Price discovery in a market under
stress: the U.S. Treasury market in
fall 1998

Craig H. Furfine and Eli M. Remolona

WP 2005-06

o
o)
<
2
-
@
s
o
—_
-
<
as
=
Q
77
O
a%
=
—
O
e,
O
o



Price discovery in a market under stress:

the U.S. Treasury market in fall 1998

Craig H. Furfine

Federal Reserve Bank of Chicago
230 South LaSalle
Chicago, IL 60604

United States

craig.furfine@chi.frb.org

Eli M. Remolona

Bank for International Settlements
Two International Finance Centre 78/F
8 Finance Street, Central
Hong Kong

eli.remolona@bis.org

The authors found helpful the comments of Claudio Borio, Wolfgang Biihler, Robert Engle,
Thierry Foucault, Eugene Kandel, Brian Sack, Asani Sarkar, Hyun Song Shin, Chester Spatt, Ilya
Strebulaev and participants in seminars at the Bank of Canada, Bocconi University, University of
Mannheim, the Federal Reserve Board of Governors, and the European Finance Association
meetings in Glasgow. They also wish to thank Lauren Gaudino and Marcus Jellinghaus for expert
data work. The views expressed are the authors' and not necessarily those of the Bank for

International Settlements, the Federal Reserve Bank of Chicago, or the Federal Reserve System.



Price discovery in a market under stress:

the U.S. Treasury market in fall 1998

Abstract
We analyze how price discovery in the inter-dealer market for U.S. Treasury
securities differs between stressful times and normal periods. Using tick-by-tick
data on inter-dealer transactions in the on-the-run two-year, five-year and 10-year
Treasury notes, we find that the impact of trades on prices tends to become
significantly stronger on stressful days. This effect remains after accounting for the

faster trading, wider spreads, and shallower depth observed on stressful days.
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Price discovery in a market under stress:

the U.S. Treasury market in fall 1998

But “liquidity” is a straw man. Whenever markets plunge, investors
are stunned to find that there are not enough buyers to go around.

-- Lowenstein (2000), p. 42

1. Introduction

How different is price discovery in a market under stress? The U.S. Treasury market in
autumn 1998 was such a market. At that time, a hedge fund, Long-Term Capital Management
(LTCM), faced untenably heavy losses in Treasury securities, while some of its important
counterparties in other markets also happened to be dealers in the Treasury market. As a
consequence, the market experienced three unusual features. First, trading in Treasury securities
tended to be intense, with durations between transactions shorter than usual. Second, market
depth on both the buy and sell sides fell significantly. Third, bid-ask spreads widened noticeably.
It therefore appears that market makers became reluctant to take risks. The specific question we
ask is whether the relationship between trading flows and prices is qualitatively and
quantitatively different in such a market.

In the market microstructure literature, order flow affects prices because it conveys private
information regarding the value of the underlying asset. In Glosten and Milgrom (1985), for
example, market makers set a positive bid-ask spread as compensation for trades made with

counterparties with superior information. As a sequence of sell orders arrive, market makers



lower bid prices, incorporating the probability that the order flow implies that better-informed
investors believe the previous price was too high. In a general empirical framework, Hasbrouck
(1991) documents the positive relationship between order flow and price changes using a sample
of 80 NYSE and AMEX stocks.

The literature has since been extended to determine when order flow is expected to have
the greatest impact on prices. In particular, times of intense trading activity have been
distinguished from times of slow trading. In Admati and Pfleiderer (1988), discretionary liquidity
traders try to avoid losing money to the better informed by clustering their trading at around the
same time. Thus, the observation of multiple transactions occurring together suggests the
presence of predominantly uninformed traders. Order flow would then not be expected to have a
strong impact on prices. Contrast this intuition with that modeled by Easley and O’Hara (1992).
In their model, they allow for the possibility that no new information exists. As a result, an
increase in trading activity indicates that information has arrived, and therefore, order flow is
more informative when transactions are occurring rapidly.' In a dynamic order-driven market,
Foucault, Kadan and Kandel (2005) distinguish between patient and impatient traders and show
that when waiting costs are large -- presumably when there is new information to exploit --
traders will tend to be more aggressive in adjusting the prices in their limit orders.

The empirical evidence on when order flow is important suggests that it depends on the
market being considered. In foreign exchange markets, Lyons (1996) documents that trades are
less informative when they occur when transaction intensity is high, a finding consistent with the

theoretical prediction of Admati and Pfleiderer (1988). Lyons describes the phenomenon as “hot-

! Diamond and Verrecchia (1987) model the interaction of short-sale restrictions on the information content of order
flow. Because of these constraints, a period of slow trading is likely to signal bad news. Further, these constraints
impart a delay in the reaction of prices to new information, especially to bad news.



potato” trading whereby foreign exchange dealers rapidly and repeatedly lay off unwanted
inventory in response to an initial potentially informed trade. By contrast, in equity markets,
Dufour and Engle (2000) explicitly incorporate the role of inter-transaction time in the empirical
framework of Hasbrouck (1991) and find that when equity markets are most active, i.e., inter-
transaction times are short, the impact of order flow on prices is enhanced. Thus, the empirical
literature has found opposite relationships between inter-transaction times and the price impact
of trading depending on the market being examined.”

Our paper contributes in many ways to the understanding of when order flow exerts a
stronger influence on prices. To begin, we expand the model of Dufour and Engle (2000) to test
whether the relationship between trading and returns in on-the-run US Treasury securities differs
when those markets are under stress. After controlling for the differences in the rate of trade
arrival, we still find a noticeably higher price impact of a trade on stressful days. Having
proposed several alternative methods for identifying stressful days, we document that such days
generally witness more rapid trading, wider bid-ask spreads, and lower posted depth. Thus, to
further explore the result that stress is associated with greater price impact (lower liquidity), we
expand our analysis to explicitly consider the role that spreads and depth play in the price
discovery process for US Treasury securities. After controlling for inter-transaction time,
spreads, and depth, we are left with the finding that trades continue to move prices more on

stressful days. Further, we estimate the fraction of the stress-related price impact that the readily

2 For the U.S. Treasury market, Brandt and Kavajecz (2004) find that “overflow” affects prices especially when
liquidity is low. However, they do not specifically analyze the effect of inter-transaction times.



observable measures of liquidity can explain and find it to be quite small relative to the thusfar
unexplained decline in liquidity that occurs on stressful days. >

The remainder of the paper is as follows. Because microstructure analysis of US Treasury
markets is relatively uncommon, we devote Section 2 to explain why private information can be
expected to play a large role in the price discovery process of a security ultimately valued
according to beliefs about the macroeconomy and for which there is frequent and public
information. We further provide suggestive evidence that prices in US Treasury markets in 1998
were particularly more susceptible to private, rather than public information. Section 3 discusses
the key sources of private information in US Treasury markets during 1998 and suggest why
these events may have affected the relationship between trading and prices in the Treasury
market. Section 4 develops four different methods of identifying days that might have been
particularly stressful for Treasury dealers. Section 5 describes the data used in the study and
present summary statistics to describe the nature of the stress periods in the market. In particular,
we document that regardless of which of our four stress-identification methods used, stressful
days in US Treasury markets during 1998 were associated with (1) faster trading, (2) wider bid-
ask spreads, and (3) shallower depth. Section 6 estimates an extension of the Dufour and Engle
(2000) model on data on the 2-, 5-, and 10-year Treasury note and finds that trades move prices
by much more on days we previously identified as stressful. Section 7 extends the analysis

further to control for changing spreads and depth. We document that changes in trading

? Goldstein and Kavajecz (2004) analyze liquidity provision in equity markets by limit order traders during and near
the time of the steep equity market decline in October 1997. They find that liquidity, as measured by the depth of the
limit order book, declined precipitously on the day after the steep market decline. Their study, however, was focused
on an analysis of the impact of market-wide circuit breakers rather than on the price impact of trading during a
crisis. Further, their analysis focused only on equity markets.



frequency, spreads, and depth explain very little of the decline in market liquidity we find on

stressful days. Section 8 concludes.

2.  Public versus private information in Treasury market price discovery

The announcement literature would suggest that public rather than private information
drives price movements in US Treasury markets. Indeed it has been documented that
macroeconomic announcements are often the source of the largest moves in Treasury security
prices. For example, Furfine (2001) reports that of the 25 largest five-minute price moves in the
on-the-run 5-year Treasury note during 1999, 19 were associated with a macroeconomic
announcement, 4 with an announced change in the Federal Reserve’s target federal funds rate,
and 2 were coincident with testimony delivered by Federal Reserve Board Chairman Greenspan.
In a study of Treasury markets from the mid-1990s, Fleming and Remolona (1999a) report, too,
that public news releases explain virtually all of the largest high-frequency price movements in
Treasury markets. Fleming and Remolona (1999b) further indicate that prices generally adjust
rapidly in the wake of an announcement without a large increase in trading. Thus, previous
literature documents that at very high frequencies, public information is the source of the larges
moves of US Treasury prices, and that these movements occur without a large amount of trading.

