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Abstract. We examine the longer-term effects of the Paycheck Protection Pro-
gram (PPP) and the PPP Liquidity Facility (PPPLF) on small business (SME)
lending using bank-level Call Report data. To identify a causal impact, we in-
strument for PPP and PPPLF lending based on pre-existing relationships with the
Small Business Administration and the Federal Reserve discount window. Elevated
bank participation in both programs is associated with a substantial increase in
average SME lending growth lasting long after bank exposures to PPP loans had
been largely eliminated. We do observe some retrenchment in SME lending expo-
sure at sample-end associated with earlier PPP-related lending expansion, but the
net long-term impact on SME lending remains positive. Splitting samples by size,
PPP participation persistently increased SME lending by large and small banks,
but persistent PPPLF program effects were limited to small banks. Our results sug-
gest that participation in the PPP and PPPLF programs fostered persistent SME
banking relationships, despite the reduced incentives for forming such relationships
under government lending guarantees.
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I. Introduction

The Paycheck Protection Program (PPP) was created by the U.S. Congress to assist
small businesses during the COVID-19 pandemic in retaining employees and covering
their expenses. Small businesses (SMEs) had greater exposure to disruptions from
pandemic-related lockdowns due to their prevalence in service sectors, including retail
and food services (Bowman (2020)). The program was administered by the Small
Business Administration (SBA) and allowed qualified SMEs to obtain “forgivable"
loans from commercial banks and other financial institutions. To encourage com-
mercial banks to participate in the PPP program, the Federal Reserve established
the Paycheck Protection Program Liquidity Facility (PPPLF), which allowed banks
to lend through the PPP program without adverse consequences for balance sheet
liquidity. Under the PPPLF, banks could use PPP loans as risk-free collateral for
Federal Reserve borrowing.1

The PPP program was very large, with close to $793 billion dollars of funds extended
in total. As of October 2023, over $762.4 billion of loans extended under the program
have been forgiven, representing 10.6 million of the 11.5 million loans extended under
the program (Pandemic Response Accountability Committee (2024)).

The program was also controversial. Analysts have argued that the involvement of
commercial banks distorted the allocation of funds.2 Moreover, some find that the
employment benefits of the program were modest relative to its cost (e.g. Granja et al.
(2022)). Studies also indicate that the majority of funds extended went to business
owners and shareholders, rather than employees (e.g. Autor et al. (2022)).3 However,
the desire to distribute PPP funds quickly, combined with the use of direct commercial
bank lending likely contributed to their finding that the distribution of PPP funds
were poorly correlated with the intensity of distress geographically. Moreover, given
sufficient costs to delays in distributing funds, even programs with poor targeting may
improve welfare (e.g. Bartik et al. (2020)).

Despite these concerns about the distribution of funds, a large literature has shown
that the PPP and PPPLF programs did succeed in encouraging immediate expansion
of overall SME lending during the pandemic (e.g. Beauregard et al. (2020), Hubbard

1See Volker (2022) for a review of the details of the PPPLF.
2For example, Chernenko and Scharfstein (2024) find that black-owned enterprises were less likely

to receive PPP loans from banks than non-bank lenders.
3Other studies are more positive. Joaquim and Netto (2021) estimate that the program saved 7.5

million jobs, while Splinter et al. (2024) argue that properly accounting non-wage costs borne by
employers suggests that 55% of PPP funds went to workers.
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and Strain (2020), Li and Strahan (2021), Anbil et al. (2023), Lopez and Spiegel
(2023), and Marsh and Sharma (2024)). Moreover, Joaquim and Wang (2022) show
that receiving PPP loans improved firm financial conditions while Agarwal et al.
(2024) find that participation in the PPP reduced mortgage delinquency.

Figure 1. Total Small Business Bank Lending 2017H1-2025H2

Note: Total SME and PPP program lending. Dashed trend line represents average
annual growth in SME lending from 2017H1 to 2019H2.

The positive impact of the PPP on lending can be seen in Figure 1. Figure 1 shows
total commercial bank PPP and conventional SME lending, as reported in regulatory
filings in the Call Report, from 2017H1 through 2025H2.4 It can be seen that SME
lending grew dramatically during the pandemic. At the end of 2019, total SME
lending had grown to 598 billion dollars. SME lending increased markedly with the
commencement of PPP lending, reaching a peak at the end of the first half of 2020.
Approximately 1,300 banks also participated in the PPPLF at that time, with close to
15% of outstanding PPP loans being pledged as collateral [Lopez and Spiegel (2023)].
However, the out-sized SME lending growth over this period is not limited to PPP

4Data is measured at end of period and is biannual. Many smaller institutions only submit Call
Reports on SME lending in the second and fourth quarters of each year.
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lending. Conventional non-PPP lending also increased. By the end of our sample,
participation in both programs was close to zero, with total outstanding commercial
bank PPP lending reported in the Call Report having fallen from a high of over $414
billion at 2020H1 to about $300 million at 2025H2. This figure is modestly below that
which would be implied by pre-pandemic growth (dashed line).

In this paper, we investigate the persistent SME lending impact of the PPP and
PPPLF programs. Despite rapid growth in exposure due to program lending, the
impact on conventional SME lending is less clear. Banks that were planning on
extending loans to SMEs may have preferred to substitute PPP loans in order to
benefit from the guarantees offered. However, if banks and their SME borrowers forged
relationships during the elevated lending period associated with the PPP program, or
alternatively gained general expertise in SME lending as a result of participation in
the program, the increased exposure to SMEs may have outlasted these programs.

The literature on the immediate impact of the programs on conventional SME
lending during the pandemic is mixed. Karakaplan (2022) finds that conventional
SME business and real estate loans during the pandemic were complementary to
PPP participation during the pandemic, while Chodorow-Reich et al. (2022) find that
PPP and conventional SME lending behaved as substitutes during the pandemic for
a sample of stress-tested large banks. Filomeni (2024) shows that banks responded to
participation in the PPP program by reducing conventional lending risk.

We investigate the persistent impacts of participation in these programs on SME
lending, up to the end of 2025. As reporting to the Call Report is compulsory for all
U.S. banks, our study includes small and medium-sized U.S. banks not included in
the sample of stress-tested larger banks in Y-14 data. These small and medium-sized
banks are important sources of SME lending, and as shown below, responses to the
PPP and PPPLF programs differed substantively by bank size.

Our dependent variable is the average annualized percentage growth in biannual
conventional SME lending (excluding PPP loans) from 2019H2 through 2025H2. Our
variable of interest is the share of PPP lending in bank assets in 2020H1, the peak
period of PPP exposure in our sample.

While additional funds were extended in the second half of 2020 and the first half
of 2022, we concentrate on the first tranche of lending, as net changes in PPP lending
data after that represent a mix of new disbursements and reductions for paid or
forgiven existing PPP loans. Moreover, the PPP program was not over-subscribed
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in later rounds, which would introduce another set of heterogeneity compared to the
programs during the pandemic period.

To deal with the likely endogeneity of participation of both the PPP and the PPPLF
programs, we follow Anbil et al. (2023) and Lopez and Spiegel (2023) in instrumenting
for participation in both programs based on existing ties to both the Small Business
Administration (SBA) and the Federal Reserve prior to the onset of the pandemic.5

Greater exposure to the SBA prior to the crisis likely facilitated participation in
the PPP program, as banks that were certified as SBA7(a) lenders were automatically
eligible for the PPP. Moreover, this instrument is likely to be informative, as PPP
lending was greater in areas with greater SBA exposure in 2019 (see Liu and Volker
(2020)). Our posited exclusion restrictions for these instruments are likely to be valid
as the geographic patterns of PPP lending was less correlated with the economic
conditions under the pandemic (Granja et al. (2022)). We consider two indicators
of pre-existing SBA ties: The share of bank SBA lending and the similarity of bank
industry lending shares to the lending portfolio of the SBA, both measured prior to
the onset of the pandemic.

As the Federal Reserve administered the PPPLF program, additional preparedness
for discount window borrowing is likely to indicate better-preparedness to capitalize on
guaranteed funds through the PPP program without jeopardizing their liquidity po-
sitions. We use the number of documents on file for a bank at the discount window,as
well as total collateral pledged to the discount window program, with both values
calculated at year-end 2019. These variables likely were correlated with both PPP
and PPPLF participation, as the perceived ease with which funds extended through
the PPP could be converted into cash through the PPPLF should have encouraged
bank participation in the PPP as well.6

Our results demonstrate that SME lending growth over the extended period was
positively correlated with bank participation in the PPP program during the pan-
demic, even though outstanding PPP loans had fallen close to zero by the end of our
sample. Our full-sample base specification coefficient estimates suggest that a one
standard deviation increase in our instrumented PPP participation measure is asso-
ciated with a 1.5 percentage point increase in average annual SME lending growth
over the entire period. Participation in the PPPLF program yields similar results,

5Humphries et al. (2020) show that superior awareness concerning the PPP program among firms
also resulted in more success in obtaining funds.

6Minoiu et al. (2026) also use pre-pandemic discount window experience as an instrument, in their
case to proxy for participation in the Main Street Lending Program, another COVID-era initiative.
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as our point estimates suggest that a one standard deviation increase in PPPLF par-
ticipation is associated with an 2.1 percentage point increase in average annual SME
lending growth over our entire sample period.

