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1. Introduction

Since 2008, the United States has operated with a large aggregate stock of bank reserves.
That fact is central to the initially abundant, now ample, monetary-policy operating frame-
work. However, aggregate abundance is not the same as large reserve-eligible balances
on each bank’s own balance sheet. A large systemwide reserve balance can coexist with
individual banks that hold few reserve-eligible balances relative to the transaction-account
base that historically determined required reserves.

This paper asks whether all individual banks hold reserve balances that are as large
as systemwide abundance would suggest, and, if not, where the smaller balances are
located.! I answer the question by measuring a reserve ratio for each bank with a material
retail deposit franchise. The exposure weights then ask how much of the deposit base,
or how many banks, sit below that benchmark. The distribution is uneven. In 2024:Q4,
39.2% of retail-franchise banks, holding 10.4% of sample deposits, had reserve-eligible
balances below the historical 10% top-tranche benchmark. I refer to this lower tail as a
hollow buffer.

This distribution matters in two different settings. The first is a positive-requirement
setting. When a reserve-balance requirement is positive, bank-level incidence depends
on both a rate margin and a quantity margin. The rate margin is whether required balances
are remunerated below a close liquid alternative. The quantity margin is whether a bank
already holds enough reserve-eligible balances to meet the balance-sheet need. A bank

with a thin buffer is closer to the quantity margin than a bank with a large one.

That positive-requirement case links the paper to reserve-tax and remuneration work.
Classic reserve-tax models show how nonremunerated required reserves tax deposit
intermediation (Bailey 1956; Friedman 1959; Ahmed 1987; Feinman 1993). Interest-on-
reserves work shows how market-rate remuneration can offset that wedge (Sargent and
Wallace 1985; Goodfriend 2002). Those arguments discipline the rate margin, but they do
not tell us which banks have enough reserve-eligible balances relative to the policy base.
The contribution here is to measure that bank-level quantity margin.

Throughout the paper, I refer to small balances as balances below the historical 10% reserve-ratio
threshold. That threshold is defined on reserve-eligible balances relative to each bank’s net transaction
accounts, the historically relevant ratio for Regulation D.

’The present zero-requirement setting does not make the historical policy base irrelevant. The Board of
Governors reduced reserve requirement ratios to zero after the Federal Open Market Committee had moved
to an ample-reserves framework, explaining that reserve requirements no longer played a significant role
in the new operating regime (Board of Governors of the Federal Reserve System 2020, 2025b). I therefore
treat the zero setting as regime-contingent: durable within the current ample-reserves framework, but not
analytically independent of it. The historical Regulation D base remains a disciplined scale for measuring
bank-level reserve-policy capacity, even though the paper does not forecast that reserve requirements will
return.



The second setting is the current zero-requirement environment. In that setting, a thin
policy-base buffer is not a current reserve-tax exposure. It is an operating-regime di-
agnostic that informs operating-regime debates. Discussions of balance-sheet size, the
ample-to-scarce boundary, reserve remuneration, and reserve-demand-reducing policies
all turn on how aggregate reserves map into bank-level conditions (Bowman 2025; Miran
2026; Anderson et al. 2026; Duffie 2026; Duygan-Bump and Kahn 2026). A system can look
ample in aggregate even when some banks hold small reserve-eligible balances relative
to the historical policy base. The policy-base buffer identifies where aggregate reserve
abundance is least informative about bank-level reserve positions.

Recent reserve-distribution work motivates the distinction between aggregate abundance
and bank-level conditions. Copeland, Duffie, and Yang (2024) show how money-market fric-
tions, repo activity, payment timing, and limits to arbitrage can make reserves effectively
scarce for some institutions even when aggregate reserves are high. Their mechanism con-
cerns the difficulty of reallocating reserves across institutions after shocks. The measure
in this paper is pre-adjustment. It identifies which banks enter with thin reserve-eligible
balances relative to the historical policy base before trading or balance-sheet adjustment

occurs.

Other work documents the cross-section of reserve holdings and reserve concentration.
Ennis and Wolman (2015) document substantial heterogeneity in bank-level reserve hold-
ings during the early post-QE period. Wong and Zhang (2025) measure the concentration of
reserve balances across banks, finding that both “naive” Gini coefficients have risen over
time and that asset-weighted concentration has fallen. Relative to this work, I scale bank-
level reserve positions to the historical Regulation D base. That scale targets reserve-policy
incidence rather than reserve location alone.

The empirical analysis uses quarterly Call Report data for commercial banks with ma-
terial retail deposit franchises from 2001 to 2024. The sample spans the pre-interest-on-
reserves period, the interest-on-reserves period with positive reserve requirements, and
the interest-on-reserves period with zero reserve requirements. The 10% top-tranche rate
provides the benchmark scale. Net transaction accounts provide the denominator as they
were the historical Regulation D base, not because they are a general proxy for liquidity
needs, run exposure, payment flows, or reserve-remuneration income.

The design is a descriptive policy-base diagnostic. I use observed balance sheets to locate
the banks for which reserve-eligible balances are thin relative to the historical policy base.
The exercise does not estimate long-run reserve demand, predict equilibrium balance-
sheet adjustment under a future rule, or rank monetary operating regimes. It asks whether
the aggregate ample-reserves fact carries through to the bank-level policy-base margin.



The first empirical result is a lower tail that emerges after reserve requirements are set to
zero. The deposit share below the historical 10% benchmark peaks at 20.3% in 2022:Q3
and remains 10.4% in 2024:Q4. The bank-weighted share below the benchmark peaks
at 53.9% in 2022:Q4 and remains 39.2% in 2024:Q4. The hollow buffer is visible in the
quarterly path of both deposits and banks.

The second result is that the lower tail is tied to bank business model rather than obvious
balance-sheet weakness. Thin-buffer banks are more transaction-account intensive. They
are not mainly weakly capitalized banks or banks unusually dependent on uninsured
deposits. The lower-tail deposit share in 2024 is concentrated among mid-sized retail-
franchise banks. The largest universal banks remain above the historical 10% benchmark,
which helps explain why the bank-weighted lower tail is wider than the deposit-weighted
lower tail.

The third result is that the lower tail is not a threshold artifact. It appears across nearby
benchmark rates, remains after restricting the sample to banks with positive historical
top-tranche balances, and is persistent enough that it cannot be reduced to quarter-to-
quarter boundary crossing. The hollow buffer is therefore persistent over the observed
post-2020 bank-level distribution.

The central implication is that aggregate reserve abundance should not be asked to answer
a bank-level incidence question by itself. Aggregate reserves describe the system’s total
reserve supply. They do not show which banks hold reserve-eligible balances below the
historical policy benchmark. The policy-base buffer distribution supplies a missing cross-
sectional input for evaluating reserve-policy incidence, remuneration wedges, and the
distributional consequences of operating with fewer reserves.

2. Distribution of Reserve-Policy-Base Buffers

2.1. Measurement scale and regimes

The empirical question is whether aggregate reserve abundance implies large reserve
balances at the bank level. Aggregate reserves describe the systemwide stock, but reserve-
policy incidence and operating-regime diagnostics depend on balances held on each
bank’s own balance sheet. The empirical exercise therefore measures reserve-eligible
balances against net transaction accounts, the historical Regulation D base.

Regulation D supplies the denominator, benchmark scale, and reserve-eligible asset
concept for the buffer measure. Before March 26, 2020, Regulation D imposed a tiered

reserve requirement on net transaction accounts. In the Call Report data, net transaction



accounts equal transaction accounts less balances due from depository institutions and
cash items in process of collection. I use net transaction accounts because they are the
historical balance-sheet base through which reserve requirements operated, not because
they are a general deposit or liquidity denominator.

