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Abstract

The financial crisis that began in 2007 took place in the context of a secular shift from a
bank-loan financial system to a capital-markets financial system—that is, from one based on
nontradable financial assets, with banks playing the key intermediary role, to one based on
tradable securities, with dealers playing the key intermediary role. We argue that the system’s
response to the crisis can be viewed as moving from a private lender of last resort, through a
public lender of last resort, to a dealer of last resort. It was the last that was finally able to
stabilize the system, because it is the response suited to a liquidity crisis in the capital-markets
financial system where the problem arose. We use a balance-sheet approach to trace out the
breakdown of the so-called shadow banking system and the measures taken first in the private
money markets and then by the Federal Reserve to restore liquidity to the financial system.
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1 Introduction

As the global credit crisis was unfolding beginning in 2007, strains began to appear in various parts of

the financial system. These boiled over to become severe disruptions, culminating in the high-profile

bankruptcies and bailouts of 2008. The disappearance of funding liquidity—market participants’

ability to roll over their maturing positions—was one of the key vectors for the transmission of

strains through the system. Such liquidity effects took different forms at different points in the

crisis; a number of last-resort mechanisms were engaged in response, some private and some public.

This crisis took place in the context of a secular shift from a bank-loan financial system to a

capital-markets financial system—that is, from one based on nontradable financial assets, with banks

playing the key intermediary role, to one based on tradable securities, with dealers playing the key

intermediary role (Pozsar et al., 2010). In brief, we argue that the system’s response to the crisis

can be viewed as moving from a private lender of last resort, through a public lender of last resort,

to a dealer of last resort. It was the last that was finally able to stabilize the system, because it is

the function suited to a liquidity crisis in the capital-market financial system where the problems

arose. At each stage of the crisis, the inability to refinance challenged particular parts of the system,

but the systemic liquidity issue was the inability of the market as a whole to refinance the holding

of mortgage-backed securities. Such instruments are at the heart of the capital-markets financial

system; in such a system, it is securities dealers that are most vulnerable to the disappearance of

liquidity, and so it is this function that must be assumed by the public sector to alleviate the crisis.

The remainder of this section sets the stage for the analysis to follow by presenting a hierarchical

view of the microstructure of money markets, which anticipates the hierarchy of last-resort operations

to be discussed below. The sections that follow identify the three last-resort refinancing mechanisms

and illustrate how they were engaged during the crisis. The private and public lender-of-last-resort

mechanisms were insufficient, but the dealer-of-last-resort mechanism was finally able to stabilize

the system.

What broke in late 2006 and early 2007, specifically, was the system of funding liquidity that

supported the holding of high-tranche mortgage-backed securities by a variety of different entities

that, together, comprise the capital-market financial system (what has come to be known as the

shadow banking system), described in detail by Pozsar et al. (2010). Whereas traditional mortgage

lending had involved banks funding individual loans with retail deposit-account liabilities, the new
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system involved shadow banks funding mortgage-backed securities with wholesale money-market

borrowing. The key to the system was the use of the securities themselves as collateral for the

borrowing. In this way, the shadow banks were able to fund themselves at a near risk-free rate even

without government insurance of their liabilities.

This seemingly limitless supply of cheap funding was the key liquidity element on the way up;

its disappearance was the key liquidity element on the way down. On the way up, easy funding

supported rich asset valuations which in turn provided collateral for easy funding; on the way down

this same feedback mechanism worked in reverse. On the way up the feedback was hard to see, and

the Cassandras who saw it were easy to ignore (Bezemer, 2009). On the way down, the feedback

was both easier to see and harder to ignore, as we shall show, notwithstanding Taylor and Williams

(2008), among others.

To appreciate how this liquidity element operated, it is crucial to understand the microstructure

of money markets, and in particular their hierarchical character (Mehrling, 2010a). One symptom of

the hierarchy is the tiering of rates, even between quite similar instruments. In the overnight money

market, for example, there are three main instruments—Eurodollars, Fed Funds, and repo—and

typically their rates are arranged as

LIBOR > Fed Funds > RP. (1)

Before the crisis, the spread between the rates was normally only a few basis points. (During the

crisis, the spread was much wider.) How should we understand this pattern?

The place to begin is by appreciating that the repo market is the main source of funding liquidity

for security dealers who supply market liquidity by posting buy and sell prices for a particular class

of securities. When a dealer buys a security, he typically will use that security as collateral to

borrow most of the cash he needs to settle the trade, perhaps from another dealer who has just sold

a security, or perhaps from a corporate customer who is looking to park funds overnight.

The Fed Funds market, by contrast, is largely an interbank market. A bank that borrows Fed

Funds receives today a deposit at the Fed in return for a promise to deliver it back, with interest,

tomorrow. The rate of interest on Fed Funds is a market rate, determined by supply and demand,

but the Fed watches that rate and attempts to keep it close to an announced target by intervening

daily in the repo market, typically lending against Treasury security, more when it wants to lower
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rates and less when it wants to firm them up. For banks with access to the Fed Funds market, the

Fed Funds rate is the marginal cost of funds.