However, our analysis also demonstrates notable discrepancies in the responses to
program participation by bank size. Separating our sample into small, medium, and
large bank sub-samples, we identify positive and statistically and economically signif-
icant relationships between PPP lending during the pandemic and cumulative growth
in SME lending over our sample period for both small and large-sized banks, while
the impact on cumulative SME lending growth by medium-sized banks is insignifi-
cant. However, this could be an artifact of small sample size, particularly for our
large bank sub-sample: We also obtain an economically and statistically significant
positive estimate for the impact of PPP lending during the pandemic on persistent
lending growth for our full sample weighted by bank size.

SME lending responses to PPPLF program participation also differ by bank size.
The PPPLF was primarily designed to mitigate potential adverse liquidity implica-
tions of participation in the PPP program [e.g. Bowman (2020)], so the disproportion-
ate response of small banks to participation in the PPPLF program is not surprising.
While we obtain significant positive responses in cumulative SME lending to PPPLF
participation for our small bank sub-sample, our results for both medium and large
bank sub-sample responses to PPPLF participation are insignificant. Moreover, PP-
PLF participation enters significantly negative for our full sample weighted by bank
size. Our results therefore that the impact of the PPPLF program fell primarily on
the small banks for which the program was primarily intended.

Finally, we investigate whether banks drew down their expanded SME exposure
associated with these programs once the incentives associated with the PPP and
the PPPLF were removed. We rerun our specification for a sample beginning in
2022H1, after the funds associated with the PPP program had largely been forgiven
or repaid. Our full sample results suggest that higher PPP participation by banks
did restrain SME lending after the programs had ended. We obtain a significantly
negative relationship between participation in both the PPP and PPPLF programs
and SME lending growth during this post-program period.

We also find disparities in over this latter period by bank size. Increased PPP par-
ticipation led to greater reductions in SME lending at economically and statistically
significant levels on average only among small banks. PPP participation had insignif-
icant impacts on both medium-sized and large banks over the latter period. Similarly,
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while we obtain negative point estimates over this latter period for the impact of PP-
PLF participation on SME lending growth for all bank size subgroups, only our small
bank subgroup enters at statistically significant levels.

Despite this retrenchment at the end of our sample, our full period results indicate
that on average the negative impacts of the programs on SME lending after they
had ended were insufficient to fully offset the earlier gains, resulting in net increases
in SME lending growth for the entire sample period associated with pandemic PPP
participation. This persistence is somewhat surprising. The prevailing literature on
banking relationships suggests that relationships conventionally emerge as the product
of costly information gathering or monitoring [e.g. Diamond (1984), Allen (1990), and
Boot and Thakor (2002)]. Berger et al. (2024) find that the hard and soft information
gathered through conventional lending impacts terms faced on so-called “transactions
lending," in this case credit card lending, which is largely based on externally sourced
hard information alone. However, the guarantees afforded by the government under
the PPP removed much of the incentive to engage in any information acquisition
activity. As such, the persistent effects of PPP program participation for all banks,
and for PPPLF participation for small banks on SME lending after the programs
had ended, suggests that some relationship formation with SME borrowers did arise,
despite the apparent lack of an incentive for banks to acquire costly information on
individual SME borrowers.

The remainder of this paper is divided into seven sections. The following section
gives a brief review of the details of the PPP and PPPLF programs. Section 3 discusses
the data used in our study. Section 4 introduces our estimation methodology. Section
5 reports our full-sample results for both PPP and PPPLF participation. Section 6
then repeats our specification for our late-sample. Lastly, section 7 concludes.

II. The PPP and PPPLF programs

The PPP was created in response to the COVID-19 virus as part of the Coronavirus
Aid, Relief, and Economic Security (CARES) Act to assist small businesses in avoid-
ing bankruptcy during COVID-related activity lockdowns7. The nearly $800 billion
program was administered by the Treasury Department through the Small Business
Administration (SBA). Our study concentrates on SME lending in the PPP, which
were guaranteed under the program to assist firms in servicing payroll costs and other

7See Hubbard and Strain (2020), Berger and Demirgüç-Kunt (2021), and Lopez and Spiegel (2023)
for further details
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operating costs, such as rent and utilities. Businesses were permitted to borrow up to
2.5 times their average monthly payroll costs with a maximum of $10 million. Loans
were subject to forgiveness by the Treasury under certain conditions, including main-
tenance of employee headcount or salary levels during the 24-week period after the
loan was originated.8

PPP loans were primarily underwritten by banks, although “fin-tech” and other
non-bank lenders also participated in the program.9 Banks could charge up to 5% of
principal on loans up to $350,000 under the PPP program. The maximum rate fell
to 3% on loans between $350,000 and $2 million, and 1% on loans between $2 and
$10 million. Banks also received SBA fees for administering these loans, which ended
up being an important component of PPP lending profits. Despite the low rates, this
combination of administration fees and the loan guarantees left them attractive to
banks. Moreover, PPP loans were assigned a zero weight for capital requirements,
leaving them also attractive from a regulatory point of view.

To ease liquidity concerns raised by PPP lending, the Federal Reserve established
the PPPLF. This program allowed eligible financial institutions to use PPP loans as
collateral at face value in borrowing from the Federal Reserve (see Liu and Volker
(2020) and Volker (2022) for details). No fees were charged under the program, and
credit was provided at an interest rate of 35 basis points. PPPLF loan amounts
and maturities were set equal to PPP loan terms. In the event of loan forgiveness,
default or SBA purchase, PPPLF loan maturity dates were accelerated. In addition
to providing funding support to the PPP, the federal banking regulatory agencies
allowed banks to exclude any PPP loans used as PPPLF collateral from leverage-
based regulatory capital and liquidity requirements (Liu and Volker (2020)).

The required two-page form for PPP application yielded little substantive infor-
mation about firm creditworthiness conducive to the formation of a long-standing
banking relationship.10 On the first page, firms were required to provide information
about address, size, intended use of the loan, and identities of owners with greater than
20% equity stakes. Optional questions did provide some demographic details about
the applicant. The application also included questions about outstanding delinquen-
cies, bankruptcies, and the incarceration histories of owners. However, unsatisfactory
responses to these questions immediately barred the applicant from PPP borrowing.

8In the first tranche salary levels had to be maintained for 8 weeks (Lopez and Spiegel (2023)).
9See Erel and Liebersohn (2022) and Griffin et al. (2023).
10The PPP program form is available at https://home.treasury.gov/system/files/136/PPP-

Borrower-Application-Form.pdf.
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New information obtained from the PPP application only covered ownership of ad-
ditional businesses, prior receipt of COVID-related SBA disaster lending, franchise
status, and whether employees were predominantly located in the United States.

III. Data

Our sample is a cross-section of U.S. commercial banks. Our main dataset is bank-
level regulatory filings obtained from the Federal Financial Institutions Examination
Council’s "Call Reports", which provide detailed information on both balance sheet
and income statement variables. Our data is biannual, corresponding to ends of quar-
ters 2 and 4, and measured as of end of period.11 We use 2019H2 data to characterize
bank conditions going into the pandemic and 2020H1 data to examine the extent of
SME participation in the PPP and PPPLF programs. This date corresponds to the
peak of bank PPP loan exposure.

To be included in the sample, banks must have some SME lending in 2019H2.
Reporting banks are separated into three categories based on asset size at that time.
Our designations follow Call Report conventions, with small banks defined as those
with assets below $10 billion, large banks with assets exceeding $100 billion, and
medium-sized banks between. Our base specification sample contains 3,760 banks, of
which 3,661 are classified as small banks, 76 as medium-size banks, and 23 as large
banks. We also adopt the Call Report definition of conventional small business and
farm lending as business loans of $1 million or less and farm loans of $500,000 or less,
respectively, including drawdowns on loan commitments.

We characterize PPP and PPPLF program participation through the variables
PPP and PPPLF . PPP is defined as the ratio of PPP loan volume outstanding, as
per Call Report filings, to total assets in 2020H1.12 PPPLF is defined as the ratio
of bank borrowing from the PPPLF program relative to total SME lending, including

11We limit our analysis to these quarters as Call Report coverage is incomplete during quarters 1
and 3, particularly for small bank SME lending reporting.

12Call Report reporting is compulsory for regulated banks, so there are no endogeneity issues in
bank reporting patterns. The Call Report was restructured as of 2020H1 to collect information on
PPP loan origination. Banks were instructed to “separately report" PPP and PPPLF exposure, with
conventional SME lending reported on Schedule RC-C, Part II of the Call Report.



PERSISTENT EFFECTS OF PPP AND PPPLF 9

PPP borrowing, in 2020H1.13 To remove the influence of outliers and reporting errors,
we winsorize our base specification data set at the 2.5%-97.5% level.14

Aggregate SME and PPP lending from 2019H2 to 2025H2 is summarized in Table 1.
Following the introduction of the PPP program during the first half of 2020, SME
lending experiences a pronounced increase due to the high number of PPP loans.
However, the sub-sample of conventional SME lending also increases markedly.

