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1 Introduction

Pricing a security is not merely a matter of mathematical criteria and market conventions. Rather, the
way it is priced affects its negotiation and can either stimulate or reduce its liquidity in the secondary market.
Consequently, pricing a security affects its cost.

As the National Treasury is aware that prices strongly impact a bond offering’s success, it, with the
collaboration of market participants, has gradually moved to simplify its instruments. These measures include
reducing their number, adjusting interest coupon payments to make them fungible, and standardizing the
interest rate convention' so securities can be more easily compared with other investments.

This chapter describes the characteristics of the main public debt securities, methodologies by which
they are priced, and the inputs needed to price them correctly.

Following this introduction, Section 2 reviews the characteristics of domestic and international debt
securities such as interest rates, cash flows, indexes, and the day-counting convention. Section 3 discusses
calculation formulas. Section 4 describes the way prices are formed and the inputs used as references (for
pricing) in both local and international markets.

2 Instruments

While many instruments exist to finance the Federal public debt, the ones described here are the most
important and account for more than 90% of the total.

2.1 Domestic Securities

Domestic public securities are detailed in Decree No. 3,859/2001,% which establishes the main
characteristics of Domestic Federal Public Debt (DFPD). This chapter analyzes the main ones currently issued
through public offerings (auctions) or those which, while no longer part of the Treasury financing strategy,
were important in the recent past.?

" Where securities are denominated in reais, they are expressed on the basis of business days/252; dollar-denominated securities
follow the external 30/360 standard.

2 For further detail see the decree summary table in Annex 5.

3 NTN-Cs, for example.
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Letras do Tesouro Nacional (LTNs) are the simplest securities in the domestic market in terms of
pricing, since they pay no interest coupons and have a single principal flow on the date of maturity (zero-
coupon bond or discount bond). The value of the principal to be paid is always R$1,000, regardless of the
issuance or redemption date.

Notas do Tesouro Nacional, F series (NTN-Fs) are fixed-rate securities that pay semi-annual,
compound interest coupons (10%/year) and have one principal flow on the date of maturity (plain-vanilla
bond). Like LTNs, the amount of the principal to be paid on maturity is always R$1,000.

Notas do Tesouro Nacional, B and C series (NTN-Bs and NTN-Cs) are inflation-linked securities
that pay semi-annual coupons and have one principal payment on the date of maturity, similar to NTN-Fs.
However, cash flow (principal and interest coupons) amounts are updated from the reference date, according to
the security’s index, which is the IPCA (Brazilian Consumer Price Index - CPI) for NTN-Bs and IGP-M (Brazilian
Wholesale Price Index) for NTN-Cs. On maturity, they pay R$1,000, adjusted according to the index from the
reference to the redemption date.

Letras Financeiras do Tesouro (LFTs) are floating-rate securities whose structure is similar to that
of LTNs, as they pay no interest coupons and have one principal flow on the date of maturity. However, the
principal amount is adjusted according to the SELIC rate* accumulated in the period, i.e., the amount of R$ 1,000
is adjusted based on the index previously indicated, from the reference to the redemption date.

Table 1. Main DFPD securities

Issuance D "
Security [  Index maturity Principal Interest ay cou:l_ msg
(general rule) convention

LTN Fixed rate |6, 12 and 24 months At maturity None BD/252

NTN-F | Fixed rate 3,5and 10 At maturity 10%/year paid BD/252
years semi-annually

NTN-B IPCA 3,5, 10, 20, 30 and At maturity 6%/year paid BD/252
40 years semi-annually

NTN-C IGP-M No longer issued At maturity 6%/year paid BD/252

semi-annually®

LFT Selic 3and 5 years At maturity None BD/252

As previously mentioned, this section presents only those securities that constitute National Treasury
financing instruments, and does not cover all local debt instruments; these are described in Decree No. 3,859
of July 2001.

*This is the average weighted rate of one-day repo operations with public securities registered in the SELIC system.
> Details on the day-counting convention are in Annex 1.
8 This applies, except for NTN-C 2031, whose coupon is 12%/year and paid semi-annually.
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2.2 External debt securities

Brazil's external debt currently includes global bonds and euro bonds whose definition differs from that
which characterizes private Brazilian bonds issued in the international market.

According to the classification, eurobonds are all securities issued in a market whose bond currency differs
from that of the issuing market; global bonds are those that can be issued in any market and, unlike eurobonds,
can be issued in the same currency as that of the country where they are offered. Thus, public debt securities
denominated in reais but issued in international markets can be classified either as global bonds or eurobonds.

According to External Federal Public Debt (EFPD) security classifications, global bonds can only be traded
in the US market. However, their currency is not necessarily the US dollar; since 2005, the Treasury has issued
global bonds in reais. For their part, eurobonds (securities traded in the euromarket), are usually denominated
in euros. The samurai market (Japanese market — bonds denominated in yens), which had been one of Brazil's
financing alternatives, has not been accessed since 2001.