For banks without access to the Fed Funds market, most importantly any non-U.S. bank, the

Eurodollar market is the marginal source of funds, and LIBOR is the marginal cost of those funds.

Both Fed Funds and Eurodollar borrowing are unsecured, in the sense that there is no explicit

collateral, but banks watch their counterparty exposure closely; in effect, the balance sheet of the

counterparty is the security for the loan, not any particular identifiable collateral.

The rates in these three markets are usually held in close alignment by arbitrage; agents with

access to any two markets borrow at a low rate in one market and lend at a higher rate in the other.

But this arbitrage does not equalize rates completely. In general the lowest cost of funds is in the

repo market, so at any moment everything that is acceptable collateral for repo is used for repo, with

any excess proceeds lent on in the higher yielding Fed Funds and Eurodollar markets. Similarly, the

second lowest cost of funds is in the Fed Funds market, maintained so by daily Fed intervention, so

again there is an incentive to borrow as much as possible, with any excess proceeds lent on in the

higher yielding Eurodollar market.

All of this market microstructure grew up before there was a shadow banking system, but the

shadow banking system made use of it, and so stresses on the shadow banking system show up

as widening spreads between the various overnight money instruments. The breakdown of familiar

arbitrage relationships across money markets is the most compelling evidence of the importance

of the liquidity element in the crisis, but once we start looking for such breakdowns we find them

everywhere. Indeed, the tiering we observe in overnight money markets is even more evident as we

move out in time, credit quality, and currency. In each of these dimensions, there are arbitrage rela-

tionships that normally keep prices in line with underlying funding costs. Typically these arbitrage

relationships do not hold exactly—some deviation is required before arbitrageurs step in—but the

direction and size of the deviation constitutes important evidence about the nature of the stresses

that the system is dealing with. Examination of these spreads will form the basis for much of the

analysis that follows.

Figure 1 shows the overnight Treasury repo rate and overnight LIBOR as a spread against the

Fed Funds rate. The vertical lines, here and throughout the paper, indicate the dates that Bear

Stearns and Lehman Brothers failed.1 The patterns of spreads support this periodization of the

1 Bear was acquired by JPMorgan Chase on March 14, 2008 and Lehman filed for bankruptcy on September 15,
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crisis. In the first stage, from August 2007 to March 2008 (Bear Stearns), LIBOR frequently spiked

well above Fed Funds, often at the same time as Treasury repo spiked below Fed Funds. During this

period the Fed was pursuing a policy of daily intervention to stabilize the Fed Funds rate around its

announced target, a target that moved from 5% to 2% (see Figure 2).
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Figure 1: USD overnight rates, spreads against Fed Funds. The vertical lines mark the dates that
Bear Stearns and Lehman brothers repsectively failed (March 14 and September 15, 2008).

2008.
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Figure 2: Fed Funds target and effective rates.

In the second stage, from March 2008 to September 2008 (Lehman Brothers), overnight rates

reverted towards their pre-crisis norm. The reason for this, however, was not any lack of stress, but

rather the more proactive role of the Fed in absorbing stresses on its own balance sheet, mainly by

swapping MBS for Treasuries using TSLF, and wider use of its discount facility (augmented by TAF

and PDCF). This is the public lender of last resort. The effect of this intervention on the balance

sheet of the Fed is apparent in Figure 3, from March 2008.

In the third stage, after Lehman, money markets broke down completely. The large deviations

of LIBOR and the overnight repo rate from the Fed Funds rate, visible in Figure 1 are not the

symptoms of a private lender-of-last-resort-operation, but rather the complete collapse of private

money markets. During this third stage, the Fed stepped in as dealer of last resort in the money

market, standing between borrowers and lenders who had previously dealt directly with one another

in the money market. This intervention more than doubled the Fed’s balance sheet in a matter of

weeks. It also pushed short rates the rest of the way from 2% to 0%, but it is the balance sheet

expansion that is the main thing.

Figures 1 and 3 offer evidence, in prices and quantities, for our periodization of the crisis. The

argument that follows uncovers the specific patterns of finance and refinance that gave rise to this

evidence.
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Figure 3: Fed assets (top panel) and liabilities (bottom), January 2007–March 2010. Until the end
of 2007, the Fed relied on its usual open-market operations to stabilize markets. In early 2008,
it began to establish special liquidity facilities, which appear on the asset side as a change in the
composition of the balance sheet, but not in its overall size. These changes were expanded after
Bear’s failure in March 2008. After September 2008, the Fed’s balance sheet expanded dramatically.
On the asset side, the expansion was in the liquidity facilities, which were wound down by early 2010,
the proceeds rolled into the MBS purchase program. On the liability side, the expansion was funded
by increased reserves. Note that we have included TSLF on the asset side, though it is accounted
for as a memorandum item on the Fed’s published balance sheet.



