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Milton Friedman, the Demand for Money, and
the ECB’s Monetary Policy Strategy

Stephen G. Hall, P.A.V.B. Swamy, and George S. Tavlas

The European Central Bank (ECB) assigns greater weight to the role of money in its monetary policy
strategy than most, if not all, other major central banks. Nevertheless, reflecting the view that the
demand for money became unstable in the early 2000s, some commentators have reported that the
ECB has “downgraded” the role of money demand functions in its strategy. This paper explains the
ECB’s monetary policy strategy and shows the considerable influence of Milton Friedman’s contributions
on the formulation of that strategy. The paper also provides new evidence on the stability of euro area
money demand. Following a conjecture made by Friedman (1956), the authors assign a role to uncer-
tainty in the money demand function. They find that although uncertainty is nonstationary and subject
to wide swings, it is nonetheless mean reverting and has substantial effects on the demand for money.
(JEL C20, E41)

Federal Reserve Bank of St. Louis Review, May/June 2012, 94(3), pp. 153-85.

INTRODUCTION

The primary objective of the European Central Bank’s (ECB’s) monetary policy strategy is
to maintain price stability in the medium term.1 In pursuing that objective, the ECB assigns

more weight to the longer-term relationship between money growth and inflation than most,
if not all, other major central banks. This emphasis reflects, in part, the ECB’s views that (i)
“inflation is ultimately a monetary phenomenon” and (ii) “price stability enhances the poten-
tial for economic growth” (ECB, 2011, pp. 55-56). Effectively, the emphasis reflects the notion
that longer-term growth is determined by real factors—including an economy’s resources, the
growth of its population, and the technical skills of its labor force—and that the most mone-
tary policy can do to help the economy reach its growth potential is deliver a stable price level
(ECB, 2011, p. 56).
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In several important respects, the ECB’s monetary policy strategy reflects the substantial
influence of Milton Friedman’s research during the 1950s and 1960s.2 One such respect concerns
the stability of the demand for money, which helps underpin the idea that there exists a reliable,
longer-term relationship between the growth in the money supply and inflation. Friedman
(1959) found that demand for money in the United States was stable, a finding corroborated for
the euro area in early work by the ECB staff (Calza, Gerdesmeier, and Levy, 2001). However,
beginning around 2003, most euro area money demand functions began exhibiting instability,
leading some commentators to infer that the role of money had been “downgraded” in the ECB’s
monetary policy strategy (see Section 2).

In this paper, we explain the key linkages between Friedman’s work, including the relevance
of a stable money demand function, and the strategy adopted by the ECB. We also provide new
evidence on the stability of euro area money demand based on a framework that captures the
effect of uncertainty on the demand for money, an idea first proposed by Friedman (1956).

The remainder of this paper is structured as follows. To set the stage, Section 1 provides an
overview of Friedman’s earlier research findings, which, as we show, underpinned his famous
policy proposal for a constant money supply growth rate, first published in 1958. Section 2
describes the monetary policy strategy of the ECB, including the role of the demand for money
in that strategy; this section also describes the influence of Friedman’s work on the ECB’s mone-
tary policy strategy. We show that, although the finding in the mid-2000s by ECB economists
that the demand for money in the euro area was no longer stable subsequently led to what the
press reported as a “downgrading” of the role of money in the ECB’s strategy, the role of mone-
tary analysis in the ECB’s strategy remains pivotal in assessing the outlook for future price devel -
op ments. Section 3 turns to our analysis of euro area money demand and provides the basic
theoretical framework we use to estimate money demand. Unlike previous empirical studies of
money demand, we include a measure of economic sentiment to capture the effect of uncertainty
on money demand. As noted by Friedman (1956) and reflected in the capital asset pricing model,
during times of declining confidence (or increasing uncertainty), any asset should yield an
increased rate of return to compensate for the increased risk. If the rate of return does not rise
to mirror the increase in uncertainty, there will be a flight to liquid assets, such as money. This
confidence effect can be extremely important during times of crises. The recent crisis in the
euro area provides an apt setting to test that hypothesis. Section 4 describes the two empirical
methodologies we use to estimate euro area money demand: (i) the workhorse vector error 
correction (VEC) approach and (ii) a generalized cointegration approach, which is estimated
on the basis of a time-varying coefficient (TVC) technique. Section 5 presents the empirical
findings. To anticipate briefly, both empirical methodologies suggest that, accounting for uncer-
tainty, the long-run demand for money in the euro area has been stable. We find that although
uncertainty is nonstationary and subject to wide swings, it is nonetheless mean reverting and
has substantial effects on the demand for money. Section 6 offers our conclusions with the
implications for the ECB’s monetary policy strategy.

1. HOW THE CONSTANT MONEY SUPPLY RULE WAS FORMED
Friedman joined the University of Chicago faculty in 1946 and remained at that institution

until his retirement from teaching (and his move to the Hoover Institution) in 1977. He began
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collaboration with Anna Schwartz on U.S. monetary history in 1948, around the same time that
he began conducting a Workshop in Money and Banking at the University of Chicago.3 He first
proposed the constant money growth rule in a 1958 paper, “The Supply of Money and Changes
in Prices and Output,” submitted to the Congressional Joint Economic Committee.4 Friedman
(1958, p. 174) stated that his aim was to summarize “the preliminary results” of his work with
Schwartz and the series of studies conducted in the Chicago Workshop in Money and Banking
under his direction. A main implication of those results is the need to distinguish between long-
run, or secular, empirical relationships and short-run, or cyclical, relationships; the former tend
to show considerable stability, whereas the latter are subject to large uncertainty. The money
growth rate rule was formulated on the basis of long-run relationships. The following discussion
draws on three Friedman studies: (i) the 1958 study presented to the Joint Economic Committee;
(ii) a 1959 paper, “The Demand for Money: Some Theoretical and Empirical Results,” published
in the Journal of Political Economy; and (iii) a 1960 book, A Program for Monetary Stability,
which was based on a series of Friedman’s lectures at Fordham University in 1959. The discussion
focuses on those empirical findings that underpinned the money growth rule.5

1.1 The Long Run

Money and Prices. The historical evidence suggests a high correlation between changes in
the stock of money per unit of output and changes in prices in the same direction. Friedman
noted that this correlation “tells nothing about direction of influence” (1958, p. 173). However,
the variety of monetary arrangements—for example, the gold standard, flexible exchange rates,
regimes with and without a central bank, changes in the structure of the Federal Reserve System
and commercial banking, shifts in leadership of the Fed—over which this regularity has been
observed “supports strongly…[the view] that substantial changes in the stock of money are
both a necessary and sufficient condition for substantial changes in the general level of prices”
(1958, p. 173).

Definition of Money. How should the money supply be defined? Friedman argued that
“there is a continuum of assets possessing in various degrees the qualities we attribute to the
ideal construct of ‘money’ and hence there is no unique way to draw a line separating ‘money’
from ‘near-moneys’” (1960, p. 90). The “most useful concept” is that corresponding to currency
held by the public plus adjusted demand deposits plus time deposits in commercial banks6
“because it seems more closely related empirically to income and other economic magnitudes
than other concepts” (1960, pp. 90-91, emphasis added). 

Output and Prices. Historical evidence indicates that there is no clear-cut relation between
price changes and output changes. The “only conclusion” that can be drawn from this evidence
is that “either rising prices or falling prices are consistent with rapid economic growth, provided
that the price changes are fairly steady, moderate in size, and reasonably predictable” (Friedman,
1959, p. 184). The underpinnings to economic growth are to be found in such factors as “avail-
able resources, the industrial organization of a society, the growth of knowledge and technical
skills, the growth of population, the accumulation of capital and so on” (1959, p. 182). On
average, over a period of 90 years (from 1867 to 1957), the average annual growth in output
has been “something over three percent” (1960, p. 91).

Income Velocity. Friedman (1959) reported empirical findings of his work with Schwartz
on secular changes in the real money stock per capita and secular changes in real income per
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capita over the period 1870 to 1954 for 20 reference cycles measured from trough to trough.
The observations consisted of average values of the variables concerned over the complete cycle.
The findings showed that “secular changes in the real stock of money per capita are highly
correlated with secular changes in real income per capita” (1959, p. 113). The correlation coef-
ficient between the logarithm of the real stock of money per capita and the logarithm of real
income per capita was found to be 0.99 and the computed elasticity was 1.80 (1959, p. 113).
Hence, a 1 percent increase in income per capita was, on average, associated with a 0.80 per-
cent decrease in income velocity. Friedman noted that the high correlation could be a reflection
of trends in the data such that the results might “not justify much confidence that the statistical
regression is a valid estimate of a demand relation rather than the result of an accidental differ-
ence in trends” (1959, p. 113). He noted, however, that “additional evidence from other sources
leads us to believe that it can be so regarded” (1959, p. 113).

In the same paper (1959), Friedman’s (log-linear) estimation of the demand for money cor-
roborated the above findings. The specification of the money demand function consisted of the
following elements: (i) the dependent variable was nominal cash balances (i.e., M2) per capita;
(ii) the explanatory variables were measures of permanent income, permanent prices, and pop-
ulation; and (iii) the estimation period was 1870 to 1954. Using average values of the variables
over the cycle (measured from trough to trough),7 Friedman (1959, pp. 126-27) estimated an
income elasticity of nominal cash balances of 1.810, which implied a velocity elasticity of –0.810.
He then used these parameters to compute annual estimates of velocity, which he compared
with the actual figures. He found that the estimates accounted for “the bulk of the fluctuations
of measured velocity” (1959, p. 130). “These results,” he argued, “give strong support to the view
that cyclical movements in velocity largely reflect movements along a stable demand curve for
money” (1959, p. 130).8

1.2 The Short Run

The foregoing secular empirical relationships, Friedman found, do not hold tightly within
the business cycle. In his paper for the Joint Economic Committee, Friedman reported that his
research with Schwartz revealed that although there is a close link between monetary changes
and price changes within the business cycle, “the direction of influence between the money stock
and income and prices is less clear-cut and more complex for the business cycle than for the
longer movements” (1958, p. 179). This circumstance, he argued, reflected three factors.

First, “the character of our monetary and banking system means that an expansion of income
contributes to expansion in the money stock, partly through inducing banks to trim more closely
their cash reserve position, partly through a tendency for currency in public hands to decline
relative to deposits” (Friedman, 1958, p. 179). Thus, Friedman argued that during the business
cycle, changes in the money supply are “a consequence as well as an independent cause of
changes in income and prices” (1958, p. 179). Moreover, once a cyclical expansion or contraction
is started the process is self-generating: “[O]nce they [changes in money, income, and prices]
occur, they will in their turn produce further effects on income and prices” (1958, p. 179).

Second, consideration of the timing of changes in the money supply, income, and prices
complicates the relationship among these variables, making it more difficult to infer an inde-
pendent influence of monetary change within the cycle than for secular movements. Within the
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cycle, the relationship among these variables is subject to lags. His work with Schwartz provided
quantitative estimates of the lags. The lags were found to be long—on average, the rate of change
in the money supply reached its peak nearly 16 months before the peak in economic activity
and reached its trough over 12 months before the trough in economic activity; the lag lengths
also varied considerably from cycle to cycle (1958, p. 180; 1960, p. 88).

Third, and related to the previous factor, within the cycle real shocks to velocity have been a
source of economic fluctuations (Friedman, 1958, p. 89). Discretionary monetary policy in reac-
tion to such shocks serves to amplify the effects of these real disturbances on the economy.9 In
the absence of the reaction of monetary policy, the shocks would merely constitute “the myriad
of factors making for minor fluctuations in economic activity” (1959, p. 144).

1.3 The Policy Rule

The above evidence underpinned Friedman’s proposal that the money supply—defined as
currency held by the public plus demand and time deposits in commercial banks (M2)—should
increase by between 3 and 5 percent per year (Friedman, 1958, p. 184). The secular empirical
relationships informed both the particular concept of money used and the numerical margins
(i.e., 3 to 5 percent) of the growth range. Specifically, Friedman chose M2 because of its close
empirical relationship to “income and other economic magnitudes” (1960, p. 91).10 During the
period 1867 to 1957, output growth, Friedman noted, had averaged about 3 percent per year,
whereas velocity had exhibited a secular decrease of about 1 percent per year (1958, pp. 184-85;
1960, pp. 90-91). Thus, “to judge from this evidence, a rate of increase [of M2] of 3 to 5 percent
per year might be expected to correspond with a roughly stable price level for this particular
concept of money” (1960, p. 91).

Why conduct policy in terms of a rule instead of using discretion? In A Program for Monetary
Stability, Friedman argued that a rule would be easy to understand and would eliminate “the
danger of instability and uncertainty of policy” (1960, p. 86). He also argued that discretion
absolves the policymakers of any criteria from which to judge their performance and leaves them
vulnerable to political pressures (1960, p. 85). Finally, relying on the evidence of his work with
Schwartz on short-term relationships, Friedman argued that, in the past, discretion had led to
“continual and unpredictable shifts in policy and in the content of policy as the persons and atti-
tudes dominating the authorities had changed” (1960, p. 85). A money growth rule, he believed,
would have avoided the “excessive” mistakes of the past, including the collapse of money from
1929 to 1933, the discount rate increases of 1931, and the resulting depression (1960, p. 93). It
would not rule out mild cyclical fluctuations, but it “would almost certainly rule out…rapid
and sizeable fluctuations” (1960, p. 92). Friedman argued that the implementation of his money
supply proposal has a further advantage: “[I]t would largely separate the monetary problem from
the fiscal [problem]” (1960, p. 90). As discussed in the following section, Friedman’s empirical
findings with regard to both the long run and the short run helped shape the monetary strategy
adopted by the ECB.

1.4 The Phillips Curve and Expectations

In addition to the above contributions made during the 1950s, another contribution by
Friedman that would later have an impact on the ECB’s monetary policy strategy was his rebuttal
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of the traditional Phillips curve notion that there exists a permanent trade-off between the
unemployment rate and the inflation rate. Along with Phelps (1968), Friedman (1968) demon-
strated that the steady-state unemployment rate is not related to the steady-state inflation rate
when the Phillips relationship is augmented by a variable representing the expected inflation
rate—that is, labor negotiates on the basis of real, and not nominal, wages. Consequently, in the
long run there can be only varying levels of the inflation rate—which, in turn, depend on the
steady-state change in the money supply—with the same “natural” level of the unemployment
rate. This insight was a formalization of Friedman’s earlier (1950s) research showing that, in the
long run, the monetary authorities can control only nominal values.

2. THE ECB’S MONETARY POLICY STRATEGY
As we noted in our introduction, the primary objective of the ECB’s monetary policy is to

achieve price stability in the medium term.11 The Governing Council12 of the ECB defines price
stability as a year-on-year increase in the Harmonised Index of Consumer Prices (HICP) for the
euro area of “below, but close to, 2 percent in the medium term” (ECB, 2011, p. 64).13 The ECB
sees several advantages in this particular formulation of its policy objective (Issing and Tristani,
2005, pp. 62-64; Carboni, Hofmann, and Zampoli, 2010; ECB, 2011, pp. 64-67). First, it is easy
to understand, thereby contributing to the transparency of monetary policy. Second, it provides
a yardstick with which to gauge the ECB’s performance, thus providing accountability. Third, it
provides an anchor for the formation of price expectations, under the assumption that expecta-
tions of inflation are a key determinant of actual inflation. Fourth, it provides a “safety margin”
between the price stability objective (below, but close to, 2 percent) and zero inflation. Fifth, it
helps deal with the issue of the possible presence of upward measurement error bias in the HICP,
whereby the measured inflation rate may overestimate the “true” inflation rate because the for-
mer does not adequately reflect such factors as improvements in the quality of products. Sixth,
because the definition does not specify a precise numerical objective, it provides some allowance
for inflation differentials within a monetary union composed of heterogeneous countries.

2.1 The Influence of Friedman 

Many of the foregoing advantages attributed by the ECB to the formulation of its policy
objective have been influenced, explicitly or implicitly, by Friedman’s work.14 In this regard,
consider the following influences (see the boxed insert on the next page):

• As noted above, the main objective of Friedman’s money growth rule was to eliminate
policy uncertainty. In explaining the rationale for the ECB’s monetary policy strategy,
Issing et al. stated: “[T]he structure of any monetary policy strategy must reflect the
extent and the nature of the uncertainties faced by the central bank. Different prevailing
sources of uncertainty will normally require different strategies, i.e. differences in the
way information is processed in order to attain policy decisions. The ECB strategy, in
particular, was tailored having specifically in mind the uncertainties existing in the con-
duct of the single monetary policy” (ECB, 2001, p. 99).

• Friedman expressed the view that an advantage of his constant money growth proposal
was that it would be easy to understand, while holding policymakers accountable for
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A Comparison of Friedman’s Principles and ECB Policies

Friedman ECB

Policy objective: Price stability (not precisely defined). Policy objective: Price stability, defined as an inflation rate
below, but close to, 2 percent in the medium term.

Policy implementation: Increase the money supply (M2) Policy implementation: “Two pillars”—“economic analysis” 
by 3 to 5 percent annually. and “monetary analysis”—are used to assess the risks to 

price stability.

At inception of the ECB, a 4.5 percent reference value for 
money supply (M3) growth was set. The reference value 
was a norm, not an objective. 

An advantage of a money growth rule is that it is easy to Policy objective (price stability in the medium term) is 
understand. transparent and easy to understand.

An objective of a money growth rule is to eliminate policy Policy is tailored to reduce uncertainties related to the 
uncertainty. current state of the economy, the behavior of economic 

agents (parameter uncertainty), and the nature of the 
true economic model (model uncertainty).

Long-run money demand is stable. Money demand was found to be stable through early 
2000s and unstable thereafter. The role of a reference 
value was, therefore, diminished.

Real money demand is subject to autonomous shocks. Medium-term orientation allows policy to respond flexibly
to temporary shocks.

The central bank can control nominal magnitudes— Policy focuses on controlling the price level, a nominal 
but not real magnitudes—in the long run. magnitude.

Monetary policy actions have long and variable lags. Medium-term orientation aims to account for long and 
variable lags of monetary policy actions.

Countercyclical policy is often destabilizing. Medium-term orientation is an acknowledgment that 
countercyclical policy can increase instability.

It is important to maintain a clear separation of monetary Article 123 of the Treaty on the Functioning of the 
policy from fiscal policy. European Union (the Treaty) prohibits the monetary 

financing of fiscal actions.

A money growth rule would be a means of providing the Article 130 of the Treaty provides the ECB independence 
central bank with independence. from political influence.

Expectations-augmented Phillips curve: Price expectations The definition of price stability provides an anchor for the
are a key determinant of present inflation. formation of price expectations, under the presumption 

that price expectations are a key determinant of present 
inflation.



their actions (Friedman, 1960, pp. 85-90). The ECB’s medium-term price stability objec-
tive is based, in part, on the criteria of transparency and accountability. 

• The ECB’s emphasis on the price level—a nominal magnitude—“echoes recommendations
put forward by Milton Friedman” that the monetary authority can control nominal, but
not real, variables (Issing and Tristani, 2005, p. 10).

• The medium-term orientation is an explicit acknowledgment “that Milton Friedman’s
assertion about the long and variable lags of the [monetary] transmission mechanism
remains valid” (Issing and Tristani, 2005, p. 29). It is also an acknowledgment of “the
possibility emphasized by Friedman…that counter-cyclical policy may actually increase
instability in economic activity” (Issing, Gaspar, and Vestin, 2005, p. 120).

• As mentioned above, Friedman wrote that it was important to maintain a clear separation
of monetary policy from fiscal policy. Article 123 of the Treaty on the Functioning of the
European Union (the Treaty), which is the legal basis of the ECB’s setting of monetary
policy, prohibits the monetary financing of fiscal actions, thereby drawing a clear line of
separation between monetary policy and fiscal policy (ECB, 2011, p. 15).

• One objective of Friedman’s money growth rule was to provide independence for the
monetary authorities (Friedman, 1960, p. 93). Article 130 of the Treaty lays down an
“institutional framework for the [ECB’s] monetary policy [under which the] central
bank…is independent from political influence” (ECB, 2011, p. 14).15

• The idea that expectations of inflation are a key determinant of present inflation is directly
related to Friedman’s (1968) augmentation of the Phillips curve, under which the actual
inflation rate was shown to be dependent on a variable representing the expected infla-
tion rate.

2.2 The Two-Pillar Approach

In pursuing its objective of price stability, the ECB’s Governing Council regularly assesses
risks to price stability on the basis of two organizing perspectives—known as the “two pillars”
(see the boxed insert). The first pillar is the “economic analysis,” which assesses the short- to
medium-term influences on price developments, with a focus on the real activity and cost factors
(e.g., wages, oil prices) driving prices over these horizons. The focus of this pillar is the interplay
of supply and demand in the goods, services, and factor markets. 

The second pillar is the “monetary analysis.” It exploits the long-run link between money
and prices and serves as a “cross-check, from a medium-term to long-term perspective, on the
short-term to medium-term assessments derived from the economic analysis” (ECB, 2011, p. 69).
This longer-run link between money and inflation was expressed by Issing (2008) as follows:
“The close relationship between the money supply and prices has been proven in countless stud-
ies all over the globe and all through history…Milton Friedman expressed this insight in a nut-
shell: [I]nflation is always and everywhere a monetary phenomenon. In his analysis there is no
case where a significant change in the quantity of money per unit of output has not been associ-
ated with a significant increase in the price level” (p. 105).