2.2.1 Global USD bonds and Global BRL bonds

Global US dollar bonds and Global BRL bonds are the Treasury’s main external financing securities. The
former are issued in the global market, i.e., they can be traded in different markets and have been an integral
part of the Treasury's action strategy for many years. BRLs, which are fixed-rate securities in reais and also
defined as global bonds, were issued for the first time in September 2005, with the BRL 2016. Since then,
they have been issued routinely. With regard to interest payments, both securities pay semi-annual coupons
and have a single principal flow at maturity, similar to NTN-Fs.

2.2.2 Eurobonds

Brazilian eurobonds are securities issued in euros that pay annual interest coupons and have a single
principal flow at maturity. Since they are issued in euros, there is no nominal value adjustment. Securities issued
more recently can also be traded in the global market, and are thus also global bonds. However, to simplify
the definition, they are referred to as eurobonds, as are all other securities issued in euros.

2.2.3 A-Bond

When it was first issued, the A-Bond was Brazil's most liquid security, second only to the Global 2040.
Unlike other securities, it is not a traditional financing instrument; rather, it was issued in an exchange
operation,” in which it replaced the Brady C-Bond. The latter had an embedded call option, which gave the
issuer (the Treasury) the right to repurchase it at par value, on or after October 15, 2005.8 In order to reduce
the large sum that would be disbursed when it exercised its option, the Treasury exchanged part of the
C-Bonds for similar securities (the A-Bonds) which had longer maturities and no embedded call option. For
the few investors that did not participate, the Treasury repurchased their C-Bonds on the date the option was
exercised (April 15, 2006).

7 See Part Ill, Chapter 4 for more details on the exchange operation.
¢ The call option could only be exercised on two dates each year — April 15 and October 15 — and securities selected for the call
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Table 2. The main external debt securities

Issuance D ti
Security |  Index maturity Principal Interest ay coun:_ 'ng
(general rule) convention

Global Dollar 10 and 30 years At maturity Varies according 30/360
to maturity

BRL Real 10, 15 and 20 years At maturity Varies according 30/360
to maturity

Euro Euro 10 years At maturity Varies according Act/Act
to maturity

A-bond Dollar Maturity in 2018 | In 18 equal tranches |  8%!/year paid 30/360

semi-annually

Besides these securities, the Treasury issued a single floating-rate security in the market in dollars
(Global FRN 2009°), in June 2004. At present, no new ones are being considered; thus, this instrument was
not described in this chapter.

3 Pricing

Pricing a bond involves more than discounting a cash flow at a given rate of return for a selected date.
When discounted at a single rate, this is called Yield-to-Maturity (YTM) and represents the yield of an investment
on that date.”® However, a security with periodic interest coupons and/or amortization payments can also be
priced by discounting each of the flows at a rate valid for that period. It should be noted that after calculating the
price with this method, a reverse calculation can be made to determine the YTM equivalent to the price found: By
calculating the security price at different rates or at the equivalent YTM, the price will always be the same.

Public security trading can vary according to where it is conducted, whether in Brazil or another country."!
Negotiations in the domestic market involve YTMs, which are expressed on an annual basis and follow a day-
counting convention (see Tables 1 and 2). In the international market, operations are made according to the
clean price of securities."?

In the domestic market, the financial settlement of public securities normally occurs on T+1, i.e., the
first business day after the Treasury’s auctions or trade in the secondary market. In the international market,
however, financial settlement occurs in T+3 (business days) for trades in the secondary market and T+5
(business days) for new issues.

option had to be repurchased in full.

° For details on these and other public debt instruments, visit the Treasury's website at: http://www.tesouro.fazenda.gov.br/divida_
publica/.

1°The YTM has a limitation: If the security involves periodic interest and/or amortization payments, its use presupposes that the cash
flows received are re-invested at precisely the same YTM rate.

" For each YTM of a specific security, there is a single equivalent price and vice-versa.

'2Box 1 in this chapter explains the difference between a security's clean and dirty price.
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3.1 Domestic Debt Securities’

Letras do Tesouro Nacional (LTNs) are called zero coupon or discount bonds. These are purchased in
both the primary and secondary markets and their yield is directly linked to the negotiated discount. The LTN
cash flow is shown below:

Nominal Value (NV) = R$1,000.00

Business days (bd)

Actual interest rate in the period (i )

Price (P)

p_ NV 1,000
(I+i,) (A+i,)

where

i — effective rate in the period

Since negotiations are carried out based on the security’s annual rates, the applicable formula is:

(+i, )=+, o

where
i, — effective annual rate
bd — business days in the period

Notas do Tesouro Nacional, F Series (NTN-Fs) are fixed-rate securities that pay semi-annual interest
coupons. The date on which interest coupons are paid is calculated by counting back six months from a security’s
maturity or at the last determined interest coupon. The coupon value is fixed (even when the first payment is
in fewer than six months), from the date on which the security was issued; this convention guarantees that
all NTN-Fs with the same maturity are fungible.

NTN-Fs can be purchased with a premium or discount in the primary and secondary markets, depending
on the interest coupon and the yield the investor wants. Since they have an interest flow, the securities can
be priced at a single rate (YTM) or specific discount rates for each maturity. The result, as noted earlier, is the
same regardless of the criterion. In general, this security is calculated on the basis of a market curve.

