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Abstract

Financial innovations like exchange-traded funds (ETFs) are designed to enhance mar-
ket liquidity and price efficiency, but their performance under stress, especially in
markets with limited intermediation, remains an open question. This paper studies
the breakdown of the ETF arbitrage mechanism in the municipal bond market during
the COVID-19 crisis. Despite large and persistent price deviations from net asset value
(NAV), arbitrage activity failed to realign ETF prices. Using bond-level trade data,
I show that trading volume in ETF-held bonds increased sharply during the crisis,
with activity concentrated in smaller-size trades. Meanwhile, dealers pulled back from
ETF-held bonds, and trading costs rose. The results indicate that while the Muni
ETF mechanism did not trigger fire sales in the underlying market, it left most selling
pressure in the ETF secondary market. These findings highlight structural fragilities in
ETF design when underlying assets are illiquid and dealer intermediation deteriorates.
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1 Introduction

Exchange-traded funds (ETFs) are often viewed as one of the most important financial
innovations of the past three decades. By combining real-time trading with diversified expo-
sure, ETF's offer investors liquidity, transparency, and low fees. In theory, these features are
reinforced by a robust arbitrage mechanism that keeps ETF prices closely aligned with the
net asset values (NAVs) of their underlying assets. This mechanism has contributed to the
widespread adoption of ETFs across asset classes and is widely believed to enhance market
efficiency and liquidity.

However, during periods of market stress, the promise of ETFs may not hold equally
across all asset classes. In markets with limited secondary liquidity, high fragmentation,
and weak intermediation, such as the municipal bond market, ETF's face unique challenges.
While the ETF share market may remain highly liquid, the underlying bonds often trade
infrequently and exhibit high transaction costs, making arbitrage more difficult to execute.
These structural frictions may raise the possibility that authorized participants (APs) have
limited capacity to perform arbitrage, allowing ETF prices to become untethered from the
values of their underlying bonds.

This paper investigates why municipal bond ETFs (Muni ETFs) experienced large and
persistent deviations from net asset value (NAV) during the COVID-19 market turmoil.
Although ETFs are designed to track NAVs through in-kind creations and redemptions
executed by APs, Muni ETFs saw some of the most severe and prolonged pricing dislocations
across all ETF categories in March 2020 (Dannhauser, 2017; Finnerty et al., 2024). The
persistence of these deviations raises fundamental questions about the conditions under which
the ETF arbitrage mechanism can fail, particularly in fixed-income markets with liquidity
constraints.

These concerns have become increasingly important given the rapid growth of Muni
ETFSs in recent years. Since 2020, Muni ETF assets under management have increased by

119%, while municipal mutual fund assets have declined slightly (Panel A of Table 1). This



shift in market share has drawn attention to a potential structural mismatch: Muni ETF's
trade on highly liquid exchanges, but hold underlying assets that are fragmented, thinly
traded, and often illiquid (Marlowe, 2020).! These concerns become particularly relevant
during periods of market turmoil, when pricing efficiency and liquidity conditions are most
strained (Dannhauser and Hoseinzade, 2022; Li et al., 2023). While ETFs are designed
to track their underlying assets closely (Ben-David et al., 2018), Muni ETFs experienced
prolonged dislocations from NAV, raising questions about the effectiveness of their arbitrage
mechanisms in stressed market conditions.

Periods of financial distress typically lead to increased demand for liquidity, with investors
prioritizing the sale of their most liquid assets first (Beber et al., 2009). Unlike individual
municipal bonds, which trade in fragmented over-the-counter (OTC) markets with limited
liquidity, Muni ETFs provide an exchange-traded mechanism for accessing liquidity (Bagley
et al., 2022; Griffin et al., 2023). Consequently, ETF shares experienced substantial selling
pressure during the COVID turmoil, leading to sharp declines in market prices. At the
same time, NAVs, based on quoted prices in the secondary market or matrix pricing of the
underlying municipal bonds, did not fall as dramatically, resulting in large and persistent de-
viations between ETF prices and their reported NAVs. This liquidity-driven selling pressure
should have presented arbitrage opportunities, yet NAV deviations persisted despite signif-
icant price gaps, suggesting that APs did not engage in arbitrage to the extent expected
(Dannhauser and Hoseinzade, 2022).

To empirically examine the drivers of ETF pricing dislocations, I use a difference-in-
differences (DiD) framework that compares trading volume in ETF-held bonds versus non-
fund-held bonds before and during the COVID-19 crisis. If arbitrage by APs were functioning
effectively, I would expect to observe increased trading activity in ETF-held bonds during
the crisis, as APs redeem ETF shares and offload the underlying bonds into the market

(Fulkerson et al., 2017). The results show that trading volume in ETF-held bonds did

1https://www.financialresearch.gov/annual—reports/files/office—of—financial—research—
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increase during the crisis period but the increase was concentrated in smaller-sized trades
(par value below $100,000). While this pattern does not rule out arbitrage, the transparency
and daily pricing provided by ETFs may encourage increased small-size trading from retail
investors (Doan, 2020). At the same time, the evidence may also indicate that the arbitrage
channel was limited in scale and operated only partially, possibly through fragmented or
small-sized executions. Moreover, the fund pressure analysis shows that ETF-related selling
pressure was not associated with increased bond-level trading, reinforcing the view that
most liquidation activity remained confined to the ETF share market. The persistence of
price deviations reflects structural limits on arbitrage: even amid elevated selling volume in
ETF secondary market, APs lacked the incentives or capacity to offload bonds and close the
pricing gap.

Further analysis shows that dealers, including those acting as authorized participants,
supplied significantly less liquidity to ETF-held bonds compared to bonds held by mutual
funds. This distinction is economically meaningful: mutual funds are forced sellers during
redemptions, directly transmitting liquidity pressure to the bond market (Li et al., 2023).
By contrast, ETF redemptions primarily occur through the secondary share market, where
dealers retain discretion and face balance sheet constraints during stress (Finnerty et al.,
2024; Cotelioglu, 2024). The retrenchment of dealer intermediation in the ETF segment
curtailed the absorption and recycling of bonds, limiting the effectiveness of arbitrage and
allowing ETF pricing dislocations to persist.

I also examine how trading costs evolved during the crisis. Bid-ask spreads widened
sharply for ETF-held bonds, reflecting heightened frictions in execution. These liquidity costs
further reduced incentives for APs to redeem shares and offload bonds, making arbitrage
less profitable and more difficult to implement. In contrast, mutual-fund-held bonds did
not experience the same level of spread widening. This divergence highlights how structural
design, trading behavior, and intermediation constraints jointly impaired ETF pricing during

market stress.



Additionally, the findings highlight the importance of targeted Federal Reserve inter-
ventions in restoring market stability. Although the Municipal Liquidity Facility (MLF),
announced on April 9, 2020, did not purchase municipal bond ETFs directly, it helped
stabilize the broader muni market. Only after this intervention did ETF prices begin to re-
align with NAV, underscoring the role of policy actions in restoring confidence and resolving
structural dislocations.

Together, these findings show that pricing dislocations in Muni ETF's persisted because
structural frictions limited arbitrage activity under stress.

This study contributes to the growing literature on the role of bond ETFs in market
functioning and liquidity dynamics. While ETFs have existed since 1993, academic research
on fixed-income ETFs is still evolving. Early work by Dannhauser (2017) shows that ETF
ownership affects valuation but has mixed effects on underlying bond liquidity, suggesting
that ETFs may attract liquidity traders away from the bonds themselves. Building on this,
Pan and Zeng (2017) develop a theoretical model where APs, who often double as bond
dealers, exploit ETF share creation and redemption mechanisms to manage inventory and
capture arbitrage opportunities during ETF price dislocations. More recent empirical work
has explored how AP behavior, basket design, and fund flows affect underlying bond liquidity
across corporate and high-yield markets (Holden and Nam, 2024; Marta, 2021; Koont et al.,
2022). These studies highlight the distinct roles played by ETF sponsors and APs in shaping
bond market outcomes through the ETF mechanism.

However, relatively little is known about how these mechanisms operate in the Muni
ETF space, which differs from the corporate bond market in several key respects: higher
fragmentation, a larger retail investor base, and even lower secondary market liquidity. Li
et al. (2023) shows that mutual funds and dealers introduce fragility to the municipal bond
market and induce lasting market impacts, while Wu and Burns (2018) find no evidence that
municipal bond liquidity deteriorates due to Muni ETF activity, but note that the impact

on underlying bond liquidity may evolve as the ETF market continues to grow. Similarly,



Marlowe (2020) suggests that at worst, bonds held by ETFs are no less liquid than bonds
held in mutual funds.

This paper provides new evidence on how ETF arbitrage mechanisms perform in the
municipal bond market during periods of stress. Using granular data on fund holdings, trade
sizes, and dealer behavior, I examine when and why arbitrage breaks down and how those
frictions shape bond-level outcomes. The findings offer a detailed view of ETF functioning
in illiquid markets and contribute to broader debates on whether ETFs stabilize or amplify
stress during market dislocations.

The remainder of the paper is organized as follows. Section 2 outlines the institutional
background of Muni ETFs during the COVID crisis and develops the hypotheses. Section 3
describes the sample construction and descriptive statistics. Section 4 examines how market
stress affects Muni ETF pricing. Section 5 explores the mechanisms underlying the persistent

price dislocations. Section 6 presents robustness checks, and Section 7 concludes.

2 Institutional Framework and Hypothesis Develop-

ment

2.1 ETF and Municipal Bond Market Structure

The municipal bond market has traditionally been characterized by lower liquidity and
greater fragmentation compared to other fixed-income markets. These structural features
stem from the over-the-counter (OTC) nature of municipal bond trading, the vast number
of issuers, and the buy-and-hold preferences of many long-term investors (Green et al., 2007;
Harris and Piwowar, 2006). Unlike corporate or Treasury markets, the structure of the
municipal bond market, characterized by a high number of CUSIPs and issuers, contributes

to fragmentation and limited liquidity.

2https://www.msrb.org/sites/default/files/MSRB-Dealer-Participation-and-
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Muni ETFs were introduced to offer greater accessibility, liquidity, and transparency to
investors seeking diversified exposure to municipal debt. Since the launch of the iShares
National Muni Bond ETF (MUB) in 2007, the market for Muni ETFs has expanded sig-
nificantly.” From 2008 through 2016, Muni ETFs’ AUM grew at an average annual rate
of 35.4% (Wu and Burns, 2018), reflecting a broader trend of ETF adoption across fixed-
income asset classes. BlackRock, the ETF industry’s largest provider, projects that global
bond ETF assets could triple to $6 trillion by 2030.* The rapid growth of ETFs in a funda-
mentally illiquid market has raised important questions about their behavior during stress

events (Bessembinder et al., 2018; Choi et al., 2019).

