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1.  A Summary Description of the Treasury Market 
Treasury securities, or “Treasuries,” are securities issued by the U.S. government to finance the portion of 

its expenditures that is not covered by its revenues.  Because they are backed by the “full faith and credit” of 

the U.S. government, Treasuries are widely considered credit risk-free assets.1  As the amount of spending of 

the U.S. government as increased over time significantly faster than its revenues, the amount of debt that the 

Treasury has needed to fund via the issuance of Treasury securities has surged correspondingly.  As figure 1 

shows, the total amount of Treasury debt as of the second quarter of 2021 was $28.5 trillion.2 

1.1 Marketable vs. Nonmarketable Securities 
Not all the Treasury debt is financed via publicly tradable securities—a portion is held by government trust 

funds, revolving funds, and other special funds.  These securities are referred to as “intragovernmental 

holdings” and are “nonmarketable,” in the sense that they are not negotiable or transferable, and they may 

not be traded in the secondary market.  As illustrated in figure 1, intragovernmental holdings of Treasuries 

were about $6.2 trillion at the end of 2021Q2.  Marketable securities, also referred to as the “debt held by the 

public,” were instead about $22.3 trillion3.  When market participants refer to the “Treasury market,” they 

generally have in mind the total amount of marketable securities, not the total size of the U.S. debt. 

1.2 Types of Marketable Securities 
Treasury securities are divided into three broad categories—bills, notes, and bonds.  Treasury bills are short-

term securities with maturities that range between a few days (referred to as “cash-management” bills) and 

one year.  Bills are “discount securities:” They are issued at less than face value, they pay face value at maturity, 

and they do not offer a periodic coupon (i.e., they are “zero-coupon” securities). 

 
1 The amount of debt the U.S. Treasury can issue is subject to a limit (the “debt ceiling”) established by the Congress.  When the debt reaches 

this level, the Congress must raise the ceiling for the Treasury to be able to borrow more.  At times, the political process of raising the ceiling has 

been contentious and has created the possibility that the Treasury might default on some of its obligations.  In one instance, in 1979, the Treasury 

did in fact default on a small portion of its debt (see Zivney and Marcus, 1989).  Even in these cases, though, the market widely perceives any 

default to be “technical” in nature and to be cured quickly as the debt ceiling is raised.  This was the case in 1979.  For all practical purposes, and 

despite political shenanigans, we can treat Treasuries as true credit risk-free securities. 
2 The most recent statistics can be found in the current issue of the Bureau of the Fiscal Service’s Treasury Bulletin. 
3 Technically, the debt held by the public also include a small amount of debt issued by the Federal Financing Bank (FFB), which is a government 

entity established to help reduce the cost of federal borrowing.  The FFB issues debt to the public to finance its operations. 
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Treasury notes are securities issued with maturities between two and ten years (currently two, three, five, 

seven, and ten years).  Like for bills, the principal is paid back entirely at maturity.  But unlike bills, notes pay 

a semiannual interest coupon.  Such coupon can be “fixed” (constant throughout the life of the security) or 

“floating” (variable depending on market fluctuations).  The vast majority of notes (95.4% of the total as of 

2021Q2) are fixed-rate notes.   

Treasury bonds are securities issued with maturities greater than ten years (currently twenty and thirty years).  

Similar to notes, the principal is paid entirely at maturity, and interest coupons are paid on a semiannual basis.  

All bonds issued so far have been fixed rate. 

Notes and bonds can be either “nominal,” in the sense that they pay to the investor a constant amount at 

maturity regardless of the evolution of inflation over the life of the security, or “real.”  Real Treasury 

securities, more properly referred to as Treasury Inflation-Protected Securities, or TIPS, are characterized by 

a principal amount that adjusts with inflation, as measured by the Consumer Price Index (CPI).  At maturity, 

a TIPS pays back the greater of the original principal amount or the principal amount adjusted for the total 

inflation over the life of the security, albeit with a three-month lag.  TIPS, therefore, offer insurance that 

inflation will not erode the original principal amount.  All TIPS pay a semiannual fixed coupon applied to 

the adjusted principal; consequently, interest payments, like the final principal payment, vary with inflation.   

1.3 Determinants Of Treasury Issuance Patterns 
One interesting question is how and why the Treasury selects what securities to issue.  The answer is 

multifaceted, but in a nutshell the Treasury’s main objective is to finance the government borrowing needs 

at the lowest cost over time (see Driessen, 2016).  In periods of very low interest rates, the Treasury, in 

principle, could choose to greatly increase bond issuance to secure low cost of funds for a long time.  But 

the demand side of the market needs to be considered too.  If supply considerably exceeded demand, interest 

rates would raise, thus negating the benefit of increasing issuance at certain maturities.  And, maintaining a 

balance between demand and supply is also crucial to promote a stable and efficient market, which in turn 

tends to reduce financing costs over time.4 

In the end, the average maturity of Treasury securities has increased over the decades, and interest rate 

dynamics (especially the slope of the yield curve, as figure 2 shows) have played a role.  But the increase has 

not been dramatic: At the end of 2021Q2, the average maturity was just 5.7 years (vs. 3.7 years in 1981) 

despite the thirty-year Treasury yield hovering around a very low 2% at that time (vs. 12% in 1981).   

Research by members of the Treasury Borrowing Advisory Committee (TBAC, see Belton et al., 2018) shows 

that issuing at intermediate maturities can be advantageous because it can smooth out variations in interest 

rates and budget deficits.  Indeed, figure 3 illustrates that notes constitute the bulk of Treasury securities 

outstanding—almost 56% of the total as of 2021Q2.  Bills are a distant second, and TIPS constitute the 

smallest portion of issued Treasury securities.  So, in practice, the Treasury takes into consideration more 

information than just sheer, near-term cost to choose the maturity structure of its debt. 

 
4 The Treasury has often studied the possibility of extending the maturity range of bonds but has always encountered resistance to the idea from 

market participants and other experts.  For example, in response to Treasury’s stated intention to explore whether conditions were favorable for 

the issuance of a fifty-year bond in 2017, the Treasury Borrowing Advisory Committee concluded that it does not “currently see evidence of 

notably strong or sustainable demand for ultra-longs in the US market.”  See the presentation on the subject at the end of Office of the Debt 

Management (2017). 
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1.4 Primary vs. Secondary Market 
The Treasury issues new securities at auction, the mechanism of which is discussed in the next section.  The 

auction process is also defined as the “primary market.”  All Treasury auctions are open to the public; bidders 

are divided into “competitive” and “noncompetitive” categories.  Competitive bidders are typically 

institutions and are the bidders that actually participate in the auctions and determine their results.  

Noncompetitive bidders are investors who do not participate in the auction and instead accept the price 

determined by direct bidders.5   

Competitive bidders are in turn subdivided into three subcategories: Primary dealers, direct bidders, and 

indirect bidders.  Primary dealers are selected large financial institutions that are expected to bid at all Treasury 

auctions at “reasonably competitive” prices; they are also trading counterparties of the Federal Reserve Bank 

of New York and are expected to maintain an orderly secondary market.6  Direct bidders are institutions 

other than primary dealers that submit bidders for their own account.  Indirect bidders are participants that 

submit bids via a direct bidder; they include foreign and international monetary authorities bidding through 

the Federal Reserve Bank of New York.  

