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INTRODUCTION

There are many ways that market participants can obtain exposure to the
movement in riskless interest rates. One obvious way is through the cash
market for U.S. Treasury securities. There has been a substantial litera-
ture that investigates the inner workings of this market, including
Fleming and Remolona (1997, 1999), Brandt and Kavajecz (2004), and
Green (2004). Another important avenue market participants use to gain
exposure to riskless fixed income securities is through the trading
of futures on U.S. Treasury securities. The sheer size of the Treasury
futures market foreshadows its importance; for example, the 10-year
Treasury futures contract traded on the Chicago Board of Trade (CBOT)
has in excess of 100 billion dollars in notional volume traded every day.
Financial theory suggests that these markets should be connected
through the diligent and repeated application of arbitrage strategies as
well as trades used to satisfy hedging demands. Yet despite the impor-
tance of the Treasury futures market, there have been only a handful of
studies dealing with the potential linkages between the U.S. Treasury
futures and cash markets (Simpson & Ireland, 1985).

The goal of this study is to better understand the movements of the
term structure of interest rates through trading of both Treasury cash
securities and Treasury futures contracts. Specifically, the following
questions are of interest. First, are the mechanisms through which price
discovery takes place the same in the U.S. Treasury futures and cash
markets, i.e., does orderflow have the same impact in both markets?
Second, does the primary location for price discovery switch between the
cash and futures market? If so, when does that occur, and what environ-
mental forces influence the transition?

This study fits in the intersection of three segments of the finance lit-
erature and thereby provides a synthesis of many of the ideas therein.
First, there is mounting evidence that aggregate orderflow is the mecha-
nism through which information is impounded into prices in numerous
markets. Examples of work in this area include Glosten and Milgrom
(1985) and Kyle (1985) in the equity markets, and more recently Evans
and Lyons (2002a, 2002b) and Rosenberg and Traub (2006) in the for-
eign exchange market and Fleming and Remolona (1997, 1999) and
Brandt and Kavajecz (2004) in the fixed income market. Second, there is
a growing literature that investigates the connection between separate,
but related markets. Examples include Simpson and Ireland (1985),
Easley, O’Hara, and Srinivas (1998), Anderson, Bollerslev, Diebold, and
Vega (2004) and Underwood (2006). This study stands at the intersection
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of these two strands of the literature, in that whether the relation
between orderflow and prices in the Treasury futures market is similar to,
or different from, the analogous relation in the Treasury cash market is
investigated.

Lastly, conditional on orderflow being the primary source for price
discovery, it is natural to question what forces have an impact on the
extent and direction of price discovery across markets. For example,
some researchers have considered how orderflow from different trader
types impacts the extent of price discovery, e.g., Keim and Madhavan
(1995, 1997) and He (2005) consider institutional and retail orderflow,
whereas Manaster and Mann (1996) compare the general public and
exchange members. Other researchers have investigated the impact of
liquidity on price discovery (see, for example, Brandt & Kavajecz, 2004).
In the context of this analysis the impact of a number of environmental
variables—including trader type, financing rates, and liquidity—on price
discovery between the two markets is considered.

This article shares this intersection of the finance literature with
two recent articles. Although these studies are similar to this investiga-
tion, the focus of each of these studies is distinct. Menkveld, Sarkar, and
van der Wel (2006) focus on the informativeness of customer order flow
in Treasury bond futures following macroeconomic announcements.
Although they provide evidence on the time-varying importance of cus-
tomer order flow in the futures market, they do not consider the interac-
tion of futures and cash orderflow as is done here. Mizrach and Neely
(2006) focus on the relative contributions of the Treasury cash and
futures markets to intraday price discovery unconditionally. They show
that the 5-year cash note and the 30-year futures contract contribute the
most to price discovery in the Treasury market. Although the uncondi-
tional impact of orderflow on price discovery in the two markets is also
investigated here, the differing roles played by the two markets depending
on Repo financing rates and cash market liquidity is examined as well.

The analysis begins by comparing the direct impact that net order-
flow has in the two markets. The results on the change in open interest
reveals that traders in the futures market typically take a position on the
slope of the yield curve, e.g., buy the 5-year contract and sell the 30-year
contract. When futures net orderflow is disaggregated by trader type,
trades originating from locals (i.e., market makers occupying the futures
pits) were found to have almost no impact on daily returns, whereas
trades originating from exchange members and retail customers con-
tribute substantially to price discovery. That said, although exchange
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members and retail trades have a permanent impact on prices, their
impacts are in opposing directions. This study’s results show that retail
trades move prices in the direction of their trade (buy trades push prices
up and sell trades push prices down), whereas prices move opposite the
direction of exchange member trades. Given that much of the trading by
exchange members is done to satisfy hedging demands, their trades are
consistent with muted, and even opposing movements, in futures prices.
Consistent with our intuition, net orderflow is also important to price dis-
covery in the cash market. Of particular importance toward price move-
ments in all maturities are the on-the-run trades of the 2- and 5-year
notes. In contrast, trading in the 10- and 30-year securities are far less
informative.

