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At a glance

 · The assets of fixed income exchange-traded funds (ETFs) have increased rapidly 
since they first appeared in 2002, with a key advantage of superior liquidity based 
on higher trading volumes and low bid-asks

 · The events of the Covid crisis exposed how key structural flaws in fixed income ETFs, 
that do not manifest in equity ETFs, severely hamper their functionality in periods of 
high market volatility

 · We show that this ‘illusion of liquidity’ is paid for through significant tracking errors  
in stressed markets, as the price-NAV volatility for fixed income ETFs can be 
significantly higher than the NAV tracking error 

 · We find that the price-NAV dislocation is not just from NAV staleness, as proposed  
by ETF proponents, but might also constitute an over-reaction in prices, indicating that 
both may be “wrong” 

 · We believe that underlying asset liquidity is not the sole driver of these dislocations. 
The decreased warehousing of risk – an outcome of the post-global financial crisis 
(GFC) regulations – has contributed significantly to the fractured liquidity environment 
in both direct and indirect ways

 · We find that reduced warehousing of risk, due to regulatory burdens, has created a 
conflict in the dual role of the large dealers as both market-makers and authorised 
participant (APs). This may have led to the use of ETFs in inventory management 
operations and exacerbated dislocations
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Fixed income ETFs: a liquidity illusion?

The most appealing aspect of ETFs appears to be their high 
liquidity and low bid-ask spreads, allowing investors to access a 
diversified portfolio of bonds or equities at seemingly low 
transaction costs or impact costs. In Figure 3, we see that trading 
volumes of corporate bond ETFs are very large, averaging at 
around USD 8 billion daily in 2020 when compared to the trading 
volume of the entire corporate bond universe of ~ USD 32 billion. 
In other words, trading volumes are nearly 25% of the bond 
universe while its size is around 2.5%. This indicates that trading 
liquidity is almost 10x larger for ETFs. For the largest corporate 
bond ETF (LQD managed by Blackrock Global Investors),2 this is 
over 20x. 

Turning to recent events, the spike in trading volumes during 
March 2020 was also very extreme, with a nearly 200% 
increase over 2019 volumes versus a 20% increase for bonds. 
This indicates that investors used ETFs very heavily to navigate 
the Covid-19 turmoil. 

Introduction

Exchange-traded funds or ETFs have sparked a revolution in the 
asset management industry. Since the first equity ETF was 
launched in 1995 and the first fixed income ETF launched in 
2002, the assets under management of these products have 
increased rapidly. However, fixed income ETFs differ in important 
ways to the more familiar equity ETFs and these differences have 
consequences for investors. In our study, we focus on US fixed 
income ETFs tracking US Dollar (USD) denominated benchmarks. 
The size of these ETFs are in excess of USD 900 billion, 
accounting for around 3% of the US fixed income market-
capitalisation of ~ USD 26 trillion1 (Figure 1) and about 20%  
of the mutual fund industry (Figure 2).

1 Source: Bloomberg Barclays Indices – Adding the market cap of the US Aggregate and US High-Yield Bond indices.
2 Any reference to a specific company or fund does not constitute a recommendation to buy, sell, hold or directly invest in the company or funds. It should not be assumed that the recommendations made in the 

future will be profitable or will equal the performance of the funds discussed in this document.

FIG. 1 ETF MARKET SIZE VERSUS US IG+HY MARKET CAP 
(USD BILLION)

Source: Bloomberg.
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FIG. 2 ETF AUM, AS % OF MUTUAL FUND AUM 

Source: Bloomberg.
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3 We use Barclays LCS as a proxy for bond bid-ask. For more details see Dastidar, S., A. Edelstein, B. Phelps, Liquidity Cost Scores (LCS) for Pan European Corporate Bonds, Barclays Research, September 2010.
4 Aramonte, S. and F. Avalos, 2020. The recent distress in corporate bond markets: cuts from ETFs, BIS Bulletin, No.6. 14 April.
5 Federal Reserve support in the coronavirus crisis was extensive with the announcements of the Commercial Paper Funding Facility and the Primary Dealer Credit Facility on 17 March 2020, and the Primary and 

Secondary Market Corporate Credit facilities on March 23rd. The SMCCF was further expanded on April 9th, unfreezing the secondary markets – allowing the largest issuance of corporate bonds in history – 
and included HY ETF purchases.

High trading volumes were coupled with narrow bid-ask spreads 
even during the extremes of the crisis. We compare the median 
bid-ask spread of ETFs versus US corporate bonds3 in Figure 4. 
Bid-ask spreads in ETFs are an order of magnitude lower than for 
corporate bonds. 

However, the supposedly desirable liquidity characteristics of fixed 
income ETFs are in contrast with their behaviour in crisis periods, 
such as the recent Covid-19 crisis. While bid-ask spreads were 
indeed tight, ETF prices were completely dislocated when 
compared to their underlying assets. The lack of underlying liquidity 
manifested itself in very large price deviations which may have cost 
investors significantly. For example, ETF discounts for LQD peaked 
at well over 5% in the Covid-19 crisis (10% intra-day4) on the 12th 
and 19th March 2020. Conversely, when Fed support5 and the 
fiscal package came through, this reversed to a premium in 
excess of 5% on the 25th March and over 3% on the 9th of April. 
A liquidity seeker “following the flow” would have lost as much as 
10% from a round trip in an ETF. 