The two pillars comprise complementary perspectives of the determinants of inflation
(Carboni, Hofmann, and Zampoli, 2010, p. 57). As mentioned, the economic analysis pillar
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seeks to identify risks to price stability at short- to medium-term horizons. The monetary analy-
sis pillar seeks to identify risks to price stability at medium- to long-term horizons. As is the case
with the economic analysis, the monetary analysis is broad based in that it takes into account
information provided by a wide range of monetary indicators, including interest rates, asset
prices, and various definitions of the money supply and their components and counterparts—
for example, credit and several measures of excess liquidity (Carboni, Hofmann, and Zampoli,
2010, p. 57). As the ECB’s then-President Jean-Claude Trichet (2006) put it: “[T]he European
experience—both before and after the euro—suggests that assigning an important role to money
in monetary policy deliberations and communications has, in practice, helped to serve precisely
those principles that modern monetary policy literature holds dear...when the economic analysis
is complex and its conclusions uncertain, cross-checks with the monetary analysis have proved
extremely useful.”16

At the inception of the ECB, that institution announced a “reference value” for monetary
growth (ECB, 2001). An aim of the reference value was to help account for the long-run rela-
tionship between money and prices. The construction of this reference value followed closely
Friedman’s construction of a money growth rule. The various monetary aggregates were con-
sidered, and ultimately the ECB chose M3, which has demonstrated the “best fit” with prices
(Issing, 2008, p.108). M3 is a broad measure of money that consists of currency in circulation
plus overnight deposits (M1) plus deposits with agreed maturity of up to two years (M2), plus
repurchase agreements plus money market fund shares plus debt securities of up to two years.17

The ECB then sought to establish a reference value for M3 growth based on gross domestic
product (GDP). The trend growth of real GDP was estimated to be between 2 and 2.5 percent
per year, and the trend (decline) in velocity was estimated to be between 0.5 and 1.0 percent per
year. Based on these estimates and the definition of price stability (annual inflation close to, but
below, 2 percent), the ECB set a reference value for M3 growth of 4.5 percent per year. 

Several aspects of the M3 reference value are noteworthy. First, the reference value is a
medium-term norm rather than a monetary target (ECB, 1999; Issing et al., 2001); deviations
of M3 growth from the reference value do not entail a commitment to correct the deviations
(Issing, 2008, p. 108). Second, as noted, in addition to the reference value, the monetary pillar
is composed of a broad array of monetary and financial market data, including various credit
aggregates and interest rates. Third, as discussed above, the M3 reference value is, in part, predi-
cated on a stable M3 demand function. However, for many years following the inception of the
euro on January 1, 1999, euro area consumer price inflation was close to 2 percent, with little
volatility, while M3 growth was almost always above its reference value, peaking at 12.4 percent
(year on year) in late 2007 (Figure 1), implying that the relationship on which the 4.5 percent
reference value for M3 growth was based was no longer valid. Hence, the consensus view that
emerged from virtually all euro area empirical money demand studies beginning from the early
2000s was that of an unstable M3 demand function (e.g., Beyer, Fischer, and von Landesberger,
2007; Fischer et al., 2007; Fischer and Pill, 2010).

The impact of the finding of an unstable money demand function for the ECB’s monetary
analysis was highlighted at an ECB conference on “The Role of Money: Money and Monetary
Policy in the Twenty-First Century” in Frankfurt in November 2006. At that conference, ECB
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staff acknowledged that M3 demand functions had broken down, prompting some commenta-
tors to infer that the role of money demand had been downgraded. Thus, the German newspaper
Handelsblatt (November 10, 2006) reported on the conference proceedings as follows:

The ECB managed to bring together most of the leading academic experts in monetary policy to
present papers on and discuss the role of money in monetary policy…The ECB’s [staff] presented
a paper…in which [the staff] presented some hitherto unpublished information about the develop-
ment of monetary analysis within the ECB. The paper…contained a comparison of the accuracy,
bias and volatility of inflation forecasts derived from monetary and other indicators…[The staff]
stressed that the ECB had found money demand not to be stable and had consequently down-
graded the role of money demand functions in its analysis.

In the November 10, 2006, Financial Times, Atkins (2006) reported on the same conference as
follows:

The ECB’s “monetary pillar,” largely inherited from Germany’s Bundesbank, is controversial among
economists because of confusion about the implications of money supply for inflation. At the ECB-
hosted conference, prominent officials from the Frankfurt institution made clear that they saw
significant scope for refinements…ECB research presented at the conference was open about the
shortcomings of the bank’s monetary analysis in its eight-year history.18

Over the past 10 years or so, the ECB has changed the role of the M3 reference value in
response to the previously described developments with regard to the demand for money.
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• From 1999 until 2003, the ECB conducted annual reviews of the reference value. Those
reviews signaled that the ECB attached importance to the concept of a reference value. 

• In order to highlight the medium-term context of the ECB’s monetary policy strategy,
the annual reviews were discontinued in May 2003 (ECB, 2003). This discontinuation
implied that the M3 reference value was assigned a smaller role than it previously had
under the monetary analysis pillar.

• Subsequently, the role of the reference value was diminished further. As a result, the
ECB presently uses deviations of M3 from the reference value as a “trigger” for “increased
efforts to identify and assess the nature and persistence of the forces responsible” (ECB,
2011, p. 80). Effectively, the reference value no longer has any direct impact on ECB deci-
sionmaking.

In light of the importance attached to the finding of an unstable money demand function in
the developments described above, the following question arises: How robust is that finding? To
address this question, beginning in 2007, the ECB established a research program that created an
organizational framework for the “enhancement of [the ECB’s] monetary analysis” (Papademos
and Stark, 2010, p. 8). Essentially, the enhancement involves (i) a deepening of the monetary
analysis pillar through the development of new analytical tools that explore the relationship
between monetary trends and underlying inflation dynamics and (ii) a broadening of the mone-
tary analysis pillar to assess the interaction of monetary variables with a wider set of economic
and financial factors (Papademos and Stark, 2010, p. 9). In light of the role played by money
demand equations in the ECB’s monetary analysis pillar,19 one of the major objectives of the
enhancement program has been to provide a means for “improving models of euro area money
demand” (Papademos and Stark, 2010, p. 8).20 We provide our contribution to this issue in the
next three sections. 

3. THEORETICAL UNDERPINNING
We consider euro area money demand in the spirit of the framework proposed by Friedman

(1956) and Brainard and Tobin (1968). These authors postulated that money, like any asset,
yields a flow of services to the agents who hold it. As under the usual theory of consumer choice,
Friedman (1956, p. 4) argued that the demand for money depends on three major sets of factors:
(i) total wealth—the analog of the budget constraint and composed of both nonhuman capital
and human capital; (ii) the price of, and return to, wealth21; and (iii) the tastes and preferences
of the wealth-owning units. He also argued that the proportion of wealth held as money is likely
to be affected by the level of uncertainty. Friedman wrote: “[I]t seems reasonable that, other
things the same, individuals want to hold a larger fraction of their wealth in the form of money
when they are subject to unusual uncertainty than otherwise. This is one of the major factors
explaining a frequent tendency for money holdings to rise relative to increases in income dur-
ing wartime” (1956, pp. 8-9).

Brainard and Tobin (1968) and Tobin (1969) also stressed the role of wealth in the money
demand function. These authors argued that, in contrast to conceptual approaches that treat
income and wealth interchangeably as determinants of money demand, an increase in wealth
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results in increases in the demand for all assets, whereas an increase in income increases the
demand for money at the expense of other assets. Therefore, both income and wealth belong in
the money demand function. We follow the Brainard-Tobin approach in this paper.22

Specifically, we use a portfolio balance model to estimate the demand for money. Assuming
that the asset choices of investors involve money and equities, the demand for real money bal-
ances can be written as follows (where the positive and negative symbols above the explanatory
variables indicate the expected direction of influence on real money balances):

(1)

where m is the log of nominal M3, p is the log of the price level, y is the log of real income, w is
the log of the real value of wealth, rm is the own rate of return on money, p.e is the expected infla-
tion rate, re is the opportunity cost of holding money balances, and, reflecting Friedman’s (1956)
emphasis on the role of uncertainty on money demand, lesi represents investors’ confidence
(defined below). In equation (1), real rates of return are approximated by nominal rates minus
the expected inflation rate.

We also assume rate of return homogeneity of degree zero, implying that, if all rates of return
change by x percent, real quantities of assets in investors’ portfolios relative to real income and
real wealth will not change. Thus, only rate of return differentials affect money demand. Rate of
return homogeneity implies that we can use interest differentials, selecting one of the assets as a
numeraire; we use m as a numeraire. Therefore, the money demand function can be rewritten as

(2)

When f is semi-log linear, the money demand function becomes

(3)

where u is an added error term.
We would expect this scale effect to have long-run unit elasticity, which would imply that

the coefficients on income and wealth should sum to unity. Reparameterizing this elasticity into
an income variable and a wealth-to-income ratio variable makes it easy to test or impose this
effect, as now the coefficient on income is the scale effect (which should be unity) and the coef-
ficient on the ratio of wealth to income captures the effect when income and wealth move sepa-
rately. This reparameterization is not a restriction on the model until we impose the unit effect;
it is simply an easier way of expressing the same thing. Thus, adding and subtracting a2yt on the
right-hand side of equation (3) gives

(4)

where a′1 = a1 + a2.23

m p f y w r p r p lesim e e e− = − −
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4. METHODOLOGY
In the empirical analysis, we use two quite distinct methodologies, one that is now well

established in the literature and one that is relatively novel. The first technique is the well-known
VEC approach, which involves testing for cointegration in the usual way and then building a
dynamic system of cointegrated equations (Johansen, 1995; Davidson and Hall, 1991). The sec-
ond approach uses the concepts of generalized cointegration (Hall, Swamy, and Tavlas, 2012a)
and TVC estimation (see Swamy et al., 2010); this approach allows for consistent estimation of
models in the presence of an unknown true functional form, omitted variables, and measure-
ment errors. We present intuitive descriptions of the two approaches in the following subsections.

4.1 The VEC Methodology

The VEC methodology has become a workhorse of empirical research (see Cuthbertson,
Hall, and Taylor, 1991, and Greene, 2008, among others). This approach aims to identify a set of
variables which, together, form a stable long-run relationship. If such a relationship is found to
exist, the variables are said to cointegrate.24 This methodology is, therefore, of particular rele-
vance to the task at hand here since the existence, or absence, of cointegration essentially deter-
mines the existence of a satisfactory and usable money demand function. Such methodology is,
however, limited in certain ways by its basic setup. Cointegration has been largely developed
within a linear (or log-linear) framework and so it cannot easily allow for other (nonlinear) func-
tional forms, unless the precise nonlinear functional form happens to be known. Moreover, if an
important variable is missing from the set of variables under consideration, then the researcher
may conclude that there is no cointegration. This finding, of course, may be true about the set of
variables under consideration, but it may not be true of the real world. For example, a researcher
may test to find whether cointegration exists among three variables—say, real money balances,
real income, and wealth—and find that those three variables do not cointegrate. The researcher
might then conclude that a stable relationship among these variables does not exist. Insofar as
there may exist a fourth variable whose inclusion with the other three variables would have pro-
vided a cointegrating relationship, the researcher’s inference on the basis of just the three vari-
ables would have been misleading. In other words, we might find no cointegration among a set
of variables and conclude that there is no stable money demand function. However, this finding
may simply indicate that we have not found the appropriate set of variables and that, in fact,
money demand is stable. Consequently, much of the work in the VEC tradition becomes a
search for a suitable set of variables that both cointegrates and provides a good model of the
relationship under consideration.

4.2 Generalized Cointegration and TVC Estimation

The other approach we use is less well known and so we provide an intuitive account of the
ideas used; we also provide references to a formal exposition. Both generalized cointegration
and TVC estimation proceed from an important theorem first established by Swamy and Mehta
(1975), which has subsequently been confirmed by Granger (2008). This theorem states that any
nonlinear functional form can be exactly represented by a model that is linear in variables but
has TVCs. The implication of this result is that, even if we do not know the correct functional
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form of a relationship, we can always represent this relationship as a time-varying parameter
relationship and, hence, estimate it.

This theorem underlies the concept called generalized cointegration (Hall, Swamy, and
Tavlas, 2012b), which relaxes some of the stringent assumptions of standard cointegration analy-
sis. In particular, generalized cointegration does two things. First, it allows for the possibility that
we may have important omitted variables. Second, it allows for the possibility that we may have
misspecified the functional form we are estimating. That is, using generalized cointegration we
are able to estimate unbiased relationships among a set of variables even if (i) we do not know the
true, underlying functional form and (ii) there are missing variables. To return to the previous
example of a money demand function consisting of just three variables (real money balances,
an interest rate, and wealth), generalized cointegration works by estimating a relationship that
does not contain specification errors (such as omitted variable biases). 

Underlying generalized cointegration is a new way of thinking about, and testing for, coin-
tegration that emphasizes the properties of the real world rather than a particular model. If, in
the real world, a causal cointegrating vector exists that determines a variable (say, money), then
obviously, if one of the variables (say X) in that relationship changes, money will also change.
This implies that the partial derivative of money with respect to X is nonzero. Thus, if we had a
way of obtaining consistent estimates of this partial derivative and testing to determine if it is
indeed nonzero, this would give us a way to test for the presence of cointegration in the real
world (rather than just among an arbitrary set of variables). So, we might be able to assert that
there is a stable money demand function in the real world, even though we do not know its exact
functional form and/or all the variables that comprise that relationship. This would still be a
very useful statement from a policy perspective, although, obviously, not as useful as knowing
the complete form of that relationship.

Of course, such a supposition is asking a great deal of an estimation technique. However,
that is precisely what TVC estimation aims to provide (Swamy et al., 2010). This technique
builds on the Swamy and Mehta (1975) theorem mentioned above, where it turns out that the
TVCs in a model without omitted variables or measurement error are consistent estimates of
the partial derivatives of the unknown nonlinear functional form. So, in the absence of other
misspecification testing, the significance of the TVCs would be equivalent to testing for gener-
alized cointegration.

Swamy et al. (2010) show exactly what happens to the TVCs as other forms of misspecifica-
tion are added to the model. If we allow for the presence of some omitted variables from the
model, then the true TVCs become contaminated by a term that involves the relationship
between the omitted and included variables. Also, if we allow for measurement error, then the
TVC is further contaminated by a term that allows for the relationship between the exogenous
variables and the error terms. Thus, as one might expect, the estimated TVC is no longer a con-
sistent estimate of the true partial derivatives of the nonlinear function but is now biased due to
the effects of omitted variables and measurement error. There are exact mathematical proofs
provided for our statements up to this point.

Some parametric assumptions are needed to make TVC estimation fully operational.25 We
make two key assumptions: First, we assume that the TVCs themselves are determined by a set
of stochastic linear equations, which makes them a function of a set of variables that we call
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driver (or coefficient driver) variables. This is a relatively uncontroversial assumption. Second,
we assume that some of these drivers are correlated with the misspecification in the model and
some are correlated with the time variation emanating from the nonlinear (true) functional form.
With this assumption we can then simply remove the bias from the TVCs by removing the effect
of the set of coefficient drivers that are correlated with the misspecification. This procedure,
then, yields a consistent set of estimates of the true partial derivatives of the unknown nonlinear
function, which may then be tested by constructing t-tests in the usual way. An important differ-
ence between coefficient drivers and instrumental variables is that a valid instrument requires a
variable that is uncorrelated with the misspecification, which often proves difficult to find. For
a valid driver we need variables that are correlated with the misspecification and we would
expect that this is much easier to achieve.

These consistent (or bias-free) estimates may then be used to test for generalized cointegra-
tion, even in the presence of omitted variables. It is important to stress precisely what is being
claimed here—as well as what is not. This test aims to tell us whether or not there is cointegra-
tion in the real world—that is, whether there actually exists a stable function determining the
variable of interest. It does not, however, tell us the complete form of that relationship or what
the missing variables might be.

5. ESTIMATION 
5.1 Data 

We used the following variables as defined here. Real money balances are broad money (M3)
divided by the GDP deflator. Real GDP is used as a proxy for real income. The opportunity cost
of holding money is the long-term interest rate minus the own rate of return on M3. Because a
long-run interest rate series for the euro area as a whole does not exist for the entire estimation
period, which begins with 1980:Q1, we used the rate on 10-year German sovereign bonds for
the long-term rate. The series for the own rate of return on M3 was constructed by ECB staff,
who provided us with that series. The source of the other above data is the ECB Statistical Data
Warehouse, which contains (synthetic) euro area data beginning with 1980:Q1. The estimation
periods are the pre-crisis sample (1980:Q1–2006:Q4) and the full sample (1980:Q1–2009:Q4),
the latter of which includes the initial stages of the international financial crisis. All variables
other than the opportunity cost variable are in terms of logs.

We use two wealth series to capture the effect of wealth on money demand—financial
wealth and housing wealth. Financial wealth is total financial assets (currency and deposits,
debt securities, shares and mutual fund shares, and insurance reserves) held by households and
nonprofit institutions serving households. Original series are from the euro area quarterly sec-
toral accounts for the period since 1999 (these are available at a quarterly frequency), from the
European Monetary Union financial accounts for the period 1995-98, and from national sources
for the period 1980-94. 

Housing wealth is total housing held by households and nonprofit institutions serving house-
holds. Housing wealth data are at current replacement costs net of capital depreciation based on
ECB estimates. Both series refer to the euro area at a fixed composition of 15 members. For
periods before the introduction of the euro, the respective irrevocable exchange rates have been
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used. The two wealth series and the opportunity cost series were provided by ECB staff; the two
wealth measures are available only on an annual basis; we interpolated these data to a quarterly
frequency using a cubic spline.

Why include the two measures of wealth separately rather than a composite wealth variable?
After all, the money demand theory described above includes only a single aggregate measure
of wealth.26 However, as we show below, financial wealth has been more volatile than housing
wealth. Given that the volatility properties of the two measures of wealth have been quite differ-
ent, it seems reasonable to hypothesize that the effects of the two components of wealth on
money demand might differ. For example, if money demand responds to permanent income
and wealth, then short-term movements in financial markets may have a very different impact
on an individual’s perceived wealth than short-term movements in the housing market. In any
case, the issue is empirical and is addressed in the results presented below.

5.2 VEC Results

As a point of departure, we begin by specifying a general vector autoregressive (VAR) model
and then reparameterize this model into a VEC model.27 This approach allows us to both test
and impose the appropriate cointegrating rank on the system.28 Figures 2 and 3 illustrate a prob-
lem encountered in estimating euro area money demand with the above data. Figure 2 shows
the velocity of M3 during 1980:Q1–2009:Q4. Velocity shows a clear downward trend, which is
normally explained by the growth in wealth (housing and financial) relative to total income.
However, at the end of the period velocity clearly reverses course and moves upward. 

Figure 3 focuses on the period 2005:Q1–2010:Q4; the figure shows the annualized growth
rates of real money, real income (i.e., real GDP), and the financial wealth-to-GDP and housing
wealth-to-GDP ratios. As would be expected, GDP and the wealth ratios typically sum to about
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Table 1

Estimation of Euro Area Money Demand (1980:Q4–2006:Q4)

Panel A: Test of cointegration
Hypothesized no. of CEs Eigenvalue Trace statistic 0.05 Critical value Probability**

None* 0.285051 72.79355 47.85613 0.0001

At most 1* 0.202307 37.56147 29.79707 0.0052

At most 2* 0.122488 13.82815 15.49471 0.0878

At most 3 0.001031 0.108303 3.841466 0.7421

Panel B: The two identified cointegrating vectors
Cointegrating equation

Variable 1 2

m-p –1.000000 0.000000

y 1.000000 –1.000000

wf-y 0.675699 1.002571

wh-y 0.013909 0.111447

NOTE: All variables are in logarithms. ** and * indicate significance at the 5 percent and 10 percent levels, respectively. CE, cointegrating equa-
tion. Variables are defined as follows: m-p is M3 divided by the GDP deflator; y is real GDP; wf-y is the financial wealth-to-real GDP ratio; wh-y is
the housing wealth-to-real GDP ratio.



the same growth rate as real money, but from 2007:Q1 through 2008:Q4, the growth rate of
money exceeds the sum of the other variables—and by considerable amounts. Clearly, something
besides wealth and income is having an impact on real money balances during the latter period. 

Another way to illustrate this argument is to test whether the variables real money, real GDP,
and the two wealth-to-GDP ratios cointegrate. To determine whether there is cointegration, we
have (i) used normalization restrictions on money and real GDP (i.e., we put real money balances
on the left-hand side of the first cointegrating vector, and we put real GDP on the left-hand side
of the second cointegrating vector), (ii) imposed the income effect in the money equation to be
unity, and (iii) excluded money from the GDP equation (i.e., the second cointegrating equation).
Consider first 1980:Q1–2006:Q4—the period ending just before the outbreak of the international
financial crisis. As reported in Table 1, there are at least two cointegrating vectors over this
period. However, extending the data sample by three years—that is, 2007:Q1–2009:Q4—sug-
gests there is no cointegration among the same four variables.29 The failure to cointegrate over
the extended sample period is reflected in Figures 4 and 5, which show the recursive residuals
and the standard cumulative sum (CUSUM) test.30 Both tests clearly show that the model is sta-
ble up to around 2006 but then it becomes highly unstable over the remainder of the period.

5.3 The Role of Confidence

What happened over this latter period? One possibility is that the crises in the international
financial system caused a flight into money. Specifically, heightened uncertainty may have led
to an increase in the precautionary demand for money, a safe asset. In this regard, an issue that
arises is whether we can measure this uncertainty effect with reasonable accuracy.

Although earlier writers such as Friedman (1956) stressed the role of confidence in their
discussions of money demand, they were not able to use measures of confidence in their
applied work because relatively long time series on measures of confidence were unavailable to
them. This situation has carried over—to the best of our knowledge—to all subsequent empiri-
cal work, despite the fact that time-series indicators of confidence have become available for
most economies since the early 1990s, if not earlier. To capture the effect of confidence on euro
area money demand we used the euro area economic sentiment indicator (ESI) compiled by the
European Commission service. The ESI is a composite indicator made up of five sectoral confi-
dence indicators with different weights: industrial confidence (40 percent), services confidence
(30 percent), consumer confidence (20 percent), construction confidence (5 percent), and
retail trade confidence (5 percent). The ESI is available on a monthly frequency from 1986:01.
For this study, it was converted to a quarterly frequency.31 Figure 6 plots the level of the ESI. As
shown there, the series on confidence tends to exhibit wide swings; it is nonstationary but none -
theless exhibits mean-reverting behavior.32 Of particular interest is the sharp decline in the ESI
that began in early 2007 and persisted through the end of 2008. During the financial crises, the
sentiment indicator fell from a peak of 110 to about 70, a fall of around 36 percent.