The paper conducts a regression analysis utilizing both futures and
cash market prices and net orderflow to determine where price discovery
takes place as well as the forces at play that influence the location.
The results show that net orderflow in each market has a significant
impact on the prices in both the Treasury cash and futures markets. The
results using own market orderflow are shown to be robust to condition-
ing on orderflow variables from the cross market. Specifically, the 2- and
5-year cash market net orderflow is significantly positively related to both
cash and futures price movements. The positive sign and strictly increas-
ing size of the coefficients with respect to maturity suggests that cash
purchases of the 2- and 5-year note shift up the price level along the
entire curve and in addition, steepen the slope. In contrast, hedging-
related trades conducted by futures exchange members on the long end
of the curve (5-, 10-, and 30-year contracts) have a significant negative
impact and are strictly decreasing with respect to maturity. Thus, these
trades shift down prices along the entire curve and also flatten the slope.
Retail futures trades have a positive and significant impact on both cash
and futures prices. The price reaction to retail futures trades is to shift
up and steepen prices along the yield curve similar to the reaction to
short maturity (2- and 5-year) cash orderflow; however, the magnitude of
the reaction is much more muted for retail orderflow. In addition to trad-
er type, financing rates and the level of liquidity in a market are found to
impact the extent and direction of price discovery. The results found here
show that Repo specialness causes price discovery to occur relatively more
in the futures market because transacting in the cash market is exceed-
ingly expensive. Moreover, illiquidity in the cash market is associated
with relatively more price discovery occurring in the cash market
as informed traders are likely transacting in that market. Interestingly,
the instrument of central importance to the above results is the 5-year
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maturity in both the futures and cash market, largely to the exclusion of
the other maturities.

PRELIMINARIES

Data Sources

The data used in this analysis are daily time-series of price and orderflow
for both the futures and cash market over the period 1995 through 2000.1

The futures data are obtained from two different sources. The futures
transaction price and volume data are obtained from the Institute for
Financial Markets (Washington, DC). Daily closing prices and daily vol-
ume information were used to construct a time-series of activity in each
of the 2-, 5-, 10-, and 30-year Treasury futures contracts. The futures
orderflow data are obtained from the Chicago Board of Trade’s Liquidity
Data Bank (hereafter LDB). These data provide net order flow (buy vol-
ume less sell volume) differentiated by trader type for all CBOT futures
contracts at the daily frequency (beginning in 1995) as well as intraday
(beginning in January 2003). Specifically, the LDB data assigns trades to
one of four customer trade indicator (CTI) categories. The CBOT pro-
vides the following descriptions of the four categories: Category 1 con-
sists of trades executed by individual CBOT members trading for their
own accounts, Category 2 is made up of trades that are executed by
CBOT clearing member firms trading for their house accounts, Category 3
comprises trades executed by CBOT members filling orders for other
CBOT members, and Category 4 consists of trades filled for the public or
any other type of “outside” customers. Daigler and Wiley (1999) provide
a nice summary of the different categories and the likely type of traders
that are included in each. They suggest that Category 1 is largely popu-
lated by market makers, “scalpers,” or “locals,” whose usual function is
to provide liquidity and earn a small profit from the bid-ask spread.
Category 2 appears to represent proprietary trading by clearing member
firms, which may be conducted either for speculative or hedging purpos-
es. The fact that Category 3 represents trades done on behalf of other
CBOT members suggests that hedging is a likely motive. For example, a
Category 3 trade might be a trade executed for a CBOT options trader
wishing to hedge a position. Manaster and Mann (1996) and Ferguson
and Mann (1999) also provide evidence on Categories 2 and 3 trading

1We end our sample in December 2000 because certain variables that allow us to calculate cash
market order flow are missing from the GovPX dataset starting in early 2001.
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for a variety of futures contracts that trade on the Chicago Mercantile
Exchange. In general, they find that the bulk of Categories 2 and 3 volume
is related to hedging as many trades are part of a delta-hedging strategy
for options positions. Given the results of Manaster and Mann (1996)
and in an effort to simplify this analysis, Categories 2 and 3 orderflow
were combined into one category. Lastly, Category 4 is typically referred
to as the general public or retail orderflow, although in some cases small
institutional traders may fall into this category as well.

The Treasury cash data are obtained from GovPX (www.govpx.com),
which consolidates quotes and transaction data from five of the six major
interdealer Treasury securities brokers in the secondary U.S. Treasury
cash market. Specifically, intraday U.S. Treasury security quotes and
transactions were used for all Treasury issues. The GovPX dataset con-
tains security identifier information, including the CUSIP (Committee
on Uniform Security Identification Procedures, Standard & Poor’s, New
York, NY), coupon, maturity date, as well as an indicator of whether the
security is trading when-issued, on-the-run, or off-the-run. The quote
data contain the best bid and ask prices, associated yields, and respective
bid and ask depths, all time-stamped to the nearest second. The transac-
tion data include the time, initiator (i.e., signed trades), price and quan-
tity. These data allow the calculation of the price, net orderflow, and liq-
uidity measures for the Treasury cash market.

The basic futures and cash time-series data was supplemented with
information regarding other pertinent aspects of the Treasury market, such
as the timing of Treasury auctions, macroeconomic announcements and
financing (Repo) rates. For macroeconomic announcements, a listing of
the date and time of release, the market’s expectation, and the announced
statistic is obtained from Money Market Services (MMS). Data on
announcements of the latest consumer price index (CPI), producer price
index (PPI), housing starts, civilian unemployment, nonfarm payroll, retail
sales, industrial production, consumer confidence, the NAPM (now
Institute for Supply Management, Tempe, AZ) reports, as well as on all
FOMC (Federal Open Market Committee, Federal Reserve Board,
Washington, DC) meetings are used. Financing rates are also obtained
from GovPX. Specifically, daily information on the overnight general collat-
eral and on-the-run Repo rates for each of the specific maturities is used. 