The evolution of last-resort operations—Grad, Mehrling, and Neilson 

2 Private lender of last resort

The initial source of stress in late 2007 was the collapse of ABCP funding for shadow banks’ holding

of high-tranche MBS. This funding had typically been arranged with backup lines of bank credit,

so that sponsoring banks had to scramble to find funding to honor their credit commitments to

their SIVs and conduits. The scramble was not only about funding, however, but also about risk

exposure—the whole reason for the shadow banking structure had been to get risk off the balance

sheet in order to avoid the associated capital charges under the Basel capital adequacy regulations.
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Figure 4: Three-month repo rates, spreads against three-month OIS.

One way to do this is in the repo market.2 Figure 4 shows Treasury and MBS repo rates as a

spread against three-month OIS. As the crisis began to unfold, a spread opened up between the two

rates. Figure 5 gives schematic balance sheets, presented as T accounts, for a refinancing operation

that illustrates what was going on.3 Initially, entities such as SIVs4 had financed the holding of high-

tranche MBS with ABCP. Money-market mutual funds held this ABCP, along with other assets.

As ABCP financing became untenable, repo financing offered an alternative, using the assets as

2 We focus here on term MBS repo, rather than unsecured term financing such as CP and Eurodollar, so we can
compare secured rates.

3 Throughout the paper, we use T accounts to illustrate the changes in financial position of various participants in
the money markets. The left column represents assets, the right liabilities. Entries with signs indicate changes; those
without indicate initial positions.

4 In this discussion, we focus on SIVs. Similar observations apply to other ABCP-funded entities, such as conduits.
Pozsar et al. (2010) are clear on the precise use of each within the securitized banking system.
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collateral for their own financing. Holders of Treasuries, perhaps dealer banks, could obtain funds

by putting them out on repo, and use the funds to finance the SIV, accepting the SIV’s MBS as

collateral. As can be seen in Figure 4, in the pre-crisis norm, MBS repo rates were only slightly

above Treasury repo rates, but during the first stage of the crisis, that spread widened to as much

as 100 basis points—the steep compensation required by providers of such funds. Dealers here are

acting as private lender of last resort, a service available, at a price, to holders of good collateral.

SIV

MBS ABCP

−ABCP

+MBS repo

Dealer bank

+MBS repo

+Treas. repo

MMMF

ABCP “deposits”

−ABCP

+Treas. repo

Figure 5: Schematic balance sheets, replacement of ABCP funding. SIVs obtain collateralized repo
financing against their inventory of MBSs as uncollateralized ABCP funding dries up. Dealer banks
accept this collateral. In turn, they obtain financing against Treasuries. MMMFs, who have become
unwilling to hold ABCP, are still willing to lend against Treasury collateral. Dealers rely on securities
lenders (not shown) to swap from the incoming MBS collateral to Treasury collateral. In the first
stage of the crisis, the spread between Treasury and MBS repo was at times pushed to 100 basis
points to support this private lender of last resort function, though presumably some of it was
captured by the securities lenders.

This mechanism, however, proved to be insufficient—there were too few Treasuries in the repo

market. What do you do if you don’t have a Treasury? What you need is term funding, but funding

is only available overnight. So you can borrow Fed Funds overnight, relying on the Fed to ensure

daily rollover for whatever term you desire, and lock in your cost of funds with a term overnight

index swap.5 The ex post return to such a strategy is shown in Figure 6.

5There is a version of this trade that uses Treasury repo also, reversing in term and then repoing out overnight. The
problem is getting the collateral back when you need to close out the reverse. That might be one way of understanding
the episode of Treasury fails. It is all very well to have a free overnight loan, but not if it means you have to extend
your term lending!
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Figure 6: Return to providing term funds at the OIS rate and funding in the overnight Fed Funds
market. The series is the three-month Fed Funds OIS rate less the compounded cost of borrowing
overnight Fed Funds (at the effective rate for each day) for the same period. This can also be thought
of as the cost of insuring against movements in the overnight Fed Funds rate.

In effect this is equivalent to buying interest rate insurance, the price of which is the difference

between the fixed swap rate and the average overnight rate. The cost of that insurance is therefore

a proxy for the pressure for term funding. This proxy must be interpreted with some care because,

during the first stage of the crisis, the Fed pushed down short rates rather quickly, so the ex post

cost of insurance may be larger than the ex ante cost. Normally, the insurance cost is negative;

there is typically a slight inversion of the short term money rate term structure so that term funding

is cheaper than overnight funding. In the crisis this pattern reversed dramatically, in both the

first and third stages. Ex post, speculators who were willing to borrow overnight and lend term

were rewarded handsomely, suggesting unusual pressure to finance term borrowing. (Note that the

expectations hypothesis fails both in good times and in crisis times, though the failures are in the

opposite direction.)
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Figure 7: Repo outstanding, primary dealers. Though term repo borrowing was stable from mid-
2004, overnight and continuing repo borrowing expanded by another $1.5 trillion. Both fell after
Bear’s failure and collapsed after Lehman’s.