Although news releases on occasion move prices in a matter of minutes, Treasury prices
move a lot even when such public announcements are absent. In the minutes and hours after a
news release, however, prices of Treasury securities are influenced by trading for the same
reasons assumed in equity and other markets. For instance, although there may be a public news
release of the monthly employment report, Treasury market participants will differ (at a

minimum) according to (a) their beliefs with regard to the implication of the news for interest



rates and (b) the degree to which their current holdings of a particular security should be altered
in light of the news. As an illustration of both public and private sources of information
influencing Treasury market prices, Figure 1 graphs the price and trading volume of the on-the-
run 5-year Treasury Note on December 4, 1998. At 8:30 that morning, a surprisingly positive
employment report was announced. As the figure reports, Treasury prices fell quickly in the first
five minutes following the announcement. However, throughout the remainder of the day, heavy
trading pushed prices up and then back down, without the release of any new significant public
information. This suggests that although public information has a large impact on Treasury
prices over very short time intervals, the general relationship between trading and pricing can
still be modeled as being driven by private information.

Not only does private information have an important role in price discovery in Treasury
markets in general, but the relative importance of private versus public information during the
fall of 1998 appears to have been greater than was different from the periods examined by
Furfine (2001) and Fleming and Remolona (1999a). First, although late 1998 witnessed its share
of large and rapid price movements, these were less often associated with macroeconomic news
releases. Table 1 lists the largest 25 five-minute price changes of the 5-year on-the-run Treasury
Note occurring between May 1, 1998 and December 31, 1998. Of these, only five were
associated with macroeconomic news announcements, 4 with changes in the Fed’s policy rate,
and 2 with statements from Alan Greenspan. As Table 1 illustrates, the majority of large price
changes in late 1998 were not associated with an obvious, direct piece of macroeconomic news.
In this way, private interpretation by market participants of events such as a weakening dollar,
political anxiety, and the Russian economy played a larger role in price movements than is

typically seen.



3. Private information, Long-Term Capital Management, and Treasury markets in 1998

The importance of private information in the U.S. Treasury market should come as no
surprise. It is a multiple-dealer market in which, as in the classic model by Ho and Stoll (1980),
dealers face inventory risk in competing against one another. Unlike the model, however, U.S.
Treasury dealers also take highly leveraged proprietary positions and thus must rely on private
information.

Among the most significant sources of private information in Treasury markets during late
1998 related to the hedge fund Long-Term Capital Management (LTCM). This fund had taken
large positions in Treasury securities and Treasury related securities like swaps. As LTCM
became financially troubled in August 1998, market participants remained uncertain regarding
the size of LTCM’s positions, the hedge fund’s likely response to its difficulty, and the trading
response of other market participants that had taken similarly losing bets in financial markets.
Developments with LTCM were likely to result in less risk-taking by US Treasury dealers,
consistent with the empirical evidence we will provide.

By late August 1998, the partners of LTCM knew they were in trouble. Among other
losing positions, the hedge fund held long positions in swaps and short positions in on-the-run
Treasury securities.” When spreads between 10-year swap yields and Treasury yields widened by
10 basis points on 21 August, the hedge fund faced untenably large losses. That Monday, the
partners started seeking new investors, while the spread continued to widen. The next day, the

10-year spread reached 84 basis points, the widest spread the fund had seen since it started

* See the excellent accounts by the Committee on the Global Financial System (1999) and Lowenstein (2000). For
more on LTCM’s trading strategies, see Edwards (1999), President’s Working Group on Financial Markets (1999)
and Jorion (2000).



operating. The spread had increased 21 basis points over just three trading days. As volatility in
this spread continued in September, the fund failed to raise enough funds to cover its losses.
Finally, on 23 September, the fund's major creditors agreed to recapitalize it. Losses continued
into October as swap spreads widened further, reaching 93 basis points on 5 October, the day of
the single greatest rise in spreads. On 14 October, the 10-year swap spread reached its peak at 97
basis points.

There are good reasons to believe the troubles of LTCM affected price and trading
behavior in the U.S. Treasury market. The Johnson Report of the Committee on the Global
Financial System (hereafter, CGFS (1999)) points to three ways in which market strains were
exacerbated following the fund's admission in early September of large losses. First, market
participants traded on anticipation that LTCM would have to close out its positions. Second,
dealers apparently anticipated counterparty losses from their positions with LTCM and thus saw
their own capacity to absorb risk to be lower than before. And third, dealers began to harbor
doubts about the creditworthiness of other firms that had emulated LTCM's strategies, and thus
perceived a rise in the counterparty risk of dealing with these other firms.

Why would the knowledge that LTCM needed to close out its positions alter price and
trading behavior? At the very least, dealers may try to trade ahead of LTCM, a strategy described
as “predatory trading” by Brunnermeier and Pedersen (2005). Indeed Cai (2002) finds evidence
of such front-running behavior. More importantly, LTCM’s positions were thought to be very
large, but there was uncertainty about precisely how large these were and what LTCM’s
unwinding strategy would be. Gennotte and Leland (1990) model a similar situation in October
1987, when market participants knew that dynamic hedging strategies required program traders

to sell equities but were unsure about the size of the traders’ positions. The uncertainty about

10



order flows, even what are supposed to be just liquidity flows, gave prices an unusually critical
role in the formation of expectations, a situation that ultimately led to a sudden withdrawal of
market making and to the crash of 19 October 1987. In the case of the LTCM episode, CGFS
(1999) and Furfine and Remolona (2002) document that various spreads widened, including
spreads between swaps and Treasury securities and between off-the-run and on-the-run
Treasuries. Chordia, Sarkar, and Subrahmanyam (2005) also note wider bid-ask spreads in
Treasury markets during the last half of 1998 and therefore add dummy variables to distinguish
this period in their time series analysis of comovement of stock and bond liquidity.

There have been a few other studies based on the events surrounding LTCM. Kho, Lee and
Stulz (2000) document that the equity prices of the firms that would ultimately participate in the
bailout of LTCM declined on the days surrounding 2 September, when it first became public that
LTCM had suffered large losses in August. The magnitude of the decline even exceeded
similarly calculated declines around the time of the previous financial crises in Mexico, Korea,
Russia, or Brazil. Furfine (2006) finds that these same institutions were still able to maintain
their levels of overnight unsecured borrowing during the crisis period. Combined with the
findings of Kho, Lee and Stulz, Furfine’s finding suggests that although the LTCM episode had a
dramatic impact on bank equity valuations, it did not threaten any major bank’s solvency.
Furfine further finds that these same financial institutions dramatically began to curtail risk-
taking in the days leading up to LTCM’s resolution in ways consistent with reductions in short-
term trading activities.

All these studies suggest at least two reasons why the Treasury market on certain days in
autumn 1998 may be considered to have been fundamentally different from other days. First,

market depth fell noticeably. Second, most dealers may be expected to have become more
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reluctant to make markets during this period. They were unsure about the size of LTCM’s
positions and those of the fund’s emulators. Many of the dealers had already incurred trading
losses in August, especially from exposures to Russia.” Some also happened to be counterparties
of LTCM and were concerned about the possibility of the hedge fund's default. Thus, dealers
may be expected to have withdrawn from risk taking, perhaps by increasing their bid-ask spreads
and by reducing the quantity they were willing to trade at posted prices (their posted depth).®
Note that there is no clear implication that trading activity should become more intense during

this period, but this is something we will find in the data.

4. Identifying stress days in 1998

For the purposes of our analysis of day-to-day stress, it is important that we try to identify
stress days independently of what is going on in the US Treasury market itself. This is to avoid
assuming what we are trying to show, which is that the market behaves differently during these
days. Narratives of the LTCM episode, for example, tend to focus on days when the spread of
swap yields over Treasury yields widened sharply. Using such spread movements as a criterion,
however, would mean choosing some days in which the Treasury yield fell, making it somewhat
difficult to disentangle our results from our choice of stress days. Since there is no established
alternative way of identifying these days, we propose four definitions. Table 2 reports the days
identified under the various definitions. The first definition is based on significant events
identified by two narratives of the LTCM episode. The others are based on information from

markets other than the Treasury market that would indicate reluctance by Treasury dealers to

> See President's Working Group on Financial Markets (1999).

% In a theoretical model of convergence trading, Xiong (2001) shows how capital losses would cause convergence
traders, such as LTCM and some dealers, to reduce their risk-bearing capacity.
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perform their market-making role. These definitions give us different numbers of stress days,

ranging from four days to 70 days. We undertake the analysis for each of the four definitions.

1.

Stress days I: For our first definition of stress days, we rely on events identified by CGFS
(1999) and Lowenstein (2000) as being significant for the LTCM crisis. As shown in Table
2, these events give us 21 days, starting on July 6, when Salomon began to wind down its
bond arbitrage operation, and ending on October 10 and 11, when Ellington Capital
Management auctioned $1.5 billion of mortgage securities. This definition does include two
days (September 10 and October 9) that refer to sharp movements in on-the-run Treasury
yields and one day (September 12) that is about a widening of the swap spread, which is
presumably calculated with the on-the-run Treasury yield.