Figure 4 shows average allotments to the various types of bidders for all Treasury auctions of one-year bills, 

two- and ten-year notes, and thirty-year bonds in the first half of 2021; these are representative of typical 

allotments.  Noncompetitive bidders constitute a minuscule fraction of total auction award regardless of type 

of security.  Primary dealers tend to constitute a larger portion for shorter maturity securities, while the 

opposite is true for indirect bidders.  Direct bidders account for a relatively steady proportion of allotments 

across notes and bonds and tend to take home a small fraction of bills. 

After a security is issued, it can be traded in the open market; this trading of existing securities is referred to 

as the “secondary market.”  Such market is an “over-the-counter” market, meaning that market participants 

trade on a bilateral basis rather than on an organized exchange.  Bids and offers can be submitted by any type 

of investor, but primary dealers again have an important role as they are expected to make a market for all 

Treasury securities. 

The secondary market is generally a very orderly market, in the sense that outsized moves are rare outside of 

periods of time when unexpected news hit the market.  In other words, demand and supply are typically well 

matched, and primary dealers meet the expectations that come with their role.  As figure 5 shows, the 

frequency of outsized price moves in the seven- to ten-year sector of the Treasury market has not increased 

over time even though the market has grown exponentially.   

Still, two points are worth noting.  First, during times of crisis large moves in Treasury prices have always 

occurred and still occur.  For example, during the financial crisis year of 2008, seven- to ten-year Treasury 

price changes moved (in one direction or the other) by more than three times their pre-crisis standard 

deviations a total of 43 trading days, or 18% of the time.  That is not a small number.  Of course, markets 

should move when new unexpected information is received, but it’s fair to say that the data indicate that 

primary dealers have trouble maintaining orderly markets when shocks hit. 

 
5 Notably, when the Federal Reserve rolls over (that is, reinvests) maturing Treasury securities, it does so by submitting noncompetitive bids that 

are treated as add-ons to the announced auction sizes. 
6 A list of current primary dealers as well as expectations, requirements, and other information can be found on the New York Fed website. 
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Second, the relative low frequency of large moves in recent years, even at the onset of Covid in 2020, may 

reflect another important development, namely the increased involvement of the Federal Reserve in the 

secondary market.  Since 2009, the amount of Treasuries held on the Fed’s balance sheet has increased a lot, 

as figure 6 illustrates.  At times, the amount of Fed purchases has been outright astounding.  For example, in 

the space of a little more than a month between mid-March and late-April 2020, at the onset of the Covid 

pandemic, the Fed bought $1.5 trillion of Treasuries with the specific intent to “smooth market functioning.”   

In addition, the Fed has also intervened aggressively in the repo market in recent years, and indeed in July 

2021 the Fed has instituted a standing repo facility, thus removing any doubt that the Fed will intervene in 

the repo market in the future.  As discussed elsewhere in this volume, the repo market is crucial to the 

functioning of the Treasury market.  By being willing to finance primary dealers’ inventory of Treasury and 

other securities, the Fed supports the functioning of the secondary market.  In recent years, such support 

most likely has helped maintain an orderly Treasury market. 

1.5 Measures Of Market Liquidity 
The Treasury market has a reputation for being one of the most liquid markets in the world, if not the most 

liquid.  While liquidity is a slippery concept that could mean different things to different people, here we 

define liquidity in terms of market depth and easiness of trading even large amounts of a certain security.   

There are several measures of Treasury market liquidity, but we will limit our discussion to three in this 

section and discuss a fourth in more detail below.  The first is just the daily volume of securities that are 

typically traded.  Figure 7 shows that, as of 2020, the Treasury market had by far the largest average daily 

volume of any other major fixed-income US market; in fact, average daily volumes were even larger than US 

equity volumes.  Figure 8 shows disaggregated data by type of security.  Bills are the most frequently traded 

as a percentage of outstanding issues, followed by notes and bonds.  TIPS and floating rate notes see relatively 

little trading activity. 

Second, perhaps a better measure of liquidity is represented by the bid-ask spread, or the spread between the 

lowest price at which a security is offered for sale and the highest price that buyers are willing to pay.  

Essentially, the more buyers and sellers there are in the market, the more liquid it is, and the lower we should 

expect the bid-ask spread to be.  Figure 9 illustrates the bid-ask spread in recent years for the ten-year Treasury 

note and the ten-year TIPS note.  The spread for the nominal security is typically very small—about a quarter 

of a basis point or less, whereas the spread for the TIPS security is significantly larger, indicating lower 

liquidity.  Both spreads spiked at the onset of Covid, indicating that the market was temporarily gummed up 

at that time, as is typical in crisis situations.  But the nominal market recovered much more quickly—again, 

a sign of better overall liquidity. 

A third measure of liquidity is represented by the spread between off- and on-the-run securities.  The Treasury 

issues new securities on a regular schedule (quarterly for notes and bonds, more frequently for bills).  The 

most recently issued security of any given maturity is referred to as the “on-the-run” security.  When a new 

security is issued, the security that until that point was on-the-run becomes the first “off-the-run” security 

(and similarly, other older securities are downgraded one step).   

Typically, on-the-run securities are the most sought after and the most frequently traded.  Activity tends to 

decrease the farther off-the-run a security is.  As a result, on-the-run securities normally trade at a premium 
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to off-the-run securities, and their yield is typically lower.  We can view the spread between off- and on-the-

run securities as a measure of liquidity of the overall market relative to the on-the-run security.  Figure 10 

shows that such spread is typically positive, as expected.  It also shows that the spread spiked at the onset of 

Covid in early 2020, just like the bid-ask spread, indicating a strong preference for the most liquid securities 

and consequent illiquidity of the off-the-run market. 

2.   The Auction Process 
Treasury securities are sold to the public via an auction process.  This was not always the case: In the early 

days, the Treasury used to sell its securities via an underwriting process, whereby underwriters would 

purchase the totality of the securities being offered and would then resell them to the public.  The first 

Treasury auction took place in 1929, for the sale of a three-month bill.  Notes and bonds were not sold at 

auction until the 1970s.   

2.1 The Mechanics of Treasury Auctions 
Among the various types of auctions available, the Treasury chooses to sell its securities via a single-price, 

descending-bid auction.  In a single-price auction, all winning bidders are awarded securities at the same price, 

even if it differs from their bid.  In a descending-bid auction, all bids are ranked from highest to lowest in 

terms of price and accepted in that order until the entire amount of the security being offered is sold.  Because 

Treasury auctions (depending on the type of security being auctioned) are usually quoted in terms of yield or 

rate or discount margin, which are inversely related to price, bids are ranked from the lowest to the highest 

yield, rate, or discount margin.  From here on, we will follow convention and talk in terms of yield only.7 

The auction process begins with a public announcement that the auction will take place.8  The announcement 

specifies the term and type of security being offered (e.g., ten-year note), the amount being offered, the 

auction date and time, the issuance date (which will be after the auction date), the maturity date, terms and 

conditions of the offer, and other relevant information.  Auctions can be for securities issued for the first 

time on that day or for additional amounts of previously issued securities; in the latter case, the auction is 

referred to as a “reopening” auction.  Reopened securities have the same maturity date and coupon as the 

original security, but a different issue date and typically a different price.  

