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Foreword
The 14th BIS Annual Conference took place in Lucerne, Switzerland, on 26 June 2015.
The event brought together a distinguished group of central bank Governors, leading
academics and former public officials to exchange views on the topic “Towards ‘a new
normal’ in financial markets?”. The papers presented at the conference and the
discussants’ comments are released as BIS Working Papers nos 561 to 564.
BIS Papers no 84 contains the opening address by Jaime Caruana (General
Manager, BIS), the keynote address by John Kay (London School of Economics) and
remarks by Paul Tucker (Harvard Kennedy School).
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Mobile collateral versus immobile collateral
Gary Gorton1 and Tyler Muir2

Abstract
The pre-crisis financial architecture was a system of mobile collateral. Safe debt,
whether government bonds or privately produced bonds, ie asset-backed securities,
could be traded, posted as collateral, and rehypothecated, moving to its highest value
use. Since the financial crisis, regulatory changes to the financial architecture have
aimed to make collateral immobile, most notably with the BIS “liquidity coverage
ratio” for banks. In the face of the Lucas critique, how should these policies be
evaluated? We evaluate this immobile capital system with reference to a previous
regime, which had this feature: the US National Banks Era.
Keywords: Liquidity Regulation, Collateral, Policy Evaluation with Economic History
JEL classification: E5, G2
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1. Introduction
In the 30 years prior to the 2007–08 financial crisis, the global financial system evolved
away from a system of immobile collateral into a system of mobile collateral. In this
new system, bank loans, instead of remaining immobile on bank balance sheets, were
securitised into bonds which could be traded, used as collateral in repo, posted as
collateral for derivatives positions, and rehypothecated, moving to the location of
their highest value use. In short, US banks’ loans, which had been sitting passively on
bank balance sheets, were transformed into bonds, making them mobile. Since the
financial crisis of 2007–08, regulatory initiatives have been aimed at making collateral
once again immobile. These new policies raise a very important Lucas critique
problem: How should these policies be evaluated when we do not have adequate
models? In this paper, we argue that economic history can be used to evaluate the
recent policy of again making collateral immobile. With this approach, we have two
main arguments in our evaluation. The first is that there is a cost to making this
collateral immobile because it ties up safe debt. The second is that we find weak
support for the idea that making collateral immobile has large benefits – namely that
it makes the financial system safer and reduces panics. Instead, we find that other
forms of bank debt increase when safe collateral becomes immobile, possibly making
the system riskier.
The transformation of the US financial system towards mobile collateral is shown
in Figure 1 (from Gorton, Lewellen and Metrick (2012)). The figure shows the different
forms of privately produced safe debt as a percentage of total privately produced
safe debt. In the 1950s and 1960s, demand deposits of banks were 80% of privately
produced safe debt. Demand deposits were backed by bank loans, essentially the
collateral. Demand deposits then go into a downward trend for the next 30 years. At
the same time, the categories of privately produced safe debt that are growing were
money market instruments (specifically, repo, commercial paper and money market
funds), as well as AAA mortgage-backed securities (MBS) and other AAA asset-backed
securities (ABS). By the start of the financial crisis, this “shadow banking system” was
as large as the amount of demand deposits (although much of the ABS and MBS
ended up as collateral backing repo and asset-backed commercial paper). This
shadow banking system is funding the very same bank loans but in a different way.
At the same time that this transformation of the financial system was going on,
another important, related, trend was developing. This is shown in Figure 2. Figure 2
shows the holders of outstanding US Treasury debt (excluding Treasuries held by the
federal, state and local pensions; social security is also not counted) as a percentage
of total outstanding Treasuries. Again, there is a steady downward trend for US banks,
as the banks no longer need Treasuries as a component of their portfolios backing
demand deposits. Coincidentally, the Rest of the World shows a sharply upward trend
in holdings of US Treasury debt. The Rest of the World has a demand for safe, liquid,
debt. This is important because of late outstanding US Treasury debt is large, but this
should be looked at relative world GDP for perspective. In other words, Treasury debt
has a convenience yield. Krishnamurthy and Vissing-Jorgensen (2012a,b) show
empirically that investors value the money-like properties of liquidity and safety of
these bonds. Also see Duffee (1996). Furthermore, there is a negative correlation
between outstanding US Treasury debt and the production of privately produced safe
debt (see Krishnamurthy and Vissing-Jorgensen (2012a, b) and Gorton, Lewellen and
Metrick (2012)). When Treasuries outstanding (as a percentage of GDP) declines,
privately produced safe debt increases to fill the gap. More specifically, Xie (2012)
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shows, using daily data, that asset-backed security (ABS) and mortgage-backed
security (MBS) issuance occurs when there is a high convenience yield on Treasuries.
In other words, when Treasuries are scarce, more ABS and MBS are issued (85% of an
issue is AAA). Sunderam (2014) shows that a high convenience yield results in the
endogenous response of more asset-backed commercial paper (ABCP) being issued.
The private response to create more privately produced safe debt when there is
a scarcity of US Treasuries is partly the focus of the literature on the “global savings
glut”. This literature argues that increased capital flows into the United States from
countries with an excess of savings may have been an important reason that US
interest rates were low (see, eg, Bernanke (2005, 2007), Bernanke, Bertaut, De Marco
and Kamin (2011)). Foreign investors have a demand for safe assets and focused their
investments on US Treasuries (see Caballero and Krishnamurthy (2009)). Maggiori
(2013) argues that this as a form of insurance; the US can (almost uniquely) produce
safe debt, which is demanded by foreign investors in countries which cannot produce
safe debt (China and the oil-producing countries; see Bertaut, De Marco and Kamin
(2011)).
The creation of privately produced safe debt is in part a response to a scarcity of
government-produced safe debt. Both types of safe debt – government-produced
and privately produced – are used as collateral for short-term bank money, ie repo,
ABCP and money market funds (MMF). The response to scarcity was not only
increased private production of safe debt, but also increased mobility of the debt. In
the past, when US Treasuries or bank loans backed demand deposits, the backing
loans were immobile. Indeed, since demand deposits were the dominant form of
inside money, there was no need for mobility. The bank loans sat on bank balance
sheets and were not traded. As the need for demand deposits receded, and foreign
investors demanded US Treasuries, the financial system transformed the immobile
bank loan collateral into forms of mobile collateral via securitisation. Privately
produced safe debt became a product to be used as mobile collateral.
In Section 2 of this paper, we provide evidence of the extent to which the financial
system became a system of mobile collateral, indeed, stretching the available mobile
debt to meet demands. To do this we study the determinants and extent of repo fails.
We show that repo fails were increasing because of the scarcity of US Treasuries and
Agency bonds. Another manifestation of system morphing was that repo was
significantly expanding beyond the primary dealers prior to the crisis. And, fails were
caused in significant part by a demand for liquidity in a world with insufficient safe
debt. This was, and remains, a problem. Krishnamurthy and Vissing-Jorgensen
(2012b) argue empirically that when the ratio of privately produced safe debt goes
up relative to Treasuries, financial crises are more likely. Also see Gourinchas and
Jeanne (2012). This scarcity appears to persist today. For example, Bertaut, Tabova
and Wong (2014) show that since the financial crisis US investors have invested in the
sovereign debt of Australia and Canada because of the shortage of safe debt since
securitisation collapsed.
New regulations do not address potential scarcities of safe debt. In fact, since the
financial crisis, new regulations aim at returning to a financial system of immobile
collateral. For example, under Dodd-Frank and similar European legislation collateral
must be posted to central clearing parties (CCPs) (regardless of the private party’s net
position), while the CCP does not post collateral to participants. CCPs will only accept
highly liquid, high-grade collateral. Variation margin has long been part of the
bilateral swap market, but importantly, initial margin is new and will increase