Stress days II: For our second definition, we rely on information from the stock market.
Kho, Lee and Stulz (2000) identify four days in which the stocks of four banks exposed to
LTCM significantly underperformed the stocks of non-exposed banks. These exposed banks
were also dealers in the Treasury market. While news about LTCM’s losses became public
on September 2, Kho, Lee and Stulz find that the four banks had negative returns starting on
the day before and these losses continued for the next two days. As shown in Table 2, during
the three days in question, the banks suffered abnormal returns of -14.2% relative to non-
exposed banks. On September 24 again, these banks’ stocks underperformed by 2.56%, after
market participants learned how much each bank would contribute to LTCM’s
recapitalization. This definition gives us four stress days.

Stress days III: For our third definition, we rely on information from the corporate bond
market. Rather than use corporate spreads directly, we rely on estimates by Reinhart and

Sack (2002). They use weekly interest rate data to decompose the spread of 10-year double-

13



A corporate bonds over on-the-run Treasury securities into various premia associated with a
credit risk factor, a liquidity factor and an idiosyncratic Treasury factor. The advantage of
using their estimates is that their decomposition is designed to isolate their estimates of credit
risk premia from any influence of the Treasury market, allowing us to consider their
estimates to be exogenous to the market we are analyzing. The corporate bond yields used
also happen to be the appropriate ones, because most bank dealers in the Treasury market
have double-A credit ratings. For 14 weeks during our sample period, shown in Table 2, the
estimated credit risk premium exceeds 60 basis points and is markedly higher than during
any other week. Using these weeks for our stress days gives us a continuous period of 57
trading days.

Stress days IV: For our fourth definition, we rely on information from the swaps market. We
identify the ten days in our sample period during which the five-year swap yield rose the
most. As shown in Table 2, each of these ten days saw swap yields rise by at least 7 basis
points. Since LTCM had long positions in swaps, sharp yield increases would have added to
its counterparties’ concerns that it might default. If, as reported, a number of dealers had
emulated LTCM’s swap positions, they themselves would have faced heavy losses from such
increases in swap yields.

The four definitions differ significantly in the specific stress days they identify. The most

apparent differences are in the number of days they each provide. The Johnson-Lowenstein

events (stress days I) provide 21 days, the Kho-Lee-Stulz bank returns (stress days II) four days,

the Reinhart-Sack credit spreads (stress days III) 57 days and the swap yield increases (stress

days IV) 10 days. There are also systematic differences in where in the calendar period they tend

to select stress days. The 20 days of stress days I are spread largely across August and
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September, the four days of stress days II are all in September, the 57 days of stress days III
cover most of the trading days from September through November, and the 10 days of stress

days IV are found mostly in September through December.

5. High-frequency data from the inter-dealer Treasury market

Our U.S. Treasury data cover eight months of tick-by-tick quotes and transactions in the
inter-dealer market. The source of the data is GovPX, which consolidates data from five of six
inter-dealer brokers, accounting for perhaps half of all transactions in the market. The data
include the best bid and offer quotes for each security, the depths for both ask and bid quotes, the
price and size of each trade, and an indicator for whether the trade was initiated by a buyer or a
seller. Our analysis uses data on the 2-year on-the-run Treasury notes, 5-year on-the-run
Treasury notes and 10-year on-the-run Treasury notes.’

Our data sample runs from May 1, 1998 to December 31, 1998. To avoid times of very
slow trading activity, we exclude trades occurring outside of US business hours, with business
hours being defined, as in Fleming and Remolona (1999a and 1999b), as 7:30 AM to 5:00 PM
ET. We further drop the data for 8 days that are all associated with an extended market break
involving a major US holiday. This criterion excludes one day that otherwise would have been
considered stressful, October 9, because of its proximity to the Columbus Day weekend. Because
we are interested in the typical relationship between inter-transaction time and market dynamics,
we would like to avoid the possibility of atypically slow trading days influencing our results. We
also drop observations on 3 days where there were problems with the GovPX data for at least

part of the day. Finally, to avoid confounding the data with large overnight price changes, we
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follow Dufour and Engle and drop observations near the beginning and end of each business day.
After these adjustments to the data, we are left with 67,428, observations for the 2-year note,
103,377 observations for the 5-year note, and 83,999 observations for the 10-year note.

As shown in Table 3, our 8 months of data covers 156 trading days. The three different
securities have different typical levels of trading (as captured by GovPX), with the 2-year note
having the most value traded, but the 5-year note having the highest number of trades. For all
three securities, buyer initiated transactions are more common than those initiated by a seller.
This is consistent with the role of the primary securities dealers. These market participants buy
new Treasury securities at auction and then gradually liquidate their position by the next auction.
In combination with their commitment to make markets in these securities, major dealers would
gradually reduce their position in on-the-run issues through the posting of limit orders, which
ultimately will lead to buyer-initiated trades. All three securities are relatively actively traded,
with a transaction occurring approximately once a minute. Depths and spreads are also reported
in Table 3 to give a basis of comparison to interpret the magnitude of changes that occurred on
particularly stressful days. For example, the average posted depth was just over $17 million for
the 2-year note.

Our empirical analysis in the following sections will be an attempt to quantify the degree to
which stress affects the price discovery process in Treasury markets. These markets are where
LTCM held losing positions. As mentioned above, LTCM held short positions in on-the-run
Treasury securities and long positions in swaps. Some dealers in the market had emulated
LTCM's strategies and thus held similar positions. To unwind these positions, LTCM and its

emulators would have had to buy Treasury securities, and many market participants seem to have

’ The on-the-run security is the most recently issued security of a given original maturity. This is the security (of a
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known this. Some of the same dealers were also LTCM's counterparties in the swap contracts
and were thus exposed to risk that LTCM would default. The data allow us to examine the
dynamics of prices and trade flows for on-the-run Treasury securities under these conditions.

Before turning to a more formal analysis, we provide some indicative evidence to suggest
changes that occurred in the Treasury market on stressful days. To do so, we first converted the
tick-by-tick data into data observed at 15-minute intervals. For instance, transactions within a
given 15 minute interval were combined (e.g. depth was averaged, trading volume was totaled).
We then ran a simple linear regression of various characteristics of the data (e.g. volume, depth)
on intraday dummy variables (to control for intraday variation) and a single indicator for one of
the four definitions of stress. The coefficients and robust standard errors on the stress coefficients
are reported in Table 4. There are many features of the data apparent in this preliminary data
exploration that are worth highlighting for the purposes of our subsequent price discovery
analysis.

First, the number of transactions and average dollar value traded rose noticeably on
stressful days. For example, the dollar value traded of the 2-year note rose between $2.7 billion
per day and $5.2 billion per day depending on the definition of stress being considered. Although
theory does not necessarily predict a positive relationship between trading volume and stress, we
find this to be the case for all three securities whenever the coefficient is statistically significant
(9 out of 12 times). This increase in trading activity maps directly into a reduction in the average
time between trades for all three securities.

We also find evidence that market makers became more risk averse, consistent with our

discussion in Section 3. For example, the average quoted depth in the market became shallower

given original maturity) with the most active trading.

17



during the stressful days. In the case of the 5-year note, average bid depth fell by between $1.13
million and $3.37 million (from its average value of $9.3) on stressful days. We find that depth at
both the bid and ask price generally declined on stressful days, and fell most using stress
definition III (wide credit spreads). Using this measure of stress, depth in Treasury markets was
roughly 40% lower on stressful days than its full-sample average.

Table 4 also documents that bid-ask spreads in the Treasury market were wider on stress
days relative to the entire sample period. In general, bid-ask spreads for on-the-run Treasury
notes range from 0.6 basis points for the 2-year note to 2.2 basis points for the 10-year note.
Although the point estimates vary across securities and across stress definitions, we find that
spreads were generally wider by roughly 30%-40% on stressful days. In sum, we can
characterize Treasury markets to (1) be more active, (2) have lower posted depth, and (3) have

wider spreads on stressful days.

6. A VAR representation of price discovery in the U.S. Treasury market

The results in the previous section suggest that dealers became more reluctant to make
markets during stressful days of 1998. This would imply a reduction in market liquidity. In
Hameed, Kang and Viswanathan (2005), a decline in the collateral value of market makers leads
to a fall in liquidity. To explore this possibility more formally for the U.S. Treasury market, we
estimate a price discovery model that builds upon the work of Hasbrouck (1991) and Dufour and
Engle (2000). We do this in two steps. First, we simply adopt Dufour and Engle’s approach of
explicitly incorporating inter-transaction time into Hasbrouck’s VAR model of prices and trades
and calculate a benchmark for the price impact of a trade in US Treasury markets. We then

expand the model to allow price impact to vary according to whether or not the day was
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considered stressful. In this way, we are able to determine whether price impact was changed on
stressful days after controlling for the aforementioned reduction in inter-transaction time.
Our empirical model consists of two equations: one for returns (quote revisions) and one

for direction of trades. We define our measure of returns, s, as the change in the log mid-quote

price between the trade at time ¢ and trade at ¢+/. Hence, 7 = 100(Ing,,, —Ing,). For trade

t

direction, we use Hasbrouck's (1991) indicator variable xtO , which is equal to +1 if the trade is a

take (it is initiated by the buyer) and —1 if it is a hit (seller initiated).® Recall that the GovPX data
includes information as to whether the trade was buyer or seller initiated so there is not an issue
of correctly identifying trades as there often is in studies of US equity markets.