The historical top tranche provides the benchmark scale. The top-tranche requirement
rate was 10%, with the exemption amount and low-tranche cutoff indexed annually by
the Board (Board of Governors of the Federal Reserve System 2025b). I use that historical
10% rate as the main benchmark throughout the paper. Before 2020, the empirical curves
use the tiered schedule to ask whether a bank’s excess reserves could have absorbed
additional top-tranche required balances. After requirement ratios are set to zero, the same
benchmark becomes a literal comparison of reserve-eligible balances to net transaction
accounts.

The numerator follows the same policy-base logic. Reserve requirements could be satisfied
with vault cash and, if needed, balances at the Federal Reserve (Board of Governors of the
Federal Reserve System 2025a). The main buffer measure uses reserve-eligible balances
rather than Federal Reserve balances alone.? That numerator matches the historical
requirement margin. The rate-margin discussion below uses the remuneration rate on
marginal reserve balances at the Federal Reserve because only those balances earn the
administered reserve rate.

The 2020 regulatory change recasts the benchmark for the zero-requirement period. On
March 15, 2020, the Board reduced all transaction-account reserve requirement ratios to
zero percent effective March 26, 2020, citing the current ample-reserve operating regime
as the reason for the change (Board of Governors of the Federal Reserve System 2020,
2025b).# In the zero-requirement period, a bank below the historical 10% benchmark is
not violating a current legal requirement. It has a thin reserve-eligible balance relative
to the historical policy base. That lower tail is the hollow-buffer object measured in the

figures below.

The Regulation D base still supplies a policy scale even when it no longer generates
required balances. Under the current ample-reserves framework, the base has no legal
requirement attached to it. The empirical exercise uses that base as a regime-contingent
scale for measuring bank-level policy-base buffer capacity.

3The main measure includes vault cash because vault cash was historically eligible to satisfy reserve
requirements. For the zero-requirement period, Table A5 uses balances due from Federal Reserve Banks only.
At the 10% benchmark, the 2024:Q4 below-threshold shares rise modestly from 10.4% to 13.0% of deposits
and from 39.2% to 45.3% of banks.

*Table A4 lists the annual cutoffs used in the sample, and Figures A2 and A3 show that the positive-top-
tranche subsample covers most deposit mass.



Interest on reserves separates the rate margin from the quantity margin. In October 2008,
the Federal Reserve began paying interest on both required and excess reserve balances
(Board of Governors of the Federal Reserve System 2008; Walter and Courtois 2009). From
2008:Q4 through 2020:Q1, reserve balances were remunerated while the Regulation D
schedule still operated. After March 26, 2020, reserve requirement ratios were reduced to
zero while reserve balances continued to earn interest (Board of Governors of the Federal
Reserve System 2025b; Afonso et al. 2022). The empirical analysis follows this institutional
sequence: the Pre-IOR period (2001:Q1-2008:Q3), the IOR period with positive reserve
requirements (2008:Q4-2020:Q1), and the IOR period with zero reserve requirements
(2020:Q2-2024:Q4).

2.2. Retail-franchise sample

The analysis targets commercial banks with material retail deposit franchises. The esti-
mand is the retail-franchise bank population, not the full Call Report universe. The sample
excludes specialist custody, trust, dealer, card, finance-company, broker-platform, and
other monoline institutions because their balance sheets do not represent the same retail
deposit-taking margin.”

The filtered sample contains 134,879 bank-quarter observations for 4,199 unique banks
from 2001:Q1 through 2024:Q4. It covers 77.3% of Call Report assets and 77.6% of deposits
over the full sample, and 80.2% of assets and 79.7% of deposits in 2024:Q4.

2.3. The hollow buffer

Figures 1 and 2 plot deposit-weighted and bank-weighted survival curves across the three
regimes. Before 2020, the survival curves use the historical Regulation D schedule to
measure absorbency relative to alternative top-tranche benchmark rates, holding fixed the
exemption amount and the 3% middle tranche. A bank survives if its excess reserves cover
the required-balance increase implied by the benchmark. After reserve requirements
were set to zero in March 2020, the same threshold is a literal reserve buffer, measured as
reserves relative to net transaction accounts.

In the two pre-2020 regimes, survival equals one at the historical 10% top-tranche rate
because that point reproduces the regulated schedule. Survival at higher benchmark rates
measures slack beyond required balances. The sharp Pre-IOR decline above 10% indicates
little slack, while the flatter IOR-with-requirements curve indicates larger excess-reserve

cushions.

>See Appendix A.1.2 for details. Table A2 compares included and excluded institutions in 2024:Q4.



FIGURE 1. Deposit share surviving reserve-buffer thresholds by regime
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Before 2020, p denotes an alternative top-tranche benchmark rate under the historical tiered schedule,
with the exemption amount and the 3% tranche held fixed. A bank survives if excess reserves cover the
required-balance increase implied by the benchmark. After reserve requirements were set to zero, the same
comparison becomes reserves relative to net transaction accounts.

Once required reserves are zero, the 2020:Q2-2024:Q4 curve becomes the literal reserve-
buffer distribution. In pooled 2020:Q2-2024:Q4 data, about 10.5% of deposits are held at
banks with reserves below the historical 10% benchmark. That lower tail is the hollow
buffer. Aggregate reserves remain high, but a measurable share of the deposit base sits at
banks with thin buffers.

The bank-weighted analogue is broader. In the pooled 2020:Q2-2024:Q4 sample, about
32.4% of banks are below the historical 10% benchmark. The hollow buffer is not a few
deposit-heavy outliers. It is a lower tail by deposit mass and a broad pattern in the bank-
weighted distribution.

This cross-sectional lower tail is distinct from reserve-market segmentation. Segmentation
and trading frictions can slow the movement of reserves from high-buffer institutions to
low-buffer institutions (Copeland, Duffie, and Yang 2024). The hollow-buffer measure is
pre-adjustment. It identifies which banks have thin reserve-eligible balances relative to the
historical policy base before subsequent trading or balance-sheet adjustment. Frictions
may make thin buffers more costly and persistent if a policy shock creates a positive
reserve-balance need.



FIGURE 2. Bank share surviving reserve-buffer thresholds by regime
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Curves report the same survival object as Figure 1, but with equal bank weights rather than deposit
weights. Before 2020, p is an alternative top-tranche benchmark rate under the historical tiered schedule.
After reserve requirements were set to zero, it becomes reserves relative to net transaction accounts.

2.4. Top-tranche sample robustness

The bank-weighted curves could be affected by very small banks whose net transaction
accounts never reached the historical top tranche. Figure 3 repeats the survival exercise for
positive-top-tranche institutions, defined as bank-quarters with net transaction accounts
above the exemption and low reserve tranches. In the zero-requirement period, this
restriction retains 96.4% of deposit mass but only 52.3% of bank-quarters, testing whether
the bank-weighted result is coming from institutions outside the historical top-tranche
base.

At the historical 10% benchmark, the restriction barely changes the result. In the zero-
requirement period, the below-benchmark deposit share is about 10.0% in the positive-
top-tranche subsample, compared with 10.5% in the full filtered sample. The below-
benchmark bank share is about 31.2%, compared with 32.4%. The restriction matters
more at higher benchmark thresholds because it removes many smaller institutions. This
result reinforces the policy-base interpretation as the lower tail remains visible among

institutions for which the historical top-tranche scale is directly meaningful.



FIGURE 3. Historical top-tranche robustness of the survival curves
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Colors denote regulatory regimes. Columns separate the full filtered retail-franchise sample from the
subsample restricted to bank-quarters with positive top-tranche balances, defined as net transaction accounts
above the zero and low reserve tranches. Rows separate deposit-weighted and bank-weighted survival. The
survival object is otherwise unchanged.