Table 1. SME and PPP Lending (2019H2-2025H2)

Sample Lending 2019H2 2020H1 2022H1 2025H2

FULL SME 5.98 8.22 6.43 7.22
PPP 0.00 4.14 0.25 0.00
TOTAL 5.98 12.37 6.67 7.22

SMALL SME 2.85 3.91 3.17 3.46
PPP 0.00 1.70 0.09 0.00
TOTAL 2.85 5.61 3.26 3.46

MID SME 0.89 1.37 1.01 1.05
PPP 0.00 0.95 0.06 0.00
TOTAL 0.89 2.31 1.07 1.05

LARGE SME 2.25 2.94 2.25 2.71
PPP 0.00 1.50 0.10 0.00
TOTAL 2.25 4.44 2.35 2.71

Note: Levels of SME and PPP lending in hundreds of billions of dollars. SME

lending refers to conventional small business and farm lending. PPP lending

is PPP loan volume outstanding, as per Call Report filings. Total lending is

the sum of conventional SME and PPP lending. 2019H2 shows lending prior

to the pandemic and 2020H1 displays lending at the peak of the PPP program

during the start of the pandemic. The final dates, 2022H1 and 2025H2, show

lending two and 4.5 years after the peak of the program respectively.

After the peak in 2020H1, PPP exposure falls precipitously, as loans are forgiven
or paid off. By 2022H1, outstanding PPP loan exposure was already close to zero.

13In the Call Report, PPP loans pledged as collateral to the PPPLF are reported as an item on
Schedule RC-M. When these loans are no longer required as collateral, the dollar amount of the item
is reduced.

14Some individual firm SME lending growth was particularly high at the launch of the PPP
program, as some banks with little SME exposure became active PPP participants. Prior to win-
sorization, some banks SME lending grew over ten times during the half year ending in 2020H1. In
the appendix, we show that our base specification results are robust to truncating our sample instead
of winsorizing, as well as winsorizing at the 0.1%-99.0% or 0.5%-95.0% levels (Table A2).
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Conventional SME lending in 2022H1 is lower than 2020H1 levels as well, but 2025H2
levels of conventional SME lending are higher than those in 2022H1 for all bank size
groups, confirming that SME lending has resumed its growth at close to trend levels.

Our dependent variables are measures of growth in SME lending at the bank level.
%∆SME is a measure of average annualized growth in small business and farm lending
between 2019H2 and 2025H2.

As our sample is a cross-section, we introduce explicit variables to condition on
differences in individual bank characteristics. The time period of our conditioning
variables corresponds to 2019H2, i.e. just prior to the COVID period and the launch
of the PPP program. Other research has shown the importance of conditioning for
disparities in bank characteristics in panel banking data (e.g. Cornett et al. (2011)).

Our conditioning variables include LIQUID, which measures bank cash and secu-
rity holdings as a share of total assets as a measure of bank liquidity; DEPOSITS,
which measures core deposits relative to total assets to capture a bank’s reliance on
deposit funding; TIER1CAP , a measure of tier one capital relative to total risk-
weighted assets, and COMMIT as a measure of outstanding loan commitments,
which has been shown to play a major role in the pricing and availability of credit lines
during the COVID crisis [e.g. Greenwald et al. (2020)]. We also include SME19H2, a
measure of levels of SME lending normalized by total assets in 2019H2 to account for
existing disparities between banks in small business exposure prior to the pandemic,
and PROB as an aggregate measure of past-due and non-accrual “problem" loans
relative to total assets. Finally, we include TRADABLE as the share of available for
sale assets held by banks to identify differences in bank business models.

Summary statistics for our dependent variables and explanatory variables of interest
under our base specification sample are shown in Table 2.15 Our sample exhibits a
large amount of variability across banks, with the standard deviation of average annual
growth in SME lending far higher than the mean value for that variable for all samples.

Mean values for all bank size groups for our dependent variable, %∆SME, are
consistently above median values, suggesting that even after winsorizing our sample
is skewed to the right by some banks with very high SME lending growth. Growth
in SME lending is largest on average for our large bank sub-sample. Shares of SME
lending exposure going into the pandemic (SME19H2) were highest among small

15Summary statistics for the conditioning variables are shown in Online Appendix Table OA.1.
Small banks display the highest mean and median capital levels, as measured by tier 1 capital. This
is notable, as it suggests that the greater responsiveness to program participation we observe among
small banks below is not attributable to greater regulatory constraint.
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Table 2. Summary Statistics by Bank Size

SAMPLE N Median Mean SD Min Max

FULL %∆SME 3,760 0.039 0.063 0.107 -0.087 0.493
%∆SME22 3,760 0.033 0.047 0.106 -0.162 0.406
PPP 3,760 0.040 0.050 0.044 0.000 0.189
PPPLF 3,760 0.000 0.023 0.072 0.000 0.322
SME19H2 3,760 0.167 0.179 0.100 0.000 0.436

SMALL %∆SME 3,661 0.039 0.063 0.106 -0.087 0.493
%∆SME22 3,661 0.033 0.048 0.105 -0.162 0.406
PPP 3,661 0.040 0.051 0.044 0.000 0.189
PPPLF 3,661 0.000 0.022 0.071 0.000 0.322
SME19H2 3,661 0.183 0.183 0.099 0.000 0.436

MID %∆SME 76 0.051 0.077 0.125 -0.087 0.493
%∆SME22 76 -0.018 0.003 0.121 -0.162 0.406
PPP 76 0.048 0.047 0.031 0.000 0.189
PPPLF 76 0.000 0.042 0.104 0.000 0.322
SME19H2 76 0.045 0.054 0.041 0.000 0.167

LARGE %∆SME 23 0.045 0.093 0.174 -0.087 0.493
%∆SME22 23 -0.001 0.002 0.134 -0.162 0.406
PPP 23 0.011 0.017 0.017 0.000 0.053
PPPLF 23 0.000 0.010 0.050 0.000 0.237
SME19H2 23 0.020 0.030 0.048 0.000 0.235

Note: Winsorized at 2.5%-97.5% levels. %∆SME is average annualized growth in small business

and farm lending between 2019H2 and 2025H2; %∆SME22 is average annualized growth in SME

lending from 2022H1 through 2025H2; PPP is the ratio of PPP participation to total assets in

2020H1; and PPPLF is the ratio of bank borrowing from the PPPLF program to total small

business and farm lending (including PPP lending) in 2020H1. SME19H2 is conventional SME

normalized by total assets in 2019H2.

banks and lowest among large banks, with average small bank exposure as a share
of total assets almost triple that of large banks. The high exposure going into the
pandemic likely explains some of the lower growth on average for small banks over our
sample period, but some large banks also capitalized on their existing web presences
to attract firms under the PPP program due to their ease of application and the
associated ability to distribute funds quickly [Lopez and Spiegel (2023)].
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IV. Estimation

IV.1. Identification. Bank participation in the PPP and PPPLF programs is likely
endogenous to the impact of the COVID-19 pandemic on bank fundamentals. In re-
sponse, we use instrumental variables estimation. We follow Anbil et al. (2023) and
Lopez and Spiegel (2023) and consider two types of instruments for both PPP and
PPPLF program participation: First, we consider two indicators of the intensity of
bank interaction with the Small Business Administration (SBA), the agency respon-
sible for administering PPP lending, in 2019. Greater connections to the SBA going
into the crisis likely facilitated bank participation in both programs. Lenders that
were already certified as SBA 7(a) banks prior to the launch of the PPP were auto-
matically eligible for the PPP program. Lenders who were not previously certified
were required to file SBA Lender Agreement form 3506 to become eligible for the PPP
[Barraza et al. (2020)]. In turn, by encouraging greater PPP participation, previous
experience with the SBA likely also left banks with more PPP loans on their balance
sheets, and hence greater incentive for PPPLF participation as well.

Our identification strategy requires that prior interactions with the SBA only af-
fected growth in lending over our sample period through its influence on the degree of
participation in the PPP and PPPLF. Satisfaction of this condition is supported by
studies to date that have shown that PPP lending was greater in areas that were more
served by the SBA in 2019 (Liu and Volker (2020)), and were essentially uncorrelated
with prevailing economic conditions (Granja et al. (2022)).

Our first instrument SBAi is specified as the ratio of SBA lending by bank i,
SBALENDi, to total bank i small business and farm lending, SMEi, measured at
year-end 2019:

SBAi =
SBALENDi

SMEi

. (1)

Our second instrument for pre-pandemic interaction with the SBA is that used
in Lopez and Spiegel (2023), INDMIXi, which estimates the similarity of a bank’s
lending portfolio to that of the SBA at 2019H2. SME lending in industries which
were also prevalent in SBA portfolios are likely to have encouraged prior familiarity
with the SBA, and hence an initial advantage in garnering PPP funds. Using six-digit
NAICS codes, INDMIXi satisfies

INDMIXi =
∑
j

(
SBAj

SBA
· BUSFi,j

BUSFi

)
, (2)
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where SBAj represents SBA lending to industry j, SBA represents total SBA lend-
ing, BUSFi,j represents small business and farm lending by bank i in industry j,
and BUSFi represents total bank i small business and farm lending. All values are
measured at 2019H2, prior to the onset of the pandemic. It is easy to verify that
INDMIXi is increasing in the similarity of the industry mixes of bank i and that of
the SBA.

