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Abstract

In this paper, we analyze the importance of curvature term stru-

ture movements on forecasts of interest rate means. An extension of

the exponential three-factor Diebold and Li (2006) model is proposed,

where a fourth factor captures a second type of curvature. The new

factor increases model ability to generate more volatile and non-linear

yield curves, leading to a signi�cant improvement of forecasting abil-

ity, in special for short-term maturities. A forecasting experiment

adopting Brazilian term structure data on Interbank Deposits (IDs)

generates statistically signi�cant lower bias and Root Mean Square

Errors (RMSE) for the double curvature model, for most examined

maturities, under three di�erent forecasting horizons. Consistent with

recent empirical analysis of bond risk premium, when a second cur-

vature is included, despite explaining only a small portion of interest

rate variability, it changes the structure of model risk premium lead-

ing to better predictions of bond excess returns.
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1 Introduction

Understanding the evolution of the term structure of interest rates is impor-
tant for a variety of reasons. Portfolio managers will adopt yield curve models
for allocation purposes, while risk managers and macroeconomists will ex-
tract term structure movements to mimick their behavior or use them for
monetary policy purposes. For each speci�c application, innumerous statis-
tical procedures, parametric models, and dynamic arbitrage-free models are
available1, and one has to be criative, and sometimes pragmatic to identify
the perfect matching between model and application.

In particular, forecasting interest rate means is an issue that has recently
attracted the attention of researchers. Predictability questions raised by
Fama and Bliss (1987) have recently been revisited through the lens of dy-
namic term structure models in Du�ee (2002) and Dai and Singleton (2002).
In a di�erent strand, Ang and Piazzesi (2003) analyzed a Gaussian a�ne
model with macroeconomic variables and showed that macro variables con-
tribute to a better forecasting of the yield curve dynamics. In a simple
parametric latent factor setting, Diebold and Li (2006) (DL, hereafter) pro-
posed to forecast interest rate means with a variation of the Nelson and
Siegel (1987) model, parameterizing the term structure as a sum of three ba-
sic movements: level, slope and curvature. They extract time-series for those
movements to forecast the future evolution of the whole term structure, and
their model quickly became a benchmark on forecasting exercises2. Although
parameterizing the yield curve evolution by a sum of movements is not a par-
ticularly new topic3, their model outperforms a variety of reliable candidates
including principal components, and the random walk, indicating that the
speci�c choice of parametric functions matters on forecasting problems.

Despite the fact that based on the seminal work by Litterman and Scheink-
man (1991) most authors adopt three-factor term structure models4, Cochra-

1To cite a few, McCulloch (1971) presented a cubic splines model to estimate a cross-
sectional term structure; Vasicek (1977) proposed one of the �rst a�ne dynamic term
structure models, a one-factor gaussian model; Litterman and Scheinkman (1991) adopted
principal component analysis to extract term structure movements; Heath, Jarrow and
Morton (1992) proposed a general theory for arbitrage-free dynamic models; Du�e and
Kan (1996) proposed a�ne multi-factor models; Ahn et al. (2002) proposed quadratic
term structure models, one of the most recently developed multi-factor dynamic models.

2See, for instance, Almeida and Vicente (2007), Bowsher and Meeks (2006), Huse
(2007), and Kargin and Onatski (2007) for comparisons of the DL method to other fore-
casting methods.

3See, for instance Litterman and Scheinkman (1991) and Almeida et al. (2003).
4Some exceptions include Svenson (1994), Fan et al. (2003), Bester (2004), Collin

Dufresne et al. (2006), and Han (2007).
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ne and Piazzesi (2005) show that the fourth principal component of the U.S.
zero coupon curve is responsible for explaining a large portion of bond return
predictability. By performing regressions of bond excess returns on forward
rates, they obtain a tent-shaped factor common to bonds of di�erent ma-
turities, which predicts bond returns with high R2's, of the order of 40%.
They further show that the fourth principal component is responsible for
explaining more than 20% of return predictability captured by this speci�c
tent-shaped factor. Moreover, they stress the fact that this fourth factor
is usually neglected by the literature in dynamic term structure models be-
cause it usually explains only a tiny portion of the variability of in-sample
(contemporaneous) interest rate movements.

In this paper, motivated by those results provided by Cochrane and Pi-
azzesi (2005), we extend the DL model to incorporate a fourth factor driving
a second type of curvature 5. The role of this new factor is to improve model
ability in capturing more volatile and non-linearly changing yield curves,
and from a principal component perspective, to capture the dynamics of the
usually neglected fourth principal component6. This second curvature factor
alters the dynamics of the original slope and curvature factors and therefore
alters the bond risk premia structure of the model, a fundamental component
to improve forecasting ability.