Aggregation, Timing, and Variable Definitions

Treasury futures end-of-day prices and daily net orderflow are taken
from the nearby contract until the first delivery day, at which point the
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series switches over to the second nearby contract. The trading activity
in the delivery month is avoided because there may be some settlement-
induced illiquidity as in Johnston, Kracaw, and McConnell (1991).
Moreover, because the concentration of trading begins to naturally shift
to the next nearby contract, trading in the delivery month becomes less
and less representative of the overall market.

The Treasury cash securities are partitioned, and data aggregated, as
in Brandt and Kavajecz (2004). Specifically, each Treasury security is cat-
egorized along two dimensions common in the literature, remaining
time-to-maturity and seasonedness; seasonedness refers to how recently a
security was auctioned. Securities are categorized into one of two groups:
on-the-run and off-the-run. This partition will be important later when
future delivery options are discussed. The daily Treasury cash price and
orderflow series are constructed by aggregating data within nonoverlap-
ping periods. Daily orderflow figures are computed using executed orders
before 2:00 P.M. (Central time) on a given day and prices are averaged in
the final hours of trading (from 2:00 P.M. to the close). This sampling
technique is adopted because trading in the Treasury cash market tends to
be concentrated in the morning and also to avoid any nonsynchronous
measurement of orderflow and prices. The 2:00 P.M. Central time is cho-
sen to line up with the close of trading in the futures market.

Any analysis of the connection between an exchange-traded future
and its underlying asset hinges upon the delivery options set out by the
exchange. The fact that traders have the ability to deliver any one of a
well-defined set of securities to satisfy a futures contract suggests that
they will naturally avail themselves of the cheapest-to-deliver security
within the set of feasible and obtainable securities. Consequently, the set
of securities that can be delivered against each futures contract each day
is identified. Within that feasible set of deliverables, i.e., eligible securities
that have the proper issuing maturity and remaining time-to-maturity, the
securities are ordered by their implicit cost measured by the implied repo
rate (IRR). Identifying the cheapest-to-deliver security involves a number
of calculations. First, the current futures price is multiplied by a conver-
sion factor, which converts the futures price to the comparable price at
which that security would trade if it yielded 6% to first call.2 Multiplying
by the conversion factor puts all securities on a level playing field so that
they may be compared. Second, the interest that has accrued since the
last interest payment is calculated. This represents a reduction in the cost

2Note that prior to March 2000, the conversion factor was set to convert the price of the security to
one yielding 8% to first call.
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to delivering the security as the receiver of the bond must pay the deliverer
for the interest that has accrued before taking ownership. Lastly, the
percentage return is calculated on a 360-day basis until the first delivery
day, i.e., the implied Repo rate, for each security in the feasible set of
deliverables.3 Because there are potentially many securities within the set
of deliverables, for practicality, the two cheapest-to-deliver issues is
tracked for each contract for each day. These two cheapest-to-deliver
securities form the estimate of the price of the underlying security. As the
futures contract is rolled over to the next nearby contract at the first deliv-
ery day, so too is the cheapest-to-deliver security rolled over at that time.

There are a number of facts about the cheapest-to-deliver securities
that are worth highlighting given their relevance to the forthcoming
analysis. First, the cheapest-to-deliver securities are rarely the on-the-
run issues, in fact, they are always in the off-the-run category during the
sample.4 Second, despite the fact that these issues are cheapest-to-deliver,
being off-the-run securities implies that these issues will be infrequently
traded.

Summary Statistics

To appreciate the richness of the data used in this analysis, a number of
summary tables is presented. Table I displays the average daily future
returns, open interest and volume for each of the four futures contracts
by year as well as the corresponding Treasury cash returns. Futures trad-
ing is concentrated in the long and middle part of the curve as seen
through the elevated figures for open interest and volume in the 10- and
30-year contracts and the much lower figures for the 2-year contract.5

No particular year stands out as an anomaly with both futures and cash
returns averaging close to zero and open interest and volume trending
upwards over the sample period.

Table II presents the change in open interest and the futures net
orderflow broken out by CTI category for each year in the sample.6 The

3For a more detailed explanation of the cheapest-to-deliver calculation see Burghardt, Belton, Lane,
and Papa (1994).
4This is partly because the on-the-run security typically trades at a premium relative to similar matu-
rity securities. In addition, typical interest rate environments tend to disadvantage new issues in
terms of being cheapest to deliver. Burghardt et al. (1994) note that the regime of high, but falling,
interest rates in the mid-1980s did lead to a role for the on-the-run securities as cheapest-to-deliver.
5It is worth noting, however, that the 2-year contract trades based on an underlying security with
a face value of $200,000, whereas the 5-, 10-, and 30-year contracts trade on a $100,000 basis.
6Net orderflow broken out by category records both sides of a trade; thus the sum of the four
categories must necessarily be 0.
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results generally reflect those shown in Table I: Trading becomes much
more active the longer the maturity of the futures contract. In addition to
reviewing the category averages, it is interesting to consider the correla-
tion of activity across trader types. In untabulated results, the correlation
between categories within a futures contract is relatively low, with the
notable exception of Category 4, which is strongly negatively correlated
with all other categories. The strong negative correlation with Category 1
is to be expected, given traders in that category are mainly providing liq-
uidity via market making. However, Categories 2 and 3 net orderflow are
also significantly negatively correlated with Category 4 orderflow, which
suggests that these traders often take the opposite side of trades executed
by Category 4 or retail traders. Moreover, very weak correlations are
found across contracts within a category. Lastly, the change in open inter-
est appears to be uncorrelated with any of the specific net orderflow cate-
gories, yet is highly positively correlated with the changes in open interest
in other futures contracts.