As our third and fourth instruments, we use two indicators of familiarity with the
Federal Reserve discount window, as the Federal Reserve administered the PPPLF.
Our measures are obtained from proprietary Federal Reserve data: a count of doc-
uments on file for a bank at the discount window (COUNTi) and the bank’s total
collateral pledged to the discount window program (COLLATERALi). Both values
are again calculated at 2019H2, prior to the onset of the pandemic and the PPP and
PPPLF programs.

The practice of pledging standard loan collateral and obtaining discount window
loans requires that they are prepared for required interaction with the Federal Reserve.
For example, banks are required to demonstrate that the Federal Reserve will be able
to establish a claim on pledged loans and they are required to submit monthly updates
on any changes in their asset values. These requirements are very close to those needed
to qualify for pledging PPP loans to the PPPLF (Anbil et al. (2023)).16 Relative values
of these instrumental variables should also influence PPP participation. A bank’s
decision to issue a PPP loan is likely to be dependent on its perceived probability
that the loan can be converted into cash by submitting it as collateral to the PPPLF.

IV.2. Second-stage specification. We measure PPP and PPPLF participation at
the peak of the programs, 2020H1, as our measures of program participation, la-
beled PPP and PPPLF respectively. Our sample is the full cross section of U.S.
commercial banks included in the Call Report. As PPP and PPPLF are highly
correlated, we examine the impact of participation in each program separately in our
base specifications.17

16As this data is proprietary to the Federal Reserve, it is not publicly available.
17The correlation coefficient between our measures of PPP and PPPLF program participation in

our base sample is 0.41. Including both instrumented PPP and PPPLF participation variables in our
specification results in the PPP variable entering measurably positively and the PPPLF variable
entering measurably negatively. These results can be found in Appendix Table A1.
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Our dependent variable is %∆SMEi, the average annual growth in a bank’s small
business and farm lending from 2019H2 through 2025H2. The second stage of our
two-stage least squares specification for the impact of PPP participation satisfies

%∆SMEi = c+ β1PPPi + βXi + β2SMALLi + β3MEDi + ϵi (3)

where β1 represents our coefficient estimate of interest, Xi denotes the set of condition-
ing variables discussed above, SMALL and MED are indicator variables representing
small and medium-sized banks, and ϵi is the regression residual.

To deal with potential correlation in standard errors across bank groups, we cluster
our standard errors by bank size in our full samples. Large banks face different funding
and lending opportunities than small or medium-sized banks. For example, large
banks enjoy superior ability to issue their own commercial paper, which could leave
them relatively less sensitive to the liquidity advantages under the PPPLF program.
As shown in Table 2, large banks are also less exposed to SME lending as a share of
total assets than their small and medium-sized counterparts.

We then repeat our base specification for the three bank size sub-groups separately,
with White heteroscedasticity-robust standard error estimation. To allow for the
elevated importance of large bank lending growth for the aggregate response of SME
lending to the PPP program, we also report the results for the full sample using
weighted least squares, with observations weighted by bank total assets and standard
errors clustered by bank size.

Our second-stage specification for the impact of PPPLF participation on small
business and farm lending growth satisfies

%∆SMEi = c+ β1PPPLFi + βXi + β2SMALLi + β3MEDi + ϵi (4)

where β1 is again our coefficient of interest, Xi denotes the set of conditioning variables
discussed above, and ϵi is the residual.

IV.3. Half-year univariate results. We first demonstrate that the impact of our
instrumented variable of interest directly reflects the launch of the PPP program (and
that the instrumented PPP variable has the expected contemporaneous impact on
SME lending), rather than spurious correlations with existing bank-specific charac-
teristics prior to the pandemic. We run a univariate regression of annualized SME
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lending growth for each half year from 2018H1, long before the onset of the pandemic,
through 2025H2 on our instrumented PPPi variable.18

Figure 2. Half-year Univariate Regressions

Note: Each point represents the coefficient estimate resulting from a univariate regression of
average 6-month annualized SME lending growth ending on that date on our instrumented
PPP variable for PPP participation in 2020H1. Regressions are run for each half-year
from 2018H1 to 2025H2. Standard errors are clustered by bank size. Bars represent 95%
confidence intervals.

Our results are shown in Figure 2. Reassuringly, PPP participation in 2020H1 has
no significant effect on SME lending growth prior to the pandemic. Our coefficient
point estimates prior to our intervention date are all small relative to the point esti-
mate on the date of the intervention and we obtain both positive and negative point
estimates, so that there is no apparent spurious net association between our variable
of interest and SME lending activity prior to the onset of the pandemic.

We do observe a very large contemporaneous impact of PPP participation in the
half-year ending in 2020H1 on SME lending, as would be expected. Our point estimate
suggests that a one standard deviation increase in PPP participation was associated

18The regression results for these univariate half-year regressions are reported in online appendix
table OA.2. Standard errors are clustered by bank size, as in our base specification.
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with an 66 percentage point increase in annualized SME lending growth for that
half-year.

Subsequent to that point, we observe three years of modest declines in SME lending
associated with participation in the PPP program at the height of the pandemic, some
of which are statistically significant. As we discuss below, these negative values likely
reflect bank efforts to correct out-sized increases in SME lending growth in 2020H1
attributable to PPP program participation. However, these declines are far smaller
than the large spike in 2020H1. The net result is therefore a persistent increase in
SME lending over the period as a whole, consistent with our full specification results
below.

IV.4. High vs. Low PPP Participation and SME Lending. We next split the
sample into two based on the sample median intensity of PPP participation at the
height of the program at 2020H1, as measured by our PPP variable.

Figure 3 plots average annualized half-yearly growth rates for banks with above
and below-average PPP participation in our base sample. It can be seen that average
growth in SME lending in the half year ending in 2020H1 was far higher for the
sub-sample of banks that had high PPP participation than it was for those banks
that had below median participation in the PPP program. Subsequent to that date,
the set of banks with high PPP participation had somewhat lower growth in SME
lending than the group with low participation. Banks that had participated in the
high PPP-group spike in SME lending in 2020H1 likely found themselves with SME
lending shares above their desired levels, and moved to rebalance their portfolios in
line with their long-term preferences and business models. However, by the end of
our sample in 2025H2, growth in SME lending among the two groups had essentially
converged.

On average, the disparities in SME lending among the high and low PPP groups
subsequent to 2020H1 were sufficiently smaller than the spike during the pandemic
that cumulative growth in SME lending over the period as a whole was greater for
high-PPP banks. The average value of %∆SME is equal to 77% for the high PPP
group and 25% for the low PPP group. However, after the intervention period the low
PPP group exhibits modest but consistently higher growth in SME lending, suggesting
that a portion of the outsized growth for high-PPP firms during the expansion period
was reversed over the remainder of our sample as banks responded to the cessation of
PPP incentives for SME lending by rebalancing their lending portfolios back towards
their pre-pandemic allocations.
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Figure 3. High vs. Low PPP Participation in SME Lending

Note: Average annualized percentage changes in half-year SME lending growth rates for
above and below median PPP participation banks in 2020H1.

V. Regression results

V.1. PPP participation and lending growth. Our full-sample base IV specifi-
cation results for PPP participation are shown in Table 3, Column 1, with standard
errors clustered by size. Our variable of interest enters positively and significantly at
a 1% confidence level. Our point estimates also indicate that these programs have had
economically meaningful impacts on SME lending. Combined with summary statistics
in Table 2, they imply that a one standard deviation increase in PPP is associated on
average with a 1.5 percentage point increase in average annual SME lending growth.

We also evaluate the strength of our instruments. Our Cragg-Donald Wald F statis-
tic is 125.6, which passes the Stock-Yogo weak identification test at a 5% confidence
level. Our full-sample base results also obtain an Anderson LM statistic of 444.7,
which rejects under-identification at a 1% confidence level. We also ran the Montiel-
Pflueger weak instrument robust tests and obtain a CLR statistic of 6.7 and an AR
statistic of 17.1, both of which reject weak instruments at a 1% confidence level.19

19We report the results for the first stage of the regressions in online appendix Table OA.5.
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Table 3. PPP and Small Business and Farm Lending

Full Small Medium Large WLS
PPP 0.347∗∗∗ 0.340∗∗ 1.090 8.302∗∗ 1.447∗∗∗

(0.000389) (0.135) (3.809) (3.550) (0.226)

LIQUID 0.0906∗∗∗ 0.0727∗∗ -0.0961 1.396∗∗ 1.031∗∗∗

(0.00420) (0.0349) (0.578) (0.682) (0.0803)

COMMIT -0.209∗∗∗ -0.162 -1.523∗∗ -1.395 -1.669∗∗∗

(0.0319) (0.104) (0.703) (1.419) (0.0347)

DEPOSITS -0.000228 0.0154 -0.265 -1.584∗ -0.303∗∗∗

(0.00923) (0.0406) (0.330) (0.849) (0.0556)

TIER1CAP 0.147∗∗∗ 0.167∗∗∗ -0.912∗ 1.782 -0.755∗∗∗

(0.0129) (0.0467) (0.493) (1.793) (0.133)

SME19H2 -0.210∗∗∗ -0.208∗∗∗ -1.033 -0.859 -0.480∗∗∗

(0.00173) (0.0192) (1.326) (1.115) (0.00962)