We now turn to the formal VEC analysis with the confidence effect for the full sample period
(1980:Q1–2009:Q4). As above, we construct a VAR system with the I(1) variables forming a
vector of four endogenous variables: real money balances (m-p), real GDP (y), the ratio of real
housing wealth to real GDP (wh-y), and the ratio of real financial wealth to real GDP (wf-y). The
log of the ESI index (lesi) was treated as an exogenous variable in the VEC system under the
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(reasonable) presumption that confidence is typically affected by overall economic and financial
conditions, and not by real money balances. The spread between the 10-year German bond rate
and the own rate on money (r10-rm) is not in the cointegrating vector, as it is stationary, but it is
in the dynamics at lag minus 1 to line up with the cointegrating vector; the spread may be rein-
terpreted as part of the long-run solution. Following our previous procedure, we also included a
split time trend and a shift dummy starting in 2002 to the end of the sample as a proxy for the
change in behavior that occurred after the introduction of the euro; both dummy variables are
lagged one period to line up with the error correction mechanism.

The number of cointegrating relationships in the system was tested using the Johansen pro-
cedure (Johansen, 1995). These results are reported in Table 2, which shows that at a 1 percent
significance level there are two cointegrating vectors. The table shows the just-identified vectors
where again we have (i) used normalization restrictions on money and real GDP (i.e., we put
real money balances on the left-hand side of the first cointegrating vector and we put real GDP
on the left-hand side of the second cointegrating vector), (ii) imposed the income effect in the
money equation to be unity, and (iii) excluded money from the GDP equation (i.e., the second
cointegrating equation). The finding of two cointegrating vectors is an important result in itself
because it illustrates that with the confidence variable we now have cointegration for the entire
period. Thus, the model does not break down by including the crises period as it did when the
confidence variable was not included. The error correction coefficient on the first cointegrating
vector is significant (the t-ratio is 4.7), correctly signed, and reasonably large (0.16), and the
error correction equation for money is well specified.33 In the full VEC system, we also find a
fairly large role for the interest rate differential variable. 

What type of role does confidence play? The long-run effect of the confidence variable is
–0.037. Given the 36 percent decline in the confidence indicator during 2007 and 2008, the esti-
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mated coefficient of the confidence variable in the cointegrating vector suggests that this would
have caused an increase in the demand for money of about 1.3 percent based on the precaution-
ary effects discussed previously. For much of the 2007:Q1–2008:Q4 period, the growth rates of
income and the two wealth variables were negative, which acted to reduce the demand for money.
Therefore, the confidence effect helps to explain why real money growth, which was falling dur-
ing those two years, nevertheless remained positive. In 2009 the confidence index reversed
course and increased from about 70 to about 90 (see Figure 6). What happened to real money?
Figure 2 shows income velocity rose in 2009; alternatively, real money balances declined (see
also Figure 3). This dynamic is as expected—a rise in confidence should decrease the demand
for money. Moreover, the decline in real money took place during a time when both real income
and financial wealth jumped upward, which, everything else held equal, should have increased
real money demand.

Figures 7 and 8 report the recursive residuals (from an ordinary least squares static regres-
sion) from the money cointegrating vector and the CUSUM test applied to this equation. These
residuals should be contrasted with those in Figures 4 and 5, which show the corresponding
residuals without the confidence variable. Both procedures illustrate that the money demand
equation is now stable through the complete period of the crises.
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Table 2

Estimation of Euro Area Money Demand (1980:Q1–2009:Q4)

Panel A: Test of cointegration
Hypothesized no. of CEs Eigenvalue Trace statistic 0.05 Critical value Probability**

None* 0.381902 97.02697 47.85613 0.0000

At most 1* 0.187033 40.73725 29.79707 0.0019

At most 2* 0.126006 16.51067 15.49471 0.0351

At most 3 0.006415 0.752930 3.841466 0.3855

Panel B: The two identified cointegrating vectors
Cointegrating equation

Variable 1 2

m-p –1.000000 0.000000

y 1.000000 –1.000000

wf-y 0.38 0.642

wh-y 0.44 0.53

lesi –0.0337 0.00

R10-rm –1.62 0.0

Constant 1.437 17.24

NOTE: All variables are in logarithms. ** and * indicate significance at the 5 percent and 10 percent levels, respectively. CE, cointegratin equa-
tion. Variables are defined as follows: m-p is M3 divided by the GDP deflator; y is real GDP; wf-y is the financial wealth-to-real GDP ratio; wh-y is
the housing wealth-to-real GDP ratio; lesi is the euro area economic sentiment indicator; R10-rm is the interest rate on 10-year German govern-
ment bonds minus the own rate on money.



Hall, Swamy, Tavlas

174 May/June  2012 Federal Reserve Bank of St. Louis REVIEW

–0.012

–0.008

–0.004

0.000

0.004

0.008

0.012

2002 2003 2004 2005

Recursive Residuals

± 2 Standard Error

2006 2007 2008 2009

Figure 7

Stability of the Enlarged Model

–8

–4

0

4

8

12

16

CUSUM

5% Signi�cance

–16

–12

2002 2003 2004 2005 2006 2007 2008 2009

Figure 8

The CUSUM Test for the Enlarged Model

NOTE: CUSUM, cumulative sum.



5.4 TVC Results

Next, we estimated the long-run money demand equation using TVC estimation. The
equation estimated is 

(5)

where the coefficients are time varying. It is assumed that for j = 0, 1, 2, 3, 4, 5: 

(6)

where the π ’s are constants, the εjt’s are contemporaneously and serially correlated,34 and the z’s
are the coefficient drivers (in this case, we use the lagged change in real money, the lagged change
in GDP, and the lagged opportunity cost variable). In light of the financial crisis beginning in
2007, the total TVCs could be expected to vary considerably at the end of the period but the
bias-free coefficients would be expected to remain stable. 

Table 3 presents both the (average) total effects and the (average) bias-free coefficients.
(Recall, the bias-free estimates are those for which specification errors have been removed. In
what follows, we focus on the bias-free estimates.35) The (average) income elasticity is 1.1736;
the null hypothesis that this elasticity equals unity cannot be rejected at the 1 percent level. The
coefficient on the opportunity cost variable is correctly signed and reasonably large; although
somewhat smaller than the VEC estimate, it is significant at the 5 percent level. The coefficient
on the financial wealth-to-income ratio is positive and highly significant, as is the coefficient on
the housing wealth-to-income ratio. Specifically, the coefficient on the financial wealth-to-
income ratio is 0.09, compared with 0.38 under VEC; the TVC estimate of the bias-free coeffi-

m p y wf y wh y lesi
t t t t t t t t t t−( ) = + + −( ) + −( ) +α α α α α0 1 2 3 4 ++ −( )α5 10t r rm ,

α π π π π εjt j j t j t j t jtz z z= + + + +0 1 1 2 2 3 3 ,
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Table 3

TVC Estimation of Long-Run Money Demand for the Euro Area

Variables Total effects (1) Bias-free effects (2)

Constant –4.82 –4.8*** (–2.4)

y 1.21 1.17*** (2.1)

wf-y 0.08 0.09*** (2.2)

wh-y 0.41 0.43*** (2.8)

lesi –0.12 –0.29*** (–2.3)

R10-rm –0.1 –0.03** (1.8)

R–2 0.99 0.99

NOTE: All variables except the interest rate are in logarithms. Prob (F-stat) = 0.000. Figures in parentheses are t-ratios; t-ratios are not presented
for the total effects since the coefficients could be subject to specification error. *** and ** indicate significance at the 1 and 5 percent levels,
respectively. The estimates in column (1) are obtained using the following coefficient drivers: the constant term, lagged change in real income,
lagged change in real money, and change in the difference between the opportunity cost on holding money and the own rate on money. The
bias-free effects in column (2) are estimated using three coefficient drivers: the constant term, the lagged change in real income, and the lagged
change in real money. Variables are defined as follows: the dependent variable is M3 divided by the GDP deflator; y is real GDP; wf-y is the finan-
cial wealth-to-real GDP ratio; wh-y is the housing wealth-to-real GDP ratio; lesi is the euro area economic sentiment indicator; R10-rm is the
interest rate on 10-year German government bonds minus the own rate of return on money.



cient on the housing wealth-to-income ratio is 0.43, compared with 0.44 under VEC. Thus, in
contrast to the VEC results, the TVC results indicate that the demand for money responds quite
differently to changes in financial wealth and changes in housing wealth; changes in housing
wealth have a much larger effect on the demand for money than do changes in financial wealth.
The sum of the TVC coefficients on the two wealth-to-income ratios is 0.52, so if the wealth-to-
income ratio were to rise by 10 percent, real money demand would be expected to rise by 5.2
percent. Therefore, especially in periods of rapid rises in property values and/or equity prices,
the omission of wealth variables in the money demand specification can be a source of instabil-
ity in that specification.

What about the effect of confidence on money demand? As reported in Table 3, the coeffi-
cient on the confidence variable is –0.29 and is significant; thus, a 1 percent decline in confidence
increases the demand for money by 0.29 percent. An implication of this result is that the sharp
decline in confidence observed during 2007-09 (shown in Figure 6) contributed to an increase
in the demand for money during that period. As mentioned previously, the confidence index fell
by about 36 percent in 2007 and 2008. Everything else remaining the same, this decline in con-
fidence would have led to about a 10 percent increase in money demand, which helps to explain
why real money growth remained high during the crisis years. In 2009, the growth of real money
balances declined sharply (see Figure 3), and income velocity suddenly increased (see Figure 2).
Why did the growth of money demand decline? As shown in Figure 3, the growth of both real
income and financial wealth turned sharply positive in 2009, while housing wealth was little
changed. On balance, therefore, these factors should have caused a rise in the growth of real
money balances. Yet, the growth of real money balances declined. The sharp rise in confidence
explains this occurrence very well. 

Figures 9 through 13 present the time profiles of the total effect and the bias-free effect
yielded by TVC estimation for the five variables—real GDP, the financial wealth-to-income ratio,
the housing wealth-to-income ratio, the confidence variable, and the interest rate, respectively.
A striking feature of these results is that the bias-free effect can be much more stable than the
total effects; see Figure 10, which reports the coefficients on the financial wealth-to-income ratio.
Another important feature is that some of the total TVCs exhibit a strong instability in the past
few years, which is completely eliminated in the bias-free component. This again is consistent
with the VEC result that confidence effects seem to have been very important over this period.

5.5 Comparing the Empirical Methodologies

The generalized, nonlinear cointegration technique by and large confirmed the results of
the widely used linear VEC technique. Nevertheless, there are some differences, as noted below: 

• Under the VEC technique, the sum of the two wealth coefficients was 0.82 and the indi-
vidual coefficients—0.38 for financial wealth and 0.44 for housing wealth—were similar.
Under the TVC procedure, the sum of the wealth coefficients was 0.52, and the individual
coefficients were quite different—0.43 for the ratio of housing wealth to GDP and 0.09
for the ratio of financial wealth to GDP. Consequently, the TVC results support our ear-
lier conjecture that, because changes in financial wealth tend to be more volatile—or less
sustainable—than housing wealth, the changes in the former have a lesser impact on the
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demand for money than changes in housing wealth. Economic agents view given changes
in housing wealth as more permanent than the same changes in financial wealth.

• Using both the VEC and the TVC techniques, confidence had a significant impact on
money demand; in the case of VEC, it produced cointegration during the extended sam-
ple period (i.e., ending in 2009:Q4). Again, however, there were substantial differences in
the estimated coefficients. The confidence variable accounted for an increase in money
demand during 2007 and 2008 of about 1.3 percent, whereas under the TVC technique,
the confidence variable accounted for an increase in money demand of about 10 percent.
As shown in Figure 3, real money demand rose at rates in the range of 6 to 8 percent dur-
ing 2007 and 2008, while the growth rates of income and the two wealth variables were
often negative during those years. Consequently, the TVC estimate of the effect of confi-
dence is more helpful than the VEC estimate in explaining why growth in money demand
remained at such high levels during those two years. The growth of real money balances
declined in 2009 despite rises in the growth rates of real income and financial wealth.
However, confidence rose sharply, which acted to reduce money demand. Again, the
larger (in absolute value) TVC coefficient on confidence is more consistent with the
behavior of real money demand than is the relatively small coefficient on confidence
estimated on the basis of the VEC procedure.

• Moreover, there were important differences in implementing the techniques. Achieving
cointegration with the VEC technique required us to (i) restrict the income coefficient
to unity, (ii) assume that the I(1) confidence variable is exogenous in the cointegrating
vector, and (iii) include a split trend and another dummy variable (both beginning in
2002) to capture a change in structure that appears to have occurred three years after the
introduction of the euro (in 1999); effectively, the trends capture nonlinearities in the
cointegrating relationship. In contrast, with the TVC procedure we were able to estimate
coefficients of all the explanatory variables without introducing restrictions and without

Hall, Swamy, Tavlas

Federal Reserve Bank of St. Louis REVIEW May/June  2012 179

–4.00E–01

–3.00E–01

–2.00E–01

–1.00E–01

0.00E+00

1.00E–01

2.00E+01

–5.00E–01

Total

Unbiased

–6.00E–01

19
80

19
81

19
83

19
84

19
85

19
86

19
88

19
89

19
90

19
91

19
93

19
94

19
95

19
96

19
98

19
99

20
00

20
01

20
03

20
04

20
05

20
06

20
08

20
09

Figure 13

TVC Estimation of the Interest Rate Effect



the need of a split trend to capture nonlinearities; the TVC procedure generalizes cointe-
gration to nonlinear relationships.

5.6 Parallels with Friedman’s Work

Some clear parallels exist between our work on money demand and the work of Friedman
(1956, 1959). (i) We previously noted that Friedman (1956) stressed the role of uncertainty,
which could lead to prolonged departures from money demand equilibrium. We used a time
series on confidence to measure uncertainty and found that it plays an important role in the
money demand function. (ii) Cointegration is inherently about long-run relationships. Similarly,
Friedman’s (1959) empirical work on money demand was inherently long run: The empirical
specification did not include a lagged dependent variable to capture adjustment costs (or to cor-
rect for serial correlation and/or improve explanatory power), a device that became a standard
feature of empirical work beginning in the 1960s. His times series covered a long horizon (i.e.,
1869 to 1956)—and the data abstracted from the business cycle—using average values of vari-
ables over the cycle.37 (iii) Friedman stressed the role of wealth in the money demand function,
using permanent income as a proxy for wealth in the absence of the availability of a long-run
series on wealth at the time that he wrote. Our results confirm the crucial role of wealth in the
money demand function.

6. CONCLUSIONS
This paper provides an overview of the ECB’s monetary analysis strategy and the pivotal

role of monetary factors in the assessment of medium- to longer-term prospects for price stabil-
ity in the euro area. The ECB’s monetary analysis extends beyond simply focusing on develop-
ments in M3; it also involves an assessment of various measures of money, as well as credit and
financial flows and asset prices. We also demonstrate the many direct connections between the
contributions of Milton Friedman and the monetary policy strategy of the ECB.

A salient feature of the ECB’s strategy is that it has evolved over the years; the monetary
analysis pillar has been—and continues to be—broadened and deepened. Some emphasis was
given to a reference value for M3 growth at the inception of the ECB, but currently the M3 refer-
ence value plays a relatively minor role within the monetary analysis pillar. One factor account-
ing for this development was the instability displayed by euro area money demand functions
beginning around 2003. Our results, however, indicate that M3 demand, taking into account
wealth and confidence, has been stable.

Since the stability of money demand is crucial in assessing the longer-term relationship
between money and prices, what are the policy implications of our results? To the extent that
deviations in the equilibrium relationship between real money and its determinants are tempo-
rary, they can be expected to be self-correcting. In this connection, the international financial
crisis of 2007 and 2008 led to a sharp drop in confidence, which contributed to a flight to money.
The relatively fast growth rate of euro area real M3 during these two years was not indicative of
an overly expansionary monetary policy, but rather of the increase in the demand for money
stemming mainly from the precipitous fall in confidence. Nevertheless, confidence tends to be
mean reverting; thus, the sharp rise in confidence in 2009 contributed to a decline in real M3
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balances. Our findings, therefore, reinforce the importance of using money demand analysis in
a medium- to longer-term context.

NOTES
1 The ECB’s definition of price stability is given in Section 2.

2 Elements of Friedman’s thinking can be found in the monetary policy strategies of other central banks, including those that
follow inflation targeting. For an acknowledgment of Friedman’s views in influencing the Federal Reserve’s policy, see
Bernanke (2002).

3 The collaboration with Schwartz resulted in their classic, A Monetary History of the United States, 1867-1960, published in
1963. In his initial correspondence with Schwartz, Friedman estimated that their project would be completed in three years.
See Tavlas (2012), on which the discussion in this section draws.

4 The paper was published as part of the collected essays in Friedman (1969).

5 It should be kept in mind that the Friedman and Schwartz evidence to which Friedman referred in these studies was prelim-
inary. Moreover, during the 1960s Friedman’s views on some of the issues discussed below, including the Great Depression,
would undergo refinement. The data periods to which Friedman referred in these studies alternated among 1867 to 1954,
1867 to 1957, and 1870 to 1954.

6 Subsequently, this measure corresponded to what became known as M2.

7 Lothian (2009) noted that “By using reference-cycle averages as his basic units of observation, Friedman was able to focus
on positions of long-run equilibrium. He, therefore, was able to get around to the problems of monetary endogeneity and
the partially related econometric problems inherent in modelling short-run monetary adjustment” (p. 1089). See also Tavlas
(1998).

8 See also Friedman (1958, p. 175), which cited evidence on velocity behavior in papers by Cagan (1956) and Selden (1956),
both of which were written for the Chicago Workshop in Money and Banking. 

9 In a 1973 paper, Friedman argued that “if we knew about autonomous changes in the real demand for money, it would be
right to adjust the money supply to them. However, we don’t know about them” (Friedman, 1973; quoted in Nelson, 2008, 
p. 101).

10 Friedman stated that “the evidence for this concept is certainly far from conclusive” (1960, p. 91). In the early 1980s he
switched to M1. Nelson (2007) provides a discussion of the reasons for the switch.

11 The meaning of “medium term” has not been precisely defined by the ECB.

12 The ECB is governed by two main decisionmaking bodies—the Governing Council and the Executive Board. The Governing
Council is the main decisionmaking body. It combines the 6-member Executive Board (which includes the president and
vice president of the ECB) and the 17 governors of the national central banks of the member states that have adopted the
euro. The Governing Council usually meets twice per month in Frankfurt, Germany. At its first meeting each month, the
Governing Council assesses economic and monetary developments and makes its monthly monetary policy decision. At its
second meeting, the Council discusses issues mainly related to other tasks and responsibilities of the ECB.

13 The HICP is a weighted average of price indexes of the member states of the euro area. Its coverage includes goods and
services consumed. The index measures the change in expenditure necessary to maintain unchanged, with respect to a
base period, the consumption pattern of households and the composition of the consumer population. See Issing et al.
(2001, pp. 51-53).

14 It is important to note that the ECB’s monetary policy strategy reflects a broad range of contributions other than those of
Friedman. For a good discussion, see Issing et al. (2001, pp. 32-46).

15 The ECB’s monetary policy strategy was, to a substantial extent, based on the earlier strategy of Germany’s Bundesbank.
Issing and Tristani (2005, p. 50) discussed the influence of Friedman on the Bundesbank’s strategy.

16 For a detailed discussion of the monetary analysis pillar, see Drudi, Moutot, and Vlassopoulos (2010).

17 The sample period used by the ECB to estimate the best-fit criterion typically begins in 1980. Since euro area-wide data
were not available before the start of the euro area on January 1, 1999, data extending back to 1980 were constructed
“synthetically.” 

18 The co-authors of the paper were Fischer, Lenza, Pill, and Reichlin (2007). The paper itself, while acknowledging the break-
down of euro area money demand relationships, stressed the importance of monetary factors and the need to develop new
tools to assess the impact of monetary factors on the economy.
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19 Fischer and Pill wrote: “Money-demand models are the workhorse of [the ECB’s] monetary analysis, playing an unglamorous
but crucial role in any comprehensive framework for the assessment of monetary conditions” (2010, p. 131).

20 Of the two press reports cited above on the November 2006 ECB conference—those of Handelsblatt and the Financial
Times—the latter was more accurate about the implications of the conference for the ECB’s monetary analysis pillar. Although
researchers found money demand models had broken down, the ECB responded by attempting to improve those models.

21 Friedman (1956) specified a money demand function in which the real quantity of money demand is a function of a vector
of returns on alternatives to holding money bonds, equities, physical goods, and human capital.

22 Friedman (1956, pp. 4-9; 1959) considered permanent income to be the relevant measure of wealth in the money demand
function. In addition to permanent income, he argued that a variable capturing the ratio of wealth to income should be
included in the money demand function. We use a wealth-to-income variable in what follows.

23 Our specification is identical to that derived by Tobin (1969, p. 20, equation (I.2)), except that Tobin included the ratio of
income to wealth rather than the ratio of wealth to income.

24 Suppose that the variables—say, real income, real money balances, and wealth—in a money demand equation are each
nonstationary and integrated of order one. The finding of cointegration would mean that the error term in the money
demand equation is stationary.

25 Formal derivations of the ideas discussed in this paper are provided in Swamy and Tavlas (2005, 2007). Empirical applications
include Hall et al. (2009) and Hall, Swamy, and Tavlas (2012a).

26 To our knowledge, the first empirical study to include wealth in a money demand specification for the euro area was by Hall
et al. (2007). These authors used a single wealth variable. In the absence (at that time) of the availability of a wealth variable
for the entire euro area, they constructed a wealth variable on the basis of stock market valuation. They found that the
demand for money was stable over the period 1980:Q2–2006:Q4.