TABLE I

Summary Statistics for U.S. Treasury Futures Contracts

1995 1996 1997 1998 1999 2000 Total

2 Year
Futures return 0.0192 �0.0034 0.0042 0.0054 �0.0083 0.0078 0.0000
Open interest 23.25 17.04 30.23 38.38 34.95 47.31 31.85
Volume 3.46 2.78 4.10 5.71 4.30 6.89 4.54
Cash return 0.0013 0.0075 0.0049 0.0025 �0.0064 0.0055 0.0000

5 Year
Futures return 0.0398 �0.0116 0.0100 0.0138 �0.0196 0.0222 0.0001
Open interest 164.76 149.29 203.84 274.13 267.85 362.73 237.09
Volume 75.96 67.27 79.36 105.00 97.73 161.03 97.72
Cash return 0.0103 0.0016 �0.0023 �0.0001 �0.0313 0.0181 �0.0000

10 Year
Futures return 0.0575 �0.0169 0.0170 0.0220 �0.0307 0.0357 0.0001
Open interest 235.09 256.25 318.31 435.77 502.13 527.72 379.23
Volume 127.13 123.12 137.82 191.26 198.10 348.02 187.60
Cash return 0.0587 �0.0095 0.0022 0.0060 �0.0501 0.0599 0.0001

30 Year
Futures return 0.0842 �0.0292 0.0314 0.0298 �0.0492 0.0572 0.0002
Open interest 341.66 362.92 486.24 680.41 564.11 417.76 475.39
Volume 580.15 564.72 692.05 775.13 610.68 503.33 620.85
Cash return 0.0820 �0.0379 0.0308 0.0142 �0.0700 0.0571 0.0001

Note. This table provides the mean of daily values for the futures return, open interest and volume figures for the 2-, 5-,
10-, and 30-year Chicago Board of Trade Treasury futures contracts as well as the Treasury on-the-run cash return over the
period 1995 through 2000.  The futures and cash returns are quoted in percent and the open interest and volume figures
are quoted in 1000s of contracts for the nearby future.
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Table II also presents average net orderflow statistics for the cash
Treasury market. The average net orderflow figures for the cash market
display the usual pattern of a heavy concentration of trade in the on-the-
run security with marked reductions in net orderflow in the off-the-run
securities. Of note is the fact that GovPX net orderflow falls off substan-
tially in 2000. Although this is potentially a result of a shift in trading
venues, it also may result from the decreased issuance of Treasuries due
to budget surpluses at that time.

In other untabulated results, the distribution of trading activity across
the CTI categories is considered. The majority of futures trading is done
through Categories 1 and 4, with the combined trading of Categories
2 and 3 accounting for, at most, 25% of traded volume. This result is con-
sistent across contracts. Despite the prominence of Categories 1 and 4,
their relative importance varies across the contracts. For the 2-year con-
tract Categories 1 and 4 account for roughly equal proportions of aver-
age daily volume whereas for the 5-, 10-, and 30-year contracts,
Category 1 makes up a much larger fraction of trading volume than does
Category 4. Of all the contracts, the 5-year contact seems to exhibit the
most trading in Categories 2 and 3. One possible explanation is that if a
majority of fixed income portfolios have an average duration close to
5 years, the 5-year futures contract becomes the natural hedge instru-
ment. The earlier description of the likely participants encompassing
Categories 2 and 3 trades is consistent with this conjecture. 

CASH AND FUTURES ORDERFLOW

In this section, the ability of orderflow to explain price movements in
each of the respective markets is explored more directly. The daily return
in the futures (cash) market is regressed on net orderflow variables
from the different contracts (maturities). Owing to a strong seasonal
“saw tooth” pattern within each of the net orderflow and open interest
series, those series are detrended by regressing each on a constant and a
time-to-delivery variable.7 The variables used in the orderflow regres-
sions represent the residuals from this detrending procedure. Lastly,
after controlling for macroeconomic announcements, the impact of
orderflow along the futures curve is estimated and is compared to the
impact of orderflow in the cash market.

7In particular, net orderflow, volume, and open interest are highest immediately after the rollover to
the next nearby contract and then slowly taper off until the first delivery day for the current contract.
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Table III shows how changes in open interest impact futures prices.
Recall that an increase in open interest simply means that additional
futures contracts were created. Interestingly, the impact of changes in
open interest in the center of the curve (5- and 10-year contracts) is
opposite the impact at the curve’s endpoints (2- and 30-year contacts).
Moreover, the significance and uniform sign of the impact across returns
of different maturities for the simple creation of a new contract suggest
that market participants are likely to be executing strategies using multi-
ple contract maturities. For example, a slope trade such as buying (sell-
ing) a 5-year contract and selling (buying) a 30-year contract would be a
strategy consistent with these results.