Securities dealers also provided a third way out for SIVs and conduits who could not roll over

their maturing ABCP. Figure 7, based on data from the Fed’s survey of primary dealers, shows that

these were willing to continue to take on an ever-larger inventory of securities, financed in the repo

market, right up until Bear’s acquisition by JPMorgan Chase. All of the expansion in the years

leading up to the crisis was financed with overnight repo. Figure 8 illustrates this mechanism. A

dealer, in general, makes a two-way market, offering buy and sell prices and profiting on the spread

between them. The dealer minimizes their own inventory by adjusting prices to match buy and sell

orders. When faced with a one-sided order flow, the dealer absorbs it, relying on the repo market to

finance their position. Indeed we see that, up until Bear’s collapse, dealers held a steadily increasing

short position in overnight MBS repo (Figure 9)—dealers were absorbing the banking system’s exit

from its aggregate MBS position.
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SIVs

MBS ABCP

−MBS −ABCP

Dealers

+MBS

+o/n MBS repo

Wealth holders

−ABCP

+o/n MBS repo

Figure 8: Schematic balance sheets, dealer absorbing one-sided order flow. The dealer uses the MBS
themselves as repo collateral, relying on the repo market for refinance. Wealth holders are unwilling
to hold ABCP but are willing to lend in the repo market against MBS, at least overnight.(Mehrling,
2010b).
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Figure 9: Primary dealer net financing by collateral type and term. Net financing is securities in
less securities out (contra Adrian and Fleming (2005)) so as to show net borrowing of money as
a negative number, analogous to our presentation of balance sheets. Note that term repo against
corporate securities (red) appears as a net positive position until about August 2007, after which it
becomes a net negative position.

We have illustrated three private-sector mechanisms that facilitated, from late 2007 to March 2008,

shadow banks’ refinance of (or graceful exit from) their MBS position. Lending in the repo market,

supported by securities lending, earned a big spread for those able to provide it (Figure 1). Term

lending funded with overnight Fed Funds earned a big term preimum for others (Figure 6). And

dealers continued to absorb an exit from MBS as prices fell. The failure of Bear Stearns, however,

marked the end of these private last-resort actions. Term funding disappeared and dealers stopped
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dealing. It became clear that the private sector would not be able to provide refinance any longer.

3 Public lender of last resort

Prior to the collapse of Bear Stearns, the Federal Reserve’s response to the turmoil in the money

markets had been largely limited to reductions in the Fed Funds rate in support of the private mech-

anisms of refinance discussed above. After Bear’s failure, the private money markets began to break

down. Treasury collateral had become scarce, with other forms of collateral (MBS in particular) now

commanding large haircuts, only eligible for exchange against much smaller quantities of funds and

often being refused altogether. By getting Treasuries into the markets, the Fed sought to alleviate

this problem and restore liquidity.

Now the Fed exhibited classic lender-of-last-resort intervention, in which it sold off its holding of

Treasury bills and lent the proceeds to the private financial system. Although the size of the Fed’s

balance sheet did not change in this period, its composition changed significantly with the creation

of a number of liquidity programs. These can be seen in the top panel of Figure 3 (p. 7). Here we

focus on the Term Securities Lending Facility, the Term Auction Facility, and the Primary Dealer

Credit Facility.

The TSLF was introduced on March 11, 2008, three days before Bear’s collapse. It allowed

primary dealers to bid a fee in order to borrow Treasuries from the Fed for a period of up to 28 days

against less liquid securities, in particular agency debt, agency residential MBS and investment-

grade private-label residential MBS. In this way, dealers could now swap non-Treasury collateral for

Treasuries with the Fed. TSLF allowed banks with MBS to obtain Treasuries, which could then be

put out on repo out in order to continue to finance their positions.

By providing good collateral against questionable collateral, the Fed was fulfilling the role that

securities lenders had played in the private repo-market refinancing mechanism that had held up

through the first stage of the crisis (see Figure 5, p. 9). Dealers could continue to provide financing

against MBS by swapping the incoming collateral with the Fed for Treasury collateral, which was

acceptable to the ultimate providers of funds.

The TSLF was effective in restoring liquidity to the markets, as argued among others by Fleming

et al. (2010); borrowing from the TSLF resulted in a net increase in the quantity of Treasury collateral

in the market and a net decrease in the quantity of other collateral. An increase in the supply of
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Treasury collateral should reduce its scarcity value and therefore cause Treasury financing rates in

the repo markets to increase. Similarly, by removing less liquid collateral from the market (such as

agencies and MBS), the supply of this collateral should decrease and push down the repo rates on

non-treasury collateral. Fleming et al. (2010) show that the TSLF was indeed effective in narrowing

repo spreads between Treasury collateral and less liquid collateral, although the effect came primarily

through the increase of Treasury repo rates rather than a fall in agency and MBS repo rates. This

can be seen in Figure 10.
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Figure 10: Overnight repo rates, spreads against government-collateral repo. The spreads spike in
the first stage of the crisis, but become smaller and less volatile with the Fed’s intervention in the
second stage.

The Term Auction Facility (TAF) was a second program aimed at alleviating stress in the

money markets. Like TSLF, TAF accepted illiquid securities as collateral. Unlike TSLF, it provided

additional reserves directly to banks. Thus TAF essentially provided anonymous discount-window

lending.