3 All calculations presented here have a decimal place rounding and truncation rules. These rules, as well as examples of calcula-
tions are detailed in Annex 3.
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Interest coupon values are calculated exponentially, i.e., the value of the coupon follows the formula
below:

where:
c, — semi-annual coupon
c —annual coupon

a

The NTN-F cash flow is shown below:

C4+NV
I C1 T c2 T c3
bd1 bd2 bd3 bd4
Pi Pi Pi Pi
v
Price (P)
C1 C2 Cn NV

P

= + p +....+ P + ;
(1_,_1-)%52 (I_H')%sz (1+1) Y52 (1+1) Y52

o C NV
P= t
25T

where:

C — interest coupon payment (semi-annual)

NV —R$1,000

l — effective annual rate (truncated at the 4th decimal place)
t — business days in the period

Notas do Tesouro Nacional, B and C series (NTN-Bs e NTN-Cs), like NTN-Fs, which are IPCA-
linked and IGP-M-linked, respectively, have interest payment dates calculated retroactively every six months
from the dates the bonds mature. Since they are subject to monetary adjustment, the interest value is fixed
on a percentage basis of the adjusted nominal value.

NTN-B, NTN-C, NTN-D and LFT post-fixed securities cannot be calculated like the NTN-F, which is
a fixed-rate security. Where securities are indexed, it is not possible to know the values of future interest
coupons and the principal on the trading date. Thus, an intermediate calculation (with all cash flows in 100

basis points or percentage points) is required to determine the bond price, which is multiplied by the adjusted
bond'’s nominal value.
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Interest coupon values are calculated exponentially, i.e., the value of the coupon follows the formula
below:

where
c, — semi-annual coupon
c — annual coupon

Unlike the NTN-Fs, the pricing of NTN-Bs and NTN-Cs is generally not based on market rates, as no
sufficient liquid yield curves exist in the IPCA or IGP-M for this purpose. However, pricing can follow the same
method as with the NTN-F, by using the NTN-B'* and C zero-curve.

The NTN-B/NTN-C cash flow is shown below:

P — ANV x price percent
where
P — price
ANV — present nominal value
Price_percent  —price calculated in percentage points
C4+100

ICI T c2 T C3

bd1 bd?2 bd3 bdu

PI1 PI PI1 4P1

\/
Price_percent
Price percent = cl + €2 +....+ Cn + 100
- tl t2 ssse tn tn
(1 + l')ész (1 + l')ész (1+1) Yso (1+1) Vs
100
Price percent =
Z (1 + 1)t (l + 1)t

where
C — interest coupon payment considering the bond price as 100% (semi-annual)
i — effective annual rate
t — business days in the period

n

4 NTN-Bs 2015 and 2024 (principal), securities offered in the Treasury Direct (TD) Program, are priced by the NTN-B.
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Letras Financeiras do Tesouro (LFTs) are also called zero coupon bonds or discount bonds, and can
be purchased with a premium or discount, depending on the yield the investor wants to obtain. Although they
have no interest flow, these securities are linked to an index (the SELIC rate), which means it is impossible to
determine beforehand the value of the principal at maturity. Thus, pricing follows a formula similar to that used
for NTNs but without the interest flow. The flow is calculated in 100 basis points or percentage points to generate
an amount that will be multiplied by the adjusted nominal value of the security, to determine the price.

The LFT cash flow is shown below:

P — ANV x price percent
where
P — price
ANV — present nominal value
Price_percent  — price calculated in percentage points
100
bd
Price_percent
. 100
Price percent = -
(+1p)

where
i — effective rate in the period.

Since trades are based on the security’s annual rates, the formula is:

(+i,)= (i, )

where
i — effective annual rate
bd — business days in the period
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3.2 External Debt Securities

Some aspects of external debt security pricing include the following:

Interest coupons are calculated on a linear basis. The discount, however, is calculated on an exponential
basis;

Operations in the secondary market are settled in T+3 business days while in the primary market, the
standard is T+5;

Present value is calculated according to the security day-counting criterion;'

The clean price is used in trades, while the dirty price is used to settle negotiations (see Box 1 for
details);

The YTM determined for calculation purposes is expressed in a nominal annual rate '® and should always
be changed into an effective annual rate;

The issuance price of an external debt security is normally close to par. Interest coupons are determined
on the evening of an operation, based on the YTM projected for the security. This differs from what occurs
in domestic issuances, where interest coupons are predetermined, allowing securities to be fungible,
and the issuance price is seldom close to par.

Box 1. Clean and dirty prices

The dirty price of an operation is the calculation of a security’s present value (price) multiplied by the adjusted
nominal value (ANV). The clean price is based on the dirty price, minus the interest due between the last coupon
payment and the settlement date of the operation. This is the value the security seller will be paid once the
transaction is complete.

Although the screen price' is the one negotiated by market participants, it does not represent the price investors
will pay or be paid in the operation. The rationale is that interest accrued through the settlement date belongs
to the security seller — who held it until that moment — and not to the security buyer.

Following a diagnosis of these opportunities and challenges, alternative financing strategies for public debt management as
well as existing constraints and trade-offs should be evaluated.