Table IV presents the results based on the current and lagged net
orderflow of the various CTI categories. The results are consistent with
the description of each category given above. Category 1 trades appear to
have little impact on the direction of prices as coefficients are typically
insignificantly different from zero. This is consistent with the behavior of
local market makers whose strategy is to temporarily supply liquidity in
return for payment of the bid-ask spread. Anecdotally, these market makers
do not take a position in the security, opting instead to “go home flat.”8

TABLE III

Response of Futures Returns to Changes in Open Interest

Change in open interest

Futures
return Intercept 2 Year 5 Year 10 Year 30 Year R2

2 Year 0.0306 0.0742 �0.2000 �0.0425 0.2093 0.0230
(1.1080) (1.9431) (�3.8973) (�0.9966) (4.6562)

5 Year 0.0799 0.1101 �0.4773 �0.1573 0.5646 0.0292
(1.2903) (1.2851) (�4.1433) (�1.6429) (5.5951)

10 Year 0.1304 0.1392 �0.6442 �0.3339 0.9103 0.0339
(1.4608) (1.1266) (�3.8802) (�2.4201) (6.2600)

30 Year 0.1914 0.1472 �0.8479 �0.5627 1.5938 0.0372
(1.3787) (0.7659) (�3.2830) (�2.6221) (7.0456)

Note. This table presents the response of futures prices to changes in open interest separated by contract maturity. Each
change in open interest series represents the residuals of a regression of the change in open interest regressed on a con-
stant and a time-to-deliver variable. This adjustment accounts for the strong seasonal present in each open interest series.
Coefficients are multiplied by 1,000 and t-statistics are shown in parentheses. Bold values represent significance at the
5% level.

8Manaster and Mann (1996) examine the behavior of Category 1 traders in a number of contracts
trading on the Chicago Mercantile Exchange. They find that although Category 1 traders do take
positions intraday, most of their positions are closed out by the end of the day.
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In stark contrast stand Categories 2 and 3; for all but the 2-year contract
the coefficients are significantly negative. This suggests that when
Categories 2 and 3 traders buy, the futures prices actually fall. At first
glance these results seem odd; however, they are consistent with these
trades being part of a hedging strategy. Category 4, or retail trades, have a
positive and significant impact on futures prices, especially for the 5-, 10-,
and 30-year contracts. Furthermore, the fact that the current impact of
orderflow is significant and permanent whereas the lagged impact is
insignificantly different from zero suggests that Categories 2, 3, and 4
orderflow is not driven by inventory considerations; rather all three cate-
gories contribute meaningfully to price discovery in the futures market.9

The analogous results for the cash market are shown in Table V. The
first panel, labeled “On-the-run,” shows results for the most recently
issued securities of each maturity. Net orderflow again plays a significant
role in determining the movements in prices. The coefficients for the
2- and 5-year note are positive, significant, and strictly increasing with
respect to maturity, for all the different maturities. In contrast, the
10- and 30-year contracts are far less informative. The weaker results for
the 10- and 30-year maturities may owe, in part, to duration issues that
are present when dealing with prices rather than yields. In addition, the
scant coverage within GovPX for the 30-year Treasury is also likely a con-
tributing factor here. Like the results for the futures market, movements
induced by orderflow are permanent, as seen by the absence of a reversal in
the price moves. Thus, the cash results are consistent with work by
Brandt and Kavajecz (2004), which shows that movements in the cash
yield curve are permanent even absent news announcements and are
therefore indicative of price discovery rather than inventory considera-
tions. The second panel further supports results documented in Brandt
and Kavajecz (2004), namely that orderflow in on-the-run Treasuries
plays a significant role in price discovery for off-the-run Treasuries. In
these regressions, the dependent variable is the return on off-the-run
Treasuries, whereas the independent variables are the orderflows for the
on-the-run securities. Note that, once again, the 2-year on-the-run order-
flow is positive and significant in all regressions. In this case, however, the
5-year orderflow is no longer significant.

The study results thus far suggest that locals in the pits (Category 1),
in general, do not move prices, at least at the daily frequency, but instead
provide short-term liquidity to the market. In contrast, movements

9Regressions were also done with up to five (daily) lags of orderflow, and consistent with the results
of Table VIII, additional lags displayed little explanatory power over the current net orderflow.
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induced by Categories 2, 3, and 4 trades have a permanent impact
on price suggesting that these trades all contribute to price discovery.
Retail traders (Category 4) take positions such that prices move in the
direction of their trades; thus, as a group they are the driving force
behind movements in futures prices. Hedgers in Categories 2 and 3
attenuate movements in futures prices to the extent that they trade
opportunistically against retail traders. As in past research, net orderflow
is found to be the mechanism through which price discovery is accom-
plished in the Treasury cash market, with the 2- and 5-year net orderflow
being particularly influential.