2.5. Time variation and breadth

The pooled curves average over a period in which the lower tail changes sharply. Figure 4
keeps 2020:Q1 as the last historical-schedule reference point and then tracks the quarterly
deposit share below 5%, 10%, and 15% reserve-buffer thresholds from 2020:Q2 through
2024:Q4.

The below-threshold deposit share rises after reserve requirements are set to zero, showing
that banks responded to the policy change. There is a broad peak in below-benchmark
shares around 2022 across all three thresholds. The share of deposits below the historical
10% benchmark peaks at 20.3% in 2022:Q3 and remains 10.4% in 2024:Q4. By 2024:Q4, the
below-threshold deposit share is 3.7% at the 5% threshold and 16.4% at the 15% threshold.
The hollow buffer is not a pooled artifact. The lower tail appears in the quarterly path and
across nearby cutoffs.



FIGURE 4. Quarterly share of deposits below reserve-buffer thresholds
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: At 2020:Q1, the 5% and 10% thresholds imply no increase from the historical schedule; the 15% threshold
is an alternative top-tranche benchmark above the historical rate. Later quarters report the share of deposits
held at banks with literal reserve buffers below the indicated threshold.

Figure 5 turns from deposit mass to the bank-weighted lower tail. The bank-weighted
series is broader than the deposit series throughout the zero-requirement period. At
the historical 10% benchmark, the share of banks below the threshold rises to 53.9% in
2022:Q4 and remains 39.2% in 2024:Q4. In the same final quarter, 21.3% of banks are
below 5% and 51.7% are below 15%. Thin buffers are a widespread institutional state, not
only a deposit-weighted tail.

The gap between bank and deposit shares partly reflects the five largest universal banks
in the sample. In 2024:Q4, that group accounts for about 47% of deposits in the filtered
sample and remains above the historical 10% benchmark. Excluding it raises the deposit-
weighted share below the benchmark in 2024:Q4 from 10.4% to 19.6%, while the bank
share is essentially unchanged at 39.5%.

Figure 6 shows the same pattern without relying on threshold shares alone. The median
buffer falls to a zero-requirement-period low of 8.6% in 2022:Q4 and recovers to 14.4%
by 2024:Q4. Even after that rebound, the median bank remains only modestly above the
historical 10% benchmark. By 2024:Q4, the 25th, 50th, and 75th percentiles of the buffer
distribution are roughly 6%, 14%, and 34%. Because required reserves are zero in this
period, these are also the percentiles of reserves relative to net transaction accounts.



FIGURE 5. Quarterly share of banks below reserve-buffer thresholds
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: At 2020:Q1, the 5% and 10% thresholds imply no increase from the historical schedule; the 15% threshold
is an alternative top-tranche benchmark above the historical rate. Later quarters report the share of banks
with literal reserve buffers below the indicated threshold in the filtered retail-franchise sample.

2.6. Who carries thin buffers?
The 2024:Q4 cross-section shows what types of banks carry thin buffers.

Table 1 separates below-benchmark banks from above-benchmark banks in 2024:Q4.
Below-benchmark banks account for 39.2% of retail-franchise banks and 10.4% of sample
deposits, but they do not look weakly capitalized or uninsured-deposit-dependent. Their
median capital/assets ratio is nearly identical to that of above-benchmark banks, and
their median uninsured-deposit share is slightly lower. Asset-side differences are modest,
with median loans/assets and securities/assets ratios about 2.0 and 3.4 percentage points
higher, respectively.

The main difference is liability composition. Below-benchmark banks have a median
transaction-account share of deposits of 42.9%, compared with 29.3% for above-benchmark
banks, and a median demand-deposit share of 26.8%, compared with 20.4%. The lower-
tail deposit share is concentrated among mid-sized, transaction-account-intensive retail-
franchise banks rather than among obviously fragile or systemically dominant institutions.

Figure 7 shows that the size composition of the below-benchmark deposit share changes
over the zero-requirement period. During the 2022 peak, both the $10 billion to $100 billion
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FIGURE 6. Reserve-buffer percentiles
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Series report the 25th, 50th, and 75th percentiles of the bank-level buffer distribution in the filtered
retail-franchise sample. The buffer is excess reserves over net transaction accounts, which in the IOR with
zero reserve requirements period equals reserves over net transaction accounts. The solid line marks the
historical 10% benchmark for comparison.

TABLE 1. Characteristics of below-benchmark and above-benchmark banks, 2024:Q4

Characteristic Above-benchmark banks Below-benchmark banks Difference
Sample deposit share 89.6% 10.4% 79.2 pp
Median assets $2.49B $1.85B -$0.64B
Median deposits $2.09B $1.59B -$0.50B
Capital/assets 10.1% 10.0% -0.1 pp
Loans/assets 70.9% 72.9% 2.0 pp
Securities/assets 15.2% 18.6% 34 pp
Transaction accounts/deposits 29.3% 42.9% 13.6 pp
Demand deposits/deposits 20.4% 26.8% 6.4 pp
Small deposits/deposits 52.9% 55.7% 2.8 pp
Uninsured deposits/deposits 34.7% 32.8% -1.9 pp

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Below-benchmark banks are banks with reserve-eligible balances below 10% of net transaction accounts
in 2024:Q4. Entries are medians unless otherwise indicated. Sample deposit share is the aggregate share of
deposits in the filtered retail-franchise sample held by each group. Difference is below-benchmark minus
above-benchmark. The uninsured-deposit ratio is reported for banks with nonmissing uninsured-deposit
data. Dollar amounts are reported in billions.
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FIGURE 7. Size decomposition of the below-benchmark deposit share, 2020:Q2-2024:Q4
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.
Note: Stacked bars decompose the share of deposits held at banks below the 10% threshold by asset-size bin.
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bin and the above-$100 billion bin account for large shares of below-benchmark deposits.
By 2024:Q4, the below-benchmark deposit share is concentrated in the $10 billion to $100
billion bin, which accounts for 6.2 percentage points of the 10.4% lower-tail deposit share,
with another 3.7 percentage points in the $1 billion to $10 billion bin and 0.4 percentage
point among banks below $1 billion. The hollow buffer is broad across size classes over
time, but the current lower tail is centered on mid-sized institutions.

Thin-buffer status is persistent rather than quarter-to-quarter noise. Among banks ob-
served for at least eight quarters during 2020:Q2-2024:Q4, 30.9% fall below the historical
benchmark in at least half of their observed quarters. Those chronically thin-buffer banks
account for 8.4% of sample deposits in 2024:Q4.° The hollow buffer is persistent for a
substantial subset of banks, not merely a boundary-crossing artifact.

®Table A8 reports the one-quarter transition matrix. Banks in the 0-5% buffer band remain in that band in
76.0% of next-quarter transitions, and banks in the 5-10% band remain below 10% in 69.4% of next-quarter
transitions.
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3. Policy Uses: Incidence and Operating-Regime Diagnostics

The policy-base buffer distribution has two policy uses, distinguished by whether re-
serve requirements are positive or remain at zero. With positive requirements, or under
reinstatement from zero, it locates the bank-level quantity margin for reserve-policy inci-
dence. With zero requirements, it is an operating-regime diagnostic: it identifies where
banks’ own reserve-eligible balances are small relative to the historical policy base, re-
vealing where aggregate reserve abundance is least informative about bank-level reserve
positions.

3.1. Incidence under positive requirements or reinstatement

Reserve requirements were set to zero in March 2020 with explicit reference to an ample-
reserves operating regime in which reserve requirements no longer played a material role
in implementation. That justification ties the case for zero requirements to the persistence
of ample reserves, and the ample-vs-scarce boundary is itself contested. Bowman (2025)
argues for the smallest possible balance sheet and for reserves closer to scarce than
ample, while Miran (2026) treats a return to scarce reserves as possible despite his own
lean toward ample. Neither paper predicts that requirements will be reinstated, but a
shift in the operating regime toward scarcity would weaken the stated rationale for zero
requirements and make reinstatement a relevant object of policy analysis.

