER? 32)

— 4+ 4+ 22—
/%?b A2 KQ
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In Equation (32), L is total bank credit, loans and securities together, so A measures the
balance sheet expansion that a deposit inflow induces without regard to which asset the bank
adds. This follows from the capital constraint, which weighs all assets uniformly in the spirit
of the supplementary leverage ratio, so that the marginal cost of expansion is the same for a
loan and for a security. The capital constraint thus pins down the size of the expansion but not
its composition. Composition matters for recycling, because loan proceeds and securities pur-
chases reach different households, and it enters through 6, to which we turn next. Appendix A.6

separates the loan and securities responses that add up to .

Several economic forces shape A. First, liquidity regulation plays a dual role. Stable de-
posits relax the liquidity constraint by reducing reliance on wholesale funding, a benefit captured
by 7x%/A? in the numerator. At the same time, expanding loans tightens the liquidity constraint,
a cost captured by the same term in the denominator, so the net liquidity effect depends on how
binding the constraint is at the margin. Second, competition from non-banks shapes A through
the coefficient %}, which captures the residual loan-demand curvature facing banks after bor-
rower substitution and non-bank repricing.!* A larger £7* means that banks face a more elastic
residual loan-demand curve, so a relaxation of balance-sheet constraints translates into a larger
lending response. Third, capital constraints discipline balance sheet expansion through £x2/ K>
in the denominator. When capital slack is limited, additional lending raises the shadow cost
of leverage, reducing A. Overall, A reflects the joint interaction of liquidity regulation, capital
regulation, and credit-market competition in determining how strongly recycled deposit growth

translates into bank lending.

4.7.2 The Deposit Recycling Rate 6

The deposit recycling rate @ is the fraction of lending-generated payment flows that settles back
into the banking system as stable deposits. Unlike A, it is not a margin the banking system
optimizes over: the proceeds of a loan may settle as stable deposits at other banks, or not return
to the banking system at all, and the originating bank does not internalize where they settle, so
0 does not enter its first-order conditions.” It is determined instead by what banks fund, which
decides who receives the proceeds, and by the portfolio choices of the recipients. We derive it

from the household block, discipline it with the reduced-form multiplier estimates, and use the

“The Appendix derives this term from the baseline non-bank pricing condition
15 Appendix A.5 considers a bank that expects to recapture a share of the deposits its own lending creates.
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derivation to interpret it.

Bank credit creates liquid wealth. Households hold the additional liquid wealth because
the credit expansion lowers the cost of carrying it: the loan rate falls for the households that
borrow, and the return on illiquid assets falls for the households that sell them. Appendix A.5
shows that these two prices clear the loan and asset markets, so that the increase in desired liquid
wealth equals dL.'® The deposit rate need not move for this to happen; it governs how the

proceeds are allocated, and we hold it fixed in the baseline.

Recipients of credit proceeds need not have the same deposit share as the average house-
hold. Let households fall into two groups, j € {H, I}: households and nonfinancial firms (H),
and institutional investors (/). They share the demand system of Section 4.2.2 but may differ in
the value they attach to deposit liquidity services, %, so that their deposit shares sy and s; need
not be the same; the estimation uses only the aggregate share s, the liquid-wealth-weighted
average of the two. Let v € [0, 1] denote the share of a marginal dollar of bank credit that is

held, in equilibrium, as liquid wealth of group H:
AW = vdL, dWi = (1 —v)dL. (33)

Aggregate deposit demand is D = sy W& + s; W2, so differentiating at an unchanged deposit

rate, using (14),
0D

Gza—erzusH—l—(l—y)sI: (34)
the recycling rate is the deposit share of the marginal recipients of credit proceeds. Like A, it is
a derivative at the equilibrium balance sheet, the same in every round of the feedback loop. The

remaining proceeds are held as market savings and cash:

dD = dDq + 0 dL, (35)
dM +dC = (1 - 0)dL, (36)

where dDj is a deposit inflow that originates outside the lending process, such as a preference
shift toward deposits. In the baseline, M and C' enter no pricing condition, so the bank’s response
to each round’s recycled deposits is d. = A dD; Section 6 lets non-bank costs depend on M,

with w,, the share of non-recycled proceeds held as market savings.

19QE enters the model in the same way, as an expansion of W% (Section 6).
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The recycling rate need not equal the aggregate deposit share: —sq = (v—W& /W) (s —
sr), so the two differ whenever credit proceeds are distributed across households differently from

the stock of liquid wealth, as marginal and average propensities differ (Appendix A.5).

The share v depends on what banks fund. Loan proceeds are spent and settle largely with
other households and firms; securities purchases pay the seller, who is typically an institutional
investor. With 7 the loan share of a marginal dollar of bank credit, and g, and g, the shares of

loan and securities proceeds that come to rest with group H,
v =mg+(1-7)gs, 37

with v = 7 in the simplest case, g = 1 and g, = 0. In the baseline, A is the total balance
sheet expansion and does not distinguish securities from loans. Appendix A.6 derives loan- and
securities-specific responses A\, and \g, with securities counting toward the liquidity buffer, and
there 7 = \,/\. Written by asset class, with 6, = g, sy +(1—g¢) sy and 0s = gs sy + (1 —gs) s1

the deposit shares of the recipients of loan and securities proceeds,

0 = 7T94+(1—7T)95, N = N0+ Mgl : (38)
each asset contributes its own lending response times its own recycling rate to the feedback
between deposits and credit, and the multiplier estimates discipline the product 6.

Equation (34) isolates two reasons the recycling rate can change over time. With bars

denoting averages across two periods,

AY = Av(5y—5;) + vAsg+ (1 —D)As;. (39)
comp:orsition deposit s?ecialness

The first term is a change in who receives credit proceeds, such as a shift of bank credit from
loans toward securities; the second is a change in the deposit shares of the recipients. Because the
shares in (11) do not depend on the level of liquid wealth, neither does #: an expansion of liquid
wealth, such as QE, affects 6 only through the identity of the marginal recipients. Section 5.4

uses this decomposition to interpret the estimated decline in 6.

Appendix A.5 relaxes two features of the baseline. If the deposit rate adjusts according to

(25) as lending changes the bank’s funding mix, A is unchanged, because the deposit rate does
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not enter the loan pricing condition (24), and the recycling rate becomes a weighted average of 6
and one, as banks bid for deposits and pull a larger share of the proceeds back. The estimates are
the same whether or not deposit rates moved; what changes is how much of measured recycling
reflects who receives the proceeds and how much reflects pricing, which the estimates bound
because 6 cannot be negative. Since the propagation runs its course within weeks while deposit
rates adjust slowly, we take the fixed-rate case as the baseline. Second, a bank that expects to
recapture part of the deposits its own lending creates lends more in levels but responds less to

deposit inflows, so the bank-credit response is smaller; the recapture is small for any one bank.

4.7.3 The Bank-Credit and Total-Credit Responses

Equation (35) and the lending responses of Section 4.7.1 form a two-equation system in total de-
posits and total lending: deposits equal the initial inflow plus the recycled share of lending, while
lending responds with the shock-specific A\’ to the initial inflow and with \ to recycled deposits

at every subsequent round. Substituting one into the other gives the bank-credit response,

1

dnggl’; = /\0 mp dDQ, mp = m,

(40)
where mp is the deposit multiplier. The first-round lending response A\’ governs how much
credit the initiating inflow creates, while A\ and @ jointly determine how strongly each round’s

lending sustains the next. For a pure recycled-deposit shock, \° = \.!7

Total credit adds the induced response of non-bank credit, which in the baseline operates
through borrower substitution alone: as bank lending expands and bank loan rates fall, borrowers
shift away from non-bank credit. Let A,,;, p denote this non-bank response per dollar of recycled
deposits. Equivalently, since each recycled dollar induces A of bank lending, the non-bank
response per dollar of bank lending is \,; p/A”. Because the non-bank responds only to the
bank loan rate, this applies to every round of induced bank lending, so the cumulative non-bank

response is (Anp, p/A”)d Lyank, and the total-credit response is

dDs. 1)

)\nb D )\0
dl =11 2 I
total { A ] 1—6X

17Tn the baseline this also holds for a depositor preference shock: the accompanying outflow from market savings
affects no pricing condition, so A¢, = Ap. In the extension of Section 6, the two differ, as the outflow raises
non-bank funding costs.
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Because )\, p < 0, total credit responds by less than bank credit: the deposit inflow reaches non-
banks only through the fall in the bank loan rate, which crowds out non-bank lending. Section 6
introduces an additional channel by allowing non-bank costs to depend on short-term funding

conditions, which are held fixed here.

One may ask whether movements in the residual safe claims B),; and Bp could affect the
total-credit response. They could matter along two margins. First, trades in these assets could
generate payment flows that settle as bank deposits; this margin is absorbed by measurement,
since 6 is disciplined by the observed propagation of deposit shocks and thus captures deposit
creation through any channel. Second, changes in these claims could affect non-bank funding
conditions; our assumption that non-bank funding is perfectly elastic shuts this channel, and the
spillover exercise of Section 6 quantifies how large such effects would need to be to alter the

aggregate conclusion.

5 Model Estimation

We estimate the model using aggregate U.S. banking data to recover the structural objects that
govern the credit-deposit multiplier: the primitives underlying banks’ marginal lending response
A, and the deposit recycling rate . The estimation combines capital, liquidity, and demand
parameters measured directly from balance sheet and pricing data with deterministic minimum-
distance moment conditions. The banking sector’s deposit and loan pricing conditions discipline
the shadow costs of illiquidity and leverage, while the non-bank pricing condition disciplines the
average marginal cost of non-bank credit. We jointly target these pricing relationships and the
reduced-form multiplier estimates from Section 3, which pin down the recycling rate of loan
proceeds into stable deposits. The reduced-form bank-credit responses are not targeted and

serve as a validation of the estimated model.

A useful feature of this approach is that the observed balance sheet quantities serve as
inputs to the estimation rather than as targets of it. The model does not need to endogenously
match the time-series levels of deposits, bank credit, liquid assets, money market fund assets,
or non-bank credit. Instead, these balance sheet quantities are observed state variables that
determine market shares, capital and liquidity slacks, and pricing wedges. Conditional on those

observed states, the pricing moments discipline the shadow-cost parameters, while the reduced-
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form multiplier moments discipline deposit recycling. The structural model is therefore used to
interpret marginal pricing and propagation around observed balance sheets, rather than to explain

the full evolution of financial-sector quantities.

5.1 Data and Inputs to Estimation

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 1999Q1-2025Q4.
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.1.

Two groups of parameters serve as inputs to the estimation, as reported in Table 3. First,
the balance-sheet-implied capital and liquidity ratios « and  define the pre- and post-reform
regimes. Rather than imposing statutory values, we infer the banking sector’s desired capital
and liquidity ratios from observed balance sheet positions. In each regime j € {pre, post}, let
b = 0.01 denote a one-percentage-point ratio buffer. We set the capital ratio to the minimum
observed capital ratio less this buffer,!”

(42)

. By b
K; =Ml —— —
J teT; Lt +Rt

We set the liquidity ratio analogously, using the minimum observed reserve-to-wholesale-funding

18Scaling by nominal GDP renders quantities stationary and comparable across the sample. It also embed an
assumption: 7 and £ are constant in GDP units, so a given slack provides the same comfort whenever it is the same
share of the economy. This is natural, since the shocks that buffers absorb scale with the banking system.

This follows the spirit of Begenau (2020), who disciplines regulatory requirements using observed bank
balance-sheet ratios. The one-percentage-point buffer prevents the tightest observed balance sheet in a regime
from having exactly zero slack; because it is expressed in ratio points rather than as a fixed level, the implied slack
at the binding observation scales with the balance sheet, b(L; + R;) for capital and bW, for liquidity.
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Table 3: Model Inputs

This table reports the inputs to model estimation. Panel A reports capital and liquidity ratios inferred from observed
balance sheets in the early and late regimes. Panel B reports deposit and loan rate sensitivities.

Panel A: Balance Sheet-Implied Parameters

Symbol Description Pre-Reform Post-Reform
K Capital requirement 0.027 0.083
X Liquidity ratio 0.368 0.704

Panel B: Rate Sensitivities

Symbol Description Value
aq Depositor rate sensitivity  1.270
Qay Borrower rate sensitivity  5.560

ratio less the same one-percentage-point buffer,

. Ry
Xj = i g - b. (43)
This procedure pins the ratios to the tightest observed balance-sheet positions in each regime
while allowing a small positive buffer at the binding observation. We plot the full quarterly

series of the quantities K; and A, in Appendix Figure A.5.

Because the ratios are inferred from revealed balance-sheet behavior rather than imposed
from statute, the regime shift in x and y absorbs not only regulatory reform but any structural
change in the banking sector’s desired buffers over the period. For example, consolidation that
improves the average bank’s access to wholesale funding would lower the sector’s desired liquid-
ity ratio and be reflected in x,s:. The estimated regimes should therefore be read as summarizing

the banking sector’s effective balance-sheet preferences in each era, whatever their source.

Second, the deposit and loan demand elasticities determine the demand markups that en-
ter the pricing first-order conditions. These elasticities govern the responsiveness of deposits
and loans to interest rates and therefore shape equilibrium funding pass-through and lending

competition. We take these elasticities from the literature (Xiao, 2019; Diamond et al., 2024).2°

20The exact values of these elasticities do not qualitatively affect our results.
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Table 4: Targeted Moments and Parameter Discipline

This table summarizes the moments and variation that discipline each estimated parameter.