INTERACTION BETWEEN 
THE FUTURES AND CASH MARKET

In this section, the joint interaction is investigated between the futures
market and the cash market. Although arbitrage dictates that the two mar-
kets must be linked, it is an empirical question in which market price dis-
covery originates and how it is disseminated. Specifically, the return in the
cash market is regressed on contemporaneous cash and futures orderflow
and vice versa. The cash market return regressions are presented in
Table VI. Although typically a market’s own orderflow is more influential
than cross-market orderflow in explaining a market’s own return; that is
not the case here. The results suggest that net orderflow in the futures
market must contribute different information to price discovery in the
cash market because the unconditional impact of cash market net order-
flow is both quantitatively and qualitatively similar to the impact condi-
tional on the cross market orderflow. Notice that like Table V, orderflow in
the 2- and 5-year note are still significantly positively related to cash price
movements. However, the futures orderflow is also significantly related to
cash price movements for CTI categories 2, 3, and 4. Categories 2 and 3
orderflow is negatively related to cash prices throughout the curve, where-
as Category 4 orderflow is positively related to cash prices. As is the case
with the cash orderflow, the effect increases in magnitude as one goes
toward the long end of the curve. The gain in explanatory power from
adding futures orderflow to the cash return regressions is also notable; the
adjusted R-squares nearly double with the addition of either Categories
2 and 3 or Category 4 orderflow. These results clearly indicate that trading
activity in the futures market contributes significantly to price discovery in
the cash market for U.S. Treasury securities.

The results in Table VII concerning the futures returns are also
quite interesting with regard to the role of cross-market orderflow.
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Trading by Categories 2 and 3, and Category 4 groups still explains a
substantial amount of the variation in futures returns. However, as in the
case of the cash returns, the cross-market orderflow variables also
explain a great deal of the variation in returns for each of the futures
contracts. Here the orderflow in the 2- and 5-year notes is significantly
positively related to futures returns. The contribution to the R-squared
values is again notable, especially in the case of the Category 1 regres-
sions. But even in the Categories 2 and 3 and Category 4 regressions,
adding cash orderflow to the futures return regressions increases the
R-squared by around 6–7%. In short, the two sets of regressions shown
in Tables VI and VII indicate that both the futures and cash markets for
Treasury securities contribute substantially to price discovery in the mar-
ket for riskless securities. The results suggest that futures may be more
influential than cash in terms of cross-market effects, particularly for
Categories 2, 3, and 4 orderflow.

As a final piece of evidence regarding the cross-market nature of
price discovery in the Treasury market, further results are provided for
off-the-run Treasuries. Recall that Table V showed that on-the-run
orderflow explains a large part of the variation in off-the-run returns.
These results are consistent with Brandt and Kavajecz (2004), and show
that price discovery in the off-the-run portion of the curve largely occurs
in on-the-run securities. Given the arbitrage relation that must hold
between the cheapest-to-deliver security and the futures price, and given
that the cheapest security is typically off-the-run, which market con-
tributes more to off-the-run price discovery: the cash market or the
futures market? Table VIII shows the results of adding futures market
orderflow to the regressions run in the second panel of Table V. The
results show that again, futures orderflow plays a substantial role. All of
the CTI categories come in significant (including Category 1), and their
addition increases R-squared values sharply. In the most extreme case of
the 5-year returns, the R-squared increases from 9–35% with the addi-
tion of Category 4 orderflow. These results indicate that for off-the-run
Treasuries, where the cheapest-to-deliver security typically resides, the
futures market contributes more to the price discovery process than trad-
ing in on-the-run cash securities.

FORCES INFLUENCING THE
CASH/FUTURES RELATION

In the previous section, the case for multidirectional price discovery
between the Treasury futures and cash markets was established. In this
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section, we take a more comprehensive approach by investigating two
outside forces that may influence the extent and/or direction of the
cash/future relation. The costs of financing the purchase of fixed income
securities as well as the liquidity environment in the cash market are con-
jectured to have a substantial impact on Treasury yield curve movements.

The rationale for considering these outside forces stems from the
following background. First, due to Brandt and Kavajecz (2004), as well
as results presented above, the on-the-run orderflow drives changes
(price discovery) in the cash market. Second, has as shown above (and
has been shown elsewhere), price discovery occurs in both the underly-
ing and derivatives markets. Third, prices in the fixed income futures
market apply directly to the cheapest-to-deliver issues, which are almost
always off-the-run issues. Given these observations, it stands to reason
that there is no direct mechanism (rather there is an indirect link due to the
cheapest-to-deliver typically being off-the-run securities) by which
the futures market is the primary location for price discovery and can
move the cash curve. Said differently, even though price discovery occurs
in the futures market, it has a direct impact on the off-the-run (CTD
issues) securities, which has a muted impact on the current (on-the-run)
curve. Thus, what alters the relative attractiveness of transacting
between the futures and cash market?

We hypothesize that the cost of financing (Repo rates), as well as
the liquidity of the Treasury cash market are key determinants of where
price discovery takes place. If a trader is deciding between obtaining
exposure to interest rate movements either through the cash market or
the futures market, what is paramount is the relative cost of the required
exposure in the two markets.