27 The time-series properties of all the variables were evaluated using standard unit root tests: the augmented Dickey-Fuller
(ADF), Phillips-Perron (PP), and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) tests. All these tests suggested that real money,
real income, the ratio of real financial wealth to real income, the ratio of real housing wealth to real income, and the confi-
dence index were (unit root) nonstationary, while their first differences were stationary. The spread between the interest
rate variable and the own rate on M3 was I(0). Consequently, the interest rate spread was not included in the cointegrating
relationship, although it was included with the VEC as part of the error correction process. Because we focus on the I(1)
analysis, real money balances, real income, the ratios of real financial and housing wealth to real income, and the confidence
variables were included as I(1) variables in the VAR specification. The interest rate spread was included as an exogenous vari-
able, which was lagged to line up with the cointegrating vectors; since it is stationary, it cannot affect the cointegration
among the other variables. 

28 This is done by setting up an unrestricted VAR estimation and testing this VAR for misspecification and the cointegrating
rank among the variables. To determine the lag length of the VAR model, alternate versions of the system were initially esti-
mated using different lags. An Akaike information criterion, a Schwartz Bayesian criterion, and a Hannan-Quinn criterion
were used to determine the lag length. Finally, a VAR model of order two was used in the estimation procedure. For a discus-
sion of these tests, see Maddala and Kim (1998, pp. 45-146).

29 We do not report these results for the period ending in 2009:Q4 in Table 1. The ADF test statistic is –2.95, compared with a 
5 percent critical value of –4.80. Therefore, we fail to reject the null hypothesis of no cointegration. For the ADF test, we
included a split time trend starting in 2002 to proxy the change in behavior that occurred after the introduction of the euro,
a dummy that takes a value of unity from 2002 to the end of the sample period, and the opportunity cost of holding M3
minus the own rate on M3 (which is stationary). These variables were included to make the results comparable with the VEC
results reported in what follows. 

30 The CUSUM test will not have the standard critical values for a cointegrating regression but the instability is obvious.

31 The ESI was projected backwards to 1980:01 as a constant so that we could make use of the full data sample.

32 In technical terms, uncertainty acts as a fractionally integrated process. 

33 The complete results are available from the authors.

34 See Swamy and Tavlas (2001, p. 419).

35 With the exception of the coefficients on the confidence and the opportunity cost variables, the bias-free coefficients are on
average very close to the total effect coefficients but, as we will show, much more stable.

36 (1/T) = 1.17, where π̂1k is an iteratively rescaled generalized least squares (IRSGLS) estimator of π1k.π̂1k ktkt
T z∈= ∑∑ A t111

Hall, Swamy, Tavlas

182 May/June  2012 Federal Reserve Bank of St. Louis REVIEW



37 Friedman (1959) wrote: “[T]he long time period covered assures that movements in money are dominated by the movements
in the permanent component of income” (p. 119). As mentioned above, Friedman (1959) did not include an interest rate in
his money demand function. Laidler (1966) performed an exercise similar to Friedman’s but included the rate of interest in
his regressions. Laidler found that the inclusion of the interest rate improved the predictability of his regressions, confirm-
ing the importance of the interest rate as a determinant of the demand for money. Friedman (1966) acknowledged that the
interest rate could have an effect on the demand for money.
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Liquidity Shocks, Real Interest Rates, and
Global Imbalances

David Andolfatto

The author uses a simple neoclassical model to show how liquidity shocks at home and abroad can 
contribute to trade imbalances and low real interest rates. The author’s interpretation is consistent with
Bernanke’s (2005) “global saving glut” hypothesis. (JEL E2, F3)

Federal Reserve Bank of St. Louis Review, May/June 2012, 94(3), pp. 187-95.

R ecent decades have witnessed a steady decline in the real interest rates associated with
relatively low-risk securities. Indeed, the real yields on short- to mid-term dated U.S.
Treasury securities are presently negative (Figure 1). Over roughly the same period of

time, the world economy has exhibited growing trade imbalances—a second phenomenon
that refers primarily to the large and persistent U.S. current account deficits, financed in large
part by emerging economies (Figure 2). The question I ask in this article is whether these two
phenomena are related and, if so, what is the underlying economic mechanism?

I am not, of course, the first one to ask this question. There is, by now, a large (and still grow-
ing) literature on the subject. As usual, there is likely no single reason behind the phenomena
and, as one would expect, the literature offers several candidate explanations. It is possible, how-
ever, to identify a common theme in these explanations—namely, the existence of a financial
market “friction” that gives rise to a localized borrowing constraint.1 Typically, the friction plays
a passive role in the sense that it interacts only with some other shock—such as an increase in
growth or uncertainty—to explain the phenomena under investigation. Instead, in this article 
I take a different approach: to investigate whether the direct effect emanating from a change in
the friction itself might also account for global imbalances and declining interest rates.

I model borrowing constraints below as the product of a limited commitment friction.
“Limited commitment” refers to the unwillingness of debtors to honor their promises of repay-
ment. On the flip side, it refers to the inability of creditors to recover all that is owed to them (in
circumstances where debtors have the means to repay). Hence, limited commitment gives rise
to the possibility of “strategic default.”2 Because creditors are generally aware of the incentive to
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default, their natural response is to ration credit and/or demand collateral in support of a debt
arrangement.3

When assets can be used as collateral, they can, in effect, be used to pay for things. In this
sense, collateral instruments are similar to monetary instruments. And just as with our experi-
ence with monetary instruments throughout history, different forms of collateral can very
quickly become more or less “liquid” depending on how market participants view the quality of
the underlying collateral assets. A sudden change in market perception—whether warranted or
not—may lead to heavy discounts (“haircuts”) on the face value of collateral. A drop in the per-
ceived value of collateral, in turn, leads to increased concern over the possibility of strategic
default, and with it, an associated contraction in credit supply. I label such an event a liquidity
shock. And, as the title of this article suggests, I consider how a sequence of liquidity shocks
could have contributed to the phenomenon of global imbalances and low interest rates.

This line of inquiry is motivated in part by a famous speech by Federal Reserve Chairman
Ben Bernanke (2005) entitled “The Global Saving Glut and the U.S. Current Account Deficit.”
As Figure 3 clearly shows, there is, in fact, little evidence of a secular increase in the global saving
rate. However, it also seems clear that what Bernanke means by a “saving glut” is a reallocation
of world saving toward relative safe havens, primarily the United States. In particular, he states
that “a key reason for the change in the current account position of developing countries is the
series of financial crises those countries experienced in the past decade or so.” He goes on to cite
a loss of lender confidence (and other factors) that ultimately culminated in a series of financial
crises in Mexico in 1994, in several East Asian countries in 1997-98, in Russia in 1998, in Brazil
in 1999, and in Argentina in 2002. Each of these crises was characterized by (among other things)
rapid capital outflows and recession.4

Below I describe a way to formalize my interpretation of Bernanke’s saving glut hypothesis.
I begin with a simple closed economy model and show how a negative liquidity shock can real-
locate a given quantity of saving from high- to low-return uses—a sort of flight to safety phenom-
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enon that leads naturally to a lower real rate of interest (and a contraction in real gross domestic
product [GDP]). I then extend the model to allow for international trade and finance. A sequence
of negative liquidity shocks originating outside the domestic sector now generates an inflow of
capital from foreign locations, with the effect of depressing real yields in the face of mounting
current account deficits.

A CLOSED ECONOMY MODEL
My framework of analysis is the overlapping-generations model.5 Time is discrete and the

time horizon is infinite; denote time by t = 1, 2, ..., �. Let Nt denote the number of people who
enter the economy at date t ≥ 1 (the “young”). Those who enter at dates t ≥ 1 participate (“live”)
for two periods and then exit the economy (they “die”). At the beginning of time, there is an
incumbent population N0 of “initial old” agents who live for one period only. There is no uncer-
tainty and, for simplicity, I assume Nt = 1 for all t. That is, the population is constant and at any
point in time divided evenly between the young and old. All agents wish to consume in the second
period of life only.6 Moreover, I assume that preferences are linear in the level of consumption.

Agents enter the economy as one of two types: workers and entrepreneurs (assume equal
numbers of each). Workers are endowed with y units of output when young.7 Workers possess
a means to store wealth (a storage technology) that yields a gross real rate of return 0 < δ > 1.
Entrepreneurs are endowed with a capital project that transforms kt units of investment at
date t into f(kt) units of output at date t +1. Capital depreciates fully after it is used in produc-
tion. Assume that f ′′ < 0 < f ′, f(0) = 0, f ′(0) = �, and f ′(y) > δ.

Workers are the natural savers here and entrepreneurs the natural borrowers. Assume a
competitive market for loanable funds and let R denote the gross real rate of interest. As the
young wish to postpone their consumption, their saving in aggregate is equal to y. Entrepre neurs
wish to borrow resources to fund capital investment. Investment demand kd satisfies f ′(kd) = R.
In equilibrium kd = y, which implies an equilibrium interest rate8 as follows:

(1)

Workers consume c*
w = R*y and entrepreneurs consume c*

e = f(y) – R*y.
In this model, the equilibrium interest rate is determined by whatever forces influence

desired saving and investment. An exogenous increase in saving, y, serves to reduce the interest
rate. An exogenous decline in the expected marginal product of capital schedule f ′(k) similarly
has the effect of depressing the interest rate, owing to a contraction in investment demand. In
what follows, I abstract from these “neoclassical” considerations to focus on another type of
shock that seems better suited to describing what happens during a financial crisis.

LIMITED COMMITMENT AND LIQUIDITY CONSTRAINTS
Young entrepreneurs want to borrow to finance new capital formation. The analysis above

implicitly assumes that entrepreneurs can be relied on to repay their debts. Assume instead that
entrepreneurs lack the commitment necessary to make good on their unsecured promises.

R f y∗ = ′( ).
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Following Kiyotaki and Moore (2002), assume that some fraction 0 ≤ θ ≤ 1 of the future return
to investment f(k) can be pledged as collateral in support of debt. Consequently, entrepreneurs
are subject to a debt constraint that takes the form

(2)

The parameter θ indexes the extent to which capital projects are “liquid”—that is, how easily
they can be used to pay for things (such as the resources acquired from young workers in this
case). For this reason, it seems appropriate to label unexpected changes in θ liquidity shocks. But
before studying the effects of an unanticipated change in liquidity, let us first study the implica-
tions of the liquidity constraint (2) for the interest rate and resource allocation.

The liquidity constraint (2) either binds or it does not. If it does not bind, then the equilib-
rium is as described above. But clearly, there exists a small enough θ that will render the liquidity
constraint tight. For example, if capital projects are perfectly illiquid (θ = 0), then entrepreneurs
secure zero financing and workers invest their income y in savings for future return δy.

The example just considered suggests that the interest rate in the liquidity-constrained
economy is equal to δ < f ′(k). Indeed, this turns out to be the case.9 Consequently, if condition
(2) binds, then capital spending on the part of entrepreneurs k̂ < y satisfies

(3)

Suppose f ′(k)k = α f(k) for some 0 < α < 1. Then condition (3) can be expressed as δ = (θ/α)f ′(k̂).
Define 0 < θ * < 1 that satisfies

(4)

Clearly, θ * < α since f ′(y) > δ . We conclude from equation (4) that the debt constraint will bind
tightly for any value of 0 ≤ θ < θ *. Moreover, note that when the debt constraint does bind, the
rate of return on capital exceeds the interest rate—that is, f ′(k̂) > δ . This high rate of return can-
not be exploited here because entrepreneurs will default on any debt in excess of k̂. Anticipating
this, creditors (here, workers) impose a credit limit on entrepreneurs. The credit limit is chosen
such that entrepreneurs have no incentive to default in equilibrium—at least, barring any unfore-
seen changes in the environment, which I address momentarily.

I conclude this section by noting the impact of the liquidity constraint on resource alloca-
tion and welfare. First, in this simple model, there is no impact on aggregate investment. Rather,
the effect of the constraint here is a misallocation of resources across investment opportunities.
Ideally, all of y should be allocated to entrepreneurs. When the liquidity constraint binds, how-
ever, only k̂ < y units are allocated to entrepreneurs who generate f (k̂) units of output, with the
remaining y – k̂ units invested in the low-return storage technology, generating future output
δ (y – k̂). Note that f (k) > f (k̂) + δ (y – k̂); thus, the effect of the constraint is to lower real GDP.
The economic welfare of both workers and entrepreneurs is lower when the liquidity constraint
binds.

Rk f k≤ ( )θ .

δ θˆ ˆ .k f k= ( )

θ α δ∗( ) ′( ) =f y .
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A FINANCIAL CRISIS
Consider the following thought experiment. Imagine an economy initially functioning at a

high level where liquidity is not a concern. Entrepreneurs are fully financed, and savers enjoy a
high rate of interest on their savings—that is, condition (1) holds.

Suppose now that in some arbitrary period, the parameter θ suddenly jumps down to a
level less than θ *; that is, there is a negative liquidity shock. Assume that the shock occurs just
after entrepreneurs have secured full funding. For simplicity, assume that the shock is perceived
to be permanent.

One way to interpret the shock is to imagine that debtors are suddenly presented with an
opportunity for strategic default. That is, while the current-generation entrepreneurs have 
borrowed y and are expected to repay R*y, they now repay only what they absolutely have to:
θf(y) < R*y. Hence, if they can do so with impunity, debtors abscond with the amount 
R*y – θf(y) > 0 at the expense of savers.

The decline in θ corresponds to an evaporation of investor confidence here, confidence that
one will be repaid. Savers do not believe the promises made by creditors; this suspension of belief
generates a “credit crisis.”10 As a result, savers ration the credit they supply to entrepreneurs,
diverting resources to more secure, though less productive, investment opportunities. The real
interest rate declines, and the economy enters a recession.

The purpose of this section was to demonstrate how a domestic liquidity crisis leads to a
low—possibly negative—real rate of interest. Essentially, capital is diverted from high-return
(but untrustworthy) to low-return (and safer) uses. Next I want to show that the same effect is
possible for the domestic economy even if the crisis occurs in foreign sectors with trading links
to the domestic economy.

A TWO-COUNTRY MODEL
Imagine now that there are two countries, each like the one described above. Let me call

country 1 the United States and country 2 the rest of the world (ROW). If the countries are iden-
tical in every respect, then there is no international trade and the competitive equilibrium is as
described above. I use the unconstrained equilibrium as my starting point.

My intended experiment here is a sequence of negative liquidity shocks in the ROW—that
is, declines in the value of θ that leave entrepreneurs in the ROW liquidity-constrained.11 As
liquidity shocks generate phenomena in the model that are associated with financial crises, this
thought experiment seems consistent with the view expressed by Bernanke (2005).

Consider then an unanticipated and permanent decline in foreign sector θ that is sufficiently
large to constrain investment in the ROW (I assume that investment remains unconstrained in
the United States). For simplicity, assume that δ = 0. In this event, capital investment in the ROW
is determined by Rk̂2 = θf(k̂2), k̂2 < y. In the United States, capital investment remains uncon-
strained, so f ′(k̂1) = R. Equating the world supply of saving and demand for investment, 2y = 
k̂1 + k̂2, it follows that k̂1 > y > k̂2 and R̂ = f ′(k̂1) < R*.

In these open economies, capital is reallocated from the ROW to the United States, driving
the marginal product of capital up in the former region and down in the latter. While the rate of
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return is high in the ROW, creditors are unable to exploit this high return for the reason dis-
cussed earlier: Debtors (in this case, foreign debtors) cannot commit to repay all their debts.
Consequently, foreign savers, seeking a relative safe haven, move their savings to the United
States, thereby lowering the world real rate of interest.12

The asymmetric liquidity shock generates international trade flows. Suppose, for the sake
of illustration, that the shock is permanent. Then in the period of the shock, the United States
imports (k̂1– y) > 0 units of capital; that is, there is a net inflow of capital from abroad—a U.S.
trade balance deficit. In all subsequent periods, the United States simultaneously remits R̂(k̂1– y)
to foreign bondholders and imports (k̂1– y) > 0 of new capital. If the real rate of interest is posi-
tive (presently not the case on U.S. Treasury securities with maturities of 10 years and less), then
foreign income for the United States is negative; NFI1 = (R̂ – 1)(y – k̂1) < 0.

The liquidity shock also induces default in the period of the shock, with corresponding
wealth redistribution. On impact, old entrepreneurs in the ROW partially default on their debt
obligations. These agents owe R*y ≥ θf(y), so they default on the difference. Note that as indi-
vidual wealth portfolios are indeterminate here, bondholders around the world could be affected.
The bondholders in this case consist of the old generation of domestic and foreign workers/savers.

Depending on the duration of the liquidity shock, there are also longer-term redistributional
consequences. In particular, domestic savers are harmed by lower interest rates, while domestic
entrepreneurs benefit. Foreign savers benefit by the opportunity to invest domestically, while
foreign entrepreneurs are harmed by a lack of funds.

CONCLUSION
Liquidity shocks—events associated with a crisis in investor confidence—are episodes that

recur with discouraging regularity. While it would be of considerable interest to do so, I have
not examined the deeper source of such disturbances. Instead, I simply asked the question: If we
were to take liquidity shocks as given, what would they imply about global imbalances and real
interest rates? I have demonstrated, within the context of a simple neoclassical model, how a
sequence of liquidity shocks can generate the phenomena under investigation.

Of course, whether liquidity shocks can account for quantitative magnitudes is a separate
issue. In reality, several forces likely contribute to the phenomena in question. I have cited some
literature highlighting the different aspects in the process of world economic development. And
while I have deliberately ignored how international policies may have influenced events, there is
some evidence to suggest they have played a significant role as well (see, for example, Obstfeld
and Rogoff, 2009). On the other hand, to the extent that financial markets are afflicted with lim-
ited commitment frictions, there is potential for a more positive role for policy (see, for example,
Woodford, 1990).
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NOTES
1 See, for example, Caballero, Farhi, and Gourinchas (2008); Mendoza, Quadrini, and Rios-Rull (2009); Song, Storesletten, and

Zilibotti (2011); and the references cited therein.

2 A nonstrategic default occurs when the debtor is willing but unable to repay. A strategic default occurs when the debtor is
able but unwilling to repay.

3 Caballero, Farhi, and Gourinchas (2008) describe this circumstance as leading to an “asset shortage” in the sense that credit
market imperfections prevent some debtors from creating what would otherwise serve as high-quality assets in the wealth
portfolios of savers.

4 Bernanke goes on to speculate that in response to these crises, even emerging economies that escaped a major crisis
(notably China) adopted strategies that involved shifting from being net importers of capital to being net exporters.

It is of some interest to point out that relatively mature economies such as Germany and Japan are net exporters of capital,
consistent with conventional theory. It is notable too that both these economies, unlike the United States, experienced no
real estate boom.

5 One difficulty with the overlapping-generations framework is the tendency for readers to interpret the model too literally. 
I recommend that readers instead focus on the key economic forces highlighted by the model. These forces are present in
infinitely lived agent economies with liquidity constraints; see, for example, Woodford (1986).

In what follows, I want to stay as simple as possible, but not so simple as to render my conclusions an artifact of the particular
abstractions used for exposition. I believe the economic forces highlighted below are robust across modeling environments,
although their quantitative importance may be diminished by other factors from which I abstract here.

6 This assumption is made so the saving decision for young agents is exogenous; this allows me to focus on portfolio choices
in the analysis to follow.  

7 It would be easy to endogenize output by allowing output to be an increasing function of effort, with effort subject to an
increasing and convex utility cost.

8 Since f ′(y) > δ, workers will prefer to lend their resources to entrepreneurs rather than invest them in their own relatively
poor-return storage technology.

9 Entrepreneurs will not be able to secure additional financing by bidding up the interest rate. Consequently, the best they
can do is borrow at rate δ, the opportunity cost of funds to savers.

10 The word credit is itself derived from the Latin credere, which means to believe.

11 There is the question of whether one country’s θ applies only to domestic entrepreneurs or to foreign entrepreneurs as well.
If only the former, then the domestic liquidity constraint might be mitigated by foreign direct investment. Here, I assume that
the domestic liquidity constraint applies to all agents, irrespective of their nationality. Wang, Wen, and Xu (2012) present a
model wherein foreign direct investment flowing in one direction coexists with financial capital flowing in the opposite
direction.

12 Thus, the model here provides one explanation for the question posed by Lucas (1990) of why capital does not flow from
rich to poor countries.
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An Application of Conventional 
Sovereign Debt Sustainability Analysis 

to the Current Debt Crises
Silvio Contessi

The developing international debt crisis has unleashed unanticipated fears that more governments in
some advanced economies may default on their sovereign debt and trigger a global financial tsunami.
This article provides a primer on sovereign debt sustainability and interprets the recent experience of
advanced economies in the light of a uniform approach that allows an answer to this question: What
are the main factors that contribute to making a country’s debt sustainable or unsustainable? 
(JEL E6, H12, H6)

Federal Reserve Bank of St. Louis Review, May/June 2012, 94(3), pp. 197-220.

S ince the global financial crisis began in 2007, focus has intensified on the national debts
of several European Union (EU) countries; the perceived risk of default on this debt has
spiked to levels not seen since the introduction of the euro in 1999 and, for many coun-

tries, not since the years after World War II. The initial worries lay with four peripheral coun-
tries—Ireland, Portugal, Spain, and Greece—but extended to Italy in the summer of 2011 and
started to spread to countries whose debt was considered sustainable until a few months earlier;
by the beginning of 2012, France, for example, was included in this last category. As a conse-
quence, financial markets and investors demanded higher yields to keep buying the debt issued
by this group of seemingly disparate countries. Thanks to policy intervention by the European
Central Bank (ECB), fiscal packages in various countries, and the restructuring of the Greek
debt, yields of the government debt of euro zone countries were reduced in the first three
months of 2012, suggesting a softening of the debt crisis.1 This article provides a primer on
sovereign debt sustainability and interprets the recent experience of advanced economies using
a simple standard analysis of the elements that contribute to debt sustainability in the medium
term.