A forecasting exercise adopting high frequency (daily) Brazilian �xed in-
come data indicates that the new model outperforms the DL model on both
bias and Root Mean Square Errors (RMSE) criteria, for most maturities,
and on three di�erent forecasting horizons (1-day, 1- and 3- month). Re-
sults are con�rmed to be statistically signi�cant with Diebold and Mariano
(1995) tests under a quadratic loss function. Although it might appear to be
natural that a more complex model will obtain better results than a simpler
model, this is usually true only when �tting in sample data. When deal-
ing with out-of-sample data, due to possible in-sample over�tting problems,
more complex models might not be able to capture the correct dynamics
of the observed phenomenon, and might end up achieving worse forecasting
results7. In this sense, the results obtained in this work indicate that cur-
vature, or more generaly, more complex movements of the term structure

5Other extensions of the DL model include Fontaine and Garcia (2007), and Huse
(2007). Fontaine and Garcia (2007) include an extra liquidity factor on the model. Huse
(2007) maps the three DL extracted term structure movements into observable macroeco-
nomic variables.

6In a static setting, the proposed model is equivalent to Svenson's (1994) model, which
is an extention of the Nelson and Siegel (1987) model, containing two curvature factors.

7In addition, the larger the number of the parameters in a model, the higher the chances
of having identi�cation problems.
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should be seriously considered as important elements for a better identi�-
cation of bond risk premia, a point that reinforces the results advocated by
Cochrane and Piazzesi (2005)8. In fact, by looking at Figure 3 and Table
1, which present respectively principal component loadings and eingenvalues
decomposition for U.S. and Brazilian zero-coupon data, one can observe that
despite shorter in maturities, the Brazilian term structure presents curvature
factors with much higher importance than the corresponding U.S. ones9.

The paper is organized as follows. Sections 2 and 3 respectively present
the DL and the Exponential Double Curvature (EDC) models, explaining
how to estimate and forecast with those models. Section 4 presents empirical
results: the dataset is explained, model estimation results are presented,
and a forecasting exercise is performed. Section 5 o�ers some concluding
comments and possible topics for future research.

2 The Diebold and Li Model (DL Model)

DL modi�ed the exponential model proposed by Nelson and Siegel (1987),
considering the following parametric form for the term structure evolving
through time:

Rt(�) = �1t + �2t

�
1� e��t�

�t�

�
+ �3t

�
1� e��t�

�t�
� e��t�

�
(1)

Despite proposing a time-varying decay parameter (�t), DL �xed its value at
�t = � = 0:0609 8t, to maximize the curvature of the term structure at 30
months (a medium term factor for the U.S. term structure). On the current
work � is set equal to 3.58, maximizing the curvature loadings at a maturity of
6.8 months10. Figure 1 presents the loadings of the three movements captured
by the model. The dashed line represents the loadings of the level factor. A
shock on variable �1 changes yields for all maturities � in the same direction.
The solid line represents the loadings of the slope factor. A positive shock
to �2 increases short-term yields approximately preserving long term yields
the same. The dotted line captures the loadings of the curvature factor. A

8For a deeper analysis of bond risk premium in dynamic models, see Cochrane and
Piazzesi (2006), who construct an a�ne model consistent with the stylized facts observed
in Cochrane and Piazzesi (2005).

9U.S. zero coupon data appears in monthly frequency ranging from 1985 to 2000.
Brazilian zero coupon data appears in daily frequency ranging from 2004 to 2006.

10We express time to maturity in years while DL express time to maturity in months.
Then to compare our lambda to DL lambda is necessary to multiply the DL lambda by
twelve.
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positive shock to �3 primarily makes medium-term yields to go up, preserving
the two extremes of the curve approximately the same.

2.1 Model Estimation Procedure

The model is estimated in a two-step procedure, which clearly depends on
speci�c assumptions about the process �. Choosing the structure of the time
series of � is a di�cult problem. Section 2.3 provides a discussion on the
choice of the parameter �.

In principle, if � is not �xed, the �rst step consists of running cross-
section non-linear regressions were observed yields are linear combination of
the three proposed movements plus an error term

Rt(�)observed = �1t+�2t

�
1� e��t�

�t�

�
+�3t

�
1� e��t�

�t�
� e��t�

�
+ �t(�): (2)

On the other hand, in their work, DL suggest keeping � as a �xed value.
In this case, instead of running a sequency of cross-section non-linear regres-
sions, there will be linear regressions relating yields to � parameters, and for
each �xed date the parameters (movements) can be obtained by minimizing
the sum of squared residuals of these cross-section linear regressions

�̂t = argmin

 
NtX
j=1

�t(�j; �)
2

!
; (3)

where �̂t represents a vector with stacked betas, Nt represents the number of
observed yields for date t, �j is the time to maturity of the jth yield on that
same date, and � is �xed at a constant value.

This �rst step generates a time series for each of the term structure move-
ments that were implied by the observed term structure data, and minimize
the sum of squared residuals, for each independent subset of cross section
yields.

In a second step, univariate autoregressive time series models are �tted
to those three term structure movements. For i = 1; 2; 3, one �t

�̂it = ci + �i�̂it�1 + �it; (4)

where ci is a constant, �i is a number, and �i is a univariate zero mean
gaussian error.

In their work, DL also experiment with vector autoregressive (VAR) mod-
els but identify that, for the particular period of the U.S. term structure
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analized in their paper, the independent univariate autoregressive processes
are better forecasters than the vector autoregressive model. In contrast with
their results, considering the Brazilian term structure analyzed in this work,
the VAR version of the model presents superior forecasting results when
compared to the univariate version.