With regard to financing rates, a trader wishing to buy an on-the-run
issue that is on special (i.e., the applicable repurchase agreement rate is
lower than the analogous rate for general collateral), will pay relatively
more than he would for an issue that is not on special because the issue
on special is in high demand (or short supply). However, if the on-the-run
issue is not on special, that same trader would be able to pay a lower
price for the issue, albeit the applicable Repo rate would necessarily be
higher. In addition, it may be more difficult to establish a short position
in the cash market when the security is on special, as it would be more
difficult to locate a security to deliver. Under this scenario, we hypothe-
size that specialness in a Treasury issue will induce price discovery to
take place in the futures market, whereas more price discovery will take
place in the cash market during periods when the issue can only be
“Repoed” at the general collateral rate.
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Finally, it is well understood that liquidity in a market, defined by
the bid-ask spread and quoted depth, is a prime determinant of transac-
tion costs. Financial theory suggests that liquidity is a function of the
level of adverse selection risk within a market. In particular, when there
is a high level of informed trading, spreads widen and depths fall, there-
by reducing liquidity. Trading venues that have high levels of informed
trading contribute relatively more to price discovery. Thus, we hypothe-
size that precisely when the Treasury cash market is less liquid is when
informed traders are transacting in the cash market, which, in turn,
leads to relatively more price discovery occurring in the cash market.

These hypotheses are tested by rerunning the orderflow regressions
conditioning on measures for each of the variables described above.
Specifically, a dummy variable is created for each maturity/contract that
identifies periods of specialness (defined as a specialness being in the
upper quintile of its distribution for the entire sample) and illiquidity
(defined as the bid-ask spread being in the upper quintile of its distribu-
tion over the sample for that maturity). These dummy variables are mul-
tiplied by the net orderflow variables to form interaction terms, which
allow us to measure the conditional impact of specialness and illiquidity
on the price discovery relation.

Our hypothesis concerning financing rates suggests that specialness
will shift price discovery to the futures market. Under this hypothesis,
the impact of cash net orderflow would be muted and futures net order-
flow would be accentuated during periods of specialness. Thus, interac-
tion terms with cash net orderflow should be negative (muting the strong
positive impact) and interaction terms with futures net orderflow posi-
tive for Category 4.10 Tables IX and X present the results; for brevity only
the interaction terms are shown, although all the unconditional variables
(not shown) maintain their sign and significance from the previous
analysis. Panel A shows results for the impact of futures orderflow on
cash returns. Consistent with our hypothesis, the coefficients of the
5- and 30-year interaction terms take on the appropriate sign and are
significant in three of the four cases, whereas the interaction terms for
2- and 10-year futures contracts are insignificantly different from zero.
In addition, panel B shows that orderflow in the on-the-run 5-year note
becomes relatively less important in explaining futures returns when the
5-year note is on special. In general, the results confirm our hypothesis
that the futures market will become relatively more important during

10For brevity, we only display results for Category 4 orderflow. As expected, results for Categories
2 and 3 are similar in nature, but in the opposite direction.
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TABLE IX

Cross-Market Orderflow Impact When Cash Treasury Is on Special

Panel A 
Futures net orderflow interaction variable by maturity

Cash return 2 Year 5 Year 10 Year 30 Year

Category 4

2 Year �0.0010 0.2086 0.0350 0.1164
(�0.0136) (2.1375) (0.4692) (1.6940)

5 Year �0.0107 0.4072 0.1247 0.3001
(�0.0675) (2.0601) (0.8255) (2.1596)

10 Year �0.0794 0.3037 0.3282 0.5289
(�0.2778) (0.8548) (1.2106) (2.1201)

30 Year �0.2427 �0.9717 0.2154 0.8500
(�0.5252) (�1.6930) (0.4911) (2.1070)

Panel B
Cash net orderflow interaction variable by maturity

Futures return 2 Year 5 Year 10 Year 30 Year

Category 4

2 Year 0.0587 �0.1656 �0.0070 �0.0871
(0.8277) (�2.4711) (�0.1100) (�1.2482)

5 Year 0.1151 �0.2762 �0.0081 �0.0374
(0.7929) (�2.0107) (�0.0618) (�0.2620)

10 Year 0.1682 �0.3337 �0.0063 0.0276
(0.8290) (�1.7378) (�0.0344) (0.1380)

30 Year �0.1461 �0.3724 �0.0753 0.2469
(�0.4795) (�1.2904) (�0.2747) (0.8232)

Note. This table presents the impact of futures net orderflow on cash Treasury returns when the given on-the-run Treasury
is trading on special in the repo market.  Futures net orderflow is interacted with a dummy that is equal to 1 when the given
maturity Treasury is trading in the upper quintile of specialness over the entire sample.  In panel A, each estimate shown
represents the interaction term added to the regressions shown in Table VII for CTI4 orderflow.  In panel B, each estimate
shown represents the interaction term added to the regressions shown in Table VI for CTI4 orderflow.  Only the coefficient
estimates and t-statistics (shown in parentheses) for the interaction variables are shown.  Bold values represent signifi-
cance at the 5% level.

periods where specialness in the on-the-run Treasury is high, with the
5- and 30-year maturities most affected.