As described by Cecchetti (2008), TAF was a series of auctions of reserves for relatively long

periods—terms of 28 or 35 days. These were funded by sales of the Fed’s outright securities holdings,

leaving the total size of its balance sheet unchanged. Any US commercial bank was eligible to bid.

The rules of the Term Auction Facility allowed banks to pledge collateral that was considered

illiquid at the time and had little market value in private transactions. Thus TAF became another
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method for the Fed to lend against collateral that banks could not have used to obtain funds other-

wise. TAF has been deemed successful in improving liquidity by such authors as Wu (forthcoming))

and McAndrews et al. (2008), though see Taylor and Williams (2009) for a dissenting view.

Just as TSLF moved the first avenue for private refinance onto the balance sheet of the Fed,

TAF can be seen as replacing the second—the provision of term funds against overnight Fed Funds

borrowing (see Figure 6, p. 10). Through TAF, rather than ensuring overnight refinance to providers

of term funds as in the private version, the Fed itself provided the term funding (uncertainty was

great enough at the time that a 28-day loan should be thought of as such).

The Primary Dealer Credit Facility (PDCF) sought to replace seized-up repo markets by pro-

viding overnight loans (of money) to dealers against questionable collateral. Though not as large

a program as TSLF or TAF, PDCF is important for two reasons. First, it acknowledges that in

a capital-market financial system, the role played by securities dealers is essential, and that when

dealers themselves fail to fulfill it, they must supported or supplanted. Second, PDCF previews the

even more dramatic interventions that were to come after the collapse of Lehman Brothers.

We think of PDCF as supporting the third of the private-market refinancing mechanisms (Fig-

ure 8, p. 12). Where the dealers had been able to borrow against MBS in the repo market, now they

borrowed from the Fed.

Figure 11 summarizes these public lender-of-last-resort operations in schematic balance sheets.

At the bottom left is the Fed’s, showing the pattern we saw in Figure 3 (p. 7)—a change in compo-

sition of Fed’s assets without an overall balance-sheet expansion. Such interventions succeeded in

stabilizing repo markets and in reducing spreads until September 2008.
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− MBS

+ Treasuries

Dealers

+MBS

+PDCF

+to banks

+TSLF

Fed

+PDCF

+TAF
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−Treasuries

Banks

+to dealers +TAF

Figure 11: Schematic balance sheets, public lender of last resort financing. As wealth holders attempt
to liquidate a position of MBSs, dealers must absorb the one-sided order flow. The Fed supports
this with various liquidity facilities. PDCF lends directly to dealers, while TAF provides funds to
banks. The Fed funds these loans by selling Treasuries.

4 Dealer of last resort

The events of that month, especially the collapse of Lehman Brothers and the rescue of AIG,

demonstrated that lender of last resort operations were insufficient. Revulsion had spread from

mortgage-backed securities to structured financial products more generally, and interbank lending

came to a halt as firms waited in fear of another major bankruptcy. At the core remained the issue

of mortgage-backed securities. The Fed expanded its balance sheet dramatically, holding outright

$1.25 trillion in agency MBS by 2010. The result, within a few months, was the return of measures

of liquidity and market distress to more normal levels, which neither private nor public lender of

last resort actions had achieved. How should we understand the Fed’s final intervention? Why did

it succeed where its previous attempts had failed?

To understand what was done, look first at Figure 3 (p. 7). Policy steps through September 2008

altered the composition, but not the overall size, of the Fed’s balance sheet. The Fed’s stock of

Treasury securities was sold (or swapped, in the case of TSLF) to fund the various liquidity facilities.

No change was needed on the liability side—reserve balances. Interventions in the third stage were
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different—the Fed expanded its own balance sheet dramatically in a short period of time. On the

liability side, it is clear that the expansion was funded, in the end, with increased reserve balances.

The asset side is more complicated, and is our focus in this section. We approach it in two parts,

the first lasting from September 2008 until early 2009, and the second continuing until the present.

At first, the existing liquidity facilities were expanded in roughly equal proportions. Funded

by an expansion of reserves, the Fed expanded TSLF, TAF, and PDCF, as well as the central

bank liquidity swaps (discussed below) and the CPFF. Allowing this expansion of its own balance

sheet is characteristic of a securities dealer—the Fed was effectively borrowing from banks, by the

creation of new reserves, to extend credit to many classes of participants in the money markets.

It was providing money (TAF, PDCF) or good collateral (TSLF) against a systematic exit from

lower-quality collateral.

Beginning in early 2009, all of the liquidity facilities were wound down, and the proceeds rolled

into the outright purchase of MBS. This is the culmination of the Fed’s transformation into dealer

of last resort. The fundamental problem was the inability of the market to exit from its long MBS

position. The Fed, finally, absorbed this one-sided order flow onto its balance sheet. There are some

fine points to note in this process. The Fed purchased newly-issued mortgage-backed securities,

not pre-existing ones. The effect is the same, however—knowing that the Fed stood ready to buy,

Fannie and Freddie stood willing to purchase and package mortgages. Knowing this, mortgage

lenders offered credit to homeowners, holding down mortgage rates and encouraging households to

refinance. Households used these funds to pay off their existing mortgages, helping along the winding

down of previously issued MBS.

