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Executive Summary

We review the arguments in the finance and open macroeconomics literaure that are
rlevant for the Centrd Bank to st the level of the interest rate in an open economy. The
country risk (Brazll Risk) is messured with different finenda ingruments, and the currency
K is edimated via the Kdman Flter. We show that—besdes the currency risk, which is
adso rdevatt in devdoped economies—the country risk is very important in determining
domedtic interest rates. Both risks have a few causes in common, which explain us cdling
them the cousin risks Thus when and if those common causes are confronted, the fal of
domedtic interest rates can be substantid, because both currency and Brazil risks may fdl a
thesametime.

Preiminary results identify the components of the Brazl rik, eg., the fiscd ddficts, and
the domegtic and internationd financid markets conditions. The convertibility risk, defined
as risk associated with posshility of not being able to convert BRLs into foreign currency,
showed up as an important cause of the Brazl risk during the internationd finendd crises
periods, but has become of negligible importance in the new floating exchange rate regime.
Nowadays, the Brazil rik has dso decreased dgnificantly, but the same did not happen
with the currency risk. One posshility is thet the man factor preduding a larger fdl in
domedtic interest rates may be associated with the uncertainty of the future behavior of the
bdance payments, especidly the trade account. As a cordllary of this hypothess, we might
Soeculate that assuring vigorous export growth, without resorting to  devdudion, is
fundamentd to achieve lower red interes rates, compatible with sustained economic
growth.



|. INTRODUCTION

The interesx rate conditutes one of the mog important macroeconomic varigbles
respongble for the economy’s good peformance. It is essentid to have a wdl-cdibraed
interest rate, because interest rates play an important role in the determination of severd
economic variables, eg., output and employment leves, the exchange rate, and others.

Not surprigngly, it is dmost impossble to obtain a consensus about the ided interest rate
leved. The fact that Alan Greengpan has a high degree of respectability nowadays is a recent
fact in USA. In te beginning of the Volker era less than 20 years ago, the unemployment
associated with the deflationary effort led people to print “Wanted” poders with him and
the Fed board of directord Nowadays, in Brazil, it is not unusud to read in the newspaper
complaints about the high leve of interest rates.

Figure 1 shows the monthly evolution of Brazilian red interest rates in the last 25 years
The thin (black) line represents the monthly red interest rate (expressed in % py.) and the
thick (red) line is the respective 12-month moving average (aso expressed in % py.). The
horizontal lines show the red interest rate averages in three periods the second hdf of the
sventies the eghties plus a few months, and the opening up of domedtic finencid markets
to internationd investors (dnce May 1991). The huge jump in interest raes during the
recent financid liberdization period is dear.!

The lagt decade was marked by inflation gabilization that came with the Red Plan in duly
1994, and for the trade and financid openness of the Brazlian economy. We adopted May
191 as the rference date of the financid liberdization, because it coincides with the

edition of the famous Annex IV that opened the Brazilian economy to the posshility of
externd portfolio investments

1 We use here the Selic rate the analogue of the FED funds rate) deflated by the centered General Price
Index (IGP-DI). Therefore, we refer to the very high real interest rates that enter the liability side of the
government and of financial institutions. Active interest rates are even higher, given the very high bank
spread in Brazil, a phenomenon that is pervasive in Latin America (see Brock and Rojas-Suarez [2000]). We,
however, do not analyze the active interest rates behavior in this paper.
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When an economy liberdizes its cgpitd account, it loses one degree of freedom to fix its
own interes raie. This is due to capitd flows. Under a fixed exchange rae regime (or a
controlled one), a low interest rate could bring about capitd outflows, which cause
monetary contraction and a consequent rise in interest rates. Under a flexible exchange rate
regime, a low interest rate would cause an incipient cgpitd flight that would depreciate the
exchange rate. Between these two polar regimes, there are severd of others posshilities,
auch as a aanling peg cum controls over the capitd flows Since the finandd liberdizaion

in the beginning of the 90's Brazil has adopted severd different forms of exchange rate
regime and controls on capitd inflows

We am a gudying the determinants of interet rates in Brazil dnce it became a financdly
open economy. Basad on the interest parity conditions, we study the behavior of the cousn
risks the currency risk and the country risk. Thee two risks are fundamentd in the
determingtion of a floor to the domedic interest rate, and reducing them is the man
objective if one am a achieving interest rates competible with sustained economic growth.



[I. COUNTRY RISK AND CURRENCY RISK: WHAT ARE THEY?

II.1. The Country Risk

At present, the developed countries are conddered financidly integrated. The financid
integration, however, was achieved only in the last decades (see, for example, Frankd
[1991]). Even the developed economies had severe redrictions on internationd capitd
flowsin the beginning of the 70s.

For many emerging makets, these redrictions to the internationd capitd flows just begen
to be withdrawvn in the beginning of the 90s, together with the implementation of the Brady
Pan. However, despite the increesng financid integration, it cannot be sad that there is
perfect cgpita mobility among these countries, as we are going to see next.

Among the severd possble measures of perfect capitd mobility Frankd [1991] concludes
that the mogt appropriate is the covered parity of interedt rates, in which ...capital flows
equalize interest rates among countries when denominated in the same currency. The
covered interest parity differentid (CID) is usudly known as country risk, because it affects
the yidds of dl financid assets in a certain country. The developed countries do not have
CID, ie, the CID among them is negligble This means tha if a lage multinationa
enterprise wants to make a loan in USD, the interest rate would be the same whether the
commercid paper is issued in England or in the US. However, had the bond been floated in
an emaging maket (without a foregn collaerd), the interest rate (in USD) would have
been higher. This difference is one possible measure of the country risk.

Because it contaminates al financid assts in a certain country, the country risk cannot be
hedged within thet country, i.e, it will not be diminaed with invetment diversfication
among the assts in tha country. Being a sysemic risk, the country risk increeses the yidd
required for al the assets in the country, or, equivaently, it reduces the price of the assets if
compared to the identical onesissued in the developed countries?

2 We acknowledge the fact that the country risk is usually considered a diversifiable risk from the point of



The differentid (or deviation) of the covered interest rates parity’ is the best messure of the
lack of perfect cgpitd mobility ...because it captures all barriers to integration of financial
markets across national boundaries: transactions costs, information costs, capital controls,
tax laws that discriminate by country of residence, default risk, and risk of future capital
controls [Frankel, 1991].

Thus, the country risk is a portrait of the economic and financid gdtuation of a certan
country, dso showing the politicd gability ad the hidoric peformance in fulfilling its
financid obligations.

II. 2. The Currency Risk

The risk averson tha usudly characterizes the behavior of investors in finendd markets
may drive the price of some finandd assats away from the rdevant expectations. Risk
averse invegors do not enter in far gambles (gambles with zero expected vaue). They
require some compensaion, which generates a podtive expected vaue for most
investments.

Investors in emerging markets currency futures markets reguire something more than the
emeging currency expected currency depreciaion to sdl ther hard currency in the future.
There is a currency risk that crestes a wedge between the expected price of the hard
currency (typicdly the USD) in the future and the price of that currency in the currency
futures or forward market.

Unfortunatdly, in contrast with what occurs with the country risk, the currency risk is not
measurable directly through the exiding assts yidds This imposshility of direct
messuremeant is due to the ingbility of obsarving the expected depreciation. Here we will
use two econometric techniques to uncover the currency risk.

view of foreign investors. However, the empirical evidence that we will show demonstrates very clearly that
the country risk ispriced. It is possible that this apparent puzzle be related to another one, the enormous
homes bias prevalent in many economies (see, for example, Obstfeld and Rogoff [1996], p. 305).

3 Weare going to define formally in next sections covered interest parity.



Il. 3. The Measurement Methods of the Cousin Risks

We will use saverd securities, especidly derivetives, to messure the country and currency
risks. Through the USD futures market, & BM&F,* it is possble to measure the country
risk through the arbitrage concept. The USD futures contracts’ are contracts between two
market players in which the player with the long postion commits to buy from the player
with the short podtion a predetermined amount of USD a a given date in the future paying
the agreed ddivery price (in BRLS). Convearsdy, the inditution with the short pogtion
commits to sl at that future date for hat predetermined ddivery price the amount of USD
previoudy agreed® Thus on the futures contract settlement date, if the spot USD costs
more then the futures price, the player with the long postion wins (because he or dhe
bought the same USD for a lower price than the market price), and the player with the short

postionloses.

Under perfect capitd mobility, the USD futures market dlows for arbitrage transactions
between the domedtic and internationd interest rates. Through that arbitrage transaction, we
are going to extract one of measures of the Brazil Risk.

In the Anance theory, an arbitrage opportunity is a financid transaction in which it is
possble to obtan some postive gan without any rik from a zeo initid
cepita/invesment. In practice, the abitrage concept is used to describe low risk
transactions, like buy (chegply) in a market and resdl (more expensvely) in another
market. Thus, the description of that arbitrage transaction requires an andysis of two cases,
the firs one is when the USD futures contract is expensve, and the second one is when the
USD futures contract is chegp. As we will see, we are more interested in the second case,
which will originate apogtive Brazil Risk.