Government debt (Dt) at the end of a certain period, t, is typically described as a percentage
of gross domestic product (GDP) or output, (Yt)—that is, as a debt-to-GDP ratio: (dt = Dt/Yt).2

Silvio Contessi is an economist at the Federal Reserve Bank of St. Louis. The author thanks Riccardo Di Cecio, Luciana Juvenal, Li Li, and
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This convention allows meaningful comparisons over time or across countries with respect to
the ability of a government to service its debt and handle its fiscal situations in general.

The recent financial and banking crises and global recession increased annual deficits and
debt-to-GDP ratios in many countries, as often occurs after such crises. In particular, Reinhart
and Rogoff (2009) show in their large sample of crises that real public debt increased by 86.3
percent on average within 3 years in the aftermath of pre-2007 crises. For example, since 2007
U.S. debt has increased by 65.15 percent and for 17 euro area countries as a whole by 38.46 per-
cent. The current monetary stance in many countries has kept interest rates at favorably low
levels for the past three years and will perhaps do so for the near future. However, the global
economy is likely to strengthen in the medium term and rates are likely to rise, further increas-
ing total deficits and making government debt more difficult to sustain.

What happened in the EU countries perceived as the riskiest, at least in terms of government
debt sustainability? Why did their fiscal situations deteriorate so rapidly? Although the causes
for uncertainty in each country differ, all five peripheral EU countries (Italy, Ireland, Spain,
Portugal, and Greece) face burdensome public debt and large, although shrinking, budget deficits.
Italy had a large stock of debt for many years and experienced poor recent and expected growth.
Ireland and Spain had lower pre-crisis debt but experienced huge deficit increases, and their
economies are expected to perform poorly in the near future. Portugal had moderate debt but
sizable deficit increases coupled with slow projected growth. Greece had both a large pre-crisis
debt and a ballooning deficit. 

In all countries but Ireland, common elements contribute to fiscal concerns, including a
high share of government expenditure as a percentage of GDP, low fertility rates (with fewer
future workers to reduce the debt), and a relatively large informal economy that makes tax col-
lection inefficient and difficult. In addition, four of the countries (Ireland is again an exception)
currently spend or are projected to spend a larger share of their GDP to pay for future public
pensions relative to other advanced economies. A final common element among these countries
is membership in the euro area, which presumably prevents members from inflating away their
debt because the euro zone monetary policy is conducted by the ECB, an independent institu-
tion as established in the ECB statute as well as in the Treaty on European Union and Treaty on
the Functioning of the European Union (the Maastricht treaty and the Rome treaty).3 Two ques-
tions arise from apparently similar treatment triggered by what appear to be different causes:
First, what determines the growth of national debts? And second, what common features explain
why investors have been so worried about these countries as a group?

Although there are features specific to countries belonging to the euro zone, the answers to
these questions more generally relate to a country’s overall fiscal soundness and the notion of
debt sustainability. In a nutshell, faster GDP growth relative to debt facilitates a government’s
efforts to keep its debt-to-GDP ratio under control. In contrast, meager economic growth and/or
little fiscal discipline can balloon the debt-to-GDP ratio until the government develops fiscal
discipline, defaults on its debt, or monetizes it. For countries in the euro zone, further compli-
cations stem from the fact that actions affecting money supply, inflation, and ultimately mone-
tization of government debt are not a prerogative of national central banks but are the purview
of the ECB, to which these individual countries relinquished monetary policy when they adopted
the euro as their common currency and entered the euro zone.
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This article discusses the simple algebra of debt sustainability in a general case and how the
recent experience of five peripheral European countries can be interpreted in the context of this
analysis. Greece, Ireland, Italy, Portugal, and Spain are compared with five other countries in
the G-7: France, Germany, Japan, the United Kingdom, and the United States.

The analysis is carried out as of the end of January 2012. In the first few months of 2012,
the combination of policy interventions by the ECB through the two rounds of the long-term
financing program, various fiscal packages in individual countries, and the restructuring of the
Greek debt contributed to lower the yields of euro zone countries’ government debt, suggesting
that the debt crisis may be losing steam. This study does not analyze recent events or discuss the
additional complications attached to euro zone membership, but it does focus directly on the
determinants of debt sustainability in both a general sense and through the comparison of an
array of euro zone countries. (For excellent and detailed analyses of the problems specific to the
17 members of the euro zone, see Boone and Johnson, 2011; Boone and Johnson, 2012; Holinski,
Kool, and Muysken, 2012; and Martin and Waller, 2012.)

The second section discusses a simple formalization of debt sustainability. The next section
interprets the recent experience of the five peripheral EU countries within the framework
developed in the previous section.

WHEN IS GOVERNMENT DEBT SUSTAINABLE?
This section presents a simple textbook analysis of debt-to-GDP sustainability in a closed

economy in which government debt is issued entirely in domestic currency and no external
variable is factored in.4 Explaining the determinants of government debt sustainability requires
the definition of certain variables (see the Notation Glossary).

The annual budget constraints of the government require that expenditures (i.e., government
purchases, Gt) plus interest on privately held outstanding debt (itDt–1) must be funded by three
sources of revenue: taxes (Tt), new borrowing from the private sector (Dt –Dt–1), and changes
in the stock of money (Mt –Mt–1), denoted as follows: 

(1)

In the simplest terms, if tax receipts (Tt) exceed government outlays on current expenditures
(Gt), the government enjoys a primary surplus; conversely, if current expenditures exceed tax
receipts, then the government runs a primary deficit. (Another way of naming a deficit is to call
it a negative surplus.) The term “primary” refers to the current flow of taxes and government
spending, which includes both long-term structural spending (such as military expenditures or
infrastructure) and cyclical components (such as unemployment benefits).

The primary surplus (or deficit) less interest payments on outstanding debt is defined as an
overall (including interest) fiscal surplus if positive and overall fiscal deficit if negative. More
generally, the primary balance can be defined as Bt = Gt – Tt; therefore, Bt > 0 identifies a primary
deficit. The government budget constraint can be reorganized to show that the year-to-year
change in nominal government debt is the sum of three factors: the interest paid on outstanding
debt, the primary deficit, and changes in the money supply.5 Higher interest rates (which affect

G i D T D D M Mt t t t t t t t+ = + −( )+ −− − −1 1 1  
Expenditures

(( )  
Revenues

.
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how much a government must pay on its debt), outlays, and declines in tax receipts tend to
increase a country’s debt.

In other words, the annual government budget constraint can be written as

(2)

(3)

where (Bt + itDt–1) is the overall balance—that is, the government deficit (if positive) or surplus
(if negative) accounting for interest payments on existing debt. A surplus reduces the outstand-
ing debt while a deficit increases Dt. Importantly, there are various options in choosing the
empirical measure of the interest rate, it. The interest paid in t over the pre-existing debt (Dt–1)
is largely predetermined as the nominal interest on Treasury bills and bonds determined at the
time of issuance. This interest is sometimes indexed to inflation but usually is not affected by
changes in interest rates on new issuance of debt during t. The ratio of total interest paid in t over
the existing debt is “effective interest.” In practice, it should be a weighted average of interest
rates on the many individual securities that comprise the total outstanding debt (Dt–1). In fact,

D i D B Mt t t t t= +( ) + −−1 1 ∆

= + +( )− −D B i Dt t t t1 1   
Pre-existing� Debt Overall�� Balance Seigniorage

,− ∆Mt
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Notation Glossary

Bt = Primary balance, which can be a primary deficit (Bt > 0) or a 
primary surplus (Bt < 0).

bt = Primary balance in t, as a ratio of GDP.

Dt = Debt at the end of period t.

dt = Debt at the end of period t, as a ratio of GDP.

pt = Inflation rate in t.

gt = Nominal GDP growth rate.

gt = Real GDP growth rate.

it = Nominal interest rate in t.

Mt = Money stock at the end of period t.

st = Seigniorage in t.

rt = Real interest rate in t.

Pt = Price level in t.

Yt = Real GDP in t. 

mt = Real money stock at the end of period t.

At = Principal payments on outstanding debt at the end of period t.
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total outstanding debt is itself composed of various types of bonds, bills, and notes with differ-
ent features, maturities, and interest rates. Table 1 breaks down the total outstanding U.S. debt
in 2011 by maturity brackets.

The structure of government debt is biased toward shorter maturities, as Table 1 clearly
shows. This choice is explained in part by the fact that shorter-maturity debt normally carries
lower interest rates, and rolling over short-term debt is cheaper than issuing longer-term debt.
As for companies, when the average maturity of debt is short, it is more likely that an adverse
interest rate increase (due to either monetary developments or perceived riskiness of the sover-
eign) will be required to refinance the debt at rollover. This explains why an alternative measure
of the nominal interest rate (at t) is the current yield rate on bonds with maturities close to the
duration of the outstanding debt. Theoretically, such a rate would apply if all existing debt were
amortized and reissued with a maturity equal to the duration of the debt. Define At as the amount
of principal payments (or amortization) at time t. Abstracting from changes in Mt, then, debt
service in t is the sum of debt amortization At and interest payments, itDt–1. In every period,
current debt can be divided into existing debt and new debt: 

(4)

This equation is important for understanding the rollover risk implied by maintaining a
short maturity structure. Suppose that all debt is amortized in every period and is rolled over
(At = Dt–1). Then the new debt will carry a new interest rate for each of the maturities in which
the new debt is issued in t. If debt subscribers require a higher return, perhaps because the per-
ceived riskiness of the country has increased, then the entire debt will be more expensive to
service in the future. Therefore, countries tend to issue bills and bonds with various maturities
to reduce the risks implied by debt rollover. As Figure 1 shows, the weighted average maturity
for all 10 countries considered is quite heterogeneous: Some countries tend to have a larger share
of shorter-term debt and others tend to favor longer-maturity issuances.

To relate these variables to the size of the economy, consider taking the ratio of debt (Dt) to
nominal GDP (PtYt) and reorganizing the equation as follows: 

D D A A i D Bt t t t t t t= − + + +− −1 1   
Pre-existing� Debt
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Table 1

Maturity Distribution and Average Length of Marketable Interest-Bearing Public Debt Held by Private
Investors in 2011

Maturity

Average length Amount outstanding 
Within 1 year 1-5 years 5-10 years 10-20 years 20 years (months) privately held

2,503,926 3,084,882 1,543,847 309,151 509,559 60 7,951,366

NOTE: Amounts are listed in millions of U.S. dollars.

SOURCE: Office of Debt Management, Office of the Under Secretary for Domestic Finance, Treasury Bulletin, December 2011.



(5)

(6)

(7)

where denotes seigniorage in real terms. To rearrange this ratio we use the fact that

the nominal growth rate of GDP (g t) can be decomposed into a real component whose growth
rate is gt and a price component whose growth rate (inflation) is pt: 

(8)

Similarly, the nominal interest rate can be decomposed into a real component (rt) and 
inflation:

(9)

Under the assumption that both it and pt are small, rt � it – pt when the real interest rate is

approximated as and equation (7) becomes

(10)
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Figure 1

Weighted Average Maturity of Government Debt for 10 Countries (as of December 31, 2011)

SOURCE: Bloomberg.



where dt �Dt/PtYt and jt is sometimes called the “discount factor.” Equation (10) is derived from
accounting identities and always holds ex post, because one way or another the left-hand side
equals the right-hand side. Although the following analysis assumes st = 0, the appendix discusses
a common interpretation of seigniorage. Equation (10) can be solved recursively as follows:

to obtain

(11)

If equation (11) is used in forward-looking analysis, it is customary—although not realistic—to
assume constant balances and discount factors, which can be interpreted as averages:

(12)

This equation can be used for various exercises—for example, to calculate the size of net bor-
rowing necessary to reach a target debt-to-GDP ratio starting from certain initial conditions
(see the next section).

Equation (10) also allows comparison of cases when debt-to-GDP ratios are explosive versus

when they are sustainable. The key variable is jt is greater than 1 when the real inter-

est rate is larger than the growth rate of GDP. Ceteris paribus, the debt-to-GDP ratio will contin-
uously increase unless the overall balance (b) is large enough to counterbalance the interest-
growth differential. One way a government can achieve this result is to persistently run large
enough primary surpluses, or even small enough deficits.

Figures 2 and 3 show graphs for sustainable and unsustainable debt situations, respectively.
These graphs also represent a simple way to describe equation (10) as a linear difference equa-
tion. In difference equations, the past value of a state variable determines its future values. The
solution to a difference equation conveys the value of the state variable (in this case, the debt-to-
GDP ratio) at each point in time.

The evolution of the debt-to-GDP ratio can be illustrated graphically. The outer horizontal
and vertical lines represent the level of debt to GDP in each t–1 and t period, respectively. Along
the 45-degree dashed line, dt+1 = dt, the debt-to-GDP ratio is not changing or is in steady state.
The continuous line represents the evolution of the debt ratio. For any current level of debt (dt)
on the horizontal axis, the height of the line is the debt in the next period (dt+1). Thus, given an
initial level d0 of the debt-to-GDP ratio (similar in Figures 2 and 3), its evolution over time in this
economy can be easily traced. The list of values taken over time is the solution of equation (10).
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Debt Dynamics When Debt Is Unsustainable



Note that in Figure 2 the debt-to-GDP ratio gradually approaches the steady-state locus and
then stabilizes at the crossing of the 45-degree line and the equation describing dt, whereas in
Figure 3 it diverges from it and therefore is considered explosive. The two graphs represent cases
in which jt is smaller and greater than 1. For a given level of the annual deficit (the intercept on
the vertical axis obtained by imposing dt–1 = 0), the debt will continue to grow indefinitely if ji
> 1, or in other words, if the interest rate is larger than the growth rate of the economy (rt > gt).
In the opposite case, rt < gt, the debt-to-GDP ratio grows at a slower pace up to the point where
dt = dt–1, after which it will stop growing. The level of steady-state debt can be calculated by
imposing dt–1 = dt = d

–, which gives d– = bt/(1 – jt). This equation also suggests how primary
surpluses can help to control debt dynamics: A less negative primary surplus shifts the continu-
ous line down so that the intercept is lower, making it easier for the government to sustain a cer-
tain level of debt to GDP.

The analysis in this section can be extended in many directions; one is the case of govern-
ment debt issued in foreign currencies. The case of the troubled European countries could be
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considered within such a framework if the euro were considered as a foreign currency, but this
analysis is beyond the scope of this article. Boone and Johnson (2011, 2012) and Bergsten and
Kirkegaard (2012) offer an analysis of problems specific to the euro zone.

DEFICIT AND DEBT DYNAMICS IN THE WAKE OF THE FINANCIAL
CRISIS OF 2007-09

The increase of public debt is a recurring feature of the aftermath of financial and banking
crises (Reinhart and Rogoff, 2009). In fact, the global recession of 2008-09 contributed to large
increases in annual deficits and debt-to-GDP ratios in all advanced economies.

Consider the evolution of GDP and government finances in the five peripheral EU coun-
tries and five of the remaining G-7 countries (the United States, France, the United Kingdom,
Germany, and Japan) as shown in Figures 4 to 6.6 Figure 4 plots the real GDP growth for the 10
economies, Figure 5 plots overall balances (Bt + itDt–1) and primary balances (Bt), and Figure 6
plots projected gross (Dt) and net government debt for 2007-12. The variables for the plots are
normalized by the GDP of each country for the corresponding period.

The synchronous nature of the global recession is evident from Figure 4: These countries
experienced a sharp, large, and almost simultaneous drop of GDP between the end of 2008 and
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the beginning of 2009. This drop was large by historical standards—second only to the Great
Depression (see also Imbs, 2010). The aftermaths of these large recessions in individual economies
were consistent with the experiences of other crises, as documented by Reinhart and Rogoff
(2009) and Laeven and Valencia (2008). First, many countries adopted expansive fiscal policies
to counteract the effects of national recessions. Second, some countries either nationalized part
of their banking systems or provided capital injections to banks, which ultimately aggravated
their annual deficits.

What effect did these policies have on debt? Comparing the most recent data on debt in
2011 with 2007 shows that the debt-to-GDP ratios grew by an average 112.4 percent in the five
peripheral EU countries and by 46.6 percent in the other five advanced G-7 economies. The
peripheral EU countries definitely experienced a larger growth of debt on average but with great
disparities: The Italian debt-to-GDP ratio grew by only 17 percent compared with a stunning
337 percent growth of the Irish debt-to-GDP ratio. Clearly, such increases in debt levels imply
additional costs in terms of interest rates on the stock of outstanding debt, the consequences of
which may not have been fully anticipated when short-term fiscal stabilization measures were
taken (see Bullard, 2012). As a result of the accompanying expansionary monetary policy, inter-
est rates in the immediate aftermath of the recession have been favorably low in the sense that
new debt issuances have carried relatively low interest rates in most countries. However, even
without tensions on sovereign debts, the recovery of the global economy may be accompanied
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by a less expansionary monetary policy in the medium term, implying likely increases in interest
rates. Given the increase in debt-to-GDP ratios in many countries, such a scenario is likely to
carry the additional burden of higher interest rates, even for countries whose sustainability of
public debt is not questioned. As higher interest rates on debt create pressure on overall balances,
national debt in some countries may be perceived as less sustainable.

Figure 7 plots pairs of debt-to-GDP and deficit-to-GDP ratios for all 10 economies for the
period between 2007 and 2012. Figure 8 breaks the time path for these countries as follows: The
pairs of variables plotted on the left-hand side are for the period between 2007 and 2009 (i.e.,
through the peak of the crisis); the graph on the right-hand side of this figure shows the recov-
ery period (2009-11). The average GDP growth rate over 2003-07 is listed in parentheses after
the country names.

Figure 8 reveals four facts: First, all 10 advanced economies experienced a similar trend
during the crisis. Deficit-to-GDP ratios markedly expanded through the peak of the crisis in
2008-09 in response to lower tax revenues, higher expenditure because of fiscal policy inter-
ventions and automatic stabilizers, and contracting output (at the denominator). Second, the
response is heterogeneous for individual countries through the peak of the crisis: Some coun-
tries generated huge deficits (e.g., Ireland) and some countries maintained fairly small overall
balances (e.g., Italy). Third, there was an almost uniform rebound of deficits during the 2009-11
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period as most countries reverted to “normal mode” both in terms of GDP and their annual
deficit; this rebound curbed the debt-to-GDP growth but in no country did it reduce total debt.
Finally, the rebound effects were also very heterogeneous: Some countries are enforcing strict
fiscal discipline and some are accumulating even more debt through large deficits.

How should these observations be interpreted in light of our previous discussion on the
arithmetic of government debt sustainability? Although the rising debt-to-GDP ratios of the
five peripheral EU countries particularly concern investors, Figures 7 and 8 clearly show that
fiscal pressures are not unique to this group. All five peripheral EU countries face burdensome
public debt and budget deficits, but the causes for uncertainty in each country’s situation differ.
As noted, Italy had the smallest increase in debt but its economy was characterized by a large
initial stock of debt and poor expected growth. Although Ireland and Spain had much lower
debt before the turmoil began in 2007, they experienced very large deficit increases. Portugal
had moderate debt but also experienced sizable deficit increases and its growth history and pro-
jections are quite poor. Finally, the most troubled country, Greece, had both a large pre-crisis
debt and a ballooning deficit. Table 2 lists other relevant indicators that characterize the situa-
tion of each country. Other elements not captured by previous equations matter to determine
the perceived debt sustainability but are somewhat more difficult to quantify: All peripheral
countries except Ireland share a high share of government expenditure as a percentage of GDP,
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Table 2

Selected Indicators for a Group of Advanced Economics

Peripheral European countries   

Indicator Greece Ireland Portugal Spain Italy

Real GDP growth 4.34 5.32 0.98 3.52 1.14  
(%; average 2003-07)

Debt-to-GDP ratio

2007 105.4 24.9 68.3 36.1 103.6  

2011 165.6 109.3 106.0 70.1 121.4  

Growth rate during 2007-11 (%) 57.1 338.2 55.3 94.1 17.2

Deficit-to-GDP ratio

2007 6.7 –0.1 3.2 –1.9 1.5

2011 8.0 10.3 5.9 8.0 3.9

Government size

General government expenditures 48.3 42 46 41.1 48.7
(% of GDP, 2008) 

Public pensions pending 11.5 3.4 10.2 8.1 14
(% of GDP, 2005) 

Projected changes in age-related NA 3.1 4.9 3.3 0.8
public expenditure in pensions 
between 2004 and 2030 (% of GDP) 

Shadow economy

Shadow economy  26 14.5 20.4 20.2 23.1
(% of GDP, 2006)

Main parameters of public pension 
schemes for employees in the private sector

Statutory retirement age 65 65 65 65 65/60
(years) (men/women) 

Contribution period for full pension 35 40 35 NA 
(years) 

Reference period for benefits Last 5 years Career Best 15 years Career     

Average benefit accrual rate 2.57 2.00-2.30 2.9 1.75  

Average pension level* 93.6 34.2 53.6 73 69.3

Average pension wealth 14.2/16.5 6.1/7.2 8.1/9.5 12.0/14.0 10.0/10.8
(men/women)†

Indexation of benefits‡ Discretionary Adjusted prices Prices Prices

Fertility rate (2008) 1.51 2.1 1.37 1.46 1.41     

NOTE: *Pension level as a percentage of economy-wide average earnings; †pension wealth as a multiple of economy-wide average earnings; 
‡GDP growth is also taken into account in the indexation of benefits. 

SOURCE: a, International Monetary Fund (IMF), World Economic Outlook database, 2010. b, European Commission, Office of Management and 
Budget, European Central Bank, Financial Stability Review 2010; IMF, World Economic Outlook Database, 2010. c, Organisation for Economic 
Co-operation and Development (OECD), Factbook 2010: Economic, Environmental and Social Statistics, 2010. d, OECD, Pensions at a Glance, 2009. 
e, European Commission, European Economy: Long-Term Sustainability of Public Finances in the European Union (Publication No. 4/2006), 2006. 
f, Buehn and Schneider (2007; version 2, pp. 1-53). g, World Bank, World Development Indicators; 
http://data.worldbank.org/indicator/SP.DYN.TFRT.IN.

http://data.worldbank.org/indicator/SP.DYN.TFRT.IN
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low fertility rates (with fewer future workers to reduce the debt), and a large informal economy
that makes tax revenues collection arduous.