Figure 12 illustrates this process, focusing on the net balance-sheet changes. We consolidate the

financial system into three balance sheets—wealth holders, who started out holding MBS and were

trying to liquidate them; the Fed; and the banking system, which was unwilling to take MBS on

to its balance sheet but was happy to hold more reserves at the Fed. These balance sheets do not

correspond directly to those of individual players in the financial markets; some holders of MBS were

banks or bank subsidiaries. Rather, they show the underlying financial logic of the Fed’s actions.

The balance sheets parallel those of Figure 8, with reserves replacing repo, and the Fed replacing

dealers.



The evolution of last-resort operations—Grad, Mehrling, and Neilson 

Wealth holders

MBS

−MBS

+deposits

Fed

+MBS

+reserves

Banking system

+reserves

+deposits

Figure 12: Schematic balance sheets, dealer of last resort financing. The Fed absorbed a one-sided
order flow out of MBS, financing its position with new reserves.

Finally, Figure 8 also points back to the liquidity facilities of the second stage of the crisis (TAF,

TSLF, and PDCF). These we have classified as public lender-of-last-resort operations, but even these

were targeted at the dealer system. TAF aimed to support bank refinancing of dealer positions by

making reserves easier to obtain, while PDCF and TSLF aimed to make refinance of MBS positions

possible by allowing holders of MBS to swap them for better collateral. In a less severe crisis, these

interventions might have been enough. In the event, they were not. The dealer function did not just

need support; it stopped completely and needed replacement.

5 International considerations

The crisis was centered in US dollar funding markets. Disruptions mainly spread to other countries

via investments in these dollar markets. In this section, we look at how this happened, and how

last-resort operations were carried out internationally.

The crisis was a shortage of dollar funding, but what if you didn’t have dollars, or in other words

access to Fed Funds? Then you are left with the Eurodollar market, paying term dollar LIBOR if

you can get it, or borrowing in some other currency and swapping into dollars if you can’t. The

return to such an approach is the LIBOR–OIS spread, shown in Figure 13. If we think of OIS as

the market’s expectation of future short rates, we can interpret the spread of LIBOR over OIS as a

reflection of the pressure for term financing. What the figure shows is the ex ante profit incentive

for anyone with access to Fed Funds to supply term financing to anyone without such access, ex ante

because you can lock in the cost of funds with the OIS swap. 100 basis points did the trick in stage

1, but not in stage 3.



The evolution of last-resort operations—Grad, Mehrling, and Neilson 

J07F M A M J J A S O N DJ08F M A M J J A S O N DJ09F M A M J J A S O N DJ10F M
−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0
U

S
D

1 Month

3 Months

Figure 13: USD LIBOR–OIS spread, 1 and 3 months.

5.1 European banks

The epicenter of the crisis was in USD mortgage lending, but this did not confine it to US financial

institutions. In the decade leading up to 2007, European banks’ US dollar assets had grown signif-

icantly. Between 2000 and 2007, for example, they grew from under $3 trillion to over $8 trillion

(Baba and Packer, 2009a; Baba et al., 2009). These assets were one side of a maturity transfor-

mation, funded as they were by short-term US dollar liabilities. McGuire and von Peter (2009)

measure this transformation by computing a “dollar funding gap”—the amount of long-maturity US

dollar assets supported by short-maturity US dollar liabilities—which they calculate to be $1.1–$1.3

trillion at its peak in early 2007. European banks had also extended guaranteed US dollar credit

lines in support of conduits in the US (Baba et al., 2008), apparently under the assumption that

Eurodollar funds would be available to fund these extensions of credit if necessary.6

As the crisis deepened and the money markets dried up, European SIVs experienced funding

problems similar to their US counterparts. However, as their assets were mainly dollar-denominated

and greatly exceeded the dollar deposits held by their parent banks, the gap had to be funded in

euros, which entailed exchange risk. While European banks had access to the ECB for funding as a

backstop, this was funding in euros, not dollars. Consequently, establishing a euro-based lender of

6 See Pozsar et al. (2010) for more on the activities of European SIVs.
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last resort was only a solution insofar as these euros could be swapped into dollars. European banks

were exposed to a reduction in the availability of short-term dollar funding.

Early in the crisis, private lender-of-last-resort facilities were available to European banks. An

important channel for refinance was through money market mutual funds (MMMFs). European

banks held about $8 trillion in USD assets. MMMFs provided, by mid-2008, about $1.2 trillion in

USD financing Baba et al. (2009). MMMFs appear to have increased their lending to non-US banks

between August 2007 and August 2008. Assets at MMMFs were increasing as investors withdrew

funds from the ABCP market and elsewhere. In turn, MMMFs were drawing down their holdings

in the CP market and shifting to CDs, including Eurodollar CDs. Baba et al. (2009) conclude

that, since European banks’ share of issuance of the latter is greater than that of the former, this

represents an increase in MMMF funding of European banks. This avenue of funding seems to have

expanded until the collapse of Lehman, when a run on MMMFs began.