Object Moment or variation Economic role

7,& Bank deposit and loan pricing residu- Liquidity and leverage shadow-
als, together with time-series variation cost scales
in Ay, Ky, x¢, and ky

Opre, Opost Early and late reduced-form depositre- Recycling of loan proceeds into
sponses in excess of the initial inflow  stable deposits

Lnb Average residual non-bank pricing Non-bank marginal-cost compo-
wedge after the demand markup nent

5.2 Minimum-Distance Estimation and Parameter Estimates

Given these inputs, we estimate the parameter vector

@ = {T7 57 9})7’67 eposta :unb}7 (44)

by deterministic minimum distance, choosing parameters so that the model jointly matches the
pricing first-order conditions and the reduced-form credit-deposit multipliers in the early and
late periods. This follows the logic of structural banking estimation in which demand elasticities
are disciplined outside the supply-side estimation, and supply-side primitives are recovered from
equilibrium pricing and quantity moments (Wang et al., 2022); In our aggregate setting, identi-
fication comes from time-series variation in observed balance-sheet slacks, ratios, and spreads,
together with the external multiplier moments, rather than from cross-sectional bank heterogene-
ity.

The shadow-cost parameters (7, ) and the non-bank cost ji,,, are common across regimes;
the recycling rates 0,,. and 0, are regime-specific. Time variation in the liquidity and capital
wedges, x;7/A; and K&/ K}, therefore comes only from measured sources: the slacks A; and
K, which evolve quarterly with bank balance sheets, and the ratios x; and x;, which vary in the
pre- and post-period as inferred from balance sheet positions. Because the same (7, {) must price
both regimes, the regime-split pricing moments act as overidentifying restrictions: the estimated
tightening of the wedges is identified by measured movements in slacks and ratios rather than

by freely shifting parameters.

The estimation targets two sets of moments, summarized in Table 4: the banking and
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non-bank pricing conditions, and the reduced-form multipliers. The banking sector’s loan and
deposit pricing first-order conditions discipline the shadow costs of liquidity 7 and leverage &.
The deposit pricing residual follows from the model’s first order condition (25) directly,

1 T
d d S
Q)= — gy — =y —.
£/(0) = (rf —r7) + pa aa(l Sf) X”t

(45)

The loan pricing residual adjusts the model’s condition (24) for two features of the data.
First, measured loan yields are contractual rates on risky credit, so we net out expected losses
using the loan-loss provision rate p!; this measures the time-varying component of the per-unit
lending cost ji, directly so that its cyclicality does not load onto the wedges. Second, measured
bank credit L, comprises loans and securities; we assume that securities are competitively priced
and carry no default risk, thus both the markup and the expected-loss adjustment apply only to

the loan component and are scaled by the loan share w. The loan pricing residual is thus,

wf T &

0 S _ _ >
Ofg(l —StL) XtAt Kth'

e (0) = (rf — 7)) — wipr — e — (46)
The baseline estimation then imposes 1 = 1 = 0 for the remaining operating-cost components,
so that the pricing moments discipline 7 and ¢ directly. Any constant cost level absorbed by the
shadow-cost parameters affects both regimes symmetrically and largely differences out of the

cross-regime comparison that is our focus.

The baseline non-bank pricing condition disciplines ji,;, the average per-unit cost of non-

bank credit,
1

6?17(@) = (be — Tf) — Hnb — m.
t

47)

The identification is the mirror image of the bank side. Because the non-bank bears no balance-
sheet wedges, its spread net of the demand markup identifies the cost level 1, directly. We later

extend the model to consider how p,,;, may be affected by funding market conditions in Section
6.

The reduced-form multiplier estimates from Section 3 discipline the deposit recycling rates
0,re and 0,,,,,. Both moments are instances of the deposit multiplier, with the first-round response

A\? set to match each period’s Treasury settlement institutions. In the pre-period, settlements
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move deposits without reserves, so A0 = )\, and the multiplier moment is,

1 1
Tore 1 — Opre \(O)

Gpre(©) = mP" —

(48)

teTpre

In the post-period, after the Treasury General Account became a Federal Reserve account, set-
tlements increase deposits and reserves together. The first round therefore propagates with the
reserve-backed response A, while the subsequent rounds of lending-generated deposits propa-

gate with the recycled-deposit response \;,

1 Opost, A\ (©) ) 49)

pao =L s
P t( ) Tpost teT post 1— eposh )\t<@)

The minimum-distance objective stacks eight moment gaps: the pre- and post-period av-
erages of the deposit, bank-loan, and non-bank pricing residuals, and the pre- and post-period
multiplier gaps,

9(©) = (22,88 &l el Et et g g (50)

pre’ “post’ “pre’ “postr “pre’ ~post’

The estimator solves

A

© = argmin g(6)'Wg(©), (51)

where we weight the moments with a matrix W that is fixed before optimization and block
diagonal, with one block for the pricing moments and one for the deposit responses. Each pricing
moment is weighted by the inverse of its long-run variance, estimated from preliminary residuals
with a Newey-West correction for four quarterly lags. Each deposit target is weighted by the
inverse of its variance, which we estimate from the influence functions of the I'V local projections
with a Newey-West correction for six weekly lags. This variance accounts for the correlation
between the horizon-five and horizon-six coefficients that enter each target. Standard errors
use the minimum-distance sandwich formula. Because the pricing moments and the deposit

responses are estimated separately, we set the covariance between the two blocks to zero.

Table 5 compares each targeted moment with its model counterpart; the ¢-statistics divide

each model-data gap by the moment’s standard error. All eight targeted moments are fit within
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Table 5: Targeted Moment Fit

This table compares the targeted moments and untargeted bank-credit responses with their model-implied coun-
terparts. The deposit targets, mfre and mfast, average horizons five and six; the superscript R denotes a reserve-
backed initial inflow. The bank-credit responses, mg,.e and mgost, provide untargeted validation. Each ¢-statistic
is the model-data difference divided by the corresponding moment standard error. Pricing-moment standard errors
use Newey-West covariances with four quarterly lags; response-moment standard errors use the covariance of the

IV horizon average.

Moment Actual Model t-stat
Pricing moments (annual percentage points)
Deposit spread, pre 0.886 0.166 -0.819
Deposit spread, post 0.885 1.128 0.526
Bank-loan spread, pre 2456 2384 -0.095
Bank-loan spread, post  2.944  2.953 0.017
Non-bank spread, pre 3.155  2.697 -0.860
Non-bank spread, post ~ 2.479  2.742 0.651
Reduced-form response moments (average horizons 5-6)
mb. 243 243 -0.000
m}fost 1.04 1.04 0.000

Bank credit (untargeted)
mS,. 191 214 0.276

mS 0.15 048 1.038

one standard error.

We do not use the bank-credit responses in estimation, so they provide a validation check.
The model counterpart of the bank-credit response to a one-dollar deposit inflow is the first-

round lending response amplified by recycling,

1 N (O)
ce)y==y -~ 52

which we compare with the average bank-credit local-projection coefficient at horizons five and
six: 1.91 in the early period and 0.15 in the late period. The comparison is informative because
deposits and credit are linked by an accounting identity. Deposits rise by the initial inflow plus
the recycled share of the induced credit, so the model deposit response equals 1+6; mf. Because
the deposit response is targeted, the credit response tests how the model divides the multiplier
between banks’ lending response and recycling. The model performs well on this untargeted

margin. It implies bank-credit responses of 2.14 in the early period and 0.48 in the late period,
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Table 6: Model Estimates

This table reports parameter estimates and model-implied responses for the early (2005-2010) and late (2011—
2025) periods. Panel A reports the estimated parameters and the average lending response to recycled deposits.
Parentheses report standard errors. Panel B reports the targeted deposit responses, and effects of an exogenous
deposit inflow on bank and total credit. Total credit includes the induced non-bank response.

Panel A: Estimated Parameters Panel B: Deposit and Credit Responses
Estimate SE Model Data

Shadow costs Credit-Deposit Multiplier

7 lliquidity 0.071  (0.022) mﬁe 243 243

¢ Leverage 0318  (0.076) mi 1.04  1.04
Deposit recycling Recycled-Deposit Bank Credit

Opre 0.665  (0.122) Pre period 2145

Opost 0.088  (0.937) Post period 0.618
Recycled-deposit lending response Effect on Total Credit

Apre 0.859  (0.031) Pre period 1.143

Apost 0.580  (0.072) Post period 0.349

and it reproduces the sharp decline between the two.

5.3 The Total Bank-Credit Effect of Deposit Flows

The estimated model decomposes the credit-deposit multiplier into its two constituent forces:
banks’ marginal lending response A and the deposit recycling rate #. With both in hand, we can
now answer the central question of the paper: how much credit does a deposit inflow ultimately

create, and how has this changed over the past two decades?

Table 6 reports the model-implied values for A and §. Banks’ marginal lending response
A has declined from 0.86 to 0.58. This represents a decline of about a third in the share of
each marginal deposit dollar that is channeled into new lending. The remainder is absorbed by
reductions in wholesale funding. Deposits have moved from being primarily a source of credit

creation to also substantially being a tool of balance sheet management.

The deposit recycling rate ¢ falls from 0.67 to 0.09, a large decline in the share of loan-
generated payment flows that settle as stable deposits within the banking system. Section 5.4

uses the microfoundation of Section 4.7.2 to interpret this decline, separating a shift in who
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Figure 4: First-Round and Total Bank-Credit Effects

This figure reports the first-round and total bank-credit effects of a deposit inflow equal to 1% of GDP in the early
and late periods. The first-round effect corresponds to banks’ initial lending response, A’ ADy. The total effect
incorporates full amplification through endogenous deposit re-depositing and multiplier dynamics, A ADy /(1 —
OAP). Here AP is the lending response to recycled deposits, @ is the recycling rate, and A Dy is the initial inflow.

2.0
1.54
1.04
0.5— .
0.0

Early period Late period

Bank-credit response (% of GDP)

[ First-round bank credit [l Total bank-credit response

receives credit proceeds, as bank credit moves from loans toward securities, from a decline in

the deposit shares of the recipients themselves.

As a result, the total bank-credit response to a recycled deposit inflow, ALY = ) /(1 —
OX) per dollar of initial deposits, has declined from $2.14 to $0.62. Each dollar of deposits
today generates less than a third of the bank credit it once did. This decline is driven both by
the weaker lending response and diminished deposit recycling, which weakens the amplification
from one round to the next. Figure 4 illustrates this by comparing the effect from banks’ initial
lending response to the total bank-credit effect following a one percent of GDP deposit inflow
in the early and late periods. In the earlier period, the multiplier more than doubles the initial
credit response. By the later period, amplification is much smaller. Taking the multiplier into
account is crucial to understanding the magnitude of the decline in credit creation in the late
period relative to the early period. Comparing only banks’ marginal lending responses suggests
a roughly one-third decline. But the total bank-credit effect has fallen by over 70 percent. The
difference reflects the compounding nature of the multiplier: when 6 weakens, the amplification

mechanism contracts disproportionately.
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5.4 What Drives the Decline in Recycling?

The microfoundation of Section 4.7.2 says where a decline in the recycling rate can come from.
The recycling rate is the deposit share of the households who end up holding credit proceeds,
0 = vsy + (1 — v)s;, and (39) separates its change into a composition term, a shift in who
receives the proceeds, and a deposit-specialness term, a change in the deposit shares of the

recipients. Figure A.1 in Appendix A.l reports evidence on each.

Panel A plots securities as a share of commercial bank credit. The share is higher in
the late period than in the early period, consistent with post-crisis regulation pushing banks
toward securities and away from loans (Stulz et al., 2022; Walz, 2026). In the benchmark of
Section 4.7.2, in which loan proceeds settle with households and firms and securities proceeds
with institutional investors, v is the loan share of bank credit, so this shift lowers v and, through

the first term of (39), lowers 6 in proportion to the gap 5y — 5.

Panel B plots deposit holdings relative to financial assets for the real sector (households,
nonprofits, and nonfinancial businesses) and for the investor sector (domestic financial institu-
tions other than banks and the Federal Reserve). The two sectors differ sharply: the real sector
holds several times as large a share of its financial assets in deposits as the investor sector, so s;
is well below sy and routing proceeds toward institutional investors lowers 6. The real sector’s
deposit share has also declined in recent years, which lowers 6 further through the second term
of (39).

With s; small, § =~ vsy, so the two shifts compound. Both panels likely understate the
relevant shifts, because they measure averages whereas 6 depends on margins. Panel A measures
the securities share of the stock of bank credit, whereas v depends on the composition of the
marginal expansion, which can be more securities-heavy than the stock (Appendix A.6). Panel
B measures the deposit share of each sector as a whole, whereas ¢ depends on the deposit share
of the households and firms within each sector that receive the proceeds, such as sellers of real
assets, large corporate borrowers, and the non-bank financial institutions that banks lend to. A

shift of the marginal dollar toward such recipients lowers 6.
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6 Decomposing the Decline in Credit Creation

6.1 Drivers of the Decline in Bank-Credit Creation

We next use the model to study the drivers of the decline in the credit impact of deposit flows.
We decompose the decline into two channels. The first varies the structural primitives governing
bank behavior, including costs of capital and liquidity, and the extent of deposit recycling. The
second varies balance-sheet quantities, asking how Quantitative Easing and Tightening affects
the banking sector’s capacity to intermediate deposits into credit. Together, the two exercises
reveal that the decline reflects both an increase in banks’ balance sheet costs and a decline in the

specialness of deposits, as well as a transformation of the balance sheets themselves.

6.1.1 Changing Primitives: Capital, Liquidity, and Deposit Recycling

We decompose the early-to-late decline in the total bank-credit response, ALY = )\ /(1 —0N),
using regime-average counterfactuals in Figure 5. Starting from the late-period economy, we
return each driver to its pre-period value on its own, holding the others at their late-period values:
the capital wedge £x%/K?, the liquidity wedge 7x?/A?, and the recycling rate 6.>! The late-
period balance sheet is held fixed throughout.