4 BM&F isthe Commodities and Futures Exchange in S0 Paulo, Brazil. It isthe main exchange where
derivative securities are traded in Brazil.

® This Subsection draws heavily from Garcia [1997].

® This description is not complete, since we are omitting important operational details like the collaterals
required by BM&F, and daily margin settlements. Introducing them in the analysis, however, makes the
analysis much more complicated without adding further insights.



1% case) The USD futures contract is expengive [f > s (1+i)/(1+i*)]

1.a) Buy US$ 1 in the oot exchange rate market, paying R$ s (sis the USD spot
price);

1b) To pay for tha purchase of US$1, a loan of R$ s is needed in the domegtic
market, accruing interest & rae i, i.e, in the expiry dae d the loan, R$ s (1+i) will
be paid back;

1.0) Invest the US$ 1 bought in the internationd market, receiving interest of i*, i.e,
in the expiry date of the investment, US$ (1-+*) will be received;

1d) Sl in the USD futures market a the prevaling price f the amount thet is going
to be received for the internationd investment, US$ (1+*), i.e, R$ f (1+i*) isgoing
to be recaived for the sale of USD in the futures market a the settlement date of the
futures contract, which coincides with the loan expiry date;

The transactions (1.8) to (1.d) give a profit of R$ [f (1+i*) — s (1+i)] a the settlement date
of the USD futures contract without the need of any initid capitd. Note that there is no risk
a dl in this whole transaction, because dl the prices are known at present time. If the profit
is pogtive, it is sad that there is an arbitrage opportunity. If it occurs, it is possble to make
a profit following the seps (1.9 to (1.d) without incurring in any risk a al and without any
intid capitd.

We now andyze the second case of arbitrage, which is symmetric to the firs one, thereby
occurring when the USD futures contract is cheegp.

2" case) The USD futures contract is cheap [f < s (1+)/(1+i*)]

2.3) Sdl US$ 1intoday’s market, receiving R$ s(sisthe price of USD spot);



2b) To obtain the US$1 sold in item (2.a), a loan of US$HL is necessay in the
international market, paying for that the interet of i*, i.e, a the expiry date of the
loan, US$ (1+*) will be paid back;

2.c) R$ s obtained in item (2.8 should be invested in the domestic market, accruing
the interest rate i, i.e, in the expiry dae of the invetment, R$ s (1+i) will be

recaved;

2.d) US$ (1+*) will be bought in the USD futures market & the prevailing price f ,
i.e, the amount that is known tha will be pad to the internationd creditor should
be bought and the find price for that purcheseisR$ f (1+i*).

Transactions (2.8) to (2.d) result in a profit of R$ [s (1+i) — f (1+i*)] a the settlement date
of the USD futures contract, without the need of any initid capita. As this is a riskless
transaction, because dl prices are known a the present time, if the profit is postive, is sad
that there is an arbitrage opportunity. If that occurs, it is possble to have a profit following
the geps (2.8 to (2.d) without incurring in any risk & al and without any initid capitd. It
should be noted that cases 1 and 2 are mutudly exdusive.

In practice, financid markets are aware of those arbitrage opportunities, thus we can expect
that none of the cases above will last for long. Therefore, the very exisence of arbitrageurs
in finandd markets means that there will be a lack of arbitrage opportunities like the two
cases described above. The only case in which nether arbitrage opportunity occursis when:

R$[f (1+i*) —s (1+)] = R$[s(1+) —f (1+*)] =R$0, i.e,

o~
N—

sx{1+i

1+

However, in practice, the USD futures price dmogt dways lies bdow the vdue of f in
equation 1, as it is seen in Fgure 2. It portrays the typicd behavior of a USD futures
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contract. The thicker (black) line in the bottom is the exchange rae (USD/BRL), from
6/1/1998 to 11/3/1998 (right-hend-sde scde). The solid (red) line in the middle is the
futures price for the November futures contract (maturing on the fird busness day of
November, 1998). The upper dotted (blue) line is the theoreticd limit established by
covered interest parity, i.e, wha the futures price would have been had covered interest
parity been hdd. The wedge between the actud futures price and the theoreticd one is the
CID, which is represented by the bars in % per year (left-hand-side scale).” That wedge is
the country risk.

Figure 2
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When the USD future rate lies beow limit f , established in equation 1, there is an arbitrage
opportunity like the one described in the 29 case of the last section (when the USD futures
contract is chegp). In such environment, foreign investors may resort to a loan in the US,
trander the funds to Brazil and inves them a a fixed interes rate. Smultaneoudy, the
fordgn invesor hedges himsdf agang currency devaudion in the USD futures market
and he can dill have a net gain after the repayment of the loan in the USA. In theory, it is
possble for the foregn invesor to have a pogdtive profit with a zero initid invesment
without assuming any risk a dl, i.e, there would be an arbitrage profit. Indeed, that has
been the source of immense profits for many players in the Brazlian finandd maket in the
nineties until the art of the internationd finencid crises.

" One should not be very impressed by theincrease in the CID afew days before the contract settlement date,
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When that arbitrage profit is zero, then the covered interest parity condition holds. Covered
interest parity is equivdent to the equation (1) above. However, Figure 2 shows thd, in
Brezil, that condition was usudly violated. There was a covered interest paity differentid,
described before as a good measure for the country risk. In the next section, we are going to
use the covered interest parity condition to anayze the domedtic interest rate.

Il. 4. Analysis of the Domestic Interest Rate®

For emerging makets like Brazil, the domedic interet rate can be andyzed in the
folowing way, according to the definition of covered interest parity adding the country
risk:®

*
iI=i +(f - s)+cor 2
Following the same notation used before, | is the domedic interest rate i*, internationd
interest rate; f, (in logs) the USD futures price; s (in logs) the USD spot price and cor, the

country risk.

The second term of the equation above is cdled the forward premium, and it is observable
through futures market.X° The forward premium can be andlyzed in the following way:

(f-9=E(sr-s)+ar (3

because, as maturity approaches, the contract loses liquidity and the priceis no longer very informative.

8 This subsection is strongly based in Garcia and Olivares [2000]. Here, the meaning of the word analysis is
breakdown.

° From this section on, we start using continuous compounding. We do this to ensure, in the following interest
rates decomposition exercises, which the parts are add up to the total. Asit iswell known, only in continuous
compounding and simple compounding, equivalent rates are proportiona (i.e., 1% per month corresponds to
12% per year, for example).

10 Aswewill explain later (Subsection 1V.2), the measure of the forward premium also depends on where the
contract istraded.
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The firg term on the right Sde of the equation above, E,(s,- s), is the expected
depreciation measured today, i.e, the difference between the (log of) spot USD today, t,
and the vaue of the (log of) spot USD a the end of the period, T. The second term, cur, is
the currency risk premium, i.e, the difference between the USD futures price and the
expectation of the spot USD a the stttlement date, being the firs term usudly higher then
the second one As we shdl see a times of uncetanty, this difference increases,
decreasing in less turbulent periods.

The problem faced is that currency risk is not measuradle in a direct way, because there are
no direct measures of expectations. What is regidered is the USD futures price, but USD
futures are digtinct (usudly higher) than the expectations of the USD spot in the future.

Therefore, for countries with floating exchange rate regimes, it is interesting to decompose
the domedtic interest rate according to the following eguation:

i=i" +E/(s; - §)+cor+cur (4)

Based on equation (2), it is possible to obtain the country risk by resdud:
cor =i—i* - (f-9)

It is ds0 possble to obtain another measure for the country risk, again by resdud, through
the yidd (usudly referred as coupon in the Brazilian market) of USD-linked bonds, which
is the rate of return, in foreign currency, of a domedic investment (in Braal) in a USD
indexed bond. * It is possible to analyze the yidd of this coupon on USD-linked bonds ( co):

Y This rate is traded in BM&F, both through a futures contract (DDI) and a swap contract (Dol x Pre), for
different maturities (the swap is longer). The reader should consult the description of BM&F contracts at

www.bmf.com.br. For the validity of equation (5), it is necessary that the rate traded in BM&F be converted
to continuous compounding.

13



cc=i" +cor (5).

In the following section, we ae going to use finendd indruments, induding derivaives
avalable in domedic and internationd financid markets, to measure the components of the
right Sde of equation (4), and proceed to the anadlyd's of domedtic interest rates.

[ll. MEASUREMENT OF CURRENCY RISK AND COUNTRY RISK

In this section, we generate the measures for the country risk and the estimates for the
currency risk. Those measures will be used in the andyds of domedtic interest rates in the
next section.