For reference, the average return of corporate bond indices 
tracked by these ETFs is in the range of 5-6% annualised over the 
past 10 years. ETF dislocations were such a significant issue in 
March that it prompted even central banks to add ETFs to their buy 
list. The Federal Reserve’s staggered purchases of IG and HY ETFs 
had a noticeable effect on the price-NAV premium, whereby 
Fed-purchased ETFs experienced a sizable increase in premiums 
versus non-purchased equivalents upon announcement of the 
Secondary Market Corporate Credit Facility (SMCCF) (Figure 5).

Proponents of ETFs generally contend that the create-redeem 
mechanism through authorised participants (APs) prevents large 
deviations from the underlying NAVs. This is because large 

deviations are likely to be arbitraged away by the APs who have 
access to the underlying bonds, as well as an ability to create-
redeem shares of ETFs at NAV. We document multiple reasons 
why this arbitrage mechanism is broken, especially in fixed 
income ETFs (FI ETFs).

In this paper we address the ETF liquidity illusion by answering the 
following key questions: 

 · Is the liquidity promised by FI ETFs real or do we pay for it 
through other means? We show that liquidity is paid for 
through significant tracking errors that are especially high in 
volatile periods. This is especially true for FI ETFs, while equity 
ETFs largely behave as intended. 

 · Is the price of FI ETFs right and NAVs wrong? In our analysis 
we suggest that both might be wrong, with an over-reaction in 
ETF prices as well as an under-reaction in NAVs.

 · Is the FI ETF breakdown due to lower liquidity of the 
underlying asset, thereby preventing arbitrage? Liquidity of 
the underlying asset plays a role but is not the only reason for FI 
ETF dislocations. We show that ETFs with underlying assets that 
are much more liquid than equities (US government bonds) also 
suffered significant dislocation relative to what was experienced 
by equity ETFs.

 · Are there other impediments to arbitrage in FI ETFs? In a 
novel analysis, we show that there are significant impediments to 
arbitrage linked to increased constraints on broker-dealer 
inventory. Constraints on broker-dealer inventory, an aftermath 
of the regulations post the Global Financial Crisis (GFC), have 
also played a crucial role in FI ETF dislocation. This speaks to the 
heart of fractured liquidity: the decline in warehousing of risk. 

FIG. 4 ETF BID-ASK SPREADS VERSUS BOND BID-ASK SPREADS

Source: Bloomberg, Barclays.
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The warehousing of risk and its associated liquidity implications on 
the fixed income market is significant. The warehousing of risk is a 
concept unique to fixed income due to the over-the-counter nature 
of trading (not on an exchange). Traditionally, market makers for 
fixed income products have been the big banks, also known as 
primary dealers. While customer-to-customer trades have 
increased, this remains small compared to overall bond market 
volume.6 The lack of exchange trading in corporate bonds largely 
stems from the nature of bonds and the type of end-investor. 
Firstly, corporate bonds tend to have a range of maturities that 
results in liquidity being distributed over multiple issues; 
JP Morgan for example has over 80 bonds in the Bloomberg 
Barclays Global Corporate Bond Index. Secondly, the end-investor 
for corporate bonds often tends to be liability-driven, with a long 
horizon. Therefore, a large number of bonds are traded very 
infrequently as they lie in insurance and pension books with the 
purpose of matching liabilities while earning a pick-up over 
risk-free rates. As a result, the role of the market-maker as a 
liquidity provider is crucial. To provide liquidity, dealers also need 

the ability to warehouse risk. A key manifestation of the reduced 
capacity to do so as shown later in the paper, is the dramatic 
decline (by over 90% when normalised by the size of the market) 
in corporate bond dealer inventories since their peak in 2007.

Indeed, without government support to implicitly warehouse risk, 
dislocations would have likely continued. In this, we are aligned 
with the findings of O’Hara and Zhou (2020). With the significant 
decline in bond liquidity from a steep drop in dealer inventories as 
seen in the Covid-19 crisis, the Federal Reserve’s actions 
reflect a new role as a market-maker of last resort.

6 See O’Hara (2020).
7 The Volcker rule (2014) is the key component of Dodd-Frank that makes the use of balance sheet capacity very expensive.

“Warehousing” risk refers to the usage of a balance sheet to 
hold bonds in an interim period between matching a buyer 
(seller) with an eventual seller (buyer). However, the raft of 
regulations such as Dodd-Frank7 in the US and Basel 
regulations internationally has made warehousing of risk 
increasingly expensive.
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ETFs and limits of arbitrage

The Covid-19 crisis of 2020 was an unprecedented event, 
especially in terms of the rapidity of price reaction. While equity 
and credit drawdowns were less than the GFC (equivalent to 60% 
of the GFC drawdown), the entire drawdown was realised in less 
than a month, as seen in Figure 6. Beginning from the third week 
of February, US equity markets experienced a drawdown of nearly 
35% up to the third week of March. US high-yield experienced  
a comparable drawdown of in excess of 20%. Given the speed  
of the drawdown, volatility levels were at their historic highs, 
rivalling the GFC in equities and even higher in credit, as shown 
in Figure 7. It was only with significant government interventions 
and support that this was controlled and it was only then that 
markets began to stabilise.

The Covid-19 crisis witnessed significant dislocation in FI ETFs 
and especially credit ETFs. ETF dislocations are measured by  
the price-NAV gap. The key difference between ETFs and most 
open-ended funds – a topic we explore in-depth later in the  
paper – is the existence of two prices: the secondary market price 
and the net asset value (NAV). The secondary price is the price 
accessible to investors, while the NAV is the value of the 
underlying assets based on recent transaction prices. 

-60%

-50%

-40%

-30%

-20%

-10%

0%

Jan-88 Jul-94 Feb-01 Aug-07 Mar-14 Oct-20

US high yield US equity

FIG. 6 EQUITY VERSUS CREDIT DRAWDOWNS 

Source: Bloomberg, LOIM calculations, as of October 2020.