2.2 ETF Under Market Stress

During periods of market turmoil, investors generally prioritize liquidity.” Moreover,
ETFs attract investors with greater liquidity demands than mutual funds (Chordia, 1996;
Dannhauser and Hoseinzade, 2021). In March 2020, amid rising uncertainty from the
COVID-19 pandemic, financial markets experienced a severe liquidity shock. Municipal
bonds, which already suffer from low liquidity under normal conditions (Bagley et al., 2022;
Griffin et al., 2023), became even harder to sell due to deteriorating dealer participation and
limited market depth. The fragmented nature of the municipal bond market, marked by
a large number of issuers and securities, further constrained liquidity.® In contrast, Muni
ETFs trade on exchanges with continuous pricing and relatively low transaction costs, allow-
ing investors to liquidate positions quickly. As a result, selling pressure became concentrated
in ETF's, intensifying price pressures in the secondary market for ETF shares.

Because ETFs trade intraday while the underlying municipal bonds trade infrequently,

3https://www.breckinridge.com/insights/details/considering-the-municipal-bond-market-
implications-of-etf-asset-growth/.
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surges in secondary-market selling of ETF shares can drive ETF prices sharply lower. In
contrast, ETF NAVs are typically calculated once per day, based on evaluated bond prices
from pricing services that incorporate recent trades, dealer quotes, and matrix methods.
Although not updated intraday, these NAVs provide a more stable benchmark of underlying
bond values during periods of market stress, when trading activity is sparse. During a market
crisis, heavy selling volume in the ETF share market caused prices to trade at substantial
discounts to NAV (Shim and Todorov, 2021). For example, starting around March 10, 2020,
the market prices of MUB and VTEB diverged markedly from their indicative NAVs. On
March 18, MUB closed at a 5.9% discount, while VTEB reached a 9.4% discount on March
19.7 These deviations persisted well beyond the immediate onset of the crisis, suggesting
that price misalignments were not rapidly corrected.

In theory, ETF arbitrage should eliminate such price-NAV gaps. When ETFs trade at
a discount, APs can purchase ETF shares on the open market, redeem them with the ETF
sponsors in exchange for the underlying bonds, and profit from the difference. Similarly, when
ETFs trade at a premium, APs can deliver a basket of bonds to the sponsor in exchange for
ETF shares, which are then sold in the market. This arbitrage activity keeps ETF prices
aligned with NAV under normal conditions (Dannhauser, 2017).

However, the effectiveness of the ETF arbitrage mechanism ultimately depends on deal-
ers’ capacity and willingness to intermediate the underlying securities at low cost. During
the COVID-19 crisis, multiple frictions undermined this process. First, the municipal bond
market became severely illiquid: dealers, including those acting as authorized participants,
reduced inventories and widened bid—ask spreads, making it costly to source or liquidate
bonds (Li et al., 2023). Between Q1 2018 and Q3 2020, dealer muni inventories fell by
62% (Bagley et al., 2021), eroding the backstop liquidity needed for effective arbitrage. Sec-
ond, dealers may have questioned whether ETF NAVs reflected tradable bond values during

stress, further dampening incentives to absorb and recycle positions.
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Despite some industry commentary suggesting that APs remained active during the cri-
sis,” the persistence and magnitude of NAV discounts imply that arbitrage was either con-

strained or not occurring at a sufficient scale to restore pricing parity.

2.3 COVID-19 and Fed Interventions

The COVID-19 crisis presents a unique natural experiment to study ETF behavior under
stress. Unlike previous disruptions, such as the 2013 Taper Tantrum, the Muni ETF market
had grown large enough by 2020 to generate observable systemic patterns. In addition,
financial regulations implemented in the post-2008 period had already eroded dealer capacity
to act as liquidity providers. This left APs with limited ability to offload large bond baskets
in a stressed market environment (Bessembinder et al., 2018). The recovery in the municipal
bond market also lagged the corporate bond market, prolonging pricing disruptions (Wu and
Burns, 2018).

These features make the COVID period an ideal setting to examine the conditions under
which ETF arbitrage fails and whether persistent price dislocations emerge in less liquid
markets.

During March and April 2020, the Federal Reserve implemented a series of extraordinary
measures to stabilize financial markets. These included expanding the eligibility of liquidity
facilities to cover short-term municipal securities and, the establishment of the Municipal
Liquidity Facility (MLF) on April 9. While the MLF did not directly support ETF markets, it
provided a critical backstop to the broader municipal bond market by purchasing short-term
notes from state and local governments. Whether these interventions effectively narrowed
ETF price-NAV deviations and reduced selling pressure, thereby indirectly restoring pricing

efficiency, remains an open question.

8https://www.ici.org/doc-server/pdf:20_rpt_covid2.pdf
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2.4 Hypotheses Development

This section develops testable hypotheses based on the institutional design of Muni ETF's
and the market dynamics observed during the COVID-19 crisis.

When liquidity demand surges during a crisis, ETF investors may sell shares to raise
cash. Unlike mutual funds, ETFs do not redeem shares directly. Instead, ETF prices are
set in secondary markets, and redemptions occur through in-kind transactions between the
ETF sponsor and APs. If ETF prices fall below the NAV of the underlying bonds, APs are
expected to arbitrage by buying discounted ETF shares, redeeming them for the underlying
bonds, and selling those bonds in the market, thereby narrowing the price gap (Finnerty
et al., 2024). However, APs might utilize discretion by allowing ETFs to trade at significant
discounts for extended periods (Dannhauser and Hoseinzade, 2022).

To test this interpretation, I first examine whether trading volume rose more in ETF-
held bonds relative to other bonds during the crisis. If ETF selling pressure spilled into the
underlying market, I would expect to see elevated bond trading activity concentrated among

ETF-held securities.

Hypothesis 1 (Trading Activity Response): During the COVID-19 crisis, bonds
held by municipal bond ETFs experienced greater increases in trading volume compared to
bonds not held by any fund.

Alternative Hypothesis 1A: Bonds held by municipal bond ETFs did not experience
greater increases in trading volume during the crisis, consistent with limited spillover from

ETEF selling into the underlying bond market.

If arbitrage through the Muni ETF mechanism fails, a key explanation is the withdrawal
of dealer intermediation. In mutual funds, redemptions require direct bond sales by the
fund manager, often at depressed prices, regardless of market depth (Li et al., 2023). By
contrast, ETFs’ redemption channel might pour selling pressure into the secondary market,

where dealers, including those acting as APs, determine whether to absorb and warehouse



the underlying bonds. Between Q1 2018 and Q3 2020, dealer muni inventories had already
fallen by 62% (Bagley et al., 2021), eroding the balance sheet capacity needed to sustain
arbitrage. As a result, even when ETF prices fell below NAV, dealers may have been unable
or unwilling to execute trades that would close the pricing gap, allowing dislocations to
persist. I test whether ETF-held bonds experienced a larger decline in dealer intermediation
during the crisis relative to other bonds.

Hypothesis 2 (Dealer Withdrawal): Dealers, including those acting as authorized
participants, reduced liquidity provision to ETF-held bonds during the crisis, limiting the
arbitrage activities.

Alternative Hypothesis 2A: Dealer intermediation did not decline disproportionately

for ETF-held bonds, implying that other frictions explain the persistence of price deviations.

Beyond dealer behavior, liquidity frictions may also limit ETF arbitrage. Executing ETF
arbitrage requires buying or selling the underlying bonds, and high trading costs can make
such transactions unprofitable, allowing ETF premiums and discounts to persist (Fulkerson
et al., 2017). During market stress, dealers often face tighter balance-sheet constraints and
reduce their market-making activity. At the same time, ETF-held municipal bonds tend to
attract heavier small-lot trading, often driven by retail investors following visible benchmark
securities. When dealers step back, this surge in retail trading can raise the trading costs.

Higher trading costs not only reflect retail crowding but also increase the effective cost
of arbitrage, as APs and dealers may rely on smaller transactions to assemble or unwind
ETF redemption baskets under stressed conditions. Consequently, liquidity frictions con-
centrated in small trades can impede the arbitrage mechanism and contribute to persistent
ETF mispricing during crises.

By contrast, if transparency from daily portfolio disclosure enhances price discovery and
attracts institutional participation, ETF-held bonds could exhibit lower dealer markups
relative to comparable non-ETF-held bonds (Doan, 2025). This alternative channel suggests

that improved transparency may facilitate, rather than hinder, arbitrage efficiency.
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Hypothesis 3 (Liquidity Frictions and Trading Costs): During the crisis, trading
costs for ETF-held bonds increased relative to comparable bonds, raising the effective cost of
arbitrage.

Alternative Hypothesis 3A: Trading costs remain stable across bond types, suggesting

that ETF price dislocations stem from other mechanisms.

Lastly, during the COVID-19 crisis, the Federal Reserve introduced a series of inter-
ventions aimed at stabilizing financial markets and restoring investor confidence. However,
these measures were rolled out in stages and did not initially provide comprehensive sup-
port to the municipal bond sector. On March 20, 2020, the Fed expanded the eligibility
criteria for the Money Market Mutual Fund Liquidity Facility (MMLF) to include certain
short-term municipal securities such as variable-rate demand notes (VRDNs). While this
marked a step toward broader support, it was limited in scope and did not directly address
the wider dislocations in the municipal bond market. It was not until April 9, 2020, that the
Fed launched the Municipal Liquidity Facility (MLF), a targeted program offering a direct
backstop for newly issued short-term municipal debt. Although the MLF did not explicitly
include Muni ETFs or existing secondary-market bonds, it signaled a strong federal commit-
ment to supporting the muni sector. To assess whether these interventions helped restore
trading conditions and confidence in ETF-held bonds, I propose the following hypothesis:

Hypothesis 4 (Policy Intervention and Recovery): The MLF had a stronger impact
on the recovery of trading activity and liquidity for ETF-held bonds than the earlier MMLF.

Alternative Hypothesis 4A: MLF had limited impacts on trading and pricing recov-

ery.
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3 Sample Construction and Descriptive Statistics

3.1 Data Sources and Sample Construction

This study integrates multiple data sources to construct a bond-day panel dataset of mu-
nicipal bond trading activity and ownership structure during the COVID-19 market turmoil.

To identify Muni ETFs, I begin with the CRSP Survivor-Bias-Free US Mutual Fund
Database, a comprehensive dataset covering U.S. mutual funds and ETFSs, including their
characteristics and holdings. Muni ETFs are defined as funds that meet all of the following
criteria: (1) have a CRSP objective code of IU (fixed income, municipal), (2) are flagged
as ETFs, (3) are assigned a Lipper objective indicating investment in municipal securities,
and (4) possess a Lipper asset code corresponding to tax-exempt income funds. I exclude
funds of funds from the analysis. To ensure accuracy in classification, I validate the initial
CRSP-based ETF list using external sources including ETF.com, VettaFi, Refinitiv Eikon,
fund fact sheets, and fund prospectuses.

Fund holdings data are obtained from the CRSP Mutual Fund Database, where most
funds report holdings on a monthly basis. When data are missing for a given month, I
forward-fill the most recently available holdings to maintain continuity. These data are then
used to construct bond-level indicators identifying whether each bond is held exclusively by
ETFs, mutual funds, or both.