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substantially the amount of collateral required. Not all swaps trades will be cleared
through a CCP. For those that are not, initial and variation margin for each trade must
be held by a third party. Further, collateral posted to banks by clients cannot be
rehypothecated. And, most importantly, the Basel Committee’s Liquidity Coverage
Ratio (LCR) requires that (net) short-term bank debt be backed by (essentially)
Treasuries (“high-quality liquid assets”)3 – see Basel Committee (2013). In other words,
short-term bank money (repo and CP) and Treasuries, both of which have a
convenience yield, must be combined. One kind of money must be backed by another
kind of money, a kind of narrow banking.
The LCR is the leading example of the move back towards an immobile collateral
system. In effect, it attempts to reverse 30 years of change. As such an important
change, how should we evaluate the LCR (or any new policy for that matter)? Because
of the Lucas (1976) critique, a general equilibrium model would be needed, one which
currently does not exist. There have, of course, been numerous more or less ad hoc
forecasts of how much collateral the new system will need given the LCR, but these
numbers vary a lot and are subject to the Lucas critique, ie there is no accounting for
the general equilibrium effects that might occur (“unintended consequences”). In fact,
we know from the above studies that privately produced money grows when there is
a scarcity of Treasuries.
We are not interested here in forecasting the amount of collateral needed.4
Rather, in this paper we evaluate the LCR structure by analysing a financial system
that had the same structure of requiring that US Treasuries back the issuance of
privately issued bank money: the US National Banking Era, 1863–1914.5 Under the
National Banking System, national banks could issue distinct “national bank notes”
by depositing eligible US Treasury bonds with the US Treasury, which would then
print the bank’s notes. Originally, the idea was to create a demand for US Treasuries
so as to finance the US Civil War. But, it was also believed that backing private money
with Treasuries would prevent banking panics. Prior to the National Banking Era, US
banks issued their own distinct notes, backed by state bonds (in Free Banking states)
or backed by portfolios of bank loans (in chartered banking states). There were
systemic banking crises in 1814, 1819, 1837 and 1857. It was expected that the
National Banking System would eliminate panics. Similarly, the explicit purpose of the
liquidity coverage ratio (LCR) is to make the financial system safer. Basel Committee
(2013) labels the LCR as one of the key reforms “to develop a more resilient banking
sector” (p 1).
However, this stability did not occur under the National Banking Era. Banking
panics were not prevented, but merely shifted from one form of bank money to
another. During a panic, instead of requesting cash for private bank notes, debt
holders demanded national bank notes for their demand deposits. By the time the
National Bank Acts were passed demand deposits had become a sizeable form of
privately produced bank money and we show that they continued to grow
substantially throughout this period (Figure 9). But, economists did not understand
this for decades. Bray Hammond (1957), in his Pulitzer Prize-winning book Banks and
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Throughout the paper, we will refer to “high-quality liquid assets” as Treasuries and we will refer to
net short-term debt as repo.
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On this topic see Heller and Vause (2012), Sidanius and Zikes (2012), Fender and Lewrick (2013) and
Duffie, Scheicher and Vuillemey (2014).
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On the National Banking Era see Noyes (1910), Friedman and Schwartz (1963), and Champ (2011c).
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Politics in America, wrote: “... the importance of deposits was not realized by most
American economists ... till after 1900” (p 80). Hammond goes on to discuss why the
growing importance of demand deposits was overlooked. Economist Charles Dunbar
(1887) wrote in the inaugural volume of the Quarterly Journal of Economics: “The ease
with which we ignore deposits as a part of the currency seems the more remarkable,
when we consider that few men in business fail to recognize the true meaning of this
form of bank liability” (p 402). And Russell C. Leffingwell, the Assistant Secretary of
the Treasury wrote as late as 1919: “All of these people who believe in the quantity
theory of money ... choose to call bank deposits money, but bank deposits are not
money” (Leffingwell letters, quoted by Wicker (1966, p 21). Regulators and
economists were conceptually confused. What seems so obvious now was not
obvious then. Forms of short-term bank debt change and this was not immediately
recognised. Worse, the new forms of bank debt and their risks tend to be
misunderstood. It is possible that the system even contributed to panics by
encouraging a different, less well understood form of bank debt to be created. This
is a key point because a main benefit of the proposed system of immobile collateral
is that it will make the system safer.
There was another problem with the National Banking System: too little money
was issued and the system was inflexible or “inelastic”. Too little money was issued
even though it was apparently profitable to do so, an apparent riskless arbitrage
opportunity. Economists have called this the “under-issuance puzzle” or the “national
bank note puzzle.” First noticed by Bell (1912), this under-issuance has been a puzzle
ever since, for over a century! The puzzle is that national banks never fully utilised
their note-issuing powers even though it appears that it was profitable to do so. As
Kuehlwein (1992) put it: “... through the turn of the century and into the 1920s banks
devoted a significant fraction of their capital to direct loans ... despite the fact that
national bank notes appeared to be more profitable” (p 111). Friedman and Schwartz
(1963, p 23) reached the same conclusion. There is a large literature on this; see
Calomiris and Mason (2008) and the citations therein.
Because the LCR is structurally the same as the National Banking System, this
puzzle is important. In this paper, we show that the reason that “riskless arbitrage
profits” persisted during the National Banking Era was that the calculations of the
arbitrage profit done to date ignored the fact that there was a convenience yield to
Treasuries and a cost to bank capital. Banks held Treasuries on their balance sheets
but, in principle, could have raised capital to buy more Treasuries.6 But, for the system
as a whole, there appears to have been a shortage of safe debt. Simply put, banks
had other important uses for Treasuries and bank capital was expensive. We show
that the “arbitrage profits” are essentially a proxy for the “convenience yield” on
Treasuries or the cost of bank capital or likely both. This suggests that backing one
kind of money (National Bank notes) with another kind of money (Treasuries) may
not be such a good idea. By linking the two forms of money, another form of privateproduced money is likely to appear or grow. This is strongly shown in the data – as
the share of Treasuries to GDP declined over this period, deposits grew. And a
shortage of safe debt is associated with financial instability. This too is consistent with
the data as banking panics occurred frequently throughout the period (1873, 1884,
1890, 1893, 1896, and 1907).
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Of course, it will be objected that the two systems – the current LCR and the
historical National Banking Era – are different and that the National Banking Era is not
relevant. Indeed, there are important differences. Nevertheless, it seems useful to
analyse a system that is structurally identical to the LCR. In terms of policy evaluation,
there seems no real alternative.
We summarise with the following conclusions about the LCR or other systems
that make collateral immobile. First, these systems have costs because they tie up safe
assets and add to issues of scarcity. Second, we cast doubt on the system’s supposed
benefits – namely preventing crises. Historically, the National Banking Era had many
panics. It is likely that a system of immobile collateral that restricts certain forms of
bank debt creation simply encourages other forms of bank debt to be created. This
is consistent with the growth in deposits during the National Banking Era. There is a
remarkably strong correlation between Treasury supply and deposits (Figure 9). These
new forms of bank debt are dangerous because they are typically not well understood
or acknowledged, as deposits were not well understood in the National Banking Era
and as shadow money (repo, ABCP etc) were not understood until the recent crisis.
The paper proceeds as follows. In Section 2, we provide more evidence on the
scarcity of safe assets in the period leading up to the financial crisis of 2007–08 by
looking at repo fails. Section 3 is devoted to the National Banking Era. We calculate
the profitability of national bank note issuance and then show that, even in the 19th
and early 20th centuries, US Treasuries had a convenience yield. We then show that
this can resolve the century-old national bank note paradox. Section 4 concludes with
implications for the present day.