Other than for cash-management bills, which are intended to cover hard-to-predict, short-term cash needs, 

the Treasury conducts auction on a predictable schedule.  Bills with maturities up to 26 weeks are auctioned 

every week, while bills with a maturity of one year are offered every four weeks.  Treasury notes with two-, 

three-, five-, and seven years maturities are auctioned monthly.  Ten-year notes and all bonds are auctioned 

quarterly in February, May, August, and November, with reopenings in all other months.  TIPS are auctioned 

either semiannually (in April and October for five-year securities and January and July for ten-year securities) 

 
7 Until the 1990s, the Treasury used multiple-price auctions to sell the securities that were auctioned.  In multiple-price auctions, 
winners are awarded securities at the price they bid rather than the price equivalent to highest winning yield.  See Malvey et al. 
(1995). 
8 More details and examples of how auctions work can be found at: https://www.newyorkfed.org/aboutthefed/fedpoint/fed41.html.   
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or annually (in February, for thirty-year securities); reopenings also follow a regular schedule.  Floating rate 

notes are auctioned quarterly in January, April, July, and October, with reopenings in all other months.9 

As said in section 1, bids at auctions can be competitive or noncompetitive.  Individual noncompetitive 

bidders (usually small investors) are limited to a maximum of $5 million bids and are guaranteed to be 

allocated the securities they bid for.  Each individual competitive bidder (primary dealers and other large 

financial institutions) is limited to a maximum of 35% of the amount of securities offered.  This is done to 

ensure competitiveness in the secondary market for the securities, given that competitive bidders typically 

resell the securities they are awarded at auction in the secondary market. 

Because noncompetitive bidders always receive the amount they bid for, the aggregate amount of 

noncompetitive bids is subtracted from the offered amount.  What remains is awarded to competitive bidders 

according to the following process.  First, the competitive bids are ordered from lowest to highest in terms 

of yield, rate, or discount margin.  The lowest bid is accepted, then the second lowest, and so on until all the 

remaining offered amount has been exhausted.  If the last viable bid exceeds the remaining offered amount, 

that bidder is awarded the remaining amount, which will be smaller than the bid.10  The highest rate of all 

accepted bids is referred to as the “stop out rate,” and all winning bidders are awarded securities at that rate, 

even if they submitted bids at a lower rate. 

Reopening auctions follow the same process as above.  The securities being sold at reopening auctions have 

the same maturity and coupon as the securities in the original auction, but a different issue date.  Of course, 

because they are sold at a separate auction, their price and yield will usually be different from the price and 

yield at which the original securities were sold. 

2.2 The Diminishing Role of Primary Dealers 
As said in the previous section, primary dealers are expected to bid at auctions at “reasonably competitive” 

prices to make an orderly secondary market for all Treasury securities.  As illustrated in the top left panel of 

figure 11, the amount of primary dealer bids submitted at auction has declined over time but still accounts 

for a majority of all bids submitted across most securities.  The amount accepted, however, has been on a 

pronounced downward trend since the financial crisis of 2008 for notes and bonds and since a few years later 

for bills.  The percentage of securities awarded to primary dealers at ten-year note auctions, for example, 

went from an average of almost 80% between 2005 and 2007 to just around 20% in the first half of 2021.   

The decline in the portion of securities awarded to primary dealers has been offset by an increase in the 

securities awarded to other direct bidders and indirect bidders.  Before the financial crisis, other direct bidders 

used to take home about 1.6% of ten-year auctions, on average; by the first half of 2021, that amount had 

increased tenfold, to more than 16%.  Over the same period, indirect bidders saw their allotment increase 

from 21% to 62% of the total amount of ten-year securities offered, on average.  This has been so even 

though the total amount of bids submitted by both other direct bidders and indirect bidders has increased 

much less. 

 
9 For a full description of the timing of Treasury auctions see https://www.treasurydirect.gov/instit/auctfund/work/auctime/auctime.htm. 
10 If multiple bidders submitted bids at the same yield, rate, or discount margin, they are awarded the remaining amount in proportion to their 

original bids. 
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There are several potential explanations for these staggering changes.  One could be that primary dealers’ 

bids have become less competitive, perhaps because of increased risk aversion after the financial crisis or as 

a result of balance sheet pressures induced by regulatory changes, the significant growth of the Treasury 

market, and other factors.  An alternative explanation may be related to a change in Treasury rules in 2009, 

whereby certain dealer purchases on behalf of customers were no longer attributed to the dealer and instead 

were counted as customers (i.e., indirect) awards.11  And a third possibility could be that other direct and 

indirect bidders have exogenously increased their propensity to participate in auctions rather than rely on 

dealer intermediation. 

Fleming and Myers (2013) look at auction prices relative to secondary market prices for comparable securities 

to see if new auction supply pushes auction prices lower.  They show that securities sold at auctions tend to 

have slightly higher prices (lower yields) than comparable securities sold in the secondary market after 2008.  

They also find that the price of most recently issued securities tend to react less strongly to the issuance of 

new securities after the financial crisis.  They interpret these results as supporting the hypothesis that 

diminished primary dealer awards at auction are the result of other bidders’ preferences for participating in 

auctions, rather than reflecting a decline in the quality of primary dealers’ bids that owes to risk aversion or 

other reasons.  They also conclude that the 2009 rule change may have played an ancillary role. 

We showed in the previous section that outsized secondary market moves have not increased over the years.  

We cannot therefore say that the diminished primary dealer inventory of securities that results from lower 

auction awards compromises the functioning of the secondary Treasury market.  But whether the same could 

be said in the absence of the greater involvement of the Federal Reserve in the market (also discussed in the 

previous section) remains an open question. 

2.3 Measures of Auction Success 
An auction is considered successful if all the amount offered is sold without unduly moving the market, i.e., 

without the resulting yield being significantly higher than the yield that prevailed in the secondary market or 

in the when-issued market (see the next section) immediately prior to the auction.  In this sense, Treasury 

auctions are successful.  Yet, this is not a black-and-white situation: Although a situation where the Treasury 

is not able to sell all the amount offered is virtually unheard of, some auctions can be less successful than 

others, either because demand is scarce or because the stop-out yield turns out to be above pre-auction 

market conditions. 

One readily available measure of auction demand is the “bid-to-cover ratio.”  This is simply equal to the 

amount of bids submitted divided by the offered amount; the larger the bid-to-cover ratio, the larger the 

demand for the securities, and generally the more successful the auction can be considered.  Figure 12 shows 

historical data for bid-to-cover ratios for two-, ten-, and thirty-year Treasury auctions.  In the first half of 

2021, bid-to-cover ratios hovered around 2.5 for all three maturities.  That tells us that demand for those 

securities was about 2.5 times supply.  The problem, however, is that bid-to-cover ratios say nothing about 

the price or yield associated with the demand.  In other words, auctions with high bid-to-cover ratios can still 

result in stop-out rates above then-prevailing market rates. 

