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EXECUTIVE SUMMARY
•

Treasury Inflation Protected Securities (TIPS) offer investors near-complete
protection against inflation risk because both their coupon and principal payments
are adjusted for realized inflation.
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•

Investors in nominal Treasury bonds demand compensation not only for expected
inflation but also for the uncertainty surrounding inflation expectations. We refer to
this compensation as the inflation risk premium.
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•

We construct a TIPS spline to get constant maturity data series for par, spot, and
forward TIPS rates and breakeven spreads.

•

We estimate the convexity, the risk premium, and the liquidity premium priced into
both TIPS and nominal Treasury bonds.

•

Inflation expectations implied by the market can be deduced by comparing the yields
of nominal Treasury bonds with the yields of similar-maturity TIPS. However, the
difference in yields between nominal bonds and TIPS, known as the breakeven
spread, needs to be adjusted for: the inflation risk premium; the difference in
convexity value between nominal and TIPS; and the liquidity premium of nominal
Treasuries.

•

We illustrate new tools on LehmanLive for TIPS valuation.
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THE U.S. TIPS MARKET
Market Basics
TIPS returns are adjusted for
changes in NSA CPI-U

The U.S. Treasury started issuing inflation indexed securities in January 1997. Unlike
regular nominal Treasury bonds, these Treasury Inflation Protected Securities (TIPS)
offer investors near-complete protection against inflation risk. Indeed, both the semiannual coupons and the principal payments of TIPS are adjusted for changes in the nonseasonally adjusted Consumer Price Index for All Urban Consumers (NSA CPI-U1), a
measure of consumer price appreciation. In addition, if the inflation index at maturity is
lower than the reference inflation index at issuance (i.e., in a deflationary environment),
the investor is still entitled to the original par amount of the TIPS.

TIPS account for more than
12% of total amount
outstanding of marketable
Treasury coupon debt

The Treasury has issued a total of 22 TIPS since 1997 in various benchmark maturities:
5-year (three issues), 10-year (14 issues), 20-year (two issues), and until 2001, 30-year
(three issues). With one TIPS maturing in July 2002, as of July 31, 2006, there are 21
TIPS available with a total amount outstanding of more than $370 billion, which
represent more than 8% of the total amount of marketable Treasury debt and 12% of the
total amount outstanding of marketable Treasury coupon debt. TIPS are auctioned in
regular cycles of January, April, July, and October in the 5-, 10-, and 20-year maturities.
Figure 1 shows the characteristics of all the TIPS issued by the Treasury. The time to
maturity of the current TIPS ranges from less than six months (TIPS 3.375% of 1/07s) to
about 26 years (TIPS 3.375% of 4/32s). For each TIPS, the inflation adjustment for
coupon and principal payments is based on its reference CPI index value shown in Figure
1. Given the Treasury commitment to the TIPS program, as well as increased interest
from investors, the liquidity of the TIPS market has increased significantly over time. For
example, the average daily trading volume2 for TIPS has increased from about $2 billion
in 2002 to more than to $9 billion in 2005. Figure 1 also shows that the issuance size for
TIPS has averaged about $17 billion per issue.
TIPS generally appeal to investors who need to hedge their investments against inflation
or who have liabilities that grow with inflation. Therefore, insurance companies, pension
funds, and endowments are very active in the TIPS market. Along with nominal
securities, TIPS also indicate market inflation expectations; hence, leveraged and
nominal benchmarked investors also invest in TIPS versus nominal Treasury bonds to
take a view on future inflation.

1
2
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CPI-U is released by the Bureau of Labor Statistics.
The Bond Market Association.
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BOX 1: TIPS Structure
The United States has been a relatively late entrant in the international indexed government bond market. For example,
the United Kingdom has been issuing indexed bonds since 1981 and Canada since 1991. For the TIPS cash flow
structure, the U.S. Treasury adopted the Canadian design. In the Canadian model (also called the capital or principal
indexed structure), the coupon paid out is the fixed rate coupon multiplied by the compounded inflation from the date of
issue. The principal paid out is the par amount or the par amount times the compounded inflation from the date of the
issue, whichever is greater. Unlike the coupon, the payment of the principal is protected against deflation.
TIPS cash flows are indexed to the non-seasonally adjusted CPI-U, which is typically reported in the second or third
week of the following month. For example, the December 2005 CPI-U index level is reported on January 18, 2006. To
compute the inflation-adjusted coupon and principal payments, the CPI-U index is used with a two-month lag: The
index value on the first of a given month is the CPI-U of the third preceding month. For example, the CPI-U index
value for March 1, 2006, is the CPI-U of the month of December 2005 released on January 18, 2006. The index value
for any given day in a month is the linear interpolation of the index value at the beginning of the month and the index
value at the beginning of the following month. The index value for February 21, 2006, equals the linear interpolation of
the index value of 197.6 on February 1, 2006, and of the index value of 196.8 on March 1, 2006. 197.6 is the CPI-U for
the month of November 2005 released on December 15, 2005, and 196.8 is CPI-U for the month of December released
on January 18, 2006.
20
CPI (Feb 21, 2006) = CPI (Feb 1, 2006) + {CPI (Mar 1, 2006) − CPI (Feb 1, 2006)}
28
where 20 is the number of days between February 21, 2006 and February 1, 2006 and 28 is the number of days between
March 1, 2006 and February 1, 2006. CPI (Feb 1, 2006) =197.0286.
At a coupon date, a bond with fixed coupon rate c and face value of 100 pays:
100 ×