The VAR is �tted by

�̂t = cDL + �DL�̂t�1 + ��t; (5)

where c is a 3 � 1 vector of constants, �DL is a 3 � 3 matrix, and �� is a
multivariate zero mean gaussian error, with a free correlation structure, not
necessarily the identity matrix.

2.2 Forecasting

Under the univariate model, for each speci�c movement (i = 1; 2; 3), forecasts
for its conditional mean is produced by

^̂
�it = Et�1

h
�̂it

i
= ĉi + �̂i�̂it�1; (6)

where Et�1[�] denotes conditional expectation with information set at time
t � 1. Once knowing the conditional forecasts for each movement, for any
�xed maturity, model implied yield forecasts can be easily produced with the
use of

Et�1 [Rt(�)] =
^̂
�1t +

^̂
�2t

�
1� e��t�

�t�

�
+

^̂
�3t

�
1� e��t�

�t�
� e��t�

�
: (7)

Similarly, for the VAR multivariate model, forecasts for the conditional
means of all movements are jointly produced by

^̂
�t = Et�1

h
�̂t

i
= ^cDL + ^�DL�̂t�1: (8)

For longer horizon forecasts or multi-step forecasts, there are two alter-
natives that might be adopted: Estimate the model with the original data
frequency and produce multi-step forecasts, or estimate the model by re-
gressing movements at time t (�it's) on movements at time t� h (�i(t�h)'s),
were h is the number of time slots within each particular forecasting hori-
zon. For instance, if one is interested in one-month horizon forecasts, and
is using daily data to estimate the model, a regression of factors on their
21-day lagged values should be performed. DL suggest this last method
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as the optimal one when the purpose is to minimize the RMSE. Following
their suggestion, the lagged-values method is adopted, but forecasts with the
multi-step method were also produced, are available upon request, and do
not change the qualitative results of this paper.

2.3 Choice of �

This is a very important and di�cult issue to solve. How should one choose
the � process? Should it be a stochastic process like the betas, a deterministic
process, or simply a constant value for all dates? In their work, DL decided
for the last and simpler solution, to �x it to a constant value, advocating in
favor of simplicity and parcimoniousness11. In this work, the value of � is
also kept �xed, but there is a di�erence in the procedure that de�nes how
the value of � is chosen.

DL argue that historically the curvature has been linked to changes of
medium term yields, and that usually 2- and 3- year yields were used to
represent medium term yields. For this reason, they decided to choose � to
maximize the curvature loadings at the average of these two maturities, that
is, at 30 months. In this work, a more interesting and less arbitrary way
to choose the �xed value for � is adopted. The idea is to search for a value
under which the DL model generate its best forecasting results. In this sense,
if the new proposed model generate better results, it will happen under the
best possible scenario for the DL model.

Following this idea, the initial time series of observed yields was divided
in two sets, the \in-sample" one, composed by 300 daily observations ranging
from November of 2004 to December of 2005, and the \out-of-sample" set,
composed by 234 observations ranging from January of 2006 to December of
2006. A large grid of values for � was produced, and for each �, time series of
term structure movements were estimated, and vector autoregressive models
were estimated based on in-sample data. For each �xed out-of-sample date,
the vector autoregressive models generated one-day ahead forecasts for yields
for all maturities, and those forecasts were compared to the true observed ID
yields. The value for � that minimized the RMSE for 1-step ahead forecasts
on the Brazilian term structure of IDs was � = 3:58. As explained before,
this value maximizes the curvature loadings at a maturity of 6.8 months.

11Note that if � varies along time this will imply a change on the loadings of the slope and
curvature factors and the procedure will not be exactly consistent with a raw application
of principal component analysis as done by Litterman and Scheinkman (1991). However,
there might be cases were indeed dynamic loadings will better capture the dynamics of
certain term structures.
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3 The Exponential Double Curvature Model

(EDC Model)

In this section we show how to extend the DL model to incorporate a fourth
factor, which represents a second type of curvature. In this case, the term
structure will evolve along time according to the following equation:

Rt(�) = �1t + �2t

�
1�e��t�

�t�

�
+ �3t

�
1�e��t�

�t�
� e���

�
+

+�4t

�
1�e�

~�t�

~�t�
� e�

~�t�
�
:

(9)

Note that the �rst three movements are exactly the ones that appear in
the DL model. The fourth term is a copy of the third one, with a di�er-
ent �, though. We argue that this subtle change will be very important to
model term structures of interest rates that are more volatile than the U.S.
curve. This will generally be the case for emerging markets curves, corporate
bonds curves, and credit derivatives markets, indicating that this small ex-
tension might potentially produce a huge gain in forecasting abilities. Figure
2 presents the loadings of those four movements when the �xed value for
� = 3:58 maximizes the �rst curvature loadings at 6.8 months, and the �xed
value for ~� = 7:16 maximizes the second curvature loadings at 3.4 months.
It will be observed in the empirical section that having an even shorter-term
curvature than the �rst one (at 6.8 months) will be very important to improve
short-term in-sample �tting and also out-of-sample forecasting ability.