 
11 The change of such rules is outlined in https://www.govinfo.gov/content/pkg/FR-2009-06-01/html/E9-12787.htm. 
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An alternative and better measure of the success of an auction is the difference between the stop-out rate 

and the price of the same security immediately before issuance.  To understand this, we need to realize that 

Treasury securities start trading immediately after the announcement of an auction, even before they are 

issued.  This happens in the “when-issued” market, which is discussed in detail in the next section.  If the 

difference between the auction stop-out yield and the when-issued yield immediately before bidding ends is 

positive, the auctions is said to have “tailed,” whereas if the difference is negative, the auction is said to have 

“traded through” when-issued pricing.  Significant tailing is an indication of a poor auction, whereas 

substantial trading through is a sign that the auction was well received.   

It is not uncommon for auctions with high bid-to-cover ratios to tail significantly; when that happens, the 

auction outcome is still considered poor despite the high bid-to-cover ratio.  In this case, there simply wasn’t 

much appetite for the security at current market prices, and most bids were for yields significantly above 

market.  This case illustrates well why the tail/trade-through concept is a better measure of the success of an 

auction.   

As a recent example, we can look at the August 2021 five-year, fixed-rate note auction.  The auction was 

announced on August 19, 2021, and concluded on August 25, 2021, at 1pm ET.  The security was issued on 

August 31, 2021.  Between August 19 and August 31 (i.e., between the announcement and issuance) the 

security traded in the when-issued market.  At 12:59pm ET on August 25 (i.e., just before the end of the 

auction), the security had a yield in the when-issued market of 0.822%.  The auction settled with a stop-out 

rate of 0.831%.  Therefore, that auction tailed by almost a basis point—not a glaring failure, but not a success 

either. 

3.   The When-Issued Market 
As discussed in the previous section, the process of selling a new U.S. Treasury security involves the initial 

announcement of a new note or bond to the public, the auction of those securities some days later, and the 

actual issuance date after which coupon interest accrues. The so-called when-issued (WI) market refers to 

trading of the security between the announcement date of the security and its issuance. As Fleming, Shachar, 

and Van Tassel (2020) (FSV) note, WI trading promotes price discovery into the auction and arguably lowers 

government borrowing costs, on average. In practice, the WI yield comprises a benchmark for comparison 

with the yield at auction, which market observers use as a gauge for demand, along with other auction 

statistics. Also, FSV examine Trade Reporting and Compliance Engine (TRACE) daily data from FINRA 

from July 1, 2019, through June 30, 2020, and find that most WI trading occurs in nominal coupons and 

bills, as opposed to TIPS and nominal FRNs. They also report that trading in nominal coupons, the focus of 

this chapter, increases after the auction date and nearing issuance.  

To supplement this research on volumes, we examine the pricing (i.e., yields) of WI securities in absolute 

terms as well as compared to other outstanding issues through the WI cycle, over a much longer history 

going back to the beginning of 1987. To motivate our analysis, academics and practitioners have long 

observed that more recent Treasury issues, at most times of the auction cycle, tend to trade at higher prices 

and lower yields relative to similar issues, namely those with the same maturity. This premium likely reflects 
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financing advantages (for repurchase agreement transactions and other uses) that reflect the greater liquidity 

of recent issues, which are yet to be tucked away into buy-and-hold portfolios.12 As Fontaine and Garcia 

(2012) detail, an increasing amount of the par amount outstanding of a given nominal securities becomes less 

available for trading through its life. Again, the size of the so-called on-the-run premium for the most recently 

issued securities is measured relative to a fitted yield curve—or strictly by the pricing-error of the individual 

security, namely the different between the observed yield and its discount-function-fitted value—on any 

given day under varying market conditions.  

Our exploratory analysis focuses on these pricing errors for issues specifically during the WI trading cycle. 

We calculate these errors or premiums in the following steps. We first fit the yield curve on each day of the 

sample using all outstanding issued non-callable coupon notes and bonds, using the so-called Nelson-Siegel-

Svensson (NSS) methodology.13 Then, given the estimated discount function, we then price any WI securities, 

given their specified coupon and principal payments. The underlying pricing data come from the daily Center 

for Research in Security Prices (CRSP) Treasury file, spanning January 3, 1987, through December 30, 2020, 

which implies 2195 trading days with WI quotes. In turn, we identify WI securities in the CRSP data as those 

notes and bonds with quoted bid and asked prices at times prior to their reported issue date,14 which also 

corresponds to unavailability of amounts outstanding in the files. Formally, the (unconditional) WI premium 

follows, 

  (1) 

where is the quoted yield on the ith WI security, and  is the corresponding fitted or predicted 

value based on the estimated curve at the end of day t given the estimated discount factor, . 

Before presenting these estimates, as an important aside, the literature has increasingly used such pricing 

errors across all securities, not just on recently issued notes and bonds, as measures of overall Treasury market 

liquidity, in addition to volumes, bid-asked spreads, and on-the-run premiums discussed in the previous 

section. For example, as Hu, Pan, and Wang (2013) (HPW) originally argue, large average misses might 

capture times when the limits to arbitrage bind, insofar as investors cannot secure funding to exploit mis-

 
12 This phenomenon is more pronounced in TIPS, as D’Amico, Kim, and Wei (2018) note, for example. But the 
impact is hardly negligible for nominal coupon securities. In fact, for the purposes of fitting a representative yield 
curve for monetary policy analysis, GSW omit the on-the-run and first- and second-off-the-run securities before 
estimating the discount function across all remaining securities.  
13 The Svensson (1994) model follows, using the notation in HPW, 

 

where m is the time to maturity and are estimated model parameters. The securities we use to 

fit the curve using this methodology differ from Gürkaynak, Sack, and Wright 2006 (GSW), who omit the on- as well 
as the first- and second-off-the-run issues for each tenor.  
14 As such, we do not delineate between two subperiods within the WI cycle that FSV address, the period from the 
announcement to auction, and from auction to issuance. However, in the following analysis of WI premiums we 
estimate the effects of the number of days to issue.  
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pricings. Largely following HPW, the unconditional so-called “noise” measure, , is the root mean-

squared pricing error (RMSE) across all securities from a fitted term structure, as in  

  (2) 

where  is the observed yield at time t on the ith of N UST securities, and again as in (1),  is the 

corresponding fitted or predicted value based on the estimated curve at the end of day t given the estimated 

discount factor, .15 In short, a plausible prior we explore is whether the WI premium is greater, i.e., 

increasingly negative following (1), the greater , all else equal.  Otherwise, the WI premium may 

contain additional information about Treasury (and by extension broader) market conditions, which related 

to more idiosyncratic preferences among market participants, perhaps with so-called preferred habitats.  

3.1 Empirical results 
The charts in Figure 13 show estimates following this procedure for selected dates during the 34-year sample. 

The solid blue lines show the zero-coupon curve on each day, and the open blue and shaded black circles 

show fitted and actual yields—i.e.,  and , respectively—for each CUSIP used to fit the term 

structure. The open and shaded red circles indicate the fitted and actual yields on WI securities traded on 

those days, i.e., and , respectively. For example, as the top left panel indicates, on May 8, 1987, 

the 10-year and the 30-year WI securities traded below their fitted values, consistent with a premium, whereas 

the observed and fitted yields on the two-year WI note were close to equivalent. Naturally, visual inspection 

of these randomly chosen dates implies that premiums change over time. For example, the right panels 

indicate that on August 10, 1990, as well as on February 14, 2020, each of the three WI securities commanded 

a premium. However, on February 13, 2009, shown in the lower left panel, clearly the ten-year note WI 

traded well below the fitted term structure, while the WI note and bond at the ends of the curve traded cheap 

relative to the estimated discount function.  

