
NBER WORKING PAPER SERIES

A BLACK SWAN IN THE MONEY MARKET

John B. Taylor
John C. Williams

Working Paper 13943
http://www.nber.org/papers/w13943

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue

Cambridge, MA 02138
April 2008

We thank Lewis Alexander, John Cogan, Darrel Duffie, Frederick Furlong, Alan Greenspan, Craig
Furfine, Jim Hamilton, Jamie Paterson, Steve Malekian, Tom Simpson, Josie Smith, and Dan Thornton
for helpful comments and assistance.  The views expressed in this paper are solely those of the authors
and should not be interpreted as reflecting the views of the management of the Federal Reserve Bank
of San Francisco, the Board of Governors of the Federal Reserve System, or the National Bureau of
Economic Research.

NBER working papers are circulated for discussion and comment purposes. They have not been peer-
reviewed or been subject to the review by the NBER Board of Directors that accompanies official
NBER publications.

© 2008 by John B. Taylor and John C. Williams. All rights reserved. Short sections of text, not to
exceed two paragraphs, may be quoted without explicit permission provided that full credit, including
© notice, is given to the source.



A Black Swan in the Money Market
John B. Taylor and John C. Williams
NBER Working Paper No. 13943
April 2008
JEL No. E43,E44,E52

ABSTRACT

At the center of the financial market crisis of 2007-2008 was a highly unusual jump in spreads between
the overnight inter-bank lending rate and term London inter-bank offer rates (Libor). Because many
private loans are linked to Libor rates, the sharp increase in these spreads raised the cost of borrowing
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reduce them. This paper documents these developments and, using a no-arbitrage model of the term
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banks contributed to the rise in spreads and find no empirical evidence that the TAF has reduced spreads.
The results have implications for monetary policy and financial economics.
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 On Thursday, August 9, 2007 traders in New York, London, and other financial 

centers around the world suddenly faced a dramatic change in conditions in the money 

markets where they buy and sell short-term securities. The interest rate on overnight 

loans between banks—the effective federal funds rate—jumped to unusually high levels 

compared with the Fed’s target for the federal funds rate.  Rates on inter-bank term loans 

with maturities of a few weeks or more surged as well, even though no near-term change 

in the Fed’s target interest rate was expected.  Many traders, bankers, and central bankers 

found these developments surprising and puzzling after many years of comparative calm. 

 The turmoil did not disappear the next day. The overnight interest rate whipsawed 

sharply down on Friday as the New York Fed pumped liquidity into the market, with the 

rate overshooting the target on the down side by a large margin.  Even more worrisome 

was that term inter-bank rates, those for loans lasting a month to several months, moved 

up further on Friday despite the increase in liquidity provided by central banks.  Rates on 

term lending, such as the Libor one- and three-month rates, seemed to have become 

disconnected from the overnight rate and thereby from the Fed’s target for interest rates. 

It was as if banks suddenly demanded more liquidity or had grown reluctant to lend to 

each other, perhaps because of fears about the location of newly disclosed losses on sub-

prime mortgages. 

 As we now know, that Thursday and Friday of August 2007 turned out to be just 

the start of a remarkably unusual period of tumult in the money markets, perhaps even 

qualifying as one of those highly unusual “black swan” events that Taleb (2007) has 

recently written about (see Cecchetti 2008 for a full discussion of the events leading up to 

and including the crisis).  The episode raises important questions for monetary theory and 
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policy.  At a minimum, the sharp increases in spreads provide new data to stress test our 

theories of the term structure of interest rates.  Moreover, the money market represents 

the first stage of the monetary transmission channel, where monetary policy actions first 

come in contact with the rest of the financial system and the entire economy. Term 

money market rates, such as 3-month Libor, affect the rates on loans and securities from 

home mortgages to business loans. A poorly functioning money market impinges on the 

availability and cost of credit to businesses and households and jeopardizes the 

effectiveness of monetary policy.    

 The Federal Reserve made several attempts to improve conditions in money 

markets and thereby reduce the spread between term inter-bank lending rates and the 

overnight rate. Early on, it lowered the penalty on borrowing at the discount window 

bringing the discount rate below the prevailing Libor rate, and it strongly encouraged 

banks to borrow. But banks were reluctant to borrow from the discount window and there 

was little response. Then in December 2007—four months after the crisis began—the Fed 

introduced a major new lending facility, the Term Auction Facility (TAF), through which 

banks could borrow from the Fed without using the discount window.  

The purpose of this paper is to document these unusual developments in money 

markets, assess various theories underlying them, and evaluate the impact of policy 

actions like the Term Auction Facility.  In the original draft of this paper, written in 

February 2008, we put forth the hypothesis, based on a simple financial market model, 

that the Term Auction Facility would not reduce the spreads between Libor and the 

federal funds rate when correcting for term expectations, contrary to the purpose of the 

facility. We also provided statistical tests that could not reject this hypothesis. However, 
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because the spread narrowed from December 2007 through February 2008 after the TAF 

was introduced, central bank officials and others judged that the TAF was working. For 

example, Mishkin (2008), speaking in mid February of 2008 and noting the decline in the 

term spread, stated that “the TAF may have had significant beneficial effects on financial 

markets.”  Soon thereafter, however, the spread widened again, adding evidence to 

support the theoretical hypothesis put forth in this research.  The renewed stress in the 

markets also gave rise to a host of new Federal Reserve actions and lending facilities.1  

 Though the financial turmoil persists, we view the introduction of these new 

facilities and actions as marking the beginning of a new phase of the crisis, where new 

policy responses will be evaluated and tested.  Accordingly, this study focuses on the first 

phase of the crisis, more specifically, the period from Thursday, August 9, 2007 through 

Thursday, March 20, 2008. Sufficient observations have accumulated during the 161 

trading days of this first phase to draw several conclusions that are of interest from a 

theoretical perspective and may be useful to policy makers going forward.    