Because the total bank-credit response compounds the lending response and recycling, re-
turning the capital wedge and the recycling rate together raises the response by more than the
sum of returning each alone. Figure 5 reports this interaction as a separate bar, so that the bars
sum to the effect of returning all three primitives to pre-period values.?? The gap between this
combined effect and the total decline is a residual reflecting the change in the balance sheet’s
own composition and scale, which we explore in the next subsection. Reduced recycling and
the higher capital wedge are the two first-order forces. On their own, reduced recycling lowers

the total bank-credit response by about $0.53 per deposit dollar and the capital wedge by about

2IEach late-period quarter’s wedge is rescaled proportionally so that its geometric mean across quarters matches
the pre-period geometric mean, preserving the late period’s quarter-to-quarter variation. Matching geometric rather
than arithmetic means keeps the quarters with the thinnest slack, whose wedges are largest, from dominating the
comparison. We focus on the wedge terms rather than the scale parameters 7 and & which are not interpretable in
isolation: the economically relevant objects are the wedges, which combine the estimates with the observed ratios
and slacks.

22The liquidity bar measures the further change from returning the liquidity wedge once capital and recycling
have been returned, and so includes the small interactions of liquidity with the other two drivers.
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Figure 5: Drivers of the Decline in Bank-Credit Creation

This figure reports the early-to-late change in the total bank-credit response, AP /(1 —60AP), where A? is the lending
response to recycled deposits and 6 is the recycling rate. The first bar shows the total change. The capital wedge
and recycling bars hold the late-period balance sheet fixed and return one driver at a time to its early-period level,
with the other drivers at late-period values. The capital x recycling bar is the additional change from returning both
together, and the liquidity bar is the further change from then returning the liquidity wedge. These four bars sum to
the effect of returning all three drivers.
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$0.36, and their interaction lowers it by a further $0.80, the largest single component. The two
forces compound: a weaker lending response leaves less credit to recycle, and weaker recy-
cling leaves less funding to lend. The liquidity wedge works in the opposite direction, slightly

offsetting the decline by increasing the liquidity benefit of the marginal deposit dollar.

6.1.2 Changing Quantities: Quantitative Easing and Tightening

We next turn from primitives to quantities. Two major post-crisis policies transformed the size
and composition of bank balance sheets: Quantitative Easing (QE), which flooded the bank-
ing system with reserves, and Quantitative Tightening (QT), which drained reserves from the
banking system. The exercises in this section ask how these balance-sheet changes alter the
marginal bank-credit response to a new deposit dollar. They should therefore be distinguished
from estimates of the direct effect of QE on the level of bank lending, such as Diamond et al.
(2024). In the model, QE and QT operate on the same balance-sheet frictions in opposite direc-
tions. QE adds reserves and deposits together, relaxing the liquidity position but expanding the
balance sheet against fixed equity, which tightens the capital position and lowers the marginal

value of a deposit. QT can instead tighten the liquidity constraint by removing reserves without
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a commensurate decline in deposit claims, raising the marginal value of stable funding.

We ask how QE changed the transmission of deposit inflows into bank credit. To answer
this, we construct a counterfactual banking system in which QE-created reserves and the asso-
ciated funding are removed, and compare the marginal bank-credit response to a dollar inflow
across the observed and counterfactual balance sheets. Because balance-sheet policy injects
money in reserve-backed form, we evaluate the response to such an inflow, with first-round

response .

Constructing the counterfactual requires taking a stand on how QE-created reserves are
funded. When the Federal Reserve purchases Treasury securities and MBS from non-bank coun-
terparties, it creates reserves on bank balance sheets, and the sellers” bond holdings are replaced
by claims on the banking system.?®> These QE-created balances land disproportionately with
institutional holders, asset managers, pension funds, and dealers’ clients, whose bank claims are
rate-sensitive and functionally closer to wholesale funding than to the stable core deposits that
relax banks’ liquidity management (Blickle et al., 2025). In the model, the parameter (gr gov-
erns this composition. In the baseline, we set (o = 0.5, which means that half of the created
wealth is held as core deposits, while the remainder appears on bank balance sheets as wholesale
funding. QE therefore supplies reserves while diluting the funding mix toward flightier claims.
The counterfactual removes QE-created reserves and the associated deposit and wholesale fund-

ing balances, holding bank and non-bank credit fixed, as detailed in Appendix A.1.

Figure 6 reports the result, which nets opposing balance-sheet margins. On the liquidity
side, QE’s reserves relax the liquidity position, though the wholesale funding QE arrives with
demands liquid backing of its own, absorbing part of the relief. On the capital side, the balance-
sheet expansion against fixed equity tightens the capital position. In our calibration the capital
effect dominates: QE reduces the bank-credit response to a reserve-backed marginal dollar in-
flow by $1.25.

We next ask how QT changes the transmission of deposit inflows into bank credit. Be-
ginning in mid-2022, the Federal Reserve allowed its securities holdings to run off; as Treasury
and MBS holdings mature without reinvestment, the Treasury reissues the debt to the market.

Acharya and Rajan (2024) emphasize that this shrinkage can reduce bank-held reserves with-

Z3Household bond holdings lie outside the depositor menu by design: the menu {D, M, C'} models the allocation
of liquid wealth, taking the division of portfolios between liquid and longer-duration assets as given. QE moves
wealth across this boundary, converting bonds into money-like claims, and thus enters as an expansion of W¢.
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out a commensurate reduction in deposit claims. This observation disciplines our exercises: the
relevant question is how a smaller stock of liquid assets, relative to deposit claims, changes the
marginal value of new stable deposit funding. We emphasize that these exercises do not mea-
sure the effect of QT on the level of bank lending; they ask whether, after the QT balance-sheet

adjustment, an additional deposit dollar has greater multiplier power.

Because how QT’s runoff lands on bank balance sheets is uncertain, we report three short-
run counterfactuals, as detailed in Appendix A.1. The first treats QT as an asset swap: banks
absorb one half of the runoff by exchanging reserves for less liquid securities, so total assets, de-
posits, wholesale funding, and credit are unchanged and only the liquidity buffer falls; isolating
a pure liquidity tightening. The second is a reserve drain: bank credit and deposits are held fixed,
reserves fall, and wholesale funding adjusts residually; in this case the reserve reduction deteri-
orates liquidity while the diminished reliance on wholesale funding reduces the liquidity burden
of funding. The third is a reserve-and-deposit drain: reserves and deposits fall one-for-one with
bank credit fixed. The second and third counterfactuals also shrink capital-relevant assets, so

they combine the liquidity tightening with a loosening of the capital position.

Figure 6 reports the results. All three variants raise the marginal bank credit response:
the asset swap by $0.88, the short-run reserve drain by $0.51, and the reserve-and-deposit drain
by $1.44. The ordering follows the mechanics. The asset swap is a pure liquidity tightening
on the asset side. The reserve drain adds capital relief, but its liquidity tightening is partially
offset by the accompanying decline in wholesale funding, which reduces the liquid backing the
banking requires; on net it delivers the smallest effect. The reserve-and-deposit drain combines
the full liquidity tightening, since wholesale funding is unchanged and no offset arises, with the
capital relief, and therefore delivers the largest effect. Together with the QE result, the exercises
show balance-sheet policy moving the same frictions in opposite directions: QE dampens the

transmission of new deposits into credit, while QT amplifies it.

These exercises highlight that QE and QT operate through the same balance-sheet frictions
in opposite directions. This carries a direct implication for the deposits channel of monetary pol-
icy in Drechsler et al. (2017): policy actions that operate through the supply or attractiveness of
bank deposits have smaller credit effects in a QE-expanded banking system, where an additional
deposit dollar commands less multiplier power. More broadly, the deposit multiplier is not a
fixed structural constant but a policy-dependent object, lowered by balance-sheet expansion and

partially restored by runoff.
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Figure 6: Effects of QE and QT

This figure reports the change in bank credit per dollar of reserve-backed deposit inflow, A\°/(1 — 6AP), induced
by QE and QT. Here A is the first-round lending response, A" is the response to recycled deposits, and 6 is the
recycling rate. The QE bar compares the observed late-period balance sheet with a no-QE counterfactual. The QT
bars apply one half of the decline in Federal Reserve Treasury and MBS holdings from 2022Q2 to 2025Q4 to bank
balance sheets. The asset swap holds total assets, credit, deposits, and wholesale funding fixed while reducing liquid
assets. The reserve drain holds bank credit and deposits fixed; liquid assets other than bank credit fall, and wholesale
funding adjusts residually. The reserve-and-deposit drain reduces reserves and deposits one-for-one, holding bank
credit fixed.

Change in bank-credit response
per $1 reserve-backed deposit

T T T
QE QT asset QT reserve QT reserve+
swap drain deposit drain

6.2 Implications for Aggregate Credit

The total effect of deposit inflows on bank credit has declined sharply, from $2.14 to $0.62.
A natural question is whether non-bank credit intermediation, through bond markets, private
credit, and other market-based channels, can compensate for this weakened deposit channel. We
approach this question in two steps. We first examine the baseline equilibrium response of bank,
non-bank, and aggregate credit to a deposit shock when non-bank marginal costs are unrelated
to funding market conditions. We then ask how large the spillover from funds flowing into short-
term funding markets to non-bank intermediation costs would need to be to restore the aggregate

credit response to its early-period level.
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Figure 7: Baseline Total Effect on Aggregate Credit

This figure reports the bank, non-bank, and total-credit responses to an ordinary deposit inflow equal to 1% of GDP
in the early and late periods. Non-bank marginal costs are held fixed with respect to money-market depth, so the
non-bank response reflects borrower substitution. Bars show response levels in each period.

24 D Early period
. Late period

Credit response (% of GDP)

Balnk Non-lbank Toltal
credit credit credit

6.2.1 Non-Bank Competitive Response

We begin with the direct margin: the equilibrium credit response to a deposit inflow when non-
bank costs do not depend on funding market conditions. Figure 7 reports the baseline responses
of bank, non-bank, and total credit to a deposit inflow of one percent of GDP in each period.
Bank credit responses far less in the late period, and the total credit response falls by more
than half. Non-bank credit contracts in both periods, the deposit inflow reaches non-banks only

through the fall in bank loan rates as banks expand, which pulls borrowers away from non-bank

credit.

This contraction clarifies why the competitive channel cannot close the gap between the
early and late periods. Our motivating question is whether a more developed non-bank sector
can deliver the credit creation that the bank channel no longer provides. Through borrower
substitution alone, the answer is no, and the reason is one of sign: non-banks respond to a
deposit inflow by contracting, so a more elastic or more substitutable non-bank sector deepens
the contraction and widens the gap rather than narrowing it. For non-banks to compensate for
the lost amplification, they must operate through a different margin, one that lowers their cost of

intermediation as funds flow into short-term funding markets. We turn to that margin next.
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6.2.2 How Large Must the Funding-Market Spillover Be?

We now ask how strong the spillover margin would need to be to matter. To do so, we extend the
baseline model to let non-bank funding conditions depend specifically on money-market depth
M. Money market funds use these balances to hold short-term non-bank funding claims /N and
safe assets B);, so a deeper pool of money-market balances may lower the marginal cost of

non-bank intermediation. We capture this effect with the cost schedule
(M) = Jiny — Kar M. (53)

Here x); measures the sensitivity of non-bank marginal costs to money-market depth. When
lending-generated payment flows do not recycle into stable deposits, let wj; denote the share
that enters money market funds. Evaluated at the no-spillover total-credit response, the resulting

inflow is
dM** = wy (1 —0)dL2, ., (54)

where the superscript 0 denotes the baseline with x,; = 0. Appendix A.2 derives the total-credit
response with this leakage channel, combining the bank response, borrower substitution, and the

effect of money-market depth on non-bank funding costs.

We use the extension to ask what cost sensitivity would restore the late-period aggregate
credit response to its early-period level. The baseline total-credit response falls from $1.14 in the
early period to $0.35 in the late period, leaving a gap of $0.79 per dollar of initial deposits. Under
full leakage, wy; = 1, closing this gap requires ~3;=2.3. Thus, a one-percent-of-GDP increase
in money-market depth must lower non-bank marginal intermediation costs by about 2.3 basis
points. With half leakage, wy; = 0.5, the required loading doubles to about 4.5 basis points.
More generally, the required cost sensitivity scales inversely with the share of non-recycled

proceeds that reaches money markets.

The full-leakage case is the most favorable configuration for the non-bank funding channel
and therefore provides the smallest required value of x,;. Even in this case, borrower substitution
and improved funding conditions do not replace the lost bank amplification unless money-market
inflows pass through materially to non-bank intermediation costs. More broadly, because non-

bank intermediation chains are longer, neither recycled non-bank proceeds nor leaked bank flows
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are likely to compensate for the loss in bank recycling. On the direct margin, non-banks contract

rather than substitute; on the funding margin, they do not replace the multiplier.

7 Conclusion

The literature on banking has long debated whether deposits fund loans or loans create deposits,
but has paid relatively little attention to the feedback loop between the two. This paper shows
that this feedback loop is central to understanding the declining role of deposits in credit pro-
vision. A dollar of deposits today generates less than half of the credit it did two decades ago,
and accounting for the amplification channel is crucial: focusing on banks’ marginal lending re-
sponse alone understates the decline in total credit creation. The diminished specialness of bank
deposits means that fewer credit proceeds return as stable funding to support further credit cre-
ation. As recycling weakens, the compounding nature of the multiplier causes the amplification

mechanism to contract.

Our findings point to an implicit narrowing of banking, driven not by institutional separa-
tion but by regulation and non-bank competition. As a result, both money and credit have be-
come less responsive to deposit inflows, dampening the amplification of the credit cycle. These
changes have implications for the transmission of monetary and fiscal policy, the cyclicality of
credit, and the consequences of further migration of funds from banks to non-bank alternatives
such as money market funds and stablecoins. Concerns about such migration may have more
muted credit effects today than they would have had in earlier periods, but the weakening of the
bank channel itself represents a meaningful and difficult-to-replace loss of amplification in the

financial system.
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A.1 Institutional Details and Additional Empirical Results

A.1.1 Non-Bank Multiplier

Having established the link between deposits and bank credit, and the forces that give rise to the
credit-deposit multiplier, it is useful to consider whether an analogous multiplier operates for

non-bank intermediaries.