I1l. 1. Brazil Risk

We developed severd measures of Brazil Risk, computed in different ways for the period
Jonuary, 1995 to June, 2001.}? These different messures come from severa securities,
induding derivaives The country risk meesures will vary according to the securities used
in its computation. We will now desribe the different finencid ingruments used in the
andyds

1. 1. 1. Swaps

The fird approach for the covered interest parity differentid for the Brazilian case weas
made using data from the Brazlian fixed income markets, which capture dl the variables
involved in this andyss The falowing two swap contracts were used: DI X Dal, which is
a currency swap, and DI X Pre, which is an interest rate swap. Swaps may be interpreted as
a collection of forward agreements. Each of the swaps used here are &in to only one
forward agreement, since they involve only one settlement. And since forward contracts
are quite Imilar to futures contracts, our gpproach will be basad in the arbitrage conditions
developed in Subsection 11.3 for the futures contracts.

12 For data on the early nineties, see Garciaand Val passos [2000].
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The raw daa used in this andyss ae one-year contracts, thereby capturing one-year-ahead

expectaions Thus, they should reflect one-year expectations for currency depreciation,
domestic and internationd interest rate®® We dso conducted the same andysis with the
other (shorter) time spans avalable, but opted for the one-year-ahead period (the longet
available) becauseit isless volatile 1

The reaults are displayed in Figure 3. The different areas show the behavior of eech of the
components andyzed (left-hend-gde scde) and the line represents the Brazl Risk (right-
hend-side scde).’® The am of dl aess is the one-year-ahead domedtic interest rate,
measured by the Swaps DI X Pre contracts (right-hend-side scale).

Figure 3
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[11. 1. 2. Bonds Issued Abroad (Foreign Debt)

Another way to measure the Brazil Rik is through the Brazilian foragn delt, the mgority
of which is denominated in USD. Therefore, the measure of Brazil Risk is the difference
between the secondary market yidd of these bonds and the yidd of a risk free bond,

13 A detailed description of the data set isin Appendix 1.
14 See Appendix 2 for acomparison between Brazil Risk in the short and medium run.
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typicdly a US Treasury Bond with the same expiry date of swap contracts, i.e. the spread
over-treasury of the bond.

C-Bond and IDU ae the Brazilian Bonds conddered in this andyss The IDUs (Interest
Due and Unpaid) are sovereign bonds issued in November 20, 1992 (US$ 7,100 millions)
with expiry dae in January 1, 2001, under the terms of the Brady agreement. C-Bonds
(Brazl Capitalization Bond (C)) are sovereign bonds, which were issued in April 15, 1994
(US$ 7,387 millions) and have a longer life, with expiry date in April 15, 2014. Therefore,
the difference in yidds between these two bonds reflects, anong other effects, the dope of
the yidd curve In the beginning of the period andyzed here, IDU bonds were the most
traded Brazilian bonds in foragn makets However, they dated to lose liquidity in the
market as they gpproached maturity, and in the last few years, the GBond became the most
liquid Brady Bond. Figure 4 shows dl the measures of Brazil Risk together, dlowing a
comparative andyss.

Figure 4
Brazil Risk - Bonds
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As it can be seen from Fgure 4, the measures of Brazil risk move together. After the
Mexican criss (December 1994), dl of them were decreesng until the Adan criss in

15 The upper areaisthe same astheline, only in different scales.
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October 1997. After that event, dl of them darted a decreesing trend, dthough a a levd
higher than before the Adan crigs, until the gart of the Russan criss and the collgpse of
Hedge Fund Long Term Capital Management in August 1998. The Brazl Risk incressed
subgtantidly during that period (by al measures) and, again, it decressed dfter the crigs
However, it remaned a an even higher levd than before the Russan criss, which was
dreedy higher than before the Adan crids The downward trend ended with Brazlian
devauation in January 1999. When it hgppened, dl the three measures exploded and started
a soft decline only in the second quarter of 1999. In summary, dl these messures show a
very high corrdation, srongly reecting to the locd and internationd crises Table 1 shows
the estimated firgt Satisticd moments of the different measures of the Brazil risk.

TABLE 1
STATISTICSOF BRAZIL RISK"SDIFFERENT MEASURES

CORRELATION

RB - CBond RB-1DU IDU - Cbond
PRECRISES (UNTIL OUT/97) 0,70235 0,64840 0,96563
CONTROLLED EXCHANGE RATE 0,63865 0,49838 0,90309
(UNTIL DEZ/98)
FLOATINGEXCHANGE RATE 0,76184 0,86569 0,88780
(SINCE JAN/99)
FLOATING EXCHANGE RATE 0,76010 0,85229 0,79566
(SINCE JUN/99)
CRISES (CoNTROLLED EXCHANGE RATE) 0,678 0,75570 091039
(UNTIL DEC/ 1998)

M EANS

Swaps CBond IDU
PRECRISES (UNTIL OUT /97) 0,00047 0,07455 0,0s077
CONTROLLED EXCHANGE RATE 0,08564 0,07484 0,05512
(UNTIL DEZ/98)
FLOATING EXCHANGE RATE 0,05302 0,08421 0,04342
(SINCE JAN/99)
FLOATING EXCHANGE RATE 0,03736 0,08001 0,02328
(SINCE JUN/99)
CRISES (COoNTROLLED EXCHANGE RATE) 0,07166 0,07320 0,06279

(UNTIL DEC/ 1998)

VOLATILITIES(STANDARD DEVIATIONS)

Swaps CBond IDU
PRECRISES (UNTIL OUT/97) 0,04061 0,02637 0,02903
CONTROLLED EXCHANGE RATE 0,03581 0,02601 0,03516
(UNTIL DEZ/98)
FLOATING EXCHANGE RATE 0,04408 0,01576 0,05183
(SINCE JAN/99)
FLOATING EXCHANGE RATE 0,01387 0,01148 0,02545
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(SINCE JUN/99)
CRISES (CoNTROLLED EXCHANGE RATE) (0,01562 0.02574 0.04507

(UNTIL DEC/ 1998)

Although they ae extremdy pogtively corrdated, the differences among the different
measures are not negligible. Some of the reasons for these differences are the exisence of
differet kind of risks inheret to any of the finendd indruments used in the andyss
different tax treatment among them, and the fact that these ingruments have different
meaturities and durations (they are a different points of the yield curve).

Ancther important reason to explain the difference between the Brazil Rik messure
derived from the domedtic interest raie and the others derived from the secondary market
yields of the foreign debt &tripped Sporead GBond and 1DU/Libor) is the fact that domestic
interest rates in the short run are somewhat under the Centrd Bank’s control. The others
just reflect just expectations of agents expressed by the secondary market yidd of these
bonds. For example, the Centrd Bank might fix the domedic interest rate & a higher leve
than what the risk perogption of foreign investors would require to mantain their funds in
domestic bonds. In this case, which actudly occurred from mid-1995 until the Asan crigs
and agan during the firg four months of 1998, there were huge capitd inflows, causng
large accumulations of foreign reserves (which seemed to be one of the Centrd Bank's
policy objectives during those periods).

Therefore, the Brazil Risk measured through domedtic interest rates Gwaps) measures how
much yidd the domedtic fixed return assets offers to cover the Brazil Risk. The Brazil Risk
measured through the yidds of extend debt bonds (Stripped Soread C-Bond ad
IDU/Libor) messures the yidd required by investors to cover the Brazil Risk. When the
former measure was bigger than the latter one, there was a capitd inflow. And, in the same
way, when the former was amdler, there was a capitd outflow.

This dtuation, however, seems to have changed recently. As shown in Fgure 4, the Swaps
line has been sysemdicdly bdow the Sripped Soread GBond line without causng further
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depreciation.!® Probably, this new dynamics is assodiaed with more inflow of direct
invesments in Brazil, which are much less senstive to the interest rates than the short run
cgpitd that has entered (and left) until the BRL's devaduaion of January, 1999. Now, we
turn to the currency risk estimation.

[l1.2. Currency Risk

As noted before, the currency risk canot be messured directly through financid
indruments  currency  risk is nonobservable. In a classc paper, Eugene Fama [1984]
derived and teted a modd for the joint messurement of the currency risk premium
vaidion and the expected depreciation variation of forward rates. He used data from nine
of the mog internationdly traded currencies in the period of August 1973 — December
1982, and he found evidence that both components of forward rates vary with time. The
two main condusions of Fama s paper are the following:

1. The currency risk premium and the forward market's expected deprecidion rates are
negatively correlated, and

2. Movementsin the forward rates are mosily due to risk premium variaions

Garcia and Olivares [2000] check the vdidity of these “fundamentas’ condusions of Fama
for Brazl, udng data of the USD futures maket of BM&F from April 1995 —December
1998, a period in which was adopted a controlled exchange rate regime. The firs of Fama's
condusons — the expeded deprecidion covaries negaivey with the risk premium — was
refuted, with the edimates indicating a pogdtive corrdaion between them. The second of
Famas conclusons — the largest pat of futures price varidions is due to risk premium
vaiaions — was corroborated by the point estimates, adthough it has not been possible to
rgect the hypothess tha the variance of risk premium was equd to the variance of
expected depreciation rate. Therefore, Famds [1984] framework corroborated the
importance of the currency rik in the determination of USD futures price in Brazl, and
consequently, as a component of domestic interest rates.