 

1. The August 9 Break Point: Target, Effective, and Term Fed Funds 

 Figure 1 focuses on three money market interest rates which nicely illustrate the 

changes in market conditions in August 2007—(1) the target for the federal funds interest 

rate as set by the Federal Open Market Committee, (2) the daily effective overnight 

federal funds rate in the market, and (3) the interest rate on 3-month Libor. The Libor 

interest rate in the London inter-bank market in dollars is essentially the same as the 

                                                 
1 On Tuesday March 11 the new Term Securities Lending Facility (TSLF) and the expansion of the TAF 
from $60 billion to $100 billion was announced. On Friday March 14 a new loan package to Bear Stearns 
through JP Morgan was announced.  On Sunday March 16 a new Primary Dealers Credit Facility (PDCF) 
was announced. 
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interest rate on term fed funds for comparable maturities, so we focus on the former in 

this study.  (Nothing material would change if we focused on rate on term fed funds 

directly.)  

 First, observe in Figure 1 that the volatility of the effective federal funds rate (the 

average rate at which overnight fed funds actually transact) relative to the target 

increased after August 9.  During the period from the start of the year through August 8, 

2007, the standard deviation of the difference between the effective funds rate and the 

target was only 3 basis points. From August 9, 2007 to March 20, 2008 the standard 

deviation was 20 basis points. Note that the steadiness of the federal funds rate at 5.25 

percent may be one of the reasons for the relatively small misses in the earlier period, but 

if you include the years back to the beginning of 2002 the volatility is 6 basis points, still 

much less than the 20 basis points seen during the period that we study.  There have been 

other periods where the effective funds rate was more volatile, particularly before the Fed 

became more transparent about its interest rate setting.  Taylor (2001) presents a model 

that focuses on effective fed funds rate volatility.  

 Second, and this is the main focus of our paper, observe how the spread between 

3-month Libor and the Fed’s overnight federal funds rate target increased dramatically 

starting in August and fluctuated erratically after that. During the year before August 9, 

2007, the 3-month Libor spread above the target federal funds averaged only 11 basis 

with a standard deviation of a mere 1 basis point—a period of very low volatility. Similar 

changes in spreads between term rates and overnight rates are apparent for other Libor 

maturities and for several other countries, as we document below.     
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Figure 1.  Key money market rates from September 2006 to March 2008 

2. Potential Explanations 

 Ever since the turmoil began, traders, bankers, economists, and others have 

offered explanations for the dramatic increase in the Libor spread. We think it is useful to 

categorize the many explanations into several types.  

 First, and perhaps the most commonly mentioned explanation is “counterparty 

risk,” which simply means banks became more reluctant to lend to other banks because 

of the perception that the risk of default on the loan had increased and/or the market price 

of taking on such risk had risen. Recall that inter-bank lending in the Libor market or 

term fed funds is unsecured.  
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 Of course, this explanation has the virtue of reflecting the widely-reported reality 

that many banks were writing down the values of securities that they owned.  These 

securities had either been downgraded in terms of quality or were backed by sub-prime 

mortgages that were becoming delinquent or going into foreclosure as housing prices 

stopped increasing and began to fall.  Clearly, the continuing decline in housing prices 

and the slowing economy could easily raise the chances of a further deterioration in the 

value of mortgage-related assets on the banks’ balance sheets. Moreover, the realization 

of the risks in derivative securities based on sub-prime mortgages triggered doubts about 

many other aspects of the derivative market, including the ability of credit default 

insurers to meet their obligations and the size and nature of the likely restructuring of the 

off-balance sheet operations known as structured investment vehicles (SIVs). 

 Another explanation, which might be called “liquidity risk,” is that traders at one 

bank are reluctant to expose the traders’ bank’s funds during a period of time where those 

funds might be needed to cover the bank’s own shortfalls.  Effectively, the trader may not 

be given as much “balance sheet” to invest, which is perceived as a shortage of liquidity 

to the trader.   While it is difficult to distinguish counterparty risk from liquidity risk, we 

note that the interest rate on CDs, which are also held by individuals and non-banks, 

follows Libor closely during this period.  Hence, it is not only banks that are getting 

premiums when lending to banks, indicating that once counterparty risk is taken into 

account there is little additional role for liquidity risk as defined here. 

 A third and closely related explanation was often heard during the period of 

November and January. Banks needed liquidity to make sure that their own balance 
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sheets looked respectable in end-of-year financial reports, especially given the stress and 

scrutiny that many banks had been under.   

 The fourth explanation relates to expectations of future interest rate changes.  

Expectations of declining overnight rates, for example, will cause term Libor rates to 

decline as well, all else equal. Except for the very beginning of the turmoil period, this 

explanation would tend to bring the spread between the Libor rate and the target fed 

funds rate lower because of expectations of future interest rate decline due to policy 

easing.  It is necessary to take account of this factor when assessing the other factors that 

could be moving the spread around. For example, if you look closely at Figure 1 you see 

that the spread between Libor and the fed funds target comes down before cuts in the 

federal funds rate. Indeed, toward the end of our sample in mid February, the spread 

narrowed significantly, but this could be due to expectations of future interest rate cuts. 