To aggregate this information more efficiently for broader inferences, we examine the time-series of 

estimates. The black line in the chart in the top left of Figure 14 shows the cross-sectional average premium 

across all WI securities and tenors each trading, which we denote as following (1).16  For comparison, 

the blue line shows our estimate of across all CUSIPs. A couple preliminary observations are 

noteworthy. First, although appears volatile by visual inspection, nonetheless the unconditional full-

sample average for WI securities across all maturities is negative, at around 2.44 basis points. Also, contrary 

to the notion that any WI premium connotes broader market stress, the simple correlation coefficient 

 
15 Studies that use curve fitting errors to capture TIPS illiquidity premiums, for example, including Abraham et al. 
(2016), Grishchenko and Huang (2013), and Durham (2021), who also additionally considers pricing error correction 
speeds as a gauge of market liquidity. 
16 For example,  on any given date for the curves shown in Figure 13 is the arithmetic average pricing error 

across all three WI quotes.  
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between and is small yet ultimately positive, which strictly speaking implies a lower WI 

premium when wider market liquidity conditions worsen, according to this metric of arbitrage constraints.17  

As an alternative approach, we also consider a conditional as opposed to an unconditional measure of the 

WI premium. For each trading day of the sample and given estimated pricing errors, we run the following 

cross-sectional regression to ascertain an arguably more precise gauge that nets out common proxies for 

liquidity and collateral value across other securities, following,  

  (3) 

where  is the unconditional fitting error of security i based on a given fitting methodology 

(in this case NSS); X is a vector of proxies for relevant factors—including the bid-asked spread and coupon 

size—two variables that may help explain why some specific CUSIPs trade off the fitted yield curve; are 

the factor loadings on these control variables; and is the error term, or the conditional pricing error of 

each CUSIP.18 But for this analysis, the variable of interest is , a simple dummy variable for whether the 

security is WI, whatever its tenor, and  captures the so-called conditional WI premium.  

The chart in the top right of Figure 14 shows the path of  over the sample. True, the pattern resembles 

that of the unconditional measure. But after netting out other factors that might help account for pricing 

errors, the average measure over the sample declines to about 1.89 basis points. Also, as the histogram in the 

lower left of Figure 14 suggests, the distribution of conditional time-series estimates is wide, with a standard 

deviation of about 5.5 basis points, which indeed may increase doubts about a consistent general premium 

across all WI securities. Measures of skew are somewhat mixed. Standard skew based on the third moment 

is positive, at 2.1, consistent with positive extreme outliers, whereas Bowley skew relative to the interquartile 

range by contrast is about -0.14, skewed toward the left or higher premiums in the middle section of the 

distribution. Finally, as with the unconditional measure, , we report an arguably perverse relation 

between  and , insofar as the correlation is positive, at about 0.364, which is greater than the 

unconditional measure (again, 0.118).   

Although we cannot link WI premiums, either or , to a related aggregate measure of market risks, 

we also examine whether some underlying security characteristics affect WI premiums, whatever market 

frictions they might capture. For instance, conceivably some WI tenors command greater premiums than 

others, depending on market segmentation. To wit, the chart in the lower right of Figure 14 shows each 

unconditional WI premium estimate, , for all observations. By visual inspection, we glean the same 

general common pattern as in the top left of Figure 14. However, the green and blue circles isolate two- and 

 
17 Still, both  and  of course could capture different aspects of Treasury market liquidity.  

18 Durham (2021) uses as an alternative conditional measure of “noise”, i.e., , among other measures to 

capture the TIPS liquidity premium.  
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ten-year WI securities, respectively. Notably, the unconditional averages are -2.3 and -8.4, for the two tenors, 

respectively, which of course at first unconditional blush implies comparatively more special demand in the 

10-year sector prior to issuance.  

Even so, other factors might also affect WI premiums. Again, we do not yet delineate whether the WI security 

is observed before or after the action date, but perhaps the short cycle before issuance itself also matters. As 

such, we run the following simple panel regressions for all , following 

  (4) 

where X includes control variables including the bid-asked spread, the coupon rate, and (which in 

effect may capture relevant time trends); DTI is the number of days until issuance for the WI security; and

is a matrix of dummy variables where n is the length of the vector of tenors, 

, with the indicator variables defined with the 30-year maturity as the omitted 

condition.  

Table 1 lists the results. Considering the overall fit, the R-squared of the model is about 0.23, and the intuition 

among the regressors is somewhat mixed. Among the control variables, at the CUSIP-level (and again among 

only WI notes and bonds in this exercise) we recapture the positive relation between and , with 

about a 0.29 pass-through increase from a unit increase in the contemporaneous RMSE across all CUSIPs, 

which is safely statistically significant.  Crudely speaking, this result implies that the WI premium falls when 

wider limits to arbitrage increase. Also, although the estimate for the bid-asked spreads is perhaps surprisingly 

not robust, the regression implies somewhat higher WI premiums for issues with greater coupon rates.   

Turning to other security characteristics, DTI does not seem to have a significant effect on the premium over 

the sample—the miniscule coefficient that implies some decrease toward issuance dates is safely insignificant. 

However, consistent with the chart in the lower right panel of Figure 16, the results suggest that some 

differences across tenors over this lengthy sample are safely robust. WI premiums on two- and seven-year 

securities are somewhat lower, with pricing errors about 1 to 1.5 basis points greater compared to the 30-

year. By contrast, on average and all else equal the WI premiums for 10-year notes are around 5.5 basis points 

greater, but no other tenor (three, five, and 20 years) produces statistically significant results.   

3.2 Sensitivity Analysis: Alternative curve estimation 
These results are subject to caveats, naturally, which we cannot address fully. But a particularly critical 

consideration we address is the underling estimation of fitting errors central to the analysis. True, applications 

in the literature that consider almost exclusively use NSS parametric curves to benchmark pricing 

errors (e.g., HPW, Abraham et al., 2016; DKW; Grishchenko and Huang, 2013). But we repeat some possible 
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objections to NSS specific in this context. 19 Generally speaking, there are alternative methods to fit term 

structures, which hints at potential specification bias, and after all, the variance of , for example, is 

meaningfully wide. Moreover, smooth parametric functions—namely, the NSS methodology—preferred by 

macroeconomists are not necessarily the tool of arbitragers in practice. GSW in fact explain that market 

participants more often use spline-based methods to find anomalies, whereas macroeconomists may prefer 

to smooth through the very variations that might be of particular interest to traders. A reasonable alternative 

tack in estimating possible limits to arbitrage, as well as by extension WI premiums, is to use similar methods 

as arbitrageurs.  