With a positive reserve-balance requirement, incidence depends on a rate margin and
a quantity margin. Let D; denote the reserve-policy base for bank i. In the empirical
application, D, is net transaction accounts, the historical Regulation D policy base. Let
R; denote reserve-eligible balances, and let RR;(pg) denote required reserves under the
current requirement schedule. Excess reserves are ER; = R; — RR;(pg). For a positive local

increase in the reserve requirement, Ap > 0, the incremental policy-base gap is
Gap;(Ap) = max{0, ApD; - ER;}. (1)

The observed portfolio is taken as given. The diagnostic asks whether the bank’s existing

excess reserves can absorb the incremental reserve-balance need.”

If Gap;(Ap) > 0, the bank must obtain additional reserve balances or reallocate from a
liquid market asset into reserves at the initial margin. Let the market asset earn iyg, and

"Exact historical Regulation D mechanics are tiered, so a change in the top-tranche rate applies to the
relevant tranche base rather than mechanically to all net transaction accounts. The expression in the text is
the transparent policy-base diagnostic. Appendix C gives a fuller reserve-requirement specialization with
loans, non-negativity constraints, deposit funding costs, and a simple capital requirement.
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let marginal reserve balances earn igg. The first-round profit change is
ATT;(Ap) = — max{imr - irr, 0} Gap;(Ap). (2)

A positive implicit tax requires both conditions. Reserves must earn less than a liquid
market alternative, iy;g > irgr, and the incremental policy-base need must exceed the
bank’s existing excess reserves, ApD; > ER;. Equivalently, the diagnostic implies no positive
implicit tax if

iRR 2 iMR or ApDi < ER;. (3)

After 2020, pg = 0, so ER; = R; and the expression collapses to the reinstatement-from-zero
case. The rate condition is common to reserve-tax and reserve-remuneration models.
The quantity condition is bank-level. Aggregate reserve totals do not settle incidence; the
relevant buffer is the bank’s own reserve position.

The two-condition result organizes the nearby literature. Classic reserve-tax work supplies
the rate-wedge logic: nonremunerated required reserves tax deposit intermediation when
reserves pay less than a close market alternative (Bailey 1956; Friedman 1959; Ahmed 1987;
Feinman 1993). Interest-on-reserves work supplies the rate-neutrality condition: market-
rate remuneration can offset the wedge (Sargent and Wallace 1985; Goodfriend 2002).
Kashyap and Stein (2012) show that interest on reserves can serve as a distinct monetary
instrument alongside the target policy rate, which refines the rate condition without
altering the quantity condition. Flat reserve-demand arguments (Ennis and Keister 2008)
describe the case where the quantity condition does not bind because banks already hold
sufficient reserves. The quantity margin determines which banks would face a balance-
sheet adjustment when the rate condition binds. Reserve-market segmentation and trading
frictions complement that margin because they shape adjustment costs after a bank enters
with a thin buffer (Copeland, Duffie, and Yang 2024).

The rate margin is empirical as well. A direct benchmark asks whether the administered
reserve rate falls below a close safe outside return. I define the market premium as
iMR — IRR, measuring iysg with the 1-month Treasury constant-maturity yield and igg with
the rate paid on reserve balances. The Treasury yield provides a transparent, observable,
short-duration outside-asset benchmark.® Figure 8 plots the market premium. Before

8 Appendix B.2 reports robustness diagnostics using the three-month Treasury constant-maturity yield
and Secured Overnight Financing Rate (SOFR). I use the one-month Treasury constant-maturity yield as the
preferred market-rate measure because it is a safe, observable, short-duration alternative available over
the full sample and is less exposed than the three-month yield to term and expectations premia. SOFR
is informative for the ample-reserves period, but as an overnight secured funding rate closely linked to
floor-system implementation and available only from 2018, it is less comparable to the full-sample Treasury
benchmark. Collectively, the alternative-rate diagnostics support the same qualitative conclusion: common
short-rate benchmarks can sit above the administered reserve rate in the ample-reserves era.
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2008, the spread was persistently positive, consistent with a nonremunerated reserve tax.
After IOR began in October 2008, the spread moved close to zero or below zero for most of
the post-IOR period, so the rate-neutrality condition generally held under this benchmark.
Beginning in 2023, the Treasury spread becomes positive at many dates, showing that the
benchmark wedge can reopen in the current ample-reserves regime.

FIGURE 8. Market rate spread (1-month Treasury constant-maturity yield minus reserve
rate)
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Source: FRED Treasury yields and Board reserve-remuneration series; details in Appendix A.1.1.

Note: Red segments mark dates when the one-month Treasury constant-maturity yield exceeds the reserve
rate; green segments mark dates when the spread is nonpositive. Vertical lines mark October 9, 2008 (interest
on reserves (IOR) introduced) and March 26, 2020 (reserve requirement set to zero).

The Treasury spread remains a rate-margin diagnostic. It shows when administered
reserve remuneration falls below a transparent safe-asset benchmark. It does not identify
bank-specific outside options, deposit-rate pass-through, or realized reserve-tax incidence.

The policy takeaway is joint. Reserve-tax and reserve-remuneration debates need the rate
wedge and the bank-level quantity distribution. Remunerating reserves at a market rate
can neutralize the rate margin. The buffer distribution locates the banks for which the
quantity margin would otherwise bind.

3.2. Operating-regime diagnostics under zero requirements

When reserve requirements remain at zero, the buffer distribution is not an incidence
measure but an operating-regime diagnostic. Thin buffers under zero reserve require-
ments are not a measure of current legal exposure; rather, they identify where banks’
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own reserve-eligible balances are small even though aggregate reserves are large. That is
where an ample aggregate is least informative about bank-level positions, which matters
for live policy questions about balance-sheet size, reserve-demand-reducing policies, and
reserve remuneration (Anderson et al. 2026; Duffie 2026; Duygan-Bump and Kahn 2026;
Logan 2026).

This diagnostic does not predict that balance-sheet runoff will map mechanically into net
transaction accounts; reserve losses and reserve-demand shocks need not be proportional
to the historical policy base. The point is narrower: a bank with thin reserve-eligible
balances relative to its policy base has less own-balance-sheet capacity at the margin
where reserve-policy changes would act first.

The diagnostic also differs from reserve concentration and complements work on ef-
fective scarcity in reserve markets. Reserve concentration asks how clustered reserves
are in the system. The policy-base buffer distribution asks where reserve balances are
small relative to the historical policy base. Wong and Zhang (2025) show that reserve
concentration has changed over time, with different patterns for naive and asset-weighted
concentration. Copeland, Duffie, and Yang (2024) study how money-market frictions, repo
activity, payment timing, and limits to arbitrage can make reserves effectively scarce for
some institutions even when aggregate reserves are high. Those mechanisms concern
post-shock reallocation. The policy-base buffer is pre-adjustment. It shows where banks
enter with limited reserve-eligible balances relative to the historical policy base.

These boundaries keep the measure tied to its object. The policy-base buffer is narrower
than a general liquidity, run-risk, payment, or regulatory-capital metric. It captures bank-
level capacity at the historical reserve-policy margin and nothing more.

4. Conclusion

Systemwide reserve abundance does not show whether individual banks hold large reserve
balances. Using Call Report data for retail-franchise banks, I measure reserve-eligible
balances relative to net transaction accounts, the historical Regulation D policy base. In
2024:Q4, 39.2% of banks, holding 10.4% of sample deposits, lie below the historical 10%
reserve benchmark.