2. Collateral mobility and scarcity
Many authors have discussed the shortage of safe debt prior to the financial crisis, eg
Caballero (2010), Gourinchas and Jeanne (2012), usually relating it to the global
savings glut. But, it has proven difficult to provide evidence for this shortage. In this
section, we provide some evidence for this shortage, which was driving the growth of
mobile collateral.

2.1 Repo fails
There is said to be a “repo fail” if one side to the repo transaction does not abide by
the contract at maturity, failing to deliver the collateral back (called a “failure to
deliver” ) or failing to repay the loan (called a “failure to receive” ). See Fleming and
Garbade (2005, 2002) on fails. Repo fails can provide indirect evidence on scarcity and
mobility. If collateral is scarce, then it can become more mobile via rehypothecation
(re-use) chains, making it more difficult to find the bond to return to the borrower, ie
a fail. There is no direct evidence of this, but we provide a variety of indirect evidence.

6
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We examine data from the New York Federal Reserve Bank on primary dealers’
fails.7 The primary dealers are only a subset of all firms involved in the bilateral repo
market, as we will see below. But, still it encompasses many large financial firms. The
New York Federal Reserve Bank collects data on only three asset classes used as
collateral for repo: US Treasuries, Agency bonds, and Agency MBS.8
Repo fails by asset class are shown in the three panels of Figure 3. From Figure 3
it is apparent that repo fails were increasing prior to the financial crisis. It is apparent
from the figure that the period from January 2000 until January 2010 is more
turbulent than the period before and the period after. The turbulence is not just the
financial crisis. This is confirmed by Table 1 Panel A which shows the mean dollar
amount of fails (in millions of dollars) in the 1990s compared to the period 2000–07;
also shown are the standard deviation of fails. We formally test for difference between
subperiods below.
The data collected by the New York Fed are very limited. To get some sense of
the narrowness of the primary dealer group, we can look at data from the Depository
Trust and Clearing Corporation (DTCC) on fails. DTCC has hundreds of members that
use DTCC for clearing and settlement.9 In 2011, DTCC settled $1.7 quadrillion in
security value. DTCC also has a large repo programme. DTCC fails data are for the
value of Treasury and Agency fails, that is the amounts that were not delivered to fulfil
a contract. The DTCC data covers all fails of Treasuries and Agencies, not just repo
fails. However, if there is a scarcity of safe debt, then there are likely fails in trades as
well as repo. The DTCC series is not as long as the NY Fed’s, but it shows a larger
universe of players. The data are shown in Figure 4; looking at the scale of the y-axis
it is clear that there are many more fails, suggesting that the size of the fails problem
is an order of magnitude larger than the NY Fed data show. Also, see Gorton and
Metrick (2015).
Aside from operational issues that explain repo fails, there are two other
possibilities. First, there is the possibility that a counterparty strategically defaults to
retain the bonds or retain the cash, at least for a short period. Secondly, there can be
multiple fails due to rehypothecation (the re-use of collateral) chains, ie several
transactions are sequentially based on the same collateral. As explained by Fleming
and Garbade (2002): “... a seller may be unable to deliver securities because of a failure
to receive the same securities in settlement of an unrelated purchase. This can lead
to a “daisy chain” of cumulatively additive fails: A’s failure to deliver bonds to B causes
B to fail on a sale of the same bonds to C, causing C to fail on a similar sale to D, and
so on” (p 43). Also, see Singh (2014). We do not have the data, however, to distinguish
between fails due to rehypothecation chains from other fails. We cannot distinguish
between these possibilities, but the tests below strongly suggest that increasingly fails
were not operational errors.
Collateral is mobile if it is in a form that can be traded and posted as collateral in
repo or derivatives transactions. Rehypothecation is another form of collateral
mobility. What is the extent of rehypothecation? There are some survey data from the
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“Primary dealers” are financial firms that are trading counterparties if the New York Fed in its
implementation of monetary policy. There are currently 22 primary dealers; see
http://www.newyorkfed.org/markets/pridealers_current.html.
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“Agency” refers to Fannie Mae, Freddie Mac or Ginnie Mae, government-sponsored enterprises that
securitise and guarantee certain types of residential mortgages.
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See the DTCC membership list: http://www.dtcc.com/client-center/dtc-directories.aspx.
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International Swaps and Derivatives Association (ISDA). ISDA has an annual survey of
its members that usually asks about the extent of rehypothecation using collateral
received in OTC derivative transactions, in terms of the percentage of institutions that
report that they do rehypothecate collateral. In 2001, the first survey, 70% or the
respondents reported that they “... actively re-use (or ‘rehypothecate’) incoming
collateral assets in order to satisfy their own outgoing collateral obligations” (p 3).
Over the years, the percentage rises to 96% for large firms in 2011. In 2014, ISDA for
the first time asked about which bonds were actually used for rehypothecation. Table
1 Panel C shows the results. In 2014, ISDA estimated that total collateral used in noncleared OTC derivatives to be $3.7 trillion. It would appear that rehypothecation is
sizeable. This does not address the question of the length of rehypothecation chains.
Singh (2011) estimates that prior to the financial crisis, collateral velocity was three.
Also see Singh and Aitken (2010).
This is not the only evidence on scarcity and mobility. The bilateral repo market
was expanding significantly beyond the primary dealers in the 2000s. In the New York
Fed data, if one dealer fails to deliver to another dealer, then the first dealer records
a “fail to deliver” of $N, and the counterparty primary dealer reports a “fail to receive”
of $N. So, fails and receives should be equal, unless the primary dealers are trading
with firms that are not primary dealers.
To examine whether repo was expanding beyond the primary dealers we look at
the difference between receive and fail by asset class. If all the fails are between
primary dealers, then this number will be zero. So, if this number is positive, then it
means that the party failing to deliver was not a primary dealer, the primary dealer
records a “fail to receive”. Figure 5 shows failure to receive minus failure to deliver by
asset class. Again it is apparent that this number was near zero prior to 2000, meaning
that all fails were with another primary dealer. But, after 2000 and prior to the crisis,
Receive minus Deliver is clearly not zero. In this period, there are significant fails by
non-primary dealer counterparties, suggesting that the bilateral repo market had
grown significantly, consistent with collateral being mobile and scarce. (Also see
Gorton and Metrick (2015)).
This is confirmed in Table 1 Panel B, where it is clear that failure to receive minus
failure to deliver increasingly differs from zero in the period 2000–07, prior to the
crisis. Moreover, note the sign difference between Treasuries and MBS during
2000–07. For Treasuries, receive minus fail is very large in 2000–07, again meaning
that non-primary dealers are not delivering Treasuries according to their repo
contracts. But, in the case of MBS, the number is very negative, meaning that primary
dealers are failing to deliver to non-primary dealer counterparties. This is also
apparent in the figure.
The fails data on Agency MBS market are very different, likely because the repo
fails number includes fails in the “to be announced” (TBA) market, although the data
do not allow us to decompose the fails. (See Government Securities Dealers Reports
(2015), Board of Governors of the Federal Reserve System). TBA contracts are forward
contracts for the purchase of “to be announced” agency MBS. In this market, the MBS
to be traded are not specified initially. Rather, the parties agree on six general
parameters of the MBS (date, issuer, interest rate, maturity, face amount, price). The
contracts involve a delayed delivery, typically an interval of several weeks. In the TBA
market transactions are usually “dollar rolls”, agreements involving the purchase or
sale of an agency MBS with a simultaneous agreement to resell or repurchase MBS at
a specified price. In a TBA dollar roll the securities returned need only be “substantially

8
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similar,” unlike in a repo transaction. The TBA market is very large. Average daily fails
in this market between 31 December 2009 and 29 December 2010, as reported by
primary dealers, was $83.3 billion in fails to deliver and $73.8 billion in fails to receive
(see Treasury Market Practices Group (TMPG) (2011)). On the TBA market, see Vickery
and Wright (2013).

2.2 Fails and the demand for liquidity
We now turn to some formal evidence that collateral became increasingly mobile. We
start the analysis by testing to see if there are significant breakpoints in the panel of
fails (receive and deliver) data. To do this we follow Bai (2010). Bai (2010) shows how
to find breakpoints in panels of data where a breakpoint is in the mean and/or the
variance. Assuming a common breakpoint in a panel of data is more restrictive than
assuming random breakpoints in the individual different series in the panel, but the
method can be used on an individual series as well.
The method can be used to find other breakpoints subsequent to the first. The
first breakpoint divides the panel into two subpanels, on each side of the first
breakpoint. To find the second breakpoint apply the procedure to each of the two
subseries, on the two sides of the first breakpoint. The second breakpoint is the one
that gives the larger reduction in the sum of squared residuals, when comparing the
break found in each of the two subseries.
We examine a panel of four series: fail to deliver and fail to receive for Treasuries
and for Agencies. We omit MBS for reasons discussed above. The sample period of
weekly data runs from July 1991 to September 2014. The breakpoints are shown in
Table 2. The table shows the 95% confidence intervals in the last two columns in terms
of dates. From the figures above it is clear that fails are increasing, starting in the early
2000s. Consistent with this the first breakpoint is 12 September 2001, just after 11
September 2001. This is the start of a different regime and it extends until, not
surprisingly, the second break chronologically just after Lehman. The third breakpoint
is 9 February 2009.
Why were fails increasing? We will examine the proposition that fails increased
as the demand for liquidity increased. We follow Xie (2012) in measuring the
convenience yield by the spread between the rate on general collateral (GC) repo and
the rate on the Treasury used as collateral for the repo. The maturity is one month. In
GC repo, the lenders will accept any of a variety of Treasuries as collateral, ie it is
general collateral rather than specific collateral. Xie shows that this spread has
historically (1991–2007) been 36 basis points (see Xie (2012)), reflecting the fact that
with GC repo the Treasury must be returned and the cash is tied up during the time
of the repo. Obtaining a Treasury via reverse repo is not as good as actual ownership
of the Treasury.
To be clear, the GC repo to Treasury spread of 36 basis points means that the
borrower is losing money to the lender for the cash lent. Take the more usual case,
say with privately produced collateral. Then, if this underlying collateral earned
6% and the repo rate was 3%, then the borrower would be earning the spread of six
minus three. But with Treasuries as collateral, because of their safety and liquidity, the
borrower is earning negative 36 basis points. The borrower is paying to own a
Treasury financed in the repo market. The amount of repo supplied then is linked to
the convenience yield of Treasuries.
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The basic idea we explore is whether an increase in the GC repo spread, ie an
increase in the convenience yield, is associated with an increase in repo fails. In other
words, if there is an increase in the demand for liquidity, then this spread will widen.
A widening of the spread corresponds to an increased scarcity of Treasuries, and
possibly other safe collateral as well, such as Agency bonds and Agency MBS.
We use differences-in-differences in seemingly-unrelated regression on the
panel of the Treasuries and Agency bonds, where fails are normalised by fails in 2013.
We indicate the three breaks discussed above. The first period is 12 September 2001
going until 23 September 2008 and the second is 24 September 2008 until
10 February 2009, followed by 11 February 2009 onwards. This means that there are
four periods: prior to 2001, break 1, break 2 and break 3. We will look at specifications
with and without lags. We also include the change in the one-month T-bill since the
level of the interest rate effects the incentive to fail. In a repo fail the implicit penalty
is the interest that could have been earned elsewhere, so in a low interest rate
environment the penalty is low.10
The regression results for fails to receive are shown in Table 3. The table for fails
to deliver is in the Appendix. In both cases, the interaction between the GC repo
spread and regime 1 is significant. Break 1 is the period prior to the crisis up to 24
September 2008. In both cases, the interaction of the spread with the period of Break
2 is also significant and these coefficients are larger. Break 2 runs from 24 September
2008 to 11 February 2009, the post-Lehman period. Changes in the convenience yield
or the demand for liquidity appear to have driven repo fails in the period prior to the
financial crisis and during the crisis. The first regime corresponds to the period of the
scarcity of safe debt while the second regime corresponds to the flight to quality. This
is true for both fails to receive and fails to deliver. The change in the one-month Tbill rate is also significant, suggesting that the incentive to fail is related to the level
of the interest rate. Finally, the three dummy variables for the three break regimes are
not significant. This may be due to a combination of factors. The break points may be
driven by the variance, and the interaction terms may be absorbing this effect.
In the Appendix, we examine the breakpoints for the absolute value of fails to
deliver minus fails to receive in the Treasury and Agency MBS repo markets. This is
the variable that measures the growth of the repo market beyond the primary dealers.
The results in the Appendix show the seemingly unrelated panel regression results
for the absolute value of fails to deliver minus fails to receive in the Treasury and
Agency MBS repo markets. Not surprisingly this difference in the repo market is not
driven by demands for liquidity. Instead, the market is growing for other structural
reasons, eg the rise of large money managers, and foreign investors (see Gorton and
Metrick (2015)).
The Agency MBS breakpoints for the absolute value of the difference between
fails to receive and fails to deliver are shown in Panel B of Table 1. The break points
are a bit different from those for Treasuries and Agency MBS. The regressions for
Agency MBS fail to receive and fail to deliver are in the Appendix. For both types of
fails the liquidity demand, as captured by the GC repo-Treasury spread is significant
for the second break period, from 16 September 2009 to 27 December 2011.
Throughout the financial crisis, a significant amount of agency MBS continued to be
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For this reason, the Treasury Market Practices Group introduced a “dynamic fails charge” to provide
an incentive for timely settlement. See Garbade, Keane, Logan Stokes and Wolgemuth (2010).
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issued. In 2008 and 2009, $2.89 trillion was issued (see Vickery and Wright (2013)).
This was a period of a flight to quality, that is, a desire to hold very liquid securities.