We therefore control for expectations of future interest rates in the analysis that follows.  

 

3. A Model 

 In order to distinguish between these various explanations we need a model of 

money market interest rates through which we can interpret the risk, liquidity, and 

expectations factors that we have argued are important. It is essential to take out pure 

expectations effects, which always create differences between longer term interest rates 

and overnight fed funds. Recall that Libor is a term rate (3 month in Figure 1) and fed 

funds are one-day maturity. 

 Early models of the money market used for monetary policy developed in 

the1970s and 1980s (see Anderson and Rasche, 1982, for a review) are not sufficient for 
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this purpose because they neither account for forward-looking expectations nor risk 

premia. More recent finance models used by Ang and Piazzesi (2003) and others are 

more useful for this purpose.  Moreover the earlier models used estimated demand 

functions for securities, an approach that is not possible to implement in the current 

situation, because available data is in the form of prices (in the form of interest rates), 

rather than quantities.    

Our model focuses on three interest rates as defined below:  
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The Overnight Indexed Swap (OIS) rate is closely connected to the average overnight 

interest rate expected to prevail over the next n days.  An OIS is structured as follows: at 

maturity, the parties exchange the difference between the interest that would be accrued 

from repeatedly rolling over an investment in the overnight market and the interest that 

would be accrued at the agreed OIS fixed rate.  The TAF is described in detail below.   

 Following the literature on arbitrage-free pricing of bonds, we write down term 

structure relations for the Libor (or fed funds) term structure interest rates.  Let )(n
tP  

denote the price of a zero-coupon loan with n periods until maturity.  Equation 1 relates 

the yield on the loan, )(n
ti , to its price. The prices of zero-coupon loans follow the 

recursion given in equation 2, where 1+tm denotes the pricing kernel.  As in Ang and 

Piazzesi (2003), we assume the pricing kernel takes the form shown in equation 3 and the 

market price of risk, tλ , takes the linear form shown in equation 4, where tx  is a vector of 

variables that affect the price of risk. 
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Similar equations can be written down for the OIS and the TAF rates.  In contrast to 

Libor loans, OIS transactions involve very little counterparty risk as no money changes 

hands until the maturity date.  The only potential loss in the case of default by the 

counterparty is the difference between the two interest rates on which the OIS is based.  

There does exist interest rate risk reflecting uncertainty regarding the future path of 

interest rates. However, given the relatively short maturities of loans that we study, the 

market price of interest rate risk is likely typically to be small.  In the following, we 

assume that the market price of risk associated with OIS transaction is constant. Loans 

from the TAF are collateralized and therefore also carry relatively small risk.  We 

therefore assume that the market price of risk associated with TAF loans is likewise 

constant.   

Taken together, this assumption of a constant market price of risk for OIS and 

TAF rates implies that as part of the null hypothesis of an absence of liquidity effects in 

the pricing of the various loans and abstracting from a constant differential risk premium, 

we have: )()( n
t

n
t sa = .  Moreover, absent liquidity effects, we would not expect the λi for 

the inter-bank rates to be influenced by the TAF.  
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Under these assumptions, the OIS rate equals the average of the overnight interest 

rates expected until maturity.  By subtracting the appropriate OIS rate from the term 

Libor yield, we are able to cleanse expectations effects from the Libor yield.  Under our 

null hypothesis of no liquidity effects, the resulting difference in rates, )()( n
t

n
t si − , reflects 

only the pricing of risk associated with Libor lending relative to the constant price of risk 

associated with OIS transactions.  Thus, in the next section, we use this difference in 

yields as a measure of the effects of risk on yields.  We will use several different 

measures of counterparty risk as explanatory variables in the price of risk, as explained 

below.2 

 

4. Focusing on the Libor OIS spread   

 Figure 2 plots the spread between Libor and OIS during the same period as in 

Figure 1. It paints quite a different picture of the spread, and shows the value of removing 

expectations of future interest rates in analyzing term spreads.  For example, looking at 

Figure 1 you might think the spread returned to normal by mid February. However, 

examination of Figure 2 shows that the spread is still quite large. In this chart and in the 

rest of our analysis we focus on 3-month Libor; similar results are found by looking at 

other maturities such as one-month Libor.   

 Figure 2 illustrates clearly how the spread between Libor and OIS jumped on 

August 9th.  From December 4, 2001—the day when our OIS 3-month data begin—

through August 8, 2007, the spread averaged 11 basis points with a standard deviation of 

3.6 basis points.  It jumped by 25 basis points above this average to 34 basis points on 

                                                 
2 As described below, another measure of risk is the difference between rates on Libor and government 
repurchase agreements between banks. 
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August 9th and fluctuated wildly between a minimum of 30 basis points and a maximum 

of 106 basis points, averaging 65 basis points through March 20. The peak was reached 

on December 6, 2007, and was followed by big downward movements on December 12-

14, 2007 and January 14-15, 2008. On March 20, it stood at 61 basis points, only slightly 

below the average since August 9, 2007, and clearly not a return to a “normal” level.  
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 Figure 2.  Taking out the pure expectations effects 
 

Looking at spreads going back to December 2001 illustrates just how unusual this 

episode has been.  Figure 3 plots the same data as in Figure 2, but starting in December 

2001. As mentioned above, the spread on August 9 was 25 basis points above the pre-

August 9, 2007 average.  That is 7 times the standard deviation before August 9—more 
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than a 6-sigma event. The mean through March 20 was 16 standard deviations above the 

old mean, which under normality would have been an extraordinarily improbable event.  
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  Figure 3.  A Black Swan in the Money Market? 