Our hypothesis concerning liquidity implies that illiquidity in the
cash market is a manifestation of the presence of informed traders, thus
a primary location for price discovery. Under our hypothesis, cash market
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interaction terms should reinforce the positive impact that cash market
orderflow has on Treasury prices. The results (shown in Table X) are
generally consistent with our hypothesis, with the exception of trading
in the 30-year futures contract. Panel A shows that Category 4 orderflow in
the 10-year futures contract becomes less important in explaining cash
returns when the 10-year cash Treasury is illiquid. Orderflow in the

TABLE X

Cross-Market Orderflow Impact When Cash Treasury Is Illiquid

Panel A
Futures net orderflow interaction variable by maturity

Cash return 2 Year 5 Year 10 Year 30 Year

Category 4

2 Year �0.0499 �0.1408 �0.1033 0.1649
(�0.6568) (�1.4947) (�1.5971) (2.3392)

5 Year �0.2494 �0.1420 �0.1914 0.4583
(�1.6236) (�0.7437) (�1.4614) (3.2183)

10 Year �0.4711 �0.4206 �0.5021 0.4308
(�1.7087) (�1.2277) (�2.1382) (1.6795)

30 Year �0.4091 �1.0675 �1.9090 �0.3448
(�0.9168) (�1.9289) (�5.0758) (�0.8306)

Panel B 
Cash net orderflow interaction variable by maturity

Futures return 2 Year 5 Year 10 Year 30 Year

2 Year 0.0017 0.2678 �0.0836 0.1571
(0.0210) (2.7616) (�0.7976) (1.6523)

5 Year 0.1985 0.6529 �0.1515 0.3169
(1.1850) (3.2927) (�0.7060) (1.6271)

10 Year 0.3575 1.2263 �0.0208 0.3948
(1.5277) (4.4436) (�0.0695) (1.4504)

30 Year 0.7556 1.9897 0.2976 0.5054
(2.1518) (4.8073) (0.6607) (1.2358)

Note. This table presents the impact of futures net orderflow on cash Treasury returns when the given on-the-run Treasury
is less liquid in the cash market.  Futures net orderflow is interacted with a dummy that is equal to 1 when the given maturity
Treasury exhibits a bid-ask spread in the upper quintile of its distribution over the entire sample.  In panel A, each estimate
shown represents the interaction term added to the regressions shown in Table VII for CTI4 orderflow.  In panel B, each esti-
mate shown represents the interaction term added to the regressions shown in Table VI for CTI4 orderflow.  Only the coef-
ficient estimates and t-statistics (shown in parentheses) for the interaction variables are shown. Bold values represent
significance at the 5% level.
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30-year contract, however, actually becomes more useful in terms of its
ability to explain 2- and 5-year cash returns when the 30-year Treasury is
relatively illiquid. Panel B shows that trading activity in both the 2- and
5-year notes takes on increased importance in explaining futures returns
when the cash market is relatively illiquid. This is also consistent with
our hypothesis concerning contributions to price discovery when the
cash market is illiquid.

In general, the results in this section suggest that where price dis-
covery takes place depends on two important environmental variables:
financing (Repo) rates and liquidity. Moreover, the impact on prices of
orderflow in the 5-year maturity appears to be a focal point for these
effects as it is especially influenced by these factors.

CONCLUSION

The goal of this study is to understand the forces that shape move-
ments in the Treasury yield curve. Orderflow within the cash market
for U.S. Treasuries has been shown to be an important conduit through
which price discovery takes place; nevertheless, the trading of fixed
income futures is another important facet of this market that needs to
be understood if a complete picture of yield curve movements is to be
painted.

How prices respond to information flows in the fixed income futures
market were analyzed. As in the cash market, the results reinforce the
notion that orderflow drives movements in the futures prices. In particular,
the type of trader executing the trade has an impact, with retail traders
moving futures prices significantly in the direction of their trades,
exchange members moving futures prices significantly against their
trades likely owing to hedging demands, and local market mak-
ers who supply short-term liquidity, having little long term impact on
futures prices. In the Treasury cash market, trading in the 2- and 5-year
notes play significant roles in price discovery as they have significant
effects on prices along the entire yield curve.

When the joint interaction of orderflow between the cash and
futures markets is considered, both markets contribute to price discovery
as net orderflow in each market has explanatory power in explaining
price changes in both the Treasury cash and futures market contempora-
neously. As such, the results suggest that futures and cash net orderflow
contain information that is different from the information contained in
trading activity in the other market. Specifically, net orderflow in the
2- and 5-year Treasury cash market has significant explanatory power
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over price movements in both markets, as do futures net orderflow from
both exchange members and retail traders. On the one hand, net order-
flow originating on the short end of the cash market (2- and 5-year matu-
rities) and retail trades on the long end of the futures market push
up prices and steepen the entire yield curve. On the other hand, net
orderflow originating from exchange members in the futures market
depresses prices and flattens the entire yield curve. In addition, trading
in the futures market has a substantial impact on price discovery within
off-the-run Treasury securities.

The above analysis reveals the unconditional relation between price
discovery in the two markets. The direction and extent of price discovery
is influenced by environmental variables such as Repo financing rates
and liquidity. Consistent with our hypothesis, specialness causes price
discovery to occur relatively more in the futures market because trans-
acting in the cash market when the issue is on special is exceedingly
expensive. Moreover, illiquidity, measured by wide bid-ask spreads, in the
cash market is associated with relatively more price discovery occurring in
the cash market as asymmetric information is high and therefore,
informed traders are likely transacting in that market. Interestingly, the
instrument of central importance to the above results is the 5-year matu-
rity in both the futures and cash market, largely to the exclusion of the
other maturities.

In conclusion, this analysis highlights the importance of consider-
ing the relation between separate, but related markets, and not simply
analyzing the behavior of a market in isolation. As market participants
are always comparing the costs and benefits of transacting in related
markets, so too should our models of the fixed income market. Failure to
account for cross-market effects, at best, paints an incomplete picture,
and at worst may lead to inaccurate conclusions.
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