Municipal bond transaction data is obtained from the MSRB (Municipal Securities
Rulemaking Board) RTRS database, which provides comprehensive over-the-counter trade
records for all municipal securities. I exclude interdealer trades and clean the data following
standard procedures in the literature (e.g., Green et al., 2010; Li and Schiirhoff, 2019). This
includes filtering out trades occurring within three months of issuance or within one year of
maturity. Each trade includes information on par amount, trade size, date, and buyer /seller
classifications.

Bond-level characteristics are merged from Refinitiv Eikon using nine-digit CUSIP iden-

12



tifiers. These variables include credit rating, tax status, insurance status, state of issuance,
and features such as callability, sinkability, bank qualification, and AMT exposure.

The final sample spans from October 2019 to September 2020, covering the one-year
window surrounding the COVID-19 crisis. The crisis period is defined as March 9 to March
20, 2020, corresponding to the acute phase of dislocation in the municipal bond market. This
definition follows Li et al. (2023) and is supported by observed surges in ETF discounts,
trading volumes, and mutual fund outflows during this period. Robustness checks using
alternative windows (e.g., a three-week crisis definition) are provided in Section 6.

Merging trade records with monthly holdings and bond characteristics results in a bond-
day level panel dataset with detailed information on trading activity, ownership classification,
and bond fundamentals. Bonds are categorized into mutually exclusive groups: held exclu-
sively by ETFs (Only ETF), held exclusively by mutual funds (Only MF'), or held by both

types of funds (Both). These classifications are used throughout the empirical analysis.

3.2 Descriptive Statistics

This section provides descriptive evidence that frames the central analysis by highlighting
key differences between ETFs and mutual funds in terms of fund characteristics, holdings,
and trading patterns.

Panel A of Table 1 presents the descriptive statistics for the Muni ETFs” growth. The
sample includes Muni ETFs and Muni mutual funds and spans the period from October 2019
to September 2020, providing insights into both the number of funds and their characteristics
over time. In Panel A, I examine the Number of ETFs and mutual funds by Year with AUM,
showing the growth in both the number of ETFs and MFs in the market, alongside their
total AUM. Over the observed period, the number of Muni ETFs increased from 59 in 2019
to 86 by 2023. During the same period, the total AUM of these ETFs rose from $47 billion
to $122 billion. This growth contrasts with the decline in both the number of muni mutual

funds and their AUM.
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Panel B of Table 1 presents summary statistics for all active Muni ETFs during the
one-year period surrounding the COVID-19 turmoil (October 2019 to September 2020).
Based on the 59 funds that were outstanding during the sample period, the Muni ETF
market demonstrates a wide variety of characteristics. On average, these funds have been in
operation for approximately 4.88 years, with AUM totaling $797.27 million. Approximately
97.22% of the assets in these funds are invested in municipal bond markets. The underlying
bonds exhibit a mean weighted average maturity of 12.16 years. The average expense ratio
stands at 0.26%, and the average turnover ratio is 33.79%.

Panel A of Table 2 shows that ETF's hold a narrower slice of the municipal bond universe
compared to mutual funds, though the number of ETF-held bonds has grown alongside the
expansion of the ETF market. Panel B highlights that trades in ETF-held bonds are dis-
proportionately small in size: 84.5% of trades in ETF-only bonds fall below the $100,000
par value threshold, compared to 70.9% for bonds held only by mutual funds. This pattern
might suggest greater retail activity in ETF-held bonds. Combined with lower trade counts
and smaller average trade sizes, these characteristics indicate that ETF-held bonds are more
exposed to sentiment-driven retail flows, posing challenges for APs managing in-kind re-
demptions and arbitrage under market stress.

Finally, Panel C of Table 2 compares bond characteristics across fund holdings. ETF-
held bonds are generally held in smaller proportions than MF-held bonds, with ETF's holding
just 6.6% on average compared to 51.3% for mutual funds. These bonds also tend to have
shorter maturities (6.4 vs. 10.7 years), lower chances to be insured (5% vs. 14%), and a
lower likelihood of being callable (36% vs. 67%). While such characteristics may facilitate
more flexible packaging for redemptions, whether they facilitate the ETF mechanism during

market turmoil is unknown.
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4 Price Dislocation and Market Stress: Descriptive
Evidence

This section documents descriptive evidence on the pricing behavior of Muni ETFs during
the COVID-19 crisis, with a focus on the magnitude and persistence of deviations from NAV.
The findings suggest that Muni ETFs experienced unusually large and persistent price-NAV
deviation, reflecting structural frictions and the illiquidity of the underlying bond market.

Figure 1 presents key indicators of market stress. Panel A shows a sharp rise in the cross-
sectional volatility of Muni ETF returns beginning in mid-March 2020, coinciding with the
peak in market-wide uncertainty. Panel B illustrates a concurrent drop in NAVs, capturing
the steep decline in the market value of municipal bond holdings during this period.

To assess the relative severity of pricing dislocations, Figure 2 compares average ETF
price deviations across four asset classes: municipal bonds (IU), corporate bonds (IC), gov-
ernment bonds (IG), and domestic equities (ED), as categorized by CRSP style codes. Two
vertical lines mark the COVID-19 turmoil window (March 9-20, 2020). During the turmoil
window, Muni ETF's exhibited the largest and most persistent discounts, with dislocations
exceeding 5% and remaining elevated through April. In contrast, price deviations in corpo-
rate bond and equity ETFs were smaller and resolved more quickly. This contrast highlights
the unique vulnerability of Muni ETF's to severe and persistent pricing dislocations, suggest-
ing that ETF pricing mechanisms were more vulnerable in illiquid markets. Following the
turmoil window, Muni ETFs continued to trade below NAV for several weeks before prices
realigned with fund values.

Collectively, these patterns underscore the fragility of price alignment mechanisms for
Muni ETFs during periods of stress. The pronounced and prolonged dislocations motivate
the empirical analysis in Section 5, which investigates the extent to which impaired arbitrage

activity and bond-level trading frictions account for the observed price-NAV deviations.
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5 Mechanism Analysis

5.1 Price Dislocation and Bond Trading Activity

The persistent NAV discounts observed in Muni ETFs during the COVID-19 crisis raise
a key question: to what extent did dislocations in ETF prices translate into trading activity
in the underlying municipal bond market? If APs responded to these price deviations by
redeeming ETF shares and liquidating the corresponding bonds, we would expect to observe a
rise in trading volume for bonds held by ETFs during the period of market stress (Cotelioglu,
2024).

To empirically assess this mechanism, I implement a difference-in-differences (DiD) frame-
work using bond-level trade data. Municipal bonds are categorized into four mutually exclu-
sive groups based on their fund ownership status as of February 2020: (1) held exclusively
by ETFs, (2) held exclusively by mutual funds (MFs), (3) held by both ETFs and MFs, and
(4) not held by either. This classification enables a direct comparison of trading dynamics
across ownership types before and during the crisis.

The following regression model forms the basis of the analysis:

Trading Volume;; = o+ [y x Crisis, + o x Only ETF; 4 B3 x Only MF; 4+ B4 * Both;
+B5 * Only ETF, x Crisis, + B¢ * Only MF; x Crisis, + 37 * Both; x Crisis,
+ps * Controls; s + Fixed Effects + €;

(1)

The dependent variable in this analysis is Trading Volume (Log Scaled Sum Par), mea-
sured as the natural logarithm of a bond’s total daily par value traded, scaled by its face
value issued. The primary coefficient of interest, (5, tests whether bonds held exclusively
by ETFs experienced significantly different trading activity during the COVID-19 turmoil

window (March 9-20, 2020), relative to bonds not held by any funds. The regression includes
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controls for bond characteristics (issue size, maturity, age, coupon rate, guarantee status,
insurance, and tax status), along with fixed effects for date, rating, bond type, embedded
options, and issuer.

Table 3 presents the results. I find robust evidence that bonds held exclusively by ETFs
experienced a statistically significant increase in trading volume during the crisis period.
This elevated trading response is comparable in magnitude to that of bonds held by mutual
funds or by both ETFs and mutual funds.

These findings are consistent with the visual evidence in Figure 3, which shows pro-
nounced spikes in scaled trading volume for bonds held by ETFs and mutual funds. While
these results confirm heightened trading activity for ETF-held bonds during the crisis pe-
riod, the implications for arbitrage activity remain less clear. To further probe this channel,

I next examine trade size segmentation.

5.2 Trade Size Segments: Unpacking Trading Volume Shifts

To better understand the mechanism behind the increase in trading activity for ETF-held
bonds, I separate trades by size. The distinction between small and large trades serves as
a lens into the type of market activity taking place. Large trades are more likely to reflect
institutional behavior, including AP arbitrage-related flows and block trading by dealers or
asset managers. In contrast, small trades may capture more fragmented transactions, in-
cluding retail-driven activity or disassembly of ETF baskets into smaller bond lots. Trade
size offers a useful, though imperfect, proxy for the scale and structure of trading activ-
ity. Segmenting by size helps shed light on whether the observed volume response reflects
coordinated arbitrage flows or decentralized selling pressure.

Table 4 presents regressions of daily bond-level trading volume on fund ownership indica-
tors and their interaction with a crisis-period dummy, estimated separately for small trades
(par < $100,000) and large trades (par > $100,000). The dependent variable is Trading

Volume (Log Scaled Sum Par), defined as the natural logarithm of daily par value traded
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scaled by face value issued.

The results show that the increase in trading activity for ETF-only bonds was con-
centrated in the small-trade-size segment. As shown in Columns (1) and (2), these bonds
experienced a statistically significant rise in small-trade volume during the crisis. In contrast,
Columns (5) and (6) show no comparable increase in large-trade activity. By comparison,
mutual-fund-held bonds exhibit a statistically significant increase in large-trade volume dur-
ing the same period, consistent with mutual funds being forced to sell underlying assets to
meet investor redemptions.

The concentration of volume growth in smaller trades suggests that selling pressure in
ETF-held bonds did not primarily flow through institutional-sized transactions. Instead, ac-
tivity was fragmented, likely reflecting a combination of retail selling and smaller-lot trans-
actions related to ETF portfolio adjustments. While I do not rule out the possibility of
arbitrage activity occurring in smaller trades, the lack of growth in large trades indicates
that ETF redemptions, if they occurred, were not accompanied by block-level execution in
the underlying bonds. This further supports the view that selling pressure remained concen-
trated in the ETF secondary market rather than being transmitted to the underlying bond

market through the arbitrage mechanism.