3.1 Model Estimation Procedure

Similarly to DL, the model is estimated in a two-step procedure. The cross-
section regressions are implemented writing the observed yields as a linear
combination of the four proposed movements plus an error term:

Rt(�)observed = �1t + �2t

�
1�e���

��

�
+ �3t

�
1�e���

��
� e���

�
+

+�4t

�
1�e�

~��

~��
� e�

~��
�
+ ~�t(�)

: (10)

Note that �, the parameter that de�nes the slope and �rst curvature
decaying factor, is �xed to the same constant used on the version of the
DL model adopted for the Brazilian term structure, � = 3:58. To choose
the parameter that de�nes the decaying factor of the second curvature ~� we
run non-linear regression according to Equation 9 with � = 3:58 for each
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day in the \in-sample" set obtaining a times series of ~�t. Then we �x ~�
equals to the mean value of the ~�t's. Figure 4 shows that the short-end of
the Brazilian yield curve presents a large number of instruments and also a
strong curvature e�ect. The speci�c value of ~� = 7:16 captures this strong
curvature e�ect, maximizing the second curvature at 3.4 months.

The � parameters are obtained, for each �xed date, through a minimiza-
tion of the sum of squared residuals of the above cross-section regressions:

�̂t = argmin

 
NtX
i=1

~�t(�i; �; ~�)
2

!
; (11)

where �̂t represents a vector with stacked betas, Nt represents the number
of observed yields for date t, �i the time to maturity of the ith yield on that
same date, � = 3:58, and ~� = 7:16.

The �rst step produces time series for each of the term structure move-
ments. In a second step, a Vector autoregressive time series model is �tted
to those four term structure movements:

�̂t = cEDC + �EDC �̂t�1 + ~�t (12)

As discussed before, while DL obtained better results with the use of
univariate models instead of a VAR, their results were not con�rmed for
the Brazilian term structure data. Similarly, for the EDC model the VAR
forecasting ability is higher than that of univariate autoregressive models.

3.2 Forecasting

Under the adopted VAR multivariate model, forecasts for the conditional
means of all movements are jointly produced by:

^̂
�t = Et�1

h
�̂t

i
= ^cEDC + ^�EDC �̂t�1; (13)

where Et�1[�] denotes conditional expectation with information set at time
t � 1. Once knowing the conditional forecasts for each movement, for any
�xed maturity, model implied yield forecasts can be easily produced with the
use of:

Et�1 [Rt(�)] =
^̂
�1t +

^̂
�2t

�
1�e���

��

�
+

^̂
�3t

�
1�e���

��
� e���

�
+

^̂
�4t

�
1�e�

~��

~��
� e�

~��
�
:

(14)
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For longer horizon forecasts, the same method proposed to DL and de-
scribed in Section 2.2 of re-estimating the VAR for each forecasting horizon
is adopted.

4 Empirical Results

4.1 Data

In this section, the Brazilian market of ID Futures and the dataset adopted
are brie
y described. For more detailed information on the products and
available datasets see www.bmf.com.br/portal/portal english.asp.

4.1.1 ID Futures

The one-day interbank deposit future contract (ID Future) with maturity
T is a future contract whose underlying asset is the accumulated daily ID
rates12 capitalized between the trading time t (t � T ) and T . The contract
size corresponds to R$ 100,000.00 (one hundred thousand Brazilian Reals)
discounted by the accumulated short-rate negociated between the buyer and
the seller of the contract. If you buy an ID Future at a price ID13 at time t
and hold it until the maturity T , your gain/loss is

100000 �

 Q�(t;T )
i=1 (1 + IDi)

(1=252)�
1 + ID

��(t;T )=252 � 1

!
;

where IDi denotes the ID rate i � 1 days after the trading time t. The
function �(t; T ) represents the numbers of days between times t and T .

This contract is very similar to a zero coupon bond, except that it pays
margin adjustments every day. Each daily cash 
ow is the di�erence between
the settlement price14 on the current day and the settlement price on the day
before corrected by the ID rate of the day before.

BM&F is the entity that o�ers the ID Future. The number of authorized
contract-maturity months is �xed by BM&F (on average, there are about
twenty authorized contract-maturity months for each day but only around ten
are liquid). Contract-maturity months are the �rst four months subsequent

12The ID rate is the average one-day interbank borrowing/lending rate, calculated by
CETIP (Central of Custody and Financial Settlement of Securities) every workday. The
ID rate is expressed in e�ective rate per annum, based on 252 business-days.

13The ID-Future is quoted in interest rate per annum based on 252 business days.
14The settlement price at time t of a ID Future with maturity T is equal to R$ 100,000.00

discounted by its closing price quotation.
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to the month in which a trade has been made and, after that, the months
that initiate each following quarter. Expiration date is the �rst business day
of the contract-maturity month.

4.1.2 Database Adopted

Data consisted of 534 daily observations of ID Futures yields with average
maturities of 0.05, 0.13, 0.22, 0.32, 0.51, 0.76, 1.01, 1.27, 1.55, 1.89, 2.18,
2.42, 2.59, 2.70 years. Those yields were observed between November of 2004
and December of 2006, and represent the most liquid IDs traded during those
two years.