In addition, the liabilities of the countries’ pension systems are a major concern: Four of the
five countries (Ireland is an exception) currently spend (or are projected to spend) a larger share
of their GDP to pay for public pensions relative to other advanced economies (see Table 2).

Debt Sustainability

We can now use these data and some results in the second section to discuss the impact of
the crisis on debt sustainability. In particular, we can start with the initial conditions in 2011 and
use equation (12) to calculate the size of net borrowing necessary to reach a certain debt-to-GDP
ratio within a certain number of years:

(13)

As an example, we consider two countries, such as Ireland and Portugal, with similar 
do = d2011 of 1.1 and a real interest rate (rt) of 1 percent, but very different expected real GDP
growth (gt). Imagine that both countries have a target debt-to-GDP ratio of d– = 60 percent (as
required by the Maastricht treaty) to be reached in 20 years (this choice is arbitrary). Moreover,
let us assume that the pre-crisis (2003-07) average GDP growth rate is a good predictor of future
growth and consider g2003-07 = 4.9 percent and g2003-07 = 1 percent. 

Because j 2003-07 = 0.96 and j 2003-07 = 1, we have

(14)

(15)

Solving for b2003-07 and b2003-07 for the two countries yields very different target surpluses.
Under the assumptions made so far, our rough calculations suggest that lowering the debt-to-
GDP ratio from 1.1 to 0.6 in 20 years would allow Ireland to generate annual surpluses of 0.59
percent of GDP and Portugal would need to generate a large annual surplus of 2.5 percent of
GDP; in this calculation, the difference is purely due to the diverse growth rate of GDP. (Note
that these calculations are made under the assumptions that pre-crisis real GDP growth rates
are a good predictor of future growth.)

The analysis in the second section allows consideration of the sustainability of debt-to-
GDP ratios. Consider equation (10) and take a period-to-period difference:

(16)

In order to stabilize the debt-to-GDP ratio (dt = dt–1), the primary balance should be 
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Therefore, any primary balance lower than b*twill reduce the debt-to-GDP ratio. The ease with
which a government can reduce dt depends on the interest-growth differential. The larger the
rt – gt spread, the more difficult it is to reduce debt. If interest rates and growth rates are approx-
imately the same, then a small primary balance is sufficient to keep the debt stable.

Considering the transformation between the nominal and real rates,7

Then equation (16) can be transformed into

(17)

The right-hand side of equation (17) can be interpreted as the impact on changes in the
debt-to-GDP ratio from interest costs, inflation, real growth, and fiscal adjustment through
changes in the primary balance (variations in revenues and non-interest spending). Naturally,
the terms capturing the cost of interests and inflation are not independent, as equation (9) shows.

Equation (16) clarifies that inflation has an impact on the debt ratio only to the extent that
it lowers the real interest rate paid by the government; two exceptions occur when past debt is
indexed to inflation (or denominated in foreign currency) and future higher inflation is not
anticipated. As euro area inflation rates are considered anchored to expectations thanks to the
ECB monetary policy, unexpected higher inflation is unlikely—though not impossible—in the
European peripheral countries. For the part of the debt that is indexed to inflation, changes in
actual inflation translate one to one in changes in the nominal interest rate paid by individual
governments.

Table 3 shows the calculated nominal interest-growth differential using effective interest
rates and long-term interest rates (10-year treasury bonds when available) for three periods: a
pre-crisis average for 2003-07, a crisis average for 2008-09, and a recovery average for 2010-11.8
The table provides a powerful partition of countries based on the relationship between the
growth rate and the measure of the interest rate for each economy. Notice that we use both a
measure of effective interest rates (total interest paid over outstanding debt) and a measure of
long-term interest rates.

Table 3 shows that in the 2003-07 period the interest-growth differentials were either nega-
tive (implying sustainability in the long run) or mildly positive, but certainly quite close to zero.
The situation reversed at the peak of the crisis in 2008-09 when all these differentials were large
and positive due to the contraction of GDP. However, the 2010-11 recovery shows how the two
groups of countries exited the crisis with quite different differentials: In particular, there are posi-
tive and large interest-growth differentials for the peripheral EU countries but either negative
or close to zero differentials for the other five countries. A similar discrepancy is already evi-
dent when considering effective interest rates but is magnified when long-term interest rates,
which are a better approximation of the cost of new debt issuances, are used as an empirical
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Table 3

Calculation of Nominal Interest-Growth Differentials for Three Periods

Effective Long-term 
GDP growth rate  interest rate Difference interest rate Difference

Country (%) gt (%) it (%) it-gt (%)* it (%) it-gt

2003-07 average

France 4.10 4.41 0.31 3.95 –0.15

Germany 2.65 4.51 1.86 3.89 1.24

Japan 0.97 1.55 0.58 1.46 0.49

United Kingdom 5.49 5.32 –0.17 4.68 –0.81

United States 5.68 4.66 –1.02 4.39 –1.29

Italy 3.61 4.76 1.16 4.12 0.51

Greece 7.72 4.94 –2.79 4.14 –3.59

Ireland 7.66 4.15 –3.51 3.92 –3.74

Portugal 3.86 4.67 0.81 4.02 0.16

Spain 7.64 4.39 –3.25 3.94 –3.70

2008-09 average

France 0.08 4.05 3.97 3.94 3.86

Germany –1.07 4.10 5.17 3.60 4.67

Japan –4.40 1.44 5.83 1.42 5.82

United Kingdom –0.30 4.37 4.67 3.93 4.23

United States –0.30 3.93 4.23 3.45 3.75

Italy –0.83 4.65 5.48 4.50 5.33

Greece 1.77 4.71 2.95 4.99 3.22

Ireland –8.01 4.68 12.68 4.88 12.89

Portugal -0.20 4.22 4.42 4.37 4.57

Spain 0.07 4.41 4.34 4.18 4.11

2010-11 average

France 2.56 3.21 0.65 3.12* 0.56

Germany 4.00 3.25 -0.74 2.74 –1.26

Japan –0.13 1.38 1.51 1.18 1.31

United Kingdom 4.80 4.20 –0.61 3.36 –1.44

United States 3.96 3.22 –0.74 3.20 –0.76

Italy 2.27 4.10 1.83 4.04 1.77

Greece –3.06 4.41 7.47 9.09 12.15

Ireland –1.01 4.21 5.22 5.74 6.75

Portugal 0.79 4.12 3.32 5.40 4.61

Spain 1.58 3.62 2.04 4.25 2.67

NOTE: GDP figures for 2011 are estimates; all rates refer to nominal variables. *The values for this column during this period refer to 2010 only. 

SOURCE: International Monetary Fund World Economic Outlook, IMF Fiscal Monitor, and Annual Macro-Economic (AMECO) database of the
European Commission. 



counterpart of it. The newest issuance of government debt in the peripheral EU countries has
been accompanied by higher interest rates than those on older issuances of outstanding debt.
These figures suggest that absent fiscal adjustment to reduce annual primary deficits or even
generate primary surpluses (which would lower the intercept of the line describing the evolution
of government debt in Figures 2, 3, and 9), countries with positive interest-growth differentials
may experience continuous growth of their debt-to-GDP ratios. Therefore, these figures (i.e.,
larger interest-growth differentials) explain why the peripheral European countries are lumped
together as potentially unsustainable.

The Consequences: Rising Yield Spreads

A consequence of the perceived unsustainability of the sovereign debts of the peripheral EU
countries is the worsening of a widely used measure of stress on government debts in the euro
area—the yield spread. One can pair treasury bonds with the same maturity for two countries
to obtain the difference, or spread, between the yields on the two countries’ securities.
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dt = 0.041 + 1.02dt –1

b Spain
2011

= 4.41%

d Spain
2012

= 71.6%

d Spain
2011

= 70.1%

d Spain
2012

= 71.6%

Figure 9

Spanish Debt Dynamics (based on 2010-11 data)

NOTE: Values for 2011 and 2012 are estimates.



Germany’s sovereign debt is considered the safest in the euro zone and therefore it is nor-
mally issued with the lowest returns in the euro area. Thus, yield spreads are usually calculated
as a difference between the return on German bonds with a certain maturity and the equiva-
lent bond in the paired European country. Therefore, a common measure of stress for the gov-
ernment debt of individual countries is the yield spreads on a country’s treasury bonds, relative to
Germany’s. Figure 10 plots these spreads on the yields of one such maturity—the 10-year treas-
ury bond—for the seven euro zone countries we compare. The temporal pattern of these yields
clearly shows growing tensions on European treasury bonds markets until at least the beginning
of 2012. The spreads show progressive increases since the financial crisis and the worsening of
the peripheral countries’ status with respect to sovereign debt sustainability. Particularly note-
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worthy are the gigantic spreads on Greek debt and the large spreads for Portugal and Ireland.
Italian and Spanish spreads are more contained but have also been trending upward. Finally, the
bottom graph in Figure 10 shows some tension has also been observed for French sovereign
debt, a fact that many observers have interpreted as the result of contagion to other EU coun-
tries. Overall, these graphs mirror the idiosyncratic problems of individual sovereign debt high-
lighted in Table 3 but they also point to some common trends. In particular, the reduction of
sovereign debt spreads in the first three months of 2012 suggests a softening of the debt crisis,
most likely due to the combination of policy interventions by the ECB, fiscal packages in vari-
ous countries (that lower current and expected primary deficits), and the restructuring of the
Greek debt in March 2012.

CONCLUSION
In part as a consequence of the global financial crisis and recession, several member coun-

tries of the European Monetary Union are experiencing difficulties with their fiscal balance and
government debt rollover. These difficulties have prompted alarms unprecedented since World
War II of (i) sovereign debt default or restructuring (for example, in Greece) and (ii) tightened
fiscal discipline in an effort to reduce large and growing debt-to-GDP ratios. The five European
Union countries most worrisome to markets and policymakers have quite different macroeco-
nomic outlooks and fiscal situations but are pooled because of an underlying expectation that
their national debts will not be sustainable and therefore will not be repaid in the near future.

This article has reviewed the conditions that facilitate (or hamper) sovereign debt sustain-
ability and compared the situation of the peripheral European countries and five similar but
less-troubled economies (France, Germany, Japan, the United Kingdom, and the United States).
Analysis shows that the differences among the five peripheral countries can be reconciled under
a traditional decomposition of the factors that affect government debt sustainability and explains
why markets are worried about these particular peripheral countries collectively.

NOTES
1 There is a distinction between the EU and the European Monetary Union (EMU). The EU is a somewhat unique political and

economic partnership formed by 27 European countries that resembles a confederation, while the EMU (also known as the
euro zone or euro area) is a monetary union currently formed by 17 EU countries that share a common currency, the euro,
and a common monetary policy conducted by the ECB.

2 In the United States, there is a difference between the public debt outstanding (i.e., the face amount or principal amount of
marketable and nonmarketable securities currently outstanding) and the public debt subject to limit (i.e., the maximum
amount of money the government is allowed to borrow without receiving additional authority from Congress); increasing
the latter debt is commonly referred to as raising the debt ceiling. 

3 Neither the ECB nor the national central bank of any member country—nor any member of their decisionmaking bodies—
is allowed to seek or take instructions from (i) EU institutions or bodies, (ii) any government of an EU member state, or (iii)
any other body.

4 Some countries issue debt in foreign currencies, but I do not analyze this case here. The analysis follows Jones (2009),
Farmer (2002), and Walsh (2000); for more sophisticated models, see Escolano (2010) and Ley (2010).

5 This component captures the idea that the government can always finance its debt by forcing the central bank to “print
money” or to buy new issues of government bonds and pay with newly created money.
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6 The source of data for these graphs is the World Economic Outlook of the International Monetary Fund. It should be noted
that the data for 2011 and 2012 are projected and these projections are likely to be rather imprecise because of (i) the aus-
terity programs implemented by many governments and (ii) the effects of the debt crisis, which may affect both GDP esti-
mates and the cost of borrowing.

7 For clarification, this is so because .

8 Data for 2011 are projections.
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APPENDIX
Seigniorage as an Inflation Tax

The mathematical expression for seigniorage can be rewritten as follows:

(A.1)

(A.2)

(A.3)

Equation (A.1) shows that seigniorage can originate from two sources. The first component
(Dmt) is equal to the change in real monetary base holdings relative to GDP. The central bank is
the monopoly issuer of the monetary base; an increase in the amount that the public is willing
to hold allows the government/central bank to obtain real resources in exchange. When the
economy is in steady-state equilibrium, Dmt = 0 and this source of seigniorage is null. The sec-
ond component, 

can be nonzero when the economy is in steady state. The explanation for this fact is that to
maintain real money holdings constant, agents in the economy must increase their nominal
holdings by an amount equal to pt + gt, counterbalancing inflation and the real growth rate of
income. If we assume that real income is not growing (gt = 0), in steady state

(A.4)

for low levels of inflation. This equation shows that inflation can be considered as the product
of the tax rate of pt times the tax base of mt–1, the outstanding real stock of monetary base:
Because money does not pay any interest, its real value is depreciated by inflation. Now we
rearrange equation (10) according to expenditure and revenues as follows:
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Rearranging terms yields

where total liabilities of the government in real terms (lt) are the sum of real government debt (dt)
and the real stock of money (mt). The component that represents seigniorage in this equation
[it/(1 + gt + pt)]*mt–1 depends directly on the nominal interest rate. In this formulation, it should
be clear that seigniorage represents an alternative way to finance expenditure relative to issuing
debt (that bears an interest it): The larger the amount of money issued by the government rela-
tive to nominal GDP, the larger the share of government expenditure that can be financed by an
interest-free liability.
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Federal Reserve Lending to Troubled Banks
During the Financial Crisis, 2007-2010 
R. Alton Gilbert, Kevin L. Kliesen, Andrew P. Meyer, and David C. Wheelock

Numerous commentaries have questioned both the legality and appropriateness of Federal Reserve lend-
ing to banks during the recent financial crisis. This article addresses two questions motivated by such
commentary: Did the Federal Reserve violate either the letter or spirit of the law by lending to under-
capitalized banks? Did Federal Reserve credit constitute a large fraction of the deposit liabilities of failed
banks during their last year before failure? The Federal Deposit Insurance Corporation Improvement Act
of 1991 (FDICIA) imposed limits on the number of days that the Federal Reserve may lend to under-
capitalized or critically undercapitalized depository institutions. The authors find no evidence that the
Federal Reserve ever exceeded statutory limits during the recent financial crisis, recession, and recovery.
In most cases, the number of days that Federal Reserve credit was extended to an undercapitalized or
critically undercapitalized depository institution was appreciably less than the number of days permitted
under law. Furthermore, compared with patterns of Fed lending during 1985-90, the authors find that
few banks that failed during 2008-10 borrowed from the Fed during their last year prior to failure, and
even fewer had outstanding Fed loans when they failed. Moreover, Federal Reserve loans averaged less
than 1 percent of total deposit liabilities among nearly all banks that did borrow from the Fed during
their last year. It is impossible to know whether the enactment of FDICIA explains differences in Federal
Reserve lending practices during 2007-10 and the previous period of financial distress in the 1980s.
However, it does seem clear that Federal Reserve lending to depository institutions during the recent
episode was consistent with the congressional intent of this legislation. (JEL E58, G01, G21, G28)

Federal Reserve Bank of St. Louis Review, May/June 2012, 94(3), pp. 221-42.

T he Federal Reserve responded aggressively—some argue too aggressively—to the crisis
that enveloped the world financial system in 2008-09. Using powers granted by legisla-
tion enacted during the Great Depression, the Fed established several special lending

facilities to (i) provide liquidity to the commercial paper market, money market mutual funds,
and investment banks and (ii) facilitate orderly resolution of two large troubled financial firms
(Bear Stearns and Co. and American International Group). In addition to providing billions of
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dollars through these facilities, the Fed also lent billions to depository institutions (commer-
cial banks, savings institutions, and credit unions) through its long-standing discount window
programs and a Term Auction Facility (TAF) established in December 2007.1 The Fed’s aggres-
sive response to the crisis has been heavily criticized, though the Fed’s defenders contend that
it was necessary and successful in helping the economy weather the worst financial crisis since
the Great Depression.2

This paper examines the Fed’s lending to depository institutions (hereafter “banks”) during
the recent financial crisis, recession, and recovery. Some observers contend that the Fed lent
inappropriately to weak or insolvent banks, or that its lending may have merely delayed the
inevitable failures of many banks and perhaps increased losses to the Federal Deposit Insurance
Corporation (FDIC) Deposit Insurance Fund.3 The Federal Reserve Act specifies the terms
under which the Fed is permitted to lend to banks. Section 142 of the Federal Deposit Insurance
Corporation Improvement Act of 1991 (FDICIA) limits—but does not prohibit—Federal
Reserve lending to undercapitalized or critically undercapitalized banks. With certain exceptions,
FDICIA prohibits the Federal Reserve from lending to (i) any undercapitalized depository insti-
tution for more than 60 days in any 120-day period and (ii) any critically undercapitalized insti-
tution beyond the fifth day after the institution becomes critically undercapitalized. Using
both public and nonpublic information, we examine instances in which the Fed provided loans
through its discount window and TAF programs to undercapitalized and critically undercapital-
ized banks during the recent financial crisis, recession, and recovery. Our research finds no
instances in which the Fed provided credit to an undercapitalized or critically undercapitalized
bank for more than the maximum number of days specified in FDICIA.

This article also examines Federal Reserve lending to banks that subsequently failed during
2008-10. A principal motivation behind the provisions on lending to undercapitalized banks in
FDICIA was the claim that Federal Reserve loans had merely forestalled inevitable bank failures
during the 1980s, which may have increased losses to the FDIC’s Deposit Insurance Fund when
those banks were ultimately closed. Gilbert (1994) examined Fed lending to banks that failed
during the 1980s. He found that loans were allocated to the banks with the greatest liquidity
needs and that loans to banks that failed during 1985-91 were often concentrated near the time
of failure. This article finds that, in contrast to the period 1985-91, few banks that failed during
2008-10 borrowed from the Fed in their last year of operation.

FDICIA PROVISIONS ON LENDING TO UNDERCAPITALIZED BANKS
The U.S. Congress enacted legislation in 1991 that mandated many changes in the way federal

agencies supervise and regulate depository institutions. This legislation, FDICIA, was a response
to the widespread collapse of the savings and loan industry and large number of bank failures
during the 1980s. The mandates of the legislation were based on the view that government super-
vision of banks and savings and loan associations had performed poorly during the 1980s. 

Federal Reserve lending to undercapitalized banks was one of many facets of the process of
resolving failing banks addressed by FDICIA. Section 142 of FDICIA imposes limits on Federal
Reserve lending to undercapitalized and critically undercapitalized banks. The act states that
with certain exceptions, “no advances to any undercapitalized depository institution by any
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Federal Reserve Bank…may be outstanding for more than 60 days in any 120-day period.”4

Under FDICIA, the Fed is subject to financial liability if it provides credit to a critically under-
capitalized bank beyond the fifth day after the bank becomes critically undercapitalized and the
Deposit Insurance Fund incurs a loss greater than it would have incurred if the FDIC had liqui-
dated the bank by the end of the five-day period.5 Section 201.5 of Federal Reserve Regulation A,
which is reproduced in Table 1, summarizes the limitations on extensions of Federal Reserve
credit to undercapitalized and critically undercapitalized depository institutions and the possible
assessments that could be levied on Federal Reserve Banks for any excess losses to the Deposit
Insurance Fund arising from delay in liquidating a critically undercapitalized bank. FDICIA clas-
sifies depository institutions with capital ratios below specified levels or that have been assigned
the lowest examination rating by their principal regulator as either undercapitalized or critically
undercapitalized. Tables 2 through 4 provide information about the measures of capital and the
ratios used to classify a depository institution as undercapitalized or critically undercapitalized. 
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Table 1

Federal Reserve Regulation A

§201.5 Limitations on availability and assessments

(a) Lending to undercapitalized insured depository institutions. A Federal Reserve Bank may make or have outstanding advances 
to or discounts for a depository institution that it knows to be an undercapitalized insured depository institution, only:

(1) If, in any 120-day period, advances or discounts from any Federal Reserve Bank to that depository institution are not 
outstanding for more than 60 days during which the institution is an undercapitalized insured depository institution; or

(2) During the 60 calendar days after the receipt of a written certification from the chairman of the Board of Governors or 
the head of the appropriate federal banking agency that the borrowing depository institution is viable; or

(3) After consultation with the Board of Governors. In unusual circumstances, when prior consultation with the Board is 
not possible, a Federal Reserve Bank should consult with the Board as soon as possible after extending credit that 
requires consultation under this paragraph (a)(3).

(b) Lending to critically undercapitalized insured depository institutions. A Federal Reserve Bank may make or have outstanding 
advances to or discounts for a depository institution that it knows to be a critically undercapitalized insured depository 
institution only:

(1) During the 5-day period beginning on the date the institution became a critically undercapitalized insured depository
institution; or

(2) After consultation with the Board of Governors. In unusual circumstances, when prior consultation with the Board is 
not possible, a Federal Reserve Bank should consult with the Board as soon as possible after extending credit that 
requires consultation under this paragraph (b)(2).

(c) Assessments. The Board of Governors will assess the Federal Reserve Banks for any amount that the Board pays to the FDIC 
due to any excess loss in accordance with section 10B(b) of the Federal Reserve Act. Each Federal Reserve Bank shall be 
assessed that portion of the amount that the Board of Governors pays to the FDIC that is attributable to an extension of 
credit by that Federal Reserve Bank, up to 1 percent of its capital as reported at the beginning of the calendar year in which 
the assessment is made. The Board of Governors will assess all of the Federal Reserve Banks for the remainder of the amount
it pays to the FDIC in the ratio that the capital of each Federal Reserve Bank bears to the total capital of all Federal Reserve 
Banks at the beginning of the calendar year in which the assessment is made, provided, however, that if any assessment 
exceeds 50 percent of the total capital and surplus of all Federal Reserve Banks, whether to distribute the excess over such 
50 percent shall be made at the discretion of the Board of Governors.