Therefore, for robustness we repeat the analysis reported previously in Figure 14 and Table 1 using an 

alternative fitting methodology, the variance roughness penalty (VRP) approach described in Wagoneer 

(1997) and detailed in Anderson and Sleath (1999).20 Briefly, the results are qualitatively similar, although the 

magnitude of a few key results diminish somewhat. For example, as the series in Figure 15 indicate, although 

on average both the conditional and unconditional VRP-based WI premium measures, and , 

respectively, remain negative, they are barely so. The estimate of ( ) is only 1.18 (0.623) basis 

points, again compared to the NSS-based figure of about 2.44 (1.89) basis points. Moreover, the standard 

deviation of the conditional metric using the VRP method, as noted in the lower left panel of Figure 15, is 

about 5.6 basis points, and the mixed skew statistics are very similar to the corresponding figures using NSS 

fitted curves. 

Although this alternative methodology generates less confidence in a consistent premium across all tenors 

and at all times of the pre-issue trading cycle, we do find broadly similar patterns between estimated WI 

 
19 Durham (2021) makes these arguments in the context of using curve fitting errors are a measure of TIPS as well as nominal 

Treasury market liquidity. 

20 A VRP spline follows,  

 

where m again refers to maturity, M is the longest maturity, D is modified duration,  refers to fitted bond prices, 

is the second derivative of the forward curve, as a measure of curvature. The penalty function, ,  varies by m, 

under the premise that excess curvature is more problematic at the back than the front end of the curve. Rather than a step 

function penalty as in Waggoner (1997), the form following the Bank of England and other central banks is, 

 

where , S, and L, using the notation of Anderson and Sleath (1999), can be estimated in the time series using cross-validation. 
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premiums and underlying security characteristics. As the lower right panel in Figure 15 suggests, again sample 

estimates of  for the 10-year tenor is somewhat lower compared to others. Indeed, as Table 2 indicates, 

this effect seems to be robust, controlling for other factors, as WI conditional premiums are about 3.6 basis 

points greater in the 10-year sector, all else equal. Similarly, the VRP-based results suggest that , 

naturally defined in the sensitivity analysis using the VRP-based errors, similarly correlates positively rather 

than negatively with . This result echoes the orthogonal to positive correlations using the time-series of 

cross-sectional averages, , and the condition measure, , which have 0.026 and 0.252 correlation 

coefficients with respect to , as noted in the upper panel of Figure 15. Therefore, our inference that 

WI trading does not necessarily track other measures of aggregate market functioning and may capture 

instead another aspect of trading frictions or more idiosyncratic factors, seems largely robust to fitting the 

term structure differently.  

4.   Secondary Market Pricing and Interpretation of 
the Yield Curve 

After the auction process, again Treasury securities trade in the secondary market. Although as previous 

sections suggest, there is ample evidence of time-varying nominal liquidity premiums, this market is one of 

the deepest and most liquid. Also, given the credit-default-risk free status of U.S. Treasury obligations—

arguably reinforced by the reserve currency status of the U.S. dollar—both investors and central banks glean 

critical information from secondary market pricing about underlying borrowing costs in the U.S. economy, 

the largest in the world, for horizons up to the longest-term issued obligation to date, thirty years for nominal 

securities and TIPS alike.  

This schedule of borrowing costs by maturity is of course known as the yield curve or term structure of 

interest rates. On average over time, the shape of the yield curve has hardly been flat, as instead borrowing 

costs tend to differ meaningfully by maturity. As the top right of Figure 16 suggests, the average slope of the 

nominal term structure (the black line), based on average values across maturity points from three months 

to ten years, has been positive from the start of 1987 through October 20, 2001. However, there are 

exceptions as well as a variety of shapes, with the steepest positive slope from daily sample observed on 

November 6, 1992, and the most negative slope between these points—so-called yield curve inversion—

observed less than two years earlier on December 14, 2000.  

The simplest model of the term structure—namely, to account for why the yield curve takes varying shapes—

is the so-called expectations hypothesis (EH), which posits that long-term yields comprise the sum of 

expected future short-term rates over the tenor of the given security. The EH in its purest form implies that 

the yield curve slopes up (down) when investors expect the central bank to tighten (ease) monetary policy 
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over a given horizon.21 A clear implication of this view is that realized and expected excess returns on nominal 

Treasury bonds is zero. 

But empirical data imply that this framework is very incomplete, and tests of the EH comprise a large 

academic literature. Prima facie evidence that raises questions about the EH includes the average positive 

slope of the curve. If indeed longer-dated yields solely drive policy expectations, then the mean positive slope 

implies that on average from 1987 investors anticipated the Fed to tighten monetary policy, notably by 

substantial margins. Beyond the sample average and perhaps more compelling, the top left panel of Figure 

16 shows the daily histogram of slopes between ten years and three months. Insofar as 92 percent of the 

observations lie to the right of zero with positive values, strictly speaking, the EH implies that investors 

expected the Fed to tighten monetary policy 92 percent of the time over the near 35-year sample. Naturally, 

near perpetual tightening expectations are at odds with perceptions of the business cycle during this period, 

which include four NBER-dated recessions.22 

The literature of course includes far more rigorous tests of the EH, many of which comprise regression 

analysis using realized excess returns of Treasuries at longer horizons over short rates, to assess the Null 

hypothesis that required excess Treasury returns are zero.23 But if the EH fails, what instead accounts for 

observed average positive slope in the both the nominal and TIPS curves over recent decades? Instead of 

policy expectations, the slope of the curve could also reflect in part non-zero, time-varying required excess 

returns on Treasury securities, otherwise know as term premiums, defined as the spread between observed 

yields and the average anticipated short rate, again over the horizon of a given note or bond. In the case of 

Treasuries, the required return or term premium likely compensates risk-averse investors for the possible 

capital loss on selling securities before maturity as well as the risk of inflation eroding the value government 

bonds as a fixed-income instruments. More generally, from a popular formal asset-pricing perspective, the 

required return on an asset depends on its covariance with the consumption growth. Colloquially speaking, 

required returns on an asset decline (increase) the more (less) likely it pays off in bad states of the world. 

Setting aside the ultimate source of non-zero premiums, decomposing yields along the curve is critical for 

both central bankers as well as investors. For the former, consider the case of an upward sloping curve, again 

the average state of the term structure in modern times. Insofar as the slope, or an increase in the spread 

between longer- and near-dated rates, connotes expectations of some combination of higher inflation or 

stronger economic growth, the central bank would be disposed to tighten monetary policy in response, all 

else equal, to prevent an overheating economy. But if instead the same slope traces to higher term premiums 

on longer-dated notes or bonds, which reflect an increase in investors’ risk aversion amid an unchanged 

economic outlook, central banks might instead be inclined to ease, to keep the economy from undershooting. 

 
21 The “weak-form” of the EH suggests that the risk premium is non-zero, and may be maturity-specific, but it is constant. Even 

so, weaker forms of the EH suggest that any changes in yields reflect changes in expected short rates, only.  

 
22 The corresponding data for TIPS in the lower panel of Figure 14 reflect the broader inferences for nominals that the EH is an 
incomplete framework. From the start of 2004 (when most observers consider the TIPS market past its “growing pains”) 
through the most recent observation, the average daily TIPS curve clearly slopes upward, notably about 88 percent of the 
sample. Although this sample is shorter, it remains unlikely that investors expected real monetary policy tightening so 
consistently over this period, as opposed to possible term and liquidity premiums.  
23 See Gürkaynak and Wright (2012) for a thorough discussion of early empirical tests of the EH. 
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Therefore, the same configuration in the slope of the term structure implies directly opposing monetary 

policy responses, depending on the decomposition between anticipated rates and term premiums embedded 

in overall yields.  