16 For the recent period, IDU has become less relevant because it lost liquidity due to its short maturity.
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The same andyss was undertaken with ancther data set. This dternative data set contains
daly daa for one-month-ahead currency swep contracts traded in BM&F (akin to one-
month-ahead forward contracts). The available data cover December 10, 1997 to November
19, 1999. The results obtained show that, before the floating of the BRL in January 1999,
the estimates of the dope coefficent of Famas regresson were not usudly negative,
however they were dose to zero. When the turbulent period of January and February of
1999 were included in the regresson, that dope coefficent dradticdly increesed, and after
that period, they decreased and ostillated around the (pogtive) vaue of one. This change in
level can be explained by change of exchange rate regime. Brazil abandoned the crawling-
peg regime--where the variance of risk premium was a least as much, if not even more
important than the variance of the expected devaudion rate--for the floating exchange rate,
in which the variance of the expected depreciation became higher than the variance of risk
premium.

Gacda and Olivares [2000] go beyond the indirect messurement of the expected
depreciation and currency risk premium shares dlowed for by Fama's framework, and use
an econometric technique amed a edimating a nonobsarvable varidble — the Kadman

Flter — to estimate the currency risk and the expected depreciation (these two add up to the
forward premium).

The resulting estimates for the currency risk and for the expected depreciation obtained by
Gacia and Olivares [2000] are shown in Figure 5 below. After estimating the currency risk,
the expected depreciation is obtained by subtracting the currency risk from the forward
premium. FHgure 5 shows the andyds of forward premium. This andyss is veary ussful to
examine the domegtic interest rate, which is the subject of the next section.
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Figure 5
Forward Premium Analysis
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IV. ANALYSIS OF THE DOMESTIC INTEREST RATE

IV.1. Breakdown of the Domestic Interest Rate

From the results obtained by Garcia and Olivares [2000], it is possble to andyze the
domestic interest rate. Based on what was seen (see equation (4)), the domedtic interest rate
can be decomposed as the sum of the following components™’

Internationd interest rate;
Currency expected depreciation;
Currency risk;
Country risk.
Fgure 6 shows this andyss To underdand the joint behavior of those components, it is

interesting to dudy the corrdation between our edimaes of currency risk, expected
devauation rate and the covered interest paity differentid (the Brazil risk). Table 2 shows

171t should be remembered that the adoption of continuous compounding allows us to express the domestic
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the corrdation between the vaiables. Obsarve that there is a podtive corrdaion between
the currency risk premium and expected deprecidion rae, which is consgent with the
results of Gardia and Olivares [2000] using the Fama methodology.'® On the other side, the
covared interest parity differentid (the Brazil risk) shows a much higher corrdation with
the currency risk premium than with expected devadudtion, the later being dmog null. This
indicates that some of the factors that explain the currency risk could be the same as some
of the factors that explan the Brazil risk. This is why we cdl those two risks the cousn
rsks.

Figure 6
Analysis of Domestic Interest Rate
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CORRELATION BETWEEN ESTIMATES
Period 1995:04 - 1998:12

Exp. Dev. Currency Risk Brazl Rik
Exp. Dev. 1,000 0,505 0,066
Currency Risk 1,000 0,499
Brazil Risk 1,000

interest rate as sum of its components.
18 Remember that the so called forward premium puzze (negative slope coefficient in Fama's regression) is

implied by the existence of a negative correlation between the risk premium and the expected depreciation
rate, but Garciaand Olivares[2000] have not found a negative coefficient to Brazil.
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In summay, when uang the etimae for the currency risk premium obtained via the
Kamean filter, it was possble to estimate the expected devaduation rate. Garcia and Olivares
[2000] caculated, thus the covered interest parity differentid, or Brazil Risk. The interest
rate decompogtion exercdse showed not only that the covered interes parity cannot be
veified in the Brazlian case, but ds0 that covered interest parity differentid conditutes a
Szesble component of the domedtic interest rate. There is a positive corrdation between the
currency risk and the expected depreciation rae. The Brazil risk shows a high corrdation
with the currency risk and is dmog orthogond to the expected depreciaion, which is an
indication that both risks are mogly explained by common macroeconomic factors. In the
next section, some prdiminary atempts ae made a identifying some macroeconomic
factorsthet lie behind the cousin risks ™

IV.2. The Determinants of the Cousin Risks

In this section, a prdiminary andyss will be undetsken to identify some of the
determinants of Brazil Risk and currency risk. It could be argued that the currency risk
premium is due to the fact that it is a sysemic risk assodiated to the ingbility to diversfy
relaively to the exchange rate. This risk is associaed, as is Brazl Ris, to the domegtic
meacroeconomic fundamentals and to the externa shocks.

An interesing politicd economy question is which factors among the macroeconomic
fundamentals that affect both the currency and the Brazil risks are more important, because
it is exactly these that should be confronted to dlow a more effective fdl in interest rates.
For exanple if Brazl Rik and currency risk ae both determined by fragile fiscd
fundamentals, an improvement in these conditions would bring about a subgartid fdl in
interest rates. But, if thee risks ae manly determined by doubts about bdance of
payments sudanability, it will not be an improvement in fiscd Studion thet would bring a
sgnificant decrease in interest rates. We now turn to the study of these determinants.

19 The objective is to investigate the determinants of both the Brazil Risk and the currency risk. However, we
still do not have any reliable estimate of currency risk for the period after the BRL devaluation, restricting
Subsection IV .2.
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Ore of the man determinants of a country’s (say, Brazil) Risk is the convertibility risk, i.e,
the rik assodaed with the posshility of not being ale to convet BRLs into foreign
currency. This risk encompasses the posshility that capitd controls may be introduced
preventing the internationd trandfer of funds, but do not incdude the default risk (which is
included in the country risk).

To obtan one messure of this convetibility risk, a daa sa of implied currency
depreciaion in BRLS non-ddiveradle forwards contracts (NDF) traded in New York was
used, subtracting the expected depreciation measured by swap contracts from the NDFs, as
was done to caculae one of the measures of Brazil Risk. So, the difference between these
expected depreciationsis a proxy for the convertibility risk.

In other words, a NDF contract is essentidly the same as the currency swap (or futures)
contract traded in BM&F in S8o Paulo, except for the fact that the contract traded in NY is
stled in USD and the contract traded in So Paulo is sdttled in BRL. For example, an
investor that had bet on the BRL devauation before January 1999 would have made a lot of
money, but his gan would have been pad in USD in NY and in BRL in Brazl. Under free
convertibility, both gains would be the same, because it would be possble to obtain USD
with the equivdent sum of BRLs However, if any controls on the remittance of USD to the
foreign country after the devauaion were imposed, the two amounts would not be the
same. The invegtor that traded in Sfo Paulo would receive BRLs (nomindly) equivdent to
the USD, but he would not be adle to recaive the equivdent amount in USD. In the pag,
when this kind of Stuation hgppened, the so-called black market of USD traded a a huge
premium. It is because of this convertibility risk that the price of USD in the NDFs
(measured by the inverse of the price of BRL-NDF) is higher than the USD futures traded
in the BM&F in Sdo Paulo. The difference between prices is trandformed into annud
yieds with the results shown in Figure 7A.

20 Al dataare daily and relative to the one-year period covering from December 1995 to June 2001.
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Figure 7A

Convertibility Risk
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In this Fgure, it is possble to observe that a learning process concarning the pricing of the
convertibility risk occurred. Until the Adan crids, the convertibility risk was around zero,
i.e, the markets were not pricing the convertibility risk. Therefore, during this period until
the fird caids the Adan crigs the convenience yidd—the yidd tha reflects the
differences between the prices of contracts traded in NY and Séo Paulo—did not reflect the
convertibility risk.

When the Asan crisis erupted in October 1997, the market suddenly learned that those two
contracts were not equd, i.e, the contracts traded in SP had a higher risk than the NDFs
traded in NY, namdy, the convertibility risk. At that time, there were ories flying about
arbitrageurs that sold USD futures in NY and bought them in SP, thinking that they were
completdy hedged in their invesments. When the Adan criss hgppened, and they found
out that they were carying risks and not abitraging, they rushed to close out ther
postions, sling in SP and buying in NY, which might have originated the sudden jump in
the convertibility risk thet is seenin Figure 7A. %

Snce the convetibility risk is one of the components of the country (Brazl) risk, it is
interesing to compare the behavior of the two risks In Fgure 7B, the Brazil rik is

21 Brazilian tax laws could potentially have played arole, aswell as fears that the possible bankruptcy of
many institutions could threaten the clearinghouse solvency.
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meesured by the Brazil Rik (IDU) measure, whose durdion is shorter than that of the C-
Bond. In Figure 7C, the Brazil risk is measured by the dripped spread of the C-Bond
(Brazil Risk: G-Bond) and the Brazil Risk: Domedtic Interest Rete.