Dufour and Engle’s (2000) model explicitly accounts for trading intensity by interacting a

duration variable In(7;) with x, where 7,

. 1s measured as one plus the number of seconds

between trades at times ¢ and #-1.° Our benchmark equations, therefore, can be expressed as

shown in equations (1) and (2).

7 —Za v +Zbrr In(7,_, chrx l+25:dl.rxt0_l. In(7,_)+v, (1)
i=0

2ar +Z;bxr ln l Zc"x +2dixx?_iln(7;_i)+vzt (2)

Note that our equations differ from Dufour and Engle's in that we add lags of r, ln(Z) to both

equations to account for an interaction between quote revisions and durations in addition to the

interaction between trading and durations. We follow Dufour and Engle (2000) and make the

¥ Also following Hasbrouck (1991) we estimated the model replacing the trade indicator variable with a continuous
variable measuring the size of the given trade. All of our empirical results were qualitatively unchanged.

? The data contain a few cases in which measured duration between trades is zero. To keep log values finite, we add
one second to each inter-transaction time.
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assumption that the lag polynomials may be truncated after the fifth lag. Also, like Dufour and
Engle (2000), we identify the system by assuming that a trade at ¢ affects the returns from ¢ to
t+1, but that this return can only affect trades beginning at ¢+/. This is reflected in the 0-lag
terms in equation (1).

To measure the effect of stressful days arising from the risk aversion of market makers, we
estimate a slightly expanded system, shown in equations (3) and (4). For these equations, we

further define a dummy variable D that takes on the value of 1 if # occurs on one of the days we

have identified as stressful and O otherwise. As described above, we consider four different
definitions of stress days. We then add lagged interactions of this dummy variable with the trade
indicator variable to our benchmark equations. In this way, we will examine whether trades
affect prices differently on stressful days after controlling for the possible changes in inter-

transaction time (trading intensity).

rt:iai’rt_i+2b;r In(T, ch tl+Zd’x° In(T, Ze"xto_iDtS_iJrvll (3)

x?ziafrt_i—i-Zbixr In(T, Zc Za”xo In(7,_, Zexxo D’ +v,, 4)

Tables 5(a), 3(b) and 3(c) summarize our coefficient estimates from estimating equations
(1)-(4) on data for the 2-year, 5-year and 10-year on-the-run Treasury notes respectively. The
tables report the sum of the estimated coefficients on lagged values for each variable and the p-
values for a Wald test of the significance of this sum. The first column in each table reports the
results for the estimation of benchmark equations (1) and (2). The other four columns report the
results for equations (3) and (4), with each column representing a different definition of stress
days. The estimates for the return equations are shown in the top half of each table and the

estimates for the trade-side equations are shown in the bottom half.
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Our results suggest that the dynamics of the Treasury market have features in common
with other markets. For example, as shown in the first row for the return equations, we find that
Treasury market returns are negatively related to past returns. Furthermore, the second row
indicates that the coefficient on trade sign is positive. This is the result one would expect. That is,
buying should lead to a price rise and selling to a price fall. Hasbrouck (1991) and Dufour and
Engle (2000) have documented these results for equity markets. We also document that both of
these relationships are greater in magnitude as the maturity of the bond increases.

Our coefficient estimates on the terms interacted with inter-transaction time suggest that
the above-mentioned relationships become stronger during periods of intense trading. For
example, as shown in the third row, the sum of the coefficients on the lags of the interaction
between returns and inter-transaction times is positive. This indicates that during periods of more
intense trading (smaller inter-transaction time), current returns become even more strongly
negatively related to past returns. As shown in the fourth row, the sign of the coefficients on the
interaction term between inter-transaction time and the price impact of a trade is negative. This
indicates that periods of more intense trading are associated with a stronger price impact of a
given trade. The stronger price impact of trades during busy times is consistent with Easley and
O’Hara (1992), where informed traders seem impatient to trade, perhaps because the value of
their information deteriorates with time. It is also the same empirical relationship found by
Dufour and Engle (2000) in their study of equity markets. Thus, periods of intense trading
involve on average more trades that are perceived by market makers as informed, and therefore
each individual trade has a larger influence on price.

The results for the trade-side equation suggest that there is a positive relationship between

past returns and current trades. This is in contrast to the result found by Hasbrouck in equity
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markets. However, it supports the findings of Cohen and Shin (2001), who also analyze data
from GovPX. These authors find that on busier trading days, a positive feedback mechanism
appears whereby, in the very-short run, an increase in the price of a Treasury security leads to
more buy-side transactions, and a decline in the price of a security leads to an increase in sell-
side transactions. As shown in the second row of the bottom panels of Table 5, trades are
positively related to past trades. This finding is typical in the empirical microstructure literature.
It may reflect partly an effort by informed traders to break down their desired trades into smaller
pieces in order to reduce the impact on prices. The relationship between past returns and

subsequent trading becomes even more positively related during times of intense trading. This is

the implication of the fact that the sum of the coefficients on r,In(7;), the interaction of return

and inter-transaction time, is negative.

To explore how stress may change the price discovery process, we report our estimates of
equations (3) and (4) in the last four columns of Table 5. The coefficients on the variables
discussed earlier change very little. The key new result, however, suggests that the price impact
of a trade becomes stronger on stressful days, indicating a decline in market liquidity on such

days. The magnitude of the effect depends on the specific on-the-run security and the definition

of stress days. The relevant variable is x'd’, which interacts a dummy variable for stress days

with our signed trade variable. The sums of the estimated coefficients for this interaction variable
are shown in the fifth row of Tables 5(a) to 5(c). In all specifications, the estimated coefficients
are positive, and with only 2 exceptions out of 12, highly statistically significant.

To quantify the differential impact of a stressful day on the price impact of a trade, we
calculate a benchmark cumulative impulse response function plotting the impact of a positive

trade shock on the returns to each of the Treasury notes based on the coefficients estimated from
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equations (1) and (2). This response function is plotted as the solid black line in each panel of
Figure 2. To estimate the impact of stress, we consider another trade shock, only this time using
estimates from equations (3) and (4) and also setting the stress dummy variables equal to 1.
These impulse responses are graphed as dotted lines in Figure 2. For these two impulse
responses, we set the inter-transaction time equal to the mean value for the given security that
was reported in Table 3. By holding inter-transaction time constant, we are estimating the
marginal price impact of a stressful day, without considering that stressful days are also
associated with faster trading. Thus, the dotted lines in Figure 2 understate the total difference
between the price impact of a trade on a normal day and that on a stressful day. To jointly
consider the impact of stress and stress-induced reduction in inter-transaction time, the solid gray
line in Figure 2 plots the impulse response of returns from a trade shock when we both set the
stress dummy variable equal to 1 and also reduce the presumed inter-transaction time to the level
witnessed on stressful days of the given type.

As an illustrative example, the picture at the top-left corner of Figure 2 graphs the
impulse response of a trade shock on prices for the 2-year note on a non-stressful day compared
with a similar response to a trade occurring on a Johnson-Lowenstein day, calculated both for
average inter-transaction time and Johnson-Lowenstein-day inter-transaction time. The other
pictures in Figure 2 repeat this exercise for each on-the-run security and for each definition of
stress. In all 12 specifications, market stress is associated with decreased liquidity (higher price
impact). For example, the ultimate price impact of a trade of the 5-year note is estimated to be
around 0.4 basis points on normal days. Stressful days increase the price impact of a trade
significantly. For example, using the Johnson-Lowenstein identification method, the price impact

of a trade of the 5-year note increases to approximately 0.7 basis points, an increase of 75%.

23



Across all three securities and all definitions of stress, stressful days are associated with between
a 30% and 200% increase in price impact.

These calculations are hold inter-transaction time constant and therefore neglect to
consider that on stressful days, trading is more rapid, which would increase a trade’s price
impact even further. However, in practice, the decline in average inter-transaction time has a
negligible impact on the price impact of a trade. This can be seen visually by comparing the
dotted line with the solid gray line, which demonstrates that the shorter inter-transaction time on

stress days increases the price impact of a trade by a trivial amount.

7.  Controlling for other factors

The results in section 6 indicate that market liquidity in on-the-run Treasury markets
declined on stressful days in the latter part of 1998. As discussed earlier, some signs of stress
were apparent in both available depth and in posted bid-ask spreads. It could be, therefore, that
the higher price impact of a trade on stressful days reported in section 6 merely reflects this
lower level of depth and wider spreads. In this section, we expand our empirical framework to
explicitly account for both spreads and depth to see if there remain differences in the price
impact of a trade on normal versus stressful days, or whether or not any differences merely
manifest themselves in these observable measures of liquidity.