Funding composition and credit provision. Like a bank, a non-bank intermediary’s funding
composition can shape its willingness to extend credit. More stable funding (longer-maturity
debt, committed facilities, or equity-like claims) relaxes rollover and liquidity management fric-
tions and supports additional lending at the margin. In this sense, the marginal lending response
to a funding inflow is positive for non-banks as well, so that \,,;, > 0. The microfoundation dif-
fers from the bank case: non-banks typically do not face LCR-style liquidity regulation, and the
relevant friction operates through funding costs and rollover risk rather than through a regulatory

liquidity wedge, but the qualitative channel is the same.

Equilibrium determination of liabilities. Like a bank, a non-bank’s liabilities are jointly
determined in equilibrium by the supply of claims the intermediary is willing to issue and the
demand for those claims from investors. Shifts on either side move both the quantity of non-bank
funding and its price, just as in the bank deposit market. A non-bank sector facing an inflow of
investor demand for its liabilities expands its balance sheet and extends additional credit, through

the same logic that governs bank balance sheet expansion.

The settlement asset and deposit recycling. The key distinction between banks and non-
banks lies in the recycling parameter ¢. The credit-deposit feedback loop requires that loan-
generated payment flows return to the issuing sector as stable funding. For banks, this recycling
is substantial because bank deposits serve as the economy-wide settlement asset: nearly all pay-
ments in the real economy clear through deposits, so a large fraction of lending-generated spend-
ing mechanically returns to the banking system as deposits. Non-bank liabilities, by contrast,
function as settlement media only within narrow subsystems (e.g., money market fund shares in

institutional cash management or stablecoins in crypto markets). Payment flows that cross the



boundary of these subsystems leak into bank deposits and do not return as non-bank funding.

As a result, non-bank recycling rates are small in absolute terms, and the limited recy-
cling that does occur within non-bank subsystems typically does not support long-term credit
provision to the real economy. Money market funds hold short-dated instruments such as com-
mercial paper and Treasuries rather than extending long-term credit. Stablecoin-based lending
finances leveraged positions in other crypto assets rather than real investment, and tri-party repo
channels credit to dealers and hedge funds for securities financing rather than to households and
firms. Each non-bank subsystem either fails to extend the relevant type of credit, or channels it

to leveraged financial intermediaries rather than to the real economy.

Non-bank Multiplier. For long-term credit provision to the real economy, the object of in-
terest in this paper, we therefore treat 6,;, ~ 0, so that the non-bank multiplier m,;, = 1/(1 —
AnbPnp) = 1. The credit-deposit feedback loop is a feature specific to the banking system’s com-
bination of settlement-asset liabilities and long-term lending to households and firms, and has
no close non-bank analog along the dimensions that matter for aggregate credit creation. We
therefore focus on banks’ credit-deposit multiplier in the main text and abstract from non-bank

multipliers.



A.2 The Household Ledger in the Simple Example

Table A.1 tracks the household side of the example in Table 1: the balance sheet of the household
sector, which holds the bank’s liabilities and owes its loans, and its decomposition into the
borrower and the seller of the assets that the borrower purchases. Household liquid wealth
consists of deposits D, payment balances P B, and money market fund shares M; the money
market fund invests in the bank’s wholesale funding, so that M = W, as is implicit in Table 1.
Households also hold illiquid assets .4, in fixed supply ($300) and traded among households,
and owe bank loans B, so that net worthis N' = D + PB + M + A — B, as in Section 4.2.1.
The bank has no equity, as in Table 1; with equity, bank shares would appear on the household

side and cancel on consolidation.

In Table A.1, household net worth is $400 in every panel, equal to real assets plus bank
reserves, because each claim created through lending is matched by a liability. Liquid wealth
equals the size of the bank’s balance sheet and rises with credit, from $100 to $170 and then to
$214, and household debt rises with bank loans.



Table A.1: The Simple Example with Household Ledgers

The bank panels reproduce Table 1. Below each is the balance sheet of the household sector, which holds the bank’s
liabilities and owes its loans. Bank: R reserves, L loans, D stable deposits, PB payment balances, W wholesale
funding. Households: D, PB, M money market fund shares, A illiquid assets, 13 bank loans, N net worth. Money
market funds invest in the bank’s wholesale funding, so that M = W; illiquid assets are in fixed supply and are
traded among households. Round-2 figures are rounded.

(a) Initial (b) Deposit Inflow (c) Credit Creation
Banking system Banking system Banking system
Assets Liabilities Assets Liabilities Assets Liabilities
R $100 | W $100 R $100 | D $100 R $100 | D $100
$100 $100 w $0 L $70 | PB $70
Household sector $100 $100 $170 $170
Assets Liabilities Household sector Household sector
M $100 | V $400 Assets Liabilities Assets Liabilities
A $300 D $100 | N $400 D $100 | B $70
$400 $400 M $0 PB $70 | N $400
A $300 A $300
$400 $400 $470 $470
(d) Deposit Recycling (e) Credit Creation (f) Deposit Recycling
Banking system Banking system Banking system
Assets Liabilities Assets Liabilities Assets Liabilities
R $100 | D $163 R $100 | D $163 R $100 | D $203
L $70 | W $7 L $114 | PB $44 L $114 | W $11
$170 $170 w $7 $214 $214
Household sector $214 $214 Household sector
Assets Liabilities Household sector Assets Liabilities
D $163 | B $70 Assets Liabilities D $203 | B $114
M $7 | N $400 D $163 | B $114 M $11 | NV $400
A $300 PB $44 | N $400 A $300
$470 $470 M $7 $514 $514
A $300
$514 $514




A.3 First-Stage Estimates

Table A.2: First Stage Estimates

This table reports first-stage estimates for weekly log growth of seasonally adjusted core deposits, defined as to-
tal deposits less large time deposits. Column (1) uses contemporaneous and lagged Treasury cash-flow innova-
tions in the full sample (2005-2025), residualized over the full sample. Columns (2) and (3) report early-period
(2005-2010) and late-period (2011-2025) estimates using both innovations, with Treasury dollar flows residualized
separately within each period. Residualization includes week-of-year and quarter-year effects and lags 1-5. Win-
sorization cutoffs for outcomes and controls are computed over the full 2005-2025 sample. Treasury innovations
are normalized by lagged core deposits; weekly deposit growth is winsorized at the 1st and 99th percentiles; Trea-
sury innovations are retained without winsorization. All columns include contemporaneous changes in the weekly
average effective federal funds rate and four deposit-growth lags. January weeks and October 2008 are excluded.
All columns use regression origins with six observed outcome horizons; the last origin is October 29, 2025. Paren-
theses report conventional OLS standard errors; stars indicate significance based on these standard errors. The
first-stage F'-statistic jointly tests the excluded instruments in each column.

(1) Full (2) Early (3) Late

Current shock  0.12*** 0.08 0.17***
(0.03) (0.05) (0.04)
Lagged shock 0.12***  (.23"** 0.08**
(0.03) (0.05) (0.04)
Deposit lags 4 4 4
Rate change Yes Yes Yes
F-Statistic 19.06 10.78 13.32
R? 0.17 0.31 0.16
Num. obs. 948 240 707

***p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.



A.4 Full-Sample Estimates

Table A.3: Full-Sample Responses to Deposit Inflows

This table reports IV local projections for 2005-2025 at horizons h = 1,...,8 weeks. Panel A reports cumulative
log core-deposit growth; Panel B reports cumulative bank-credit changes divided by lagged core deposits. Core
deposits are seasonally adjusted total deposits less large time deposits. Weekly deposit growth is instrumented
with contemporaneous and one-week-lagged Treasury cash-flow innovations normalized by lagged core deposits.
Weekly deposit growth is winsorized at the 1st and 99th percentiles; Treasury innovations are retained without
winsorization. Both equations control for contemporaneous changes in the weekly average effective federal funds
rate and four deposit-growth lags. Bank credit additionally includes four lags of weekly credit changes divided by
lagged core deposits; credit changes are adjusted by subtracting ten reporting-break amounts. January weeks and
October 2008 are excluded. The last regression origin is October 29, 2025 (October 22 and October 15, 2025, at
horizons seven and eight). Parentheses report Newey-West standard errors with lag h. The first-stage F'-statistic
jointly tests the two excluded instruments.

Panel A: Core Deposits

h=1 h=2 h=3 h=4 h=5 h=6 h=7 h=38
Deposit Growth  1.12%%  1.08"* 145" 1.78" 1.69"* 1.68" 1.76" 1.79"
(0.20) (0.31) (0.36) (0.41) (0.55) (0.57)  (0.60)  (0.63)

Deposit lags 4 4 4 4 4 4 4 4
Rate change Yes Yes Yes Yes Yes Yes Yes Yes
F-Statistic 19.06 19.06 19.06 19.06 19.06 19.06 18.85 18.78
Num. obs. 948 948 948 948 948 948 947 946

***p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.

Panel B: Bank Credit

h=1 h=2 h=3 h=4 h=5 h=6 h=7 h=
Deposit Growth  0.23  0.17 042 0.90™ 1.28 1.34™ 143~ 185"
(0.21) (0.26) (0.32) (0.43) (0.56) (0.60) (0.68) (0.73)

Deposit lags 4 4 4 4 4 4 4 4
Credit lags 4 4 4 4 4 4 4 4
Rate change Yes Yes Yes Yes Yes Yes Yes Yes
F-Statistic 19.00 19.00 19.00 19.00 19.00 19.00 18.80 18.73
Num. obs. 948 948 948 948 948 948 947 946

***p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.



A.5 Split-Sample Estimates

Table A.4: Responses to Deposit Inflows: Core Deposits by Period

This table reports separate early-period (2005-2010) and late-period (2011-2025) IV local projections of cumula-
tive log core-deposit growth at horizons h = 1,...,8 weeks. Core deposits are seasonally adjusted total deposits
less large time deposits. Weekly deposit growth is instrumented with contemporaneous and lagged Treasury cash-
flow innovations in both periods; innovations are normalized by lagged core deposits. Weekly deposit growth is
winsorized at the 1st and 99th percentiles; Treasury innovations are retained without winsorization. Both periods
control for four deposit-growth lags and contemporaneous changes in the weekly average effective federal funds
rate. January weeks and October 2008 are excluded. The last late-period regression origin is October 29, 2025
(October 22 and October 15, 2025, at horizons seven and eight). Parentheses report Newey-West standard errors
with lag h. The first-stage F'-statistic jointly tests the excluded instruments in each period. Treasury cash-flow
innovations are constructed separately within 2005-2010 and 2011-2025: dollar flows are residualized on week-
of-year and quarter-year effects and lags 1-5, and residuals are retained without winsorization within each period
before division by lagged core deposits. Winsorization cutoffs for outcomes and controls are computed over the full
2005-2025 sample. Calendar lags and leads are formed before regression-origin exclusions.

Panel A: Early Period (2005-2010)

h=1 h=2 h=3 h=4 h=5 h=6 h=7 h=3
Deposit Growth  1.01™*  1.20"* 1.68"** 2.00°" 2.20"* 257" 222 216
(0.27)  (0.39)  (0.40) (0.48) (0.69) (0.65) (0.64)  (0.74)

Deposit lags 4 4 4 4 4 4 4 4
Rate change Yes Yes Yes Yes Yes Yes Yes Yes
F-Statistic 10.78 10.78 10.78 10.78 10.78 10.78 10.78 10.78
Num. obs. 240 240 240 240 240 240 240 240

***4p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.

Panel B: Late Period (2011-2025)

h=1 h=2 h=3 h=4 h=5 h=6 h=7 h=
Deposit Growth  1.00°*  0.90"* 1.157* 1.36** 1.01** 1.07~ 1.40~* 1.25"
(0.25) (0.31) (0.38) (0.43) (0.47) (0.53) (0.62) (0.62)

Deposit lags 4 4 4 4 4 4 4 4
Rate change Yes Yes Yes Yes Yes Yes Yes Yes
F-Statistic 13.32 13.32 13.32 13.32 1332 13.32 13.01 1294
Num. obs. 707 707 707 707 707 707 706 705

***p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.



A.6 Credit Responses to Deposit Inflows

Table A.5: Responses to Deposit Inflows: Bank Credit by Period

This table reports separate early-period (2005-2010) and late-period (2011-2025) IV local projections of cumu-
lative seasonally adjusted bank-credit changes divided by lagged core deposits at horizons h = 1,...,8 weeks.
Core deposits are seasonally adjusted total deposits less large time deposits. Credit changes subtract ten reporting-
break amounts, and controls include four lags of weekly credit changes divided by lagged core deposits. Weekly
deposit growth is instrumented with contemporaneous and lagged Treasury cash-flow innovations in both periods;
innovations are normalized by lagged core deposits. Weekly deposit growth is winsorized at the 1st and 99th per-
centiles; Treasury innovations are retained without winsorization. Both periods control for four deposit-growth
lags and contemporaneous changes in the weekly average effective federal funds rate. January weeks and October
2008 are excluded. The last late-period regression origin is October 29, 2025 (October 22 and October 15, 2025,
at horizons seven and eight). Parentheses report Newey-West standard errors with lag h. The first-stage F'-statistic
jointly tests the excluded instruments in each period. Treasury cash-flow innovations are constructed separately
within 2005-2010 and 2011-2025: dollar flows are residualized on week-of-year and quarter-year effects and lags
1-5, and residuals are retained without winsorization within each period before division by lagged core deposits.
Winsorization cutoffs for outcomes and controls are computed over the full 2005-2025 sample. Calendar lags and
leads are formed before regression-origin exclusions.