 

 Another way to remove expectations effects is to look at the spread between 

unsecured inter-bank lending (Libor) and secured inter-bank government Repos 

(Repurchase Agreements backed by Treasury securities) of the same maturity, in this 

case, three months. By focusing on the difference between secured and unsecured 

lending, this spread may be a better way to extract pure risk.  However, we find much 
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more noise in this spread than in the Libor-OIS spread.  Traders we have consulted 

attribute this noise to technical factors such as tax considerations and collateral delivery 

glitches.  Figure 4 shows this measure of the risk spread. It is clearly noisier than the 

spread shown in Figures 2 and 3, making the recent financial turmoil appear less 

improbable than suggested by evidence based on Libor-OIS spreads.  Nonetheless, these 

past episodes were not nearly as large or persistent as those during the period starting in 

August 2007.  Because of this noise we will focus on the Libor-OIS spread as the main 

“dependent variable” in the remainder of this paper, using the Libor-Repo spread along 

with other measures of risk (discussed in Section 6) as independent variables. 
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 Figure 4.  Another Way to Remove Expectations Effects 
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5. Overnight Funds Volatility: Counterparty Risk or Increased Tolerance to Misses   

 Thus far we have shown how important it is to take out expectations effects in 

order to assess the increase in risk and liquidity premia in the inter-bank market.  It is also 

possible to focus directly on the increase in volatility of the effective funds rate relative to 

its target as set by the FOMC. Figure 5 shows the difference between the effective fed 

funds rate and the target fed funds rate.  

 There are several possible explanations for the increased volatility or “misses” of 

the effective rate from the target. One is the same counterparty risk that is offered as an 

explanation for the spread seen in the term lending market.  Fed funds trades are largely 

bilateral. Hence, rates can differ from trade to trade, even at the same point in time. If 

traders are more circumspect about some borrowers than others, then this will show up in 

increased dispersion of the rates in these bilateral trades at each point in time.  Since the 

effective daily rate is estimated from these trades, its increased volatility could reflect the 

increased dispersion. If so, then the increase in volatility in the overnight market provides 

some corroborating evidence that counterparty risk may be part of the explanation for the 

increased spread in the term market. 

 Another explanation is that the underlying volatility in intraday trading in the fed 

funds market may have been driven by the New York Fed’s trading desk acting to 

prevent the rate from spiking above the target. Indeed, there is a noticeable downward 

bias in the misses during this period.  
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   Figure 5.  Increased Volatility in the Overnight Federal Funds Market 

 

6.  Measures and Indicators of Counterparty Risk 

 In this section, we consider a range of possible indicators of counterparty risk. To 

the extent that these are timed with the black swan event documented in Figure 2, they 

may offer evidence that such sources of risk, rather than more general liquidity concerns, 

were the main reason for the increased spread in the Libor markets.   

  

Asset Backed Commercial Paper versus Dealer Placed Commercial Paper 

 Another market that has been under extreme stress during this period is the 

market that grew as a mechanism for financing the purchase of home mortgages in the 

process of assembling them into various derivative securities.  Because the commercial 
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paper was backed by these mortgages or by the mortgage pools, they are called asset- 

backed commercial paper.  They are a potential measure of the counterparty risk in 

commercial banks because banks held this paper either directly or indirectly through their 

Structured Investment Vehicle operations. 

 Figure 6 shows the spread between asset-backed commercial paper and dealer-

placed commercial paper, which excludes the more risky asset-backed issues, letter-of-

credit issues, and direct issues from firms. Clearly, there was an increase in the spread 

about the same time as the Libor spreads increased and the patterns of decline and the ups 

and downs also have similarities. To the extent that this is a good indicator of 

counterparty risk, this timing lends support for the counterparty risk explanation. 
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 Figure 6.  Asset Backed Commercial Paper Spreads Increased  
  about the Same Time as Libor Spreads 
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 Credit Default Swaps 

Another measure of counterparty risk is the probability that banks might default 

on their debt.  These probabilities can be assessed using the premiums on credit default 

swaps (CDS) that are like insurance policies for corporate bonds. The buyer of a credit 

default swap pays a periodic fee to a seller in exchange for the promise of a payment, in 

the event of bankruptcy or default, of the difference between the par value and the market 

value of the corporate bond. Figure 7 shows the rapidly rising rates on five-year CDS for 

several major financial institutions through March 20, 2008 including Bear Stearns.  Note 

the increase starting in July of 2007.  Figure 8 focuses on four large commercial banks. 

Unlike the asset backed commercial paper spread, there is no evidence of a decline in risk 

at the time that the Libor spreads declined. 
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 Figure 7.  Rapidly Rising Risks as measured by CDS rates  
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Figure 8. Risks at four major banks also rose though not so sharply. 

 

Developments in other Countries 

 The turmoil affecting money markets was not limited to the United States.   

Spreads between term and overnight inter-bank lending have risen in Canada, Europe, 

and Japan, at the same time as in the United States.  The similarities and differences 

across countries help illuminate the possible sources of the rise in these spreads.   