CPI (coupon date ) c
Number of days accrued
× ×
CPI (dated date ) 2 Actual number of days in coupon period

And at maturity, the balloon principal payment is equal to:
⎧
⎧
CPI (maturity date ) ⎫
CPI (maturity date )
CPI (maturity date ) ⎫
Max⎨100,100 ×
+ Max ⎨0,100 − 100 ×
⎬ = 100 ×
⎬
(
)
(
)
CPI
dated
date
CPI (dated date ) ⎭
CPI
dated
date
⎩
⎭
⎩

The right-hand side of the above equation highlights more conspicuously the deflation put option embedded in TIPS.
The above description of the treatment of the cash flows of the TIPS will be clearer with an example. Let’s consider the
TIPS 3.375% of 1/07s. Suppose the quoted clean real price on February 17, 2006, for settlement on February 21
is P = 101−17 . The accrued interest is equal: AI ( Jan 15, 2006, Feb 21, 2006 ) = 37 × 3.375 % × 100
181
2
Where 37 is the number of days between February 21, 2006, and the last coupon date of January 15, 2006, and 181 is
the number of days between the next coupon date of July 15, 2006, and January 15, 2006. The full transaction price is:

(P + AI (Jan 15, 2006,

Feb 21, 2006)) ×

CPI (Feb 21, 2006)
= 126.6921
CPI (Jan 15, 1997 )

Where January 15, 1997, is the dated date or the reference date. For each bond, the index ratio CPI (settlement date )
CPI (dated date )
is published daily on the TIPS relative value report on LehmanLive. At each CPI-U release, the Treasury publishes
these index ratios at http://www.publicdebt.treas.gov/of/ofhiscpi.htm.

August 18, 2006
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Figure 1.

The TIPS Universe of Securities

Securities
TIPS 3.625% 15-Jul-02
TIPS 3.375% 15-Jan-07
TIPS 3.625% 15-Jan-08
TIPS 3.875% 15-Jan-09
TIPS 4.250% 15-Jan-10
TIPS 0.875% 15-Apr-10
TIPS 3.500% 15-Jan-11
TIPS 2.375% 15-Apr-11
TIPS 3.375% 15-Jan-12
TIPS 3.000% 15-Jul-12
TIPS 1.875% 15-Jul-13
TIPS 2.000% 15-Jan-14
TIPS 2.000% 15-Jul-14
TIPS 1.625% 15-Jan-15
TIPS 1.875% 15-Jul-15
TIPS 2.000% 15-Jan-16
TIPS 2.500% 15-Jul-16
TIPS 2.375% 15-Jan-25
TIPS 2.000% 15-Jan-26
TIPS 3.625% 15-Apr-28
TIPS 3.875% 15-Apr-29
TIPS 3.375% 15-Apr-32

CUSIP
9128273A8
9128272M3
9128273T7
9128274Y5
9128275W8
912828CZ1
9128276R8
912828FB1
9128277J5
912828AF7
912828BD1
912828BW9
912828CP3
912828DH0
912828EA4
912828ET3
912828FL9
912810FR4
912810FS2
912810FD5
912810FH6
912810FQ6

Series
5-Year
10-Year
10-Year
10-Year
10-Year
5-Year
10-Year
5-Year
10-Year
10-Year
10-Year
10-Year
10-Year
10-Year
10-Year
10-Year
10-Year
20-Year
20-Year
30-Year
30-Year
30-Year