PROB 0.115∗∗∗ 0.137 -1.924 7.730∗ -0.823
(0.0342) (0.117) (1.226) (4.259) (1.196)

TRADEABLE -0.0493∗∗∗ -0.0562∗∗∗ 0.239 0.874 0.224∗∗∗

(0.00392) (0.0177) (0.218) (0.602) (0.00423)

SMALLBANK -0.0346∗∗∗ -0.0616∗∗∗

(0.000879) (0.00915)

MIDBANK -0.0282∗∗∗ -0.0253∗∗∗

(0.000830) (0.00168)

CONSTANT 0.0974∗∗∗ 0.0472 0.507 0.701 0.443∗∗∗

(0.0117) (0.0363) (0.323) (0.562) (0.0925)
N 3760 3661 76 23 3760

Note: IV estimation with dependent variable %∆SME, average annualized growth

in small business and farm lending between 2019H2 and 2025H2. PPP is the ratio

of a bank’s PPP participation to total assets in 2020H1; LIQUID is a bank’s total

liquidity in 2019H2; COMMIT is unused commitments in 2019H2; DEPOSITS

is a bank’s total deposits in 2019H2; TIER1CAP represents a bank’s tier 1 capital

ratio; SME19H2 is a measure of small business and farm lending normalized by

total assets in 2019H2; PROB is a bank’s aggregate measure of past-due and

non-accrual loans relative to total assets in 2019H2; TRADABLE is the share

of tradable assets; and SMALLBANK and MIDBANK are indicator variables

for small and medium-sized banks, respectively. See text for instruments used for

PPP . Columns 2, 3, and 4 represent the sample of small, medium, and large banks

respectively and robust standard errors. Column 5 estimated by weighted least

squares, with observations weighted by total assets and standard errors clustered

by bank size. Standard errors in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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For the conditioning variables, we obtain positive and significant coefficient esti-
mates for LIQUID, TIER1CAP , and PROB at a 1% confidence level, indicating
that banks with more liquid balance sheets, higher capital ratios, and somewhat sur-
prisingly, greater shares of problem loans, exhibited higher SME lending growth. We
obtain significantly negative coefficients at the 1% confidence level for COMMIT ,
SME19H2, and TRADABLE, indicating less SME lending growth on average for
banks with greater outstanding loan commitments, greater existing exposure to SME
lending, and higher shares of tradable assets. DEPOSITS enters insignificantly.20

Lastly, our indicator variables for the small and medium-sized bank groups enter
negatively, while our constant term, which represents the remaining large bank sub-
group, enters positively, all at a 1% confidence level. These results imply that average
SME lending growth over this period was highest on average among large banks,
followed by medium-sized banks, and then small banks.

Columns 2, 3, and 4 report results for our bank size sub-samples, estimated with
robust standard errors. We obtain positive and statistically significant coefficient point
estimates for our PPP variable of interest for small and large-sized banks, but PPP

enters insignificantly for our medium bank sub-sample. Our instrument diagnostics
for the small bank sub-sample also reject weak instruments, with the Cragg-Donald
Wald F passing the Stock-Yogo weak identification test at a 5% confidence level,
and our Montiel-Pflueger CLR and AR statistics rejecting weak instruments at a
5% confidence level.21 However, these statistics fail to reject weak instruments for
our medium-sized bank sub-sample, and we obtain mixed results for our large bank
sub-sample, with our CLR statistic rejecting weak instruments at a 10% confidence
level but our Cragg-Donald and AR statistics failing to reject weak instruments at
conventional levels for statistical significance.22

20We also separated the base specification sample according to above and below median values
of the covariates, including high and low initial deposit funding, tier-1 capital, initial SME lending
shares, problem loans, and the share of tradable assets. Our PPP variable of interest continues
to enter positively and with statistical significance throughout. However, the high initial SME
lending share sub-sample failed to converge under our base specification. In response, we drop
the SME19H2 and MIDBANK variables from our base specification for this sub-sample, which
achieves convergence with the PPP variable again entering positive and with statistical significance.
These results can be found in online appendix tables OA.6 and OA.7.

21Instrument diagnostic results are available on request from the authors.
22In response, we report our results for PPP participation using OLS estimation for the sub-

samples by bank size as a robustness check (Online appendix Table OA.4). We obtain positive and
statistically significant coefficient estimates under OLS for all bank sizes.
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Given our observed discrepancies in the observed impact of the PPP program by
bank size, we also examine the overall effect on the program on SME lending by
weighting our full sample by bank size, as proxied by total assets. Our results are
shown in Column 5. These are similar to our unweighted full sample. Our variable
of interest continues to enters positively and significantly at a 1% confidence level.
However, our point estimate has grown markedly, more than doubling relative to its
magnitude in our unweighted base specification.

In the appendix, we subject our base specification to a number of robustness checks:
First (Table A1), we examine the implications of changes in specification, including
dropping the conditioning variables, adding the instrumented PPPLF variable, using
total capital ratio instead of our tier-1 risk adjusted measure, conditioning for lagged
SME lending growth from 2018H1 through 2019H2, and using growth in the sum
of conventional SME and PPP lending as the dependent variable. In all cases, our
coefficient on PPP participation remains positive at statistically significant levels.23

We also examine the robustness of our results to changes in our sample (Table A.2),
including truncating SME growth outliers at the 2.5-97.5% level instead of winsorizing,
winsorizing at 1-99% and 5-95%, and separating the sample into Dodd-Frank Act
Stress Test (DFAST) and non-DFAST samples. This latter separation identifies those
banks that are subject to regulatory stress testing, which differs modestly from our
large bank sample.24 The estimated coefficient on the PPP variable remains positive
for all specifications.

Finally, Table A3 examines robustness to changes in estimation methods, includ-
ing estimation by ordinary least squares, conventional standard errors, White’s het-
eroscedasticity robust standard errors, clustering by geographic region instead of bank
size, TOBIT estimation of the first-stage (as our PPP participation is bounded be-
tween 0 and 1), and weighted least squares with weighting by bank shares of SME
lending. Our qualitative results remain the same, as PPP continues to enter positively
and at statistically significant levels in all specifications.

V.2. PPPLF participation and lending growth. Our base specification results
for the persistent impact of PPPLF participation are shown in Table 4. Column

23We also estimate the determinants of above median level PPP participation in the final column
of Table A1. We obtain significantly negative coefficients on the small and medium bank dummies,
as well as SME19H2, suggesting that large banks and less SME-exposed banks had higher levels of
PPP participation on average.

24The banks included in the DFAST sub-sample are listed in the online appendix, Table OA.3.



PERSISTENT EFFECTS OF PPP AND PPPLF 21

1 displays our base IV specification with PPPLF participation as the variable of
interest. This variable also enters positively and significantly at a 1% confidence level.
Our point estimates also indicate that the PPPLF had an economically meaningful
effect on SME lending. Combined with summary statistics in Table 2, they imply
that a one standard deviation increase in PPPLF is associated with a 2.1 percentage
point increase in average annual small business and farm lending growth over our
sample period.25

For the conditioning variables, we again obtain positive and significant coefficient
estimates for LIQUID and TIER1CAP for our full sample, supporting the inference
that banks with more liquid balance sheets and higher capital ratios exhibited higher
SME lending growth. We also again obtain significantly negative coefficients at the
1% confidence level for SME19H2 and TRADABLE, and at a 10% confidence level
for COMMIT indicating again less SME lending growth on average for banks with
greater existing exposure to SME lending, higher shares of tradable assets, and higher
levels of outstanding loan commitments. However, we also obtain a number of re-
sults for the conditioning variables which differ from those in our instrumented PPP

specification. PROB is now statistically insignificant, while DEPOSITS now enters
positively at a 1% confidence level.

Overall, the discrepancies obtained for some of the conditioning variables highlights
the importance of our demonstration that our base results are also robust to the
exclusion of them in online appendix Table OA.9.26

We also repeat the robustness exercises we ran for the effects of PPP participation
for PPPLF participation, allowing for the same changes in specification, sample, and
estimation methods. Our results are qualitatively the same as those reported in the
base specifications.27

25First stage regression results for the PPPLF specifications are also available in the online ap-
pendix (Table OA.8).

26We again separated the base specification sample according to above and below median values
of the covariates for the base specification with the PPPLF variable as our variable of interest in
online appendix Tables OA.12 and OA.13. Our results are again qualitatively robust across these
sub-samples. Our PPPLF variable of interest continues to enter positively and with statistical
significance throughout, except for the high levels of SME19H2 sub-sample which again fails to
converge without dropping the SME19H2 and MIDBANK variables in our base specification. We
drop these variables for this sub-sample, which achieves convergence and our PPPLF variable again
enters positively with statistical significance.