The lower tail matters in two settings. With positive reserve requirements, the buffer
distribution identifies the bank-level quantity margin for reserve-policy incidence. With
zero reserve requirements, the buffer distribution is an operating-regime diagnostic for
where aggregate reserve totals reveal least about bank-level policy-base capacity.
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Thin buffers are broad by bank count but smaller by deposit mass because the largest
universal banks remain above the benchmark. The current lower tail is centered on
mid-sized, transaction-account-intensive retail-franchise banks rather than on weakly
capitalized banks or the largest universal banks. Aggregate reserve supply and the reserve
positions of the largest banks are therefore insufficient guides to policy-base incidence.

Declaration of generative Al and AlI-assisted technologies in the writing process

During the preparation of this work, the author used OpenAI’s ChatGPT and Anthropic’s
Claude to brainstorm ideas, edit code, and copyedit prose. The author reviewed and edited
the Al-assisted content and takes full responsibility for the published article.
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Appendix

The appendix is organized in three parts. Appendix A describes the aggregate and Call
Report data, the retail-franchise sample, and the reserve-buffer measurement. Appendix B
reports supplementary empirical diagnostics. Appendix C derives a reserve-requirement
specialization with loans and capital requirements.

Appendix A. Data and Measurement

A.1. Data sources

Aggregate series come from the Federal Reserve Bank of St. Louis (FRED). Bank-level
figures and tables use Federal Financial Institutions Examination Council (FFIEC) Re-
ports of Condition and Income (Call Reports). The reserve-requirement thresholds use
Board of Governors materials on Regulation D reserve requirements and reserve-balance
maintenance (Board of Governors of the Federal Reserve System 2025b,a).

A.1.1. FRED data

TABLE Al. Aggregate data from FRED

Series FRED ID

1 month Treasury Rate DGSIMO

3 month Treasury Rate DGS3MO
Secured Overnight Financing Rate  SOFR
Demand Deposits WDDNS
Excess Reserves EXCSRESNW
Total Reserves TOTRESNS
Interest on Required Reserves IORR
Interest on Reserve Balances IORB

Source: Federal Reserve Bank of St. Louis FRED.
Note: The table lists the aggregate series used for market-rate, reserve, and demand-deposit diagnostics.

A.1.2. Call Report microdata

I construct a quarterly panel of U.S. commercial banks from 2001:Q1 through 2024:Q4
using Call Report microdata. The raw files are published each quarter by the FFIEC and
are publicly available through the Central Data Repository (https://cdr.ffiec.gov).
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A.2. Sample construction
A.2.1. Retail bank sample selection

The analysis uses a retail-franchise sample rather than the full Call Report universe.
The target population is commercial banks with material transaction-deposit or small-
deposit franchises, including mixed banks when they also have a material retail footprint.
The incidence population follows the reserve-policy base, which is tied to transaction
accounts. Specialist custody, trust, dealer, card, finance-company, broker-platform, and
other monoline institutions can report bank balance sheets without representing that
deposit-taking margin.

Before applying the retail screen, I use bank-quarters with nonmissing reserve and net-
transaction-account measures and nonnegative constructed buffers. The final analysis
sample also requires positive net transaction accounts and positive deposits. The filter
first identifies banks with a retail deposit footprint, then removes specialist institutions,
then re-admits mixed banks only when their retail footprint is material and persistent.
The retail-franchise filter has eight steps.

Retail footprint. A bank-quarter has a retail footprint if the bank reports at least 1,000
small accounts or if small deposits account for at least 30% of total deposits. Banks meeting
this screen are retained unless a later specialist exclusion applies.

Weak-footprint exclusions. Among bank-quarters without a retail footprint, I drop insti-
tutions with trust activity, custody activity, International Banking Facility activity, or a
dealer-like balance sheet unless the bank also has a moderate retail signal. A moderate
retail signal is a small-deposit share of at least 25%, a transaction-account-to-asset ratio
of at least 5%, or at least 50,000 small accounts combined with a small-deposit share of
at least 15%. I also drop banks that, for two consecutive quarters, have reserve-eligible
balances no greater than 0.1% of assets, transaction accounts no greater than 0.2% of
assets, and either a small-deposit share no greater than 10%, no more than 200 small
accounts, or missing small-deposit information.

Name-based specialist exclusions. I exclude known specialist institutions even when they
report some retail-like balances. The name screens cover custody and trust specialists,
securities-dealer banks, card banks, finance-company banks, broker-platform banks,
brokerage banks, private-client banks, and similar named specialist institutions, including
entities such as Bank of New York Mellon, Northern Trust, Goldman Sachs, Morgan Stanley,
Discover, BMW Bank, Toyota Financial, GE Capital, MetLife, and Sallie Mae.

Specialist trust/custody screen. 1also exclude bank-quarters that combine trust and custody
activity with weak retail shares. This screen applies when the small-deposit share is
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missing or below 25% and the bank either has a nonmanaged-custody-to-assets ratio of at
least 20, meaning custody balances at least twenty times reported assets, or has a missing
or below-5% transaction-account-to-asset ratio. A related hard screen removes trust or
custody banks that otherwise pass the retail-footprint test but report negligible reserve-
eligible balances, negligible transaction accounts, and little or missing small-deposit

evidence.

Borderline retail rescue. A bank-quarter not otherwise classified is retained if it shows a
material retail balance-sheet footprint. The threshold is transaction accounts of at least
2% of assets or small time deposits of at least 20% of total deposits.

Mixed-bank inclusion. Mixed banks are banks with trust, custody, IBF, or trading activity.
A mixed bank is retained if it is not hard-dropped as a specialist institution and it has a
material retail presence through the retail-footprint screen, the borderline rescue rule,
a small-deposit share of at least 20%, or a transaction-account-to-asset ratio of at least
2%. This rule retains banks that combine mixed activities with a genuine retail deposit
franchise; it does not re-admit specialist trust or custody institutions with only incidental
retail balances.

Extra custody drop. 1 exclude banks that ever combine trust or custody activity with no
material branch-based retail presence. The screen applies when transaction accounts are
no greater than 0.2% of assets, small accounts are no more than 200 or missing, small
deposits are no more than 10% of deposits or missing, and reserve-eligible balances are
no greater than 0.1% of assets.

Permanence rule. After constructing the quarter-specific classification, I keep a bank in
the baseline only if it passes the screen in every observed quarter. Once a bank fails the
retail-franchise screen, it is excluded from the baseline in all quarters. The permanence
rule targets stable retail-franchise institutions rather than banks that temporarily pass

the screen because of reporting noise or transient balance-sheet composition.

A.2.2. Coverage and representativeness

Over 2001:Q1-2024:Q4, the filter retains banks with a material retail deposit franchise
while excluding specialist custody, trust, dealer, and platform institutions, yielding 134,879
bank-quarters across 4,199 banks in the baseline sample. In 2024:Q4, the sample covers
80.2% of Call Report assets, 79.7% of Call Report deposits, and 75.1% of Call Report reserves.
Figure Al reports the sample’s coverage over time.
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FIGURE Al. Retail-franchise sample coverage of the Call Report universe
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Source: Author calculations from Call Report microdata; details in Appendix A.1.2.
Note: Series report the asset, deposit, and reserve shares of the filtered retail-franchise sample relative to the
full Call Report universe.

TABLE A2. Included and excluded Call Report institutions, 2024:Q4

Characteristic Retail-franchise sample  Excluded institutions
Share of Call Report assets 80.2% 19.8%
Share of Call Report deposits 79.7% 20.3%
Share of Call Report reserves 75.1% 24.9%
Median assets $2.23B $0.27B
Median deposits $1.84B $0.23B
Reserve-eligible balances/NTA 14.4% 52.6%
Capital/assets 10.1% 10.8%
Transaction accounts/assets 30.6% 33.7%
Small deposits/deposits 54.2% 61.0%

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Entries are 2024:Q4 cross-sectional medians unless a row is labeled as a share of the Call Report uni-
verse. Reserve-eligible balances equal Federal Reserve balances plus currency and coin. NTA denotes net
transaction accounts.