USD SIV

−ABCP

+to parent

European parent bank

+to SIV

+ED CD

MMMF

+ED CD

+deposits

MMMF depositor

−ABCP

+deposits

Figure 14: Schematic balance sheets, private lender of last resort financing, European banks. Initial
holders of ABCP were unwilling to roll over their positions, but they deposited funds in money
market mutual funds, which provided Eurodollar lending to European banks in support of their
SIVs.

Later, the Fed’s liquidity facilities were able to channel funds to European banks, which had

limited access to dollar funding markets through the parent company. Their US offices, however,

have access to the Fed’s facilities for depository institutions. Moreover, some banks are also primary

dealers, and would have gained additional access to facilities as such (McGuire and von Peter,

2009). European banks’ net local claims in the US fell by some $300 billion through mid-2008,
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as local liabilities increased and local assets remained stable, driven by increased use of the Fed’s

liquidity facilities. At the same time, net claims of European banks’ US offices on their own related

foreign offices, presumably their European home offices, rose by a similar amount (McGuire and von

Peter, 2009). Such refinancing is shown in T accounts in Figure 15.

USD SIV

MBS −ABCP

+to parent

European parent bank

+to SIV

+to branch

US branch

+to parent

+PDCF

+TAF

(+TSLF)

Fed

+PDCF

+TAF

(+TSLF)

−Treasuries

Figure 15: Schematic balance sheets, public lender of last resort financing, European banks via their
US branches. The Fed’s liquidity facilities supported European banks’ refinancing of their dollar
SIVs via the banks’ U.S. branches.

5.2 The Federal Reserve’s response to international funding pressures

Generally, European financial institutions face two options when trying to obtain dollar funding.7

They can borrow directly in the dollar cash market, or they can borrow in euros and then swap

these into dollars. A Euro/US dollar foreign-exchange swap is a fixed-term contract in which one

exchanges euros for dollars at the current spot rate with the agreement to convert the dollars back

into euros at a later date; the tenor and future exchange rate given by the corresponding forward

rate. Normally, the absence of arbitrage tends to equalize the return to these options: the total

cost of borrowing in the euro LIBOR market and converting them to dollars through the FX swap

market should be equivalent to borrowing dollars directly in the dollar LIBOR market. This can be

7The following argument holds true for an non-US financial institution, but here we use Europe as an example.
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expressed mathematically as

Ft,t+s

St

(
1 + rEUR

t,t+s

)
= 1 + rUSD

t,t+s, (2)

where Ft,t+s denotes the forward rate for s periods ahead, St is the current spot rate, rEUR
t,t+s is euro

LIBOR from time t to t+s and rUSD
t,t+s is the equivalent US dollar LIBOR. This formula is the covered

interest parity condition of international finance.

The Eurodollar markets were increasingly frozen as the crisis progressed, making it difficult for

European institutions to borrow dollars directly (i.e. the right hand side of equation (2) gradually

became in a sense irrelevant). The reduction in the availability of short-term dollar funding inten-

sified throughout 2007. Banks responded by drawing on several sources of funds. McGuire and von

Peter (2009) estimate that, by mid-2007, European banks held USD interbank (i.e., Eurodollar)

borrowing of $400 billion and borrowing from central banks of $380 billion. They also had drawn on

euro-denominated local sources of short-term funding (deposits) and swapped $800 billion of euros

into dollars. As significant lending retrenchment continued on both sides of the Atlantic by the end

of 2007, demand for short-term funds was high and US banks became unwilling to extend funds

to their European counterparts (FT, 2007). As the ABCP market dried up, US conduits called in

their credit lines, putting pressure on European banks just as their shortage of funds became severe.

Indeed, unused credit commitments of European banks fell by $233 billion from mid-2007 to the

Lehman collapse, suggesting that these credit lines were being drawn upon (McGuire and von Peter,

2009). The Eurodollar market, which had served as a lender of last resort for European banks’ US

dollar operations, broke down.

Consequently, European banks increasingly turned to obtaining funding in euros (which they

could do through ECB backstops) and swapping them into dollars. Yet an FX swap is not a

fully collateralized transaction and involves exposure to both counterparty and liquidity risk. As

documented by Baba and Packer (2009b), the large demand for dollars resulted in a highly one-

sided order flow that impeded liquidity in the FX swap market. At the same time, the perception

of counterparty risk was increasing, and US banks saw their European counterparts in these swap

transactions as increasingly risky. This increased the cost of obtaining dollar funding through swaps

by widening spreads, and further reduced liquidity as US banks became reluctant to extend credit

to their European counterparties. The result was a dislocation in the CIP relationship (2) as the

FX swap implied dollar funding rate greatly exceeded the US dollar LIBOR funding rate. Swap



The evolution of last-resort operations—Grad, Mehrling, and Neilson 

counterparties were demanding increasing compensation to accept the risk, and the one-sided order

flow (from euros into dollars) prevented the CIP arbitrage from working. European SIVs found

it increasingly difficult to obtain dollar funding and consequently to remain solvent. The gradual

increase of the euro swap implied rate from the US LIBOR rate and the resulting size of the deviation

from CIP is displayed in Figure 16.