27These robustness tests are available in online appendix Tables OA.9, OA.10, and OA.11.
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Table 4. PPPLF and Small Business and Farm Lending

Full Small Medium Large WLS
PPPLF 0.288∗∗∗ 0.279∗∗ 0.336 1.121 -0.150∗∗

(0.00414) (0.114) (0.673) (1.825) (0.0648)

LIQUID 0.110∗∗∗ 0.0938∗∗∗ -0.167 0.445 1.037∗∗∗

(0.00278) (0.0338) (0.445) (0.572) (0.118)

COMMIT -0.0728∗ -0.0229 -1.424∗∗∗ -3.351∗∗∗ -1.326∗∗∗

(0.0387) (0.0679) (0.458) (1.246) (0.131)

DEPOSITS 0.0335∗∗∗ 0.0459 -0.218 -0.271 -0.278∗∗∗

(0.00624) (0.0422) (0.344) (0.654) (0.0404)

TIER1CAP 0.154∗∗∗ 0.172∗∗∗ -0.851∗ -2.120 -0.963∗∗∗

(0.0108) (0.0483) (0.438) (1.819) (0.0897)

SME19H2 -0.188∗∗∗ -0.188∗∗∗ -0.492 -1.689 -0.318∗∗∗

(0.000398) (0.0214) (0.442) (1.090) (0.0286)

PROB 0.0110 0.0407 -2.340∗∗ 1.716 -1.002
(0.0421) (0.116) (1.177) (4.311) (1.257)

TRADEABLE -0.0456∗∗∗ -0.0521∗∗∗ 0.278 0.209 0.234∗∗∗

(0.00386) (0.0184) (0.196) (0.475) (0.0299)

SMALLBANK -0.0206∗∗∗ 0.0165
(0.00198) (0.0137)

MIDBANK -0.0209∗∗∗ 0.0341∗∗∗

(0.00144) (0.0122)

CONSTANT 0.0564∗∗∗ 0.0230 0.465 0.866 0.427∗∗∗

(0.0101) (0.0391) (0.302) (0.560) (0.0806)
N 3760 3661 76 23 3760

Note: IV estimation with dependent variable %∆SME, average annualized growth

in small business and farm lending between 2019H2 and 2025H2. PPPLF is the

the ratio of a bank’s borrowing from the PPPLF program to total assets in 2020H1;

LIQUID is a bank’s total liquidity in 2019H2; COMMIT is unused commitments in

2019H2; DEPOSITS is a bank’s total deposits in 2019H2; TIER1CAP represents

a bank’s tier 1 capital ratio; SME19H2 is a measure of small business and farm

lending normalized by total assets in 2019H2; PROB is a bank’s aggregate measure

of past-due and non-accrual loans relative to total assets in 2019H2; TRADABLE

is the share of tradable assets; and SMALLBANK and MIDBANK are indicator

variables for small and medium-sized banks, respectively. See text for instruments

used for PPPLF . Columns 2, 3, and 4 represent the sample of small, medium, and

large banks respectively. Standard errors in parentheses are clustered by bank size.

Column 4 estimated by weighted least squares, with observations weighted by total

assets. Standard errors in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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The remainder of the table repeats our base specification for sub-samples of small,
medium and large banks (Columns 2, 3, and 4 respectively), and weighted by total
assets (Column 5). Our coefficient estimate for PPPLF is statistically significant
and positive for our small bank sub-sample, but insignificant for the medium and
large bank sub-samples. This discrepancy is likely driven by the weaker dependence
of medium and large banks on the PPPLF as a tool for liquidity enhancement while
participating in the PPP program. Similarly, we obtain a negative and statistically
significant at a 5% confidence level coefficient estimate for PPPLF after weighting our
observations by total assets (column 5). This again indicates the greater importance
of the PPPLF program for the liquidity positions of small-sized banks.28

VI. Late-sample effects of PPP and PPPLF lending

As shown in Figure 1, the rapid rise in SME lending in 2020 was partially offset
by a decline in SME exposure over the later portion of our data set. This period was
also associated with a sharp decline in PPP exposure, which was close to zero by the
end of our sample in 2025H2. In this section, we examine whether the decline in SME
lending subsequent to the peak of the PPP program was causally related to bank
participation in the PPP and PPPLF programs. We restrict our analysis to the last
3.5 years of our sample, i.e. the period between 2022H1 and 2025H2. By this time,
PPP loans outstanding had fallen close to zero, as most PPP debt had been either
forgiven or repaid.29

Our dependent variable for this period is %∆SME22, which measures average
annualized growth in SME lending between 2022H1 and 2025H2. Our variables of
interest are the same, PPP and PPPLF , measured as of the peak of both programs

28We obtain similar weak instrument diagnostic results for our bank size sub-samples for PPPLF
participation as we did for the PPP. Our instrumented PPPLF variable passes weak instrument
tests for our full sample, with a Cragg-Donald statistic of 51.30 and an Anderson LM statistic of
195.75, which rejects under-identification at 5% and 1% confidence levels respectively. We also obtain
a CLR statistic of 9.71 and an AR statistic of 18.93, both of which reject weak instruments at a 1%
confidence level. These results are also available on request. However we again fail to reject weak
instruments for our medium and large-bank sub-samples. In response, we also report our results
for PPPLF participation under OLS estimation. Our OLS results are again consistent with our IV
results. PPLF enters positively and significantly in full and small bank samples, but insignficantly
and significantly negative for our medium and large bank sub-samples respectively. Our full sample
results are reported in online appendix Table OA.11, and our sub-sample OLS results are available
on request.

29For our sample of banks, total PPP lending had declined to only 25 billion dollars by 2022H1.
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Table 5. PPP and Small Business and Farm Lending 2022H1 to
2025H2

Full Small Medium Large WLS
PPP -0.297∗∗∗ -0.295∗∗ -4.539 -1.094 1.244∗∗∗

(0.0116) (0.132) (8.985) (2.383) (0.197)

LIQUID22 0.0506∗∗∗ 0.0539∗∗ -0.325 -0.211 -0.112∗∗∗

(0.00385) (0.0259) (0.512) (0.347) (0.00880)

COMMIT22 0.0964∗∗∗ 0.121 -0.173 -1.194 -0.932∗∗∗

(0.0192) (0.104) (1.124) (1.276) (0.0167)

DEPOSITS22 -0.0515∗∗∗ -0.0422 -0.404 -1.052∗ -0.618∗∗∗

(0.00741) (0.0452) (0.366) (0.538) (0.0431)

TIER1CAP22 -0.0471∗∗∗ -0.0468∗ -0.620 -1.404 -0.0118
(0.000174) (0.0244) (0.745) (1.367) (0.173)

SME22H1 0.0466∗∗∗ 0.0446∗ 2.487 0.170 -0.0311
(0.000909) (0.0240) (5.561) (0.901) (0.0250)

PROB22 -0.0536∗∗ -0.0500 -1.944 7.268∗ 1.303
(0.0248) (0.181) (1.626) (4.037) (1.158)

TRADEABLE22 0.0245∗∗∗ 0.0239 0.404 0.574 0.0121
(0.000784) (0.0149) (0.470) (0.414) (0.0287)

SMALLBANK 0.0607∗∗∗ -0.0905∗∗∗

(0.00106) (0.00359)

MIDBANK 0.0180∗∗∗ -0.105∗∗∗

(0.000690) (0.00553)

CONSTANT 0.0328∗∗∗ 0.0845∗∗ 0.517∗ 1.008∗ 0.621∗∗∗

(0.00907) (0.0381) (0.313) (0.583) (0.0707)
N 3760 3661 76 23 3760

Note: IV estimation with dependent variable %∆SME22, average annualized

growth in small business and farm lending between 2022H1 and 2025H2. PPP

is the the ratio of a bank’s PPP participation to total assets in 2020H1; LIQUID22

is a bank’s total liquidity in 2022H1; COMMIT22 is unused commitments in

2022H1; DEPOSITS22 is a bank’s total deposits in 2022H1; TIER1CAP22 rep-

resents a bank’s tier 1 capital ratio; SME22H1 is a measure of small business

and farm lending normalized by total assets in 2022H1; PROB22 is a bank’s

aggregate measure of past-due and non-accrual loans relative to total assets in

2022H1; and SMALLBANK and MIDBANK are indicator variables for small

and medium-sized banks, respectively. All columns are instrumental variable re-

gressions. Columns 2, 3, and 4 represent the sample of small, medium, and large

banks respectively. Column 5 includes weighted least squares specifications. Stan-

dard errors in parentheses are clustered by bank size. ∗p < 0.10, ∗∗p < 0.05,
∗∗∗p < 0.01
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in 2020H1 and instrumented as before. If the decline in SME lending that we observe
in aggregate after PPP loan exposure had fallen to zero was systematically related to
earlier participation in the PPP and PPPLF programs, we would expect to obtain a
negative coefficient estimate on these variables. We also include the same conditioning
variables as our base specification, with values update to 2022H1, i.e. immediately
prior to our later sample period.

Our results for growth over the latter portion of our sample and PPP participation
are shown in Table 5. Our full sample results are shown in Column 1. PPP enters
significantly negative at a 1% confidence level. The point estimate for this variable
indicates that a 1 standard deviation increase in PPP was associated with an annual-
ized decrease in growth of 1.3 percentage points over the last two years of our sample
period.30

However, our results for the samples split by size as well as weighted by total
bank assets reveals a systematic disparity in the degree to which banks reduced the
outsized SME lending exposure they built up over the early portion of our sample
period. Columns 2, 3, and 4 again report our results for PPP participation for small,
medium, and large bank sub-samples respectively. Of the three sub-samples, only the
small bank sub-sample indicates a significantly negative late-sample response for PPP

participation in SME lending. Our point estimate for that sub-sample indicates that
a one standard deviation increase in PPP participation is associated with a reduction
in late-sample SME lending growth on average of 1.3 percentage points. In contrast,
the coefficient estimates for the medium and large bank sub-samples are insignificant.