2.3 Summary
The evidence for collateral mobility is indirect because there are no data or limited
data on rehypothecation, trading, and collateral posting for derivative positions and
for clearing and settlement. Nevertheless, the size of the securitisation market prior
to the crisis and the evidence above, indicate the system of mobile collateral that had
developed.

3. An immobile collateral system
Bolles (1902) described the US National Bank Act as “... the most important measure
ever passed by any government on the subject of banking”. The National Bank Acts
were passed during the US Civil War; the first Act was passed in 1863 and this law was
amended in 1864. The Act created a new national banking system. The Act was
intended to create a demand for US Treasury bonds because, without an income tax,
it was the only way to finance the North in the war. The Acts established a new
category of banks, national banks, which were to coexist with state chartered banks.
National banks could issue bank-specific national bank notes by depositing eligible
US Treasury bonds with the US Treasury.11 In this section, we examine the US National
Banking Era. In subsection 3.1, we provide a very brief background on the banking
system in the era 1863–1914. In subsection 3.2, we introduce the “bank note paradox”.
We show the “arbitrage profits” that allegedly existed. The analysis of the profitability
of note issuance and its relation to the convenience yield on Treasuries is in
subsection 3.3. Subsection 3.4 summarises the results of this section.

3.1 The US National Banking System
During the US National Banking Era, banks were required to back their privately
produced money in the form of bank-specific national bank notes with US Treasury
bonds. One kind of money was required to back another kind of money – narrow
banking. So, there was a collateral constraint on the issuance of money by banks. As
with repo today, the interest on the bonds went to the banks. With national bank
notes backed by US Treasuries there was for the first time in the US a uniform
currency. Prior to the Acts, banks issued individual private bank notes that traded at
discounts to face value when traded at a distance from the issuing bank. There were
hundreds of different banks’ notes, making transacting difficult. Initially, national bank
note issuance was limited to 100% of a bank’s paid-in capital, but this was changed
to 90% by the act of March 3, 1865. Also, note issuance was limited to 90% of the
lower of par or market value. This was changed to 100% by an act in 1900. See Noyes

11

Eligible bonds were US Treasury government registered bonds bearing interest in coupons of 5% or
more to the amount of at least one third of the bank’s capital stock and not less than $30,000. The
Act of 12 July 1870 eliminated the requirement that bonds bear interest of 5% or more. After that
date eligible bonds were “of any description of bonds of the US bearing interest in cash.”
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(1910), Friedman and Schwartz (1963), and Champ (2011c) for more information on
the National Banking Era.

3.2 The bank note issuance puzzle
The National Banking Era has been puzzling for economists for well over a century.
The puzzle is that there appears to have been high, allegedly sometimes infinite,
profits from issuing national bank notes – riskless arbitrage profits – but this capacity
to issue notes was never fully utilised. Friedman and Schwartz (1963, p 23): “... despite
the failure to use fully the possibilities of note issue, the published market prices of
government bonds bearing the circulation privilege were apparently always low
enough to make note issue profitable ... The fraction of the maximum issued
fluctuated with the profitability of issue, but the fraction was throughout lower than
might have been expected. We have no explanation for this puzzle.” They go on to
write: “Either bankers did not recognise a profitable course of action simply because
the net return was expressed as a percentage of the wrong base, which is hard to
accept, or we have overlooked some costs of bank note issue that appeared large to
them, which seems must more probable” (p 24).12
Phillip Cagan (1963, 1965) determined whether it was profitable for banks to
issue notes by examining the following formula:
 rb p   min( p,1)
if

r   p   min( p,1)

if


p   min( p,1)
p   min( p.1)

where: r is the annual rate of return on the issuance of national bank notes; p is the
price of the bond held to back the notes (dollars), assuming a par value of one; r b is

the annualised yield to maturity on the bond held as backing;  is the fraction of the
value of a given deposit of bonds that could be issued as notes; and  is the annual
expense in dollars of issuing  min( p,1) in notes. The term  min( p,1) refers to the
amount of notes that are returned to the issuing bank by the US Treasury from the
deposit of a bond with price p . The variable  includes the tax rate on note issuance,
which was $0.01 for $1 prior to 1900 and $0.005 on 2% coupon rate bonds after 1900.
Also, miscellaneous costs are included here. For example, Cagan used an estimate of
these costs of 0.00625 per one-dollar deposit in government bonds.13
Champ (2011b) gives the following example. Consider a bank in 1890 (ie  =0.9)
that purchased a bond for$1.10, with yield to maturity of 4%. Then, the total cost of
0.00625
note issuance is   0.01 
 0.01694 . So, in this case, the rate of profit for
%0.09
issuing notes backed by this bond is:
r

(0.04)(1.10)  (0.01694)(0.9)
 14.375%
1.10  0.9

12

Champ (2011b) also cites these Friedman and Schwartz passages. Friedman and Schwartz’s mention
of “the wrong base” refers to mistaken calculations by the contemporary Comptroller of the Currency.

13

The Comptroller used $62.50 for the costs associated with notes issued based on $100,000 of bonds
deposited. These costs included the cost of redemption, $45; express charges, $3; engraving plates
for the notes, $7.50; and agents’ fees, $7. See Champ (2011b).
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Cagan (1963) found very high profit rates for the 1870s, 20–30%. More
importantly, Cagan and Goodhart (1965) found profit rates of infinity in the early
1900s. An infinite rate of profit occurs when   1 after 1900 and the bond is selling
below par. In that case, the notes the bank could issue based on using that bond as
collateral would exactly equal the price paid for the bond, so no capital would be
used and the bank could earn infinite profits. Figure 7 shows Cagan’s profit series (as
computed by Champ (2011b)). The figure shows the conundrum. The gaps in the
figure are the instances where the rate of profit was alleged to be infinity; these are
all cases where the prices of 2% coupon bonds fell below par. Note that the figure
shows calculations using the average rate of profit, not the marginal rate of profit. Yet
national banks did not take advantage of apparent profit opportunities.
Figure 8 shows our calculation of the profit series. We used Champ’s more
accurate representation of the costs of note issuance than the Comptroller of the
Currency.14 We also filled in all the bond prices that were missing from a Bruce Champ
spreadsheet (provided to us by the Federal Reserve Bank of Cleveland). We also made
further adjustments discussed below.
Why didn’t banks take advantage of this arbitrage opportunity? After all, banks
held US Treasury bonds on their balance sheets (ie not including Treasuries held to
back their notes). See Figure 6. Or, banks could have raised capital and used this to
buy bonds for collateral for notes. To explain this puzzle, the literature has focused
on hidden transaction costs or the risks of unpredictable redemptions; see Bell (1912),
Cagan (1965), Goodhart (1965), Cagan and Schwartz (1991), Duggar and Rost (1969),
Champ, Wallace and Weber (1992), and Wallace and Zhu (2004). These explanations
are reviewed by Champ (2011b) and Calomiris and Mason (2008).15 None of these
explanations seem particularly persuasive to us, but in any case they are not mutually
exclusive with the explanation we propose here.
Prior explanations do not mention that there may be a convenience yield
associated with US Treasuries. This is, however, suggested by the work of Duffee
(1996) and Krishnamurthy and Vissing-Jorgensen (2012) who look at data over the
period 1926–2008, and Krishnamurthy and Vissing-Jorgensen (2013) who analyse the
period 1914–2011. Figure 6, showing that national banks held US Treasuries on their
balance sheets (ie, the ratio of US government bonds not on deposit at the Treasury
to bank loans and discounts) suggests, by revealed preference, that there was a
convenience yield associated with Treasuries during the National Banking Era.
At the time, bankers also recognised the convenience yield on Treasuries. For
example, The Financier, 7 April 1902, Volume LXXIX (The Financier Company): “...
banks have always regarded high-class bonds as an offset, so to speak, for risks
incurred in discounts yielding a higher rate of interest. In this connection we cannot
do better than to quote from a very valuable paper read by A.M. Peabody, of St. Paul,
before the St. Paul Bank Clerks’ Association, in which this feature is brought
prominently forward. After explaining the classification of such investments, Mr.
Peabody says: ‘They have ever proved themselves the safeguards for banks under
pressure of financial panics in times of great stringency, and when it would be
impossible to borrow money on any form of security, railroad bonds with government

14

Based on a spreadsheet of Bruce Champ, provided by the Federal Reserve Bank of Cleveland.