Original
Issue Date
7/15/1997
2/6/1997
1/15/1998
1/15/1999
1/18/2000
10/29/2004
1/16/2001
4/28/2006
1/15/2002
7/15/2002
7/15/2003
1/15/2004
7/15/2004
1/18/2005
7/15/2005
1/17/2006
7/17/2006
7/30/2004
1/31/2006
4/15/1998
4/15/1999
10/15/2001

Reference
CPI Date
7/15/1997
1/15/1997
1/15/1998
1/15/1999
1/15/2000
10/29/2004
1/15/2001
4/15/2006
1/15/2002
7/15/2002
7/15/2003
1/15/2004
7/15/2004
1/15/2005
7/15/2005
1/15/2006
7/15/2006
7/15/2004
1/15/2006
4/15/1998
4/15/1999
10/15/2001

Reference
CPI Value
160.1548
158.4355
161.5548
164.0000
168.2452
189.4903
174.0452
198.4867
177.5645
179.8000
183.6645
184.7742
188.4968
190.9452
194.5097
198.4774
201.9516
188.4968
198.4774
161.7400
164.3933
177.5000

Size
($bn)
16.8
15.8
16.8
15.9
11.3
28.0
11.0
11.0
6.0
23.0
20.0
21.0
19.0
19.0
17.0
17.0
10.6
28.0
20.0
16.8
19.7
5.0

Source: The Bureau of Public Debt at http://www.publicdebt.treas.gov/of/ofaicqry.htm.

ANALYSIS OF BREAKEVENS
TIPS versus Nominal Treasuries
As noted above, compared with nominal Treasury bonds, TIPS payments increase with
the NSA CPI-U. An investor holding a nominal Treasury bond instead of a TIPS must be
compensated for future inflation. Therefore, the yield of a nominal Treasury bond
embeds in it expectations of future inflation. To judge the performance of a TIPS versus
a nominal Treasury of the same maturity, market participants would judge the expected
path of future inflation versus what is priced into nominals and TIPS. Ex-post, an
investor would be indifferent between a nominal Treasury and a TIPS if realized inflation
turns out to be the same as the expected inflation priced into nominals. If the realized
inflation is greater than the expected inflation, then TIPS would outperform nominal
Treasuries and vice versa.
Breakeven rate contains market
expectations of future inflation

August 18, 2006

The obvious question is how one infers the expected inflation from the yields of both
TIPS and nominal Treasury bonds. To measure the expected inflation embedded in the
nominal yield, market participants currently use the crude measure of the breakeven rate,
which is defined as the spread between the nominal Treasury yield and the TIPS yield of
roughly the same maturity. Figure 2 shows the 1-year nominal and TIPS forward rates
and the corresponding breakeven rates for different maturities for the pricing date of
August 4, 2006. In this report, we argue that inflation expectations alone cannot account
for the difference between TIPS and nominal Treasury yields.
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Extracting Inflation Expectations from Breakevens
In addition to inflation
expectation, breakeven rate
contains convexity difference,
liquidity premium difference,
and inflation risk premium

Before equating the breakeven rate to the expected inflation priced into the nominal
yield, let us first decompose the yields into their different components. Our premise is
that the TIPS (real) forward rate is composed of the expected future real rate, the real rate
risk premium, and real convexity. Investors demand a real rate risk premium because of
the possibility that the realized future real rate might be higher than expected. Convexity,
because of the mathematical observation that a bond price is a convex function of bond
yield, is valued by investors and thus puts downward pressure on yields, making the
forward rate curve flatter and, in fact, downward sloping at some point on the term
structure.3 Similarly, the nominal forward rate contains the expected future real rate and
future inflation, the real rate risk premium and inflation risk premium, and convexity
adjustment for both the real rate and inflation. Finally, there is a difference in liquidity
between TIPS and nominals. Figure 3 illustrates the components of the breakeven rate.
To summarize, both the real and nominal interest rates are made of four components:
a.

Convexity

b.

Premium for bearing real and/or inflation risk

c.

Liquidity premium

d.

Rate expectations

Figure 2. 1-Year Nominal, TIPS, and Breakeven Forward
Rates on August 4, 2006
Rate (%)
6.0

Figure 3. Components of Breakeven Rates

Expected Inflation

5.0
Breakeven Rate
2.62%

4.0
3.0

Liquidity Premium Difference

2.52%

3.01%

2.0

Inflation Risk Premium

1.0
2

3

4

5

6

7

8

9

10

Convexity Difference

Forw ard Horizon
1-Yr Fw d TIPS Rate

1-Yr Fw d Nominal Rate

Source: Lehman Live. Nominal and TIPS spline constant maturity data series.
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Breakeven rate is defined as the spread between the nominal and TIPS rate of
the same maturity and contains inflation risk premium, convexity difference
between TIPS and nominal, and liquidity premium difference in addition to the
market expectation of inflation.
Source: Kerkhof, 2005, Inflation Derivatives Explained, Lehman Brothers

See the appendix for a further explanation for the value of convexity priced into bond yields.