Clean price = dirty price — pro rata interest™

Another aspect to be considered when calculating the clean price is whether the security involves amortization or capitali-
zation. If one or both apply, the principal of the security will change over its life. Thus, once the price is calculated, the result
must be adjusted to indicate the percentage of the security value,' based on the formula below.

Quotation
Dirty PV adjusted = TH
(o)
where
OBt-1 — outstanding balance of the security in ¢-1.

277



3.2.1 Global US bonds and Global BRL bonds

The calculation of global US and BRL bond prices uses the 30/360 business days standard, i.e., each
month has 30 days and each year 360 days (by convention). The values of interest coupons are calculated in
a linear form as follows:

where
c, — semi-annual coupon
c —annual coupon

The price of external debt securities can be based on many different discount rates. To that effect, a
zero external curve in the currency of reference should be calculated (using the bootstrapping?® method) and
applied.

The global or BRL cash flow is shown below:

o e g

d (30/360)  d (30/360) d (30/360) d (30/360)

C4+100

quotation
. Cl C2 Cn 100
quotation = —+ — .t —+ p

N A N N Ny S
i 360 i 360 i 360 1 360

1+— 1+— 1+— 1+—
k k k k

< C 100

P=

Yt :
T ik 0 (il k) e

5 For details, see Annex 1 in this chapter.

16 The nominal rate is simply a rate expression format. Therefore, any calculation requires determining the security capitalization
criterion so the nominal rate can be converted into an effective rate. The exception is the eurobond, which has an annual interest
flow (annual capitalization). The rate determined on the screens is also an annual rate and as such does not require adjustments.

"7 For historical reasons, the screen price of a security is often called the clean price. However, the screen price is nothing more than
the security price minus the pro rata interest in the period (in 100 basis points or percentage points). In traditional securities, whose
principal is a bullet (total payment at maturity date), the nominal value is equal to $1,000 (dollars, euros or yens). As a result, the
security’s clean price is the screen price (in percentage points) multiplied by 1,000.

'8 Interest accrued from the last interest payment to the date the operation was settled.

1% This adjustment will be shown in the calculation of the A-bond, a security with amortization.

2 The bootstrapping technique determines the flow of a security as several single flows separately, i.e., each coupon payment is
treated as if it were a zero-coupon bond.
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where

C — interest payment considering the security price at 100%

i —nominal annual rate

k — payment frequency of the security coupon each year (as this security pays semi-annual
coupons, k = 2, i.e., two interest coupons are paid each)

t — number of days in the 30/360 standard

With regard to eurobonds, the convention used to calculate the price differs from that applied to global
bonds. Day counting is expressed in actual/actual terms and the value of coupons need not be calculated,
since these are paid annually.

The euro cash flow is shown below:

TCZ TC2 T C3

d(act/act) d(act/act) d(act/act) d(act/act)

C4+100

quotation
quotation = C‘l ot C? oy et C'n + 190 =
(1+Z) (1+Z) (1+lj (1+lj
k k k k
100
Z (1+z/k)* (1+i/k)**’

where
C — interest payment considering the security price at 100% (annual)
i — nominal annual rate
k — payment frequency of the security coupon each year (as this security pays annual coupons,

k=1)

The A-bond, like other external securities, involves a simple capitalization of interest coupons and the
30/360-day counting standard. However, the A-bond has constant amortizations, which began on July 15,
2009. The table below shows the A-bond flow on December 31, 2008.
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Table 3. A-Bond flow on December 31, 2008* (amounts in § million)

Dates Interest coupon Amortization Total cash flow | Outstanding balance
(IC+A)

01/15/2009 4 4 100
07/14/2009 4 5.56 9.56 94.44
01/15/2010 3.78 5.56 9.33 88.89
07/15/2010 3.56 5.56 9.1 83.33
01/15/2011 333 5.56 8.89 77.78
07/15/2011 3.1 5.56 8.67 72.22
01/15/2012 2.89 5.56 8.44 66.67
07/15/2012 2.67 5.56 8.22 61.11
01/15/2013 2.44 5.56 8.00 55.56
15/07/2013 2.22 5.56 7.78 50.00
01/15/2014 2.00 5.56 7.56 44.44
07/15/2014 1.78 5.56 733 38.89
01/15/2015 1.56 5.56 7.11 3333
07/15/2015 1.33 5.56 6.89 27.78
01/15/2016 1.1 5.56 6.67 22.22
07/15/2016 0.89 5.56 6.44 16.67
01/15/2017 0.67 5.56 6.22 1.1
07/15/2017 0.44 5.56 6.00 5.56
01/15/2018 0.22 5.56 5.78 0

* Maturity: 01/15/2018  Interest rate: 8%/year
Amortization: 18 equal tranches starting on July 15, 2009

The outstanding balance is constructed according the formula below:

Outstanding Balance, =100 —amortization

As already noted amortization payments began on July 15, 2009 and are based on the balance
outstanding in the semester before they started. From the beginning of amortization to the security maturity
date (January 15, 2018), 18 payments will be made. As a result, the amortization value is expressed by:

amortization = % =5.56
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The third column in the table represents the calculation of the A-bond coupon, expressed by the formula
below:

Coupon = Inerest , OB,
2

The fourth column represents the total cash flow the security pays periodically, expressed by the formula
below:

TCF = amortization + coupon

4 Price formation

The pricing of bonds requires several inputs and calculations because local and external debt securities
differ. While the general rule for domestic debt is that the value of public securities is based on domestic
derivatives’ market curves (DI future contracts), the curves of other sovereign issuers are usually the benchmark
for Brazil's external debt.