5.3 Fund Pressure and Trading Volume Transmission

The previous analysis shows that ETF-held municipal bonds saw heightened trading
activity during the COVID-19 crisis, with the most pronounced differences in small-sized
trades. To test whether the fund level pressure left a footprint in the underlying bond market,
I construct a bond—day measure of Fund Pressure following Dannhauser and Hoseinzade
(2022) that aggregates return-adjusted net outflows from all funds holding a given bond,

weighted by their pre-crisis holdings.

doe (Holding Amount, ; X Outﬂowk,t,l,t) 2)
> Holding Amount, ’

Fund Pressure;; =
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where Holding Amount, ; is the par value of bond i held by fund k as of February 2020
and Outflowy ;1 is the net percentage outflow from fund £ between ¢ — 1 and ¢, adjusted
for fund returns (Fulkerson et al., 2017). Positive values indicate stronger selling pressure
in the portfolios that hold bond 2. This variable captures how much flow pressure a bond is
exposed to based on its presence in portfolios undergoing outflows.

The key mechanism differs across organizational forms. Mutual funds meet redemptions
by selling underlying assets, so outflows directly transmit pressure to portfolio bonds. By
contrast, ETFs do not sell bonds to meet investor sales of ETF shares. Primary-market re-
demptions occur only when APs voluntarily exchange ETF shares for the underlying basket;
therefore, ETF pressure reaches the bond market only if APs actively redeem and unwind
baskets. Limited AP arbitrage implies little or no transmission.

I estimate the following regression over the crisis window (March 9-20, 2020):

Trading Volume;; = a + (1 - Fund Pressure;; + 32 - Total Share; ++' X,

+FEDate, Rating, Type, Option, Issuer + €it

where the dependent variable is Trading Volume (Log Scaled Sum Par), the natural log of
the bond’s daily par amount traded scaled by face value. Total Share; controls for the fraction
of the bond outstanding that is held by funds, and X, ; includes standard bond characteristics
(issue size, maturity, age, coupon, insurance, bank-qualified and AMT indicators). Standard
errors are two-way clustered by bond and date.

Table 5 shows a clear pattern. In the full sample, higher Fund Pressure is associated with
higher trading volume (Columns 1-2). The effect is strongest and statistically significant
among bonds held exclusively by mutual funds (Columns 5-6) and remains significant for
bonds held by both ETFs and mutual funds (Columns 7-8). In contrast, for bonds held
exclusively by ETFs (Columns 3-4), the coefficient on Fund Pressure is small and not sta-
tistically different from zero. These inferences are unchanged when controlling for overall

fund ownership via Total Share (even-numbered columns).
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Taken together, the evidence indicates that during the March 2020 turmoil, redemption
pressure propagated to the underlying market primarily through mutual funds, consistent
with direct sales to meet outflows. ETF-related pressure did not translate into higher bond-
level trading volume unless APs chose to redeem and unwind baskets—behavior that appears
limited in this window. This pressure-based test complements earlier findings on trading vol-
ume, reinforcing the view that mutual funds transmitted selling pressure to the muni market,
whereas ETFs largely absorbed investor selling in the secondary market for ETF shares with-
out forcing bond-level liquidations, but in doing so, also allowed large and persistent price

deviations from NAV to persist.

5.4 Balance Sheet Constraints and ETF Arbitrage

Earlier sections showed that Muni ETFs experienced large and persistent price disloca-
tions during the COVID-19 crisis, with little evidence of arbitrage flows correcting them.
A natural question is why APs did not step in to close these gaps. In practice, APs are
typically the same large broker-dealers that provide intermediation in the broader municipal
market. This means that limits on dealer balance sheet capacity and risk appetite directly
translate into limits on ETF arbitrage. When dealers retrench, arbitrage capacity shrinks
with them.

To examine this channel, I analyze dealers’ net purchases of municipal bonds during the
COVID turmoil. The variable Dealer Net Purchase is defined as the difference between
dealers’ aggregate purchases from customers and their aggregate sales to customers for each
bond on a given day. If dealers, including those acting as APs, were absorbing ETF-related
flows, we should observe positive net purchases during the crisis, especially for ETF-held
bonds.

Regression results (Table 6) cover February 24 to March 20, 2020, with March 9-20
defined as the crisis window. The estimates reveal a sharp asymmetry. For bonds held only

by ETFs, the interaction term Crisis x Only ETF is negative and statistically significant,
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indicating that dealers, including APs, reduced their net purchases of these bonds during the
stress period. By contrast, for bonds held only by mutual funds, the interaction is positive,
consistent with dealers continuing to intermediate MF-driven sales.

These findings indicate that dealers were less willing to provide liquidity for ETF-held
municipal bonds during the crisis. Because APs are themselves large broker-dealers, their
retrenchment from ETF-related bonds meant that arbitrage capacity was directly curtailed.
In contrast, bonds held only by mutual funds experienced increased dealer net purchases,
consistent with dealers continuing to intermediate mutual fund redemptions even at higher
trading costs.

Overall, this analysis provides additional evidence that structural frictions in the munici-
pal bond market, especially limited dealer balance sheet capacity and market fragmentation,
contributed to the persistence of ETF price dislocations. The withdrawal of dealers, includ-
ing those acting as APs, from ETF-related bonds underscores how closely arbitrage depends

on dealer intermediation in illiquid bond markets.

5.5 Bond Liquidity

This subsection evaluates the extent to which trading costs, shaped by structural frictions,
contributed to limiting arbitrage activity in muni ETFs during the COVID-19 crisis. While
prior research by Dannhauser (2017) finds that ETF ownership can improve corporate bond
liquidity, it remains unclear whether this liquidity benefit holds in the more fragmented
municipal bond market under stress. Fulkerson et al. (2017) suggests that liquidity costs
can create a barrier to arbitrage that allows ETF premiums and discounts to persist. If
trading costs were significantly higher for ETF-held bonds, this would further discourage
APs from engaging in arbitrage and help explain the persistence of NAV deviations. The
central question is whether ETF-held muni bonds experienced greater liquidity deterioration,
which would add another layer of friction to the ETF mechanism, or whether ETF activity

continued to support liquidity even during periods of market turmoil.
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To assess trading costs, I examine bid-ask spreads at the bond level, a widely used
proxy for trading costs and market liquidity, during the crisis. Using the same difference-in-
differences specification, I re-estimate the baseline model from Equation 1, replacing trading
volume with the daily bid-ask spread as the dependent variable.

Table 7 examines trading cost dynamics during the crisis. The results show that ETF-
held bonds experienced a significant increase in bid-ask spreads during the COVID shock,
consistent with a deterioration in underlying bond liquidity precisely when ETF arbitrage
was most needed. In contrast, bonds held only by mutual funds exhibit a decline in trading
costs during the crisis. This pattern is consistent with broker-dealers continuing to support
mutual fund-related trades, likely because mutual fund redemptions required immediacy in
the underlying cash bond market. By comparison, ETF-held bonds became more expensive
to trade, indicating that dealer balance sheet capacity was not directed toward facilitating
ETF arbitrage.

The increase in bid-ask spreads for ETF-held bonds is consistent with reduced dealer
intermediation and higher costs of sourcing or unwinding the underlying municipal bonds. In
that environment, even when ETF's traded at substantial discounts to NAV, arbitrage became
more costly to execute. Elevated trading costs therefore provide a direct mechanism through
which frictions in the underlying bond market, combined with ETF structural constraints,

contributed to the persistent NAV discounts observed during the crisis.

5.6 Federal Policy Intervention

In this section, I examine the resolution of the COVID turmoil to evaluate the effec-
tiveness of policy interventions in restoring investor confidence. As outlined in Section 2.3,
the Federal Reserve expanded the eligibility criteria for the Money Market Mutual Fund
Liquidity Facility (MMLF) and the Commercial Paper Funding Facility (CPFF) on March
23 to include certain short-term municipal securities. Following this, on April 9, the Federal

Reserve introduced the Municipal Liquidity Facility (MLF), a more targeted intervention
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aimed directly at the municipal bond market. These interventions were followed by notice-
able improvements in municipal market conditions, with outflows from Muni ETFs subsiding,
suggesting a positive market response to these actions.

To assess the impact of these interventions, I focus on the two-week recovery period
following each announcement. Specifically, I examine the changes in trading volume and
trading costs for municipal bonds in the two-week periods before and after the interventions.
By replacing the “Crisis” dummy with a “Post Crisis” dummy, I re-estimate model 1, and
the results are presented in Table 8. The analysis reveals that while trading volume and
costs showed some improvements following the March 23 intervention, these changes were
only statistically significant after the April 9 MLF intervention. Specifically, the April 9
intervention led to a significant reduction in trading costs and trading volume. This suggests
that segment-specific interventions, such as the MLF, were more effective in restoring market

confidence and stabilizing the municipal bond market during the crisis.

6 Robustness Checks

I conduct three robustness exercises to evaluate the sensitivity of the baseline results to
sample construction and specification choices: (i) re-estimating with a balanced panel in-
cluding non-traded bonds, (ii) extending the crisis window to three weeks, and (iii) replacing
fund-holding dummies with continuous ownership shares in the liquidity regressions. Across

all settings, the qualitative conclusions remain intact.

6.1 Balanced Sample

The baseline analysis conditions on bond-days with observed trading, raising potential
concerns about selection. To address this, I construct a balanced panel of all municipal
bonds outstanding from February 24 to March 20, 2020, assigning zero trading volume to

non-traded bonds.
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Table [A1 shows that the main patterns persist when using Trading Volume (Log Scaled
Sum Par) as the dependent variable. Bonds held by ETFs, mutual funds, or both exhibit
higher trading activity in levels, and the corresponding Cfrisis interactions remain positive
and statistically significant. These results confirm that the surge in ETF-related trading is

not an artifact of restricting attention to actively traded bonds.

6.2 Alternative COVID Crisis Window (Three Weeks)

To ensure the findings are not sensitive to the specific COVID window definition, I adopt
an alternative specification following Haddad et al. (2021). This extends the crisis period
to cover March 2 through March 20, 2020, and includes a longer pre-crisis window from
February 10 onward.

Table A2 shows that the baseline findings are robust to this alternative timing. In the
small-trade segment, Crisis X Only ETF remains positive and significant, consistent with
intensified ETF-related activity when markets were stressed. In the large-trade segment,
Crisis x Both is strongly positive, while Crisis x Only ETF is indistinguishable from zero
and Crisis x Only MF turns positive. This size split reinforces the interpretation that

ETF-related trading pressure is most evident in small transactions instead of large trades.

6.3 Fund Ownership Shares and Trading Costs

Finally, I replace the ownership dummies with continuous ownership shares, defined as
the percentage of a bond’s par value held by ETFs, mutual funds, or both.

Table TA3 demonstrates that ETF ownership is associated with a pronounced deteriora-
tion in liquidity for small-size trades during the crisis. The Crisis x ETF Share coefficients
are positive and highly significant. For large-size trades, the interaction is weakly negative
or statistically insignificant, indicating that ETF ownership does not systematically raise
block-trade costs. Taken together, the results confirm that the increase in trading costs dur-

ing COVID stress is specific to ETF ownership and concentrated in small trades, consistent
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with the earlier dummy-based analysis.