SOURCE: www.federalreserve.gov/bankinforeg/reglisting.htm.

http://www.federalreserve.gov/bankinforeg/reglisting.htm


FEDERAL RESERVE PROGRAMS FOR LENDING TO BANKS 
DURING THE FINANCIAL CRISIS

Provisions in FDICIA on lending to undercapitalized banks apply to all extensions of Federal
Reserve credit to banks. The Fed’s primary lending facility—the discount window—has been in
existence since the Fed was established in 1913.6 Currently, the discount window consists of
three programs: primary credit, secondary credit, and seasonal credit. Primary credit is a facility
available to banks in generally sound financial condition. Secondary credit is available to banks
that are not eligible for primary credit because they do not meet the standard of being in gener-
ally sound financial condition. The interest rate on secondary credit is higher than the discount
rate on primary credit. The seasonal credit program offers loans to banks with recurring seasonal
variation in liquidity demand—typically small banks that serve agriculture, tourism, or other
seasonally oriented industries. 

During the financial crisis, the Federal Reserve established a new facility—the Term Auction
Facility (TAF)—to make term funds available to banks. The TAF was created in response to con-
cerns that banks were reluctant to borrow from the discount window and, hence, that the win-
dow was not providing sufficient liquidity to alleviate the financial crisis. The Federal Reserve
made 4,214 TAF loans to 411 borrowers. Total TAF loans outstanding peaked at $493 billion on
March 2, 2009.7 The final TAF auction was held on April 8, 2010. Table 5 provides more detail
about the discount window and TAF programs. 
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Table 2

Components of Capital Measures

Tier 1 capital

• Common stockholder’s equity.

• Non-cumulative perpetual preferred stock.

• Minority interests in the equity accounts of consolidated subsidiaries.

Tier 2 capital

• The allowance for loan and lease losses (up to a maximum of 1.25 percent of risk-weighted assets).

• Cumulative perpetual or long-term preferred stock.

• Hybrid capital instruments and mandatory convertible debt securities.

• Subordinated debt and intermediate-term preferred stock.

• Unrealized holding gains on equity securities.

• The amount of subordinated debt and intermediate-term preferred stock that a bank may count as Tier 2 capital cannot 
exceed 50 percent of its Tier 1 capital. In addition, these two components and any other limited-life capital instruments are 
discounted in Tier 2 computations as they approach maturity.

Tier 3 capital 

• Allocated for market risk.

Total capital 

• The sum of Tier 1, Tier 2, and Tier 3 capital.

SOURCE: Spong (2000, pp. 87-88).
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Table 3

Calculation of Risk-Weighted Assets Under Basel I

Category 1: Zero percent weight

• Cash, including balances due from central banks in OECD countries.

• U.S. Treasury and government securities and claims unconditionally guaranteed by OECD governments.

Category 2: 20 percent weight

• Cash items in the process of collection.

• All claims on or guaranteed by U.S. depository institutions and banks in OECD countries.

• General obligation bonds of state and local governments.

• Portions of claims secured by U.S. government agency securities or OECD central governments that do not qualify for a zero 
percent weight.

• Loans and other claims conditionally guaranteed by U.S. government securities and other claims on U.S. government-
sponsored enterprises.

Off balance sheet:

• Short-term trade-related contingencies, such as commercial letters of credit.

Category 3: 50 percent weight

• Loans secured by first liens on 1- to 4-family residential property and certain multifamily residential properties.

• Certain privately issued mortgage-backed securities.

• Revenue bonds of state and local governments.

Off balance sheet:

• Performance bonds and performance-based standby letters of credit.

• Unused portions of commitments with original maturity over 1 year.

• Revolving underwriting facilities.

Category 4: 100 percent weight

• All loans and other claims on private obligators not placed in a lower risk category.

• Bank premises, fixed assets, and other real estate owned.

• Industrial development revenue bonds.

• Intangible assets and investment in unconsolidated subsidiaries, provided they are not deducted from capital.

Off balance sheet:

• Financial standby letters of credit.

• Sale and repurchase agreements.

• Asset sales with recourse.

• Forward agreements to purchase assets.

• Securities lent that place the bank at risk.

SOURCE: Spong (2000, pp. 89-90).
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Table 4

Criteria for Classifying Bank Capitalization

Total risk-based capital Tier 1 capital 
as a percentage of as a percentage of Tier-1 

Classification risk-weighted assets risk-weighted assets leverage ratio

Well capitalized 10% or greater AND 6% or greater AND 5% or greater

Adequately capitalized 8% or greater AND 4% or greater AND 4% or greater

Undercapitalized Less than 8% OR Less than 4% OR Less than 4%

Significantly undercapitalized Less than 6% OR Less than 3% OR Less than 3%

NOTE: In addition to meeting these criteria, a well-capitalized bank must also be free of any directive from its supervisor to maintain a specific
capital level. A bank is classified as undercapitalized if it fails to meet any of the three measures for being classified as adequately capitalized.
That is, if a bank meets only two of the three criteria for being classified as adequately capitalized, it is classified as undercapitalized. A bank is
classified as undercapitalized for purposes of discount window loans if its federal supervisory agency rates the bank as CAMELS 5 or equivalent,
irrespective of the levels of the three capital ratios derived from the accounting statements. A bank is classified as critically undercapitalized if
its ratio of tangible equity to total assets is equal to or less than 2 percent.

SOURCE: Spong (2000, p. 91).

Table 5

Federal Reserve Programs for Lending to Depository Institutions

The discount window helps to relieve liquidity strains for individual depository institutions and for the banking system as a
whole by providing a source of funding in time of need. Much of the statutory framework that governs lending to depository
institutions is contained in section 10B of the Federal Reserve Act, as amended. The general policies that govern discount window
lending are set forth in Regulation A. As described in more detail below, depository institutions have, since 2003, had access to
three types of discount window credit—primary credit, secondary credit, and seasonal credit. In December of 2007, the Federal
Reserve introduced the Term Auction Facility (TAF), which provided credit to depository institutions through an auction mech-
anism. All regular discount window loans and TAF loans must be fully collateralized to the satisfaction of the lending Reserve
Bank, with an appropriate haircut applied to the collateral; in other words, the value of the collateral must exceed the value of
the loan. Information on collateral policies and interest rates charged for lending are discussed in the collateral and rate setting
and risk management sections of this website.  

Primary credit

Primary credit is a lending program available to depository institutions that are in generally sound financial condition. Because
primary credit is available only to depository institutions in generally sound financial condition, it is generally provided with
minimal administrative requirements; for example, there are essentially no usage restrictions on primary credit. Before the cur-
rent financial crisis, primary credit was available on a very short-term basis, typically overnight, at a rate 100 basis points above
the Federal Open Market Committee’s (FOMC) target rate for federal funds. The primary credit facility helps provide an alterna-
tive source of funding if the market rate exceeds the primary credit rate, thereby limiting trading at rates significantly above the
target rate. 

The Federal Reserve implemented a number of important changes to the primary credit program as the financial crisis emerged.
On August 17, 2007, to promote orderly market functioning, the Federal Reserve reduced the spread between the primary
credit rate and the target federal funds rate to 50 basis points and began to allow the provision of primary credit for terms as
long as 30 days. On March 16, 2008, to bolster market liquidity, the Federal Reserve further reduced the spread of the primary
credit rate over the target federal funds rate to 25 basis points and increased the maximum maturity of primary credit loans to
90 days.

continued on next page
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Table 5, cont’d

Federal Reserve Programs for Lending to Depository Institutions

In response to the improvement in financial conditions, on November 17, 2009, the Federal Reserve announced that the maxi-
mum maturity on primary credit loans would be reduced to 28 days effective January 14, 2010. In extending primary credit,
Reserve Banks must judge that the borrower is likely to remain eligible for primary credit for the term of the loan. On February 18,
2010, the Federal Reserve announced that typical maximum maturity on primary credit would be shortened to overnight, effec-
tive March 18, 2010. In addition, the Federal Reserve increased the spread between the primary credit rate and the top of the
target range for the federal funds rate to 50 basis points, effective February 19, 2010. These changes represented further normal-
ization of the Federal Reserve’s lending facilities and did not signal any change in the outlook for the economy or for monetary
policy. Detailed information is available on the discount window website. 

Primary credit outstanding is reported in Table 1 of the H.4.1 statistical release. In addition, primary credit is included in “Other
loans” in Tables 8 and 9 of that release. 

Secondary credit 

Secondary credit is available to depository institutions that are not eligible for primary credit. It is extended on a very short-term
basis, typically overnight, at a rate 50 basis points above the primary credit rate. In contrast to primary credit, there are restric-
tions on the uses of secondary credit extensions. Secondary credit is available to meet backup liquidity needs when its use is
consistent with a timely return by the borrower to a reliance on market sources of funding or the orderly resolution of a troubled
institution. Secondary credit may not be used to fund an expansion of the borrower’s assets. Moreover, the secondary credit
program entails a higher level of Reserve Bank administration and oversight than the primary credit program. Reserve Banks
typically apply higher haircuts on collateral pledged to secure secondary credit. In addition, the liquidity position of secondary
credit borrowers is monitored closely, and the Federal Reserve typically is in close contact with the borrower’s primary federal
regulator. Detailed information is available on the discount window website. 

Secondary credit outstanding is reported in Table 1 of the H.4.1 statistical release. In addition, secondary credit is included in
“Other loans” in Tables 8 and 9 of that release. 

Seasonal credit 

The Federal Reserve’s seasonal credit program assists small depository institutions in managing significant seasonal swings in
their loans and deposits. Eligible depository institutions may borrow term funds from the discount window during their periods
of seasonal need, enabling them to carry fewer liquid assets during the rest of the year and, thus, allow them to make more
funds available for local lending. The interest rate applied to seasonal credit is a floating rate based on market rates. 

Seasonal credit is available only to depository institutions that can demonstrate a clear pattern of recurring intra-yearly swings
in funding needs. Eligible institutions are usually located in agricultural or tourist areas. To become eligible for seasonal credit,
an institution must establish a seasonal qualification with its Reserve Bank. Detailed information is available on the discount
window website. 

Seasonal credit outstanding is reported in Table 1 of the H.4.1 statistical release. In addition, seasonal credit is included in
“Other loans” in Tables 10 and 11 of that release. 

Term Auction Facility 

On December 12, 2007, the Federal Reserve created the TAF to improve depository institutions’ access to term funding. The TAF
provided credit through an auction mechanism to depository institutions in generally sound financial condition. The TAF offered
28-day and, beginning in August 2008, 84-day loans. 

On September 24, 2009, the Federal Reserve announced that the TAF would be scaled back in response to continued improve-
ments in financial market conditions. The auction amount for the 84-day auctions was reduced in late 2009 and the maturity
dates of the 84-day auctions were adjusted over time to align with the maturity dates of the 28-day auctions. Subsequently,
the auction amount for the remaining 28-day auctions was tapered, and the final TAF auction was held on March 8, 2010. Credit
extended under the March 2010 auction matured on April 8, 2010. All TAF loans were fully collateralized to the satisfaction of
the lending Reserve Bank, with an appropriate “haircut” applied to the value of the collateral and were repaid in full, with interest,
in accordance with the terms of the facility. 

SOURCE: www.federalreserve.gov/monetarypolicy/bst_lendingdepository.htm.

http://www.federalreserve.gov/monetarypolicy/bst_lendingdepository.htm


Figures 1 and 2 illustrate the scope of Federal Reserve assistance to banks during the financial
crisis through the discount window and the TAF program. Figure 1 plots weekly outstanding
Federal Reserve credit for the primary credit and TAF programs, and Figure 2 plots similar totals
for the secondary and seasonal credit programs. As these figures show, TAF loans accounted for
the bulk of the Fed’s assistance to depository institutions. By early 2009, outstanding TAF loans
totaled nearly $500 billion. By contrast, primary credit loans peaked in late 2008 at just over
$100 billion. Indeed, Figure 1 also shows that primary credit loans began to decline sharply, and
the difference between TAF loans and primary credit loans increased sharply after the failure of
Lehman Brothers in September 2008. Figure 2 shows that while secondary credit loans rose
noticeably during the crisis, they peaked at only about $1 billion in late 2009. Interestingly, the
peak activity in secondary credit lending occurred when TAF and primary credit lending were
declining rapidly. 

We use data on Federal Reserve discount window loans to individual depository institutions
that were released by the Federal Reserve in March 2011 in response to a Freedom of Information
Act request and subsequent court ruling. The data include loans to individual institutions made
between August 20, 2007, and March 1, 2010. Data from August 20, 2007, through March 13,
2008, are limited to primary credit borrowings, whereas data from March 14, 2008, through
March 1, 2010, include both primary and secondary credit loans. However, for the latter period,
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the available data do not identify which loans were made under the primary credit program and
which were secondary credit. Further, we do not include loans made under the seasonal credit
program. This study uses data on all TAF loans made to individual depository institutions from
December 20, 2007, through March 11, 2010.8 Our data include information about TAF loans
that were subsequently called by the Fed before their original maturity dates.

As shown in Figure 1, the large increases in primary credit during 2007-10 occurred after
August 20, 2007, the first date for which we have data on loans to individual banks. In addition,
primary credit had fallen to a relatively low level by March 1, 2010, the last date for which we
have data on loans to individual banks. Most of the larger spikes in secondary credit in Figure 2
occurred between March 14, 2008, and March 1, 2010, the period for which our data on loans
to individual banks include secondary credit. Almost no secondary credit loans were made before
March 14, 2008, and hence the lack of data on secondary credit loans to individual institutions
before that date is not an important problem for our study. In addition, seasonal credit, which
was not included in the data available for this study, was not large during 2007-10. 

The lending data released by the Federal Reserve in 2011 include some loans excluded from
our study. First, we omit all loans to depository institutions other than those made under the
discount window or TAF programs. These include loans in which depository institutions merely
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served as conduits under various programs established by the Federal Reserve during the finan-
cial crisis. The organizations that ultimately received the funds—not the conduit banks—were
responsible for repaying the Federal Reserve. Hence, such loans are not relevant for our study.
We also exclude loans to U.S. branches and agencies of foreign financial institutions because the
Federal Reserve uses different metrics to determine their eligibility for credit.9 Similarly, we
exclude loans to credit unions because the capital measures of credit unions differ from the
regulatory capital ratios of commercial banks and thrift institutions. However, we found no
instances when Federal Reserve credit was extended to an undercapitalized credit union, as
reflected by the methods the Fed uses to identify undercapitalized credit unions. 

IDENTIFYING UNDERCAPITALIZED AND 
CRITICALLY UNDERCAPITALIZED BANKS

Section 142 of FDICIA lists criteria for classifying banks as undercapitalized or critically
undercapitalized and specifies the maximum length of time the Federal Reserve may lend to
such institutions. These criteria include regulatory capital ratios and examination ratings
assigned by bank supervisors. FDICIA authorizes bank regulators to define regulatory capital
ratios based on information collected in the Reports of Condition and Income (“call reports”)
that banks file quarterly with regulators. Section 142 of FDICIA also requires regulators to con-
sider a bank that has been assigned the lowest supervisory rating as undercapitalized for pur-
poses of access to Federal Reserve credit, even if the bank would be considered adequately
capitalized on the basis of regulatory capital ratios.

A definitive determination of whether the Federal Reserve restricted the length of time it
made loans to undercapitalized and critically undercapitalized banks to the limits set in FDICIA
requires information about when Fed officials learned about the condition of banks that
requested loans. Much of the information about a bank’s condition that is available to Fed lend-
ing officers is derived from quarterly call reports and reports of supervisory examinations. How -
ever, call reports are sometimes revised and on-site examinations, especially of distressed banks,
can take some time to complete. Hence, Fed lending officers typically do not have up-to-the-
minute information about a borrowing bank’s condition. Call report information usually becomes
available within 30 days after the end of a quarter (banks are required to file their call reports
within 30 days of the end of a quarter). Data on the regulatory capital ratios of banks are derived
from these reports. Gunther and Moore (2000) examine the frequency of revisions to call reports,
focusing on one item in the call reports: provision for loan losses, which is an expense item. That
study finds that regulators are more likely to require banks with the most severe asset-quality
problems, as reflected in the ratio of nonperforming loans to total assets, to increase their provi-
sion for loan losses. This can lead to revisions of previously filed call reports. In their sample,
Gunther and Moore (2000) find that among banks examined in the first quarter of a given year,
almost 10 percent of those with the worst asset quality were required to increase their provision
for loan losses as reported in the call report for the fourth quarter of the prior year. Their findings
also indicate that revisions to call reports are especially relevant for undercapitalized banks.

Because call reports are sometimes revised, especially in the case of financially troubled
banks, we use an internal Federal Reserve database—the Prompt Corrective Action Database

Gilbert, Kliesen, Meyer, Wheelock

230 May/June  2012 Federal Reserve Bank of St. Louis REVIEW



(PCAD)—which provides information about the data on regulatory capital positions of banks
that were available to Federal Reserve lending officers at the time loans were made. The PCAD
is updated regularly with information on the current regulatory capital ratios of banks and is
used by bank supervisors for taking the corrective actions required by FDICIA. 

We augment the data on regulatory capital ratios with information on supervisory exami-
nation dates and ratings. Bank examinations are performed by state and federal agencies that
supervise banks. Supervisors assign ratings from 1 (best) to 5 (worst) for each of the following
facets of bank operations: capital adequacy, asset quality, management, earnings, liquidity, and
sensitivity to market risk; in addition, supervisors assign a composite score from 1 to 5 (known
as the CAMELS composite rating). FDICIA classifies all banks with a composite CAMELS rat-
ing of 5 as undercapitalized regardless of their current capital ratios. 

Examination ratings are not released publicly but are made available both to the examined
institution and to supervisory authorities, including Federal Reserve lending officers. The pre-
cise dates on which Fed officials are informed of the ratings assigned for individual bank exams
are not systematically recorded, however, and hence we consider alternative dates that bound
the actual reporting dates. Specifically, we use both the exam close date, which is the date when
the supervisory staff finish their examination, and the report disposition date, which is the date
the examination was finalized and mailed to institution management or the date an internal
memo on examination findings was completed and sent to the Board of Governors. Supervisory
agencies may not have determined the CAMELS ratings they assign to banks as of the exam close
dates, but they will have assigned CAMELS ratings to banks by the report disposition dates.
Federal Reserve credit officers use all available information in evaluating requests from banks
for loans, including any information on examination ratings made available prior to the report
disposition date. However, in most instances, the report disposition date is likely the most rele-
vant date for counting the number of days that a bank received Federal Reserve credit while
undercapitalized or rated CAMELS 5. 

To estimate the number of days that Federal Reserve credit was extended to undercapital-
ized banks, we use two alternative criteria for classifying banks as undercapitalized as follows: 

(i) banks that were undercapitalized on the basis of regulatory capital ratios from the 
PCAD database or the close dates of exams for which banks are rated CAMELS 5 or

(ii) banks that were undercapitalized on the basis of regulatory capital ratios from the 
PCAD database or the report disposition dates of exams for which banks are rated 
CAMELS 5.

With the one exception discussed below, we find that the choice of examination date has no
material impact on our findings about the length of time that undercapitalized banks borrowed
from the Fed during the period covered by our data.

DID THE FED COMPLY WITH THE FDICIA LIMITS ON LENDING TO
UNDERCAPITALIZED BANKS?

Table 6 presents information on the number of days that Federal Reserve credit was extended
to undercapitalized banks based on exam close and report disposition dates. For undercapital-
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ized banks that received Federal Reserve credit for more than 60 days in total, we investigate
whether the Fed extended credit to the bank for more than 60 days during any 120-day period,
the maximum permitted under FDICIA. For undercapitalized banks that received credit for 60
days or less in total, investigation of whether the bank received credit for more than 60 days in a
120-day period is unnecessary. 

Using exam close dates, we find that 53 banks borrowed from the Fed while undercapital-
ized. More than half of these banks borrowed for 5 days or less while undercapitalized, but one
bank borrowed for 72 days within a 120-day period while undercapitalized. However, further
investigation revealed that the FDICIA limit on the number of days that the Fed may lend to an
undercapitalized bank was not violated in this instance. The bank was classified as undercapi-
talized on the basis of an examination on which the bank was assigned a composite CAMELS
rating of 5 (the bank had been rated 2 at its previous exam). However, the new CAMELS rating
was not considered final on the closing date of the exam, and the report disposition date on
which the rating was considered final did not occur until five months after the exam closing
date. The bank’s primary regulator informed the lending Reserve Bank of the pending examina-
tion rating approximately three months after the exam closing date, by which time the bank was
no longer borrowing from the Fed. No additional credit was extended to the bank after the date
on which Reserve Bank officials were informed of the pending rating. 

As shown in Table 6, if we use exam report disposition dates for determining when banks
became undercapitalized, 45 banks borrowed from the Fed while undercapitalized, but none of
them for more than 60 days. Using either the exam closing or report disposition dates, we find
that most of the banks that borrowed from the Fed while undercapitalized did so for five days
or less. 

We identified only one instance in which the Fed extended credit to a bank that was identi-
fied as critically undercapitalized in the PCAD database. However, further investigation revealed
that this bank was not undercapitalized when it received Federal Reserve credit. The bank was
undercapitalized on September 30, 2008, as reflected in its third-quarter 2008 call report. The
bank received additional capital during the fourth quarter of 2008, which made the bank well
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Table 6

Banks with Outstanding Discount Window or TAF Loans While Undercapitalized According to PCAD
Information or CAMELS 5 Rating 

No. of banks with outstanding loans 

No. of days with loan Based on exam close dates Based on report disposition dates 

0-5 39 32

6-10 6 6

11-25 2 3

26-59 5 4

60 or more 1 0

Total 53 45

NOTE: Data used to construct these tables include adjustments for repayment of TAF loans prior to original maturity dates.



capitalized. However, the PCAD database continued to indicate that the bank was critically
undercapitalized until January 30, 2009, when the database first indicated the bank’s well-
capitalized position as reflected in its fourth-quarter 2008 call report. Although the PCAD
database had not been updated to reflect the borrowing bank’s well-capitalized status when the
Fed extended credit to the bank on January 28 and 29, 2009, the bank was in fact well capitalized
at that time and, hence, there was no violation of FDICIA.