4.1 Domestic debt

Yield rates of Brazilian domestic debt public securities are based on interest rate derivatives (DI future
contracts), which is different from what occurs in most countries. In more developed markets, the yield curve
of fixed-rate public securities is the benchmark for all other assets. In Brazil, however, this practice is only valid
for comparing public bonds with private securities (such as debentures, for example).

In this sense, all nominal domestic rates are derived from the derivatives’ markets, mainly DI future
contracts, which are used to estimate LTN and NTN-F rates.

Trades of LTNs and NTN-Fs are normally calculated on “basis points” over DI future contracts (similar
to SOT — spread over treasury for Global USD bonds). This occurs because of the following features: (a) The DI
future contract is, in practice, a swap contract with a daily adjustment, i.e., investment in this asset requires
no actual disbursement of resources. Also, no risk exists with the principal (notional value); rather, there is,
only the mismatch of flows between the active and passive end of the contract; (b) the degree of liquidity,
since contracts are negotiated at the BM&F (Brazilian Mercantile and Futures Exchange)?' and their liquidity
exceeds that of public securities; () the risk factor - as they are negotiated at the BM&F and the counterpart
risk is minimized. Due to the guarantees allocated and daily adjustments, the risk is similar to that of a public
security which, by definition, is lower than that of private assets.

Defining the premium?? the investor expects is the starting point for calculating securities’ yields. Investors
know the premium they want to obtain on the DI future yield curve,? for example, and based on this estimate,
the security rate is calculated and the equivalent price obtained. Market negotiations, however, occur at points
over this benchmark asset (DI future). These points are determined by the difference between the yield rate
calculated for the security and the DI future contract rate.

21 BM&F and the Sdo Paulo Stock Exchange (Bovespa) have merged into BM&FBovespa.
22 Premium calculations are presented in Annex 2.
3 Currently, fixed rate securities are traded in the form of “points on the ID”, as a spread on the swap curve.
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On the other hand, inflation-linked securities do not have a reasonable equivalent instrument in the
derivatives market. IPCA x DI and IGP-M x DI swap contracts have low liquidity and therefore cannot serve
as references for National Treasury bonds. However, shorter-term inflation-linked securities are closely related
to the nominal yield curve because of the break-even inflation. Since the market calculates inflation based
on a non-arbitrage relation, it can be removed from the nominal yield curve (DI future yield curve) and the
difference indicates the real rate of inflation-linked securities. However, no benchmark exists for long-term
nominal bonds (longer than 10 years). As a result, the price formation of inflation-linked bonds has no relation
to any other market instrument.

The rationale presented here, as already mentioned, also applies to NTN-Cs. However, since the Treasury
no longer issues these securities, current liquidity is low and this can distort their pricing.

4.1.1 DI future contracts

The One-Day Future Contracts on Interbank Deposit Certificates (DI future contracts) calculated and
published by the BM&F, are currently the main assets in the futures market in terms of volume.?* These contracts
use as a reference the average rates of one-day repurchase operations - without collaterals - traded among
financial institutions and calculated by Cetip (Over the Counter - OTC Clearing House), known as CDI Over.

The object of negotiation (DI future contracts) is the effective interest rate of CDI over contracts, defined
as the accumulation of average daily rates calculated by Cetip for the period between the date of the operation
in the futures market (inclusive) and the date of the last negotiation (redemption date), exclusive.

The basic fixed-rate curve of the domestic financial market is calculated on DI future contracts (along
all maturities), which are used as the main benchmark for pricing LTNs and NTN-Fs,? that have been traded
with a premium on this curve.

4.2 External debt

External debt securities have as their benchmark the risk-free securities of the market where they are
traded. As a result, the price of securities is based on two different pieces of information: The benchmark curve
(risk-free)?® of the market where the security was issued and the spread over benchmark, which represents
the additional cost paid by Brazilian securities vis-a-vis the risk-free curve.

For these reasons, the different bond indicators (yield to maturity, duration, convexity, etc.) can be
separated into these two factors, thus increasing the power to analyze the security, i.e., what derives from
changes in the risk-free curve and what was caused by changes in the spread over benchmark.

The fact is that over time, the risk-free curve itself begins to include distortions that arise from more
recent security placements (on-the-run), which increase liquidity at the respective points on the curve, to the
detriment of older securities (off-the-run). The analysis should therefore consider this distortion and possible
effects on the yield curve of Brazilian securities. It is very common, for example, to have a spread versus duration
factor besides the yield versus duration factor, as shown below.