Figure 7B
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Note that after the Adan crigs, the convertibility risk became doser to the country risk, but
now a a podtive levd, in contrag with the earlier period. Thus, after the Adan crigs,
convertibility risk and country risk started to move together.

During the Russan criss (August 1998) and the fdl of LTCM, the convetibility risk
jumped agan, riang to extremdy high levds in comparison to the preceding periods. Then,
it became of smilar magnitude of the country risk, and in the subsequent very turbulent
periods, it became even higher than the latter.

Thus, after the Adan crigs, markets learned to price convertibility risk. It then became an
important component of the country (Brazl) risk, and both risks darted to exhibit smilar
behavior. The worse the cids the more important the convertibility risk became in
explaning country risk. When the economic environment improved after the devduation,
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the convertibility risk sated a oft fal, dthough it has not returned to negligible leves
previous to the Adan crigs, remaining a a pogtive, athough lower, leve.

Figure 7C
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Now, we ae going to andyze another delerminant of Brazil Risk, the gStudion of the
externd fixed retun market. Different kinds of finendd indruments have different kinds
of credit rik, with US Tressury Bonds having zero credit risk. The “appetite’ of
international markets for credit risk (inversdy reated to the degree of risk averson for
credit rik) varies over time. For example, the collgpse of the Hedge Fund Long Term
Capital Management (LTCM) darted a process of flight to qudity, in which the investors,
suddenly, became more risk averse, and tried to <dl dl ther riskier assgts to invest the
funds in safe US Tressury Bonds. This movement affected Brazilian bonds in a negetive

way, despite the remarkable improvements in domedtic fundamentals that followed the IMF
agreement in the last quarter of 1998.

To meesure the demand sde for the Brazilian bonds, or the degree of risk averson, the US

10-Year Junk Bond Spread® was used. In this spread, dl US Junk Bonds whose credit
rating is the same as Brazlian sovereign debt are induded, i.e, bonds that have lower

22 Data are obtained from Bloomberg.
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raings - below Baa (or BBB or B2, in the case of private bonds), according to the credit
rating agendies like Standard and Poor's and Moody's*3

Therefore, the US 10-Year Junk Bond Soread measures the appetite for risk of the US fixed
rate market; the higher the soread is, the lower is the appetite for risk. Figure 8 shows the
US 10-Year Junk Bond Spread data (on the right-hend-Sde scde) together with the other
measures of country risk and convertibility risk (on the left-hend-side scale). Observe that
the demand for riskier bonds in USA worsened after LTCM collgpsed after the Russan
crigs, improved after thet, worsening again in 2000, reaching the same leves as during the
1998 crids This is a factor of utmogt importance affecting Brazilian bonds prices and,
through capitd flows, dso domedtic interest rates Needless to say that it is impossble to
have any control over thet important demand-sde varigble.

Figure 8
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To improve the comparison, we caculaed the corrdations between the Stripped Spread of
C-Bond (C-Bond), Brazil Risk messured with Swaps (RB), Convertibility Risk (RC), Junk
Bond Soread (IBS) and implied depreciation present in swap contracts — cdled the forward

2 For adetailed analysis of the relation between the ratings of these credit rating agencies and country risk,
see Appendix 3.
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premium (FP). These corrdaions were computed for different subsamples, with the results
digdlayedin Teble 3.

Table 3 corroborates our previous concdusion thet the market did not price the convertibility
risk until the Adan Crids dnce its corrdaion with Brazil Risk (in both messures used)
was vay gndl. However, as the period increeses (induding the period until December
1998), this corrdation becomes dronger, especidly when the corrdaion between the
Convertibility Risk with Stripped Soread of C-Bond is conddered. The strong corrdation
between Convertibility and Brazil Risk is mantained (and it becomes even higher with RB)
in the period when the Brazilian economy was under a floating exchange rate regime, after
the crigs period (snce June 1999). In the crises periods, the strong podtive corrdaion with
Brazlian Risk is mantaned. However, obsaving the corrdation between convertibility
risk and one year expected depreciation measured by Swaps contracts traded on BM&F, it
can be seen that this increases with time. The corrdation, with a maximum vaue of 0.67,
however, does not become stronger.

TABLE3

GBonD-RC RC-FP  CBOND-FP RB-JBS CBOND-JBS RB-RC

PRECRISES (UNTIL OUT/97) -0,1302 0,1619 -0,3%46 0,7835 0,8327 0,0766
CONTROLLED  EXCHANGE 0,739 04399 0,2467 0,6409 0,8626 0,1689
RATE (UNTIL DEZ/98)

ALOATING EXCHANGE RATE 0,68227 04193 0,79327 -0,45289 -0,40608 0,70091
(SINCE JAN/99)

RLOATING EXCHANGE RATE 0,77216 0,67391 0,75058 -0,51784 -0,31865 0,87168
(SINCE JUN/99)

CRISES (ConTROLLED 0,8934 0,0303 0,159 0,6633 0,8848 0,6186

EXCHANGE RATE)
(UNTIL DEC/ 1998)

Thus, two important results associaied to the rdevance of convetibility risk can be
observed through these comparisons. The firgt one is reaed to the learning process that has
occurred with Non-Deliverable BRL Forward cortracts traded in NY. The second result is
rdaed to changes in the compostion of Brazil Risk in crises periods, during which the
convertibility risk becomes the most important component.
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Another important and interesting result is the increese in the corrdation between the
foward premium and Brazil Rik messured through C-Bonds after the adoption of a
floating exchange rate. One possble conjecture is that, with a floating exchange rae
regime, the increese in country risk affects not only currency risk, as occurred in the
controlled exchange rate period, but aso the expected currency depreciation, resulting in a
higher corrdation with the forward premium (which is the sum of expected depreciation
and currency risk).

However, it is clear that these are not the only determinants of currency and Brazil risks
Truly, these are only two of the determinants of them. Variables that reflect the expected
future behavior of fiscd and bdance of payments accounts, as well as vaiadles that reflect

the degree of domedtic financid market ingability should dso be consdered in an andyss
of thiskind.

TABLE4
Dependent Variable: CBOND_SPREAD
Method: Least Squares
Sample (adjusted): 2 108
Included observations: 107 after adjusting endpoints
White Heteroskedasticity-Consistent Standard Errors & Covariance

Variable Coefficient Std. Error t-Statistic Prob.

C -0.318114 0.412696 -0.770820 0.4426

CBOND_SPREAD (-1) 0.703871 0.082745 8.506485 0.0000

NFSP_EXP1Y(-1) -4.361887 1.521859 -2.866158 0.0051

JBS(-1) 0.137766 0.061659 2.234344 0.0277

IBOVESPA_USS(-1) -0.082399 0.087554 -0.941121 0.3489

CA_EXP1Y(1) 0.164463 0.137141 1.199226 0.2332
R-squared 0.888529 Mean dependent var 2.072420
Adjusted R-squared 0.883011 S.D. dependent var 0.142416
S.E. of regression 0.048711 Akaike info criterion -3.151362
Sum squared resid 0.239654  Schwarz criterion -3.001484
Log likelihood 1745979 F-statistic 161.0129
Durbin-Watson stat 1.937170  Prob (F-statistic) 0.000000

Table 4 shows the preiminary results obtained from a regresson andyss with the purpose
of explaining Brazil Risk measured by the Stripped Spread of G Bonds. The sample period
is the floating exchange rate period, from May 1999 to June 2001, with weekly data. The
vaiables induded in the regresson are
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Ore-year-ahead expected domedtic fiscal conditions (NFSP_EXP1ly — public sector
borrowing requirements, in % of GDP);

One-year -ahead expected Current Account (CA_EXP1Y);

Internationa  finencd markets conditions, measured by the a credit derivaive tha
provides the soread between high-yield US corporate bonds and the US Treasury bond
of equivdent duration (JBS — Junk bond spreed); and

Domedtic financd markets conditions meesured by the domestic sock exchange
return in US$H (IBOVESPA_USS).

The one-year-ahead expected varidbles come from a weekly survey conducted by the
Brazlian Centrd Bank with Brazlian mgor finandd ingituions®* Usng them on the
regresson andyss we try to capture the market expectations that are essertid in the
perception of acountry risk. All variables are lagged one week to prevent inconsstency.

The preiminary results are quite good. All vaigbles incduded in the regresson have the
right 9gn. The R-squared is quite high and the regresson passed both autocorrelation and
normality tests™.

An important thing to be noticed is the CBOND_SPREAD lagged component. If it is
excduded from the regresson, as in Table 5, in spite of the fdl on R-squared, Al
coefficients become ggnificant and, dl varigbles but CA_EXPLY have the right Sgn. Thus
not only this CBOND_SPREAD lagged component is rdevant in the andyss but dso dl
the other varidbles andyzed. Neverthdess given the smdl sample (64 obsarvations),
further testing is needed.