 Euro Libor and Pound Sterling Libor   Figure 9 shows the Libor spreads for 

loans in Euros and Pound Sterling using the same OIS adjustment method we used to 

calculate the U.S. dollar Libor spreads in Figure 2. We plot these other two spreads along 

with the dollar spread since 2004. All three spreads move closely together, indicating that 
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whatever the source of these spreads, it is affecting money markets for all three 

currencies in the same way.  This close correspondence in spreads is not as surprising as 

it first may appear. In fact, there is considerable overlap in the lists of banks that are 

included in the Libor survey in these three countries, as we document in the Appendix.  
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Figure 9. Libor spread increased in three major currencies in August 2007 

 

 Yen Libor and Tibor.  Another useful indicator is a comparison of the Libor rate 

denominated in Yen to that of the Tibor, the rate on inter-bank loans between Japanese 

banks in the Tokyo markets. In the appendix, we report the banks in the two surveys. 

Figure 10 shows these two rates since the mid 1990s.  Note that the chart shows the Libor 

yields themselves, not spreads.  Japanese interest rates have been much lower than 
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interest rates in the United States, Europe or the UK. Nonetheless, spreads can and do 

develop between different types of inter-bank lending and indicate risk factors in the 

banking sector.  Indeed, in the late 1990s, Japanese banks experienced sizable spreads on 

inter-bank lending comparable to what is being experienced in New York and London in 

this recent episode of stress. As explained by Peek and Rosengren (2001) and Corvig, 

Low, and Melvin (2004), risks in the banking sector in Tokyo caused interest rates on 

inter-bank loans to rise in Tokyo compared with London. In other words, Tibor rates rose 

relative to Libor rates, as shown in Figure 10 and Figure 11, which shows the Tibor-Libor 

spread for three-month loans. 
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Figure 10. Pattern of Tibor and Libor since 1990s 
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This pattern of Tibor-Libor spreads has reversed, with Tibor rates now lower than 

corresponding Libor rates. One interpretation is that the demand for liquidity has not 

risen as much for Japanese banks as for the major banks in these other markets.  In our 

view, a more probable explanation is that the risks associated with inter-bank loans from 

American and European banks have increased relative to those for loans among Japanese 

banks.  Accordingly, the “negative Japan premium” or Japan discount provides another 

measure of counterparty risk among banks in New York, London, and Frankfurt.  
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Figure 11.  Unlike the Japan premium in the 1990s the Tibor-Libor spread turned 
negative fell when Libor spreads increased in the United States and Europe 
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 Swiss Libor.  Finally we look at Libor loans denominated in Swiss Francs.  The 

Swiss National Bank (SNB) follows a different strategy for monetary operations than the 

Federal Reserve, the European Central Bank, or the Bank of England.  The Swiss 

National Bank targets the three-month Libor rate and adjusts the amount of liquidity in 

the overnight market to hit its target. (For a theoretical analysis of such a policy 

framework, see McGough, Rudebusch, and Williams, 2005).  Hence, if there is an 

increase in the spread between three-month Libor and the overnight rate, then the SNB 

will take actions to reduce the overnight rate by providing extra liquidity to the market. 

(Jordan and Kugler,, 2004.)  As a result, a very different pattern emerges in the overnight 

and term Libor rates.  However, the same evidence of risk emerges if one looks at the 

spread between overnight and term rates. 

 These actions can be seen clearly in Figure 12. With a target for 3-month Libor of 

2.75 percent, the overnight rate declined, rose, and declined again while the Libor rate 

remained relatively steady. Hence, the spread between Libor and overnight rates was 

realized by moving the overnight rate around.  The way this works is nicely illustrated in 

the period from August 2007 through March 2008.   
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Figure 12. Term Libor spread in Switzerland resulted in a temporary decline  
in the overnight rate with current operating procedures at the SNB 
 
 

7.  The Term Auction Facility 

 In an effort to lower the unusual term lending spreads documented in Figure 2, the 

Federal Reserve took a number of actions. First it lowered the spread between the 

discount rate and the fed funds target directly and encouraged more discount window 

borrowing.  But, banks did not increase their borrowing to any large degree.  Second, in 

December 2007, the Federal Reserve established a new facility called the term auction 

facility (TAF) to provide liquidity directly to financial institutions at a longer duration, 

and thereby drive down the spread on term lending relative to overnight loans.  

According to the Federal Reserve Board, by injecting “term funds through a broader 

range of counterparties and against a broader range of collateral than open market 

operations, this facility could help ensure that liquidity provisions can be disseminated 



 25

efficiently even when the unsecured interbank markets are under stress” (Board of 

Governors of the Federal Reserve, 2007).  

 The TAF was first announced on Dec 12, 2007.  The TAF allows financial 

institutions to make bids for term borrowing from the Fed, with maturities typically of 28 

days.  Beginning in late December of 2007, two TAF auctions have been held each 

month. Table 1 provides key information about each of the auctions that occurred during 

the period of our study. TAF loans are collateralized following the procedures used for 

discount window borrowing. The Board of Governors sets the auction amount and the 

minimum bid allowed for the interest rate, which is set equal to the OIS rate 

corresponding to the term of the loan. The interest rate on the loans is determined in a 

single-price auction and is reported as the “TAF” rate in Table 1.  The spread between the 

TAF rates and the OIS rate at the time bids were taken averaged around 50 basis points 

for the first two auctions, but then fell in subsequent auctions, before rising again to 

around 40 basis points in the first auction of March, 2008.  