A.2.3. Sample-definition robustness

Sample-definition checks leave the 2024:Q4 below-10% deposit share stable except when
the estimand is narrowed to pure retail banks. Classifying banks quarter by quarter
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removes the permanence rule and slightly raises deposit coverage from 79.7% to 82.4%,
but the deposit share below the 10% threshold moves only from 10.4% to 10.3%. The
treatment of mixed banks has similarly little effect on the baseline below-threshold share.
A mixed-bank add-back changes the below-10% share only to 10.6%. By contrast, a pure-
retail-only sample covers just 12.5% of deposits and raises the below-10% share to 27.6%.
The baseline estimand remains materially broader than a narrow pure-retail sample.

TABLE A3. Sample-definition robustness in 2024:Q4

Sample Asset share Deposit share Reserve share Deposits below 5%  Deposits below 10%  Deposits below 15%
Baseline (permanent) 80.2% 79.7% 75.1% 3.7% 10.4% 16.4%
Quarter-specific 82.7% 82.4% 79.8% 3.8% 10.3% 16.5%
Mixed-bank add-back 80.9% 80.4% 75.9% 3.9% 10.6% 16.9%
Pure retail only 11.1% 12.5% 9.5% 9.2% 27.6% 35.9%

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: The baseline sample applies the full retail-franchise screen with the permanence rule. The quarter-
specific variant classifies each bank-quarter on its own terms, removing the permanence rule. The mixed-bank
add-back retains mixed banks whenever the quarter shows a material retail presence. The pure-retail-only
variant excludes all mixed banks. Threshold columns report deposit-weighted shares below the 5%, 10%, and
15% comparison thresholds in 2024:Q4.

A.3. Reserve-buffer measurement
A.3.1. Reserve-requirement construction

For each bank-quarter, I measure reserve-eligible balances as the sum of the Call Report
items “balances due from Federal Reserve Banks” and “currency and coin.” The measure
matches the historical requirement calculation because reserve requirements could be
satisfied with vault cash and, if needed, balances at the Federal Reserve. Net transaction
accounts are transaction accounts less balances due from depository institutions and cash
items in process of collection. Required reserves are calculated by applying the Regulation
D schedule to net transaction accounts using the annually indexed exemption amount and
low reserve tranche reported by the Board (Board of Governors of the Federal Reserve

System 2025b,a). Excess reserves are reserve-eligible balances minus required reserves.

In the zero-requirement period, the literal buffer is excess reserves divided by net trans-
action accounts. Before 2020, the baseline survival figures use the same ingredients inside
the tiered-schedule absorbency exercise described in Appendix A.3.3. After March 26, 2020,
reserve requirements are zero, so the literal buffer reduces to reserve-eligible balances
divided by net transaction accounts.

23



A.3.2. Indexed exemption and low reserve tranche amounts

Table A4 reports the annual exemption and low-tranche amounts used to map the historical
Regulation D schedule into each quarter of the sample.

A.3.3. Historical schedule interpretation in the survival curves

The pre-2020 survival figures are not literal thresholds on excess reserves divided by
net transaction accounts. Before 2020, the exercise keeps the historical tiered reserve
schedule intact and varies only the top-tranche reserve ratio. Let t;, ¢, and t3 denote net
transaction-account balances in the exempt tranche, the 3% tranche, and the top tranche.
Writing RR(p) for required reserves under top-tranche reserve ratio p, the historical
required-reserve schedule is

RR(p)=0-1+0.03 -t + p - 3.

In the pre-2020 sample, the historical schedule uses p = 10%. The survival exercise re-
places that top-tranche rate with an alternative benchmark rate p while holding fixed the
exemption amount and the 3% tranche. A bank survives when its excess reserves, denoted

by ER, cover the required-balance increase implied by the benchmark:
ER > RR(p) - RR(10%).

In the pre-2020 curves, survival equals one at p = 10 because that point reproduces the
historical schedule. A value such as p = 20 means that the bank can absorb an additional
10 percentage points on top-tranche balances, not that excess reserves equal 20% of net
transaction accounts. After March 26, 2020, reserve requirements are zero, so the same
threshold-survival object collapses to a literal comparison of reserves with net transaction

accounts.

A.3.4. Banks and deposits with positive top-tranche balances

The deposit and bank shares above the low-tranche cutoff show how much of the sample
was directly exposed to the top-tranche scale.

I measure top-tranche exposure as net transaction accounts in excess of the low reserve
tranche cutoff. In the pooled Pre-IOR sample, about 92.5% of deposits and about 55.4% of
bank-quarters are at institutions with positive top-tranche balances. The same indicator
underlies the positive-top-tranche robustness check in Figure 3. Banks that actually face
the top tranche drive the pre-2020 survival curves, even though top-tranche exposure is
much broader by deposit mass than in the bank-weighted distribution.

24



FIGURE A2. Deposit share at banks above the low reserve tranche
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Series report the share of deposits held at banks with net transaction accounts above the low reserve
tranche. The indicator is constructed using whether net transaction accounts exceed the low-tranche cutoff,
so it remains defined in the zero-requirement period even though the stored top-tranche-balance field be-
comes mechanically zero once reserve requirements are zero.
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TABLE A4. Reserve requirement thresholds used in the sample period

Effective date Exemption Low tranche Effective date Exemption Low tranche

2000-12-28 5.5 42.8 2012-12-27 12.4 79.5

2001-12-27 5.7 41.3 2014-01-23 13.3 89.0

2002-12-26 6.0 42.1 2015-01-22 14.5 103.6
2003-12-25 6.6 454 2016-01-21 15.2 110.2
2004-12-23 7.0 47.6 2017-01-19 15.5 115.1
2005-12-22 7.8 48.3 2018-01-18 16.0 122.3
2006-12-21 8.5 45.8 2019-01-17 16.3 124.2
2007-12-20 9.3 43.9 2020-01-16 16.9 127.5
2009-01-01 10.3 444 2021-01-14 21.1 182.9
2009-12-31 10.7 55.2 2022-01-01 324 640.6
2010-12-30 10.7 58.8 2023-01-01 36.1 691.7
2011-12-29 11.5 71.0 2024-01-01 36.1 644.0

Source: Board Regulation D reserve-requirement materials; see Board of Governors of the Federal Reserve
System (2025b,a).

Note: Dollar amounts are in millions of U.S. dollars. Prior to March 26, 2020, a 0% reserve requirement
applied up to the exemption amount, a 3% requirement applied between the exemption amount and the low
reserve tranche, and a 10% requirement applied above the low reserve tranche. After March 26, 2020, reserve
requirement ratios are zero, but the indexed thresholds remain relevant for the historical positive-top-tranche
classification used in the paper’s diagnostics through the end of the 2024 sample.

FIGURE A3. Bank share at banks above the low reserve tranche
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Series report the share of banks with net transaction accounts above the low reserve tranche, using
the same historical indicator as Figure A2. Deposit exposure to the top tranche is much broader than bank-
weighted exposure throughout the sample.
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Appendix B. Supplementary Empirical Diagnostics

The supplementary diagnostics test whether the lower-tail result depends on the aggre-
gate denominator, the market-rate benchmark, the weighting base, vault cash, timing,
concentration, or quarter-to-quarter movement across buffer bands.

B.1. Same-denominator aggregate vs sample diagnostic

Aggregate reserve balances are often reported as a share of deposits. At date ¢, define the
systemwide demand-deposit buffer as

R
Buffer; = —, (B1)
DD;

with R; denoting total reserves and DD; denoting demand deposits. The demand-deposit
buffer is not the Regulation D incidence base. It uses the same denominator to compare
aggregate reserve quantities with demand-deposit balances.