15

Calomiris and Mason (2008) show that there was “. . . substantial variation in the propensity to issue
national bank notes traceable to county, state, and bank-specific characteristics related to the
profitability of lending” (p 340).
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bonds, are alone available as security for money’” (p 1258). And, The Bond Buyers’
Dictionary (1907): “... it is possible to say that there is a better market in moments of
extreme panic for the Government issues than there is for even the best class railroad
bonds. There will not be by any means [be] the same volume of liquidation. For every
dollar of Government bonds thrown into a panic market there will be $100 of railroad
bonds. ... Government bonds are undoubtedly the safest of all securities ... “(p 73).
But, even if banks wanted to keep these Treasuries on their balance sheets, why
didn’t they raise bank capital to buy Treasuries to back note issuance. That they did
not suggests that bank capital was costly or that banks could not find the bonds. We
will argue that bankers did not take advantage of opportunity to issue more national
bank notes because it was not profitable to do so. We will show that the implicit profit
from not issuing notes is driven by measures of convenience yield.
We first return to the calculation of the profit rate from note issuance. As
mentioned above, we filled in the missing bonds in Champ’s original spreadsheet
used for calculating the profit rate to note issuance.16 We next eliminated bonds that
would have been called in the next six months, since then the notes backed by these
bonds would have to have been returned, or new bonds would have to have been
purchased.17
However, there is another issue, namely that it is the marginal profit rates that
are relevant not the average rate of profit. This is important because in the early
1900s, and possibly before that, US government bonds were hard to find. And, even
when banks could find bonds, they had to reverse repo in the bonds at a high cost.
Contemporary observers continually wrote about this shortage of safe debt. For
example, Morris (1912): “Various reasons have been assigned for the decline in
circulation which culminated in 1891, the most probable being the growing scarcity
of US bonds and their relatively high premium. It is also alleged that improved
banking facilities, allowing a more extensive use of checks, reduced the demand for
currency” (p 492). Morris dates the start of the problem as 1891. It is also interesting
that Morris points out that the cost of note issuance caused a further development
of demand deposits, the shadow banking system of its time.
Borrowing bonds was costly. Francis B Sears, vice president of the National
Shawmut Bank of Boston, Mass. (1907–08): “There are two classes of banks – those
outside of the large cities, that can get bonds only by buying them, and a few banks
in a few large cities that can borrow them. I would like to add that insurance
companies and savings banks are large bondholders, and undoubtedly arrangements
can be made with them to get bonds for some large banks. The rate is 1½ to 2 percent
for borrowing bonds in that way” (p 91). Bankers Magazine (March 1908): “Bond
borrowings by the national banks have become an important feature of banking in
recent years. Where a bank wishes to increase its circulation, or to procure public
deposits, and does not happen to have the bonds which must be pledged with the
Treasury, and finding the market price of bonds too high to make the transaction
profitable if the bonds must be bought, resort is had to borrowing. Bond dealers,

16

The missing bond prices/amounts were mostly during 1875–1879 plus one bond maturing in 1896.
This did not affect the potentially infinite profits, but just added more observations in the earlier
period.

17

Eliminating these bonds removed some spikes in the profit series, one of which was during the period
of high profits (1907). But otherwise it has no significant effect on the post-1902 series.
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savings banks or private holders may have ‘Governments’ which they are willing to
lend to national banks for a consideration” (p 321).18 The Rand-McNally Bankers’
Monthly (September 1902) quoting “a banker”: “There is not much profit in issuing
circulation on government bonds, but some of the larger banks are willing to take
out notes, if they can borrow bonds for that purpose from their friends – not being
disposed to buy them for temporary use. ... The real trouble is to find the bonds. Many
of them are held by institutions and estates, who cannot legally loan the bonds to
National Banks, and as their prices are too high to justify any large purchases of bonds
by banks for the purpose of taking out circulation ...” (p 157–58). Gannon (1908),
speaking of Treasury bonds: “... such bonds are not easy to buy in quantity, and the
greater part of the recent expansion, some $80,000,000 since the panic [of 1907], was
accomplished by borrowing bonds” (p 338)
The situation was summarised by The Financial Encyclopedia (1911, p 119):
When the banks borrow, either to secure banknote circulation or Government
deposits, they make private arrangements with the actual owners of the bonds,
including insurance companies, for the use of these securities. The rates banks
pay vary, but in general lenders of bonds secure a very substantial profit from
this employment of them, in addition to the interest which the bonds
themselves carry.
Borrowed bonds were first itemized separately in the national banks’ returns
under the Comptroller’s call of November 25, 1902. At that time the total
‘borrowed bonds’ reported by national banks of the whole country were
$39,254,256 of which New York banks were credited with $21,199,000. In the
return of December 3, 1907, the banks of the United States reported bonds of
$166,073,021, more than half, or $88,274,330, being held by the forty national
banks of this [New York] city. These are by far the largest holdings ever
reported by New York banks.
When a bank borrows Government, municipal, or other bonds, from an
insurance company, for instance, which are pledged as security for public
(Treasury) deposits, it either gives the lender a check for the face value, with a
contract stipulating to buy back the bonds at a certain price, or the bank gives
the lender other collateral as security for the loan.
In the case of life insurance companies, the collateral offered in exchange for
the bonds has often represented bonds in which the lending corporations are
allowed to invest, but which were not in the so-called ‘savings bank list,’ and
for that reason were not eligible as security for public deposits. While one or
two of the life companies have never consented to lend their bonds, many
others, as well as various fire insurance companies, have done so, on the
theory that it was a good business transaction, since it yielded them 1 or 1½%
in addition to the regular interest return.
The scarcity of bonds meant that the marginal cost of conducting the “arbitrage”
was higher than the average cost. While the Comptroller started publishing data on
bank bond borrowings in 1902, it seems that this problem started earlier. At a meeting
of the American Economic Association held in Cleveland, Ohio in December 1897, it
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larger list of eligible bonds for this purpose.
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was voted to appoint a committee of five economists to consider and report on
currency reform in the United States.19 They turned in a report in December 1898.
One point they made was this: “Now it is commonplace that our bank circulation is
not a very profitable one.” See The Bankers’ Magazine, February 1899, p 221.
Note issuance profit series that are the average rate of profit are misleading. To
adjust the profit calculations to reflect the scarcity and associated high cost of
reversing in bonds, we set  in the above calculation of the profit rate to 0.99 instead
of 1. Now, there are no instances of infinite profits. We discuss below why this does
not greatly affect regression results. Figure 8 shows the series of profit rates in this
case.
There is also the issue of the cost of bank capital. This cost is hard to quantify, as
it is today. Bank stock during this period was illiquid, trading on the curb market. And
there is some evidence that it was held in blocks by insiders. See Gorton (2013). There
is no data on bank stock issuance. Contemporaries described the return to bank stock
as low, partly due to double liability.20 For example, Frank Mortimer, cashier of the
First National Bank, Berkeley. California, in an address delivered before the San
Francisco Chapter of the American Institute of Banking, American Institute of Banking
Bulletin “When one takes into consideration the risk involved, the capital invested,
and the double liability attached to stockholders in national banks, the profit from an
investment in bank stock is small, indeed, when compared to the profit accruing from
other lines of business.” (p 236; reprinted in the Journal of the American Bankers
Association, vol 6, July 1913–June 1914.).

3.3 The convenience yield on treasuries and the cost of bank capital
In this section, we turn to an analysis of the rate of profit on note issuance. We show
that the rate of profit on note issuance is highly related to the convenience yield on
Treasuries. We measure convenience yield in two complementary ways. First, we use
the supply of Treasuries divided by GDP. Krishnamurthy and Vissing-Jorgensen (2012)
show that this measure strongly drives the convenience yield on Treasuries from 1926
to the present. When the supply of those assets is low, that is, safe assets are relatively
scarce, then the convenience yield for safe assets increases. Therefore, Treasury
supply should be negatively related to the convenience yield. We take two measures
of Treasury supply: (US government debt)/GDP (as in Krishnamurthy and VissingJorgensen (2012)), and (available Treasuries)/GDP, where available Treasuries
excludes those already held to back bank note issuance and thus captures the
remaining supply. Second, we also measure the convenience yield as the spread
between high grade municipal bonds from New England and Treasuries. Municipal
bond yields are from Banking and Monetary Statistics (1976).
Table 4 gives the results of a regression of issuance profits on these measures of
the convenience yield from 1880–1913. The results match our intuition. The profit
measure is high exactly when the convenience yield to Treasuries is large. We find
that a 1% increase in the muni spread is associated with a 15% increase in average
profit. As demand for Treasuries increases, the apparent profits also increase. As the
supply of available Treasuries decreases, profits also increase. Both the supply
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The economists were a very distinguished group: F M Taylor, University of Michigan; F W Taussig,
Harvard; J W Jenks, Cornell; Sidney Sherwood, Johns Hopkins; and David Kinley, University of Illinois.
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On double liability, see Macey and Miller (1992) and Grossman (2001).