Another way to put the results in Table 6 into perspective is to compare the number of
banks that borrowed from the Fed while undercapitalized with the total number of banks that
became undercapitalized during the period for which we have data on loans to individual banks.
Between September 30, 2007, and March 31, 2010, 625 banks and thrifts were rated either
CAMELS 5 or became undercapitalized based on regulatory capital ratios. Thus, regardless of
whether we use exam close or report disposition dates as the basis for classifying banks as under-
capitalized, we find that only a small percentage of undercapitalized banks during this period
borrowed from the Fed at any time while undercapitalized. 
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Table 7

Distribution of Banks that Borrowed from the Federal Reserve While Undercapitalized: Asset Size 

No. of banks

Total assets Based on exam close dates Based on report disposition dates 

Greater than $10 billion 1 1

$1 billion to $10 billion 14 14

$300 million to $1 billion 20 19

$100 million to $300 million 13 8

Less than $100 million 5 3

Total 53 45

NOTE: Asset size is measured as of September 30, 2007.

Table 8

Distribution of Banks that Borrowed from the Federal Reserve While Undercapitalized: Charter Type

No. of banks

Charter type Based on exam close dates Based on report disposition dates 

National banks 13 11

State member banks 7 5

Nonmember banks* 30 26

Federal savings banks 1 1

State savings bank 1 1

Savings and loan associations 1 1

Total 53 45

NOTE: Charter type as of September 30, 2007. *Banks that are not members of the Federal Reserve System.



Table 7 provides information on the asset size of the banks identified in Table 6 as borrow-
ing from the Fed while undercapitalized. Assets are measured at the beginning of the period for
which we have data on lending to individual banks. One of these banks had assets in excess of
$10 billion, and a few had assets less than $100 million.

Table 8 provides information on the charter class of the banks in Table 6. A few banks
changed their charter class during the period covered by our data. The information in Table 8 is
based on charter class at the beginning of the period. Most borrowers were commercial banks,
and among those, the largest group consisted of state banks that were not members of the
Federal Reserve System. 

FEDERAL RESERVE LOANS TO FREQUENT BORROWERS 
The evidence reported in Table 6 does not prove that the provisions in FDICIA caused the

Fed to restrict lending to undercapitalized banks. As noted previously, over 90 percent of banks
that became undercapitalized during the period for which we have data did not borrow from the
Fed while undercapitalized. In addition, 44 of the 53 banks that borrowed from the Fed while
undercapitalized based on exam close dates borrowed for fewer than 60 days over the entire
period covered by our data, including days when they were adequately capitalized. For the 45
banks that borrowed from the Fed while undercapitalized based on the report disposition dates,
37 borrowed from the Fed for fewer than 60 days during the entire period covered by our data,
including days when they were adequately capitalized. Thus, the observations in Table 6 on the
number of days that banks borrowed from the Fed while undercapitalized may reflect a general
reluctance of banks to rely on Federal Reserve credit rather than restrictions imposed by the Fed
in FDICIA or for other reasons.

We may learn more about the impact of FDICIA on lending to undercapitalized banks by
focusing on banks that borrowed frequently from the Fed before they became undercapitalized.
The eight banks listed in Table 9 relied heavily on the Fed as a consistent source of credit, borrow-
ing almost every day for at least three months just before becoming undercapitalized based on
the exam close date. Becoming undercapitalized may have limited their access to credit from
sources other than the Fed even more than in the period before they became undercapitalized.
And yet the periods over which these banks borrowed from the Fed while undercapitalized
were much shorter than the periods over which they borrowed before they became undercapi-
talized. To illustrate, the bank identified as number 8 in Table 9 borrowed from the Fed on 126
days over a period of 136 days—93 percent of the time—just before it became undercapitalized
but for only 2 days after it became undercapitalized. This suggests that the Fed promptly cut off
access to credit for this bank after it became undercapitalized, even though the bank had relied
on credit from the Fed almost continuously over the preceding four months.

Table 10 provides comparable information for seven banks that borrowed frequently before
becoming undercapitalized based on the report disposition dates. The borrowing patterns shown
in Tables 9 and 10 illustrate that banks that borrowed frequently from the Fed in the three months
before they became undercapitalized borrowed much less frequently after they were classified
as undercapitalized. This suggests that the Fed followed the intent of Congress in limiting access
to credit by undercapitalized banks. 

Gilbert, Kliesen, Meyer, Wheelock

234 May/June  2012 Federal Reserve Bank of St. Louis REVIEW



FEDERAL RESERVE LENDING TO BANKS THAT SUBSEQUENTLY FAILED
The provisions on Fed lending to undercapitalized banks in FDICIA are based on the idea

that loans to undercapitalized banks may increase losses incurred by the FDIC deposit insurance
funds. This section examines Federal Reserve lending to banks that failed during the recent
recession. In particular, we compare the extent of lending to banks that subsequently failed dur-
ing 2008-10 with lending to banks that failed during 1985-90, a period of numerous bank failures
preceding the enactment of FDICIA in 1991.

Failed banks often face rapid reductions in their deposit liabilities just before failure. The
discount window is one source of funds for troubled banks that face liquidity pressures generated
by rapid decreases in deposits and the closing of alternative sources of funds. Gilbert (1995)
found that of the banks that failed during the years 1985-90, those with the most rapid declines
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Table 9

Fed Lending to Frequent Borrowers Before and After They Became Undercapitalized*

Borrowing just before Days of borrowing after 
Bank number becoming undercapitalized becoming undercapitalized

1 Borrowed 325 days in a period of 403 days: 81% 72

2 Borrowed 137 days in a period of 147 days: 93% 37

3 Borrowed 117 days in a period of 122 days: 96% 27

4 Borrowed 295 days in a period of 302 days: 98% 19

5 Borrowed 140 days in a period of 140 days: 100% 8

6 Borrowed 169 days in a period of 176 days: 96% 7

7 Borrowed 103 days in a period of 105 days: 98% 7

8 Borrowed 126 days in a period of 136 days: 93% 2

NOTE: *Undercapitalized banks identified based on exam close date.

Table 10

Fed Lending to Frequent Borrowers Before and After They Became Undercapitalized*

Borrowing just before Days of borrowing after 
Bank number becoming undercapitalized becoming undercapitalized

1 Borrowed 137 days in a period of 147 days: 93% 37

2 Borrowed 117 days in a period of 122 days: 96% 27

3 Borrowed 295 days in a period of 302 days: 98% 19

4 Borrowed 140 days in a period of 140 days: 100% 8

5 Borrowed 169 days in a period of 176 days: 96% 7

6 Borrowed 103 days in a period of 105 days: 98% 7

7 Borrowed 126 days in a period of 136 days: 93% 2

NOTE: *Undercapitalized banks identified based on report disposition date.



in deposit liabilities during their last year were more likely to borrow from the Federal Reserve
and were likely to borrow larger amounts than other failed banks. 

Federal Reserve Chairman Ben Bernanke (2011) has noted that the Federal Reserve has
occasionally provided loans to assist with the orderly resolution of failing banks:

In the handful of instances when discount window loans were extended to troubled institutions, it
was in consultation with the Federal Deposit Insurance Corporation to facilitate a least-cost resolu-
tion; in these instances, also, the Federal Reserve was fully repaid.

Because it takes time for the FDIC to determine the least costly method of resolving a failing
bank, Federal Reserve loans to troubled banks potentially can assist in facilitating orderly reso-
lutions of failing banks and avoiding market and service disruptions arising from sudden liqui-
dation. However, reference in the Chairman’s statement to “the handful of instances” indicates
that Fed loans to facilitate orderly resolutions are not common. There is no official list of cases
in which the Federal Reserve made loans to failing banks in consultation with the FDIC for pur-
poses of facilitating orderly resolutions. Data available on discount window loans to individual
banks during the period August 20, 2007, through March 1, 2010, confirm, however, that Fed
loans to facilitate orderly resolutions were not common. Of the 177 banks that failed during
the period from August 20, 2008, through March 1, 2010, only 23 borrowed from the Federal
Reserve at any time during their last 13 weeks (Table 11). 

Even among the banks that borrowed from the Federal Reserve while undercapitalized, few
were borrowing in the period just before failure. Of the 53 banks identified in Table 6 that bor-
rowed from the Federal Reserve while undercapitalized based on exam close dates, 28 failed
within the period for which we have data on loans to individual banks. Only 12 of these 28 banks
borrowed from the Federal Reserve within one month of their failure dates. There were gaps of
several months between their last discount window loans and failure dates for most of the other
16 banks that borrowed while undercapitalized and failed by March 1, 2010. These 16 banks
used sources of funds other than the discount window for managing any unusual liquidity
pressures near their failure dates. Of the 45 banks identified in Table 6 that borrowed from the
Federal Reserve while undercapitalized based on report disposition dates, 27 failed within the
period for which we have data on loans to individual banks. Only 11 of these 27 banks borrowed
from the Federal Reserve within one month of their failure dates. 

Next we compare Fed lending to banks that failed during the recent financial crisis with
lending during the years 1985-90, based on observations in Gilbert (1994). To make this com-
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Table 11

Distribution of Failed Banks by Borrowings from the Federal Reserve in Their Last Year

Borrowed in their Borrowed in their Borrowed in at least 26 
last 52 weeks last 13 weeks of their last 52 weeks 

Failure period No. of banks No. (%) No. (%) No. (%)

1985-90 318 185 (58.2) 154 (48.4) 28 (8.8)

2008-10 177 59 (33.3) 23 (13.0) 4 (2.3)

NOTE: Data for 2008-10 are for August 20, 2008, through March 1, 2010.



parison, we require data on Fed loans to individual institutions for at least one year prior to their
failure dates. Since data on Fed loans are available for August 20, 2007, through March 1, 2010,
our sample of failed banks includes those that failed during the period August 20, 2008, through
March 1, 2010. For this sample we impose no restriction on asset size, unlike Gilbert (1994),
whose study was based on a sample of 318 banks that excluded the smallest strata of banks that
were not required to file weekly reports on their deposit liabilities. Our sample of failed banks
includes 148 commercial banks, 27 savings banks, and 2 savings and loan associations, for a
total of 177 banks. Figure 3 shows the total number of bank failures (including failures of com-
mercial banks and savings institutions) by month for January 2007 through December 2011.
Data on discount window lending are available for the period from August 2007 through March
2010. Relatively few bank failures occurred prior to August 2008.

Table 11 compares the frequency of Fed lending to banks that failed during 2008-10 with
lending to banks that failed in 1985-90, as reported in Gilbert (1994, Table 1). For the banks
that failed during 2008-10, data on Fed lending include both discount window and TAF loans.
The information reported in the table accounts for TAF loans that were repaid to the Fed before
their original maturity dates. 

The percentages of failed banks that borrowed from the Fed during their last 52 weeks and
their last 13 weeks were substantially smaller during 2008-10 than during 1985-90. Of the 177
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banks that failed during the period from August 20, 2008, through March 1, 2010, only 23 bor-
rowed from the Federal Reserve at any time during their last 13 weeks. The last column of
Table 11 presents information on failed banks that borrowed frequently from the Fed through-
out their last year. Four banks (2.3 percent) borrowed during 26 or more of their last 52 weeks
during 2008-10, whereas 28 banks in the sample (8.8 percent) borrowed during 26 or more of
their last 52 weeks during 1985-90. Table 11 indicates that while the Fed made loans frequently
to a small number of banks that failed during 2008-10, as a group these banks relied less on the
Fed for credit during their last year than did the banks that failed during 1985-90. 

Tables 12 through 14 compare the dollar amount of Fed lending to banks relative to their
total deposits over their last 13, 26, and 52 weeks for banks that failed during the two periods,
using the format of Table 3 in Gilbert (1994). For both periods we include days on which banks
did not borrow in calculating average borrowings. Data on deposits for 1985-90 were derived
from weekly reports by the banks to the Fed on their total deposit liabilities. Comparable weekly
deposit data are not available for 2008-10. For those years, we use quarterly call report data to
approximate average total deposits over the last 13, 26, and 52 weeks of a failed bank’s existence.10

Table 12 compares ratios of average borrowings to total deposits over the last 13 weeks for
failed banks. Banks that failed during 2008-10 tended to rely less on the Fed for credit in the
weeks just before their failures than did banks that failed during 1985-90. Among banks that
failed during 2008-10, 87 percent did not borrow from the Fed during their last 13 weeks, com-
pared with 52 percent for the banks that failed during 1985-90. Borrowings were less than one-
half of 1 percent of average total deposits for 96 percent of the banks that failed during 2008-10,
compared with 70 percent for the banks that failed during 1985-90. Two of the banks that failed
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Table 12

Distribution of Failed Banks by the Size of Their Borrowings Relative to Their Average Total Deposits Over
Their Last 13 Weeks

Sum of borrowings divided by the sum of total deposits 
over the following periods ending on failure dates

1985-90 2008-10

Range of ratios of borrowings to total deposits No. of banks Cumulative % No. of banks Cumulative %

0 164 51.57 153 87.43

0.0 < x ≤ 0.001 28 60.38 11 93.71

0.001 < x ≤ 0.005 29 69.50 4 96.00

0.005 < x ≤ < 0.010 23 76.73 4 98.29

0.010 < x ≤ 0.020 20 83.02 1 98.86

0.020 < x ≤ 0.050 25 90.88 0 98.86

0.050 < x ≤ 0.100 14 95.28 0 98.86

0.100 < x ≤ 0.200 11 98.74 2 100.00

0.200 < x 4 100.00 0 100.00

NOTE: Data for 2008-10 are for August 20, 2008, through March 1, 2010. Deposit data are missing for 2 of the 177 banks that failed over this
period. One of the missing banks borrowed during its last 13 weeks and the other missing bank did not borrow.
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Table 13

Distribution of Failed Banks by the Size of Their Borrowings Relative to Their Average Total Deposits Over
Their Last 26 Weeks

Sum of borrowings divided by the sum of total deposits 
over the following periods ending on failure dates

1985-90 2008-10

Range of ratios of borrowings to total deposits No. of banks Cumulative % No. of banks Cumulative %

0 149 46.86 142 80.23

0.000 < x ≤ 0.001 54 63.84 24 93.79

0.001 < x ≤ 0.005 29 72.96 5 96.61

0.005 < x ≤ 0.010 23 80.19 2 97.74

0.010 < x ≤ 0.020 22 87.11 1 98.31

0.020 < x ≤ 0.050 24 94.65 0 98.31

0.050 < x ≤ 0.100 10 97.80 1 98.87

0.100 < x ≤ 0.200 5 99.37 1 99.44

0.200 < x 2 100.00 1 100.00

NOTE: Data for 2008-10 are for August 20, 2008, through March 1, 2010. 

Table 14

Distribution of Failed Banks by the Size of Their Borrowings Relative to Their Average Total Deposits Over
Their Last 52 Weeks

Sum of borrowings divided by the sum of total deposits 
over the following periods ending on failure dates

1985-90 2008-10

Range of ratios of borrowings to total deposits No. of banks Cumulative % No. of banks Cumulative %

0 133 41.82 119 67.23

0.000 < x ≤ 0.001 65 62.26 39 89.27

0.001 < x ≤ 0.005 52 78.62 9 94.35

0.005 < x ≤ 0.010 21 85.11 4 96.61

0.010 < x ≤ 0.020 23 92.45 2 97.74

0.020 < x ≤ 0.050 15 97.17 1 98.31

0.050 < x ≤ 0.100 6 99.06 1 98.87

0.100 < x ≤ 0.200 2 99.69 1 99.44

0.200 < x 1 100.00 1 100.00

NOTE: Data for 2008-10 are for August 20, 2008, through March 1, 2010. 



during 2008-10, however, had average borrowings over their last 13 weeks that were between
10 percent and 20 percent of their total deposits.

The pattern shown in Table 13 is similar to that in Table 12, indicating that banks that failed
during 2008-10 relied less on Federal Reserve loans over their last 26 weeks than banks that
failed during 1985-90. A few banks that failed during 2008-10, however, relied heavily on credit
from the Fed during their last 26 weeks. Average borrowings were between 10 percent and 20
percent of average total deposits for one bank and exceeded 20 percent for another bank. The
contrast between the two periods was similar for average borrowings relative to total deposits
over the last 52 weeks before failure (Table 14). As a group, banks that failed during 2008-10
relied less on Federal Reserve credit during their last 52 weeks than did banks that failed during
1985-90. Comparisons of the patterns of Fed lending to failed banks during their last year are
consistent with the conclusion that the provisions in FDICIA on lending to undercapitalized
banks reduced the frequency and amount of lending to banks that failed during 2008-10 relative
to such lending during 1985-90.  

CONCLUSION
The Federal Deposit Insurance Corporation Improvement Act of 1991 (FDICIA) was,

among other things, intended to limit the access of financially troubled banks to Federal Reserve
credit and thereby help minimize losses incurred by federal deposit insurance funds. This article
investigates the effectiveness of FDICIA by studying Federal Reserve lending to commercial
banks and other depository institutions during the recent financial crisis, recession, and subse-
quent period of economic recovery. We address two principal questions, which are motivated
by press reports and other commentary about Federal Reserve lending during the crisis: (i) Did
the Fed violate either the letter or spirit of FDICIA by lending to undercapitalized banks? (ii) Did
Federal Reserve lending constitute a large fraction of the deposit liabilities of banks that failed
during their last year prior to failure? 

Our research finds no evidence that the Fed ever knowingly lent to an undercapitalized
bank for more than 60 days during the period between August 2007 and March 2010. In addi-
tion, the Fed never knowingly extended credit to a critically undercapitalized bank during that
period. Hence, Fed lending to undercapitalized banks remained within the limits set in FDICIA.
Moreover, in most cases, Federal Reserve credit was extended for considerably fewer days than
permitted by FDICIA. Furthermore, compared with patterns of Fed lending during 1985-90, we
find that few banks that failed during 2008-10 borrowed from the Fed during their last year prior
to failure, and only a small number of banks had outstanding Fed loans when they failed. As a
group, the banks that failed during the 2008-10 period relied less on the Federal Reserve as a
source of credit during their last 52 weeks than did the banks that failed during 1985-90. Of
course, it is impossible to know whether the enactment of FDICIA accounts for differences in
Federal Reserve lending practices during the recent financial crisis and recovery and the previ-
ous period of financial distress in the 1980s. However, it does seem clear that Federal Reserve
lending to depository institutions during the recent episode was consistent with the congres-
sional intent of FDICIA.
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NOTES
1 For information about the specific programs established by the Fed in response to the financial crisis, see the Board of

Governors website (www.federalreserve.gov/monetarypolicy/bst_crisisresponse.htm). The Federal Reserve Bank of St. Louis
provides a timeline of crisis events and government action in response to the crisis (http://timeline.stlouisfed.org/).

2 Criticisms of aspects of the Fed’s response to the crisis include those by Buiter (2009), Meltzer (2009), and Poole (2009). For
responses to these and other criticisms, see Bernanke (2009, 2010), Madigan (2009), and Nelson (2011).

3 For examples, see Applebaum and McGinty (2011) and Ivry, Keoun, and Kuntz (2011).

4 The limitation does not apply if the head of the appropriate banking agency or the Chairman of the Federal Reserve Board
certifies to the Federal Reserve Bank that a depository institution is viable. 

5 The Fed’s liability may not exceed the lesser of (i) any loss exceeding the loss that the FDIC would have incurred if it had 
liquidated the critically undercapitalized bank within five days of becoming critically undercapitalized and (ii) the interest
earned by the Fed on advances to the bank beyond the first five days of becoming critically undercapitalized. The text of
FDICIA is available from the Federal Reserve Bank of St. Louis website (http://fraser.stlouisfed.org/publication-series/?id=415).

6 See Bordo and Wheelock (2011) on what the Fed’s founders sought to achieve by establishing the discount window, short-
comings with the mechanism that became apparent during the Great Depression, and subsequent reforms.

7 Government Accountability Office (2011, p. 228). The General Accountability Office identified 416 unique names of TAF bor-
rowers. We identified 411 unique depository institutions that received TAF loans, according to data provided by the Federal
Reserve Board (www.federalreserve.gov/newsevents/reform_taf.htm).

8 These data are available on the Board of Governors’ website (www.federalreserve.gov/newsevents/reform_taf.htm).

9 The rating systems used for foreign banking organizations are described in Federal Reserve Supervisory Letters 96-36 and
00-14 (www.federalreserve.gov/boarddocs/srletters/1996/sr9627.htm and www.federalreserve.gov/boarddocs/srletters/
2000/SR0014.HTM).

10 We estimated the average deposits of a failed bank over its last 13 weeks as the average of its total deposits in the two quar-
ters directly before the bank’s failure date. For example, if a bank failed in July 2009, total deposits correspond to the average
of its total deposits for 2009:Q1 (March 31) and 2009:Q2 (June 30). The estimate of total deposits for a failed bank over its
last 26 weeks is the average of its total deposits over the two quarters before failure. If a bank failed in July 2009, the estimate
of total deposits in the second quarter before failure would be the average of the total deposits for 2008:Q4 (December 31)
and 2009:Q1 (March 31). We estimated the total deposits of a failed bank over its last 52 weeks as its average of total deposits
in the last four quarters before its failure. We estimated total deposits in the third quarter before failure as the average of
total deposits for the third and fourth quarters before the bank’s failure. If a bank failed in July 2009, the estimate of total
deposits in the third quarter before its failure would be the average of the total deposits for 2008:Q3 (September 30) and
2008:Q4 (December 31). We estimated total deposits in the fourth quarter before failure as the average of the total deposits
for the fourth and fifth quarters before the bank’s failure. If a bank failed in July 2009, the estimate of total deposits in the
fourth quarter before failure would be the average of the total deposits for 2008:Q2 (June 30) and 2008:Q3 (September 30). 
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