 
Table 1  

Term Auctions Facility (TAF) 
____________________________________________________________________ 
                Term Amt  Min. TAF       1-Month   Bid/Cover  
Day of Bid      Settlement     (days) ($B) Rate Rate      Libor Ratio 
____________________________________________________________________ 
       
12/17/07 12/20/07    28  20 4.17 4.650      4.965 3.08  
12/20/07 12/27/07    35  20 4.15 4.670      4.896 2.88   
01/14/08 01/17/08     28  30 3.88 3.950      4.081 1.85     
01/28/08 01/31/08     28  30 3.10 3.123      3.281 1.25    
02/11/08 01/24/08     28  30 2.86 3.010      3.139 1.95 
02/25/08 02/28/08 28  30 2.81    3.080    3.124 2.27  
03/10/08 03/13/08 28  50 2.39 2.800    2.935 1.85      
____________________________________________________________________ 
Note: the 1-month labor rate refers to the rates on the day the TAF bids were submitted. 
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Early reports on the effectiveness of the TAF were generally favorable.  The 

auctions were oversubscribed and the TAF rates were below the one-month Libor rate 

prevailing at the time that bids were submitted, as seen in Table 1.  Moreover, as noted 

above, Libor-OIS spreads fell sharply between late December and mid January.  Figure 

13 shows the dates of the TAF auctions with vertical lines along with the Libor-OIS 

spreads at one- and three-month maturities.  After the first two auctions, the TAF rate has 

been between 4 and 16 basis points below the prevailing one-month Libor rate. 
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  Figure 13.  Timing of the TAF auctions and Libor – OIS spreads 
  

 At the same time the TAF was introduced, other central banks, including the Bank  

of Canada, the Bank of England, the European Central Bank (ECB), and the Swiss National 
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Bank, also took measures to increase term lending.  The ECB and SNB launched their 

own term auction facilities starting in December of 2007.  These auctions are summarized 

in the Appendix. The ECB and SNB participated in TAF auctions in December and 

January that occurred on days in which the Fed held TAF auctions. No further ECB or 

SNB TAF auctions took place during our sample (they have since restarted after the end 

of our sample).  In addition, the Bank of Canada and the Bank of England increased their 

term repo lending in December and January; those programs were then curtailed (they, 

too, have since restarted). 

 

 
Source: Federal Reserve Bank of New York, Domestic Open Market Operations in 2007, February 2008 
 
Figure 14 TAF did not increase the total amount of liquidity 
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Figure 15.   As TAF borrowings from the Fed go up, non-borrowed reserves decline to 
offset the increase, keeping total reserves unchanged 
 

 

In assessing the effects of the TAF, it is important to note that it does not increase 

the amount of total liquidity in the money markets. Any increase in liquidity that comes 

from banks borrowing from the Fed using the TAF will be offset by open market sales of 

securities by the Fed to keep the total supply of reserves from falling rapidly. The actions 

are essentially automatic in the sense that the Fed must sell securities to keep the federal 

funds rate on target. Figure 14 shows that this is indeed what has happened under the 

TAF. The System Open Market Account reduced its outright holdings of securities (light 

blue area) by essentially the same amount as the TAF (dark blue area). This can also be 

seen in Figure 15: Note that TAF borrowings have increased dramatically only to be 

completely offset by a sharp decline in non-borrowed reserves leaving total bank reserves 

at the Fed largely unchanged.    
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8. Econometric Tests 
 

 In this section, we endeavor to test how various factors—including the risk 

measures explored in previous sections, and liquidity measures like the TAF—affect the 

Libor-OIS spread. Simply put, the term structure model described in this paper implies 

that risk factors should affect the spread and the TAF should not, and this is what we 

would like to test.  To be sure, by focusing on the impact of the TAF on the spread we do 

not mean to imply that the Federal Reserve did not have other goals in creating the TAF, 

including reducing the stigma associated with discount window borrowing by banks.  

Nevertheless, reducing the spread was one of the purposes of the TAF and one of the 

ways suggested to measure its success.  For example, as stated by Mishkin (2008), 

“Isolating the impact of the TAF on financial markets is not easy, particularly given other 

recent market developments and the evolution of expectations regarding the federal funds 

rate.  Nonetheless, the interest rates in term markets provide some evidence that the TAF 

may have had significant beneficial effects on financial markets….term funding rates 

have dropped substantially relative to OIS rates:  The one-month spread exceeded 100 

basis points in early December but has dropped below 30 basis points in recent weeks--

though still above the low level that prevailed before the onset of the financial disruption 

last August.”  See also Board of Governors (2008) for similar comments regarding the 

purpose and early evaluation of the effects of the TAF.  

 Our tests are performed with simple regressions, summarized in Tables 2 and 3.  