FIG. 7 ASSET CLASS VOLATILITY THROUGH TIME
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FIG. 9 SCHEMATICS OF ETF VERSUS MUTUAL FUNDS

Source: Vanguard.

Figure 8 shows that the price-NAV gap was significantly larger 
than at any point in history apart from the GFC, both on the upside 
as well as the downside. Panel B of Figure 8 shows that the 
intra-day price-NAV gaps were even more extreme, with over 8% 
price-NAV gaps at the peak of the crisis. 

The volatility of the price-NAV gap is a measure of the cost of 
liquidity in ETFs. We find that price-NAV volatility is the main 
source of tracking error volatility, being an order of magnitude 
higher than the underlying NAV tracking error volatility. 

The price-NAV gap is unique to ETFs and to fully comprehend this, 
a deeper dive into ETF mechanics is needed. 

Figure 9 shows the schematic of an ETF, comparing it to a mutual 
fund. In a generic mutual fund, prices are set at the end-of-day and 
depend on of the end-of-day net-asset-value (NAV). An investor in 
an open-ended fund buys a specific number of shares with the 
actual cash outlay determined by the end of day NAV. In periods of 
significant volatility, open-ended funds may introduce entry- and 
exit-fees, or swing-pricing, to prevent excessive transaction costs. 
However, the key point of difference is that the investor directly 
trades shares in the fund and all prices depend on the NAV. In 
effect, all transactions occur in the primary market.

ETFs, on the other hand, provide intra-day liquidity, but in the 
secondary market. Therefore, ETFs effectively have two prices: 
the secondary market price that is seen by investors and the 
net-asset-value (NAV) that is only accessible to arbitrageurs and 
market makers, designated as the authorised participants (APs). 
The “secret-sauce” of ETFs is the create-redeem mechanism, 
which is ultimately supposed to ensure a convergence of ETF price 
and the price of the underlying bond portfolio (NAV). This is done 
through price-NAV arbitrage.

FIG. 8 NAV DISCOUNT FOR LQD (US IG CORPORATE ETF)
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From the schematic shown in Figure 10, we see that the 
authorised participant8 is the key link to bringing the price in line 
with the underlying NAV. APs, by being able to transact in the 
primary markets, can provide or redeem securities in exchange for 

FIG. 10 THE CREATE-REDEEM MECHANISM

Source:  LOIM.
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8 APs need not always be market makers. In this schematic, we assume that the AP is also a market maker in the underlying ETFs.

ETF units. If there is a large premium between the ETF price and 
the underlying NAV, the AP should capitalise on this by creating 
shares in exchange of a basket of securities at the prevailing NAV. 
Thereafter the ETF provider can meet the increased demand by 
selling these shares in the secondary market and making the 
price-NAV differential as the arbitrage profit. Conversely, the 
reverse would happen when ETFs trade at a discount, with the 
redemption of shares in exchange of a redemption basket of 
securities from the ETF manager. Therefore, an ETF premium 
should result in an increase in shares outstanding while a discount 
should reduce it.

While the above mechanism should lead to convergence in the 
price-NAV gap, we find that in the short term there may be 
significant deviations. We argue in the remaining paper that 
liquidity is not what it seems for fixed income ETFs and the 
arbitrage mechanism is generally broken during a liquidity crisis 
in the underlying bonds.
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In Figure 11, we show that the volatility of the price-NAV 
difference has historically been extremely high for FI ETFs, 
much greater than the NAV tracking error. By contrast, equity 
ETF price-NAV volatility is largely in line with the NAV tracking 
error volatility.

The large price-NAV volatility is even starker when compared to 
the base level volatility of these asset classes. FI ETFs have 
price-NAV volatility that is as large as the underlying benchmark 
volatility, as seen in Figure 12. Equity ETFs, on the other hand, 
have price-NAV volatility that is less than a tenth of the 
benchmark volatility. 

Fixed income ETFs – liquidity is not what it seems

Liquidity is generally defined as the ability to convert securities 
into cash at reasonable prices and not liquidity “at any price.” High 
price-NAV volatility is a manifestation of the cost of liquidity. In this 
section we show that the cost of liquidity can indeed be very high 
despite the seemingly high liquidity of ETFs, with high trading 
volumes and low bid-asks. 

In the Covid-19 crisis, trading volumes spiked with corporate bond 
trading volume rising by 20%. This was dwarfed by an almost 
200% increase in ETF volumes. High trading volumes were also 
accompanied by an extreme price-NAV discount for the most liquid 
corporate bond ETF, LQD (as shown in the previous section).
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Indeed, if investor flows are random then short-term price-NAV 
discrepancy would not matter. However, we find that investor 
flows tend to follow a herding pattern with high auto-correlations. 
In Figure 13, we plot corporate bond mutual fund flows. We see 
that fund flows are clustered, implying the persistence of large 
positive or negative flows. The beta of lagged flows on current 
flows is very significant and large: 50% at a one-week lag and 
nearly 25% at two weeks. This indicates that around 50% of the 
impact of a shock in fund flows on a given week persists in both 
week two and week three.9 The persistence is even larger during  
a drawdown, as documented by Goldstein (2017) and Cai (2019). 

FIG. 13 TOTAL CORPORATE BOND FUND FLOWS (US MUTUAL FUNDS)

 PANEL A: FLOWS

 PANEL B: BETAS OF FUND FLOWS ON ITS LAGS

Source: ICI, Bloomberg, LOIM calculations.