FIGURE A4. Demand-deposit diagnostic for retail-franchise sample and systemwide
aggregate
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Source: Author calculations from FRED aggregate series and Call Report microdata; details in Appendices A.1.1
and A.1.2.

Note: Both series use total reserves over demand deposits throughout. This comparison differs from the pre-
2020 aggregate-buffer series, which uses excess reserves before March 26, 2020. After reserve requirements
were set to zero, the aggregate measures coincide.
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Figure A4 compares total reserves over demand deposits in the retail-franchise sample
with the systemwide aggregate. The aggregate series explains why reserve policy can
look neutral when viewed only through systemwide quantities. Prior to 2008, the buffer
was close to zero, so any increase in requirements would have bound immediately at the
systemwide level. The buffer rose sharply with quantitative easing and remained elevated
thereafter. By 2024:Q4, reserves were about 57% of demand deposits, so the systemwide
quantity margin looked slack under this benchmark. That aggregate benchmark does not
show whether similar reserve cushions are held by banks with retail deposit franchises.

In 2024:Q4, total reserves equal 31.5% of demand deposits within the retail-franchise
sample. Among retail banks with positive demand deposits, 79.9% lie below the 57.2%
benchmark, and those banks account for 92.5% of sample demand deposits. The retail-
franchise cross-section looks much thinner than the systemwide aggregate even before
moving to the reserve-requirement base. The demand-deposit comparison supports the
aggregation concern, but it remains a diagnostic because demand deposits are not the
historical Regulation D denominator.

B.2. Alternative rate-margin diagnostics

Figures A5 and A6 repeat the market-premium figure using the three-month Treasury
constant-maturity yield and SOFR. The alternative-rate comparisons are robustness diag-
nostics, not substitutes for the one-month Treasury benchmark. The three-month Treasury
series adds term and expectations premia relative to the one-month Treasury comparison.
SOFR is an overnight secured funding rate closely linked to the floor-system operating
environment and is available only beginning in 2018. With those cautions, the diagnostics

point in the same direction. The rate condition can activate in the ample-reserves era.
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FIGURE A5. Market rate spread (3-month Treasury constant-maturity yield minus reserve
rate)
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Source: FRED Treasury yields and Board reserve-remuneration series; details in Appendix A.1.1.
Note: Red segments mark positive spreads and teal segments mark nonpositive spreads. Vertical lines mark
October 9, 2008 (IOR introduced) and March 26, 2020 (reserve requirement set to zero).

FIGURE A6. Market rate spread (SOFR minus reserve rate)
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Source: FRED SOFR and Board reserve-remuneration series; details in Appendix A.1.1.
Note: Red segments mark positive spreads and teal segments mark nonpositive spreads. The visible vertical
line marks March 26, 2020 (reserve requirement set to zero). SOFR is available beginning in 2018.
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B.3. Weighting and reserve-base robustness

Deposit weights measure how much of the deposit base is housed at thin-buffer banks.
Figure A7 reports the transaction-account-weighted version of the same exercise as a
reserve-base robustness check. Before 2020, this remains the tiered-schedule comparison
described in Appendix A.3.3. In the zero-requirement period, it becomes a literal reserve-
base threshold. The qualitative pattern is unchanged, although the below-threshold shares
are larger because transaction accounts are more concentrated at thin-buffer banks. In
2024:Q4, the transaction-account-weighted share below the 10% benchmark is 13.4%,
compared with 10.4% using deposit weights.

FIGURE A7. Transaction-account-weighted survival by regime
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Curves weight banks by net transaction accounts rather than by total deposits. Before 2020, p is an
alternative top-tranche benchmark rate under the historical tiered schedule. After 2020:Q1, the same com-
parison coincides with reserves relative to net transaction accounts. In the 2020:Q2-2024:Q4 pooled sample,

this weighting yields larger below-threshold shares because transaction accounts are more concentrated at
thin-buffer banks.

B.4. Federal Reserve balances only

The baseline measure uses reserve-eligible balances, defined as Federal Reserve bal-
ances plus currency and coin, because both were historically eligible to satisfy reserve
requirements. For the zero-requirement period, Table A5 repeats the 2024:Q4 threshold
exercise using only balances due from Federal Reserve Banks. The comparison separates
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the historical requirement-eligibility concept from the remuneration concept, as IORB
applies to reserve balances rather than vault cash.

TABLE A5. Federal Reserve balances only robustness, 2024:Q4

Threshold Eligible-balance bank share  Eligible-balance deposit share =~ Fed-balance bank share  Fed-balance deposit share

5% 21.3% 3.7% 28.8% 5.0%
10% 39.2% 10.4% 45.3% 13.0%
15% 51.7% 16.4% 55.8% 19.4%

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Eligible-balance shares use Federal Reserve balances plus currency and coin. Fed-balance shares use
only balances due from Federal Reserve Banks. Entries report bank and deposit shares below each threshold
in the filtered retail-franchise sample.

Excluding vault cash raises the below-threshold shares modestly but leaves the substantive
pattern unchanged. At the historical 10% benchmark, the 2024:Q4 deposit share below
the threshold rises from 10.4% to 13.0%, and the bank share rises from 39.2% to 45.3%.

B.5. Buffer decomposition for 2020:Q2-2024:Q4

Table A6 reports accounting movements in reserve-eligible balances, Federal Reserve
balances, vault cash, net transaction accounts, and total deposits during 2020:Q2-2024:Q4.
The sharp widening from 2020:Q2 to 2022:Q4 reflects both sides of the ratio. Reserve-
eligible balances fall while net transaction accounts rise sharply. The partial rebound
from 2022:Q4 to 2024:Q4 is driven mainly by a recovery in reserve balances and a smaller
increase in net transaction accounts.

TABLE A6. Accounting for buffer shifts, 2020:Q2-2024:Q4

Period Reserves Fed balances Vault cash NTA Deposits P25buffer Median buffer P75 buffer
2020:Q2-2022:Q4  -$392.3B -$390.4B -$19B  $2,214.3B  $1,855.1B -12.5 pp 299 pp -64.6 pp
2022:Q4-2024:Q4  $223.6B $222.8B $0.8B  $2369B  -$20.9B 2.6 pp 5.8 pp 71pp

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Level variables report aggregate changes in billions of dollars within the filtered retail-franchise sample.
Buffer columns report changes in percentage points in the bank-level reserve-buffer distribution. Reserves
are reserve-eligible balances, equal to Federal Reserve balances plus currency and coin. The level columns
and buffer-percentile columns are accounting summaries, not additive contributions to percentile changes.

B.6. Quarterly lower-tail path

Pooling 2020:Q2-2024:Q4 can obscure when the lower tail emerged. Figures A8 and A9
report the full quarterly series for the main thresholds using deposit and bank weights.
The figures make the timing visible directly rather than leaving it to be inferred from a
pooled zero-requirement-period average.
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FIGURE A8. Quarterly deposit share at thin-buffer banks, full sample
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Series report the share of deposits held at banks below the 5%, 10%, and 15% thresholds for the full
quarterly sample. Before 2020, those thresholds correspond to alternative top-tranche benchmark rates under
the historical tiered schedule. In the zero-requirement period, they correspond to literal reserves relative to
net transaction accounts.
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FIGURE A9. Quarterly bank share at thin-buffer banks, full sample
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Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Series report the share of banks below the 5%, 10%, and 15% thresholds for the full quarterly sample.
Before 2020, those thresholds correspond to alternative top-tranche benchmark rates under the historical
tiered schedule. In the zero-requirement period, they correspond to literal reserves relative to net transaction
accounts.
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B.7. Breadth, concentration, and large-bank exclusion

A deposit-weighted lower tail need not be broad in the bank-weighted distribution. In
2024:Q4, however, about 39.2% of retail-franchise banks are below the 10% threshold even
though they account for only 10.4% of deposits.