In each regression we use daily data, as presented in the charts above, during the sample 

period from January 2, 2007 through March 20, 2008, a span of time that includes both 
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the market turmoil period and a comparable period of time before the turmoil.  The 

dependent variable in each case is either the three-month Libor–OIS spread, shown in 

Table 2, or the one-month Libor-OIS spread, shown in Table 3. The independent 

variables are various indicators of counterparty risk, including the asset backed 

commercial paper spread (CP spread), credit default swaps for major banks (CDS-CITI 

and CDS-BOA), the Tibor-Libor spread (for the 3 month maturity regression only), and 

the Libor-Repo spread. These variables are listed in left hand columns. Each regression 

also includes a TAF dummy (TAF) which is one on each of the TAF bid submission 

dates and zero elsewhere.   There are five sets of regressions corresponding to the 

different risk measures.  For each of the risk measures, we report OLS regressions as well 

as regressions corrected for first-order serial correlation (AR(1)), with the estimated serial 

correlation coefficient ρ reported. 
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Table 2 
Three-Month Libor-OIS Spread 

 
 

 
 1 2 3 4 5 6 7 8 9 10 
Constant 0.1430 0.3650 0.1650 0.2296 0.1081 0.2107 0.1012 0.5642 -0.0206 0.2709 
 (0.2467) (0.1898) (0.0388) (0.1933) (0.0394) (0.2029) (0.0302) (0.3729) (0.0197) (0.1428) 
CP Spread 0.7885 0.0450         
 (0.0925) (0.0584)         
CDS-CITI   0.0043 0.0034       
   (0.0008) (0.0010)       
CDS-BOA     0.0069 0.0055     
     (0.0010) (0.0016)     
Tibor-Libor Spread       -4.4926 -0.6549   
       (0.4270) (0.3199)   
Libor-Repo Spread         0.6715 0.1340 
         (0.0405) (0.0726) 
TAF 0.0645 0.0208 0.0797 0.0041 0.0875 0.0050 0.1595 0.0250 -0.0198 0.0162 
 (0.0545) (0.0150) (0.1449) (0.0076) (0.1513) (0.0086) (0.0493) (0.0123) (0.0269) (0.0119) 
AR(1)  0.9833  0.9806  0.9808  0.9864  0.9788 
  (0.0111)  (0.0147)  (0.0143)  (0.0119)  (0.0123) 
R2 0.707 0.980 0.438 0.983 0.473 0.984 0.623 0.976 0.877 0.981 
 
Note: Newey-West standard errors are reported under coefficient estimates. 
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Table 3 
One-Month Libor-OIS Spread 

 
 

 
 1 2 3 4 5 6 7 8 
Constant -0.0002 -0.6458 0.1327 0.1726 0.0942 0.1336 -0.0163 0.1650 
 (0.2553) (0.3031) (0.0308) (0.1823) (0.0303) (0.1924) (0.0246) (0.0895) 
CP Spread 0.0524 0.1919       
 (0.0528) (0.0516)       
CDS-CITI   0.0029 0.0023     
   (0.0006) (0.0011)     
CDS-BOA     0.0047 0.0045   
     (0.0008) (0.0012)   
Libor-Repo Spread       0.5779 0.1637 
       (0.0651) (0.1011) 
TAF 0.2369 0.0317 0.1218 0.0051 0.1243 0.0056 -0.0082 0.0186 
 (0.0967) (0.0134) (0.1746) (0.0104) (0.1815) (0.0115) (0.0407) (0.0138) 
AR(1)  0.9821  0.9706  0.9743  0.9656 
  (0.0131)  (0.0213)  (0.0201)  (0.0184) 
R2 0.034 0.964 0.269 0.961 0.288 0.964 0.797 0.966 
 
Note: Newey-West standard errors are reported
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 In all cases, the risk measures enter with the correct sign and are usually highly 

significant in both the one-month and the three-month maturity regressions.  In contrast, 

the TAF dummy variable is always insignificant or of the wrong sign. The common 

theme of these results is that (1) one can easily reject the null hypothesis that the 

counterparty risk factors are not significant in the Libor OIS spread and (2) one cannot 

reject the null hypothesis that the TAF has no effect.     

 
9. Conclusion 
 

 In this paper we documented the unusually large spread between term Libor and 

overnight interest rates in the United States and other money markets beginning on 

August 9, 2007. We also introduced a financial model to adjust for expectations effects 

and to test for various explanations that have been offered to explain this unusual 

development.  

 The model has two implications. First is that counterparty risk is a key factor in 

explaining the spread between the Libor rate and the OIS rate, and second is that the TAF 

should not have an effect on the spread. Since the TAF does not affect total liquidity, 

expectations of future overnight rates, or counterparty risk, the model implies that it will 

not affect the spread. Our simple econometric tests support both of those implications of 

our model. 



 34

References 

Anderson, Richard C. and Robert H. Rasche, “What Do Money Market Models Tell Us 
about How to Implement Monetary Policy, Journal of Money Credit and Banking, 1982, 
Vol. 14, No. 2, Part 2. 
 
Ang, Andrew and Monika Piazzesi (2003), “A No-Arbitrage Vector Autoregression of 
Term Structure Dynamics with Macroeconomic and Latent Variables,” Journal of 
Monetary Economics (May), 50, 4, 745 – 787. 
 
Board of Governors of the Federal Reserve (2007), “Term Auction Facility FAQs,” 
December. 
 
Board of Governors of the Federal Reserve (2008), Monetary Policy Report to the 
Congress, (February 27). 
 
Cecchetti, Stephen G., “Monetary Policy and the Financial Crisis of 2007-2008,” mimeo, 
Brandeis International Business School (March 13). 
 
Corvig, Vicentiu, Buen Sin Low, and Michael Melvin (2004), “A Yen is not a Yen:  
TIBOR/LIBOR and the Determinants of the ‘Japan Premium,’” Journal of Financial and 
Quantitative Analysis, 39, 1, 193-208 
 
Jordan, Thomas J. and Peter Kugler (2004), ‘Implementing Swiss Monetary Policy: 
Steering the 3M-Libor with Repo Transactions,” Swiss National Bank (May 23). 
 