6

Lehman Brothers | A TIPS Valuation Framework

Figure 4.

Yield Decomposition by the Four Components
of Nominal and Real Rates

Rates
Nominal Rate:
Real Rate:

yN

yR

Expectation

Risk Premium

Convexity

Liquidity

EN

λN

−CN

− LN

ER

λR

−CR

− LR

EN −ER

λN − λR

− CN −CR

Breakeven Spread:

yN − yR

(

)

(

− L N − LR

)

More formally, as illustrated in Figure 4, the nominal rate y N can be decomposed as
N
y N = E N + λN − C N − LN where E N is the expectation of the nominal rate, λ is the

nominal (both real rate and inflation) risk premium, C
N

nominal rate, and L

N

is the convexity priced into the

is the liquidity premium embedded in the nominal rate. A similar
R

decomposition holds for the real rate y . These two decompositions imply that the
breakeven rate is

(E

N

) (

) (

) (

)

− E R + λ N − λ R − C N − C R − LN − LR . Unless the

convexity difference, the liquidity premium difference, and the inflation risk premium
demanded by investors are zero or offset each other, the breakeven spread or the simple
difference between the TIPS rate and the nominal rate is not a pure measure for market
inflation expectations. To get a more precise estimation of the magnitude of the market
inflation expectations, we need to estimate and then adjust for the different components
of nominal and real rates.
Convexity of TIPS and Nominal Rates

Convexity arises because of the
uncertainty surrounding
interest rate forecasts

The value of convexity in interest rates, due to the fact that a bond price is a convex
function of bond yield, arises because of the uncertainty surrounding interest rate
forecasts. The value of convexity is equal to the difference between the value of interest
rates in the absence of uncertainty about rate expectations and interest rates when
uncertainty is accounted for. Convexity is an increasing function of this uncertainty. To
estimate the convexity components in both nominal and TIPS rates, we first need to
estimate the volatilities and the parameters of the processes driving interest rates. For
each of the set of constant maturity nominal rates and constant maturity TIPS rates
gathered through a spline method, we calibrate the levels and the historical volatilities of
rates to a two-factor Vasicek model.4 This exercise determines the parameters and the
volatilities of the two factors driving the interest rates. Figure 5 reports the convexity
values in basis points for select maturities for some forward rates. Given that the
volatility of nominal rates is higher than the volatility of TIPS rates, we observe that the
value of convexity in TIPS rates is less than in nominals.

4

August 18, 2006

See the Appendix for the details of the two-factor Vasicek model and the calibration.
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Figure 5.
Term

Forward Par Rate Convexity Table (in Basis Points)

5

TIPS Convexity

Nominal Convexity

2x1

2

4

5x1

9

18

10x1

26

57

5x5

16

31

5x3

12

24

2x3

4

8

The convexity values are the components of rates that are due to the fact that bond prices are convex function of
bond yields and increase with the volatilities of rates. Synthetic futures rates are obtained after adjusting forward
rates for convexity.
Source: LehmanLive

Figure 6a. Convexity Adjusted 1-Year TIPS
Forward Par Rates for August 4, 2006

Figure 6b. Convexity Adjusted 1-Year Nominal
Forward Par Rates for August 4, 2006

Rate (%)
2.8

Rate (%)
6.0

2.6

convexity

5.6

convexity

5.2

2.4

4.8
2.2

4.4

2.0

4.0
2

3

4

5

6

7

8

9

10

2

Forw ard Horizon
1-Yr Fw d Rate

3

4

5

6

7

8

9

10

Forw ard Horizon
1-Yr Futures Rate

Synthetic TIPS futures par rates are the convexity adjusted TIPS forward rates.
Source: Lehman Live. Nominal and TIPS spline constant maturity data series.

1-Yr Fw d Rate

1-Yr Futures Rate

Synthetic nominal futures par rates are the convexity adjusted nominal forward
rates
Source: Lehman Live. Nominal and TIPS spline constant maturity data series.