4.2 Model Fitting

Figure 4 presents four examples of in-sample �tting of the EDC model, for
arbitrarely chosen moments. Note that the yield curve is inverted in two
of them and twisted in the other two, demanding a very 
exible curvature
factor. Largest �tting errors are of the order of 10 basis points indicating
that the model �ts well the 14 observed points with the four parameters (that
is, factors) that represent term structure movements.

Figures 5 and 6 present the time series of the term structure movements
extracted adopting respectively the DL and the EDC models. Under both
models, the level is the most stable movement oscillating around a long term
mean of 0.17, while slope and curvature switch signs along time, both being
primarily positive in the �rst half of the sample and negative in the second
half. For the EDC model, the second curvature appears to be a mirror of
the �rst curvature and indeed Table 3 con�rms this fact. This table presents
the coe�cient of correlation between the time-series of any two movements
extracted under the EDC model, and indicates a negative correlation of -0.92
between the two curvature factors. In addition, note that all the movements
are highly correlated (except for level and slope) indicating that a VAR struc-
ture is more suited to capture the time series behavior of the four movements.
Similarly Table 2 indicates that curvature is correlated to both level and slope
under the DL model, also indicating that a VAR would be a process more
adequate than univariate autoregressions to �t to the time series of those
three movements together.

Figure 7 presents for the level, slope and �rst curvature, the distance
between the time series obtained under the two models. It shows that once
a second curvature is included in the model it changes the behavior of the
previously extracted level, slope, and curvature movements. This e�ect is
stronger for the curvature factor, but it also appears signi�cant on the slope
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factor. When the second curvature factor is included it produces potentially
two e�ects on the dynamics of the term structure: the �rst, an inclusion of
a new movement, and the second, a change on all existing movements. Note
that this e�ect is more complex than simply including a fourth principal
component to capture a second type of curvature because by the orthogo-
nality of the principal components there wouldn't be any change to the time
series of the previous three principal components already used. In fact, the
e�ect of including a second curvature factor has a disciplinary e�ect on the
previously extracted term structure movements, providing higher ability to
capture bond risk premia and consequently interest rate conditional means.
Almeida and Vicente (2007) �nd that imposing no-arbitrage restrictions to a
polynomial term structure model, induces the existence of conditionally de-
terministic movements for the term structure that increase model forecasting
ability, when compared to a corresponding version that allows for arbitrages.
They associate this improvement in model forecasting to a better ability of
capturing bond risk premia. One shall observe with the proposed forecasting
exercise that extending the DL model to include a second curvature term has
a similar e�ect here.

4.3 Forecasting Exercise

A forecasting exercise is formulated by separating the sample in two parts,
the estimation part, composed of the �rst 300 daily observations ranging from
November of 2004 to December of 2005, and a second part used to access
model ability to produce out-of-sample forecasts, ranging from January of
2006 to December of 2006. Forecasts are performed for three di�erent fore-
casting horizons: one day, one month, and three months. For each horizon
and for each out-of-sample observation, the two models were re-estimated.
Bellow we present, for each model, the three �-matrices representing the
estimated VARs using only the in-sample set.

�1
DL =

2
4 0:0101 �0:0062 �0:0250

0:9348 0:0411 0:1595
�0:0159 0:9918 0:0378

3
5

�21
DL =

2
4 0:1379 �0:1379 �0:0848

0:1297 0:8644 0:6524
�0:1685 0:9502 �0:5115

3
5

�63
DL =

2
4 0:1751 �0:1348 0:2745
�0:0779 0:8544 �1:2463
�0:2264 0:4387 �1:9761

3
5
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�1
EDC =

2
664

0:0103 �0:0119 �0:0423 0:0200
0:9335 0:0753 0:2646 �0:1247
�0:0173 1:0073 0:0760 �0:0354
0:0096 0:0300 1:0366 �0:1202

3
775

�21
EDC =

2
664

0:1263 �0:1152 �0:0145 �0:0956
0:1905 0:7499 0:3005 0:4665
�0:1086 0:8320 �0:8376 0:5164
0:1117 0:1043 1:1167 �0:3345

3
775

�63
EDC =

2
664

0:0847 �0:1082 0:4651 �0:3401
0:4030 0:7617 �2:1702 1:6654
�0:0221 0:2786 �2:6404 1:2397
0:2303 0:2533 0:6727 �0:1333

3
775

Note that those matrices change substantially across forecasting horizons,
but for all matrices, there is an intense interaction among movements indicat-
ing that at least from an in-sample viewpoint the VAR is more appropriate
to capture term structure dynamics than separate autoregressive equations
for each movement. In addition, for all the presented VARs, all the roots
from the characteristic polynomials lie within the unit circle, indicating that
they satisfy conditions that guarantee achievement of stable forecasts.