2 For details on the liquidity of ID contracts see Part Ill, Chapter 6.
5 Indirectly, NTN-Bs and NTN-Cs also use DI future contracts as a parameter.
% Exceptions to this rationale are euro-denominated securities. The curves of the German and French treasuries served as bench-
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Graph 1. Yield X Duration
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A Brazilian security can also be priced according to the benchmark zero curve, which is calculated using
the bootstrapping method, or by applying another scheme. The bonds used to construct the curve are chosen
from among the highest liquidity securities, thus eliminating possible distortions. Taking this curve into account,
the spread over benchmark is added, thus allowing the Brazilian zero curve to be calculated. Another course is
to calculate the Brazilian zero curve based on the most liquid Brazilian external debt securities in the market
(and use the bootstrapping method or an alternate one), and then determine the spread over benchmark,

based on the benchmark curve.

With regard to real-denominated securities (BRLs), it would appear that their yield should be related to
the domestic fixed-rate curve, but until now, this has not occurred, partly due to the difference in the investor

marks for pricing. As time passed, the increasing liquidity of swap contracts in euros in the market turned this instrument into the
benchmark for pricing sovereign bonds in that currency.
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base: local investors can trade in both local and external markets in reais (BRL), while foreign investors may
not. Although many already trade in the domestic market,?” many others, for legal or regulatory issues or even
due to transaction costs, do not have access to it. In this regard, a foreign investor willing to invest in Brazil's
public securities might prefer to invest in BRL global bonds, aware that the yield is lower than that of Brazilian
Treasury bonds issued in the domestic market.

Graph 3. BRL X NTN-F
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4.2.1 Spread-Over-Treasury (SOT) of external securities

SOT represents the additional cost paid by Brazilian securities (or of any other country or company)
relative to the cost of risk-free bonds. A benchmark curve exists for each of the main markets, represented
by the securities of the country offering the lowest risk for that market. For example, with global bonds, the
parameter is provided by US Treasury bonds. With those issued in euros, the parameter is based on German
Treasury bonds (and, at times, the French Treasury). In the samurai market, Japanese government bonds are
termed risk-free.

The SOT can be calculated in different ways. The three most often applied are by the maturity date,
duration and zero curve. The most common way is to subtract the YTM from that of a benchmark security
maturing on a date closest to that of the security in question. The advantage of this method is its simplicity.
However, it is not the most effective, since securities maturing close to each other could have very different
durations, due to the value of the coupons and the yield rated.

Example:

The spread of the global 2027 can be determined based on the 30-year security of the US Treasury, with
the most recent issuance date (on the run), as shown below:

Global 2027 YTM = 6.54% /year
US Treasury 30y YTM = 5.20% /year
Spread Over Treasury (SOT) = (6.54% - 5.20%)* 100 = 134 basis points (bps)

77 |In December 2008, while external debt securities accounted for 7.2% of the FPD, the participation of non-residents in domestic
debt securities was 6.5%.
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A more precise and not too complex way to calculate the spread is based on its duration. The first step
is to find the value of the benchmark curve at the point corresponding to that duration and then subtract it
from the bond yield.

Table 4. The Global 2027 spread by duration

Maturity Duration US Treasury bond US Treasury rate
(years) (% / year)
3 months 0.25 0.96
6 months 0.50 1.02
2 years 1.93 1.64
5 years 4.55 3.18
10 years 7.99 430
30 years 14.36 5.20

Duration of the global 2027 = 8.03 years.
Calculation of 10 year and 30 year treasuries: Result = 4.31% / year.
Spread = 6.54% - 4.31% = 223 bps.

The most precise, although more complex way to determine the spread of a security involves calculating
each of its cash flows compared to the benchmark zero curve.

In this case, the spread corresponds to the parallel dislocation of the benchmark curve in such a way that
the present value of the security (given by this dislocated curve) corresponds to its market value. As a result,
each payment is brought to present value by the value of the benchmark zero curve for the corresponding
maturity, plus the spread (which is the same for all points on the curve).

100+cp8
US zero + spread

Cp1___,»€p’1' Cpl Cpl Cpl Cpl Cpl

jccans I NN I I N

Spread over

US zero yield curve
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5 Conclusion

The chapter described the main instruments used by Federal Public Debt managers, offering details on
pricing, characteristics and market conventions associated with these securities.

The methods by which to determine the spread were developed through a management process that
sought to improve public debt performance by analyzing the impact that minor changes in calculation methods
can have on the demand and liquidity of Treasury bonds. The Treasury, together with various market players,
has improved both transparency and investors' safety. However, improvements are an ongoing process, and
will continue to help the Treasury best meet its objectives.
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Annex 1. Day-counting standards

The 30/360 standard considers 12-month years with 30-day months and applies to global bonds, BRLs
and A-bonds.

d =(Y2-YI1)x 360 +(M2— M1) x 30 + (D2 - D1)

where

d — number of days between date 1 and date 2
D1,MI1and YI — day, month and year relative to date 1

D2, M2 and Y2 — day, month and year relative to date 2

Where at least one of the two dates falls on the 31st of the month or in the last day of February, the

following adjustment is made:

Where D1 is on the 31st or the last day in February, its value will be 30;
Where D2 is on the 31st and D1 the 31st, 30th or the last day in February, the D2 value will be 30;

Where D2 ison the 31stand D1 is not on the 31st, 30th or the last day in February, the D2 value will be
1, M2 value will be that relative to the subsequent month and, if applicable, A2 that of the subsequent
year;

Where D2 is the last day in February, its value will be 30 if D1 is also the last day in February.