FIG. 14 CORPORATE BOND FUND FLOWS VERSUS ETF PRICE-NAV 
DIFFERENTIAL

Source: Bloomberg, LOIM calculations.
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9 This is an AR(2) process so a shock can be more persistent than a traditional AR(1) process. From the regression betas, we see that 50% of the shock on week one transfers to both week 2 and week 3. 

Fulkerson (2015) shows that fund flows are returns-chasing, 
with the effect being enlarged for larger funds. Significant fund 
flows can also be very distortionary on underlying assets, as 
documented by Coval and Stafford (2007), resulting in a 
temporary deviation from fundamentals (Dong, 2012). 

Mutual fund flows should also be related to ETF premium and 
discounts: investors looking to exit mutual funds are also likely to 
short or sell ETFs. In Figure 14, we plot the NAV-weighted 
corporate bond price-NAV differential versus corporate bond 
mutual fund flows. We see that in periods of large mutual fund 
outflows (inflows), ETF prices reflect large discounts (premiums) to 
the NAV. In other words, investor flows are not likely to be random. 
Flows are often one-way for corporate bonds and the absence of  
a robust arbitrage mechanism implies significant discounts when 
ETF investors are most likely looking to exit and a significant 
premium when they are looking to enter ETFs.

The significant price-NAV volatility in FI ETFs coupled with a 
non-random demand in liquidity indicates that the cost of liquidity 
can be very high. In the next sections, we look at the reasons for 
the inefficiency of the arbitrage mechanism, especially in FI ETFs.
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In the sections that follow, we raise two possible reasons for this 
dislocation. 

The first is a generally well-understood explanation of fractured 
liquidity in the underlying asset class. We show that fractured 
liquidity in the underlying corporate bonds leads to NAV staleness. 
This generally leads to an inability to arbitrage as the NAV will not 
reflect actual pricing. However, we also show that this fractured 
liquidity does not necessarily imply that the price of the ETF is right 
and the NAV is wrong. We claim that both prices may be wrong. 

Fractured liquidity in the underlying does not explain the full 
picture as even ETFs with highly liquid underlying assets 
(government bond or even aggregate) were completely dislocated 
in the crisis. This leads to the second explanation of ETF 
dislocation: inventory management.10 We show that inventory 
management exercises by the large broker dealers – due to a 
conflict in their dual roles of arbitrageurs and market-makers in 
the underlying – may have exacerbated the dislocation. 
Consequently, we believe FI ETFs will continue to suffer 
dislocations during market shocks.

Fractured liquidity in corporate bond markets

A lot has been said and written11 about fractured liquidity both at 
LOIM and more broadly by the investment community. Regulations, 
such as the Volcker rule, instituted in response to the events of the 
GFC, have been a significant contributor to fractured liquidity in 
fixed income markets. While fixed income liquidity has 
deteriorated, the same cannot be said for equities. The key 
difference lies in the over-the-counter (OTC) nature of fixed 
income markets and the investor base that generally tends to be 
institutional investors with long time-horizons. Given the maturity 
dimension in bonds, liquidity tends to be distributed across bonds 
and is therefore not conducive to exchange trading. Large 
broker-dealers, therefore, continue to make markets in fixed 
income securities and are liquidity providers. Large broker-dealers, 
however, have faced significant regulations since the events of the 
GFC. These regulations have inhibited their ability to warehouse 

Fixed income ETFs – inefficient arbitrage

The create-redeem mechanism, outlined in the previous section, 
is a demand-supply matching mechanism. If there are significant 
buying (selling) pressures on ETFs, this should result in a 
temporary premium (discount). Premiums (discounts) can be 
arbitraged away by APs creating (redeeming) ETF shares by 
providing (receiving) a basket of bonds. Creation (redemption) of 
ETF shares, therefore, increases (decreases) the supply of ETF 
shares, matching demand and thereby bringing the price-NAV 
difference to zero.

While the above is a simplified schematic, it captures the general 
principle well for most liquid ETFs, especially in the equity space. 
However, things are not as simple for FI ETFs. In Figure 15, we 
observe a close relationship between the changes in shares 
outstanding – a measure of the net share creation – and the 
price-NAV differential for the largest corporate bond ETF, LQD. 
In the Covid-19 crisis, this relationship indicated a much weaker 
link (lower slope). Indeed, there were weeks when shares were 
created at significant discounts, indicating a breakdown of the 
demand-supply balancing mechanism through AP creation/
redemption. 
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Source: LOIM calculations, Bloomberg.

10 Laipply (2020) also refers to these phenomena as “reverse arbitrage.”
11 Please see LOIM paper entitled ‘A new paradigm in fixed income.’ Link: https://am.lombardodier.com/contents/news/white-papers/2017/march/a-new-paradigm-in-fixed-income.html.
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risk by making balance sheet costs very high. A key manifestation 
is the significant drop in broker-dealer corporate-bond inventories 
as seen in Figure 16, the implications of which has been profound 
on fixed income liquidity.

A number of academic studies have linked fractured liquidity with 
the drop in broker-dealer inventories. Dick-Nielsen and Rossi 
(2018) show that the cost of immediacy has nearly doubled since 
the 2008 crisis. Similarly, Bao et al (2018) show that liquidity of 
corporate bonds in a stress event has worsened due to the Volcker 
rule. Other studies by Bessembinder (2018) show that while 
average trade-execution costs have not increased notably, dealer 
capital commitment, turnover and block trade frequency have 
decreased substantially since the GFC as a result of regulations. 
This highlights the fact that the bid-ask spreads may not be a true 
measure of liquidity in volatile periods.