Figure 16: The dislocation between the 3-month euro swap implied borrowing rate (the rate at
which one can borrow dollars by swapping euros) and 3-month dollar LIBOR. The black area shows
that as the crisis progressed the swap implied rate exceeded LIBOR: this is the size of the deviation
from covered interest parity. The figure follows Baba and Packer (2009a).

In response to this US dollar shortage, the Federal Reserve announced the establishment of

foreign-exchange swap lines with the ECB on December 12, 2007.8 In this program, the Fed provided

US dollars to the ECB in the form of foreign exchange swaps, providing the ECB with dollar reserves.

The ECB then lent out these dollar funds through a program similar to the Fed’s Term Auction

Facility. Use of the swap lines was approximately $50 billion through the first two stages of the crisis,

and rose to over $200 billion after Lehman’s collapse. In this way the euro-denominated backstop of

the ECB was transformed into a dollar-denominated backstop so that European SIVs could continue

8Swap lines were established with the Swiss National Bank on this date as well. Later in the crisis, these were
extended to many other non-US central banks as well.
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to fund their US dollar assets.

5.3 The European Central Bank as public lender of last resort

Apart from the coordination of US dollar swap lines with the Federal Reserve, the ECB also provided

other backstops throughout the financial turmoil. The ECB began to provide longer-term liquidity to

European banks very early on in. González-Páramo (2009) notes that in 2007, refinancing operations

at 3 months were initiated (as opposed to the pre-crisis norm of 1-week operations), and their use

had increased. 6- and 12-month liquidity was also eventually extended. This shift is evident in

the Eurosystem balance sheet, Figure 18. Around August 2007, a switch from “main refinancing

operations” to “longer refinancing operations” is evident (see Figure 17). No dramatic shift in the

size of the Eurosystem balance sheet occurred, which is comparable to the Fed’s balance sheet for

this period, though the Eurosystem balance sheet did continue a secular expansion.

An important difference between ECB and Federal Reserve financing operations during this

period is in the list of eligible collateral. Even before the crisis, the ECB had accepted a much wider

array of collateral for refinancing operations than had the Fed. Moreover, the stigma associated

with the use of the Fed’s discount window was not a factor in Europe, and there was, effectively,

greater access to central-bank refinancing as a result (Hördahl and King, 2008; González-Páramo,

2009). This in turn helped the euro repo market avoid the disruptions faced by the dollar repo

market—higher-quality collateral could be preserved for private transactions, while lower-quality

collateral could be pledged to the ECB for central-bank refinancing. GC pooling arrangements also

appear to have been beneficial Hördahl and King (2008). Consequently, euro repo spreads never

widened to the degree that US repo spreads did.

USD SIV

MBS −ABCP

+to parent

European parent bank

+to SIV

+LTRO

ECB

+LTRO

−MRO

Figure 17: Schematic balance sheets, public lender of last resort financing, European banks. As
SIVs backed by European banks drew on credit lines, the need for term financing increased. The
ECB initially met this need by increasing long-term refinancing operations (LTROs) at the expense
of main (short-term) refinancing operations (MROs).
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Figure 18: Eurosystem assets, 2007–2010. The largely secular increase in the overall size of the
balance sheet through the first two stages of the crisis is evident, with the exception of year-end
2007. The shift from short- to long-term refinancing is evident as early as August 2007. The
bright orange region (third from the top) is reclassified into a peach-colored region in July of 2009,
which is simultaneous with the implementation of a program to purchase covered bonds as a means
to refinance banks (González-Páramo, 2009). The dollar swap lines, shown in green, increased
gradually after their inception in December 2008 and then rapidly after Lehman’s collapse.
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6 Conclusion

As the microstructure of the financial system changes, the system’s capacity to stabilize itself must

change as well. Lender-of-last-resort operations are suited to a bank-credit financial system, in

which banks fund loans with deposits. When a solvent institution is faced with a liquidity crisis

(that is, a bank run), the right thing to do is to provide funds against good collateral (Bagehot,

1873). In a capital-markets financial system, dealers make markets in tradable securities that are

normally liquid, financing their positions in the repo market. When holders of these securities want

to liquidate their positions, the consequences are magnified because the securities are serving as

collateral for their own financing. Liquidity vanishes quickly. The global credit crisis that began

in 2007, though aptly described as a run on the repo market (Gorton and Metrick, 2009; Adrian

et al., 2009), demands a different kind of policy response—it is the role of securities dealer that

must be fulfilled by the public sector. The private and public responses through September 2008

were insufficient to stabilize the system; it was only when the Fed finally became a dealer that some

semblance of order returned.
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José Manuel González-Páramo. The response of the Eurosystem to the financial crisis, Novem-
ber 2009. Keynote speech at the European Parliament’s Special Committee on the Financial,
Economic, and Social Crisis (CRIS).

Gary Gorton and Andrew Metrick. Securitized banking and the run on repo. Technical Report
09-14, Yale International Center for Finance, 2009.
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