7 Conclusion

This paper examines the breakdown of arbitrage and pricing mechanisms in municipal
bond ETFs during the COVID turmoil. Despite being designed to promote price efficiency
through in-kind creation and redemption, ETF share prices deviated sharply and persistently
from their NAVs. Using bond-level trade data, I find that trading activity in ETF-held
bonds increased notably, especially in smaller-size trades, but did not exhibit the large-scale
trading patterns. This suggests that the arbitrage channel was limited in scale and may have
operated only partially, possibly through fragmented or small-sized executions.

In contrast, mutual fund-held bonds experienced stronger flow-driven transmission into
the underlying bond market, consistent with direct selling to meet redemptions. Moreover,
fund flow analysis confirms that ETF outflows did not result in increased trading of the
underlying bonds, further underscoring the structural distinction between the two fund types.

Taken together, the results point to several structural frictions, including dealer pullback,
illiquid bond markets, and fragmented ETF holdings, that constrained arbitrage activity
during the crisis. Although ETFs shielded the underlying market from fire sales, they also
allowed pricing dislocations to persist and expose investors to pricing dislocations. The
results highlight how structural friction can affect ETF pricing in fragmented and illiquid

markets such as municipal bonds.
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Appendix A

Variable Definitions

Variable Definition Source

Event Indicators and Time Variables

Crisis Equals 1 if the observation falls within the COVID MSRB
crisis period (March 9 to March 20, 2020), and 0
otherwise.

Post-Crisis Equals 1 if the observation falls within the two- MSRB
week period after a Federal Reserve intervention
(e.g., March 23 or April 9), and 0 otherwise.

Date Calendar trading date for each bond-day observa- MSRB
tion.

Fund Ownership and Flow Variables

Only ETF Equals 1 if the bond is held exclusively by ETFs CRSP
and 0 otherwise.

Only MF Equals 1 if the bond is held exclusively by mutual CRSP
funds and 0 otherwise.

Both Equals 1 if the bond is held by both ETFs and CRSP
mutual funds.

ETF Share Percentage of the bond held by ETF's as a share of CRSP
its total market value.

MF Share Percentage of the bond held by mutual funds as a CRSP
share of its total market value.

Both Share/ Percentage of the bond held jointly by ETFs and CRSP

Total Share mutual funds.

Fund Flow Weighted average of fund outflows for each bond. CRSP

Trading Outcome Variables

Trading Vol- Natural logarithm of a bond’s daily total par MSRB

ume (Log traded, scaled by its issued face value.

Scaled Sum

Par)

No. of Trades Count of all trades in a bond on a given day. MSRB

Trading Cost  Bid-ask spread calculated as the difference between MSRB

the weighted average purchase price and sale price.

29



Dealer  Net Net par amount bought by dealers (purchases from  MSRB
Purchase customers minus sales to customers).
Bond Characteristics
Issue Size Log of original par amount issued for the bond. Eikon
State State of the bond issuer. Eikon
Maturity Remaining time to maturity, measured in years. Eikon
Age Time since issuance, measured in years. Eikon
Coupon Rate The stated annual interest rate on the bond. Eikon
AMT Equals 1 if the bond is subject to the Alternative Eikon
Minimum Tax (AMT), and 0 otherwise.
Bank Quali- Equals 1 if the bond qualifies for tax benefits for Eikon
fied banks, and 0 otherwise.
Insured Equals 1 if the bond carries insurance from a guar- Eikon
antor, and 0 otherwise.
Is  Guaran- Equals 1 if the bond’s payments are guaranteed by Eikon
teed a third party.
Callable Equals 1 if the bond is callable, and 0 otherwise.  Eikon
Puttable Equals 1 if the bond is puttable, and 0 otherwise.  Eikon
Sinking Fund Equals 1 if the bond includes a sinking fund provi- FEikon
sion, and 0 otherwise.
General Obli- Equals 1 if the bond is a general obligation bond FEikon
gation backed by the issuer’s taxing authority.
Tax Status Equals 1 if the bond is tax-exempt, and 0 if it is Eikon
taxable. Based on Eikon’s “Tax Status” code.
Rating Credit quality rank based on the “Rating Rank” FEikon
field. Each rating is assigned a numerical value,
with unrated bonds placed into a separate numer-
ical category.
Fund-Level Variables
Net Asset Per-share value of the ETF’s municipal bond hold- CRSP
Value (NAV) ings.
Assets Under Total market value of assets managed by the ETF, CRSP
Management including municipal bonds.
(AUM)
Fund Age Number of years since the ETF’s inception, mea- CRSP
sured as of the observation date.
Fund Average Average assets under management for the ETFs CRSP
AUM during the sample period, in millions of USD.
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Muni Alloca-
tion (%)
Weighted Av-
erage Matu-
rity (Years)
Expense Ra-
tio (%)
Turnover Ra-

tio (%)

Percentage of total fund assets invested in munici-
pal bonds.

Weighted average time to maturity of the fund’s
underlying municipal bonds.

Annualized operating expense of the fund, ex-
pressed as a percentage of AUM.

Annual portfolio turnover, calculated as the lesser
of purchases or sales divided by average AUM.

CRSP

CRSP

CRSP

CRSP
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Figure 1: Key Measures of Municipal Bond ETFs During the COVID-19 Crisis
This figure presents key indicators of municipal bond ETF market conditions during the COVID-19

crisis. Panel A reports the daily return volatility of Muni ETFs, calculated as the cross-sectional standard
deviation of daily returns across all available Muni ETF's on each trading day; volatility spikes sharply
in mid-March, signaling heightened uncertainty and market stress. Panel B plots the NAV of each active
Muni ETF during the sample period. Two vertical lines mark the COVID-19 market turmoil window,
from March 9 to March 20, 2020.
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Figure 2: Trends in ETF Price Deviations Across Categories During the COVID-19 Crisis

This figure compares ETF price deviations across asset classes during the COVID-19 crisis. The series
report the average daily deviation between market price and NAV (in percent) for municipal bond,
corporate bond, government bond, and domestic equity ETFs, classified by CRSP style codes. Muni
ETFs show the most severe and persistent discounts, exceeding 5% at the peak. Two vertical lines mark
the COVID-19 turmoil window (March 9-20, 2020).

i i
: :| ETF Category
1.02 P — Domestic Equity
. :| |L, —  Corporate Bond
- : : 1 —— Gowvernment Bend
5 o) | — Municipal Bond
m v A
< Tk
o 1.00 : .
8 s
& v’
é L] | L
3 A |
@ |r I
= 0.98 :‘ | ;
@ T
= i |
< Ak
] ]
] ]
] ] ]
1 1
0.96 : (:
| |

20200205 20200326 20200515 20200704 20200823 20201012
Date

33



Figure 3: Daily Trading Volume of Municipal Bonds by Fund Holdings During the COVID-19
Period

This figure shows municipal bond trading dynamics by fund ownership type: Only ETF, Only MF, Both,
or None. Panel A plots the average daily par value traded, and Panel B plots the average daily number
of trades, from October 2019 to September 2020. Two vertical lines indicate the COVID-19 turmoil
window (March 9-20, 2020).
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Table 1: Descriptive Statistics for Funds

This table reports descriptive statistics for municipal bond ETFs and mutual funds. Panel A shows the
number of funds and aggregate assets under management (AUM, in millions of USD) at year-end from
2019 to 2023. Panel B summarizes key characteristics of the 59 Muni ETFs active during the sample
period (October 2019-September 2020). Variable definitions and data sources are provided in Appendix
A.

Panel A: Number of ETFs and mutual funds by Year with AUM

Year Number of ETF Total AUM of ETF Number of MF  Total AUM of MF

2019 29 47646 262 806434
2020 61 61941 260 870466
2021 69 82326 248 973001
2022 73 104049 550 741590
2023 86 122272 235 741797

Panel B: Summary Statistics for Municipal Bond ETF's

Mean Median Standard Deviation No. of ETFs

Fund Age 4.88 2.43 4.57 59
Fund Average AUM 797.27  79.2 2234.82 59
Amount of fund invested in Municipal Bonds (%) 97.22  98.81 14.65 59
Weighted Average Maturity in Years 12.16 11.9 5.81 59
Expense Ratio (%) 0.26 0.24 0.0012 59
Turnover Ratio (%) 33.79 15 0.4386 59
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Table 2: Descriptive Statistics for Bonds

This table summarizes municipal bond characteristics by ownership type. Panel A reports the number
of unique bonds held by ETFs, mutual funds, or both at year-end from 2019 to 2023. Panel B describes
trading activity across ownership categories (Only ETF, Only MF, Both, and None), including trade

counts, trade size distribution, average trades per day, and average par value per trade, excluding March—

April 2020. Panel C compares average bond characteristics across ownership types, including maturity,

coupon, fund share, and structural features (e.g., callable, insured, guaranteed). Variable definitions and

sources are provided in Appendix A.

Panel A: Number of Unique Fund-held Bonds

Year

MF-held Bond ETF-held Bond Held by Both Only held by ETF  Only held by MF

2019
2020
2021
2022
2023

105309
114142
126801
113125
107705

25786
31593
40702
34953
36354

16437
19346
24351
22971
24949

9349
12247
16351
11982
11405

88872
94796
102450
90154
82756

Panel B: Trading Activity in Fund-held Bonds

Only held by ETF  Only held by MF  Held by Both

None Total

Number of Trades (million) 0.16 0.66 0.55 1.63 3
% Number of Trades 5.35% 22.05% 18.27% 54.33%  100%
Small Trade Size % 84.52% 70.93% 78.81% 86.18% 81.38%
Large Trade Size % 15.48% 29.07% 21.19% 13.82% 18.62%
Average number of trades per day 769 3165 2623 7800 14358
Average par per trade (million) 0.16 0.82 0.38 0.19 0.36
Panel C: Bond Characteristics
Only held by ETF  Only held by MF  Held by Both ~ None

Coupon 4.6 4.535 4.677 3.759

Age 4.547 4.329 4.376 4.17

Maturity 6.396 10.74 12.491 8.101

Share held by fund 0.066 0.513 0.522 0

AMT 0.003 0.046 0.024 0.009

Taxable 0 0.011 0 0.069

Is guaranteed 0.114 0.109 0.053 0.201

Insured 0.05 0.14 0.06 0.192

Bank Qualified 0.009 0.024 0.001 0.223

Sinkable 0.063 0.211 0.294 0.111

Putable 0.006 0.026 0.026 0.005

Callable 0.361 0.667 0.665 0.587

Issue size (million) 8.3 5.6 26.01 1.05

GO bond 0.384 0.384 0.249 0.474

Number of bonds 9328 67296 16406 451723

36



Table 3: Trading Volume During the COVID-19 Crisis: Fund Holding Dummies

This table reports difference-in-differences regressions of municipal bond trading activity during the
COVID-19 turmoil. The sample includes bond—day observations from February 24 to March 20, 2020.
The dependent variable is Trading Volume (Log Scaled Sum Par), defined as the natural logarithm of
daily par value traded scaled by face value issued. Key explanatory variables are interactions between a
crisis dummy (March 9-20, 2020) and bond ownership status as of February 2020: Only ETF, Only MF,
and Both. Control variables include bond characteristics (issue size, maturity, age, coupon, guarantee,
insurance, bank-qualified, and AMT status). All regressions include date, rating, bond type, option, and

EES

issuer fixed effects. Standard errors are two-way clustered by bond and date. Superscripts *, **, and
*** denote significance at the 10%, 5%, and 1% levels, respectively. Variable definitions and sources are

provided in Appendix A.