The significant drop in broker-dealer inventories suggests that 
banks might keep the more illiquid bonds in their inventories while 
offloading liquid bonds. However, as shown by Goldstein (2011, 
2020), illiquid bonds are kept for even shorter periods in broker-
dealer inventories. Dealers prefer to hold liquid bonds, such as 
new issues,12 in their inventories. This implies that illiquid bonds 
might not be tradable at all in a liquidity shock, such as the 
Covid-19 crisis. Bond illiquidity, therefore, poses a large hurdle 
towards ETF arbitrage. 

Inefficient arbitrage – illiquidity

Illiquidity has been claimed as a reason why the arbitrage 
mechanism doesn’t work. Petajisto (2017) shows that large 
deviations in price-NAVs can occur for ETFs holding international 
or illiquid securities.

FIG. 16 US CORPORATE BOND DEALER INVENTORY

Source: New York Federal Reserve.
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12 Please see LOIM paper entitled ‘New issuance premium in European corporate bonds.’ Link: https://am.lombardodier.com/contents/news/white-papers/2018/may/new-issuance-premium-in-
european.html.

13 Anecdotally during the peak of the crisis around the third week of March, bonds were often traded at 3-5 points below screen bid.

However, liquidity captures more than just bid-ask spreads. While 
bid-ask spreads were much lower than those achieved in the GFC, 
anecdotally,13 during the peak of the Covid-19 crisis in the week 
ending 23 March 2020, corporate bonds were traded at prices 
significantly below the screen bids and asks. 

The schematic shown in Figure 17 shows some possible arbitrage 
scenarios. The key point for FI ETFs is that the NAV is usually 
marked at bid-price. Therefore, a price-NAV premium is likely to 
persist since the arbitrage involves bonds being bought at ask and 
ETFs being sold at bid. This suggests premiums would have to be 
larger than both the bond bid-ask, as well as the ETFs bid-mid, to 
justify arbitrage activity. This is also the reason for persistent 
price-NAV premiums in corporate bond ETFs.

ETF discounts should be easier to arbitrage since NAVs are already 
priced at bid. Moreover, in the Covid-19 crisis, we had ETF 
discounts of over 5% (8-10% intra-day), higher than the highest 
ETF premiums reached over the same period. 

The liquidity-based explanation for this phenomenon is that the 
bid-ask did not capture the cost of liquidity since prices were 
stale. In other words, the NAV was not representative of the price 
at which a slice of the portfolio could be sold, thereby reducing the 
ability of APs to arbitrage. In the next section, we explore the stale 
pricing issue. 
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Lead-lag effects in price and NAV – is the 
“price” right?

Stale pricing of NAVs is a well understood phenomenon, especially 
in a liquidity shock. In previous sections, we showed that the 
reduction in dealer inventories since the GFC has made the 
corporate bond market largely uni-directional, from a demand-
supply perspective, in liquidity crises. While the end of 2018 was 
a smaller version of this phenomenon, the Covid-19 crisis truly 
exemplified fractured liquidity in the post-GFC world. Fractured 
liquidity in the underlying markets can lead to bond price staleness 
and therefore NAV staleness. ETF prices, however, are traded on 
the secondary markets and are generally much more liquid than 
the underlying. As such, the superior liquidity of ETFs can result in 
prices that are much more reactive to shocks than the underlying 
NAV. In other words, just as there is a liquidity driven under-
reaction in NAVs, there is also the possibility of an over-reaction in 
ETF prices. Therefore, both prices might be “wrong.”

One indication of stale prices in such a market are the positive 
return auto-correlations of NAVs. If current returns are positively 
correlated with future returns, then one may surmise that 
information is only imparted gradually into underlying bond prices 
and, therefore, NAVs; this could lead to return momentum. In panel 
A of Figure 18, we plot the weekly return auto-correlation of prices 
and NAVs of LQD, the largest corporate bond ETF. We calculate 
both unconditional auto-correlations as well as auto-correlations 
conditional on VIX levels.14

Panel A clearly shows that NAV return correlations change from 
marginally negative in benign periods to positive in volatile 
periods, reflecting a price under-reaction and, therefore, 
momentum. ETF price return correlations, meanwhile, become 
more negative, reflecting a potential over-reaction and, therefore, 
mean-reversion. However, it is not immediately clear that a 
negative auto-correlation in returns reflects an over-reaction. 
Since corporate bonds and equities tend to be highly correlated 
in a sell-off, we calculate the auto-correlations of SPY15 (the 
largest equity ETF) price returns in panel B. SPY auto-correlations 
in volatile periods are close to zero. This indicates that a 
negative auto-correlation might be reflecting an over-reaction 
in LQD prices.16

Another approach to show an over-reaction in credit ETFs is to 
contrast the behaviour of credit ETFs with other liquid credit 
products such as CDX indices. The CDX North America Investment-
Grade Index (CDX NA IG) is one of the most liquid instruments in 
the credit universe, allowing investors to sell protection (take credit 
risk) or buy protection (hedge credit risk) on a diversified basket of 
125 names. Notional volumes cleared in the three-month period 
from February to April 2020 was over USD 4 trillion,18 which 
dwarfs the USD 150 billion volumes traded in LQD, the most liquid 
corporate bond ETF. Therefore, movements in the CDX index 
should not be tainted by price staleness.