Example: Number of days between 07/04/2007-12/24/2007
d =(2007-2007) * 360 + (12-7)*30 + (24-04)
d=170

30/360 = 0.472

The actual/actual standard also considers days and years by counting actual days. This method applies
to euro bonds.

Example: number of days between 07/04/2007-12/24/2007

07/04/2007-12/24/2007 =173 days
12/24/2007-12/24/2006 =365 days
actual/actual =0,474
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The actual/365 standard considers actual days and 365-day years. This method applies to samurai?®
bonds.

Example: Number of days between 07/04/2007-12/24/2007
07/04/2007-12/24/2007 =173 days
actual/365 =0.474

The actual/360 standard considers actual days and 360-day years. It applies to floating rate securities.?

Example: Number of days between 07/04/2007-12/24/2007
actual/360 =0.481

Business days/252 (bd/252) considers business days to be 252 (excluding Brazil's holidays).

Example: Number of days between 07/04/2007-12/24/2007
07/04/2007-12/24/2007 = 119 business days
bd/252 =0.472

In Excel, the number of business days can be obtained by using the totalworkingdays function, where

the initial date is 07/04/2007 and the final date is 12/24/2007, minus one day. The calculation requires a list
of holidays in the period.

% Leap years are not considered when calculating samurai bonds.
2 Currently, Global 2009 is the only floating bond in the outstanding public debt.
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Annex 2. Calculation of the public bond premium=

LTNs' premium

' 1_|_y)(1/252) 1
premium = { 1+i)(1/252) "

where
y — % rate / year of LTN maturing in n
i — % rate / year of future ID with the same maturity as the LTN

Example: What is the premium for the LTN maturing on 01/01/2009 and priced at 10.80% /year?
LTN (01/01/2009) = 10.80 % / year
DI (01/01/2009) = 10.75 % / year

premium = {E1+0’1080)(1/252)}1}

Ki+0,1075)> |1

premium = 100.44% of CDI

LTN market negotiation is given in points over the respective maturity of DI future contracts, in this case

5 basis points (equivalent to 10.80% — 10.75%).

2)

NTN-Fs" premium

premium = k_"i'NTN F rate)(l/zsz)}
Kl + market Vate)(1/252)}1

where
NTN-F rate — NTN-F YTM based on the LTN yield curve
market rate — NTN-F YTM based on the DI Future yield curve
. Cl C2 Cn NV
price = + ot +
1+i (+i) A+0)"  (1+i0)"
NV
price =
Z (1 + l) (1 + l)

30 These data are hypothetical and do not reflect daily market rates.
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where

C — interest coupon payment (semi-annual)
NV —R$1,000
i — effective annual rate

To calculate the bond price, the NTN-F rate is based on the LTN yield curve. The market price is obtained

when the cash flow is discounted using the DI Future yield curve.

Example: What is the premium for the NTN-F maturing on 01/01/2008, with an interest rate

of 10% a year, traded on 07/03/2007, for settlement on 07/04/2007, based on the table below?

Table 5. Interest-rate curves for NTN-F 01/01/2008 premium calculation

. LTN curve ID curve BD
Maturity on 07/03/2007 (year) | on 07/03/2007 (year) | (in relation to 07/04/2007)
01/01/08 11.23% 11.20% 124
07/01/08 10.94% 10.89% 247
01/01/09 10.80% 10.76% 378
07/01/09 10.84% 10.78% 500
01/01/10 10.88% 10.78% 628

290

Based on the table below, these are the UPs:
NTN-F price = 982,858400
Market price  =984,774676

Once the prices are determined, it is possible to calculate the YTM:
NTN-F rate =10.881% / year
Market rate =10.786% / year

oremium = { fi+ 0.10881)(”252)}1}

Ki+0.10786) > }-1

premium = 100.84% of CDI

NTN-F trades will be 9.5 basis points, resulting from the difference between 10.881% and 10.786%.
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LFTs premiums

premum = [[+2) iy =
Kl + i}l/zsz)}l

where
y — % rate / year of the LFT maturing in n
i — % rate / year of the DI future contracts interpolated to the same maturity date as the LFT.

Example: What is the premium for the LFT maturing on 06/07/2010 traded at 0.0006% / year?
LFT (06/07/2010) =-0.0006% / year
DI (06/07/2010) =10.80% / year

premium = [1-0.000006)"* % (1+0.1080)"* |- 1
K1+0-1080 1/252)J‘1

premium = 99.99%
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Annex 3. Pricing examples

1) LN
Maturity : 01/01/2009
YTM : 10.8036% (truncated at the 4th decimal place)
Date of trade : 07/03/2007
Business days between 01/01/2009 and 07/04/2007 : 378

. 1,000 .
Price = = 857,371797 (truncated at the 6th decimal place)

378

(1+0.108036) 22

2)  NTN-F
Maturity : 01/01/2010
Date of trade : 07/03/2007

Table 6. Interest-rate curve for NTN-F 01/01/2010 pricing calculation

LTN curve Maturit Rate BD
on 07/03/2007 aturity (year) (in relation to 07/04/2007)