Indeed, we also obtain a statistically significant positive coefficient estimate for
the full specification under weighted least squares. We interpret this latter finding
as consistent with the general pattern that banks that were more active in the PPP
program were less aggressive in reducing their SME lending over the latter portion of
our sample.

We next repeat the exercise for the impact of PPPLF participation over the latter
period of our sample, using our instrumented PPPLF variable. Again, our base
specification has dependent variable %∆SME22, average annualized growth in SME

30In online appendix Table OA.14, we examine the implications of conditioning for growth in
SME lending over the earlier portion of our sample period, i.e. from 2019H2 through 2022H1, both
with and without conditioning for the initial level of SME lending in 2022H1. The results are robust
to either of these alternative specifications. Our results are also robust to conditioning for growth
in SME lending prior to the onset of our late sample for our PPPLF participation results below,
reported in online appendix tables OA.16 and OA.17.
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lending between 2022H1 and 2025H2, while all of our conditioning variables measure
bank characteristics going into this latter sample portion at 2022H1.

Our PPPLF variable also enters significantly negatively at a 1% confidence level for
our full sample for the late-sample period (Column 1). Our point estimate indicates
that a one standard deviation increase in PPPLF participation was associated on
average in a 2.4 percentage point reduction in annualized SME lending growth over
the latter two years of our sample on average.

Again though, we observe notable heterogeneity by bank size. Our small bank sub-
sample also enters significantly negatively at a 5% confidence level, but our coefficient
estimates for both medium and large-sized banks are statistically insignificant.

In contrast to our PPP late-sample results, PPPLF enters negatively in our weighted
least squares specification (Column 5) at a 1% confidence level. This may indicate
that the disparities in bank SME lending growth during the latter portion of our sam-
ple period between small banks and the imprecisely measured medium nd large ban
groups may be smaller than we found for PPP program participation.31

We interpret our late sample negative coefficient estimates on the PPP and PPPLF

variables as indicating that small banks considered their elevated SME exposures as-
sociated with the PPP and PPPLF programs excessive at the point of the termination
of those programs. They therefore moved over the final year of our sample to rebal-
ance that exposure away from SME lending. However, our coefficient point estimates
for our base sample specifications for both PPP and PPPLF are smaller for our late-
sample results than they were for the longer overall period. This indicates that the
adjustments in lending that we observe late in our sample fell short of the initial in-
creases in SME lending associated with the programs, leaving overall program-related
exposure elevated at the end of our sample.

VII. Conclusion

This paper examines growth in SME lending by U.S. commercial banks from the
beginning of the pandemic period through the end of 2025, a time by which bank ex-
posure to PPP loans were essentially eliminated. We find persistent and economically
important increases in conventional SME lending related to participation in both the

31We also examine the implications of conditioning for growth in SME lending over the earlier
portion of our sample period, i.e. from 2019H2 through 2022H1, both with and without conditioning
for the initial level of SME lending in 2022H1 for late-sample eldning responses to PPPLF participa-
tion. Our results are robust to either of these alternative specifications, reported in online appendix
tables OA.16 and OA.17.
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Table 6. PPPLF and Small Business and Farm Lending 2022H1 to
2025H2

Full Small Medium Large WLS
PPPLF -0.329∗∗∗ -0.327∗∗ -0.505 -2.778 -1.520∗∗∗

(0.0108) (0.133) (0.609) (2.519) (0.0777)

LIQUID22 0.0318∗∗∗ 0.0346 -0.182 -0.497 -0.0360
(0.00429) (0.0261) (0.271) (0.480) (0.0631)

COMMIT22 0.0125 0.0329 -0.532 -2.345 -0.299∗∗∗

(0.0166) (0.0747) (0.433) (1.534) (0.107)

DEPOSITS22 -0.0969∗∗∗ -0.0854∗ -0.579 -2.030∗∗ -1.168∗∗∗

(0.0111) (0.0455) (0.463) (0.797) (0.0249)

TIER1CAP22 -0.0468∗∗∗ -0.0461∗ -0.479 -0.126 -0.164
(0.000602) (0.0247) (0.528) (1.150) (0.200)

SME22H1 0.0265∗∗∗ 0.0255 -0.434 -0.960 -0.0869
(0.000878) (0.0261) (0.594) (1.237) (0.0571)

PROB22 0.116∗∗∗ 0.109 -0.619 5.108 0.989∗∗

(0.00445) (0.181) (1.863) (4.232) (0.486)

TRADEABLE22 0.0163∗∗∗ 0.0154 0.187 0.322 0.215∗∗∗

(0.000712) (0.0162) (0.194) (0.431) (0.0380)

SMALLBANK 0.0531∗∗∗ 0.0371∗∗∗

(0.000665) (0.0143)

MIDBANK 0.0161∗∗∗ -0.00573
(0.000465) (0.00868)

CONSTANT 0.0799∗∗∗ 0.122∗∗∗ 0.612 1.935∗∗ 1.038∗∗∗

(0.0116) (0.0402) (0.390) (0.898) (0.0252)
N 3760 3661 76 23 3760

Note: IV estimation with dependent variable %∆SME22, average annualized

growth in small business and farm lending between 2022H1 and 2024H2. PPPLF is

the ratio of a bank’s borrowing from the PPPLF program to total lending including

the borrowing from the PPPLF in 2020H1; LIQUID22 is a bank’s total liquidity

in 2022H1; COMMIT22 is unused commitments in 2022H1; DEPOSITS22 is a

bank’s total deposits in 2022H1; TIER1CAP22 represents a bank’s tier 1 capital

ratio; SME22H1 is a measure of small business and farm lending normalized by

total assets in 2022H1; PROB22 is a bank’s aggregate measure of past-due and

non-accrual loans relative to total assets in 2022H1; TRADABLE is the share of

tradable assets in a bank’s portfolio, and SMALLBANK and MIDBANK are

indicator variables for small and medium-sized banks, respectively. All columns

are instrumental variable regressions. Columns 2, 3, and 4 represent the sample

of small, medium, and large banks respectively. Column 5 includes weighted least

squares specifications. Standard errors in parentheses are clustered by bank size.
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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PPP and PPPLF programs over this period. Our point estimates indicate that a
one standard deviation increase in PPP participation and a one standard deviation
increase in PPPLF participation raised average annual growth in SME lending by 1.5
and 2.1 percentage points respectively. This resulted in large cumulative increases in
SME lending that appear to have outlasted the programs.

Our findings for the PPP program are driven by the small and large banks in our
sample, as both showed statistically significant positive dependence on instrumented
PPP participation, while the impact on medium-sized bank lending was insignificant.
In contrast, the long-term impact of the PPPLF program was concentrated among
small banks, the primary targets of the program, while the impacts on both medium
and large-sized banks were insignificant.

Our results also illustrate the importance of including small and medium-sized
banks in assessing the impact of programs on SME lending. While available infor-
mation on those banks’ lending is more limited, a substantial share of SME lending
comes from non-stress tested banks, 62% percent in our sample. We find that small
and medium-sized banks’ responses to the PPP and PPPLF programs were distinct
from those of the larger stress-tested banks covered in Y-14 and other data sets.

We characterize the impacts of these programs as persistent, rather than permanent,
based on our findings for SME lending growth over the last three-and-a-half years of
our sample when banks moved to reduce the very elevated levels of SME lending that
they had built up during the pandemic. Our results for this later period show these
reductions were positively associated with prior participation in both programs for
banks on average, even after conditioning for initial SME lending levels.

Nevertheless, these reductions are sufficiently small that the initial increases in SME
exposure have outlasted the PPP and PPPLF programs. As such, our results have
implications for the formation of banking relationships: Since the PPP loans were
guaranteed, banks had no incentive to acquire information about the creditworthiness
of their borrowers. However, SME lending remained elevated even after the programs
ended. This suggests that banks may have developed relationships with their PPP
borrowers following participation in the program.