24 These dataare available at the Central Bank website: www.bch.gov.br.
25 See Appendix 4 for statistical tests on those variables to corroborate these estimations.
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Table5
Dependent Variable: CBOND_SPREAD

Method: Least Squares

Sample (adjusted): 2 108

Included observations: 107 after adjusting endpoints

White Heteroskedasticity-Consistent Standard Errors & Covariance

Variable Coefficient Std. Error t-Statistic Prob.

C -0.058657 0.012964 -4.524503 0.0000

NFSP_EXP1Y (-1) -1.195732 0.074293 -16.09484 0.0000

CA_EXP1Y (1) -0.002177 0.000418 -5.208881 0.0000

JBS (-1) 0.669787 0.086830 7.713766 0.0000

IBOVESPA_USS (-1) -0.028364 0.007513 -3.775551 0.0003
R-squared 0.795497 Mean dependent var 0.077147
Adjusted R-squared 0.787478 S.D. dependent var 0.011016
S.E. of regression 0.005079  Akaike info criterion -7.681993
Sum squared resid 0.002631  Schwarz criterion -7.557094
Log likelihood 415.9866 F-statistic 99.19274
Durbin-Watson stat 0.800505 Prob (F-statistic) 0.000000

V. CONCLUSION: WHAT ARE THE DETERMINANTS OF SUCH HIGH REAL
INTEREST RATES?

This atide reviews the arguments in the finance and open macroeconomics literature thet
are rdevat for the Centrd Bank to set the levd of the interet rate in an open economy.
Seved of rdevant concepts wee shown and andyzed through severd financid
indruments traded in domedic and internationd markets specidly, financid derivaives
Country risk (Brazil Rik) was measured with different financid insruments and currency
risk was estimated through the Kaman Filter.

We show that—besdes the currency risk, which is dso rdlevant in developed economies—
the country risk (Brazil Risk) is important to determine the domediic interest rates. Brazil
Risk and currency risk have a drong postive corrdation (0.5) for the controlled exchange
rate period of the Red Plan (the esimates for the period after the floaing of the BRL are
dill being caried out). This demondraes that both risks share common causes, being,
therefore, cdled the cousin risks: Thus, when and if the common causes are confronted, the
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fdl of domedic interest rates can be substantid, because both currency and Brazil risks
may fdl & the sametime.

Although have not yet been adle to provide rdiable edimates for currency risk from the
floating exchange rate period, the fact is that the corrdation between Brazil risk and the
fowad premium (which is the sum of curency risk and expected depreciation)
dgnificantly increesed dfter the change of the exchange rate regime. l.e, in the current
exchange rate regime, the determinants of Brazil risk seem to affect the exchange rae (via
currency risk and via expected depreciation) and the domedtic interest raies much more

grongly.

Prdiminary results identify the components of Brazil Rik, eg., the fiscd reaults and the
domedic and internetiond finencid markets conditions. The convertibility risk, defined as
risk associated with posshility of not being ale to convert BRLs into foreign currency,
showed up as an important cause of Brazl rik during the internationd financid crids
periods, but is no longer revant.

If one assumes that the red exchange rate will remain condant, it is possble to have and
educated guess of the currency risk sSze, and to compare it to the Brazil risk. Doing so will
reved a currency risk above 5% (for one year), while the Brazl risk will hover bdow 3%.
The currency risk remains quite high, despite the floating regime, while the country risk has
been subgtantidly reduced. Therefore, it seems that the principd benefits of the bettle for a
fdl in domedic red interest rates are in the determinants of currency risk which should be
asociated to the sudtainability of the baance of payments egpecidly the behavior of the
current account and, thus, the behavior of imports and exports. It is in that direction that
this research should continue,
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Appendix 1 — Data Set

Domestic Interest Rate

The domedtic interest rate used is the swagp DI x Pre for 360 days. Swap is an exchange of
risk, without the trandfer of principa, and what métters is the difference between the yidds
of each dde of the contract traded. It is possble to say that they are redly forward
contracts. In an interest rate swap, which in this case is the swgp DI x Pre, when an investor
buys one contract, he is invesing his money a a floating interest rate (CDI/CETIP — DI
vaidion) and paying a fixed interest rate (Pre dde). The quotation of those contracts is

given by the Prerate (based on 360 days) which is used in the calculation of Brazil Risk.

International Interest Rate

The country chosen as representative of the rest of the world was the USA and as a proxy
for internationa interest rates that ceptures expectaions for 1 year, 1-Year Tressury
Congant Maturity Rate was used (published by Federd Reserve Board of Governors of the
USA). This Tyear expected interest rate, composed of the yields of traded bonds in the US
financid market, is adjusted to reflect this congat maturity of one year. The adjusment
used interpolations of daily yidd curves, based on the yidds (bid yidds of end of the day —
closed market) of US Treasury Securities traded in the so-cdled over-the-counter market
(for example, when a contract is dedt by phone, i.e, it is settled directly by traders and not
through a financid inditution). Thee yidds ae cdculaed through the compostion of

prices obtained by the Federd Reserve Bank of New York. Therefore, even if there is no
bond with this maturity, through this methodology it is possble to obtain a price for a bond

with that meturity.
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Expected Devaluation and Currency Risk Premium

To messure the expected devauation in a certain period, the Dol X Pre currency swep rae
would be the correct one to use. However, these contracts don't have enough liquidity to
reflect accurately economic agents expectations. Thus, the information in DI x Pre and DI
x Dal interest rate swap contracts®® are andyzed together and could give us the information
in the Dol X Pre currency Swaps. Swaps contracts were explained before, and because they
are vary milar to forward contracts, we can use them as a good indication of the market's
expected devduaion. Among the mogt liquid contracts, there are these two just cited
above, if the period snce 1999 was congdered. So, this cdculation is not just an abdtract
way of meassurement of expected devduation in economy, it should be very dose to the
true measure of it. One of the advantages of this data st could be te reduction of costs
associaed to this kind of transaction through the aggregate of dl these codts (transaction

codts, borrowing costs and the cost of hedging) into just two contracts.

Ina DI X Dal currency swap contract, there is an exchange of two floating rates. Who takes
the long postion in this contract receives the yield of DI and pays USD depreciation in the
period of the contract sum up to a known fixed interes rate (known as coupon on USD-
linked bonds). The price of tha contract is given by tha interest rate, being linear and
based on a 360-days basis”’.

26 Considering, as an example the data set of May 2000, the number of opened Swap DI X Pre contracts was
4.875.496, reflecting a financid traded volume of US$ 24.440.704, with 893.820 traded contracts. Of the DI

X Dol Swaps contracts, 1.304.542 contracts were opened, reflecting a traded volume of US$ 7.086.790, with
259.237 traded contracts, while only 1.127 contracts were opened for Dol X Pre swap contracts and none of

them was traded.

27 For adetailed description of these contracts, see BM& F' s site.
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Thus, the USD expected devduation was cdculaed through the difference between the
quotations of DI X Pre and cleaned coupon on USD-linked bonds™® of DI X Dol swap
contracts. However, in the expected devauaion measured through Swaps contracts there is
a risk premum inherent to these contracts And that risk premium can give a biased

etimate of expected devauation if compared to whet redly is going to occur in the period.

28 CUMPOM CAMBIAL datawere cleaned through the methodol ogy described in Lemgruber [1999].
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Appendix 2 — Brazil Risk — Short Run X Medium Run

Figure bdow shows Brazil Risk as andyzed before through swap contracts and a measure
of the short run?®, 3 months, caculated in the same way as the other messure, dthough it
uses USD futures market traded in BM&F. Thus the differences between these two
messures of Brazil Risk reflect baesc differences due to the short and medium run. An
evident fact of this comparison that can be seen in the Fgure is the higher volaility of short
run messure. The volatility of the short run measure, for the period of January 1995 — June
2001, is 6.2%, being higher than the voldility of the other messure (that reflects 1 year
Brazil Rik), which is 4.2%. This reflects the fact thet short run expectations are more
sengtive to daly changes in financid markets Generdly, these fluctuations are due to very
specific factors that might have affected the expectations jugt in that specific day, but they
are asociated just to very short run expectations and are not supposed to affect the medium
and long run economic conditions Therefore, the andlyss of Brazil Risk messured with
Swaps is much more interesting and adequate in comparison to the other measure with

USD futures contracts.

29 This Brazil Risk measure was used in Garciaand Valpassos (1999).
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Brazil Risk - Short Run X Mediun Run
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Appendix 3 — Credit Rating Agencies

Therik of a bond issued by any government in a foreign currency is rdlated to the fact that
this government could possbly not be able to issue money to pay its debt. Therefore, the
role of a credit raing agency is to try to andyze the ability and willingness of the
governments to generate foreign exchange enough to pay back its obligations. In this way,
the soverdgn rating should be the highes in a cetan country, and any other privae
emisson should not be able to recaive a higher dasdficaion than that sovereign caling.
This is due to the fact tha the government has the legd power to intervene through
currency controls in the cgpadity of dl private firms to meet its obligations denominated in
foreign currency. Ftch IBCA Ratings, for example, condders in its andyss not only public
obligations, but dso private ones denominated in foreign currencies to andyze the need of
a certain country to generate foreign exchanges. This is due to the fact that in 80's there
was a renegotiaion of externd debts by severd governments that took responghility for the
private sector debt too.