LTN 01/01/2008 11.2300% 124
LTN 07/01/2008 10.9400% 247
LTN 01/01/2009 10.8000% 378
LTN 07/01/2009 10.8400% 500
LTN 01/01/2010 10.8800% 628

where

1
C- [(1+0.10)2 —1} *1000 = 48.808850
= 20070070
truncated _at _6th _decimal _ place

\—V——J
truncated _at_8th_decimal _ place

Price= 0808830 o LOABBOSE0 o ae) 858400
(1+01123H (1+01088H truncated _at _6th _decimal _ place
rounded _at _9th _decimal _ place rounded _at _9th _decimal _ place
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Given the NTN-F price, it is possible to calculate the YTM of the bond:

48.808850 N 1,048.808850

982.858400 = i e —w
(1+YTM p=2 (1+YTM ps2

YTM: 10.936% / year

Note: Whether an NTN-F cash flow is discounted at different rates or at the equivalent YTM, the price
will always be the same. In this case, the difference will be just the present value of each of the cash flows,

but the total sum will be identical.

3)  NTN-B*
Maturity : 01/05/2015
Interest : 6% /year
YTM : 6.5079% (truncated at the 6th decimal place)
Date of trade : 07/03/2007
Accumulated IPCA : 1.651293

coupon = (1.06)*° -1 *100

rounded _at_8th _decimal _place

rounded _at _6th_decimal _ place

. 2.956301 102.956301
quotation = —  Fen + y = 97.8793
u un | —
(1 + 0065079E (1 + 0065079H truncated _at _4th _decimal _ place
rounded _at _10th_decimal _ place rounded _at _10th _decimal _ place

ANV =1,000*AIPCA = 1,651.293

Price= 1.651,293 * 0,978793 =1.616,275009

truncado _6° decimal ~ truncado 6° decimal ~ truncado _6° decimal
4) LFT
Maturity : 06/07/2010
YTM :-0.0006% (truncated at the 6th decimal place)
Date of trade : 07/03/2007
Business days between 06/07/2010 and 07/04/2007 : 763

Accumulated SELIC : 3.14455

3" Truncation rules for NTN-Cs and NTN-Ds are identical.
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100

quotation = —— = 1.0002 (truncated at the 4th decimal

(1-0.000006)>2  Place)

ANV =1,000* Aselic = 3,144.55

Price = 3,144.55 * 1.0002 = 3,144.606695 (truncated at the 6th
truncated _at _6th_decimal _ place A),O_/ decimal p|aCE)

truncate _at _6th _decimal _ place

5)  BRL (global bonds follow the same calculation methodology)
Maturity : 01/05/2022
Interest coupon : 12.50%
YTM : 9.00%
Date of trade : 07/10/2007
Date of settlement (T+3)32: 07/13/2007
Date last coupon payment : 07/05/2007

where
6.25 106.25 = 198.29%

— 4 + -
0.09)™" 0.09) ™
I+—— I+——
2 2

Dirty  price= ANV * price =1,282.89

quotation =

Clean price = dirty price — pro rata interest rate®

i date of settlement —date payment last coupon
pro _rata interest = [%* f 260 per P }*I,OO0.00

12.5,07/13/07-07/05/07
100 360

pro _rata interest = { }* 1,000.00 =2.78

Clean price = 1,282.89 —2.78 = 1,280.11

32 All calculations are based on the settlement date.
33 Calculations for counting pro rata interest days should follow the bond’s criteria. In the case of BRLs, the criterion is 30/360. As
a result, in the pro rata formula described above, the difference should be calculated based on 30-day months.
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6) Euro*
Maturity : 09/24/2012
Interest coupon : 8.50%
YTM : 8.00%
Data of trade : 07/04/2007
Data of settlement (T+3)>: 07/09/2007
Date of last coupon payment : 09/24/2006

8,5 108.5

% 1980 108.7169%
(+008) T 1+ 0.08) ’

quotation =

Dirty _price= ANV * price =1,087.1686

8.5 ,07/09/07-09/24/06
100 07/09/07-07/09/06

pro —rata _coupon = [ }* 1,000.00 = 67.0685

Clean price = 1,086.7732 — 67.0685 = 1,020.1001

7)  A-bond?®®
YTM : 7,00%
Date of trade : 07/04/2007
Data of settlement (D+3)*": 07/09/2007
Data payment last coupon : 01/15/2007

As mentioned, the A-bond has constant amortizations (18 tranches) starting on 07/15/2009. As a result,
price® is calculated according to the formula below:

quotation = 4 s+ 9.56 P +L2*t:1,087.19
0.07 )" 0.07) " 0.07 )"
1+—— I+—— I+—
2 2 2

34 Attention must be paid when calculating the pro rata interest. Euro bonds follow the actual/actual criterion.
3 All calculations are based on the settlement date.

36 Attention must be paid when calculating the pro rata interest. The A-bond follows the 30/360 rule.

37 All calculations are based on the settlement date.

38 The flows presented in Section 3 can be used to facilitate the calculation.
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Dirty _ price= ANVprice =1,087.19

. 07/09/07-01/15/07
360

pro —rata _interest = [13 }* 1,000.00 = 38.67

Clean price = 1,087.19 — 38.67 = 1,048.53
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