16

WP 561 Mobile collateral versus immobile collateral

variables and the muni spread are highly significant independently. However, we
would suspect that they likely measure similar economic forces, although each is
measured with noise. Consistent with this, when we include both the supply of
Treasuries and muni spread together, the coefficients on each decrease in absolute
value, although they remain statistically significant. This suggests that both are
imperfect but overlapping measures of the convenience yield.
We show the results when we use the average profit series as well as the log
r p   min( p,1)
average profit series. Recall that profit is given by b
. A possible
p   min( p,1)
concern is that the profit series is highly non-linear due to the denominator becoming
small later in the sample. To mitigate this concern, we also report the results using
log profits, which largely alleviates the strong non-linearity in the denominator (see
Figure 8 which plots profits on a log scale). Our results do not change drastically with
the log transformation, highlighting that non-linearities in the latter half of the sample
are not driving the result. In unreported results we also obtain the same basic findings
for alternative values of  . Finally, in the Appendix, we show the results when
including dummies for pre and post 1900, as the issue with the choice of  is only
relevant after 1900. The results, given in Appendix Table 6, show broadly the same
pattern in both periods with similar signs, though magnitudes are larger after 1900.
All variables in this regression are persistent which can potentially confound
inference. We deal with this in several ways. First, in our main specifications we
estimate standard errors using Newey-West with 10-year lags (specifically, we use 10
lags for annual data and 40 lags for quarterly data). Second, we run GLS assuming the
error term follows an AR(1). This suggests transforming both our x and y variables
by 1   L where

 is the error auto-correlation and L is a lag operator. We find

 by running OLS as in specification (4) in the Table and computing the sample autocorrelation of the residuals. This does not substantially change the point estimates or
inference in terms of what is statically significant. As mentioned by Krishnamurthy
and Vissing-Jorgensen (2012), however, coefficients do decrease somewhat in
absolute value. A likely reason is that these are noisy measures of convenience yield
and measurement error will become more pronounced in the transformed data. This
follows from the fact that when x is persistent the variance of x will be dominated
by low frequency components. In contrast, in the transformed data measurement
error likely accounts for more of the variance of the right hand side variable, resulting
in a larger degree of attenuation bias.
Finally, while the results appear fairly strong, we also acknowledge that we are
working with a fairly small subsample of data which is a limitation of our analysis.
Higher frequency data (eg, monthly data on debt/GDP) won’t be particularly helpful
here in overcoming the fairly small sample because the variables are highly persistent.
We hypothesise that a third variable – the cost of capital for banks – likely plays
a role in explaining the profits on note issuance as well. If the cost of raising capital
for banks is high, then banks would find it costly to take advance of note issuance
and may leave a puzzlingly large profit on the table. For this conjecture, we can only
offer suggestive evidence from Figure 8, which plots the profit series along with NBER
recession bars. It is likely that the cost of raising capital for banks increases during
recessions, and especially at the onset of recessions, and these are times when we do
in fact see increases in the profit series. Thus, there is some suggestive evidence of
the cost of capital for banks being positively associated with the profits on note
issuance as well.
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Taken together, our results indicate that the profits to note issuance fluctuate
with the convenience yield on Treasuries, and our evidence is consistent with the idea
that profits are related to the cost of bank capital.

3.4 Proposals for reform during the National Banking Era
Despite the creation of a uniform currency, the monetary system of the National
Banking Era was increasingly unpopular. Reform of the currency system was
increasingly discussed because of the problems of inelasticity and banking panics.
“Inelasticity” meant that the quantity of money was not sensitive to the business or
seasonal cycles. There were spikes in seasonal interest rates and the money supply
could not be increased to alleviate bank runs. Following the Panic of 1893, calls for
reform of the banking system became louder. All the reforms sought to sever the link
between bank notes and Treasuries. This link was viewed as the problem.
Replacement proposals were for an “asset-based” system, meaning that currency
would be allowed to be backed by bank loans or commercial paper (depending on
the party proposing this system).
The first proposal for an asset-backed currency came from the American Bankers’
Association in 1894. It was called the “Baltimore Plan” (the Association’s meeting was
in Baltimore that year). The plan envisioned banks issuing circulating notes under
federal supervision, where the notes would be secured by (1) a first lien upon the
assets of the issuing bank; (2) the double liability of shareholders; (3) the 5%
redemption fund; and (4) a 5% guaranty fund (to be used to repay note holders of a
failed bank). Treasury Secretary Carlisle (1894) modified the Baltimore Plan to create
more security for the noteholders. He proposed (1) a deposit of 30% of the circulation
in legal money with the government; (2), the safety fund of 5%; (3) a requirement
upon all other banks to cover any losses beyond the two funds of any failed bank; (4)
a lien upon all assets; and (5) a further lien on the shareholders’ liability. In addition,
both plans wanted to limit note issuance to 50% or 75% of paid-up capital.
There were other subsequent proposals as well, including plans from Eckels
(1894a,b) and the Indianapolis Monetary Commission (1900), see Taylor (1898). All of
these plans were similar in spirit to the Baltimore Plan. See Wicker (2005), West (1974)
and Laughlin (1920) for more detailed discussions of the various plans.
The asset-based monetary proposals sought to separate the two forms of money:
Treasuries and bank notes. And they did recognise that bank runs on demand
deposits were related to perceptions of the “safeness” of the loans backing the
demand deposits. Backing private bank notes with loan portfolios would have created
the risk of runs on notes as well as demand deposits, although seniority of notes,
guarantee funds, reserves etc were aimed at this problem. But, the proposals
embedded the view that an “elastic” currency would alleviate panics. Laughlin (1920):
“In all these plans we were really aiming to prevent the difficulties experienced in [the
Panic of] 1893 . . .” (p 30–31).
It is interesting that the proposed reforms during the period all aimed to break
the link between bank notes and Treasuries.
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4. Discussion
Of course, the National Banking System is not exactly like the LCR. There are obvious
differences. But, like the National Banking Era, the logic of the LCR is that, if shortterm debt is backed by Treasuries, then bank runs will be avoided. Fundamentally, the
two systems enforce a correspondence between two types of debt instruments, each
with a convenience yield. The input for making one kind of money, bank notes or
money market instruments, is required to be Treasuries. Such a system is fragile
because, by forcing two kinds of money together, it is likely that there will be a
shortage of one kind of money, leading to its private production elsewhere, which
creates fragility in the system.
The National Banking System did succeed in introducing a uniform currency
where the national bank notes of different banks all traded at par, unlike the pre-Civil
War period. This was because banks’ national bank notes were backed by US Treasury
debt. We have focused on the fact that Treasuries have a convenience yield. In the
recent period, a measure of that convenience yield is the GC repo to Treasury spread.
This spread is a driver of repo fails when agents want to keep the Treasuries (or the
cash) in repo transactions.
This was the same core issue during the National Banking Era. In the National
Banking Era, a measure of the convenience yield (and the cost of bank capital) is the
implied profitability of issuing bank notes. There is no under-issuance puzzle once
this is recognised. If Treasuries have a convenience yield, then they provide safety and
liquidity to the agents who demand this. But, these agents or other agents also have
a demand for bank notes.
If there were enough Treasuries (high-quality liquid assets) to meet the global
demand for safe debt and to back short-term bank debt, then the LCR and related
immobile collateral requirements would not be a problem. One potential argument
is that in the National Banking Era the supply of Treasuries was low (debt-to-GDP was
in the range of 10–30%) so that scarcity was more of an issue in that period then it is
today where the supply of government debt is much larger. However, this ignores
that the demand for safe US government debt now is also global, which can add to
issues of scarcity. The likelihood of such a satiation of the global economy with
Treasuries today seems remote. Gorton, Lewellen and Metrick (2012) show that the
sum of US government debt outstanding and privately produced safe debt
outstanding has been 32% of total assets in the US since 1952. See Figure 10. The
figure shows that the bulk of safe debt has never been Treasuries, but has mostly
been privately produced debt. (Figure 1 shows the composition of this privately
produced safe debt.) There has never remotely been enough US Treasuries to make
up the 32% and, given the debt burden of issuing enough to accomplish that, there
is never likely to be enough. Furthermore, Treasuries outstanding is a function of fiscal
policy not a function of the demands for collateral.
When Treasuries have a convenience yield, and short-term bank debt must be
backed by Treasuries, there is a trade-off between the two types of money. More
short-term debt means fewer Treasuries for alternative uses. This trade-off is common
to the two systems. We saw this in the National Banking Era. The trade-off is evident
in the data. Noyes (1910): “A heavy decrease in the outstanding public debt would
naturally, at some point, cause a reduction in the bank-note circulation,
independently of other influences. A large increase in the government debt would
necessarily cause an increase in the supply of bank notes” (p 4). Noyes then traces
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this out over the National Banking Era. It is the same statement that was formalised
by Krishnamurthy and Vissing-Jorgensen (2012a,b) for the modern era. The
convenience yield is negatively related to Treasuries (divided by GDP) outstanding.
One way out of this trade-off, if it is binding, is to privately produce another kind
of debt. In the recent period, this was ABS and MBS, which could be used in place of
Treasuries to back repo, ABCP, and MMF. In the National Banking Era, it was demand
deposits using portfolios of loans as the backing. During the National Banking Era,
Treasuries outstanding to GDP fell secularly (see Figure 6, panel C). And, from the
start of the National Banking System, the ratio of bank notes to demand deposits fell,
from just over 60% in the early part of 1865 to 14% by 1909, as shown in Figure 9.
Demand deposits were privately produced safe debt or money, the shadow banking
system of its time. So, while the immobile collateral system ended bank runs on bank
notes, there were bank runs on demand deposits, another form of bank money. The
biggest problem of the National Banking Era was that there were banking panics.
It is difficult to prove causally that demand deposits grew relative to bank notes
because of collateral requirements. However, the growth in deposits does line up
remarkably well with the decline in Treasury supply and hence the supply of safe
assets that could be used to back notes. This accords with the evidence in
Krishnamurthy and Vissing-Jorgensen (2012b) that the supply of Treasury crowds out
privately produced bank debt. The ratio of national bank notes to demand deposits
fell from over 60% to less than 20% over the period and this ratio co-moves strikingly
with the debt to GDP ratio as shown in Figure 9. The correlation of the ratio of notes
to deposits with the supply of Treasuries to GDP is 0.96. As the supply of Treasuries
falls over this period, deposits grow. Demand deposits were conceptually
misunderstood during the National Banking Era, although it was clear that demand
deposits were the issue in banking panics. This highlights that the system of immobile
collateral in the National Banking Era was not successful in mitigating panics and that
it likely contributed to the growth of other forms of bank debt.
The Lucas critique seems to be largely ignored by policymakers for the simple
reason that the requisite general equilibrium models do not exist.21 This is a mistake.
Economic history provides a laboratory to study large, important, policy changes, like
the LCR. There are many other examples where history can be used in this way. Recent
examples include Foley-Fisher and McLaughlin (2014) who study structural
differences between bonds guaranteed by the UK and Irish governments during the
period 1920–38. The events provide a way to think about sovereign debt that is jointly
guaranteed by multiple governments, eg, proposed euro bonds. Carlson and Rose
(2014) study the run on Continental Illinois in 1984, during which the government
provided an extraordinary guarantee of all the bank’s liabilities. The authors argue
that this example provides insights into the Orderly Liquidation Authority of the
Dodd-Frank Act.22

21

A recent example of the unintended consequences of a regulation is provided by Hachem and Song
(2015), who show that the restriction of loans to 75% of deposits on Chinese banks led to the
development of a shadow banking system.