Risk Premium
Ratio of Real Risk Premium to Nominal Risk Premium

Nominal rate risk premium is
roughly three times real rate
risk premium

To estimate the inflation risk premium, we first estimate the ratio of the total risk
premium priced into nominal rates to the risk premium priced into TIPS rates. We
assume that the expected 1-year futures rate is constant after a given number of years far
enough into the future. For example, we will assume that the expected 1-year rate seven
years forward is the same as the expected 1-year rate ten years forward. Therefore, after
convexity-adjusting the 1-year forward rates of different maturities (i.e., seven and ten
years) to get (synthetic) futures rates and assuming that the liquidity premium is constant
across the term structure, the average annualized spread between 1-year futures rates
with different maturities (i.e., seven and ten years) is taken as a measure of the risk
premium priced into the rates. Effectively, we assume that the slope of the convexity
adjusted forward rate curve (far out on the curve) is entirely due to risk premium, as
5
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5x3 is the 3-year forward rate, 5 years forward.
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opposed to both short rate expectations and risk premium. Using our spline method, we
obtained since January 2001 a time series of 1-year TIPS and nominal forward rates with
maturity from 0.5 to 30 years. We compute the time series of the annualized spreads
between the different forward rates (for example, the spread between the 10x1 and the
7x1 rates) after adjusting them for convexity to get synthetic future rates. Across the
different maturity sectors, the median of the ratio of the annualized nominal term spread
to TIPS term spread was found to be approximately 3 and relatively stable across time.
Nominal Risk Premium

Nominal rate risk premium
estimated using long-dated
Eurodollar futures rates

Using our finding in the previous section that the nominal risk premium is roughly three
times the real rate risk premium, we can deduce the value of both the TIPS rate and the
inflation rate risk premium given the risk premium priced into nominal rates. Following
an argument similar to the one in the previous section, the risk premium priced into the
nominal rate is approximated by the annualized spread between the back Eurodollar
futures rates (contracts 32 to 40). We use Eurodollar futures rates instead of our synthetic
futures rates because the former are traded instruments and, hence, are more reliable.
Given this measure of risk premium, we can compute the total amount of risk premium
priced into any spot, par, and forward rates for both the TIPS and the nominal markets.
Figure 7 reports the risk premium values in basis points for select maturities for some
forward rates, and Figure 8 reports the rate expectations obtained after adjusting the
forward rates for convexity and risk premium.
Figure 7.

Forward Par Rate Risk Premium Table (in Basis Points)

Term
2x1

TIPS Risk Premium

Nominal Risk Premium

13

38

5x1

28

85

10x1

54

162

5x5

38

114

5x3

33

100

2x3

18

53

The risk premium numbers are computed by taking the nominal risk premium to be roughly 15 bp/year and the risk
premium priced into TIPS to be about 1/3 the risk premium priced into the nominal rate.
Source: LehmanLive

Liquidity Premium

We estimate that nominal rates have some embedded liquidity premium because
nominals are used as general collateral and trade special in the repo market. This occurs
because of an established short base in nominals. While TIPS also enjoy the “Treasury
collateral” premium, they have rarely traded special. We ascribe 15 bp as the average
“specialness” of nominals over TIPS. Thus, we need to adjust breakeven spread for this
specialness or liquidity premium differential.

August 18, 2006
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Figure 8a. 1-Year TIPS Rate Expectations
for August 4, 2006

Figure 8b. 1-Year Nominal Rate Expectations
for August 4, 2006
Rate (%)

Rate (%)
2.8

6.0

2.6

convexity

convexity

5.6
5.2

2.4

risk premium

4.8

2.2

risk premium

4.4

2.0

4.0
2

3

4

5

6

7

8

9

10

3

4

5

6

7

8

9
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Forw ard Horizon

Forw ard Horizon
1-Yr Fw d Rate

2

1-Yr Futures Rate

1-Yr Rate Expectation

1-Yr Fw d Rate

1-Yr Futures Rate

1-Yr Rate Expectation

1-year TIPS synthetic futures rates are the convexity adjusted 1-year TIPS
forward rates and 1-year rate expectations are the risk premium adjusted 1year TIPS synthetic futures rates.
Source: Lehman Live. Nominal and TIPS spline constant maturity data series.

1-year nominal synthetic futures rates are the convexity adjusted 1-year
nominal forward rates and 1-year rate expectations are the risk premium
adjusted 1-year nominal synthetic futures rates.
Source: Lehman Live. Nominal and TIPS spline constant maturity data series.