The distinction is also crucial for investors, insofar as term premiums, aka expected required excess returns, 

are naturally a critical input for modern portfolio optimization, which require estimates of anticipated returns 

over cash as well as variances and covariances among all assets, default risk-free Treasuries among them. 

Given the same scenario of an increasingly upward sloping yield curve, a configuration that owes solely to a 

higher anticipated short rate path would lower excess return estimates on all financial assets (over all 

horizons), and presumably would result in a downward shift in the estimated efficient frontier toward lower 

portfolio returns, holding constant estimated variances and covariances. By contrast, increases in the slope 

of the U.S. Treasury term structure that owe exclusively to higher required excess returns on the asset would, 

all else equal, not only boost the optimal allocation toward government bonds but also contribute to an 

unparallel increase in expected overall portfolio excess returns.   

Naturally, given the importance of the distinction, the literature on parsing term premiums from observed 

yields is also vast. A judicious review is beyond the scope of this chapter. But at least two general approaches 

are noteworthy. First, some researchers use survey data to net term premiums from overall observed yields. 

Under this metric, the term premium on an n-year bond is simply the difference between the observed yield 

and the central tendency of survey-based expectations for short rates (e.g., three-month Treasury bills, say) 

over the corresponding n-year horizon. This formulation is indeed true to concept but nonetheless faces 

meaningful drawbacks in practice. For one, unlike financial market quotes, survey data are available only at 

sparse as well as somewhat imprecise intervals.24 As such, readings on decompositions are rarely very timely, 

with inherent imprecision between market quotes and survey responses. For another, this method ultimately 

assumes that the universe of survey respondents overlaps precisely with market participants. But the former 

typically comprise professional or Wall Street economists who lack investing experience, rather than active 

market participants. Despite these shortcomings, survey data comprise at least at useful starting point to 

grasp bearings on yield decompositions, and tellingly in practice researchers routinely compare their estimates 

from other methods with survey data to gauge accuracy and intuition.  

A second approach to decompositions refers to so-called arbitrage-free, affine models of the term structure, 

which appeared soon after publication of the Black-Scholes-Merton framework for option pricing (e.g., 

Vasicek, 1977). Other references comprise more fulsome overviews (e.g., Gürkaynak and Wright, 2012; 

Piazzesi, 2010). But this tack fundamentally differs from the previous approach by relying on statistical 

methods rather than surveys of forecasting anticipated short rates. Briefly, instead of polls, the anticipated-

rate component under these models ultimately trace to some form of vector autoregression (VAR) forecasts, 

typically with Gaussian shocks, notably within a framework that precludes the possibility of arbitrage across 

the full cross-section of yields at any point along the term structure. The short rate in more recent models—

as well as all other yields—are affine functions of the underlying factors that drive the term structure,25 which 

in the literature range from latent variables (e.g., Kim and Orphanides, 2012) to observable factors such as 

 
24 Although surveys such as those from Consensus Economics or Blue Chip naturally have scheduled publication dates, 
respondents do not necessarily enter their responses at the same time but over some interval, usually over a few days.  
25 By contrast, measures of the short rate in early models such as Vasicek (1977) is the single underlying factor that determines 
the yield curve.   
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yield curve principal components (e.g., Adrian et al., 2013) or macroeconomic time series (e.g., Ang and 

Piazzesi, 2003). Given forecasts based on the estimated underlying dynamics of the model factors, as well as 

the estimated loadings of the short rate on those factors, this approach affords expected short-rate paths 

over any horizon. The gap between model-implied yields or forwards, which again satisfy the no-arbitrage 

condition, and these estimates of anticipated short rates comprise model-implied term premiums, for either 

zero-coupon yields or forward rates. 

Although most models almost ubiquitously adopt the arbitrage-free, affine set-up, including the common 

assumption of normally distributed disturbances, the literature varies widely across parameter estimation 

methods, from Kalman-filter-based methods, multi-step maximum likelihood, to linear regression 

approaches. A ubiquitous problem for parameter estimation of yield curve data regards the persistent, yet 

ultimate mean-reversion of interest rates, on the one hand, and short samples that comprise precious few 

interest rate cycles to estimate reliably the model parameters, on the other. Yet to complicate this issue, 

research also acknowledges the evolution of central bank reaction functions over time, which by contrast 

augurs for shorter rather than longer samples, or explicit estimates of structural breaks. In any case, levels of 

estimated term premiums and short rates are uncomfortably sensitive to sample selection. Finally, the 

nominal lower bound increasingly looms as an estimation challenge, as obviously more recent samples include 

extended experience with central bank policy rates stuck near zero. So called shadow-rate approaches 

(Krippner, 2012) or quadratic models are an increasingly fruitful line of research that address this problem. 

Meanwhile, at the time of writing, a sensible reminder for practitioners is to provision for as least as much 

model uncertainty around term premium estimates as other important yet empirically slippery concepts, such 

as the equity risk premium or potential GDP.
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Table 1* 

 

*The table reports regression coefficients and p values. The dependent variable is the WI premium, , and the regressors include underlying characteristics 

of WI securities. The sample includes 3472 CUSIP-days from January 2, 1987, through December 30, 2020. 

Coefficient p-value
Intercept -0.0072 0.0644
Unconditional Noise 0.2944 0.0000
Coupon -0.0063 0.0000
Bid-Asked Spread -0.1778 0.2602
Days to Issue (DTI) 0.0002 0.5221
Two-Year Dummy 0.0105 0.0147
Three-Year Dummy 0.0007 0.8695
Five-Year Dummy -0.0007 0.8531
Seven-Year Dummy 0.0141 0.0018
10-Year Dummy -0.0547 0.0000
20-Year Dummy -0.0066 0.5485

When-Issue Pricing Error (NSS) Regressions
CUSIP-Level: (02-Jan-1987-30-Dec-2020)

Observations=3472
Adjusted-R^2=0.231
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Table 2* 

 

*The table reports regression coefficients and p values, like Table 1, but with underlying pricing errors based on the VRP rather than the NSS method. The 

dependent variable is the WI premium, , and the regressors include underlying characteristics of WI securities. The sample includes 3472 CUSIP-days from 

January 2, 1987, through December 30, 2020. 