14 We calculate correlations of period t returns with period t+1 returns based on VIX levels at start of period t.
15 Any reference to a specific company or fund does not constitute a recommendation to buy, sell, hold or directly invest in the company or funds. It should not be assumed that the recommendations made in the 

future will be profitable or will equal the performance of the funds discussed in this document.
16 This analysis does not explicitly establish a lead-lag effect but rather under/over-reaction. However, a separate analysis using lagged NAV and price returns shows that lagged price returns positively predict NAV 

returns. At the same time lagged NAV returns negatively predict price returns. However, multicollinearity might exaggerate the coefficients. 
17 We use median VIX levels (~20) as a cut-off for Low/High.
18 See https://www.risk.net/comment/7544341/swaps-data-record-trading-volumes-in-march.
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Figure 19 plots LQD minus IEF19 returns versus CDX index returns 
(sell protection) over three periods: the GFC (from the Lehman default  
on 15 September to 31 December 2008), Covid-19 (28 February  
to 30 April 2020) and the pre-Covid-19 period (January 2010 to  
28 February 2020). The beta of LQD to CDX returns changes from 
approximately 1.6 during both the GFC and pre-Covid-19 period to 
3.9 in the Covid-19 crisis. This appears to indicate that LQD 
returns in the Covid-19 crisis might have been an over-reaction.

The week from 13 to 20 March 2020 witnessed the most extreme 
moves of the Covid-19 crisis with a 13% (15% excluding rate 
moves) drop in LQD. This was comparable to the 14% drop in the 
equity ETF (SPY), despite LQD being an investment-grade credit 
ETF. Black Monday (16 March 2020) was the most volatile day in 
history with a nearly 11% drop in the S&P 500 Index and with VIX 
levels rising almost 25 points to their highest end-of-day level in 
history (83). However, the largest move in LQD (excess of IEF) was 
on the 19th March 2020 (Thursday), a day when equity markets, 
the VIX and even the CDX index were flat or positive. Moves such 
as these were very incongruous and do not correspond to the 
explanation, such as the one proposed by Laipply (2020), that the 
ETF price was correct and the NAV was wrong. 

In our view, the significantly higher liquidity, in combination with the 
disincentive to arbitrage as we show in the sections that follow, 
result in both prices being “wrong.” In this, we tend to align with the 
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19 IEF is the 7-10 year treasury bond ETF. We subtract these returns from the LQD return to remove the duration element and create a credit return series more comparable with CDX index returns.
20 Please see LOIM paper entitled ‘Equity momentum in corporate bonds.’ Link: https://am.lombardodier.com/contents/news/white-papers/2019-1/january/equity-momentum-in-corporate-bon.html

explanation by Ma et al (2020) that document a “reverse flight to 
liquidity” for bonds in the Covid-19 crisis. They show that there was 
more concentrated selling pressure in the liquid bonds due to 
mutual fund outflows, resulting in a deviation from what was 
justified by bond fundamentals. Therefore, FI ETF prices may have 
traded at a significantly higher discount than was warranted, thanks 
to the herding of less informed and panicked “noise” traders, which 
was compounded by a lack of arbitrage activity. In the next section, 
we show that underlying illiquidity was not solely to blame for the 
significant deviations of FI ETF prices and NAVs.

Liquid fixed income ETFs versus equity ETFs

In the previous section, we show that NAVs may indeed be stale 
(under-reaction) but at the same time FI ETF prices may have 
over-reacted due to differences in liquidity. However, a simple 
liquidity story may not suffice to explain the broad range of FI ETF 
dislocations seen in the Covid-19 crisis. 

We have documented the superior liquidity of equities relative to 
corporate bonds in a number of papers.20 However, the liquidity 
of equity markets pale in comparison with the Treasury or agency 
MBS markets. In Figure 20, we plot the turnover of various asset 
class over the past ten-years as measured by the ratio of the 
average annual trading volume divided by market-capitalisation.
Indeed, equities are much more liquid than corporate bonds at over 
three-times turnover. However, the Treasury and MBS markets are 
much more liquid than equities, with turnover of over three-five times 
that of equities. In fact, the aggregate bond universe (comprising 
around 60% Treasuries and agency MBS and 25% corporates) 
turnover is very close to the overall equity market turnover.
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Figure 21 shows the dislocation was as extreme in the AGG  
(US Aggregate Bond) ETF as it was in the corporate bond ETF,  
|and significantly worse than in equity ETFs. More surprisingly, 
even the US Treasury ETFs, with much higher underlying liquidity, 
experienced larger price-NAV deviations than the US equity ETFs. 
Given the counter-intuitive results in Figure 21, we propose a 
second important channel for ETF dislocation: dealer inventory 
management.

Inefficient arbitrage – dealer inventory 
management

Inventory management of the dealer community has many 
documented (albeit short-term) effects in various asset classes. 
For example, the established 1-month momentum reversion 
phenomenon in equities is shown to be an inventory management 
effect (Jegadeesh & Titman, 1995). Equities on which there is 
significant selling (buying) pressure lead to significant positive 
(negative) dealer inventory. This in turn leads to dealers marking 
these prices upwards (downwards) to incentivise transactions that 
reduce inventory. We believe that inventory management in fixed 
income can manifest itself in ETF dislocations that are more 
severe than otherwise.

In previous sections, we described the ETF create-redeem process 
as the crucial arbitrage mechanism that prevents significant 
price-NAV dislocations. When ETF prices trade at a premium, 
reflecting significant demand for the ETF, APs increase the supply of 
these ETFs in exchange for a basket of bonds. These ETFs are then 
traded in the secondary market for an arbitrage profit. Conversely, 
when there is a large discount, the APs are able to redeem ETFs for 
a bond portfolio that can be traded at an arbitrage profit.