Table 4 presents the bias for both models, for eight di�erent chosen matu-
rities and the three forecasting horizons15. Note that on 19 out of 24 values
on the Table, the absolute value of bias is smaller under the EDC model.
Models have smaller bias discrepancy for the 1-month forecasting horizon.
On the other hand, for the 1-day and 3-month horizons they present very
distinct bias behavior. For instance, for the 1-day forecasting horizon, for
some particular maturities, the DL model presents a positive bias while the
EDC model presents a negative bias, and for other maturities their biases
switch signs. In particular, it is worth noting that for the shortest maturity
(of 13 days) the DL presents higher bias and RMSE (see Table 5), indicat-
ing that this fourth curvature factor simultaneously decreases variability and
slightly deslocates predictions on the short-end of the curve yields to the right
direction. For longer forecasting horizons (1- and 3- month), both models
underestimate yield movements presenting negative bias. In particular, for
the 3-month horizon, the EDC model presents bias that are around 25%-30%
smaller than those corresponding to the DL model.

15Results for all other initially adopted maturities present similar interpretation and are
available upon request.
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Similarly, Table 5 presents the RMSE for both models. Note that for all
table entries but one, the RMSEs of the EDC model are lower than those of
the DL model. Moreover, for shorter maturities the di�erences are higher.
Consider, for instance, the 0.32 maturity (around 4-month maturity): For all
forecasting horizons the RMSEs of the DL model are more than 20% higher
than the corresponding EDC RMSEs. For longer maturities, the di�erences
are smaller but some are still signi�cant, like the 145.4 basis points RMSE
for the EDC model under the one year maturity against 160.2 for the DL
model under the same maturity.

Table 6 presents Diebold and Mariano (1995) S1 and S2 (size corrected)
statistics using a quadratic loss function. Positive values are in favor of the
EDC model, where values higher than 1.96 indicate signi�cance at a 95%
con�dence level and values higher than 2.57 indicate signi�cance at a 99%
con�dence level. Note that 19 out of 24 values of the S1 statistics are higher
than 1.96, indicating that most of the di�erence in bias and RMSE across
models are signi�cant at a 95% con�dence interval. This is con�rmed by the
values of the S2 statistics which is robust to small samples. Similarly, 18 out
of 24 values are signi�cant under this statistics, in favor of the EDC model.
On the other hand, for the longest maturity (2.7 years) the S2 statistics
indicate that the DL model would be doing a better forecasting job under
the 1-month forecasting horizon. This might be an e�ect of having the second
curvature loadings centered on the short-end of the yield curve.

The three mentioned tables clearly evidence the superior performance
of the model that considers a fourth term structure movement, consistent
with the �ndings that higher order principal components of the yield curve
might have an important job on capturing bond risk premium. In fact,
other studies also indicate the importance of residual term structure terms in
explaining derivatives movements (Heidari and Wu (2003)) and also interest
rate movements themselves (Bali et al. (2007)).

5 Conclusion

In a recent paper, Cochrane and Piazzesi (2005) show the importance of the
fourth principal component of zero coupon yields on predicting bond excess
returns. They �rst �nd a certain robust tent-shaped return forecasting fac-
tor by running regressions of bond excess returns on forward rates, and show
that the fourth principal component factor which explains only 0:02% of the
variability of yields, explains more than 20% of bond risk premia captured
by this return forecasting factor. Consistently with these results, the para-
metric three-factor exponential model of Diebold and Li (2006) is extended
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in this paper to contain a fourth factor, related to a second type of curva-
ture, that signi�cantly improves model forecasting ability by lowering both
bias and RMSE on out-of-sample forecasts. An empirical exercise adopt-
ing high frequency (daily) �xed income data from the most liquid Brazilian
�xed income market documents the superior performance of the new model.
The proposed model, named Exponential Double Curvature Model, is equiv-
alent to the Svenson (1994) model in a dynamic setting. It outperforms the
Diebold and Li (2006) model for most maturities under three di�erent fore-
casting horizons: a very short 1-day horizon, and 1- and 3- month horizons.
The results presented in this paper con�rm in a dynamic econometric setting
the results provided by Cochrane and Piazzesi (2005), and suggest that this
extended model should be adopted on forecasting exercises, specially on mar-
kets with more volatile yield curves, like emerging markets, corporate bond
markets, and credit derivative markets. One possible suggestion for future
work include testing more complex econometric systems, like substituting the
two step estimation procedure by a one-step estimation adopting a kalman
�lter16. Another possibility would be to follow Almeida and Vicente (2007)
considering a detailed analysis of bond risk premia structure implied across
models.

16See Diebold et al. (2006) for an example of Kalman �ltering estimation of a term
structure model in a macro-�nance setting.
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Movement/ Level Slope Curvature Sec. Curv. Total
Yield Curve
Brazilian 91.08% 6.21% 1.57% 0.84% 99.70%
U.S. 92.08% 7.47% 0.32% 0.06% 99.92%

Table 1: Variation of the Term Structure Explained by the
First Four Principal Components
This table presents the percent of variation explained by the �rst four
principal components extracted from the U.S. and the Brazilian term
structures of interest rates. The U.S. term structure is represented by
yields of zero coupon treasury bonds with maturities up to 10 years,
with monthly observations from 1985 to 2000. The Brazilian term
structure is represented by ID Futures with average maturities up to
2.7 years, with daily observations from November of 2004 to Decem-
ber of 2006. The \total" column indicates the sum of the variance
explained by the �rst four components, for each curve.