Panel A: Early Period (2005-2010)

h=1 h=2 h=3 h=4 h=5 h=6 h=17 h=328
Deposit Growth  0.58* 038 0.60 1.17° 1.76™ 207~ 216~ 259
(0.31) (0.36) (0.44) (0.61) (0.83) (0.86) (0.84) (0.95)

Deposit lags 4 4 4 4 4 4 4 4
Credit lags 4 4 4 4 4 4 4 4
Rate change Yes Yes Yes Yes Yes Yes Yes Yes
F-Statistic 10.75 10.v5 10.75 10.75 10.75 10.75 10.75  10.75
Num. obs. 240 240 240 240 240 240 240 240

***p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.

Panel B: Late Period (2011-2025)

h=1 h=2 h=3 h=4 h=5 h=6 h=7 h=38
Deposit Growth  0.00 —0.10 —-0.04 -0.01 0.13 0.17 0.07 0.05
(0.18) (0.23) (0.25) (0.28) (0.30) (0.33) (0.37) (0.41)

Deposit lags 4 4 4 4 4 4 4 4
Credit lags 4 4 4 4 4 4 4 4
Rate change Yes Yes Yes Yes Yes Yes Yes Yes
F-Statistic 12.47 1247 1247 1247 1247 1247 12.17 12.10
Num. obs. 707 707 707 707 707 707 706 705

***p < 0.01; **p < 0.05; *p < 0.1. Standard errors in parentheses.



A.7 Bank Asset Composition and Sectoral Deposit Holdings

Figure A.1: Bank Asset Composition and Sectoral Deposit Holdings

Panel A shows securities as a share of commercial bank credit using weekly, seasonally adjusted H.8 data. Dashed
lines mark period averages. Panel B shows deposit holdings relative to financial assets using quarterly Financial
Accounts data. The real sector comprises households, nonprofit organizations, and nonfinancial businesses; the
investor sector comprises domestic financial institutions other than the Federal Reserve and depository institutions.
Deposit holdings include checkable deposits and currency plus time and savings deposits; money market fund
checkable deposits are omitted. Shading marks 2005-2010 and 2011-2025.
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A.8 Instrument Local Projections

Figure A.2: Treasury Cash-Flow Instrument Local Projections

This figure reports OLS local projections of the Treasury cash-flow instrument Z,_;, on its contemporaneous value
Zy at horizons h = 0,...,8 weeks. Panel A shows the full sample (2005-2025); Panel B compares the early
(2005-2010) and late (2011-2025) periods. Treasury dollar flows are residualized on week-of-year and quarter-year
effects and lags 1-5; residuals are retained without winsorization and normalized by lagged core deposits. Full-
sample innovations are residualized over the full sample; early and late innovations are constructed separately within
each period. Regressions include the one-week-lagged instrument, four deposit-growth lags, and contemporaneous
changes in the weekly average effective federal funds rate. Winsorization cutoffs for the deposit-growth controls are
computed over the full 2005-2025 sample. Future instruments are taken from the uninterrupted weekly calendar
before excluding January and October 2008 regression origins. Each sample uses common origins with all six
future instrument observations available; horizons seven and eight use these origins with the longer lead observed.
Horizon zero equals one by construction. Shaded bands show pointwise 95% confidence intervals based on Newey-
West standard errors with lag h.
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A.9 Full-Sample and Split-Sample Responses

Figure A.3: Responses to Deposit Inflows: Full and Split Samples

This figure reports IV local projections of deposit and bank-credit responses to a deposit inflow. Panels A and
C show full-sample estimates for 2005-2025; panels B and D show separate early-period (2005-2010) and late-
period (2011-2025) estimates. All regressions use contemporaneous and one-week-lagged Treasury cash-flow
innovations normalized by lagged core deposits. Full-sample innovations are residualized over the full sample.
Split-sample innovations are residualized separately within each period, matching the split-sample tables and model
targets. Residualization includes week-of-year and quarter-year effects and lags 1-5; residuals are retained without
winsorization. Deposits are cumulative log growth of seasonally adjusted core deposits (total deposits less large
time deposits); bank credit is cumulative seasonally adjusted credit changes divided by lagged core deposits, with
ten reporting-break amounts subtracted. Winsorization cutoffs for outcomes and controls are computed over the
full 2005-2025 sample. All regressions control for four deposit-growth lags and contemporaneous changes in
the weekly average effective federal funds rate; credit adds four lags of weekly credit changes divided by lagged
core deposits. January weeks and October 2008 are excluded, and the last regression origin is October 29, 2025
(October 22 and October 15, 2025, at horizons seven and eight). Deposit responses at horizon zero equal one by
normalization. Shaded bands show pointwise 95% confidence intervals based on Newey-West standard errors with
lag h.
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Figure A.4: Deposit Multiplier Estimates: Robustness to Changes in Reserves

This figure reports early-period (2005-2010) and late-period (2011-2025) IV local projections of cumulative log
core-deposit growth at horizons h = 0,...,8 weeks. The early-period estimates match Panel B of Figure 3.
The late-period estimates additionally control for the one-week-lagged log level of aggregate reserve balances in
Panel A and for contemporaneous weekly log growth of aggregate reserve balances, winsorized at the 1st and 99th
percentiles, in Panel B. Weekly deposit growth is instrumented with contemporaneous and lagged Treasury cash-
flow innovations residualized separately within each period and normalized by lagged core deposits. All regressions
control for four deposit-growth lags and contemporaneous changes in the weekly average effective federal funds
rate. January weeks and October 2008 are excluded. The last regression origin is October 29, 2025 (October 22
and October 15, 2025, at horizons seven and eight). Deposit responses at horizon zero equal one by normalization.
Shaded bands show pointwise 95% confidence intervals based on Newey-West standard errors with lag h.
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A.2 Model Derivations

A.1 Bank First Order Conditions

The bank chooses loan and deposit rates taking reserves 12 and equity I as state variables. With

wholesale funding determined residually by W = L + R — 2 — D, profits are
IT=(r" =% — )L+ (r® — 1% — pg)D + Elog K + 7log A, (1)
where
K =FE—-k(L+R), A=R—xW=xE+ (1—-x)R—xL+ xD.

Using the logit demand derivatives

dL

o= —af(1 - sYL, — =a’(1-s")D,
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the loan and deposit first-order conditions are

1 T &

¢_ .S T

r=r +W+—af(1—35)+XA+Fb_K’ 2)
1 T

d_ .5 s T

r=r /’Ld O[d(l—Sd)+XA (3)

These are the pricing equations used in estimation. The pass-through derivations below differ-

entiate them around an interior equilibrium.

A.2 Local Pass-Through Derivations

This section derives the local pass-through objects used in the model by totally differentiating
the equilibrium system around an interior optimum. We hold equity and policy rates fixed and
determine wholesale funding residually from the bank balance sheet. Note that while the main
text writes the recycled-deposit pass-through as A, here we write it as Ap to distinguish it from

the first-round responses to other shocks.

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

0}, and we assume two regularity conditions at z*:

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

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

is invertible.

Under (1)—(i1), the Implicit Function Theorem delivers a unique, differentiable local equilibrium
map. Its C'! smoothness permits total differentiation of each equilibrium identity, which we
carry out in turn for the model’s balance-sheet definitions and optimality conditions to obtain the
linearized relations among (dA, dK,dL,dD,dW,dL,;, dM).

14



The equations to be differentiated are

L+R=FE+D+W, (balance sheet) 4)
A=R—xW, (liquidity slack) (5)
K =F—-k(L+R), (capital slack) (6)

1
=15 4+ m + X% + /i%, (bank loan pricing) (7

1
=S oy + ————, (non-bank pricing) )
al(1 — spp)
(a) Balance sheet identity. Differentiating (4) gives

dW =dL + dR — dD. 9)

Thus, a loan expansion must be financed by deposits, reserves, or wholesale funding through the

balance sheet.

(b) Regulatory slacks. Differentiating (5) and (6), and substituting (9), gives
dA = (1 — x)dR — xdL + xdD, dK = —k(dL + dR). (10)
The corresponding differential of the regulatory part of the loan-pricing condition is

T §\ ék
d(xK+n§) = <A2 +K2>dL— AQdD

§ 1 -
+ (% - TX(M X)) dR.

(1)

The dL term is the marginal tightening from balance-sheet expansion. The dD term is the
liquidity relief from replacing wholesale funding with deposits. The dR term is the net reserve

effect: reserves relax the liquidity constraint but expand assets relevant for the capital constraint.

(c) Bank loan pricing. Differentiating the bank loan-pricing condition (7), holding r° and 1,
P g g p g g %

fixed, gives

o1 el
dr = A1 =5 ng—l—d( A K)' (12)
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With primitive borrower demand shifters fixed, the logit share derivatives are
dsg = —a'sy(1 — sp)dr’ 4 o’spsppdr™, (13)
The corresponding bank loan quantity derivative is
dL = —a‘L[(1 — sp)dr" — sppdr™]. (14)

Substituting (13) into (12) yields

Sy S¢Snb T f
dr® = — drt + —_dr"* +d | x— + k= 15
r 1—s€r+(1—se)2r + <XA+KK>’ (15)
or, collecting the drt terms,
S¢Snb T 6
) 1—sp)d | x— = . 16
" 1—s@r * st) <XA+HK) (16)

(d) Non-bank pricing. Differentiating the non-bank pricing condition (8), holding 7 and f,,;
fixed, gives

1
drt = ——— nb- 17
" al(1 — spp)? Snb an

With primitive borrower demand shifters fixed, the non-bank share derivative is
dsnp = s [S@dT‘e —(1- snb)dr”b}. (18)
Substituting (18) into (17) gives

Sn, n
drt = —(1 — Sb SE [S@d?‘e — (1 — spp)dr b}.

Solving for the non-bank rate response,

drm® S0Snb
= . 19
dr? 1— s, (19)
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(e) Residual loan-demand curvature. Combining bank loan demand (14) with (19) gives

1

drt = — -
O/L (1 — Sg) — Snb%]

dL.

The bank loan-pricing condition equates the loan rate to the demand markup plus regulatory
wedges. To isolate the movement in those wedges, we subtract the change in the demand markup

from dr*. Since the markup is 1/[c*(1 — s;)], its derivative along the same loan-demand curve is

1 Sy

d [afu - 35)] = oL - SZ)QdL.

The left-hand side of the differentiated bank loan-pricing condition is therefore

1 1 S¢
dr' —d {—} = - + dL
at(1 — sy) ol L ((1 — 5) — Snbd£;2b> alL(1 — s4)?
1
kg
Equivalently,
1—sp) — s, e
FrP = a'L(1— s,)° (1= 50) = Sus . (20)
(1 —s0) = seSuv gy
1 1
dr* —d|————| = ——=dL. 21
i = ey

This is the effective residual loan-demand curvature facing banks after borrower substitution and

non-bank repricing.

Using (21), the primitive loan-pricing condition becomes

1 T 19
———dL =d| y— = . 22

Substituting (11) into (22) gives

2 2 2
b [ TX ¢k b TX
{1+Féeb (F—Fﬁ)} dL:/fedeD

23
+,~_€;b<M_£_’f”2)d}g_ =

A? K?
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The dD term is the liquidity relief from deposit funding. The d R term is the net reserve effect.

Recycled-deposit pass-through. For a recycled deposit inflow, reserves are fixed. Setting
dR = 01in (23) gives

- n &K =X
[H’Wb(/\ +K2)}dL iy dD.

dL RS
d_D 1+Rénb< _‘_552> 1/,{‘: +§I€2.

With dR = 0, wholesale funding moves one-for-one with the part of the deposit inflow not used

Hence

Ap = (24)

for bank credit:
dW

o5 = =)\p — L. (25)

The associated non-bank credit response through borrower substitution follows from the

same borrower-demand derivatives. Holding borrower demand shifters fixed,
dL = —a'L [(1 — s¢)dr* — snbdrnb] ,
dL,, = a*L,, [Sgd?”e —(1- snb)dr"b] )
Using the local non-bank repricing response (19), the bank-loan derivative implies
1

drt = — —dL.
alL [(1 — S¢) — snbd;; ]

Substituting this expression into the non-bank quantity derivative gives

L,y se—(1—s, dr?
dLpy, = —sm ( b)ddcl[b dL.
L (1 — Sg) — Snb ;T

For a marginal recycled-deposit inflow, d. = ApdD. Therefore

aLnb Lnb Sg — (1 Snb) dr?
AvD = = —\p—= dr’_ (26)
TOD UL (1= ) — s

This is the local non-bank response per dollar of realized recycled deposits. The total response
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to an initial deposit impulse is obtained below after distinguishing the shock-specific first-round

lending response from the recycled-deposit response that governs subsequent rounds.

Reserve-backed deposit shock. For a reserve-backed deposit injection, reserves move with

deposits. Returning to (23) and dividing by the coefficient on dL gives

&? _ mx(1=x)

dL = \pdD — —X2 A2 dR. 27)
/R + 25 + 45

The second term is the net balance-sheet-expansion cost of reserves: the accompanying asset
expansion tightens the capital constraint, while reserves partly offset this by relaxing the liquidity
constraint. A reserve-backed deposit injection sets dR = dD, so the first-round reserve-backed
lending response is

£R2 ™x(1=x) T £R?
R = KT AT i (28)

D — - = -
VR E VR B

dR=dD

This object is a first-round lending response to a deposit inflow that arrives with reserves. Un-
like Ap, it need not be positive: if the capital cost from the accompanying asset expansion is
sufficiently large, {12/ K? > 7x/A?, then the numerator in (28) is negative and reserve-backed
deposits reduce bank lending at the margin. It is distinct from the recycled-deposit response Ap,

which applies to later loan-generated deposits that do not come with new reserves.