To control for the possible influence of declining depth, we interact the trade indicator

with a variable P, which measures the size of the depth in the direction of the given trade. For
example, P would be the posted depth at the ask price if x’ =1 and would be equal to the

posted depth at the bid price if x! =-1. We would expect trades will have a greater impact on

prices when depth is lower. We follow an analogous approach to incorporating the information
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contained in bid-ask spreads. We interact the trade indicator with a variable B4,, which

measures the bid-ask spread at the time of trade ' Our hypothesis is that trades occurring when
spreads are wide will move prices more than trades arriving when spreads are narrow. To test the
influence of spreads and depth, we add lags of the depth interaction variable and the spread
interaction variable to our equations (3) and (4) to see whether depth affects the relationship
between trade flows and prices.

To conserve space, we do not report the coefficient estimates from this expanded empirical
specification. However, the additional coefficients were of the expected sign. That is, lower
depth and higher bid-ask spreads were correlated with greater price impact. We do, however,
report analogous impulse response functions in Figure 3. In each panel, the solid line is the
benchmark impact of a trade on returns (keeping the stress-day indicator equal to 0), estimated
from the depth- and spread- expanded versions of equations (3) and (4). These solid lines are
very close to those plotted in Figure 2. The dotted line is the cumulative impulse response of
returns to a trade shock from the same model, only setting the stress dummy variable equal to 1.
The simulations plotted by the dotted line keep the inter-transaction time, depth, and spread
variables at their full-sample mean value. As Figure 3 indicates, the increase in price impact
shown in the dotted line in Figure 3 is quite close to the effect reported in Figure 2. This is due to
the fact that changes in spreads and depth that accompany stressful days have a negligible impact
on the price impact of a trade as indicated by the close proximity of the dotted line to the solid
gray line, which estimates the impact of a trade shock on a stress day and allows inter-transaction
time, depth, and spreads to adjust to their stress-day average level. Thus, we conclude that the

price discovery process on stressful days is different than on normal days, even after controlling

' Technically, this variable measures the “touch”, or the difference between the best bid and best ask price. This is
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for changes in inter-transaction times, spreads, and depth that typically accompany such days. In

particular, the price impact of a trade is much greater.

8.  Conclusions

This paper has studied the price impact of a trade in the U.S. Treasury market during the
particularly turbulent period of fall 1998. The main empirical findings are as follows: Overall,
the dynamics of trading in the Treasury market are much like those founds in equity markets. In
particular, returns are negatively related to past returns, trades are positively related to past
trades, and order flow moves prices in the expected direction. We further find that the intensity
of activity in the market, as measured by the inter-transaction time, affects the liquidity of the
market, as measured inversely by the price impact of a trade. Busy times, because they are times
of information-based trading, witness a significant increase in the price impact of a trade.

Most significantly, we document that stressful days during the crisis period of 1998 saw a
dramatic increase in the price impact of a given trade. Even after controlling for the shorter inter-
transaction times, shallower depth, and wider bid-ask spreads witnessed in the market, trading
during the crisis moved prices much more than trading during the more normal times of 1998.
This finding is robust across securities of different maturities as well as for various definitions of

stressful days.

what GovPX reports rather than the spreads posted by any of the individual dealers.
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Table 1

Largest Five Minute Price Changes in the 5-Year
on-the-run Treasury Note: May — Dec 1998

Change in price

Date Time | (Basis points) Discussion in financial press
9-Oct-98 | 9:15 -40.78248 “Large-scale sell-off by Japanese investors”
15-Oct-98 | 3:15 37.29677 Fed surprise inter-meeting rate cut
15-Oct-98 | 3:25 31.96435 Fed surprise inter-meeting rate cut
4-Dec-98 | 8:30 -27.82079 Employment report
11-Sep-98 | 9:50 -24.20393 “Sinking dollar”, “Global political anxiety”

Release of President Clinton’s
21-Sep-98 |10:20 -21.51228 grand jury testimony
4-Nov-98 | 1:25 -20.49989 “Just terrible” auction of Treasury notes
5-Nov-98 | 1:35 20.48535 Accidental early release of employment report

“Worries about Russia’s economic
27-Aug-98 [11:40 19.97696 and political situation”
17-Nov-98 | 2:35 -18.97834 Federal Reserve cuts interest rates
“Large-scale sell-off by international parties amid
8-Oct-98 [12:05 -18.63378 continuing plunge in the dollar”
23-Sep-98 | 2:15 18.131 Greenspan testimony

“Investors shifted funds out of
3-Dec-98 | 8:05 -17.97788 bonds and into equities”

US and Japanese intervention
17-Jun-98 | 7:55 -17.59841 to raise yen against dollar
16-Sep-98 | 2:10 17.18312 Greenspan testimony
11-Sep-98 |10:45 -16.67172 “Sinking dollar”, “Global political anxiety”
17-Nov-98 | 3:05 -16.64883 Federal Reserve cuts interest rates
9-Oct-98 | 9:20 16.63516 “Large-scale sell-off by Japanese investors”
7-Oct-98 | 8:10 -16.36296 “Startling tumble in the dollar”
5-Jun-98 | 8:30 -15.71339 Employment report
2-Oct-98 | 8:30 15.63955 Employment report

“Worries about Russia’s
27-Aug-98 |11:35 15.39409 economic and political situation”
9-Oct-98 | 9:30 15.10118 “Large-scale sell-off by Japanese investors”
9-Oct-98 | 8:30 -15.00826 “Large-scale sell-off by Japanese investors”
5-Nov-98 | 1:15 15.00612 Accidental early release of employment report
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Table 2: Four definitions of stress days

Table 2 (a): Stress days I

Johnson-Lowenstein events

Date Event
6 July Salomon begins to wind down its bond arbitrage operation
20 July WSJ headline on LTCM losses
13 August Hong Kong market falls 8%; Russia places control on the ruble
17 August Russia declares debt moratorium
20 August Barclays unwinds short positions in sterling swaps
21 August Dow falls 280 points in the morning but recovers; credit and swap

spreads surge; yields rise on off-the-run Treasuries

24 August LTCM partners start seeking new investors
27 August Hilibrand goes to Omaha to see Buffett

31 August Dow falls; trading in bond market disappears
2 September LTCM issues shareholders letter

4 September WSIJ headline on Lehman Brothers’ losses

10 September 10-year US Treasury yield falls

11 September Spread on 10-year sterling swap widens

12 September Spread on 10-year US dollar swap widens

23 September LTCM recapitalized

29 September Federal Reserve cuts interest rate
7-8 October Yen rises 9%
9 October 10-year US Treasury yield rises

10-11 October | Ellington Capital management auctions $1.5 billion of mortgage

securities

Sources: CGFS (1999) and Lowenstein (2000).
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Table 2 (continued)

Table 2(b): Stress day definition 11
Days of abnormal negative stock returns to exposed banks '

Date Abnormal stock return of exposed banks [p-value]
1 September -3.943 [0.01]

2 September -2.899 [0.05]

3 September -7.303 [0.00]

24 September -2.563 [0.09]

Table 2(c): Stress day definition I1I

Days of wide credit spreads *

Period Double-A risk spread

57 trading days Average of 70 basis points

between . L
Minimum of 60 basis points

September 2 and

December 2

Table 2(d): Stress day definition IV
Ten days of greatest increases in swap yields

Date Increase in 5-year US dollar swap yield
9 October 26 basis points
6 November 19 basis points
2 November 14 basis points
5 December 9 basis points
17 June 9 basis points
14 September 9 basis points
11 May 7 basis points
8 October 7 basis points
4 December 7 basis points
24 December 7 basis points

! Estimates in Kho, Lee and Stulz (2000) for four exposed banks. 2 Days of unusually high
double-A credit spread as calculated in Reinhart and Sack (2002).
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Table 3

Summary statistics

Each entry reports the average value of the given variable across all transactions in the dataset.

2-Year Note 5-Year Note 10-Year Note
$ volume per day 7251.65 6137.06 4359.17
of which seller initiated 3791.59 2894.87 2133.52
of which buyer initiated 3460.06 3242.19 2225.65
Transactions per day 432 663 538
of which seller initiated 202 320 261
of which buyer initiated 230 342 277
Time between trades 77.78 50.99 62.54
Depth (at the ask price) 17.07 9.63 7.28
Depth (at the bid price) 17.66 9.34 7.97
Bid-ask spread 0.006 0.012 0.022
Memo:
Total number of transactions 67428 103377 83999
Total number of business days 156 156 156
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Table 4

Treasury market differences on stressful days

Each table entry reports the coefficient on a stress-day indicator variable and its robust standard
error from a regression of the given particular bond market characteristic’s 15-minute value on a
series of intraday dummy variables and an indicator for the various stress day definitions.
Coefficients have been adjusted to represent daily values.