22

Bodenhorn (2015) studies the experience of Rhode Island over 1849–1907 to evaluate early release
policies as a response to overcrowded prisons.
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Tables and figures
Table 1: We present summary statistics on fails and rehypothecation.

Sources: Panels A & B, Federal Reserve Bank of New York. Panel C, ISDA.

Table 2: We report breakpoints for our fails data panel for both failures to receive and
deliver along with 95% confidence intervals. The methodology for finding breaks in
panels follows Bai (2010).
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Table 3: We run seemingly unrelated regressions of Treasury and Agency fails to
receive.
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Table 4: We run regressions of profits on two measures of the convenience yield:
Treasury supply and the Municipal bond – Treasury spread. We measure Treasury
supply as either debt / GDP or Treasuries available / GDP. Treasury supply variables
are annual which reduces the number of observations. The muni spread is quarterly.
T-stats are Newey-West with 10 lags for annual regressions and 40 lags for quarterly
regressions. The column “GLS” assumes errors follow an AR(1) and hence transforms
the x and y variables by 1   L where  is the autocorrelation of the error term
in (4) using OLS and L is a lag operator.
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Figure 1: Composition of Privately Produced Safe Debt (% of Total Privately Produced
Safe Debt)

Figure 2: Holders of US Treasury Securities (percent of total outstanding).
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Figure 3: Fails by type.
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Figure 4: DTCC Fails ($100 million).
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Figure 5: Difference between fail to receive and failure to deliver by type.
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Figure 6: Panel A plots the fraction of Treasuries held to back notes and hence is
informative about how aggressively banks were taking advantage of note issuance.
Panel B plots the fraction of bonds on hand to loans and discounts. Panel C plots total
Debt/GDP outstanding for the US and gives a sense of the total supply of government
debt.
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Figure 7: Original profit series as computed by Champ.

Figure 8: Profit series, plotted in standard (top) and log scale (bottom).
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Figure 9: Ratio of notes to deposits. This figure plots the ratio of notes to deposits
against US government debt to GDP. It shows that declines in government supply of
Treasuries are strongly associated with increases in deposits.

Figure 10: Safe asset share from Gorton Lewellen and Metrick 2012.
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Appendices
Table 5: We report breakpoints for our fails data panel for the absolute value of the
difference between fails to receive and fails to deliver along with 95% confidence
intervals. The methodology for finding breaks in panels follows Bai (2010).
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Table 6: We recalculate our univariate profit regressions when splitting the sample
before and after 1900. This deals with issues of “infinite” profits and our choice of 
after 1900.
Profit on Convenience Yield in Subsamples:

yt  a1  a2 1t 1900  b1  xt  b2  xt 1t 1900   t
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Table 7: We run seemingly unrelated regressions of Treasury and Agency fails to
deliver.
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Table 8: We run seemingly unrelated regressions of Treasury and Agency fails to
deliver.
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Table 9: We run seemingly unrelated regressions of MBS fails to receive.
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Table 10: We run seemingly unrelated regressions of MBS fails to deliver.
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Table 11: We run seemingly unrelated regressions of MBS fails to deliver.
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Comments by Randall S Kroszner1
Unintended consequences of well motivated regulation:
lessons from history for financial regulation today
Since the financial crisis, regulators have raised capital and liquidity requirements for
financial institutions substantially. Insufficient capital cushions against losses and
liquidity mismatches in which long-term relatively illiquid assets were financed with
short-term relatively liquid securities were key sources of the fragility of the financial
system (see eg Kroszner and Melick (2011) and Kroszner and Shiller (2011)). The
recent crisis made these sources of fragility crystal clear and thus provided a sound
basis for increasing capital and liquidity requirements.
Even very well motivated regulations, however, can have unintended
consequences. I will consider two historical episodes to draw lessons about the
impact, intended and unintended, of financial regulation, with implications for current
policy. The first relates to Gorton and Muir’s (2015) excellent analysis of the US
National Banking Era, from the Civil War to the founding of the Fed (1863–1913). The
second relates to close parallels between the international response to the 1912
Titanic disaster and the response to the 2008–09 crisis, focusing on the lessons from
the long forgotten 1915 Eastland tragedy in which more passengers died than in the
Titanic.

Lessons from the US National Banking Era
Gorton and Muir (2015) draw a fascinating parallel between the regulations of the US
National Banking Era and post-crisis bank regulation to learn about the consequences
of liquidity regulation. In particular, they develop an analogy between the current
“liquidity coverage ratio” (LCR), which requires banks to hold a certain amount of
“high-quality liquid assets” such as Treasury securities, and the requirement in the
earlier period that notes issued by banks be backed by Treasury securities.
The motivations for the regulations are similar, namely, to provide greater
stability to the system and reduce the likelihood of runs and panics. The LCR can
reduce the liquidity mismatch at banks by requiring that a significant fraction of their
short-term liabilities, eg commercial paper and repurchase agreements, effectively be
backed by short-term liquid Treasuries. In principle, that should reduce the likelihood
of “funding runs” where banks cannot roll over their short-term paper to finance their
operations.
In the “Free Banking Era” prior to the National Banking Act, relatively illiquid state
bonds or portfolios of loans were used to back the issuance of notes, which were the
key short-term liquid liabilities of banks. Switching to Treasuries as backing for the
bank notes should have reduced the liquidity mismatch and, therefore, enhanced

1

Booth School of Business, University of Chicago and NBER.
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stability. Gorton and Muir (2015) argue, however, that that was not the case and draw
lessons for potential unintended consequences of well motivated liquidity regulations
such as the LCR today.
In the National Banking period, they argue, the requirement that notes issues be
backed by Treasuries caused the collateral to become “immobile” and contributed to
a “scarcity” of safe assets. That regulation-induced scarcity led to the private
production of assets that appeared to be safe but were vulnerable to runs and
involved fragile liquidity mismatches. They argue that, in that period, those privately
produced apparently safe assets were bank deposits. They document that bank
deposits grew significantly during the National Banking Era and generally inversely
with Treasuries outstanding. Instability during the National Banking Era took the form
of runs in which depositors demanded Treasury-backed bank notes that the banks
were unable to produce.
Gorton and Muir argue that in the 21st century, in response to a scarcity of safe
Treasuries, the markets produced apparently safe asset-backed commercial paper
(ABCP), mortgage-backed securities (MBS), repurchase agreements (repos) etc that
are often considered part of the “shadow” financial sector (see Pozsar et al (2012) and
Kroszner (2015a)). Gorton and Muir argue that the LCR may “immobilise” Treasury
collateral, contributing to its scarcity, and generating more fragility through forms of
shadow banking. Rather than promote stability, regulations like the LCR could have
the opposite impact by tying up safe debt and generating incentives for private
production of substitutes that may appear safe but are subject to forms of funding
runs during crises.
I find the use of historical analogies such as these enlightening and refreshing.
Since we cannot run the experiment in advance to assess the costs and benefits of a
new rule, we can try to see what evidence history can provide. Certainly, we would
not want to draw definitive conclusions from the 19th century for the 21st, but we
should not throw up our hands and say that we have no empirical guidance. Gorton
and Muir are careful not to make strong predictions about whether the LCR ultimately
will undermine stability, but they raise important questions that policymakers should
take into account when formulating new rules.