First-round and recycled-round accounting. Let dD, denote the initiating deposit impulse,
and let \° denote the bank lending response that applies to that first impulse. For a pure recycled-
deposit shock, \’ = \p. For a reserve-backed deposit shock, A\ = A®. Subsequent loan-
generated deposits are ordinary recycled deposits, so those rounds propagate with Ap, not nec-

essarily with \°.
The bank-credit recursion is therefore
ALy = X°d Dy + ApOd LY. (29)
Solving,

dthaéxtnk B )\0
dDy  1—0)\p

(30)
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The corresponding deposit multiplier is

D _ |, AL 6N

= = . 31
dDy dDy * 1—-6Xp b

When \° = \p, this collapses to the usual (1 — 6Ap)~! multiplier. When the first round is
reserve-backed, \’ = A\, giving the post-period multiplier target used in (49).

The non-bank borrower-substitution response scales with total bank credit, not directly

with the initial deposit impulse. Using (26),

)\nb,D >\0
Ap 1 —0Xp

An
AL, = P bk — dDsy. (32)

Ap

Thus, holding money-market depth fixed, the total aggregate-credit response to the initial deposit

stotal >\an )\0
_ (14 2 . 33
) (+ )\D>1—0)\D (33)

impulse is

A.3 Spillovers from Money Markets to Non-banks

The local pass-through derivation above uses the baseline non-bank pricing condition in (8).
This subsection adds the spillover from money markets to non-banks by allowing short-term

funding depth M to shift non-bank marginal intermediation costs directly. Let
Nnb(M) :,U/nb_'%MMv RM >07

so that deeper money markets lower non-bank marginal costs. Taking M as given when setting

the loan rate, the extended non-bank profit problem is

max IIM = (r™ — 5 — 1, (M) Ly (r™). (34)

T'nb
The first-order condition is

aLnb
ornb’

=Ly + (r" — 1% — pp(M)) (35)
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Using the logit own-rate derivative

0Ly

W = —O/(l - Snb)Lnb7

(35) gives the extended non-bank pricing condition:

1

nb S
= (M) + ———
r A V] b( )+0/(1—3nb)

(36)
Its differential is

1
PR mdsnb 4l (M)dM. (37)

The same borrower-substitution term moves both the non-bank share and non-bank loan quan-
tity:
dsnp = sy [Sgdré —(1- snb)dr”b},

dL,, = oLy [Sgd?“g —(1- snb)drnb].

Substituting the share derivative into (37) gives

Sn n
i = s = (1= 5™ + s (M)A,

Solving for the non-bank rate response,

SeSnb

drh = St gt + (1 — spp) iy (M)dM = -
— Snb

— dr® — (1 — sp)kprdM.  (38)
1 — Snb

Thus the money-market spillover does not change the local non-bank repricing response used in

the recycled-deposit pass-through derivation: when dM = 0,

drm? _ StSnb
- )
dr?t 1— s

the same expression as in (19). The additional term in (38) matters only when the shock moves

money-market depth.

Substituting (38) into the non-bank quantity derivative gives
ALy = o Ly (1 — 5p)50dr" — o Ly (1 — 8,)2 il (M) d M. (39)

Holding the bank loan rate fixed, the direct non-bank response to money-market depth is there-
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fore

)\direct — aLNb
nb,M - aM

= —a Ly (1 — 80) %1l (M) = o Ly (1 — 8,3) %Ki (40)

drt=0
Money-market depth also shifts bank credit through borrower substitution. Bank loan
demand and (38) imply

drﬁ _ 1 dL + Snb(l _ Snb):u;zb<M)

o TR LN DR

dM.

—Snb

Subtracting the bank loan-markup derivative, as in (21), and substituting into the differentiated

loan-pricing condition yields

2 2 2
b [ TX ¢k b TX
{1—|—/€gb (F—Fﬁ)} dL:/ﬁedeD

~n X 1— X 5’432
+ & (% — ﬁ) dR (41)
o Snb(1 = Sup) 17, (M)

dM.
+ Ky (1 — 58) . fﬁinbb

The first two terms are the baseline recycled-deposit and reserve effects. The final term is the
money-market spillover. Since (M) < 0, an increase in M lowers non-bank loan rates and

shifts some credit away from banks:

b Snb(1 = Snp) (M) =y Snb(L = Smp) R
Ky SeSnb ke S¢Snb
oL (1—35)—3%1 (1—84)—8nb1
Ay = o = —Enb — — (42)
T oM 2 | &R’ T &R
1+ gnb L—i—— 14+ g00 L_|__
{4 A2 K2 {4 A2 K2

Aggregate-credit accounting. The bank response in (41) is only one part of the total-credit
response. Substituting the bank loan-demand derivative into (39) gives the non-bank quantity
response as a function of the bank-loan quantity and money-market depth:

Lnb 34(1 - Snb)

ALy, = — =20
’ L (1= s¢) — sppiioe

dL + A9 dM, (43)

[

~
borrower substitution per dollar of dL
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The cost-channel coefficient is the coefficient on dM in (39) after holding fixed the bank-loan

quantity dL. It has a direct non-bank marginal-cost piece and an indirect bank-rate piece:

Snb(l - Snb)l’[';mb(M)

cost __ 14 2/ 0
nb,M — —Q Lip(1 = 8np) "ty (M) 4 " Ly (1 — 8pp) 50 (1= s¢) — Snbffssnbb

(44)

S¢Snb

— _aZLnb<1 - Snb>2/’blnb(M> ]' - (1 . SZ) — Spb S¢Snb
n 1—snp

The first addend is the direct dM term in (39); the second substitutes the d M -component of drt
from the bank loan-demand derivative into the dr’ term in (39). The first term in (43) is ordinary
borrower substitution: when bank lending rises and bank loan rates fall, non-bank credit falls.
The second term is the remaining money-market cost channel after this borrower-substitution
response to dL has been separated out. With x, (M) = —ky, this term is positive when deeper

money markets lower non-bank marginal costs.

Combining (41) with (43), the local change in bank and non-bank credit, before closing

the deposit-recycling loop, can be written as

Anb,D
dL+dLy, = dL + DAL+ XY dM
v /\D %,_/
bank credit money-market cost channel
non-bank borrower substitution (45)

An
_ (1 + A”’D) (ApdD + A ardM) + X34 dM,
D
where A\, p/Ap is the borrower-substitution term from (26). The total-credit response to an

initial deposit impulse is obtained only after adding the # accounting below.

Loan-proceed leakage into money markets. The one-step expression in (45) takes dM as
an external change in money-market depth. To keep the money-market spillover as a diagnostic
extension rather than a second fixed point, we select the no-spillover total-credit response as the

allocation that generates payment flows. From (33),

dro Aup) N
@otal _ (1, Aob, 46
Do T, 1oy (46)
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where the superscript 0 denotes x,; = 0. Under full leakage of non-recycled proceeds into

money-market funds, the selected money-market inflow is
dM* = (1 — 0)dL,- (47)

Evaluating the money-market spillover once around this selected allocation gives

spill se
stgtal — dL?otal + |:(1 + )\nb,D) )\LM + ACOZ)S§\4:| dM :

dDy dizoyo Ao X dDy 48)
= "l {1 +(1-0) {(1 - ;’;D) A+ A;‘;jfw} } .

This selected-allocation calculation accounts for the fact that non-bank credit also generates
payment flows, while avoiding an additional money-market fixed point. If only a fraction of
non-recycled proceeds enters money-market funds, replace 1 —6 in (47) and (48) by that fraction

times 1 — 6.

Deposit-preference shock. A pure preference shift from money market funds into deposits
has dR = 0 and dM = —dD. From (41),

dL = ApdD + Ap ard M.

Setting dM = —dD gives

Aep = = Ap — ALum- (49)

dR=0,dM=—dD

dD

Because Az ps < 0, a shift out of money market funds and into deposits raises bank lending
both through the usual deposit-liquidity channel and by increasing non-bank marginal costs. If
reserves are fixed, dW/dD = \¢,, — 1. For the corresponding local change in bank and non-bank

credit, (45) gives

dL 4 dLyy,
dD

An
= (1 222 ) — 2 (50)
dR=0,dM=—dD b

For a reserve injection that also changes depositor wealth, such as the QE counterfactual,
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the imposed split determines d D, and money-market-fund assets absorb the remaining reserve-
created wealth:
dM = dR — dD.

Equations (41) and (45) combine the local bank-credit response, non-bank borrower substitution,
and the direct money-market cost channel at the resulting balance-sheet state. For loan-proceed
spillovers, the leakage accounting in (48) additionally links the change in M to the non-recycled

share of bank lending.

Wholesale funding. All wholesale-funding responses come from the balance sheet:
dW =dL +dR — dD.

Thus dW/dD = Ap — 1 for recycled deposits, dW/dD = \¢,, — 1 for deposit-preference shocks,
and dW/dD = A\ for reserve-backed deposit injections with dR = dD.

A.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,
they generate output Y and earn profits Il = Y —wN — rL — ™ 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 £, 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 W, 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 X = E — k(L + R) and lowers
the shadow cost of balance sheet expansion, increasing the lending response A in response to any

given deposit inflow.
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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 E 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 ), generating more lending and further profits.

A.5 Microfoundation of the Recycling Rate: Derivations and Extensions

This appendix states the household problem behind the liquid-wealth block of Section 4.2, de-
rives the results of Section 4.7.2, and develops two extensions: adjustment of the deposit rate,
and internalization of recycling by banks. Throughout, j € {H, [} indexes the two groups of
households; the representative household of Section 4.2 is the case of a single group. We write
6 for the baseline recycling rate, which holds the deposit rate fixed, and 6 for the recycling rate

when the deposit rate adjusts.

The household problem. A household of group 7 chooses both sides of its balance sheet (9),

solving

e TOBX rV W+ v, (W + Fj(A)) — r' B subject to Wi + A; = N + B;. (51)

The first term is what liquid wealth earns once allocated across deposits, market savings, and

cash according to (11). Its per-dollar return is the inclusive value of that allocation,

1 .
rV = —n(eforort e 4 efe), (52)
Qyq
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which combines the yields of the three instruments with their liquidity services and with the
idiosyncratic tastes in (10) (Anderson, de Palma, and Thisse, 1988). Because it is linear in W¢,
the choice of liquid wealth separates from its allocation, and the shares in (11) hold at any level
of liquid wealth. The second term, v;, is the value of liquid wealth as a buffer against payment
needs, increasing and strictly concave, in the same way that the log penalty in (21) captures the
declining value of the banking sector’s liquidity slack. The third term, F}, is the concave payoff
from illiquid assets: a household values additional housing and durables less at the margin, and

a firm funds its most productive projects first.

Let r7 denote the Lagrange multiplier on the balance-sheet constraint, the value to the
household of a dollar of funds. The first-order conditions are

r V(W =1, Fi(A;) =19, rf>r9 withequality if B; >0, (53)

so rj is the household’s opportunity cost of funds: the loan rate for a household that borrows,

and the marginal return on illiquid assets, which is then no higher than the loan rate, for one that

does not. The first condition is the choice of liquid wealth,
(W) = r9—rl. (54)

The right side is the cost of carrying a dollar of liquid wealth: what the dollar would earn or save
if it were not kept liquid, less what it earns as liquid wealth. The household adds to its buffer
until the value of the last dollar equals this cost. Because v; is strictly concave, (54) pins down
liquid wealth itself and not only net worth: a household keeps a buffer while carrying debt, and
does not net the two against each other. Liquid wealth demand, W¢ = (v})~!(r9 — r}"), falls in
the cost of carry, with slope 1/ v;-’ < 0. Net worth enters only through the opportunity cost: for a
household that does not borrow, higher net worth raises illiquid holdings, lowers their marginal
return, and so raises desired liquid wealth; for a household that borrows, additional net worth

retires debt and leaves liquid wealth unchanged.

Under the log forms v;(W) = b;In W and F};(A) = a;In A, the problem is the portfolio
counterpart of a Cobb-Douglas consumer. Substituting the balance sheet into (51), a household

that borrows maximizes

bilmWi+a;lnA; — (r' —rlYWE — P Ay + 7N (55)

J
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it values the services of its liquid and illiquid holdings with constant weights and pays for each at
its cost of carry, with the budget supplied by borrowing at the loan rate. As under Cobb-Douglas
demand, it spends a fixed amount of interest on each, (r — V') W = b; and r*A; = a;, so that
Wi =b;/(r* —r}V) and A; = a;/r". For a household that does not borrow, ¢ replaces the loan

rate. General concave v; and F); relax the unit elasticities.

Market clearing and the absorption of credit-created liquid wealth. Consolidate the non-
bank sector. Claims among non-banks, such as non-bank loans and the money market fund
shares that finance them, net out; debt owed to banks equals bank loans ¢; and the illiquid assets
held by non-banks equal their supply A less the securities S held by banks. Summing (9) across
households therefore gives > y Vde =3, j./\/} + ¢+ S — A, and at given net worth and asset
supply, > ; dWJd = dl + dS = dL: when the loan and asset markets clear, through the loan rate
and asset returns, the market for liquid wealth clears by Walras’ law. The share held by group A
is v = dW§ /dL. In the simplest case, households and firms borrow from banks and trade real
assets among themselves, while institutional investors sell the securities that banks purchase, so
that v is the loan share of marginal bank credit, 7 = A\;/\ in Appendix A.6; in general, proceeds

are passed on across groups before they settle, and v = 7g, + (1 — 7)g; as in (37).