The below-threshold deposit distribution is concentrated, but it is not reducible to a single
institution. Within the below-10% group, the 10 largest banks account for about 31.8% of
below-threshold deposits and the 25 largest banks account for about 49.8%.

Excluding the five largest institutions—JPMorgan Chase Bank, Bank of America, Wells
Fargo Bank, Citibank, and U.S. Bank—raises the 2024:Q4 deposit-weighted share below the
10% threshold from 10.4% to 19.6%, while the corresponding bank share remains 39.5%.
The hollow buffer is neither fully diffuse nor concentrated in the largest universal banks.

Table A7 adds a descriptive comparison across the lower tail, the middle of the buffer
distribution, and the upper tail. The table is a descriptive check rather than a new upper-
tail exercise. It shows that above-80% banks are a smaller group than the middle band
and have low transaction-account intensity, while the below-10% group has the highest

transaction-account intensity among the three groups.

TABLE A7. Bank characteristics by reserve-buffer band, 2024:Q4

Characteristic Below 10% 10-80% Above 80%
Sample deposit share 10.4% 81.4% 8.2%
Median assets $1.85B $2.46B $2.87B
Median deposits $1.59B $2.09B $2.36B
Capital/assets 10.0% 10.1% 10.5%
Loans/assets 72.9% 71.3% 69.2%
Securities/assets 18.6% 15.5% 13.4%
Transaction accounts/deposits 42.9% 32.7% 9.3%
Demand deposits/deposits 26.8% 22.4% 6.9%
Small deposits/deposits 55.7% 52.5% 55.3%
Uninsured deposits/deposits 32.8% 35.4% 27.3%

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Bands are defined by reserve-eligible balances divided by net transaction accounts in 2024:Q4. Entries
are medians unless otherwise indicated. Sample deposit share is the aggregate share of deposits in the filtered
retail-franchise sample held by each band. Dollar amounts are reported in billions.

B.8. Transition dynamics

If thin-buffer status were only quarter-to-quarter noise, banks would move freely across
reserve-buffer bands. Table A8 shows more persistence than that.
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TABLE A8. One-quarter transition matrix for reserve-buffer bands, 2020:Q2-2024:Q4

Current quarter band  0-5%  5-10% 10-15%  15%+

0-5% 76.0%  14.9% 4.4% 4.6%
5-10% 23.6%  45.8% 16.8% 13.9%
10-15% 104%  23.7% 32.6%  33.3%
15%+ 1.8% 4.2% 7.1% 86.9%

Source: Author calculations from Call Report microdata and Board Regulation D materials; details in Appen-
dices A.1.2 and A.3.1.

Note: Entries report row shares for consecutive observed quarters from 2020:Q2 through 2024:Q4. Bands are
defined by reserves relative to net transaction accounts. Each row sums to 100%, so the table shows where a
bank in a given reserve-buffer band this quarter appears in the next observed quarter.

Banks in the 0-5% band remain there 76.0% of the time in the next observed quarter, and

banks in the 15%+ band remain there 86.9% of the time. The lowest bands are not frozen,

but the lower tail is not a transitory boundary-crossing artifact either.

35



Appendix C. Reserve-Requirement Specialization with Loans and Capital Re-
quirements

This appendix derives the positive-requirement incidence case used in Section 3. Adding
loans, deposit funding costs, non-negativity constraints, and a simple capital requirement
leaves the local two-margin incidence condition unchanged. The derivation supports the
positive-requirement incidence diagnostic, not the zero-requirement operating-regime
diagnostic.

C.1. Environment

The bank funds itself with deposits D and equity E. In this specialization, D is also the policy
base, following conventional reserve-requirement notation. In the empirical application,
the relevant policy base is net transaction accounts. The bank allocates assets across
reserves R, aliquid market instrument B, and loans L. Reserves earn igg, the market asset
earns iysg, and loans earn iy, but require expenditures described by a convex cost function
¢(L). Marginal cost is positive and increasing, with ¢’(L) > 0 and ¢/(L) > 0. The balance
sheet satisfies

R+B+L=D+E. (C2)

I also impose R > 0, B > 0, and L > 0. Deposits pay interest ip, which affects the level of

profits but does not influence the margins relevant for reserve-requirement incidence.

A reserve requirement with statutory reserve requirement ratio p imposes
R>pD, (C3)
and excess reserves are defined as
ER=R-pD. (C4)
To incorporate a simple form of prudential regulation, I assume that loans must satisfy
L<k(D+E), (C5)

where k € (0,1) summarizes risk weights and the required capital ratio.
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C.2. Profits and the local loan margin

The bank’s static profit function is
IT=1igrR+ iyrB+ i L - c(L) —ipD, (Co)
subject to the constraints above. Substituting B = D + E — R - L into (C6) yields

M= (iRR - iMR)R + (lL - iMR)L - C(L) + iMR(D + E) —ipD. (C7)

The last two terms are constant with respect to (R, L) and irrelevant for the incidence of
changes in p.

Because profits are linear in (R, B), this static objective does not pin down an interior
split between reserves and the market asset. The observed feasible portfolio (R, B, L) and
the associated excess reserves ER are taken as given, and the optimization characterizes

whether the loan margin is locally interior or capital constrained.

When the capital requirement (C5) is slack, the optimal loan volume L* solves
(i - imr) - ¢'(L*) = 0. (C8)

If the requirement binds, then L* = k(D + E). In either case, for the first-round changes in
p considered below, the relevant adjustment margin is between R and B while L remains
fixed.

C.3. Reserve requirements and the effect of increasing p

Consider an increase in the reserve requirement from p to p + Ap, with Ap > 0 and with D
and E fixed. This is the positive-requirement incidence case from the main text, not the
zero-requirement diagnostic use. The new requirement adds Ap - D of required reserves.
The bank first uses its existing excess reserves. For changes that can be absorbed on
the liquid-asset margin without violating B > 0 or making the capital requirement newly
binding, the change in reserves is

AR = max{0, Ap-D - ER}. (C9)

On that margin, the bank absorbs the first-round change in p by changing market-asset
holdings, AB, while holding loans fixed, AL = 0:

AB=-AR,  AL=0. (C10)
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This adjustment holds so long as the capital requirement does not become newly binding at
the margin. Under this condition, the incidence of the reserve requirement is determined
entirely by the relative return of reserves and the size of the excess-reserve buffer.

A requirement-induced reallocation from B to R changes profits by AIT.
ATT = (igr — iMR)AR = (igg — imr) max{0, Ap-D — ER}. (C11)

Define the average implicit tax on the newly required reserves as

_ AlT . .
T(Ap) = “Ap D = (ipmRr — LRR)maX{O, 1- m} . (C12)

C.4. Tax neutrality in the specialization

The max term in (C12) is nonnegative and equals zero exactly when Ap - D < ER. The same

two-condition neutrality result follows in the specialization:
iRr > iR Or Ap-D<ER. (C13)

If igg > ipmR, reallocating into reserves is not costly at the margin. If i < ipsg, the average
tax is positive exactly when the incremental reserve-balance need exceeds the bank’s
excess reserves. This argument holds so long as the capital requirement (C5) does not
become newly binding and the bank can adjust on the liquid-asset margin for the change
under consideration.

The specialization leaves the positive-requirement two-margin incidence condition un-
changed. Loans and capital regulation shape the balance sheet in levels, but the first-round
incidence of changes in p continues to operate through the wedge between reserve re-
muneration and the liquid outside asset, together with the size of the existing buffer. The
zero-requirement diagnostic use is separate.
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