Lessons from the international response to the Titanic and
the Eastland tragedy
I want to generalise from Gorton and Muir’s focus on what history can teach us about
liquidity regulation to examine more broadly the unintended consequences of wellmotivated regulation in response to a key historical crisis and implications for financial
regulation today.
Roughly, 100 years ago (24 July 1915), 2,500 passengers in a festive mood
boarded the SS Eastland for a picnic cruise on Lake Michigan. Just as the ship was
about to leave its mooring in the Chicago River, the Eastland suddenly capsized and
841 passengers lost their lives – more passengers than in the sinking of the Titanic
(see Sandburg (1915), Hilton (1995), McCarthy (2014) and Stranahan (2014); this
section draws from Kroszner (2015b)).
The fate of the Eastland is one of America’s great unremembered tragedies, yet
it carries important lessons for policymakers around the world today, specifically
44
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about how a regulatory response to one disaster can unleash unintended
consequences that could contribute to another.
Following the Titanic’s sinking, an International Conference on Safety of Life at
Sea was convened to develop a global response. Several sensible reforms came from
this conference: taking more southerly transatlantic routes to reduce the likelihood
of encountering icebergs, and creating an Iceberg Patrol, still run today by the US
Coast Guard, to monitor and warn of risks of icebergs.
Similarly, after the 2008–09 financial crisis, the G20, Financial Stability Board,
Basel Committee and other international regulatory bodies convened to provide a
coordinated global response, promoting rules to reduce risk exposures of banks and
to increase macroprudential monitoring by supervisors.
A critical response to the Titanic disaster was a call for “lifeboats for all,” a
measure seen worldwide as necessary to prevent future tragedies at sea. If only the
Titanic had had enough lifeboats for all its passengers and crew, more lives could
have been saved and perhaps no one would have perished. What could be more
sensible and obvious?
The measure was adopted in the 1914 International Convention relating to Safety
of Life at Sea. It was immediately clear to some, however, that this policy might have
unwanted ramifications.
In testimony to Congress, the general manager of the Detroit & Cleveland
Navigation Company A A Schantz questioned whether such a requirement should be
applied to ships plying the Great Lakes:
“The extra weight of the lifeboats and rafts would make them [the ships on
the Great Lakes] top-heavy and unseaworthy, and in our judgment, we believe
some of them would turn turtle [capsize] if you attempted to navigate them
with this additional weight on the upper decks.” (quoted in Hilton (1995),
p 11)
While Congress did not mandate “lifeboats for all” for ships on the Great Lakes,
the 1915 La Follette Seaman’s Act significantly increased the requirements. The
Eastland added a sizeable number of rafts in 1914, as the federal Bureau of Marine
Inspection and Navigation raised licensing requirements even before the Seaman’s
Act.
Just three weeks prior to the tragedy, and after the passage of the Act, the
Eastland added more life boats and rafts to boost its licensed capacity to
accommodate 2,500 passengers for the ill-fated picnic cruise. The Eastland was
designed in 1903 with six lifeboats. When the catastrophe occurred, the Eastland had
11 lifeboats and 37 rafts. Each life raft weighed some 1,100 pounds.
The additional weight of the lifeboats and rafts may have been only one factor
contributing to this calamity, but it illustrates how powerful unintended
consequences of even the most sensible-seeming regulatory reforms can be. So what
is to be learned from the Eastland?
First, even if a rule solves some problems, it doesn’t necessarily solve all. In some
cases, new regulations can undermine their own goals, creating new sources of
instability, whether for financial markets or for ships. New rules can interact with other
weaknesses in the system. “Lifeboats for all” can bring a false sense of comfort, and
inspectors and supervisors may not look as carefully for other vulnerabilities. What if
added lifeboats make suddenly “turning turtle” more likely in the very circumstance
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where lifeboats won’t help? Certainly, we would not want supervisors to have a false
sense of security and overlook particular risks that an institution or activity may pose
for the system simply because banks hold more capital (see Kroszner (2012)).
Second, one-size-fits-all regulation may not be appropriate. Higher capital and
liquidity requirements for the largest global banks relative to smaller banks may make
sense, just as “lifeboats for all” may be appropriate for transoceanic ships but not for
steamships in the Great Lakes. This is consistent with regulatory capital and liquidity
surcharges, as well as stress tests, applying to “systemically important” financial
institutions.
Third, costs and benefits need to be taken seriously in financial regulation (see
eg Kroszner and Strahan (2011)). With five or six years since key regulatory reforms
like the Dodd-Frank Act have passed, now is an excellent moment to gather data to
assess as best we can the benefits and the costs, the interactions of the Act’s many
components and other regulatory changes, and their potential unintended
consequences. Have activities moved into the “shadows”, and how has this affected
the robustness of the system? What has been the impact on liquidity of markets? As
is often said about the risks of icebergs – it’s not what you can see but what you can’t
see below the water that is most dangerous.

Conclusions
The key lesson from the Eastland tragedy and the Gorton and Muir (2015) analysis of
the National Banking Era is emphatically not that regulation is inevitably
counterproductive. Instead, it is that we always need to consider unintended
consequences and cost-benefit trade-offs, even for extremely well motivated rules, to
protect us from economic turbulence. Policymakers who ignore history do so at their
own – and the economy’s – peril.
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Comments by Andrei Kirilenko1
I thank the organisers for the opportunity to discuss this very insightful paper.
The main points of the paper are as follows:


“In the thirty years prior to the 2007–08 financial crisis, the global financial system
evolved away from a system of immobile collateral into a system of mobile
collateral.”



“Since the financial crisis, regulatory initiatives have been aimed at making
collateral once again immobile.”



“There is a cost to making this collateral immobile because it ties up safe debt.”



Instead of making the system safer, “other forms of bank debt increase when safe
collateral becomes immobile, possibly making the system riskier”.

In order to make these points, the paper looks to history. The main argument is
that the current Basel Committee Liquidity Coverage Ratio (LCR) era is “structurally
similar” to the 19th century US National Banking Era.
As a reminder, prior to the US National Banking Acts of 1863 and 1864, banks in
the United States were chartered only by individual states. State-chartered banks
issued their own bank-specific and location-specific banknotes. Banknotes issued by
state-chartered banks were not uniformly accepted across the United States, because
they were backed only by the capital of each individual bank. If a state-chartered bank
went bankrupt, it was unable to make full payment on the banknotes it had issued.
The US National Banking Era was characterised by a rapid rise in the number of
nationally chartered banks, which both issued and accepted national banknotes. This
rapid rise was primarily due to two critical advantages that were given to nationally
chartered banks vis-à-vis state chartered banks. Firstly, national banks were subject
to tax of only 1% (0.5% from 1900) on their national banknotes in circulation. State
chartered banks were subject to a 10% tax on their notes in circulation.
Secondly, national banks were able to take the full value of their capital, invest it
in government bonds, deposit bonds with the Comptroller of the Currency (a US
Federal Government agency created by the National Currency Act of 1863), get 90%
(100% after 1900) of that value in national banknotes, and loan the notes out. Statechartered banks could only loan out the notes that they issued backed by their capital.
National banks were given a preferential treatment in order to make the
nationwide payment system cheaper and to foster a deeper and safer national
banking system. National banknotes were accepted as legal tender in states other
than those in which they are issued. National banknotes were designed to be more
difficult to counterfeit. Deposits made in national banknotes could be transferred
between banks. Thus, national bank notes became a “new technology” that (among
other things) helped facilitate a cheap, safe, nationwide payment system via thirdparty intermediaries – national banks.
The safety and depth of the national banking system depended on the explicit
guarantee of the US Treasury. According to the Annual Report of the Comptroller of
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the Currency (1874, Section XI): “[T]he United States guarantees the final payment of
the [national] notes.”
Yet, while number of nationally chartered banks increased rapidly between 1874
and 1913, according to the Annual Report of the Comptroller of the Currency (1914,
Table 22), the number of the national notes in circulation did not skyrocket – it kept
pace with US GDP growth.
There is a large literature on this so-called “issuance puzzle”, ie the amount of
notes in circulation seems to be smaller than would be implied by (seigniorage)
arbitrage, but perhaps there is yet another explanation: the cost of government
insurance of its guarantee on the national notes in the form of regulatory oversight
of the national banks’ capital adequacy.
In order to protect itself, the US Treasury was entitled to sell bonds it held as
collateral to guarantee the issued notes. In addition, the US Treasury had first lien on
the assets of a failed national bank. If the bonds and assets were not enough, the US
Treasury could use the capital of the national bank shareholders to pay off holders of
the national bank notes. Furthermore, national banks were subject to federal
supervision and reporting requirements, so that problems could be detected and
dealt with quickly.
With regard to the issuance puzzle, Gorton and Muir note, “our results indicate
that the profits to note issuance fluctuate with the convenience yield on Treasuries,
and our evidence is consistent with the idea that profits are related to the cost of
[national] bank capital.”
The authors use this result to argue that the National Banking system and the
current LCR system “enforce a correspondence between two types of debt
instruments, each with a convenience yield”. They state: “the input for making one
kind of money, bank notes or money market instruments, is required to be
Treasuries”. They also note that “such a system is fragile because by forcing two kinds
of money together it is likely that there will be a shortage of one kind of money,
leading to its private production elsewhere, which creates fragility in the system.”
This is an important insight, rooted as it is in the history of banking. It provides a
framework for understanding the LCR as a “new technology” intended to strengthen
the global payment system by mandating global third-party intermediaries to use
sovereign bonds issued in “national” currencies.
Yet, in the aftermath of the global financial crisis, it is not entirely obvious
whether global third-party intermediaries (banks) offer a good way to make the
global payment system cheaper and to foster a deeper and safer global banking
system.
Digital currencies offer an alternative for the private production of national
currencies for the use in the global payment system. Digital currencies are truly “new
technologies” that are being developed to facilitate a cheap, safe, global payment
system that does not rely on third-party intermediaries – global banks. One example
of this is Bitcoin, which offers a peer-to-peer payment system with a distributed
ledger, as well as a digital cryptocurrency. There are other examples of digital
currencies – Litecoin, Peercoin, Namecoin, Dogecoin, Primecoin, Mastercoin etc.
If this the way the global system goes, it would need a supervisory regime and
reporting requirements that are more similar to the one currently seen in commodity
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markets. Regulators had little experience with such a regime a century ago. They do
now.
Thank you.
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