Johnson- Shocks to Wide credit Swap yield
Lowenstein exposed banks spreads increases
2 - Year Note
Trading volume 3507.641 5203.474 3245.706 2699.43
($ millions) (405.9586) (560.4814) (197.0175) (566.9482)
Total number 106.2525 230.4276 201.1122 139.9041
of trades (13.81623) (18.68391) (6.694494) (18.70823)
Depth (Ask) -4.014758 -1.872291 -7.818723 -3.865243
(0.6696565) (1.166104) (0.4222576) (0.7223706)
Depth (Bid) -1.856229 -2.180761 -9.188922 -2.434901
(0.9074728) (1.345837) (0.4742733) (1.202763)
Bid-ask spread 0.0017286 0.0003072 0.0020009 0.0005296
(0.0001746) (0.0002201) (0.0000968) (0.000272)
5 - Year Note
Trading volume 1723.77 2537.23 -3.72887 208.4928
($ millions) (262.9885) (426.4151) (132.777) (315.1848)
Total number 119.9986 230.4868 121.3232 78.11793
of trades (17.1374) (26.8837) (8.99704) (21.39303)
Depth (Ask) -0.787309 -1.105139 -4.023322 -1.608565
(0.355251) (0.389113) (0.242981) (0.357885)
Depth (Bid) -1.133172 -1.482113 -3.374656 -1.705170
(0.265039) (0.379758) (0.170358) (0.327783)
Bid-ask spread 0.002921 0.001441 0.006803 0.003977
(0.000419) (0.000358) (0.000195) (0.000638)
10 - Year Note
Trading volume 676.217 1497.237 492.4652 -189.777
($ millions) (164.8642) (310.769) (103.4889) (235.4965)
Total number 45.52199 138.3421 75.55502 5.356664
of trades (11.61827) (18.76562) (6.88316) (16.56956)
Depth (Ask) -1.245390 0.643855 -2.341885 -1.152355
(0.215453) (0.740217) (0.158076) (0.308525)
Depth (Bid) -1.118396 0.802170 -2.094791 -1.709977
(0.282597) (0.911220) (0.221183) (0.552405)
Bid-ask spread 0.003856 -0.000519 0.009933 0.009076
(0.000830) (0.000677) (0.000385) (0.001562)
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Table 5(a)

Coefficient Estimates — 2 Year Note
The numbers in this table report coefficient estimates for the VAR model

=Za T +Zb’r In(7, Zc’x +Zd, x In(T, Z:e’x[O DE +v,
i=1 i=1
= afr, I+Zb‘r In(7, Z +Zd, x,_, 1 T,_l.)+z X0, DS+,

Estimated from data for the 2-year US Treasury note, May - December 1998. The
coefficient reported is the sum of the estimated coefficients and the number in
parenthesis is the p-value of a Wald test for significance of this sum.

Lagged variables Dependent variable 7;
Bench- Johnson- exposed Wide swap yield
mark Lowen- banks credit increase
stein stock spreads
returns
I 11 11 v
r -0.0937 -0.1127 -0.0944 -0.1238 -0.0966
0.1565 0.0905 0.1534 0.0629 0.1440
0
X 0.0020 0.0019 0.0020 0.0017 0.0020
0.0000 0.0000 0.0000 0.0000 0.0000
rIn(T;)
0.0032 0.0054 -0.0002 0.0068 0.0035
0.8493 0.7441 0.8455 0.6847 0.8311
0
X, In (Tt ) -0.0002 -0.0002 0.0032 -0.0002 -0.0002
0.0000 0.0000 0.0000 0.0000 0.0000
5.0
d;x, 0.0009 0.0002 0.0007 0.0005
0.0000 0.1069 0.0000 0.0010
Dependent variable xt0
Iy 85.0403 85.3423 84.8944 87.8353 85.1552
0.0000 0.0000 0.0000 0.0000 0.0000
0
X 0.4388 0.4404 0.4345 0.4607 0.4404
0.0000 0.0000 0.0000 0.0000 0.0000
r,In(T})
-10.6027 -10.6354 -10.5960 -10.9681 -10.6174
0.0000 0.0000 0.0000 0.0000 0.0000
0
X, In (7; ) 0.0039 0.0038 0.0043 0.0032 0.0038
0.4218 0.4303 0.3729 0.5062 0.4298
5.0
d;x, -0.0139 0.0738 -0.0480 -0.0250
0.3597 0.0011 0.0000 0.2402
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Table 5(b)

Coefficient Estimates — 5 Year Note
The numbers in this table report coefficient estimates for the VAR model

r—Zar +Zbrr ln Zc +Zd1xlolln
Zar +ber ln Z +Zd, x_,1 l z

Estimated from data for the 5-year US Treasury note, May - December 1998. The
coefficient reported is the sum of the estimated coefficients and the number in
parenthesis is the p-value of a Wald test for significance of this sum.

r .0
Ze xl LDl L+Vll

'.DS +v,

tr t—i

Lagged variables Dependent variable 7;
Bench- Johnson- exposed Wide swap yield
mark Lowen- banks credit increase
stein stock spreads
returns
I 11 111 v
1 -0.3498 -0.3670 -0.3508 -0.3865 -0.3528
0.0000 0.0000 0.0000 0.0000 0.0000
0
X 0.0032 0.0031 0.0032 0.0028 0.0032
0.0000 0.0000 0.0000 0.0000 0.0000
7, In (7; ) 0.0681 0.0706 0.0683 0.0736 0.0686
0.0002 0.0001 0.0002 0.0000 0.0001
0
x, In (Tt ) -0.0002 -0.0002 -0.0002 -0.0002 -0.0002
0.0000 0.0000 0.0000 0.0000 0.0000
5.0
d; x, 0.0015 0.0005 0.0013 0.0007
0.0000 0.0293 0.0000 0.0042
Dependent variable xto
Tt 61.536’8 61.8435 61.4704 64.4793 61.7067
0.0000 0.0000 0.0000 0.0000 0.0000
0
X 0.4021 0.4055 0.4007 0.4260 0.4045
0.0000 0.0000 0.0000 0.0000 0.0000
h ln(Tt) -9.1419 -9.1860 -9.1313 -9.5651 -9.1663
0.0000 0.0000 0.0000 0.0000 0.0000
X, In (Tf ) 0.0077 0.0075 0.0078 0.0078 0.0076
0.0900 0.0982 0.0852 0.0865 0.0932
5.0
d;x -0.0288 0.0336 -0.0737 -0.0489
0.0364 0.1100 0.0000 0.0121
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Table 5(¢c)

Coefficient Estimates — 10 Year Note
The numbers in this table report coefficient estimates for the VAR model

Za r_ +Zbrr In(T, Zc +Zdl x,In(7,
= Zslafrt L+ ber ln Z
i=1 i=1

+Zd1 tl +z torDtsl+v2t
i=1

Estimated from data for the 10-year US Treasury note, May - December 1998. The

coefficient reported is the sum of the estimated coefficients and the number in

parenthesis is the p-value of a Wald test for significance of this sum.

ZerxO D’ +v,

=i t—i

Lagged variables Dependent variable 7;
Bench- Johnson- exposed Wide swap yield
mark Lowen- banks credit increase
stein stock spreads
returns
1 11 11 v
I -0.4852 -0.4904 -0.4845 -0.5110 -0.4881
0.0000 0.0000 0.0000 0.0000 0.0000
0
X 0.0054 0.0053 0.0054 0.0047 0.0053
0.0000 0.0000 0.0000 0.0000 0.0000
7, In (7; ) 0.0861 0.0870 -0.0003 0.0905 0.0866
0.0000 0.0000 0.0000 0.0000 0.0000
0
X, In (Tt ) -0.0003 -0.0003 0.0859 -0.0003 -0.0003
0.0074 0.0063 0.0079 0.0066 0.0074
5.0
d;x, 0.0015 0.0007 0.0019 0.0025
0.0003 0.1360 0.0000 0.0002
Dependent variable x?
" 45.7519 45.9931 45.7469 46.6623 45.8536
0.0000 0.0000 0.0000 0.0000 0.0000
0
X 0.2765 0.2817 0.2750 0.2998 0.2787
0.0000 0.0000 0.0000 0.0000 0.0000
rn(T
! ( ’) -8.0131 -8.0465 -8.0155 -8.1470 -8.0253
0.0000 0.0000 0.0000 0.0000 0.0000
X ln(Y;) 0.0178 0.0181 0.0179 0.0177 0.0178
0.0006 0.0005 0.0006 0.0007 0.0006
5.0
d;x, -0.0705 0.0401 -0.0657 -0.0570
0.0001 0.1494 0.0000 0.0323
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Figure 1

Price and trading volume of the on-the-run 5-year note on December 4, 1998

The upper panel graphs the bid-ask spread at the end of each five minute interval between 7:30
AM and 5:00 PM. The lower panel reports total dollar volume of trading ($ millions) occurring
within each five minute interval.
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Figure 2

Accumulated impulse responses of returns to a positive trade shock — Baseline Model.
The solid black line graphs the impulse response of a trade shock on returns on normal days. The dotted line graphs the impulse response on the
indicated set of stress days. The solid gray line graphs the impulse response to a shock on the given stress day, when the time between trades is

adjusted to its stress-day level.
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Figure 3

Accumulated impulse responses of returns to a positive trade shock — Extended Model.
The solid black line graphs the impulse response of a trade shock on returns on normal days. The dotted line graphs the impulse response on the

indicated set of stress days. The solid gray line graphs the impulse response to a shock on the given stress day, when the time between trades, bid-
ask spread, and level of depth is adjusted to its stress-day level.