McGough, Bruce, Glenn B. Rudebusch, and John C. Williams (2005), “Using a Long-
Term Interest Rate as the Monetary Policy Instrument,” Journal of Monetary Economics 
(July), 52, 5, 855 – 879 

Mishkin, Frederic (2008), “The Federal Reserve's Tools for Responding to Financial 
Disruptions,” Board of Governors of the Federal Reserve System (February 15). 
 
Peek, Joe and Rosengren, Eric S. (2001), “Determinants of he Japan Premium: Actions 
Speak Louder than Words,” Journal of International Economics, Vol. 53, pp. 283-305   
 
Taylor, John B. (2001), “Expectations, Open Market Operations, and Changes in the 
Federal Funds Rate,” Review, Federal Reserve Bank of St. Louis, Vol. 83, No. 4, July-
August, pp 33-48 
 
Taleb, Nassim Nicholas (2007), The Black Swan: The Impact of the Highly Improbable, 
Random House, New York 



 35

Appendix 
 

Appendix Tables 1 and 2 provide lists of banks participating in the various Libor 
surveys and the Tibor survey in 2007.  The U.S., Euro, and UK lists all include the same 
14 banks (out of 16 banks in each survey). The Libor is computed taking the average of 
rates in the survey, after dropping the 25 percent highest and 25% lowest rates.  The 
Tibor is computed by averaging the rates in the survey, after dropping the two highest 
and two lowest rates. 

Appendix Table 3 summarizes the results from the TAF auctions held by the 
European Central Bank and the Swiss National Bank during our sample period.  Note that 
the European Central Bank TAF auction was structured so that the TAF rate was identical 
to that from the corresponding TAF auction held by the Federal Reserve. 

 
 

Appendix Table 1.  Banks in Libor Survey (2007) 
 

United States Euro UK Switzerland 
 

Bank of America  

 

Bank of America  

 

Bank of America  

 

Bank of Tokyo – 
Mitsubishi UFJ 

Bank of Tokyo – 
Mitsubishi UFJ 

Bank of Tokyo – 
Mitsubishi UFJ 

Bank of Tokyo – 
Mitsubishi UFJ 

Barclays Bank Barclays Bank Barclays Bank  Barclays Bank 

Citibank NA  Citibank NA  Citibank NA  Citibank NA  

Deutsche Bank  Deutsche Bank Deutsche Bank Deutsche Bank  

HSBC  HSBC  HSBC  HSBC  

JP Morgan Chase  JP Morgan Chase  JP Morgan Chase  JP Morgan Chase 

Lloyds TSB Bank  Lloyds TSB Bank  Lloyds TSB Bank  Lloyds TSB Bank 

Rabobank  Rabobank  Rabobank   

Royal Bank of 
Scotland Group  

Royal Bank of 
Scotland Group  

Royal Bank of 
Scotland Group  

Royal Bank of 
Scotland Group  

UBS AG  UBS AG  UBS AG  UBS AG  

West LB AG West LB AG West LB AG West LB AG 

HBOS  HBOS  HBOS   

Royal Bank of 
Canada  

Royal Bank of 
Canada  

Royal Bank of 
Canada  

 

Credit Suisse  Credit Suisse  Abbey National Credit Suisse 

Norinchukin Bank Société Générale  BNP Paribas Société Générale 
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Appendix Table 2.  Banks in Japan’s Libor and Tibor Surveys (2007) 
 

Libor Tibor 

Bank of Tokyo –Mitsubishi UFJ Bank of Tokyo – Mitsubishi UFJ 

Mizuho Corporate Bank Mizuho Corporate Bank 

Norinchukin Bank Norinchukin Bank 

SMBCE SMBCE 

Bank of America  Mizuho Bank, Ltd.,  

Barclays Bank Resona Bank 

Citibank NA  Saitama Resona Bank 

Deutsche Bank The Bank of Yokohama,  

HSBC  Mitsubishi UFJ Trust and Banking 
Corporation 

JP Morgan Chase  Mizuho Trust and Banking Co  

Lloyds TSB Bank  The Chuo Mitsui Trust and Banking Co.  

Rabobank The Sumitomo Trust and Banking Co. 

Royal Bank of Scotland Group  Shinsei Bank 

UBS AG  Aozora Bank 

West LB AG DEPFA Bank 

Société Générale Shinkin Central Bank 

 
 

Appendix Table 3. ECB and SNB Term Auctions Facilities (TAF) 
____________________________________________________________________ 
                Term Amt  Min. TAF       1-Month   Bid/Cover  
Day of Bid      Settlement     (days) ($B) Rate Rate      Libor Ratio 
____________________________________________________________________ 
Swiss National Bank       
12/17/07 12/20/07    28    4 4.17 4.170      4.965 4.25  
01/14/08 01/17/08     28    4 3.88 3.88        4.081 2.72  
European Central Bank     
12/17/07 12/20/07    28  10 4.17 4.650      4.965 2.21  
12/21/07 12/27/07    35  10 4.15 4.670      4.896 1.41  
01/14/08 01/17/08     28  10 3.88 3.950      4.081 1.48  
01/28/08 01/31/08     28  10 3.10 3.123      3.281 1.24  
____________________________________________________________________ 
Note: 1-month labor rate refers to rates on the day bids were submitted in the Federal 
Reserve TAF. 