21 Pan et al (2019).

FIG. 21 PRICE-NAV PREMIUM IN THE COVID-19 CRISIS
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Distinct from equity ETFs, APs for fixed income ETFs are generally 
large broker-dealers who are also market-makers in the underlying 
bonds due to the OTC nature of these markets. The roles of APs as 
market-makers as well as ETF arbitrageurs can, therefore, be in 
conflict, especially when there is a significant demand-supply 
shock. For example, the Covid-19 crisis was an extreme event for 
mutual fund flows, as shown in Figure 22B. The one-way nature of 
the market as well as a dash for cash should have resulted in a 
significant increase in broker-dealer inventories. This also 
coincided with lower risk-limits for trading desks, resulting in 
larger inventory costs being imposed. Therefore, consistent with 
Pan (2019), we propose that trading desks of APs offloaded 
bonds from inventories in exchange for ETF shares. This 
increase in supply coincided with significant selling pressure on 
the ETFs and was primarily motivated by the requirement of 
trading desks to reduce their inventory of bonds that were 
accumulated from one-way fund flows. Thus, the conflict between 
the roles of dealers and arbitrageurs may have worsened ETF 
dislocations more than otherwise.

Inventory management with fractured liquidity

Arbitraging the price-NAV discrepancy requires APs to change  
the supply of shares outstanding to balance demand and supply. 
This process is called the creation-redemption mechanism. 
Indeed, the proponents of ETFs state that the creation-redemption 
prevents discrepancies from escalating. 

In Pan et al (2019), the authors show that ETF arbitrage activity 
can be dominated by inventory management activities. In other 
words, APs can be liquidity seekers rather than liquidity providers, 
as also documented by Ben-David (2012) and Nagel (2012). More 
crucially, they also show that inventory management activities 
have increased since the Volcker rule implementation in 2013, 
leading to a significant decline in broker-dealer inventories. 
The authors show this using a proprietary dataset of creation-
redemption baskets and TRACE trading volumes. 

One very crucial difference between bonds and equities that 
makes it easier to use FI ETFs for inventory management is the 
use of custom create and redeem baskets. Create-redeem 
baskets are concentrated relative to the US IG Corporate Index that 
has well over 6,000 bonds. Even when compared to the underlying 
ETF – which holds a part of the index – the create basket consists 
of less than 20% of the bonds in the underlying ETF portfolio. 
Create baskets, generally provided by the AP, also tend to be more 
concentrated than redeem baskets that are provided by the ETF 
manager.21 This is in significant contrast with equity ETFs that 
generally tend to be a slice of the underlying index.

Source: Bloomberg.
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The fund prospectus of a leading ETF provider states: “Custom 
Baskets. Creation and Redemption baskets may differ and each 
Fund will accept “custom baskets.” A custom basket may include 
any of the following: (i) a basket that is composed of a non-
representative selection of a Fund’s portfolio holdings; (ii) a 
representative basket that is different from the initial basket used 
in transactions on the same business day; or (iii) a basket that 
contains bespoke cash substitutions for a single Authorized 
Participant. Each Fund has adopted policies and procedures that 
govern the construction and acceptance of baskets, including 
heightened requirements for certain types of custom baskets.” 22

We believe that custom baskets have been used extensively by 
APs to reduce their inventory of bonds accumulated during the 
intense selling by mutual funds at the peak of the crisis.

To show the impact of changing regulations on the warehousing of 
risk, we contrast the events of the Covid-19 crisis with the GFC. 
The Covid-19 crisis was a deep and sudden shock in credit 
markets, while the GFC was a more drawn-out event, although 
the deepest part of the GFC was precipitated by the sudden 
bankruptcy of Lehman Brothers on 15 September 2008. 
We, therefore, compare the weeks around the Lehman bankruptcy 
with the escalation of the Covid-19 crisis starting from the third 
week of February 2020. 

Panels A and B from Figure 22 show that the two crises were 
similar in terms of the speed of spread movements, as well as 
fund flows. However, panel C stands in stark contrast with a 
reduction in dealer inventories in the Covid-19 crisis when 
compared to an increase during the GFC. Post the Lehman 
bankruptcy, dealer inventories increased, consistent with banks’ 
warehousing risk as mutual funds offloaded bonds. The Covid-19 
crisis, however, manifested itself with an initial drop in dealer 
inventories. O’ Hara et al (2020), in their study of the Covid-19 
crisis and associated liquidity breakdowns in corporate bonds, also 
document the significant drop in primary dealer inventories despite 
increasing volumes and a stable share of trading volumes. 
They also show that for non-primary dealers, the drop in inventory 
was even more severe and posit that dealers may have become 
consumers of liquidity in the crisis. 

22 See https://www.ishares.com/us/literature/sai/sai-ishares-trust-2-28.pdf , page 189.

FIG. 22 COVID CRISIS VERSUS GFC

 PANEL A: IG SPREADS

Source: LOIM calculations, Bloomberg.

 PANEL B: MUTUAL FUND FLOWS (%)

 PANEL C: DEALER INVENTORY
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Trading volumes and inventory management – 
an empirical study

The previous sections presented indirect evidence for inventory 
management. Pan et al (2019) show direct evidence of inventory 
management by using granular AP level data by matching trades 
from TRACE and ETF creation-redemption baskets from the 
Depository Trust & Clearing Corporation (DTCC). The authors show 
the conflict between APs roles as bond dealers and arbitrageurs. 
They also find evidence of an increase in this phenomenon since 
the Volcker rule (2013) constraining broker dealer inventories.