Inflation Expectations

Given the decomposition of the breakeven rate in the previous sections, we reiterate that
an adjustment for the convexity and liquidity difference between TIPS and nominal
bonds, as well as an inflation risk premium, is required to translate breakeven spreads
into inflation expectations. Figure 8 illustrates the yield decomposition (without the
liquidity premium) for selected maturities for both TIPS and the nominal market using
the constant value of convexity and risk premium reported in Figures 5 and 7,
respectively. The expectation of 1-year TIPS rate increases with maturity up to the 7-year
point and then flattens. After sloping down up to the 4-year point, the expectation curve
of the 1-year nominal rates slopes up until it hits the 7-year point and then flattens.
Figure 9 illustrates both the term structure (9a) and time series behavior (9b) of the
market inflation expectations, which are the spreads between the expectations of TIPS
and nominal rates in Figure 8 net of liquidity premium difference.

August 18, 2006
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Figure 9a. Term Structure of 1-Year Forward Inflation
Expectations for August 4, 2006

Figure 9b. Time Series of Inflation Expectations
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Inflation expectation is the breakeven rate adjusted for convexity and risk
premium differences between TIPS and nominal rates.
Source: Lehman Live. Nominal and TIPS spline constant maturity data series.

0.8
Jan-01
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5x5 Inflation Expectation
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Jan-06

2x3 Inflation Expectation

Source: Lehman Live. Nominal and TIPS spline constant maturity data series.

CONCLUSION
Long-term inflation
expectations are stable, as one
would expect

August 18, 2006

Given the Fed’s recent emphasis on inferring market inflation expectations from both the
TIPS and the nominal markets, we propose a rigorous method of extracting market
inflation expectations. We observe that, according to our new method, inflation
expectations are relatively stable in the long end (Figure 9). The stability of long-term
inflation expectations should not come as a surprise given the Fed’s mandate to ensure
long-term price stability. The past few months have seen an increase in the measure of
the market’s near-term inflation expectations, which is consistent with the recent pickup
in realized core and headline inflation. Therefore, we believe the time series properties of
market-implied inflation can be useful in addressing the market’s changing views about
inflation.
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TOOLS AND RESOURCES AVAILABLE ON LEHMAN LIVE
In this section, we describe the various analytic tools for TIPS on LehmanLive.
U.S. Treasury Relative Value Report
The U.S. TIPS Relative Value Report can be accessed at Fixed Income Æ Interest Rates
Æ US Treasuries Æ Reports Æ U.S. Relative Value Æ TIPS. It contains a description of
the individual TIPS securities (coupon, maturity, series), standard pricing variables
(market yield, price, index ratio, historical yield volatility), sensitivity variables
(modified duration, convexity, beta between real and nominal yields), results of model fit
using both TIPS and nominal fitted curves, benchmark Treasury security against which
the breakeven is quoted, and breakevens (spot and forward). The TIPS Relative Value
Report is updated daily based on the closing marks of the Lehman Brothers TIPS trading
desk.
Figure 10. TIPS Relative Value Report on August 4, 2006

Source: Lehman Live.

TIPS Forward Calculator
TIPS forward prices and carries can be obtained on LehmanLive: Fixed Income Æ
Interest Rates Æ Inflation Products Æ Bond Calculator. Keyword “Inflation” will also
go to the Inflation Products page. After selecting a TIPS bond, the Bond Calculator page
allows the user to input the price of the TIPS bond and the price of the corresponding
benchmark Treasury, the forward date in number of days (as 25D for 25 days forward) or
months (as 3M for three months forward), and the repo rate. For the TIPS 3.375% of
1/07s, priced on 08/04/2006, Figures 11 (forward date input is 0D—regular settlement
date of 08/07/2006), 12 (forward date input is 25D—09/01/2006), and 13 (forward date
input is 86D—11/01/2006) report the spot and forward breakeven spreads. Note that for
the spot, the breakeven spread is 2.29%, for the forward date of 09/01/2006 the
breakeven spread is 2.26%, and for the forward date of 11/01/2006, the breakeven spread
is 0.63%.
As of the settlement date of 08/07/2006, the CPI index is known only up to 09/01/2006.
Therefore, to compute the forward prices beyond 09/01/2006, for example to compute
the forward price for 11/01/2006, we would need projections of the NSA CPI-U index
for August and September.
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BOX 2: TIPS Forward Calculator
f

Here, we show how to compute the forward price P at the forward date t f of a TIPS bond of price
settlement date s (next day settlement). If the forward date t f

P for settlement on

< t c where t c is the next coupon date, then the forward

price is:

(P + AI (t 0 , s ))
Pf =

CPI (t f )
CPI (s )
(1 + r 360d ) − AI (t 0 , t f )
CPI (ref )
CPI (ref ) where t is the date of the last coupon, r is the repo rate,
0
CPI (t f )
CPI (ref )

ref is the reference date or dated date of the TIPS bond, AI (t1 ,t 2 ) is the accrued interest from t1 to t 2 , d is the
number of days between the forward date t f and the settlement date s , CPI (t ) is the index value at date t . Similarly, if
the forward date

t f ≥ t c then the forward price is:

CPI (t f )
⎧
CPI (s )
⎛ c ⎞ CPI (t c ) ⎫
d1
d2
1 + r 360
−⎜ ⎟
⎬ 1 + r 360 − AI (t c , t f )
⎨(P + AI (t 0 , s ))
CPI (ref )
CPI (ref ) Where d is the number of days
⎝ 2 ⎠ CPI (ref )⎭
1
Pf = ⎩
CPI (t f )

(

)

(

)

CPI (ref )

between the next coupon date
the next coupon date

t c and the settlement date s , d 2 is the number of days between the forward date t f and

t c . Obviously, in the case the index value CPI (t f

) is not yet known, a projected or assumed

value is used.

Figure 11. TIPS 3.375% of 1/07s Spot Breakeven on August 4, 2006

Source: LehmanLive.

The last line in Figure 11 shows the settlement date of 08/07/2006, the spot yield, and the
spot breakeven.
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Figure 12.

TIPS 3.375% of 1/07s Forward Breakeven
for Settlement Date of September 1, 2006

Source: LehmanLive.

Figure 13:

TIPS 3.375% of 1/07s Forward Breakeven for
Settlement Date of November 1, 2006

Source: Lehman Live.

Similarly, the last line of Figure 12 shows the forward date of 09/01/2006, the
corresponding forward real yield, the forward breakeven spread, the yield carry, and the
breakeven carry. The last line of Figure 13 shows an example of forward rate calculation
for the forward date of 11/01/2006, which is beyond the last date the CPI index is known
as of the regular settlement date of 08/07/2006. As mentioned above, to compute the
forward rate, we would need to assume some NSA CPI-U index values for August and
September.
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Constant Maturity-Fitted Rates and Breakevens
For time series analysis (see Figure 14), the constant maturity fitted rates are available at
the link Fixed Income Æ Fixed Income Toolkit Æ Time Series Plotter (keyword search:
plot) Æ Constant Maturity Fitted Yields Æ US Government Æ TIPS Zero Fitted (or Par
Fitted). The rates can also be obtained on the CurveLab (see Figure 15) page at the link
Fixed Income Æ Fixed Income Toolkit Æ CurveLab Æ Government Æ US TIPS.
Figure 14.

Time Series of Forward Breakeven Spreads
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TIPS Forward Report
Similar to the U.S. Treasury forward curve report, the TIPS forward curve report
presents both a table and graphs of forward rates of different maturities and horizons.
The TIPS are assumed to finance at General Collateral (GC). The TIPS forward curve
report can be accessed at: Fixed Income Æ Interest Rates Æ US Treasuries Æ Forward
Reports
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Figure 16.

TIPS Forward Curve Report on August 4, 2006

Source: LehmanLive.

Breakeven Forward Report
In the Treasury/TIPS Spread forward report, we have both a table and graphs of the
spreads between the Treasury forward rates and the TIPS forward rates. The
Treasury/TIPS spread forward curve report can be accessed at: Fixed Income Æ Interest
Rates Æ US Treasuries Æ Forward Reports.
Figure 17:

Breakeven Forward Curve Report on August 4, 2006

Source: Lehman Live.
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APPENDIX: TWO-FACTOR VASICEK MODEL
Two-Factor Vasicek Model
We estimate the risk premium and convexity values priced into both nominal bonds and
TIPS through a two-factor Vasicek model. Under the real world dynamics, we assume
that two processes drive the short rate r . The details of the model are as follow:

dX t = κ X ( X ∞ − X t )dt + σ X dW X

dYt = κ Y (Y∞ − Yt )dt + σ Y dWY
E[dXdY ] = ρσ X σ Y dt

r = X +Y

(Eq. 1)

X with usually a lower mean reversion parameter κ X , is interpreted as a long-lived
factor and Y with a higher mean reversion parameter κ Y , is interpreted as a short-lived
factor. Under the risk neutral measure, the above dynamics can be rewritten as:

dX t = κ X (θ X − X t )dt + σ X dW X

dYt = κ Y (θ Y − Yt )dt + σ Y dWY
r = X +Y

E[dXdY ] = ρσ X σ Y dt
(Eq. 2)