Dependent variable: Trading Volume

(1) (2) (3) (4)
Only ETF —0.0832"*  —0.0612*
(—2.86)  (—2.07)
Crisis x Only ETF 0.0636** 0.0670**

(1.96) (2.05)
Only MF 0.144** 0.184***
(5.05) (6.54)
Crisis x Only MF 0.285*** 0.285"*
(6.73) (6.80)
Both —0.0191 0.0118
(—0.48) (0.30)
Crisis x Both 0.336"** 0.340%
(7.29) (7.19)
Issue size —0.739"*  —0.812"**  —0.772"*  —0.758***
(—52.61)  (—74.18)  (—59.15) (—56.74)
Maturity —0.0522**  —0.121"** —0.0795** —0.0865"**
(—3.21) (—11.45) (—4.74) (—6.44)
Age —0.202**  —0.151** —0.163***  —0.201***
(—16.42)  (—17.31) (—13.61) (—18.44)
Coupon —0.0406* 0.012 —0.0374 —0.00571
(—1.84) (0.71) (—1.55) (—0.33)
Is guaranteed 0.888*** 0.461** 0.827*** 0.614***
(17.33) (9.40) (15.69) (11.19)
Insured —0.0810** 0.0107 —0.0697* —0.0162
(—2.52) (0.31) (—2.00) (—0.55)
Bank qualified 0.559*** 0.532%+* 0.532%** 0.573***
(14.07) (12.57) (13.87) (13.85)
AMT 0.453*** 0.405"* 0.468"* 0.545***
(6.86) (4.35) (6.64) (5.90)
Date fixed effects Y Y Y Y
Rating fixed effects Y Y Y Y
Type fixed effects Y Y Y Y
Option fixed effects Y Y Y Y
Issuer fixed effects Y Y Y Y
Constant 20.97*** 21.91% 21.47* 21.16™*

(65.59)  (96.02)  (70.45) (76.61)

No. of observations 268,843 169,125 207,570 195,660
Adjusted R? 0471 0.514 0.454 0.526

37



Table 4: Trading Volume During the COVID Crisis: Trade Size Segments
This table reports regressions of municipal bond trading activity during the COVID-19 turmoil, estimated

separately for small and large trades. The sample includes bond—day observations from February 24 to
March 20, 2020. The dependent variable is Trading Volume (Log Scaled Sum Par), defined as the natural
logarithm of daily par value traded scaled by face value issued. Key explanatory variables are interactions
between a crisis dummy (March 9-20, 2020) and bond ownership status as of February 2020: Only ETF,
Only MF, and Both. Columns (1)—(4) report results for small trades (par < $100,000), and Columns
(5)—(8) for large trades (par > $100,000). Control variables include bond characteristics (issue size,
maturity, age, coupon, guarantee, insurance, bank-qualified, and AMT status). All regressions include

date, rating, bond type, option, and issuer fixed effects. Standard errors are two-way clustered by bond

and date. Superscripts *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
Variable definitions and sources are provided in Appendix A.
Small Trades Large Trades
(1) (2) (3) (4) (5) (6) (7) (8)
Only ETF -0.0559%**  -0.0567*** -0.155%**  _0.140%**
(-3.29) (-3.19) (-3.86)  (-2.95)
Crisis x Only ETF  0.0971*%*%*  0.0991*** 0.00142 0.0194
(4.73) (4.81) (0.03) (0.44)
Only MF -0.0061 0.0100 0.277*** 0.294%**
(-0.41) (0.66) (6.49) (7.08)
Crisis x Only MF 0.0461%** 0.0471%%* 0.381%** 0.373%%*
(3.28) (3.33) (6.57) (6.45)
Both -0.0446* -0.0407* -0.132*%* -0.0723
(-2.08) (-1.82) (-2.64) (-1.36)
Crisis x Both 0.138%** 0.139%%%  0.416%** 0.408***
(6.08) (5.90) (7.79) (7.46)
Issue size S0.891FFF  _0.921FFF  _0.905%FF  _0.897***  _0.723%FFF  _(.725%FF  _0.716%FF  -0.730%**
(-130.80)  (-128.30)  (-128.46)  (-125.76)  (-43.74)  (-39.84)  (-36.27)  (-40.69)
Maturity -0.0702%**  _0.100%**  -0.0840*** -0.0844***  0.131%** 0.0219 0.104%*%%  0.107***
(-10.25)  (-10.35)  (-9.42) (-9.86) (4.15) (0.99) (3.64) (3.24)
Age -0.0696***  -0.0725%**  -0.0696*** -0.0750*** -0.156*** -0.0979*** -0.0915%** -0.163***
(-10.54)  (-10.37)  (-10.07)  (-10.60)  (-7.79)  (-4.54) (-4.56)  (-7.56)
Coupon -0.0063 0.00935 -0.0045 0.00518 -0.0425%* 0.00211 -0.0410%** -0.0177
(-0.92) (1.44) (-0.63) (0.81) (-2.30) (0.10) (-2.16)  (-0.89)
Is guaranteed 0.190%**  0.0749%%*  (.164*** 0.118%FF  (.428%F*%  ().262%** 0.289%HF*  (0.404***
(9.71) (2.95) (7.74) (5.20) (8.19) (4.27) (4.58) (5.84)
Insured 0.0432%**  0.0471** 0.0446%*  0.0532*%**  _0.178** 0.0389 -0.205%* -0.111
(3.06) (2.51) (2.68) (3.38) (-2.36) (0.69) (-2.68)  (-1.25)
Bank qualified 0.171%%* 0.161%** 0.160*** 0.181%FF  (0.484***  (.466*** 0.485*F*%  (.509***
(8.12) (7.19) (7.41) (8.14) (5.58) (6.07) (5.46) (6.21)
AMT S0.238%FF _(0.234%FFF  _0.197FFF  _0.251FFF  1.040%F* 1.072%%* 1.065%** 1.120%%*
(-7.49) (-6.04) (-5.62) (-6.42)  (14.39) (7.69) (13.63) (9.48)
Date fixed effects Y Y Y Y Y Y Y Y
Rating fixed effects Y Y Y Y Y Y Y Y
Type fixed effects Y Y Y Y Y Y Y Y
Option fixed effects Y Y Y Y Y Y Y Y
Issuer fixed effects Y Y Y Y Y Y Y Y
Constant 22.64%%* 23.10%** 22.88%** 22.72FF% 22 AGFFE 2D AR¥¥* 22.41%FF% 22 51¥FF*
(181.34)  (184.24)  (182.68)  (179.47)  (63.59)  (63.57) (56.09)  (62.33)
N 220,848 145,125 171,062 165,504 56,315 25,384 40,294 34,746
adj. R? 0.733 0.682 0.696 0.753 0.445 0.545 0.395 0.540
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Table 5: Trading Volume Changes Induced by Fund Pressure

This table reports regressions of municipal bond trading activity on fund-level outflow pressure during
the COVID-19 turmoil (March 9-20, 2020). The dependent variable is Trading Volume (Log Scaled Sum
Par), defined as the natural logarithm of daily par value traded scaled by face value issued. The key
explanatory variable is Fund Pressure, defined as:

> (Holding Amount, , x Outflowy, ;1)
>, Holding Amount, ’

Fund Pressure; ; =

where Outflowy —1, is the net percentage flow of fund k from ¢—1 to ¢, adjusted for fund returns.
Columns (1)—(2) report results for the full sample; Columns (3)—(4) restrict to bonds held only by ETFs;
Columns (5)—(6) to bonds held only by mutual funds; and Columns (7)—(8) to bonds held by both.
Control variables include bond characteristics (issue size, maturity, age, coupon, guarantee, insurance,
bank-qualified, and AMT status). Even-numbered columns include an additional control for Total Share
(the fraction of the bond held by funds). All regressions include date, rating, bond type, option, and
issuer fixed effects. Standard errors are two-way clustered by bond and date. Superscripts *, **, and
*** denote significance at the 10%, 5%, and 1% levels, respectively. Variable definitions and sources are

provided in Appendix A.

Dependent Variable: Trading Volume (Log Scaled Sum Par)

All Only ETF Only MF Both
(1) (2) 3) (4) (5) (6) (M) (8)

Fund Pressure 1.922%* 1.907** 0.103 0.174 2.966* 2.834%* 1.970* 1.921%*

(2.42) (2.37) (0.15) (0.28) (1.82) (1.73) (1.90) (1.81)
Issue Size -0.671*FFF  _0.662%**  -0.785%FF  -0.789%FF  _0.697*** -0.677FFF  -0.535%FF _(.528%**

(-33.81) (-32.48) (-27.71) (-27.83) (-28.62) (-27.40) (-16.34) (-15.94)
Maturity 0.0832***  0.0655** -0.044 -0.0427 0.0824* 0.0623  0.0633**  0.0517*

(3.02) (2.47) (-1.37) (-1.33) (2.08) (1.60) (2.17) (1.85)
Age S0.277FF% 0.264%FF  -0.226%F*  -0.205%FF  -0.206%FF  -0.197**F  -0.406%**  -0.396%**

(-12.99)  (-12.85)  (-5.41)  (-4.88)  (-742)  (-7.24)  (-12.14)  (-11.87)
Coupon -0.0744*%  -0.0691**  0.0417 0.0409  -0.0861** -0.0829**  -0.0293 -0.0197

(-2.62)  (-2.50)  (1.35) (1.33)  (-222)  (-220)  (-1.14)  (-0.75)
Is Guaranteed ~ 1.207%%%  1306%%*  0.365%%  0.374%F  1.062%%%  1.065%%*  1.679%%*  1.699%**
(14.20)  (14.54)  (2.34) (2.42) (9.31) (9.54) (8.29) (8.40)

Insured 20.137FF -0.159%FF 00842 0.0849  -0.142%  -0.183%*  -0.155%  -0.139
(-239)  (-2.90)  (0.67) (0.68)  (-1.83)  (-252)  (-1.79)  (-1.62)
Bank Qualified  0.0536  0.0332 0 0 -0.0818  -0.0994 0 0
(0.13) (0.08) () () (-0.16)  (-0.19) () ()
AMT 0AGI¥FE  Q4ATHFE 0 732%%F (757K 0 496%FF  0.4TORRE 1 219%KE 12067
(4.63) (4.52)  (-2.87)  (-2.95)  (4.39) (4.24) (4.13) (4.13)
Total Share 0.212%% 0.723%%* 0.207%%* 0.143*
(3.79) (3.11) (3.41) (1.80)
Date FE Y Y Y Y Y Y Y Y
Rating FE Y Y Y Y Y Y Y Y
Type FE Y Y Y Y Y Y Y Y
Option FE Y Y % Y % Y % Y
Issuer FE Y Y Y Y Y Y Y Y
Constant 20.01%FF  19.78%FF 2] 98%FF 2 RFFX 20 66FFF  20.25%FF 17430k 17.29%kk