Households absorb the created liquid wealth through the cost of carry. Differentiating
(54), with (97"]W/8rd = 5j,

awd — dri — s; dr? (56)

’ o (W)
A credit expansion works through the first term, and through different households at each step.
Banks expand lending by cutting the loan rate, which lowers 7] for the households that borrow;
the borrowers keep part of the loan as liquid wealth and spend the rest on assets; and the sellers
part with assets only at prices that make holding the liquid claims worthwhile, so asset prices
rise and expected returns fall, which lowers 77 for the households that sell. A recipient who
does not want the claim passes it on by buying an asset from someone else, or extinguishes it
by repaying its own bank debt, which reduces dL. By Walras’ law the increase in desired liquid
wealth equals the net credit dL: in the aggregate, holding the liquid wealth that credit creates is
the same thing as carrying the net debt. The deposit rate plays no part in this argument, and the
argument says nothing about it. The level of liquid wealth is pinned down by the loan and asset

markets; the deposit rate governs its allocation through (11), and whether it moves is a question
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about bank pricing, taken up below.

The one place where the deposit rate could affect the level of liquid wealth is the second
term in (56): a higher return on liquid wealth raises desired liquid wealth, which households
would accommodate by borrowing more or by trading illiquid assets across groups. We abstract
from this response, so that D, below is the slope of deposit demand at given liquid wealth and
A is unchanged. The abstraction is immaterial when deposit rates do not adjust (¢ = 0) and is
likely to be small otherwise: with ey the semi-elasticity of liquid wealth demand with respect to
the cost of carry, the omitted response of deposits is at most (e /ay) §/(1 — §) times D,., where
s 1s the deposit-weighted average deposit share, and this bound is reached only if households can
expand liquid wealth at an unchanged opportunity cost of funds, which the weeks over which

the propagation runs do not allow.

Credit creation and the recipients of proceeds. Equation (??) holds whatever the loan fi-
nances. If it finances consumption, the borrower’s debt rises with no asset against it and the
seller receives the proceeds as income, so net worth moves from the borrower to the seller while
aggregate net worth and liquid wealth change as in (??); liquid wealth falls again only when the
loan is repaid, which we abstract from because loans are long-maturity claims. In (33), only the
final holder matters: a recipient may pass proceeds on, and v records where they come to rest.
Proceeds that leave both groups, into currency, tax payments, or the foreign sector, make the two
weights sum to less than one. Two groups are the simplest case. With a continuum of households
indexed by their deposit share s and credit proceeds distributed according to G, 6 = [ sdG(s),
and a decline in @ is a shift of G toward low-share households; the satiation extension below

adds a dependence of 6 on the level of liquid wealth.

Implied demand for credit. For a household that borrows, (53) gives W = (v}) ! (rf —r}V)

and A; = (F})~'(r"), so its debt is B; = W 4+ A; — Nj: a household borrows when its net

worth falls short of the holdings it desires at the loan rate,
N; < N; = (v})’l(re — M)+ (F)7H(rY), (57)

and does not borrow otherwise. Its debt falls in the loan rate, 9B, /0r = 1/v] +1/F}' < 0, with

a liquidity component and an investment component. In the borrower block of Section 4.2.3, the
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semi-elasticity of bank credit demand with respect to the loan rate is cy(1 — s;); matching it to

—(1/vj + 1/FY)/B; is a normalization on the curvature of v; and Fj.

Marginal and average deposit shares. The recycling rate and the aggregate deposit share

weight the same two group shares differently:

Wd Wd Wd
Sd:WIc{st"_WI(iSI’ 0=vsy+(1—v)sy, Q—Sd:<I/—WZ>(SH_SI)~ (58)

The two weights are determined by different objects. Under the log liquidity value, Wjd =b;/d;,
where ¢; = ] — r}’V is group j’s cost of carry and b; the scale of its demand for liquidity, which
reflects its real wealth and transaction needs. The stock weight W& /W? depends on the levels
b;/¢;, whereas changes in liquid wealth satisfy dVde / Wjd = db;/b; — d¢;/¢;. The propagation
of credit after a deposit inflow leaves b; unchanged and lowers the cost of carry of the households

it reaches, so
Wi (—don/on)
Wi (—dou/ou) + Wi (=dor/¢r)’

which equals the stock weight only if the proportional fall in the cost of carry is the same for

UV =

(59)

both groups. Loans lower the cost of carry of households and firms, and securities purchases that
of institutional investors, so in general v # W& /W<, The difference persists: differentiating
sqa = D/W4 at a given deposit rate, with dD = 0 dL and dW?¢ = dL,

de_e—Sd

9L - W (60)

so a dollar of credit moves the average toward the margin only in proportion to its size relative
to the stock, while growth in real wealth, which raises by and b; together, expands liquid wealth

in proportion to existing holdings and leaves s, where it is.

Deposit-rate adjustment. In equilibrium the deposit rate satisfies (25), and lending moves the
liquidity slack that enters it. Let ¢ € [0, 1] denote the fraction of the implied adjustment that
occurs while the propagation runs its course, with ¢ = 0 for sticky deposit rates and ¢y = 1

for full adjustment. Around the equilibrium, with reserves fixed, deposit demand and deposit
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pricing satisfy

dD = dDy + 6dL + D, dr, (61)
2
X

dr? = AT (dD —dL), (62)

where dD, is an exogenous shift in deposit demand at an unchanged deposit rate and D, =
9D /0r? is the slope of deposit demand. Solving,
dDy ~ -~ O+ x>

D = 0dL 0 = —— =D, —=. 63
1+wc+ 9 1+¢C’ C AQ ( )

This is the propagation equation (35), with dDy /(1 + c) the realized inflow and 0 the equilib-
rium recycling rate, a weighted average of 6 and one. Because the deposit rate does not enter
the loan pricing condition (24), A is unchanged, and the multiplier on the realized inflow is
/(1 — )\é) The term ¢ measures how strongly banks bid for deposits as they lend: the de-
posits attracted by the deposit-rate response per dollar of loan proceeds that would otherwise be
funded wholesale. It combines the slope of deposit demand with the liquidity term 7?2 /A? that

also governs A, so it introduces no new parameter.
Equation (61) follows from totally differentiating D = sy (r?) W& + s;(rd) W,

Zs] awy + de 83] drt + de g? dép, (64)
D

with ds;/0r? = ags;(1 — s;) and 0s;/0€}, = 5;(1 — ;). Each group’s liquid wealth changes
through its share of credit proceeds, (33), and through changes unrelated to lending, such as a

reserve-backed expansion, which we denote ded. Collecting terms gives (61) with
dDy = Y [s;dW{ + D;(1— s;)d&}, | D, = agY Dj(l—s;), (65)
Z :
so that dDy collects the exogenous inflows considered in the paper, a preference shift toward

deposits or an expansion of liquid wealth not generated by bank lending. Equation (62) fol-

lows from (25): holding the policy rate, the operating cost, and the markdown fixed, dr¢ =
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—(x7/A%)dA, and with A= R—xWand W =L+ R— E — D,
dA = (1—x)dR+ x (dD — dL), (66)

which is (10) of Appendix A.2. A deposit inflow that is not lent out retires wholesale funding,
raises the slack, and lowers the value of a marginal deposit to the bank; lending that is not

matched by deposits does the reverse. Allowing a fraction ¢ of this adjustment,

XT

d _
dr® = — A2

(1—x)dR+ x (dD — dL)|, (67)

which with dR = 0 is (62). Substituting (67) into (61) for general dR,

dDo—wcl_Tde
1+ e ’

dD = dDy+0dL,  dD, = (68)
and combining with dL = \dD gives dD = dD, /(1 — ). Relative to the underlying shift,
dD/dDy = 1/[1 — A0 + 1pc (1 — A) ], which is smaller than 1/(1 — \f) because \ < 1.

Holding the deposit rate fixed would be restrictive if the deposit rate entered the marginal
cost of lending directly, as it would if loans were funded at the margin by deposits rather than
wholesale funding, if the penalties depended on profits, or if the stability of deposits depended
on the rate paid on them, or if loan demand responded to the deposit rate. Under either departure
A would depend on the deposit rate and (61)—(62) would have to be solved jointly with the loan
pricing condition. Neither is present here: wholesale funding is the marginal funding source,
the penalties depend on balance-sheet quantities, and borrower demand does not depend on the

deposit rate.

The pricing component and its bound. Writing (63) as

N Ve

0 = (1—w)l+w, w = T3 e (69)

w 1s the share of measured recycling that pricing accounts for. An inflow of deposits lowers
wholesale reliance and the liquidity wedge, so the deposit rate falls and the realized inflow is a
fraction 1/(1 4 1pc) of the underlying shift; lending adds wholesale funding of which recycling

retires only 6, so the deposit rate rises relative to no lending, which is why 6 exceeds 6. On net
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a deposit inflow leaves the deposit rate lower, because banks lend out only a fraction A < 1 of
it. Inverting (69), 0 = 6 — i (1-— 0~), and because ¢ is an average of deposit shares it cannot be

negative:

Ye < = (70)

equal to $1.99 at the early-period estimate of $0.67 and $0.10 at the late-period estimate of
$0.09. The bound also limits how much of the decline in 0 pricing can explain. If quantity
recycling were the same in both periods and the pricing component vanished in the late period,
matching the early estimate would require ¥ cp. = (épre — épost) /(1 — épre) ~ 1.73, or w =~ 0.63:
deposit-rate adjustment would have to lift early-period recycling from 0.09 to 0.67 and contribute
nothing in the late period. If instead ¢)c were similar in the two periods, Af = (1 + t¢) A, and
the decline in quantity recycling would exceed the measured decline. Finally, c is decreasing in
the liquidity slack A: when reserves are abundant, banks bid less for the marginal deposit and 0
falls toward 6, so holding @ fixed in the balance-sheet counterfactuals of Section 6 is exact when

1 = 0 and, if anything, conservative otherwise.

Reserve-backed inflows. The recursion (68) holds with the same 0 when reserves move with
the initial inflow; only the first round differs. With dL = AdD + (A¥ — \) dR, where A\ is the
reserve-backed response (28),

dDo+ 0 (A" — \)dR

dD = _ : 71
1— M\ 7

which for 1) = 0 and dR = dD, reduces to the reserve-backed multiplier 1 + X% /(1 — A)) in
(49).

Internalizing recycling. The baseline assumes that banks do not internalize recycling, because
loan proceeds settle largely at other banks. Suppose instead that the banking sector perceives
that a share + € [0, 1] of the deposits recycled by its lending returns to it, with + = 1 a single
consolidated banking sector, so that it treats deposits as D(r?) + (0L when choosing the loan
rate. Wholesale funding then rises by 1 — ¢# per dollar of lending, and the loan pricing condition
(24) becomes

b= S o+ +(1—L9)X%+Ké_L9<TS_Td_“d): (72)

Oég(l —Sg) K
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the liquidity wedge is scaled by 1 — ¢, and the loan is credited with the deposit margin on the
recycled share. Actual deposits still satisfy dD = dD, + 6 dL. Differentiating (72) at a fixed
deposit rate, following the steps of Appendix A.2,

1 ™ ER? x>
which is dL/dDy = X\, /(1 — 0),) with
2
(1 —10) %
A, = 1 PR (74)
@ + (1 — LQ) F + ﬁ

Internalization does not replace the multiplier; it changes the lending response that enters it.
A bank that treats its loans as partly self-funding lends more in levels but is less sensitive to
liquidity conditions at the margin, because its loan rate loads on the liquidity slack with weight
1—1:0, so A\, and the total response are decreasing in . Recycled deposits return to a bank roughly
in proportion to its share of the deposit market, so ¢ is small for any individual bank. Because
(72) is also the loan pricing condition used in estimation, a value of « above zero would change

the estimates of 7 and £ as well.

Satiation in deposits. The liquidity value v; concerns total liquid wealth; the deposit share
within it does not depend on the level of liquid wealth. Suppose instead that the liquidity value
of deposits declines in a group’s deposit holdings relative to its transaction needs Dj, so that 553
is replaced by &}, — v1In(D;/D;) with y > 0. Then

8Dj Sj 8DJ Qg Dj (]_ - Sj)

= ; = ; (75)
oW 1+7v(1—sy) ord 14+~v(1—s)

and 0 = v 0Dy /OWE + (1 — v) Dy /OW . For v > 0 the marginal propensity to hold deposits
lies below the deposit share, and both decline as liquid wealth rises relative to transaction needs,

so an expansion of liquid wealth lowers 6 directly. The baseline is v = 0.
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A.6 Asset Composition, Liquidity, and Deposit Recycling

The baseline analysis bundles loans and securities into total bank credit. This extension lets
the bank choose its loan rate and securities holdings separately, derives the loan and securities

responses to a deposit inflow, and maps them into the recycling rate of Section 4.7.2.

A.6.1 Asset Composition and Securities as Liquidity

We decompose total bank credit as L = £ + S, where £ = {((r,r"") denotes loans and S
securities. The bank chooses the loan rate 7 against borrower demand, as in the baseline, and

chooses the securities quantity S. The balance sheet, capital slack, and liquidity slack are

(+S+R=E+D+W, (76)
K=F—-k(l+S+R), (77)
A=R+ xsS—xwW — xpD. (78)

Securities provide liquidity, in the spirit of the Liquidity Coverage Ratio (LCR), while loans
do not. Each dollar of securities contributes g to the liquidity buffer, with 0 < yg < 1,
while reserves contribute one dollar. We also allow core deposits to carry an outflow weight
xp = 0. A deposit dollar that replaces wholesale funding therefore relaxes liquidity by yw —
X p- This accommodates differences in the stability of deposits within the core-deposit category.