Where θ X = X ∞ + λ X , θ Y = Y∞ +

κX

λY
and λ X and λY are the risk premium associated
κY

with the state variables X and Y respectively. Standard calculations yield the price of a
zero coupon bond at time t with maturity date T :

P(t , T ) = exp(− A(t , T ) − B X (t , T )X (t ) − BY (t , T )Y (t ))

(Eq. 3)

Where:

⎛ σ2
⎞
σ2
2
A(t, T ) = ⎜⎜ X2 − θ X ⎟⎟{B X (t, T ) − (T - t )} + X (B X (t, T )) +
4
κ
2
κ
X
⎝ X
⎠
⎛ σ Y2
⎞
σ Y2
⎜⎜ 2 − θ Y ⎟⎟{BY (t, T ) − (T - t )} +
(BY (t, T ))2 +
4κ Y
⎝ 2κ Y
⎠

ρσ X σ Y
{B X (t, T ) + BY (t, T ) − (T - t ) − B X +Y (t, T )}
κ X κY

Bi (t , T ) =

1 − exp(− κ i (T − t ))

B X +Y (t , T ) =

κi

, i = X ,Y

1 − exp(− (κ X + κ Y )(T − t ))
(κ X + κ Y )
τ

With the zero coupon bond price formula, we can derive the dynamics of a par rate y t of
maturity τ :
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⎞
⎛
⎟
⎜
(
)
τ
1
P
t
,
t
−
+
τ
⎟ ≡ f ( X (t ), Y (t ))
⎜
y t = 2 2τ
⎟
⎜
⎜ ∑ P(t , t + .5i ) ⎟
⎠
⎝ i =1
(Eq. 4)
From Ito’s Lemma, we have:

dy tτ

⎧1
∂2 f 1 2 ∂2 f 1
∂2 f
∂f
σ
ρσ
σ
= ⎨ σ X2
+
+
+ κ X (θ X − X t )
+
Y
X
Y
2
2
2
2
∂X
∂X∂Y
∂X
∂Y
⎩2
∂f
∂f
∂f ⎫
κ Y (θ Y − Yt ) ⎬dt + σ X
dW X + σ Y
dWY
∂X
∂Y
∂Y ⎭
(Eq. 5)

[

]

⎧⎪⎛
⎪⎩⎝

Thus: E dy tτ dy tτ = ⎨⎜ σ X

2
2
∂f ⎞ ⎛
∂f ⎞
∂f ∂f ⎪⎫
⎟ + ⎜σ Y
⎟ + 2 ρσ X σ Y
⎬dt
∂X ⎠ ⎝
∂Y ⎠
∂X ∂Y ⎪⎭

(Eq. 6)

Convexity Component of Interest Rates
The value of convexity in interest rates, due to the mathematical fact that a bond price is
a convex function of bond yield, arises because of the uncertainty surrounding the
forecast of interest rates.
For any interest rate with known convexity C (the change in duration as a function of
interest rate changes) and known basis point volatility σ , the value of convexity is
approximately equal to − 12 Cσ 2 . First, the percentage Price change ΔPP when yield
changes by Δy can be approximated by − DΔy + 12 C (Δy )2 where D is the duration,
which measures the percentage change in the price for a unit change in yield. The price
change approximation above implies that when C is positive as it is in the case of TIPS
and regular nominals, price decreases less than predicted by duration alone when rate
increases, and price increases more than predicted by duration when rate decreases. This
is an attractive feature for a bond investor and is paid for in the form of lower yield.
Convexity or the duration change as a function of interest rate is a decreasing function of
coupon rate; this implies that convexity for TIPS is higher than convexity for nominal
bonds. We also note that since C increases with the square of maturity, the value of
convexity is much higher in longer maturity rates.
Second, to account for interest rate volatility, we observe that in the presence of volatility
around interest rate forecasts, the expected payoff of a money market account
continuously reinvested at the prevalent interest rate is higher than the payoff if it is
invested at the expected interest rate. Therefore, the interest rate for any given maturity
must be less than the expected interest rate. This effect is stronger for nominals because
the 60-day volatility of nominal is on average higher than the volatility of TIPS.
To estimate the value of convexity component of interest rate, we preliminary need to
estimate the volatilities and the parameters of the processes driving interest rates. The
convexity is then equal to the difference between the rate estimated with the volatility
parameters set equal to zero and the rate estimated with the volatility parameters set to
their calibrated values. Given the higher volatility, the value of convexity in nominals is
higher than the value of convexity in TIPS.
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