(42.97)  (42.07)  (4342)  (4344)  (38.19)  (37.86)  (27.34)  (26.23)

Observations 112,088 112,088 16,873 16,873 52,551 52,551 42,184 42,184
Adjusted R? 0.345 0.348 0.271 0.272 0.371 0.374 0.239 0.240
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Table 6: Dealer Net Purchases During the COVID-19 Crisis

This table reports regressions of dealer trading activity during the COVID-19 turmoil. The sample
includes bond-day observations from February 24 to March 20, 2020. The dependent variable is Dealer
Net Purchase, defined as the daily difference between dealer purchases from customers and dealer sales
to customers, measured in par value. Key explanatory variables are interactions between a crisis dummy
(March 9-20, 2020) and bond ownership status as of February 2020: Only ETF, Only MF, and Both.
Control variables include bond characteristics (issue size, maturity, age, coupon, guarantee, insurance,
bank-qualified, and AMT status). All regressions include date, rating, bond type, option, and issuer
fixed effects. Standard errors are two-way clustered by bond and date. Superscripts *, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively. Variable definitions and sources are provided

in Appendix A.

Dependent Variable: Dealer Net Purchase

(1) (2) (3) (4)

Only ETF 0.0046* 0.0056**

(1.95) (2.64)
Crisis*Only ETF -0.0085* -0.009*

(-1.68) (-1.69)
Only MF -0.002 -0.003

(-0.25) (-0.24)
Crisis*Only MF 0.0218* 0.0220*

(1.67) (1.67)
Both 0.0138* 0.0158*

(1.85) (2.09)
Crisis*Both -0.0324*** -0.0317%+*

(-3.41) (-3.32)
Issue size 0.0074** 0.00 0.0077** 0.00

(2.82) (0.65) (2.77) (1.46)
Maturity -0.0102%F*  -0.0052*  -0.0091*** -0.0076***

(-3.55) (-2.05) (-3.40) (-3.06)
Age 0.00 0.00 (0.00) 0.00

(0.24) (0.40) (-0.03) (0.24)
Coupon -0.0213** -0.01 -0.0243%* -0.01

(-2.60) (-1.68) (-2.80) (-1.40)
Is guaranteed 0.03 0.01 0.04 0.01

(0.79) (0.35) (0.82) (0.33)
Insured 0.01 (0.01) 0.01 (0.01)

(0.81) (-1.05) (1.25) (-1.39)
Bank qualified -0.0124%*F  -0.0108***  -0.0135**  -0.0095**

(-2.26) (-2.95) (-2.53) (-2.71)
AMT -0.03 -0.04 -0.0401** -0.01

(-1.10) (-1.26) (-2.19) (-0.29)
Date fixed effects Y Y Y Y
Rating fixed effects Y Y Y Y
Type fixed effects Y Y Y Y
Option fixed effects Y Y Y Y
Issuer fixed effects Y Y Y Y
Constant (0.01) 0.03 (0.00) 0.00

(-0.11) (0.87) (-0.02) (0.04)
No. of observations 220848 145125 171062 165504
Adjusted R2 (0.02) (0.02) (0.02) (0.04)
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Table 7: Trading Costs During the COVID Crisis

This table reports regressions of municipal bond trading costs during the COVID-19 turmoil. The sample
includes bond—day observations from February 24 to March 20, 2020. The dependent variable is Trading
Cost (Bid-Ask Spread), defined as the difference between the weighted average customer purchase price
and sale price. Key explanatory variables are interactions between a crisis dummy (March 9-20, 2020)
and bond ownership status as of February 2020: ETF Only, MF Only, and Both. Control variables
include bond characteristics (issue size, days to maturity, days from issue, coupon, guarantee, insurance,
bank-qualified, and AMT status). All regressions include date, rating, bond type, option, and issuer
fixed effects. Standard errors are two-way clustered by bond and date. Superscripts *, **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively. Variable definitions and sources are provided

in Appendix A.

Dependent Variable: Trading Cost

(1) (2) (3) (4)

Crisis = 0, - - - -
ETF Only -0.019 -0.031
(0.037) (0.046)
MF Only -0.101%** -0.102%%*
(0.021) (0.022)
Both -0.088*** -0.121°%%*
(0.029) (0.030)

Crisis * Only ETF  0.131** 0.148%*
(0.063) (0.070)

Crisis * Only MF  -0.139%** -0.143%%*
(0.041) (0.042)
Crisis * Both 0.099* 0.098*
(0.051) (0.052)
Issue Size 0.039%**  0.069%**  0.044***  0.050%**

(0.008)  (0.011)  (0.009)  (0.008)
Days to Maturity — 0.258%**%  0.326***  (0.265%**  (.204***
(0.025)  (0.014)  (0.023)  (0.023)

Days from Issue -0.005 -0.023 -0.018 -0.003
(0.016) (0.024) (0.026) (0.018)
Coupon -0.077**K _0.087FFF  -0.07TFFK -0.081FF*
(0.015) (0.010) (0.016) (0.012)
Guaranteed -0.418%%%  _Q.173FKF  0.427FFF  _(0.286FF*
(0.032) (0.060) (0.039) (0.062)
Insured 0.123%** 0.032 0.091** 0.102
(0.038) (0.063) (0.039) (0.059)
Bank Qualified -0.105%* -0.046 -0.101°%* -0.051
(0.040) (0.048) (0.040) (0.043)
AMT 0.077 0.048 0.102 -0.121
(0.095) (0.113) (0.120) (0.167)
Constant 0.189 -0.322%* 0.106 -0.008
(0.182) (0.155) (0.180) (0.133)
Observations 62,261 32,532 43,974 41,642
R-squared 0.236 0.314 0.288 0.256
Date FE Yes Yes Yes Yes
Rating FE Yes Yes Yes Yes
Type FE Yes Yes Yes Yes
Option FE Yes Yes Yes Yes
Issuer FE Yes Yes Yes Yes
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Table 8: Post-Crisis Recovery: Federal Reserve Interventions

This table reports regressions of municipal bond market recovery around two key Federal Reserve in-
terventions during the COVID-19 turmoil. The sample covers bond—day observations from February 24
to April 23, 2020. Dependent variables are Trading Volume (Log Scaled Sum Par) and Trading Cost
(Bid-Ask Spread). Columns (1)—(2) examine the two-week period before and after the March 23, 2020
announcement of expanded liquidity facilities. Columns (3)—(4) examine the two-week period before and
after the April 9, 2020 announcement of the Municipal Liquidity Facility (MLF). Key explanatory vari-
ables are interactions between a Post Crisis indicator and bond ownership status as of February 2020:
Only ETF, Only MF, and Both. Control variables include bond characteristics (issue size, maturity, age,
coupon, guarantee, insurance, bank-qualified, and AMT status). All regressions include date, rating,

bond type, option, and issuer fixed effects. Standard errors are two-way clustered by bond and date.

Superscripts *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Variable
definitions and sources are provided in Appendix A.
Recovery after March 23 Recovery after April 9
Trading Volume Trading Cost | Trading Volume Trading Cost
(1) 2 (3) (4)
Only ETF -0.0117 0.0989** -0.00323 0.123%**
(-0.51) (2.46) (-0.14) (3.30)
Only MF 0.392%** -0.218%** 0.437%** -0.254 %%
(13.29) (-6.53) (14.88) (-7.78)
Both 0.249%%* 0.0105 0.309%** 0.00286
(7.16) (0.28) (9.23) (0.08)
Post Crisis x Only ETF -0.0392 0.0203 -0.0984%** -0.182%**
(-1.19) (0.36) (-3.32) (-3.65)
Post Crisis x Only MF -0.159%** 0.0513 -0.269%F* 0.131%**
(-3.43) (0.94) (-7.73) (3.01)
Post Crisis x Both -0.0472 -0.0653 -0.227%%% -0.0862%*
(-0.94) (-1.06) (-4.99) (-1.79)
Issue Size -0.716%** 0.0139 -0.744%** 0.0216**
(-66.71) (1.58) (-51.08) (2.48)
Maturity -0.00145 0.200%** -0.0234 0.260***
(-0.10) (10.00) (-1.61) (11.54)
Age -0.184%** -0.0182 -0.187%** 0.00598
(-16.12) (-1.16) (-13.67) (0.49)
Coupon 0.0102 -0.0577%** -0.00107 -0.0517%%*
(0.63) (-5.53) (-0.05) (-4.30)
Is Guaranteed 0.812%** -0.406*** 0.792%** -0.421%%*
(16.63) (-11.02) (13.52) (-12.05)
Insured -0.0369 0.00985 -0.0447 0.024
(-1.40) (0.27) (-1.33) (0.68)
Bank Qualified 0.442%** -0.121%F%* 0.476%** -0.0165
(13.57) (-3.45) (13.60) (-0.49)
AMT 0.449%** -0.0787 0.373%** -0.037
(7.27) (-0.85) (5.37) (-0.51)
Date fixed effects Y Y Y Y
Rating fixed effects Y Y Y Y
Type fixed effects Y Y Y Y
Option fixed effects Y Y Y Y
Issuer fixed effects Y Y Y Y
Constant 20.26%** 0.900%** 20.82%¥* 0.451%**
(89.71) (5.40) (69.17) (2.97)
No. of observations 330,646 90,578 262,065 69,571
Adjusted R? 0.425 0.124 0.440 0.166
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Table IA1: Trading Volume During the COVID-19 Crisis: Balanced Sample

This table reports regressions of municipal bond trading activity using a balanced sample of all bonds
outstanding from February 24 to March 20, 2020, including bonds with no trading. Non-traded bonds are
assigned a trading volume of zero. The dependent variable is Trading Volume (Log Scaled Sum Par), defined
as the natural logarithm of daily par value traded scaled by face value issued. Key explanatory variables are
interactions between a crisis dummy (March 9-20, 2020) and bond ownership status as of February 2020:
Only ETF, Only MF, and Both. Control variables include bond characteristics (issue size, maturity, age,
coupon, guarantee, insurance, bank-qualified, and AMT status). All regressions include date, rating, bond
type, option, and issuer fixed effects. Standard errors are two-way clustered by bond and date. Superscripts

, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Variable definitions and sources
are provided in Appendix A.