To Moody’s and Standard and Poor's, the credit reting is an opinion about the future ability,
legd obligation and willingness of the issuer in make dl the payments Therefore, its
objective is drictly to andyze the credit conditions of the issuer and the posshilities of
default, consdering the guarantees given by the issuer and the Sze of the possible losses for
someone who buys that credit indrument. To andyze the so-called sovereign caling, the
agencdes condder the meacroeconomic fundamentads of a catan economy, incduding
implied voldility in the economy. To do that, they congder varigbles that could, in a cartan
way, foresse possble problems in the future like growth, inflation, current accourt,
unemployment levd and other not-so-evident varidbles such as the flexibility of an
economy and its openness. However, these credit ratings do not measure, for example, risks
rlaed to the logt of market vaue of these credit indruments and risks related to bilaterd
conflicts between the issuer’s country and the inditution's country where the issue took
place. Ancther risk that is not incorporated in these raings is convertibility risk, i.e, if the
payment of a certain obligation would be affected or not by any kind of control adopted by
the government in rdaion to the currency of denomination.
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Obsrve in the fallowing figures the actions rdaed to Brazilian long debt denominated in
foreign currency of the three credit rating agencies. Standard and Poor's, Moody's and Fitch
IBCA, for the period of the Red Plan. It should be observed the lagged behavior®® of these
agencies in compaison to the behavior of Brazil Rik, messured by Swgps (before
developed) and the Stripped Spread of the C-Bond.

Through these Figures it is possble to see the consarvaive behavior of certain agencies
like Moody's. That one, 18 months after the adoption of a floating exchange rae regime in
Brazil, in January of 1999, ill did not change Brazlian's long-term debt denominated in
foreign currency, dassfied as B2. However, Fitch IBCA dready changed its rating twice in
the same period, improving itsrating from B, in January 1999, to BB+, nowadays.
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30 Credit rating agencies classify in a very similar way long run debts denominated in foreign currency of
countries. To transform these ratings into values that could be observed in a Figure, a scale from zero to ten
was created, tem being the worst possible classification. I.e., the values were arbitrary in such a way that
when there is an improvement in credit rating of the country, in the figure, it would be shown by a declinein
the relative values of this classification. In that way, there is going to be a positive correlation between
country risk and these ratings.
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APPENDIX 4 — STATISTICAL TESTS

In this gopendix, it is andyzed causdity, unit roots and possble co-integration rdaionships
among those varigbles usad in the regresson andyss Next, there are the grephs of those
time series data, from May - 1999 to June - 2001.
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To test the exigence of a unit root on those vaiddles it were done Augmented Dickey-
Fuller Teds usng 4 lags and, without a Condant nor a trend (DF), with a Condant but
without a Trend (DFc) and, with a Congant and a Trend (DFct). The results are in the

fdlowing tebles

TABLE 1: Unit Root Test on CBOND_ SPREAD

Test Satistics Critical Value
DF 0,4067 -19432
DFc -1,8008 -2,8895
DFct -1,3113 -34535
MacKinnon critical values for rejection of hypothesis of a unit root
TABLE 2: Unit Root Test on NFSP_EXP1Y
Test Satistics Critical Value
DF 0,9949 -1,9432
DFc 227112 -2,8895
DFct 1,0082 -34535
MacKinnon critical values for rejection of hypothesis of a unit root
TABLE 3: Unit Root Test on CA_EXP1Y
Test Statistics Critical Value
DF 24719* -1,9432
DFc 0,689 -2,8895
DFct -1,1640 -34535
MacKinnon critical values for rejection of hypothesis of a unit root
TABLE 4: Unit Root Test on IBOVESPA_USS
Test Statistics Critical Value
DF -34747* -1,9432
DFc -34558 * -2,8897
DFct -36570* -34535
MacKinnon critical values Tor rejection of hypothesis of a unit root
TABLE 5: Unit Root Test on JBS
Test Satistics Critical Value
DF 04487 -1,9432
DFc -1,6515 -2,8895
DFct -1,0975 -34535
MackKinnon critical values for rejection of hypothesis of a unit root

Some of these varidbles have a unit root, thus to test co-integration with the dependent
vaiable CBOND_SREAD is essentid. We proceed on this through Johansen Co-
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Integration Test with 4 lags and another test assumption is a linear determinidic trend in the
data

TABLE 6: Johansen Co-Integration Test on CBOND_SPREAD and NFSP_EXP1Y

Test assumption: Linear deterministic trend in the data

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.086386 11.41116 15.41 20.04 None
0.020233 2.105354 3.76 6.65 At most 1

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. rejects any cointegration at 5% significance level

Unnormalized Cointegrating Coefficients:
CBOND_SPREAD  NFSP_EXP1Y

0.762842 15.42873
0.841066 0.118837
Normalized Cointegrating Coefficients: 1 Cointegrating Equation(s)
CBOND_SPREAD  NFSP_EXP1Y C
1.000000 20.22533 -1.209678
(7.09556)
Log likelihood 790.4427
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00927785 0.00 B84
00.668989 1.76837%62
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CBBOINDSBREEAD CA EXRY ccC
10000000 -0.090Z2356 -1 1B25804
(1.g338385)
LbgdikikBtibodd 57R8978558
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As seen above, none of them is co-integrated with CBOND_SPREAD. We go further on
thistest now, testing co-integration among dl variadles
TABLE 9: Johansen Co-Integration Test on CBOND_SPREAD and all non-stationary
variables

Series: CBOND_SPREAD NFSP_EXP1Y CA_EXP1Y JBS
Test assumption: Linear deterministic trend in the data

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.188756 55.35344 47.21 54.46 None **
0.155371 33.80721 29.68 35.65 At most 1 *
0.131520 16.41488 15.41 20.04 At most 2 *
0.018189 1.890741 3.76 6.65 At most 3

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. test indicates 3 cointegrating equation(s) at 5% significance level

Unnormalized Cointegrating Coefficients:

CBOND_SPREAD  NFSP_EXP1Y CA_EXP1Y JBS
-1.294544 -16.12693 3.134402 -0.177473
-1.006411 -27.70021 -1.505606 1.192773
0.707320 17.14818 -1.624548 -1.017857
0.936122 4.388785 0.775442 -0.491296
Normalized Cointegrating Coefficients: 1 Cointegrating Equation(s)
CBOND_SPREAD NFSP_EXP1Y CA_EXP1Y JBS C
1.000000 12.45761 -2.421240 0.137093 5.953661
(2.96176) (0.78587) (0.29086)
Log likelihood 1435.729
Normalized Cointegrating Coefficients: 2 Cointegrating Equation(s)
CBOND_SPREAD  NFSP_EXP1Y CA_EXP1Y JBS C
1.000000 0.000000 -5.660270 1.230425 13.99288
(1.84461) (0.45310)
0.000000 1.000000 0.260004 -0.087764 0.645325
(0.09860) (0.02422)
Log likelihood 1444.425
Normalized Cointegrating Coefficients: 3 Cointegrating Equation(s)
CBOND_SPREAD  NFSP_EXP1Y CA_EXP1Y JBS C
1.000000 0.000000 0.000000 2.273365 -5.703225
(1.71257)
0.000000 1.000000 0.000000 -0.135672 0.259413
(0.07460)
0.000000 0.000000 1.000000 0.184256 3.479711
(0.29593)
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Log likelihood 1451.687

Now, conddering IBOVESPA USS a an exogenous vaiable, the results change
However, it should be consdered the fact that these results shown to be extremdy sendtive

to changesin test goecifications.