  

Coefficient p-value
Intercept -0.0065 0.0913
Unconditional Noise 0.5999 0.0000
Coupon -0.0062 0.0000
Bid-Asked Spread -0.3887 0.0181
Days to Issue (DTI) 0.0003 0.4546
Two-Year Dummy 0.0229 0.0000
Three-Year Dummy 0.0193 0.0000
Five-Year Dummy 0.0034 0.3755
Seven-Year Dummy 0.0128 0.0050
10-Year Dummy -0.0361 0.0000
20-Year Dummy -0.0071 0.5270

When-Issue Pricing Error (VRP) Regressions
CUSIP-Level: (02-Jan-1987-30-Dec-2020)

Observations=3264
Adjusted-R^2=0.2
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Figure 12



 

Figure 13* 

 

*The solid blue lines in these charts show the nominal zero-coupon U.S. Treasury yield curve, based on the NSS fitting methodology. The solid black dots and the open blue circles indicate the observed and fitted yields, respectively, 
for those securities used to fit the term structure. The solid red circles are the observed yields on the WI securities, and the open red circles show the corresponding fitted values, based on the estimated discount function.  
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Figure 14* 

 

 

 

*The black line in the top left chart shows the sample time-series of the cross-sectional unconditional average WI premium, , and the blue line shows the RMSE of  across all nominal U.S. Treasuries. The top right 

chart shows the time series of the conditional WI cross-section premium, , based on a regression of on control variables and a dummy variable for whether the individual issue is a WI security, and the lower 

left chart shows the distribution of . The lower right chart shows the time-series of unconditional WI premium estimates, , denoting the two- and 10-year WI securities.   
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Figure 15* 

 

 

*This figure shows the corresponding results to those in Figure 2, but all estimates are based on the VRP rather than the NSS method of curve estimation. That is, the black line in the top left chart shows the sample time-series of 

the cross-sectional unconditional average WI premium, , and the blue line shows the RMSE of  across all nominal U.S. Treasuries. The top right chart shows the time series of the conditional WI cross-section 

premium, , based on a regression of on control variables and a dummy variable for whether the individual issue is a WI security, and the lower left chart shows the distribution of . The lower right 

chart shows the time-series of unconditional WI premium estimates, , denoting the two- and 10-year WI securities.   
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Figure 16* 

 

 

 

 

*This figure shows estimates of the yield curve for both nominal U.S. Treasuries as well as TIPS. The left panels show the average term structures over the respective samples, as well as the yields curves on days of the steepest slopes 
and inversions. The right panels show histograms of the daily slopes between ten-year yields and three-month and two-year nominal and TIPS yields, respectively.   



References 
Abraham, Michael, Tobias Adrian, Richard K. Crump, Emanuel Moench, and Rui Yu, 2016, 
“Decomposing Real and Nominal Yield Curves,” Journal of Monetary Economics, vol. 84, pp. 182–200. 

Adrian, Tobias, Richard K. Crump, and Emanuel Moench, 2013, “Pricing the Term Structure with Linear 
Regressions,” Journal of Financial Economics, vol. 110, no. 2, pp. 110–138. 

Anderson, Nicola and John Sleath, 1999, “New Estimates of the UK Nominal and Real Curves,” Bank of 
England Quarterly Bulletin, Q4, pp. 384–392. 

Ang, Andrew and Monika Piazzesi, 2003, “A no-arbitrage vector autoregression of term structure dynamics 
with macroeconomic and latent variables,” Journal of Monetary Economics, vol. 50, no. 4, pp. 745–787. 

Belton, T., Li, H., Dawsey, K., Ramaswamy, S., Greenlaw, D., and Sack, B. (2018).  Optimizing the 
Maturity Structure of U.S. Treasury Debt: A Model-Based Framework.  Hutchins Center Working Paper 46, 
Brookings Institution. 

Birchandani, S., Edsparr, P.L., and Huang, C.F. (2000).  The Treasury Bill Auction and the When-Issued 
Market: Some Evidence.  UCLA: Decisions, Operations, and Technology Management Working Paper. 

Coutinho, P.B. (2014). When-Issued Market and Treasury Auctions.  Working Paper, UCLA. 

D’Amico, Stefania, Don H. Kim, and Min Wei, 2018, “Tips from TIPS: The Informational Content of 
Treasury Inflation-Protected Security Prices,” Journal of Financial and Quantitative Analysis, vol. 53, no. 1, pp. 
395–436. 

Driessen, G.A. (2016).  How Treasury Issues Debt.  Congressional Research Service Report R40767. 

Durham, J. Benson, 2021, “Another Arbitrage-Free Affine Model of TIPS Yields with Embedded Liquidity 
Risk,” https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3927298.  

Fleming, M.J. and Myers, S (2013).  Preimary Dealers’ Waning Role In Treasury Auctions.  Liberty Street 
Economics, February 20, Federal Reserve Bank of New York. 

Fleming, M., Shachar, O., and Van Tassell, P. (2020).  Treasury Market When-Issued Trading Activity.  Liberty 
Street Economics, November 30, Federal Reserve Bank of New York. 

Fontaine, Jean-Sebastien and Rene Garcia, 2012, “Bond Liquidity Premia,” Review of Financial Studies, vol. 
25, pp. 1207–1254. 

Gürkaynak, Refet S., Brian P. Sack, and Jonathan Wright, 2007, “The U.S. Treasury Yield Curve: 1961 to 
the Present,” Journal of Monetary Economics, vol. 54, no 8, pp. 2291–2304. 



30 

Gürkaynak, Refet S., and Jonathan Wright, 2012, “Macroeconomics and the Term Structure,” Journal of 
Economic Literature, vol. 50 (June), pp. 331-367–2304. 

Grishchenko, Olesya V. and Jing-Zhi Huang, 2013, “The Inflation Risk Premium: Evidence from the TIPS 
Market,” The Journal of Fixed Income, vol. 22, no. 4, pp. 5–30. 

Hu, Grace Xing, Jun Pan, and Jiang Wang, 2013, “Noise as Information for Illiquidity,” Journal of Finance, 
vol. 68, no. 6, pp. 2341–2382. 

Kim, Don H. and Athanasios Orphanides, 2012, “Term Structure Estimation with Survey Data on Interest 
Rate Forecasts,” Journal of Financial and Quantitative Analysis, vol. 47, no. 1, pp. 241–272. 

Krippner, Leo, 2012, “A model for interest rates near the zero lower bound: An overview and discussion,” 
Analytical Note, Reserve Bank of New Zealand AN 2012/05. 

Malvey, P.F., Archibald, C.M., and Flynn, S (1995).  Uniform-Price Auctions: Evaluation of the Treasury 
Experience.  Department of the Treasury, working paper. 

Office of Debt Management (2017).  Treasury Presentation To TBAC.  Available online at 
https://home.treasury.gov/system/files/276/Q22017CombinedChargesforArchives.pdf.  

Nyborg, K.G., and Sundaresan, S. (1996).  Discriminatory Versus Uniform Treasury Auctions: Evidence 
From When-Issued Transactions.  Journal of Financial Economics, 42: 63–104. 

Piazzesi, Monika, 2010, “Affine Term Structure Models,” Handbook of Financial Econometrics, North-
Holland, pp. 691–766. 

Svensson, Lars, 1994, “Estimating and Interpreting Forward Interest Rates: Sweden 1992-1994,” working 
paper, National Bureau of Economic Research. 

Tindall, M.L. and Perez, M.A. (2021).  Treasury Auction During the Pandemic: Stresses But Few Surprises.  
Federal Reserve Bank of Dallas Economics Note, August 31.  

Waggoner, Daniel F., 1997, “Spline methods for extracting interest rate curves from coupon bond prices,” 
working paper, 97–10, Federal Reserve Bank of Atlanta. 

Zivney, T.L. and Marcus, R. (1989).  The Day the United States Defaulted on Treasury Bills.  The Financial 
Review, 24(3): 475–89. 