Movement Level Slope Curvature
Level 1.00 -0.01 0.47
Slope -0.01 1.00 0.67

Curvature 0.47 0.67 1.00

Table 2: Correlation Structure: Term Structure Movements
from the DL Model
This table presents the coe�cient of correlation between any two
movements extracted using the DL three factor model. Movements
come from daily Brazilian IDs term structure data ranging from
November of 2004 to December of 2006.
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Movement Level Slope Curvature 1 Curvature 2
Level 1.00 0.04 0.39 -0.33
Slope 0.04 1.00 0.80 -0.77

Curvature 1 0.39 0.80 1.00 -0.92
Curvature 2 -0.33 -0.77 -0.92 1.00

Table 3: Correlation Structure: Term Structure Movements from
the EDC Model
This table presents the coe�cient of correlation between any two movements
extracted using the EDC four factor model proposed in this paper. Movements
come from daily Brazilian IDs term structure data ranging from November of
2004 to December of 2006.

Maturity 0.05 0.13 0.32 0.51 1.01 1.55 2.18 2.70
Model 1-Day Ahead Forecast
DL -5.6 1.2 3.5 -0.1 -3.8 -1.2 -1.3 -0.7
EDC -2.2 -0.3 1.5 0.2 -2.2 -0.1 -0.8 -1.3
Model 1-Month Ahead Forecast
DL -6.5 -4.1 -7.5 -13.9 -21.3 -18.7 -17.4 -14.2
EDC -5.9 -4.1 -7.9 -14.4 -20.8 -17.4 -15.6 -12.3
Model 3-Month Ahead Forecast
DL -57.0 -81.1 -110.5 -120.8 -114.1 -91.9 -74.0 -50.7
EDC -48.3 -49.4 -75.1 -92.9 -94.7 -71.1 -50.6 -24.7

Table 4: Bias on Out-of-Sample Forecasts (in bps)
This table presents the bias for 1-day, 1-month and 6-month ahead out-

of-sample forecasts obtained for the DL and the EDC models. Models

were estimated in a two-step procedure, with cross-sectional independent

regressions in the �rst step, and in the second step, VAR models to �t

term structure movements in both models. Out-of-sample data ranges from

January 2006 to December 2006, with a total of 234 observations.
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Maturity 0.05 0.13 0.32 0.51 1.01 1.55 2.18 2.70
Model 1-Day Ahead Forecast
DL 13.1 6.1 9.7 10.0 11.4 15.5 15.2 16.6
EDC 8.0 5.6 5.8 8.7 10.4 14.1 14.9 15.8
Model 1-Month Ahead Forecast
DL 21.2 19.1 33.2 41.6 57.7 73.0 82.6 86.3
EDC 16.7 15.9 28.0 37.8 56.5 72.4 82.2 86.2
Model 3-Month Ahead Forecast
DL 75.1 100.6 135.1 149.4 160.2 163.2 166.1 159.4
EDC 70.2 77.2 104.3 124.5 145.4 153.9 161.6 162.5

Table 5: RMSE for Out-of-Sample Forecasts (in bps)
This table presents RMSE for 1-day, 1-month and 6-month ahead out-

of-sample forecasts obtained for the DL and the EDC models. Models

were estimated in a two-step procedure, with cross-sectional independent

regressions in the �rst step, and in the second step, VAR models to �t

term structure movements in both models. Out-of-sample data ranges from

January 2006 to December 2006, with a total of 234 observations.
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Maturity 0.05 0.13 0.32 0.51 1.01 1.55 2.18 2.70
Model 1-Day Ahead Forecast
S1 7.6 1.69 10.6 4.8 4.2 6.6 4.5 3.7
S2 7.1 2.7 9.2 3.4 5.1 7.6 4.8 0.7

Model 1-Month Ahead Forecast
S1 6.6 4.7 7.2 5.6 2.4 1.8 1.4 0.5
S2 5.5 4.2 5.5 3.4 2.2 2.9 1.8 -4.0

Model 3-Month Ahead Forecast
S1 2.7 7.5 7.7 6.8 5.1 3.8 2.0 -1.4
S2 -1.5 5.5 5.8 5.6 3.8 3.2 1.8 -0.8

Table 6: Out-of-Sample Statistical Signi�cance of Di�erence
in Forecasting Ability: Diebold and Mariano (1995) Tests
This table presents the Diebold and Mariano (1995) S1 and S2 size statistics

for 1-day, 1-month and 3-month ahead out-of-sample forecasts. Compar-

isons are done as functions of Mean Squared Errors (MSE). Out-of-sample

data ranges from January 2006 to December 2006, with a total of 234 ob-

servations. Positive values are in favor of the EDC model. Large values for

S1 and S2 indicate high probability of rejecting the null hypothesis that

the di�erence in Mean Square Errors is negligible. Absolute values larger

than 1.96 indicate signi�cance at a 95% con�dence level, and larger than

2.57, indicate signi�cance at a 99% level.
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Figure 1: A Cross Section View of Term Structure Move-
ments Under the DL Model
This picture presents the loadings of the level, slope and curvature
movements under the DL model.
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Figure 2: A Cross Section View of Term Structure Move-
ments Under the EDC Model
This picture presents the loadings of the level, slope and curvature
movements under the EDC model.
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Figure 3: Principal Components Loadings
This picture presents the loadings of the level, slope and curvature
movements obtained with an application of Principal Component
Analysis to the Brazilian and the U.S. term structures of interest rates.
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Figure 4: Some Pictures of Term Structure Cross Section
Estimation
This picture presents observed and EDC model implied term struc-
tures for four di�erent moments of the database.
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Figure 5: Term Structure Movements Under the DL Model
This picture presents the time series of the level, slope and curvature
captured under the DL model.