(1) (2) (3) (4)

Only ETF 0.223***  ().287***
(5.02) (6.91)
Crisis X Only ETF  0.321%%*  (.323%**
(3.41) (3.41)
Only MF -0.1567%+* -0.150%**
(-8.11) (-7.56)
Crisis x Only MF 0.117%%* 0.117%%*
(3.99) (4.00)
Both 0.242%** 0.337%%*
(5.51) (8.48)
Crisis x Both 0.374%%* 0.374%%*
(3.81) (3.82)
Issue size 0.234%**  (.199%**  (0.215%*¥*%  (.209%**
(26.35) (26.22) (25.22) (26.20)
Maturity 0.0434%*%  0.0457***  0.0350***  (0.0381***
(15.35) (17.07) (11.88) (12.16)
Age 0.0537**%  0.0358***  (.0466***  (0.0442%**
(18.60) (14.24) (17.23) (16.58)
Coupon -0.00932 0.00583 -0.00991 0.00446
(-0.78) (0.61) (-0.87) (0.45)
Is guaranteed 0.273***  0.0517FFF  0.236%**  0.111%F*
(10.57) (3.30) (9.80) (5.87)
Insured 0.0269***  -0.00251  0.0175%*  0.0174**
(3.30) (-0.35) (2.23) (2.30)
Bank qualified 0.0264***  0.0140%*  0.0142%**  0.0173%**
(5.64) (2.65) (2.96) (3.36)
AMT S0.287FFF _0.224%FF  _0.25GFFF (0. 270%**
(-10.24) (-7.33) (-8.84) (-8.93)
Date fixed effects Yes Yes Yes Yes
Rating fixed effects Yes Yes Yes Yes
Type fixed effects Yes Yes Yes Yes
Option fixed effects Yes Yes Yes Yes
Issuer fixed effects Yes Yes Yes Yes
Constant -3.028%FF 9 B5EFHE D TAGKKK D (O9***
(-18.09) (-18.81) (-17.44) (-18.97)
N 10,408,680 8,671,041 9,836,202 8,838,461
Adj. R? 0.087 0.052 0.067 0.072




Table TA2: Trading Volume During the COVID-19 Crisis: Alternative Crisis Window

This table reports regressions of municipal bond trading activity using an extended crisis window. Following
Haddad et al. (2021), the crisis period is defined as March 2-20, 2020, with a pre-crisis period beginning
February 10, 2020. The dependent variable is Trading Volume (Log Scaled Sum Par), defined as the natural
logarithm of daily par value traded scaled by face value issued. Key explanatory variables are interactions
between the extended crisis dummy and bond ownership status as of February 2020: Only ETF, Only MF,
and Both. Columns (1)—(4) report results for small trades (par < $100,000), and Columns (5)—(8) for large
trades (par > $100,000). Control variables include bond characteristics (issue size, maturity, age, coupon,
guarantee, insurance, bank-qualified, and AMT status). All regressions include date, rating, bond type,
option, and issuer fixed effects. Standard errors are two-way clustered by bond and date. Superscripts *, **,
and *** denote significance at the 10%, 5%, and 1% levels, respectively. Variable definitions and sources are
provided in Appendix A.

Small Trade Size (< $100K) Large Trade Size (> $100K)
(1) (2) (3) (4) (5) (6) (7) (8)
Only ETF -0.0103 -0.0153 -0.163***  -0.152%**
(-0.58) (-0.82) (-3.71) (-3.38)
Crisis x Only ETF  0.0406* 0.0429%* 0.0225 0.0462
(1.84) (1.88) (0.50) (1.10)
Only MF 0.0143 0.0294** 0.1197%%* 0.130%**
(1.07) (2.23) (3.78) (4.04)
Crisis x Only MF 0.0231 0.0221 0.463%** 0.462%**
(1.67) (1.59) (9.08) (8.81)
Both -0.0052 -0.0026  -0.269*** -0.197***
(-0.26) (-0.13) (-5.88) (-4.07)
Crisis x Both 0.0798*** 0.0801***  0.490%** 0.479%**
(3.13) (3.06) (8.12) (8.07)
Issue size -0.899%**  _0.925%FF  _Q.911FFF  _0.905%**  _0.738%FF  _0.746*FF  _0.738FF*F  _0.751FF*
(-151.61) (-158.83) (-157.94) (-147.86) (-46.82) (-43.02) (-37.72) (-43.82)
Maturity -0.0650%**  -0.0962*** -0.0817*** -0.0781*** (0.119%** 0.0341* 0.100%**  0.0972%***
(-11.49) (-12.66) (-11.89) (-11.08) (4.48) (1.84) (4.04) (3.59)
Age -0.0747FFF - 0.0763***  _0.0747*F*  _0.0794FFF  _0.147FF*F  -0.0803***  -0.0893***  _(0.151F**
(-12.83) (-12.24) (-12.71) (-12.47) (-8.56) (-4.37) (-5.04) (-7.78)
Coupon -0.00976* 0.00743 -0.00720 0.00209  -0.0509**  -0.00700  -0.0490** -0.0231
(-1.74) (1.44) (-1.23) (0.39) (-2.73) (-0.34) (-2.53) (-1.23)
Is guaranteed 0.190*%%*  (0.0883***  (.169%** 0.125%F*%  (0.455%F*  (.252%** 0.320%**  (.395%**
(10.35) (3.72) (8.83) (5.69) (9.20) (4.28) (5.65) (6.03)
Insured 0.0332** 0.0309%* 0.0356**  0.0414%**  -0.193%** 0.0234 -0.226%** -0.115
(2.63) (1.88) (2.54) (2.94) (-3.25) (0.44) (-3.50) (-1.66)
Bank qualified 0.163%** 0.155%** 0.153*** 0.172%FF  0.474%FF  0.473%** 0.463*%*F*  (0.511%**
(9.38) (8.46) (8.72) (9.42) (6.66) (6.96) (6.34) (7.83)
AMT -0.225%¥%  _0.220%FF (184K _(0.243%FFF  0.991***  1.008*** 1.018%**  1.066%**
(-7.92) (-6.07) (-5.74) (-6.59) (13.47) (7.92) (13.48) (9.54)
Date fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Rating fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Type fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Option fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Issuer fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Constant 22.75%** 23.15%** 22.96%** 22.83*** 22.7TH** 22.79%** 22.78*** 22.85%**
(212.26) (233.37) (224.78) (215.06) (68.37) (67.88) (58.91) (67.74)
N 299,516 197,049 232,197 224,928 73,442 34,007 52,969 45,920
Adj. R? 0.741 0.687 0.703 0.760 0.473 0.562 0.422 0.575




Table IA3: Trading Costs During the COVID-19 Crisis: Fund Ownership Shares

This table reports regressions of municipal bond trading costs using continuous ownership shares instead
of fund-holding dummies. The sample includes bond—day observations from February 24 to March 20,
2020. The dependent variable is Trading Cost (Bid—Ask Spread). Key explanatory variables are interactions
between a crisis dummy (March 9-20, 2020) and the fraction of a bond’s par value held by ETFs (ETF
Share), mutual funds (MF Share), or both (Both Share). Columns (1)—(4) report results for small trades
(par < $100,000), and Columns (5)—(8) for large trades (par > $100,000). Control variables include bond
characteristics (issue size, maturity, age, coupon, guarantee, insurance, bank-qualified, and AMT status).
All regressions include date, rating, bond type, option, and issuer fixed effects. Standard errors are two-way
clustered by bond and date. Superscripts *, **, and *** denote significance at the 10%, 5%, and 1% levels,
respectively. Variable definitions and sources are provided in Appendix A.

Small Trade Size (< $100K)

Large Trade Size (> $100K)

(1) (2) (3) (4) (5) (6) (7) (8)

Crisis 0.674%¥*  0.652%**  0.636***  0.672%** 0.2817%** 0.324%%* 0.252%%* 0.327%%*

(5.78) (5.82) (6.07) (5.67) (4.87) (4.99) (5.19) (5.08)
ETF Share -1.304%* -1.388* 0.280 0.560

(-2.33) (-2.04) (0.59) (1.05)
Crisis x ETF Share  2.559*%%* 2 831%** -0.40 -1.064*

(3.14) (3.07) (-0.71) (-1.67)
MF Share -0.350%** -0.334%** -0.01 0.020

(-6.19) (-5.15) (-0.57) (0.91)
Crisis x MF Share 0.110 0.170 -0.233%** -0.194%**

(0.89) (1.17) (-6.38) (-5.74)
Both Share -0.464%** -0.504*** 0.000 (0.04)

(-5.93) (-5.23) (0.09) (-0.78)
Crisis x Both Share  0.658*** 0.677%+* -0.130%* -0.213%**

(5.52) (5.59) (-2.73) (-3.86)
Issue size 0.0918***  0.105%**  0.0794%F*  0.102***  -0.0401*** 0.020 -0.0640%**  -0.0250*

(6.72) (6.86) (7.06) (7.45) (-4.26) (-1.23) (-6.29) (-1.97)
Maturity 0.337F¥%  0.352%**  (0.338%F*  (.345%** 0.127%%* 0.160%** 0.104%%* 0.163%**

(18.82)  (19.62)  (19.47) (19.26) (13.60) (8.34) (6.62) (11.57)
Age 0.030 0.020 0.020 0.020 -0.0586***  -0.0678***  -0.0655***  -0.0748***

(-1.55) (-0.65) (-0.82) (-0.96) (-5.87) (-4.11) (-4.36) (-8.51)
Coupon -0.0438%**  -0.0567**  -0.0410%*  -0.0489%*** 0.010 -0.0338***  .0.0156%  -0.0246**

(-3.32) (-2.66) (-2.79) (-3.48) (-1.52) (-3.32) (-1.78) (-2.26)
Is guaranteed 0.070 0.010 0.090 0.020 -0.230%%F  -0.133%F  -0.184%FF  _(.244%**

(-0.90) (0.09) (-0.98) (-0.38) (-6.46) (-2.81) (-5.85) (-5.15)
Insured 0.060 0.020 0.050 0.010 0.0852** 0.284** 0.070 0.170

(1.43) (0.23) (1.25) (0.10) (2.23) (2.82) (1.45) (1.65)
Bank qualified 0.030 0.080 0.020 0.080 0.130 0.302%* 0.110 0.303%**

(0.49) (1.14) (0.34) (1.31) (1.59) (2.46) (1.46) (2.94)
AMT 0.362%** 0.120 0.301** 0.300* -0.215%** 0.030 -0.183%** 0.090

(3.15) (0.74) (2.78) (1.87) (-5.31) (-0.28) (-4.57) (-0.97)
Date fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Rating fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Type fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Option fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Issuer fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Constant S1.244%%% 1 428%*F  _1.064%FFF  -1.399%FFF  (.839%F* 0.518* 1.2647%%* 0.601**

(-6.74) (-7.49) (-6.82) (-7.36) (5.08) (2.03) (7.08) (2.84)
N 42,665 25,213 30,222 30,565 16,019 4,804 10,675 8,231
Adj. R? 0.150 0.170 0.150 0.160 0.260 0.260 0.350 0.210
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