The Covid-19 crisis witnessed clear examples of inventory 
management. For example, three bonds23 US292480AL49 
(Enable midstream), US345397ZW60 (Ford), US717081DE02 
(Pfizer) were added to LQD at the peak of the Covid-19 crisis 
(20th March) in sizes exceeding USD 2 million despite there not 
being a single reported trade (TRACE data) on that day or over 
the previous two days.

We run a more systematic study to establish an escalation of this 
effect in the crisis. We begin by calculating daily position changes 
in LQD, the largest US corporate bond ETF (IG). Create-redeem 
baskets tend to largely be in-kind for the larger ETFs such as 
LQD.24 Therefore, position increases and decreases are generally 
due to AP create-redeems. Using trading volumes from TRACE, we 
ran a panel regression25 of position changes in the ETF against 
trading volumes and their lags. Our base hypothesis is that for an 
arbitrage operation, bonds that are traded significantly on the day 

are the most likely to be included in the create-redeem basket, 
while in an inventory management operation, lagged bond trading 
volumes should better explain position changes. We also 
hypothesise a larger lagged effect for position changes from 
creations (and therefore bonds offloaded by APs from inventory 
into the ETF) than for redemptions. Finally, another artefact of 
inventory management would be a greater coefficient on the 
two-day lagged volume. The two-day lag coefficient is initially 
counter-intuitive but a direct outcome of the two-day lag between 
trading and settlement date for bonds. Therefore, bonds sold on 
day zero that have not found a buyer, would only enter the dealer 
inventory at day two. 

Figure 23 appears to confirm our hypothesis that inventory 
management related transactions were indeed significant during 
the peak of the crisis. The black column with the average beta 
shows that in normal times, bonds with the highest 
contemporaneous trading volumes were added to the creation 
baskets. The remaining columns indicate the incremental changes 
in betas in periods of significant premiums and discounts. 
Incremental betas indicate that the coefficient on current volumes 
drop significantly while coefficients on one-day lagged and 
especially two-day lagged volumes rise substantially. This suggests 
that the create baskets switch from bonds traded on the day to 
bonds traded one-two days previously. The higher coefficient on 
two-day lag is additional evidence of inventory management as it 
reflects the gap between trading and settlement dates.
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FIG. 23 REGRESSION COEFFICIENT26 OF TRADING VOLUMES (X) ON LQD POSITION CHANGES

 PANEL A : POSITION INCREASES PANEL B : POSITION DECREASES

Source: LOIM calculations, Bloomberg. Covers January 2020- August 2020.

23 Any reference to a specific company or security does not constitute a recommendation to buy, sell, hold or directly invest in the company or securities. It should not be assumed that the 
recommendations made in the future will be profitable or will equal the performance of the securities discussed in this document.

24 https://www.bankofcanada.ca/2019/12/staff-analytical-note-2019-34/
25 A “panel” contains observations of the same entities over different time periods, over which a regression can then be run. In our analysis we employ entity- and time-fixed effects, which is equivalent  

assigning each entity and date with a dummy variable. We then apply additional dummy variables to account for two states of the world – discount and premium - to capture the effects on position deltas  
under each state.

26 Regression coefficient has been multiplied by 1000 for convenience. A beta of 10 implies that the position change on a given day accounted for 1% of the total trading volume for a bond on that day 
(or lagged days).
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Conclusions

In this paper we analyse the dislocation of FI ETFs particularly in the 
Covid-19 crisis. We believe that the high trading volumes and low 
bid-ask spreads of FI ETFs gives an “illusion of liquidity.” Ultimately, 
ETFs should derive their liquidity from the underlying asset class and 
the manifestation of an increasingly fractured liquidity environment 
in fixed income is reflected in significant ETF price-NAV dislocations. 
We show that the price-NAV volatility for FI ETFs can be significantly 
higher than the NAV tracking error and is even comparable to the 
asset volatility itself. This is in contrast with equity ETFs that are 
generally well behaved even in crisis periods.

Proponents of ETFs generally contend that the FI ETF price is right 
while NAVs are stale. ETF NAVs do not reflect the true value of the 
underlying assets especially in a liquidity crisis. We show, by 
contrasting its behaviour with that of equity ETFs, that both prices 
may in fact be wrong due to significant impediments to arbitrage. 
In addition, we find that credit ETFs (LQD) showed a much higher 
beta to the very liquid CDX index, indicating potential over-reaction 
in prices. Fractured liquidity of the underlying assets is a generally 
well understood impediment to arbitrage. Decreased warehousing 
of risk – an outcome of the post GFC regulations – has contributed 
significantly to fractured liquidity. However, by contrasting equity 
ETFs with liquid FI ETFs, such as those for US Treasuries, we 

show that underlying asset liquidity may not be the only reason 
for FI ETF dislocations. We propose a second channel for ETF 
dislocation, namely inventory management by authorised 
participants (APs). Consistent with Pan (2019), we find that APs 
are often liquidity seekers in times of crisis due to increased 
regulatory burdens, thereby worsening existing dislocations. The 
key difference with equity ETFs, which did not experience similar 
dislocations, is that APs for FI ETFs also tended to be market-
makers in the underlying bonds. The higher inventory costs, driven 
by post-GFC regulations, created a conflict between their roles as 
ETF arbitrageurs and bond liquidity providers. We use a novel 
experiment to show evidence of inventory management during the 
crisis to explain market dislocation. 

“During the past decade, the principles of the traditional index 
fund have been challenged by a sort of wolf in sheep’s 
clothing, the exchange-traded fund… But let me be clear. 
There is nothing wrong with investing in those indexed ETFs 
that track the broad stock market, just so long as you don’t 
trade them.” 

Jack Bogle
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