Substituting wholesale funding, W =/ + S+ R — E — D, gives

A=xwE+ (xw —xp)D — xwl+ (xs —xw)S + (1 — xw)R. (79)

A loan financed with wholesale funding requires Yy of liquid backing. A security financed
in the same way supplies xg of liquidity, so its net liquidity requirement is xyy — Ygs. Reserves
supply a full dollar of liquidity and therefore have a net requirement of y — 1. Loans, securities,

and reserves enter the capital constraint with the same weight. The bank solves

max (r’ — 7% — pu)l(r’,r™) 4+ (1 — r%)S + (r® —r? — pg)D(r?) + Eln K + 7In A, (80)

rdrt S

taking the policy rate and securities yield as given. As in the baseline, an individual bank takes

aggregate recycling as external when choosing its rates and asset holdings. The securities yield
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r°° 1s fixed. Retaining the baseline logit demand for deposits, the interior first-order conditions

are

¢ T

4

s
— e - — 1
r=r +W+a£(1—55)+ﬁK+XWA’ (81)
rsee _ TS — I{Zé + (XW _ Xs)z (82)
K A’
1 T
d s
=r° -y - — — —. 83
r r hd ad(l—sd)+(XW XD)A (83)

Loans and securities face the same capital wedge, <&/ K. Each security dollar provides ys of
liquid backing, reducing its liquidity wedge relative to loans. When xs < xw, wholesale-funded
securities still consume liquidity on net. Deposits relax liquidity when their outflow weight is

below that of the wholesale funding they replace.

A.6.2 Local Pass-Through to Loans and Securities

We follow the baseline derivation, holding reserves, equity, the policy rate, and the securities
yield fixed. Total bank credit is L = ¢ + S. Differentiating the balance sheet and regulatory

slacks gives

AW = dL — dD, (84)
dK = —rdL, (85)

dA = (xw — xp)dD — xwdL + xsdS
= (xw — xp)dD — (xw — xs)dL — xsdC. (86)

The liquidity response is the baseline expression augmented by the liquidity supplied by securi-
ties. The borrower-choice and non-bank pricing calculations are unchanged. Using the residual
loan-demand curvature " from (20), the differentiated loan-pricing condition is

K€ TXW

1
——dl = —=dK —
¥z K? A?

dA. &7)
Because the securities yield is fixed, its pricing condition gives

T(xw — Xxs)



Subtracting the securities condition from the loan condition, and using dK = —kdL, yields

~nbTX
dl = P dA, (89)
£ T(xw — Xs)

These conditions determine how additional liquidity translates into loans and total credit. Sub-

stituting them into the liquidity-slack response and collecting terms gives

TKQ(XW_XS) ~nb XS dA

1+ 5,{2/\2 + K Ky A2 = (XW - XD)dD. (91)
Solving (91) for the change in liquidity slack gives
_ Xw — XD
dA = TE2(xw—xs)? | znbTX3 dD. ©2)
L+ ERr2A2 + Ke 73
The differentiated asset-pricing conditions imply
0 = i /i‘j dA. (93)
Substituting (92) into this expression yields
=nbTXxs(Xw—XxD)
df = — L A ~dD. (94)
1 gt g

Hence, dividing the numerator and denominator by &;*’, the marginal loan response is

dl TXS(XXQ*XD)
M= —— = > S 95)
dD #Jr XS + TKgﬁ(g([‘\/‘; i‘f)

The securities-pricing condition implies

4 — K*(xw — xs)

-1 .
éHQXS’%;b dﬁ (96)
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Substituting the loan response therefore gives

XW XD) [ (xw—xs)

. dS §i€2/~c"b — XS
MEUDT T L nd e oD

énb A £N2A2

4l

For xp < xw, loans increase, while securities increase if

EK?
Xw — Xs > Rf'Xs = i (98)
Adding the loan and securities responses gives
L JL s TK2(XVEI;X§;(ZT>§YV—XD) 09)
~dD ¢ 57 TXS TE2(xw—xs5)?"
b + + §R2A2Eé”b

Thus, when xp < xw, total credit rises if xg < xw. Securities can decline even when total
credit rises. More generally, both assets expand when (98) holds. Wholesale funding adjusts by
dW/dD = X\ — 1.

To recover the baseline, hold securities fixed, dS = 0, so that total credit adjusts through
loans alone. The differentiated loan-pricing condition then gives
dv Txw (Xw —XD)

A2
_ (100)
dD | 45 wb - TXW + &

With xp = 0 and xw = Y, this is the baseline response A\p in (24). With securities freely

chosen, a zero securities response occurs at the equality case of (98).

A.6.3 Asset Composition and the Recycling Rate

The recycling rate of Section 4.7.2 depends on the composition of bank credit through the share
v of credit proceeds that come to rest with households and firms, v = 7g, + (1 — 7)g, in (37),
where 7 is the loan share of marginal bank credit. In the baseline the capital constraint prices
loans and securities alike and leaves 7 open. Here loans and securities carry different liquidity

weights, respond differently to a deposit inflow, and 7 follows.
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Deposits created by a marginal expansion are
dD = dDy+ 0,dl + 05 dS, (101)

with 0, = gssy + (1 — g¢)syr and Os = gssy + (1 — gs)s; the deposit shares of the recipients
of loan and securities proceeds, as in (38). Substituting d¢ = Ay dD and dS = Ag dD from (95)

and (97), D
0

1—N\bp — )\595’
Comparing with the baseline multiplier 1/(1 — \0), with A = A\, + Ag,

dD =

dL = ()\@—l-)\s) dD. (102)

A A
N = N0+ Mg g, 0 = f@e—l—f@s, (103)

which is (38) with m = A,/ . Each asset contributes the product of its own lending response and
its own recycling rate to the feedback between deposits and credit. The extension supplies the
bank’s side of this product, A\, and \g; the recycling rates ¢, and 65 depend on the pass-through
shares gy and g;, and the multiplier estimates discipline the combination Af. With securities held
fixed, as in (100), 7 = 1 and 0 = 6,.

The decomposition (39) can be read in these terms. Holding g, and g, fixed, its compo-
sition term is Ax (9_(5 — 0_5). A fall in 7 moves 0 toward € and, through (103), changes the
multiplier even when the total response A is unchanged. Because 7 is the composition of the
marginal expansion rather than of the stock of bank credit, it can move by more than the securi-
ties share of bank credit: when securities count toward the liquidity buffer, ys > 0, a bank that
meets a deposit inflow by adding securities consumes less of its liquidity slack than one that adds
loans, which can make the marginal expansion more securities-heavy than the stock. Section 5.4

uses this reading of the composition term when interpreting the estimated decline in 6.
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A.3 Details on Model Calibration

A.1 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 avail-
able 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, so
large time deposits enter residual wholesale bank funding rather than the stable deposit measure.
Equity is constructed residually as the difference between assets and liabilities. The model’s
liquid asset position R is measured as total bank assets net of bank credit, where bank credit
includes loans and securities. This measure includes central bank reserves together with other
liquid claims such as fed funds sold, reverse repo, and cash items, which provide effective lig-
uidity alongside reserves. It is therefore larger than the stock of reserve balances alone, and
the liquidity slack A and the QE and QT exercises should be read with this broader liquid asset

measure in mind.

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.
Because the bank-credit quantity includes loans and securities, the baseline uses the QBP loan
yield as the gross return proxy for bank credit and applies provision and demand-markup terms
only to the loan share in the pricing equation. 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 Aaa 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
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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. The capital requirement in each regime is set to the minimum observed ratio E;/(L; + R;)
less a one-percentage-point buffer. The liquidity requirement in each regime is set to the min-
imum observed ratio R;/W; less the same one-percentage-point buffer. The buffer is therefore
measured in ratio points rather than as a common GDP-scaled level of slack. Capital slack and
liquidity slack are computed as functions of equity, loans, reserves, core deposits, and wholesale

funding, and therefore vary over time with the evolution of bank balance sheets.

A.2 Demand System Details

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

demand objects used in the calibration.

On the depositor side, the market size in quarter ¢ is defined as
deDt+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, sM = M,/W¢, and s¢ =
C, /W

On the borrower side, bank credit is measured by aggregate bank credit 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 = 77b(Lt + Lnb,t),
where 7, > 1 pins down the average share of non-borrowers. Borrower market shares are

sk = L,/W} and s* = L,;,,;/WP, with the no-borrowing share given by s = 1 — sl — s7. In

the baseline calibration we set the no-borrowing share to s = 0.20, son, = 1/(1 — s") = 1.25.
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Figure A.5: Model-Implied Capital and Liquidity Slack

This figure plots the model-implied capital slack K; and liquidity slack A;, each expressed relative to GDP. The
vertical line marks the start of the late regime. Lower values indicate tighter constraints.
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A.3 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 balance-sheet-implied capital requirement. Liquidity slack is defined
as the difference between reserves and wholesale bank liabilities scaled by the balance-sheet-
implied liquidity requirement. Both slack variables are functions of balance sheet quantities and
therefore vary over time with the evolution of deposits, loans, wholesale bank funding, reserves,
and equity. Figure A.5 plots the implied quarterly 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 implementation 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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A.4 Additional Counterfactual Results

A.1 Counterfactual Construction: QE and QT
A.1.1 Quantitative Easing

We measure QE-created depositor wealth as the fraction of reserve growth attributable to the

Fed’s asset purchases. For each quarter ¢, we define

Qor: = ¢ max(R; — Ry, 0), (104)

where Rpre is the average reserve-to-GDP ratio over 2005-2007, before QE began, and ¢ is the
share of reserve growth attributed to asset purchases that create money-like wealth for the non-
bank public. Our baseline sets ¢ = 1. We assume QE-created wealth is initially split between
deposits and short-term funding markets, with no expansion of cash. Let (g denote the deposit

share of this initial split. The baseline sets (gr = 0.5:

Dgpt = CorQoryt, Mogp: = (1 —Cor)Qon,, Cors = 0. (105)

We construct a counterfactual balance sheet by removing QE-created reserves and the associated

depositor-wealth components:
Dy =D~ Dops,  My=M,—Mopy,  Ci=C,,  R,=R —Qqps  (106)

We evaluate the counterfactual at the observed 2021Q4 balance sheet, the last quarter before
the QT window begins. Given the smaller deposit base D, money market fund depth M, and
reserves R, we hold bank and non-bank credit fixed and let wholesale funding adjust residu-
ally to satisfy the bank balance sheet. We then evaluate the recycled-deposit response Ap and
the reserve-backed first-round response AR at the counterfactual balance sheet and compute the
bank-credit response per dollar of reserve-backed deposit inflow, AR /(1 — 0p08t/~\ p), the object
reported in Figure 6. Holding 0, fixed in both the observed and no-QE economies isolates the
balance-sheet effect of QE on the marginal bank-credit response, rather than adding a separate

counterfactual change in the deposit-recycling rate.
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A.1.2 Quantitative Tightening

We measure the total QT volume as the decline in the Fed’s combined Treasury and MBS hold-
ings from their peak in 2022Q2 to 2024Q4, expressed as a fraction of GDP. Let this quantity
be Xgor. A pass-through parameter w captures the share of the runoff absorbed outside bank
balance sheets, for example through non-bank or money market fund adjustment. The bank

balance-sheet shock is therefore (1 — w) X7, and the baseline sets w = 0.5.

We consider three short-run implementations. In the asset-swap experiment, banks absorb
(1 — w)Xgr of the runoff by replacing reserves with less liquid securities. Total bank assets
other than bank credit, deposits, wholesale funding, and credit are held fixed, so the capital-
relevant balance sheet is unchanged. The liquidity asset entering the liquidity constraint falls by
(1 —w)Xqr, capturing a tighter liquidity buffer without an immediate decline in deposit claims.
In the reserve-drain experiment, liquid assets other than bank credit fall by (1 — w)Xgr. Bank
credit and deposits are held fixed, and wholesale funding adjusts residually to satisfy the bank
balance-sheet identity,

W=L+R—-FE-D.

In the reserve-and-deposit-drain experiment, liquid assets other than bank credit and deposits
both fall by (1—w) X 7. Bank credit and non-bank credit are held fixed, and wholesale funding is
again determined by the bank balance-sheet identity. Because assets and stable deposit liabilities
fall one-for-one, this short-run experiment isolates the effect of lower liquid asset buffers without

the Acharya-Rajan wedge between reserves and deposit claims.

A.2 Money-Market-to-Non-bank Spillover Calculation

This appendix records the simple calculation behind the non-bank offset exercise in Section 6. In
the baseline figure, non-bank marginal costs are unrelated to money-market depth, so x;; = 0.
The money-market spillover calculation asks how large ), would have to be to restore the late-

period aggregate credit response to its early-period level.

Let Cp. and C,,s denote the baseline total-credit responses to a one percent of GDP
deposit inflow in the early and late periods, combining the bank-credit response with non-bank

borrower substitution. In the current calibration, C,. = 1.14 and C,,s; = 0.35, so the aggregate

44



gap to be closed is
AC = Cpre — Cpost = 0.79.

For reference, the corresponding bank-credit responses are B, = 2.14 and B,.ss = 0.62.
The aggregate gap is about half the bank-credit decline because non-bank crowding-out through

borrower substitution was larger in the early period, when the bank response itself was stronger.

Let a share wy, of loan proceeds that do not recycle into stable deposits flow into money
market funds. Then money-market depth is evaluated at the selected no-spillover total-credit
response:

AM**" = wpr(1 — Opost )AL

total,post*

Here dLgotaLpost is the no-spillover total-credit response, including the deposit-recycling mul-
tiplier and baseline non-bank borrower substitution. Using (48), define ALfﬁﬁprost(ﬁ ) as the
selected-allocation total-credit response under a money-market spillover. The terms Az, a7 post (Kar)
and A53°1; Los(Rar) are both linear in «y, under the parameterization fi,,(M) = iy — kM,
and the spillover increment is linear in the leakage share wj;. The offset loading is the value that
solves

APl (n% fsety _ AL () = AC.

total,post total,post

Under full leakage, wjy; = 1, the required loading is Ii?\;f ¢t — 9. 97. Under half leakage, wy; =
0.5, the required loading doubles to £1/** = 4.54,
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