Johnson-Lowenstein Shocks to exposed banks Wide credit spreads Swap yield increases
2-Year Note
0.004 1 e 0.004 0.004 0.004
0.003 ’ 0.003 S 0.003 4 o 0.0034 oot
0.002 0.002 / 0.002 :' 0.002 ” '
0.001 0.001 / 0.001 0.001
0+ 0 T 0+ 0 T
-8 -4 0 4 8 1216 -8 -4 0 4 8 1216 -84 0 4 8 1216 -8 -4 0 4 8 1216
5-Year Note
0.008 0.008 0.008 0.008
0.006 4 0.006 4 0006 4 0.006
0.004 0.004 alt 0.004 ) 0.004 —
0.002 0.002 f 0.002 0.002
0 e 0 e 0 e 0 e
-84 0 4 8 1216 -84 0 4 8 1216 -8 -4 0 4 8 1216 -84 0 4 8 1216
10-Year Note
0.01 0.01 0.01 001 v e
0.008 0.008 o 0.008 4 e 0.008
0.006 0.006 /— 0.006 0.006
0.004 0.004 f 0.004 0.004
0.002 0.002 0.002 0.002
0 —+rrrrrri T 0 0 et 0 et
-840 4 8 1216 -840 4 8 1216 840 4 8 1216 -840 4 8 1216

40




41



Working Paper Series

A series of research studies on regional economic issues relating to the Seventh Federal

Reserve District, and on financial and economic topics.

Outsourcing Business Services and the Role of Central Administrative Offices
Yukako Ono

Strategic Responses to Regulatory Threat in the Credit Card Market*
Victor Stango

The Optimal Mix of Taxes on Money, Consumption and Income
Fiorella De Fiore and Pedro Teles

Expectation Traps and Monetary Policy
Stefania Albanesi, V. V. Chari and Lawrence J. Christiano

Monetary Policy in a Financial Crisis
Lawrence J. Christiano, Christopher Gust and Jorge Roldos

Regulatory Incentives and Consolidation: The Case of Commercial Bank Mergers
and the Community Reinvestment Act
Raphael Bostic, Hamid Mehran, Anna Paulson and Marc Saidenberg

Technological Progress and the Geographic Expansion of the Banking Industry
Allen N. Berger and Robert DeYoung

Choosing the Right Parents: Changes in the Intergenerational Transmission
of Inequality — Between 1980 and the Early 1990s
David I. Levine and Bhashkar Mazumder

The Immediacy Implications of Exchange Organization
James T. Moser

Maternal Employment and Overweight Children
Patricia M. Anderson, Kristin F. Butcher and Phillip B. Levine

The Costs and Benefits of Moral Suasion: Evidence from the Rescue of
Long-Term Capital Management
Craig Furfine

On the Cyclical Behavior of Employment, Unemployment and Labor Force Participation
Marcelo Veracierto

Do Safeguard Tariffs and Antidumping Duties Open or Close Technology Gaps?
Meredith A. Crowley

Technology Shocks Matter
Jonas D. M. Fisher

Money as a Mechanism in a Bewley Economy
Edward J. Green and Ruilin Zhou

WP-02-01

WP-02-02

WP-02-03

WP-02-04

WP-02-05

WP-02-06

WP-02-07

WP-02-08

WP-02-09

WP-02-10

WP-02-11

WP-02-12

WP-02-13

WP-02-14

WP-02-15



Working Paper Series (continued)

Optimal Fiscal and Monetary Policy: Equivalence Results
Isabel Correia, Juan Pablo Nicolini and Pedro Teles

Real Exchange Rate Fluctuations and the Dynamics of Retail Trade Industries
on the U.S.-Canada Border
Jeffrey R. Campbell and Beverly Lapham

Bank Procyclicality, Credit Crunches, and Asymmetric Monetary Policy Effects:
A Unifying Model
Robert R. Bliss and George G. Kaufman

Location of Headquarter Growth During the 90s
Thomas H. Klier

The Value of Banking Relationships During a Financial Crisis:
Evidence from Failures of Japanese Banks
Elijah Brewer III, Hesna Genay, William Curt Hunter and George G. Kaufman

On the Distribution and Dynamics of Health Costs
Eric French and John Bailey Jones

The Effects of Progressive Taxation on Labor Supply when Hours and Wages are
Jointly Determined
Daniel Aaronson and Eric French

Inter-industry Contagion and the Competitive Effects of Financial Distress Announcements:

Evidence from Commercial Banks and Life Insurance Companies
Elijah Brewer III and William E. Jackson 111

State-Contingent Bank Regulation With Unobserved Action and
Unobserved Characteristics
David A. Marshall and Edward Simpson Prescott

Local Market Consolidation and Bank Productive Efficiency
Douglas D. Evanoff and Evren Ors

Life-Cycle Dynamics in Industrial Sectors. The Role of Banking Market Structure
Nicola Cetorelli

Private School Location and Neighborhood Characteristics
Lisa Barrow

Teachers and Student Achievement in the Chicago Public High Schools
Daniel Aaronson, Lisa Barrow and William Sander

The Crime of 1873: Back to the Scene
Francois R. Velde

Trade Structure, Industrial Structure, and International Business Cycles
Marianne Baxter and Michael A. Kouparitsas

Estimating the Returns to Community College Schooling for Displaced Workers
Louis Jacobson, Robert LaLonde and Daniel G. Sullivan

WP-02-16

WP-02-17

WP-02-18

WP-02-19

WP-02-20

WP-02-21

WP-02-22

WP-02-23

WP-02-24

WP-02-25

WP-02-26

WP-02-27

WP-02-28

WP-02-29

WP-02-30

WP-02-31



Working Paper Series (continued)

A Proposal for Efficiently Resolving Out-of-the-Money Swap Positions
at Large Insolvent Banks
George G. Kaufman

Depositor Liquidity and Loss-Sharing in Bank Failure Resolutions
George G. Kaufman

Subordinated Debt and Prompt Corrective Regulatory Action
Douglas D. Evanoff and Larry D. Wall

When is Inter-Transaction Time Informative?
Craig Furfine

Tenure Choice with Location Selection: The Case of Hispanic Neighborhoods
in Chicago
Maude Toussaint-Comeau and Sherrie L.W. Rhine

Distinguishing Limited Commitment from Moral Hazard in Models of
Growth with Inequality*
Anna L. Paulson and Robert Townsend

Resolving Large Complex Financial Organizations
Robert R. Bliss

The Case of the Missing Productivity Growth:

Or, Does information technology explain why productivity accelerated in the United States
but not the United Kingdom?

Susanto Basu, John G. Fernald, Nicholas Oulton and Sylaja Srinivasan

Inside-Outside Money Competition
Ramon Marimon, Juan Pablo Nicolini and Pedro Teles

The Importance of Check-Cashing Businesses to the Unbanked: Racial/Ethnic Differences
William H. Greene, Sherrie L.W. Rhine and Maude Toussaint-Comeau

A Firm’s First Year
Jaap H. Abbring and Jeffrey R. Campbell

Market Size Matters
Jeffrey R. Campbell and Hugo A. Hopenhayn

The Cost of Business Cycles under Endogenous Growth
Gadi Barlevy

The Past, Present, and Probable Future for Community Banks
Robert DeYoung, William C. Hunter and Gregory F. Udell

Measuring Productivity Growth in Asia: Do Market Imperfections Matter?
John Fernald and Brent Neiman

Revised Estimates of Intergenerational Income Mobility in the United States
Bhashkar Mazumder

WP-03-01

WP-03-02

WP-03-03

WP-03-04

WP-03-05

WP-03-06

WP-03-07

WP-03-08

WP-03-09

WP-03-10

WP-03-11

WP-03-12

WP-03-13

WP-03-14

WP-03-15

WP-03-16



Working Paper Series (continued)

Product Market Evidence on the Employment Effects of the Minimum Wage
Daniel Aaronson and Evic French

Estimating Models of On-the-Job Search using Record Statistics
Gadi Barlevy

Banking Market Conditions and Deposit Interest Rates
Richard J. Rosen

Creating a National State Rainy Day Fund: A Modest Proposal to Improve Future
State Fiscal Performance
Richard Mattoon

Managerial Incentive and Financial Contagion
Sujit Chakravorti, Anna Llyina and Subir Lall