TABLE 10: Johansen Co-Integration Test on CBOND_SPREAD and all other
variables

Series: CBOND_SPREAD NFSP_EXP1Y CA EXP1Y JBS
Exogenous series: IBOVESPA_USS

Warning: Critical values were derived assuming no exogenous series
Lags interval: 1t0 5

Likelihood 5 Percent 1 Percent Hypothesized
Eigenvalue Ratio Critical Value Critical Value No. of CE(s)
0.193686 46.98539 47.21 54.46 None
0.110699 25.02656 29.68 35.65 At most 1
0.098439 13.05996 1541 20.04 At most 2
0.024116 2.489945 3.76 6.65 At most 3

*(**) denotes rejection of the hypothesis at 5%(1%) significance level
L.R. rejects any cointegration at 5% significance level

Unnormalized Cointegrating Coefficients:

CBOND_SPREAD NFSP_EXP1Y CA _EXP1Y JBS
-0.422508 -21.21360 -1.095836 1.524325
1.977097 34.35756 -1.690820 -0.760444
-0.605164 -3.979539 3.599759 -0.011429
-0.800673 -3.141669 -1.285331 0.594393
Normalized Cointegrating Coefficients: 1 Cointegrating Equation(s)
CBOND_SPREAD NFSP_EXP1Y CA_EXP1Y JBS C
1.000000 50.20876 2.593646 -3.607802 -2.432886
(37.9038) (4.10887) (3.40430)
Log likelihood 1467.769
Normalized Cointegrating Coefficients: 2 Cointegrating Equation(s)
CBOND_SPREAD NFSP_EXP1Y CA _EXP1Y JBS C
1.000000 0.000000 -2.680716 1.321434 4,358563
(1.30675) (0.46733)
0.000000 1.000000 0.105049 -0.098175 -0.135264
(0.05954) (0.02129)
Log likelihood 1473.753
Normalized Cointegrating Coefficients: 3 Cointegrating Equation(s)
CBOND_SPREAD NFSP_EXP1Y CA EXP1Y JBS C
1.000000 0.000000 0.000000 1.766327 -4.894315
(1.11631)
0.000000 1.000000 0.000000 -0.115609 0.227326
(0.04594)
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0.000000 0.000000

Log likelihood 1479.038

1.000000

0.165961
(0.25954)

-3.451644

To andyze causdity in that data set, we used Granger causdity tests, as seen below:
TABLE 11

Granaer Causalitv Test

Null Hypothesis
NFSP_EXP1Y does not Granger Cause CBOND_SPREAD
CBOND_SPREAD does not Granger Cause NFSP_EXP1Y

JBS does not Granger Cause CBOND_SPREAD
CBOND_SPREAD does not Granger Cause JBS

CA_EXP1Y does not Granger Cause CBOND_SPREAD
CBOND_SPREAD does not Granger Cause CA_EXP1Y

IBOVESPA_USS does not Granger Cause CBOND_SPREAD
CBOND SPREAD does not Granger Cause IBOVESPA USS

1lag

F-Statistics Prob

43133
24915

0.5968
0.1704

0.7729
6.0365

0.0053
0.0435

2 lags 3 Lags

F-Statistics  Prob F-Statistics  Prob
0.0403 2.0968 0.1282 15335 0.2106
01175 1.7708 0.1754 0.5316 0.6617
04415 0.0566 0.9451 0.9010 0.4436
0.6806 31713 0.0462 2.4096 0.0716
0.3814 0.0036 0.9964 0.2195 0.8827
0.0157 3.1786 0.0458 1.1433 0.3356
0.9422 0.3187 0.7278 0.3157 0.8140
0.8351 0.2400 0.7871 0.5322 0.6613

data .

Thee Granger causdity tests did not indicate any bivariae causdity in this
However, thistest does nat fit entirdy to our andlyss. Thus it followsaVAR andyss

TABELA 12: VECTOR AUTOREGRESSION ESTIMATES

Standard errors & t-statistics in parentheses

CBOND_SPREAD NFSP_EXP1Y JBS IBOVESPA_USS CA _EXP1Y

CBOND_SPREAD(-1) 0.703871 -0.000110  0.043853 0.118794 -0.008379
(0.07634) (0.00095)  (0.05603) (0.08236) (0.01113)

(9.22060) (-0.11532)  (0.78267) (1.44233) (-0.75268)

NFSP_EXP1Y(-1) -4.361887 0975192  1.374335 2.272939 -0.426761
(1.32023) (0.01651)  (0.96903) (1.42444) (0.19252)

(-3.30387) (59.0633)  (1.41826) (1.59567) (-2.21669)

JBS(-1) 0.137766 0000931 0038885  -0.107905 0.029231
(0.05822) (0.00073)  (0.04273)  (0.06282) (0.00849)

(2.36628) (1.27818)  (21.9710)  (-1.71779) (3.44294)

IBOVESPA_USS(-1) -0.082399 0001649 -0.129833  -0.029575  -0.026565
(0.09634) (0.00120)  (0.07071) (0.10395) (0.01405)
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(-0.85528) (1.36835)  (-1.83606) (H0.28453) (-1.89089)

CA_EXP1Y(-1) 0.164463 -0.005362  -0.184405 -0.056495 0.958375

(0.12198) (0.00153) (0.08953) (0.13161) (0.01779)

(1.34827) (-3.51482) (-2.05966) (0.42927) (53.8783)

() -0.318114 0.015062 0.654957 0.202177 0.087589

(0.36379) (0.00455) (0.26702) (0.39251) (0.05305)

(-0.87444) (3.31065) (2.45286) (0.51509) (1.65108)

R-squared 0.888529 0.997820 0.961066 0.035016 0.987604

Adj. R-squared 0.883011 0.997712 0.959138 -0.012755 0.986990

Sum sq. resids 0.239654 3.75E-05 0.129109 0.278980 0.005096

S.E. equation 0.048711 0.000609 0.035753 0.052556 0.007103

F-statistic 161.0129 9244.298 498.6257 0.732991 1609.374

Log likelihood 174.5979 643.4226 207.6897 166.4689 380.6107

Akaike AIC -3.151362 -11.91444  -3.769901 -2.999419 -7.002069

Schwarz SC -3.001484 -11.76456  -3.620023 -2.849540 -6.852191

Mean dependent 2.072420 -0.043153 1.593734 -0.001709 3.181802

S.D. dependent 0.142416 0.012735 0.176872 0.052224 0.062277
Determinant Residual Covariance 5.62E-20
Log Likelihood 1612.297
Akaike Information Criteria -29.57564
Schwarz Criteria -28.82625

TABELA 13: VECTOR ERROR CORRECTION ESTIMATES

Standard errors & t-statistics in parentheses

Cointegrating Eq: CointEqgl

CBOND_SPREAD(-1) 1.000000

NFSP_EXP1Y (-1) 20.01013
(8.00168)
(2.50074)

JBS (1) -0.642291
(0.52773)

(-1.21707)

IBOVESPA_USS (1) 12.78519
(10.5027)
(1.21732)

CA_EXP1Y(-1) 1.675910
(2.40669)
(0.69636)

C -5.491498
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Error Correction: D(CBOND_S D(NFSP_EX D(JIBS) D(IBOVESPA D(CA_EXP1Y)

PREAD) P1Y) _Uss)

CointEql -0.010477 -0.000244 -0.007553 -0.064499 -0.002484

(0.01246) (0.00017) (0.00907) (0.01344) (0.00169)

(-0.84087) (-1.46892) (-0.83240) (-4.80035) (-1.47161)

D(CBOND_SPREAD(-1)) -0.118460 -0.002959 0.113034 0.054974 0.028305

(0.12505) (0.00166) (0.09107) (0.13485) (0.01694)

(-0.94732) (-1.77713) (1.24118) (0.40766) (1.67060)

D(NFSP_EXP1Y(-1)) -0.703188 0.358455 4.360157 -9.753747 1.435692

(6.37812) (0.08492) (4.64504) (6.87829) (0.86418)

(-1.52132) (4.22108) (0.93867) (-1.41805) (1.66134)

D(JIBS(1)) -0.023747 -0.001776 -0.018655 -0.019148 -0.017223

(0.13937) (0.00186) (0.10150) (0.15030) (0.01888)

(-0.17039) (-0.95716) (-0.18380) (-0.12740) (-0.91206)

D(IBOVESPA USS(-1)) 0.049725 0.001890 0.006971 -0.188543 0.022820

(0.09793) (0.00130) (0.07132) (0.10561) (0.01327)

(0.50774) (1.44941) (0.09774) (-1.78520) (1.71974)

D(CA_EXP1Y(-1)) -0.383412 0.019937 -0.470655 -0.388544 0.314041

(0.64371) (0.00857) (0.46880) (0.69419) (0.08722)

(-0.59563) (2.32619) (-1.00396) (-0.55971) (3.60067)

C 0.003241 0.000147 0.002076 0.005349 0.001363

(0.00554) (7.4E-05) (0.00404) (0.00598) (0.00075)

(0.58479) (1.99848) (0.51448) (0.89507) (1.81477)

R-squared 0.041020 0.267400 0.074135 0.536010 0.266713

Adj. R-squared -0.017100 0.223000 0.018022 0.507889 0.222271

Sum sq. resids 0.243030 4.31E-05 0.128900 0.282641 0.004462

S.E. equation 0.049546 0.000660 0.036083 0.053432 0.006713

F-statistic 0.705784 6.022533 1.321169 19.06108 6.001409

Log likelihood 171.7271 629.5324 205.3370 163.7245 383.6051

Akaike AIC -3.108058 -11.74589 -3.742208 -2.957065 -7.105756

Schwarz SC -2.932170 -11.57001 -3.566320 -2.781178 -6.929869

Mean dependent -0.001395 0.000327 0.002102 0.000812 0.002750

S.D. dependent 0.049128 0.000748 0.036413 0.076167 0.007612
Determinant Residual Covariance 5.85E-20
Log Likelihood 1595.071
Akaike Information Criteria -29.34096
Schwarz Criteria -28.33589
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