Given that the intial guarantees on PPP borrowing removed any incentives for costly
information gathering on PPP loan borrowers, potential sources of these relationships
are unclear. One possibility is that the simultaneous large increases in PPP and
conventional SME lending at the outset of the pandemic played a role. It appears
that PPP funds alone were insufficient for the borrowing needs of some SMEs during
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that period, and banks with greater PPP participation appear to have increased their
conventional SME loan exposure as well. The persistent increase we see in the data
from association with PPP and PPPLF participation may then reflect the impact of
soft information gathered through the simultaneous conventional SME lending activity
inspired by the PPP during the pandemic. Alternatively, however, the SME lending
patterns we observed from the PPP and PPPLF program raise the possibility that
the generation and servicing of even risk-free loans may yield information associated
with the formation of lending relationships.
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Table A1. Changes in Specification

Drop Covariates PPP&PPPLF Total Capital Lag %∆SME %∆SMEPPP HighPPP
PPP 0.219∗∗∗ 2.713∗∗∗ 0.300∗∗∗ 0.364∗∗∗ 0.982∗∗∗

(0.0129) (0.819) (0.00187) (0.000229) (0.0258)

SMALLBANK -0.0375∗∗∗ -0.124∗∗∗ -0.0243∗∗∗ -0.0375∗∗∗ -0.00540∗∗∗ -0.0337∗∗∗

(0.000432) (0.0369) (0.00150) (0.000971) (0.000499) (0.000300)

MIDBANK -0.0222∗∗∗ -0.0727∗∗∗ -0.0243∗∗∗ -0.0289∗∗∗ -0.0243∗∗∗ -0.0317∗∗∗

(0.000379) (0.0181) (0.000868) (0.000882) (0.00103) (0.000272)

PPPLF -2.094∗∗∗

(0.710)

LIQUID -0.0448 0.141∗∗∗ 0.0910∗∗∗ -0.147∗∗∗ 0.105∗∗∗

(0.0612) (0.000111) (0.00411) (0.00717) (0.00412)

COMMIT -1.110∗∗∗ -0.248∗∗∗ -0.225∗∗∗ -0.278∗∗∗ -0.161∗∗∗

(0.321) (0.0284) (0.0327) (0.0193) (0.0272)

DEPOSITS -0.241∗∗∗ -0.0308∗∗∗ -0.0107 -0.124∗∗∗ -0.00183
(0.0534) (0.00855) (0.00849) (0.0129) (0.00721)

TIER1CAP 0.0896∗∗∗ 0.113∗∗∗ 0.0235∗∗∗ 0.162∗∗∗

(0.00679) (0.0126) (0.00896) (0.0147)

SME18H2 -0.366∗∗∗ -0.223∗∗∗ -0.199∗∗∗ 0.124∗∗∗ -0.203∗∗∗

(0.0438) (0.000644) (0.00195) (0.00389) (0.00247)

PROB 0.835∗∗∗ 0.137∗∗∗ 0.0960∗∗∗ -0.292∗∗∗ 0.129∗∗∗

(0.227) (0.0364) (0.0343) (0.0364) (0.0389)

TRADEABLE -0.0807∗∗∗ -0.0259∗∗∗ -0.0425∗∗∗ 0.0186∗∗∗ -0.0552∗∗∗

(0.0160) (0.00202) (0.00385) (0.000328) (0.00329)

TOTCAP 0.0877∗∗∗

(0.0197)

%∆SME18 0.00665∗∗∗

(0.0000786)

HIGHPPP 0.0303∗∗∗

(0.00179)

CONSTANT 0.0892∗∗∗ 0.386∗∗∗ 0.125∗∗∗ 0.109∗∗∗ 0.0931∗∗∗ 0.0928∗∗∗

(0.000223) (0.0767) (0.0122) (0.0112) (0.0128) (0.0103)
N 3760 3760 3760 3716 3794 3760

Note: Column 1 drops all covariates. Column 2 replaces TIER1CAP with TOTCAP , a measure of a bank’s total capital.

Column 3 includes %∆SME18, lagged growth in SME lending 2018H2 to 2019H2. Column 4 replaces %∆SME with

%∆SMEPPP , average annualized growth in the sum of SME lending and PPP lending between 2019H2 and 2024H2.

Column 5 replaces dependent variable %∆SME with %∆SMELT , cumulative growth in SME lending between 2019H2

and 2024H2. Column 6 dependent variable is HIGHPPP , which equals 1 if a bank’s PPP value is greater than the median

value and 0 otherwise. Standard errors in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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Table A2. Changes in Sample

Truncate Win 1-99 Win 5-95 DFAST NONDFAST

PPP 0.283∗∗∗ 0.432∗∗∗ 0.297∗∗∗ 8.118∗∗ 0.354∗∗∗

(0.000329) (0.0127) (0.00324) (3.728) (0.125)

LIQUID 0.0248∗∗∗ 0.137∗∗∗ 0.0776∗∗∗ 1.448∗∗∗ 0.0722∗∗

(0.00680) (0.00233) (0.00478) (0.466) (0.0286)

COMMIT -0.0521∗∗∗ -0.318∗∗∗ -0.157∗∗∗ -1.326 -0.188∗∗

(0.00876) (0.0470) (0.0234) (0.913) (0.0924)

DEPOSITS 0.00649 -0.00717 -0.00711 -1.454∗ 0.00831
(0.00395) (0.00971) (0.00655) (0.812) (0.0344)

TIER1CAP 0.0975∗∗∗ 0.223∗∗∗ 0.0931∗∗∗ 1.092 0.162∗∗∗

(0.00913) (0.0128) (0.0128) (1.266) (0.0321)

SME18H2 -0.122∗∗∗ -0.298∗∗∗ -0.165∗∗∗ -0.727 -0.212∗∗∗

(0.000628) (0.00434) (0.000482) (0.621) (0.0174)

PROB 0.0477∗∗∗ 0.169∗∗∗ 0.131∗∗∗ 8.345∗∗ 0.114
(0.00860) (0.0510) (0.0243) (3.927) (0.109)

TRADEABLE -0.0219∗∗∗ -0.0612∗∗∗ -0.0283∗∗∗ 1.016∗∗∗ -0.0543∗∗∗

(0.00792) (0.00125) (0.00493) (0.373) (0.0153)

SMALLBANK 0.0132∗∗∗ -0.118∗∗∗ -0.0104∗∗∗

(0.000375) (0.00335) (0.0000693)

MIDBANK 0.0182∗∗∗ -0.102∗∗∗ -0.00711∗∗∗

(0.000184) (0.00319) (0.0000344)

CONSTANT 0.0311∗∗∗ 0.194∗∗∗ 0.0736∗∗∗ 0.628 0.0551∗

(0.00367) (0.0158) (0.00788) (0.479) (0.0298)

N 3593 3760 3760 27 3733

Note: Column 1 truncates our base specification data set at 2.5%-97.5%. Column 2 winsorizes

at the 1%-99% level. Column 3 winsorizes at the 5%-95% level. Column 4 reduces the sample to

DFAST banks only. Column 5 reduces the sample to NONDFAST banks only. Standard errors

in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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Table A3. Changes in Estimation

PPP&PPPLF Std. SE Robust SE Region Cluster TOBIT WLS SME Share

PPP 2.713∗∗∗ 0.347∗∗∗ 0.347∗∗∗ 0.347∗∗∗ 0.701∗∗∗ 0.658∗∗∗

(0.819) (0.126) (0.134) (0.0904) (0.158) (0.00356)

PPPLF -2.094∗∗∗

(0.710)

LIQUID -0.0448 0.0906∗∗∗ 0.0906∗∗ 0.0906∗∗ 0.0795 0.0769∗∗∗

(0.0612) (0.0285) (0.0353) (0.0440) (0.0615) (0.0293)

COMMIT -1.110∗∗∗ -0.209∗∗ -0.209∗∗ -0.209∗∗ -0.413∗∗∗ -0.307∗∗∗

(0.321) (0.0937) (0.102) (0.0882) (0.0847) (0.0684)

DEPOSITS -0.241∗∗∗ -0.000228 -0.000228 -0.000228 -0.00888 -0.105∗∗∗

(0.0534) (0.0345) (0.0406) (0.0462) (0.0607) (0.0365)

TIER1CAP 0.0896∗∗∗ 0.147∗∗∗ 0.147∗∗∗ 0.147∗∗∗ 0.158∗∗∗ -0.00452

(0.00679) (0.0324) (0.0467) (0.0446) (0.0381) (0.0911)

SME18H2 -0.366∗∗∗ -0.210∗∗∗ -0.210∗∗∗ -0.210∗∗∗ -0.206∗∗∗ -0.0878∗∗∗

(0.0438) (0.0177) (0.0191) (0.0141) (0.0215) (0.00116)

PROB 0.835∗∗∗ 0.115 0.115 0.115 0.204∗∗ 0.223∗∗

(0.227) (0.109) (0.117) (0.114) (0.0967) (0.112)

TRADEABLE -0.0807∗∗∗ -0.0493∗∗∗ -0.0493∗∗∗ -0.0493∗∗∗ -0.0322 -0.0224

(0.0160) (0.0154) (0.0178) (0.0182) (0.0255) (0.0183)

SMALLBANK -0.124∗∗∗ -0.0346 -0.0346 -0.0346 -0.0620 -0.0449∗∗∗

(0.0369) (0.0241) (0.0363) (0.0405) (0.0481) (0.000754)

MIDBANK -0.0727∗∗∗ -0.0282 -0.0282 -0.0282 -0.0471 -0.0308∗∗∗

(0.0181) (0.0252) (0.0373) (0.0303) (0.0383) (0.000261)

CONSTANT 0.386∗∗∗ 0.0974∗∗∗ 0.0974∗∗ 0.0974 0.115 0.164∗∗∗

(0.0767) (0.0360) (0.0494) (0.0636) (0.0799) (0.0435)

N 3760 3760 3760 3760 3962 3760

Note: Column 1 uses OLS estimation. Column 2 replaces clustered SEs with standard SEs. Column 3 replaces

clustered SEs with robust SEs. Column 4 clusters by region using the 4 standard regions of the U.S.: Northeast,

South, Midwest, and West. Column 5 uses tobit estimation. Column 6 reports WLS with weights by SME share.

Standard errors in parentheses. ∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01