Women and the Phillips Curve: Do Women’s and Men’s Labor Market Outcomes
Differentially Affect Real Wage Growth and Inflation?
Katharine Anderson, Lisa Barrow and Kristin F. Butcher

Evaluating the Calvo Model of Sticky Prices
Martin Eichenbaum and Jonas D.M. Fisher

The Growing Importance of Family and Community: An Analysis of Changes in the
Sibling Correlation in Earnings
Bhashkar Mazumder and David I. Levine

Should We Teach Old Dogs New Tricks? The Impact of Community College Retraining
on Older Displaced Workers
Louis Jacobson, Robert J. LaLonde and Daniel Sullivan

Trade Deflection and Trade Depression
Chad P. Brown and Meredith A. Crowley

China and Emerging Asia: Comrades or Competitors?
Alan G. Ahearne, John G. Fernald, Prakash Loungani and John W. Schindler

International Business Cycles Under Fixed and Flexible Exchange Rate Regimes
Michael A. Kouparitsas

Firing Costs and Business Cycle Fluctuations
Marcelo Veracierto

Spatial Organization of Firms
Yukako Ono

Government Equity and Money: John Law’s System in 1720 France
Francois R. Velde

Deregulation and the Relationship Between Bank CEO
Compensation and Risk-Taking
Elijah Brewer III, William Curt Hunter and William E. Jackson 111

WP-03-17

WP-03-18

WP-03-19

WP-03-20

WP-03-21

WP-03-22

WP-03-23

WP-03-24

WP-03-25

WP-03-26

WP-03-27

WP-03-28

WP-03-29

WP-03-30

WP-03-31

WP-03-32



Working Paper Series (continued)

Compatibility and Pricing with Indirect Network Effects: Evidence from ATMs
Christopher R. Knittel and Victor Stango

Self-Employment as an Alternative to Unemployment
Ellen R. Rissman

Where the Headquarters are — Evidence from Large Public Companies 1990-2000

Tyler Diacon and Thomas H. Klier

Standing Facilities and Interbank Borrowing: Evidence from the Federal Reserve’s

New Discount Window
Craig Furfine

Netting, Financial Contracts, and Banks: The Economic Implications

William J. Bergman, Robert R. Bliss, Christian A. Johnson and George G. Kaufman

Real Effects of Bank Competition
Nicola Cetorelli

Finance as a Barrier To Entry: Bank Competition and Industry Structure in
Local U.S. Markets?
Nicola Cetorelli and Philip E. Strahan

The Dynamics of Work and Debt
Jeffrey R. Campbell and Zvi Hercowitz

Fiscal Policy in the Aftermath of 9/11
Jonas Fisher and Martin Eichenbaum

Merger Momentum and Investor Sentiment: The Stock Market Reaction
To Merger Announcements
Richard J. Rosen

Earnings Inequality and the Business Cycle
Gadi Barlevy and Daniel Tsiddon

Platform Competition in Two-Sided Markets: The Case of Payment Networks
Sujit Chakravorti and Roberto Roson

Nominal Debt as a Burden on Monetary Policy
Javier Diaz-Giménez, Giorgia Giovannetti, Ramon Marimon, and Pedro Teles

On the Timing of Innovation in Stochastic Schumpeterian Growth Models
Gadi Barlevy

Policy Externalities: How US Antidumping Affects Japanese Exports to the EU
Chad P. Bown and Meredith A. Crowley

Sibling Similarities, Differences and Economic Inequality
Bhashkar Mazumder

Determinants of Business Cycle Comovement: A Robust Analysis
Marianne Baxter and Michael A. Kouparitsas

WP-03-33

WP-03-34

WP-03-35

WP-04-01

WP-04-02

WP-04-03

WP-04-04

WP-04-05

WP-04-06

WP-04-07

WP-04-08

WP-04-09

WP-04-10

WP-04-11

WP-04-12

WP-04-13

WP-04-14



Working Paper Series (continued)

The Occupational Assimilation of Hispanics in the U.S.: Evidence from Panel Data
Maude Toussaint-Comeau

Reading, Writing, and Raisinets': Are School Finances Contributing to Children’s Obesity?

Patricia M. Anderson and Kristin F. Butcher

Learning by Observing: Information Spillovers in the Execution and Valuation
of Commercial Bank M&As
Gayle DeLong and Robert DeYoung

Prospects for Immigrant-Native Wealth Assimilation:
Evidence from Financial Market Participation
Una Okonkwo Osili and Anna Paulson

Institutional Quality and Financial Market Development:
Evidence from International Migrants in the U.S.
Una Okonkwo Osili and Anna Paulson

Are Technology Improvements Contractionary?
Susanto Basu, John Fernald and Miles Kimball

The Minimum Wage, Restaurant Prices and Labor Market Structure
Daniel Aaronson, Eric French and James MacDonald

Betcha can’t acquire just one: merger programs and compensation
Richard J. Rosen

Not Working: Demographic Changes, Policy Changes,
and the Distribution of Weeks (Not) Worked
Lisa Barrow and Kristin F. Butcher

The Role of Collateralized Household Debt in Macroeconomic Stabilization
Jeffrey R. Campbell and Zvi Hercowitz

Advertising and Pricing at Multiple-Output Firms: Evidence from U.S. Thrift Institutions
Robert DeYoung and Evren Ors

Monetary Policy with State Contingent Interest Rates
Bernardino Adao, Isabel Correia and Pedro Teles

Comparing location decisions of domestic and foreign auto supplier plants
Thomas Klier, Paul Ma and Daniel P. McMillen

China’s export growth and US trade policy
Chad P. Bown and Meredith A. Crowley

Where do manufacturing firms locate their Headquarters?
J. Vernon Henderson and Yukako Ono

Monetary Policy with Single Instrument Feedback Rules
Bernardino Adao, Isabel Correia and Pedro Teles

WP-04-15

WP-04-16

WP-04-17

WP-04-18

WP-04-19

WP-04-20

WP-04-21

WP-04-22

WP-04-23

WP-04-24

WP-04-25

WP-04-26

WP-04-27

WP-04-28

WP-04-29

WP-04-30



Working Paper Series (continued)

Firm-Specific Capital, Nominal Rigidities and the Business Cycle
David Altig, Lawrence J. Christiano, Martin Eichenbaum and Jesper Linde

Do Returns to Schooling Differ by Race and Ethnicity?
Lisa Barrow and Cecilia Elena Rouse

Derivatives and Systemic Risk: Netting, Collateral, and Closeout
Robert R. Bliss and George G. Kaufman

Risk Overhang and Loan Portfolio Decisions
Robert DeYoung, Anne Gron and Andrew Winton

Characterizations in a random record model with a non-identically distributed initial record
Gadi Barlevy and H. N. Nagaraja

Price discovery in a market under stress: the U.S. Treasury market in fall 1998
Craig H. Furfine and Eli M. Remolona

WP-05-01

WP-05-02

WP-05-03

WP-05-04

WP-05-05

WP-05-06



	GovPX LTCM Sep.pdf
	Price discovery in a market under stress:�the U.S. Treasury market in fall 1998
	Craig H. Furfine
	
	
	
	
	
	Federal Reserve Bank of Chicago
	230 South LaSalle�Chicago, IL 60604
	United States

	Eli M. Remolona
	Bank for International Settlements
	Two International Finance Centre 78/F�8 Finance Street, Central
	Hong Kong






	Price discovery in a market under stress:�the U.S. Treasury market in fall 1998
	Abstract
	Price discovery in a market under stress:�the U.S. Treasury market in fall 1998
	
	
	
	But “liquidity” is a straw man. Whenever markets 
	are stunned to find that there are not enough buyers to go around.
	1.Introduction
	2.Public versus private information in Treasury market price discovery
	3. Private information, Long-Term Capital Management, and Treasury markets in 1998
	4.Identifying stress days in 1998
	5.High-frequency data from the inter-dealer Treasury market



	6.A VAR representation of price discovery in the U.S. Treasury market
	To quantify the differential impact of a stressful day on the price impact of a trade, we calculate a benchmark cumulative impulse response function plotting the impact of a positive trade shock on the returns to each of the Treasury notes based on the c
	As an illustrative example, the picture at the top-left corner of Figure 2 graphs the impulse response of a trade shock on prices for the 2-year note on a non-stressful day compared with a similar response to a trade occurring on a Johnson-Lowenstein day
	These calculations are hold inter-transaction tim
	7.Controlling for other factors
	The results in section 6 indicate that market liquidity in on-the-run Treasury markets declined on stressful days in the latter part of 1998. As discussed earlier, some signs of stress were apparent in both available depth and in posted bid-ask spreads.
	To control for the possible influence of declining depth, we interact the trade indicator with a variable �, which measures the size of the depth in the direction of the given trade. For example, � would be the posted depth at the ask price if � and woul
	8.Conclusions
	Cohen, B and H.S. Shin (2001), "Positive feedback trading under stress: evidence from the U.S. Treasury securities market," Bank for International Settlements, October.