Figure 6: Term Structure Movements Under the EDC Model
This picture presents the time series of the level, slope, �rst and second
curvatures captured by the EDC Model.
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Figure 7: The Distance Between Movements Across Models
This picture presents the time series of the three main term structure
movements extracted under the two adopted models.

30



 

 

Banco Central do Brasil 
 
 

Trabalhos para Discussão 
Os Trabalhos para Discussão podem ser acessados na internet, no formato PDF, 

no endereço: http://www.bc.gov.br 

 
Working Paper Series 

Working Papers in PDF format can be downloaded from: http://www.bc.gov.br 
 
 
 

 
1 Implementing Inflation Targeting in Brazil 

Joel Bogdanski, Alexandre Antonio Tombini and Sérgio Ribeiro da Costa 
Werlang 
 

Jul/2000 

2 Política Monetária e Supervisão do Sistema Financeiro Nacional no 
Banco Central do Brasil 
Eduardo Lundberg 
 
Monetary Policy and Banking Supervision Functions on the Central 
Bank 
Eduardo Lundberg 
 

Jul/2000 
 
 
 

Jul/2000 

3 Private Sector Participation: a Theoretical Justification of the Brazilian 
Position 
Sérgio Ribeiro da Costa Werlang 
 

Jul/2000 

4 An Information Theory Approach to the Aggregation of Log-Linear 
Models 
Pedro H. Albuquerque 
 

Jul/2000 

5 The Pass-Through from Depreciation to Inflation: a Panel Study 
Ilan Goldfajn and  Sérgio Ribeiro da Costa Werlang 
 

Jul/2000 

6 Optimal Interest Rate Rules in Inflation Targeting Frameworks 
José Alvaro Rodrigues Neto, Fabio Araújo and Marta Baltar J. Moreira 
 

Jul/2000 

7 Leading Indicators of Inflation for Brazil 
Marcelle Chauvet 
 

Sep/2000 

8 The Correlation Matrix of the Brazilian Central Bank’s Standard Model 
for Interest Rate Market Risk 
José Alvaro Rodrigues Neto 
 

Sep/2000 

9 Estimating Exchange Market Pressure and Intervention Activity 
Emanuel-Werner Kohlscheen 
 

Nov/2000 

10 Análise do Financiamento Externo a uma Pequena Economia 
Aplicação da Teoria do Prêmio Monetário ao Caso Brasileiro: 1991–1998 
Carlos Hamilton Vasconcelos Araújo e Renato Galvão Flôres Júnior 
 

Mar/2001 

11 A Note on the Efficient Estimation of Inflation in Brazil 
Michael F. Bryan and Stephen G. Cecchetti 
 

Mar/2001 

12 A Test of Competition in Brazilian Banking 
Márcio I. Nakane 
 

Mar/2001 

31



 

 

13 Modelos de Previsão de Insolvência Bancária no Brasil 
Marcio Magalhães Janot 
 

Mar/2001 

14 Evaluating Core Inflation Measures for Brazil 
Francisco Marcos Rodrigues Figueiredo 
 

Mar/2001 

15 Is It Worth Tracking Dollar/Real Implied Volatility? 
Sandro Canesso de Andrade and Benjamin Miranda Tabak 
 

Mar/2001 

16 Avaliação das Projeções do Modelo Estrutural do Banco Central do 
Brasil para a Taxa de Variação do IPCA 
Sergio Afonso Lago Alves 
 
Evaluation of the Central Bank of Brazil Structural Model’s Inflation 
Forecasts in an Inflation Targeting Framework 
Sergio Afonso Lago Alves 
 

Mar/2001 
 
 
 

Jul/2001 
 
 

17 Estimando o Produto Potencial Brasileiro: uma Abordagem de Função 
de Produção 
Tito Nícias Teixeira da Silva Filho 
 
Estimating Brazilian Potential Output: a Production Function Approach 
Tito Nícias Teixeira da Silva Filho 
 

Abr/2001 
 
 
 

Aug/2002 

18 A Simple Model for Inflation Targeting in Brazil 
Paulo Springer de Freitas and Marcelo Kfoury Muinhos 
 

Apr/2001 

19 Uncovered Interest Parity with Fundamentals: a Brazilian Exchange 
Rate Forecast Model 
Marcelo Kfoury Muinhos, Paulo Springer de Freitas and Fabio Araújo 
 

May/2001 

20 Credit Channel without the LM Curve 
Victorio Y. T. Chu and Márcio I. Nakane 
 

May/2001 

21 Os Impactos Econômicos da CPMF: Teoria e Evidência 
Pedro H. Albuquerque 
 

Jun/2001 

22 Decentralized Portfolio Management 
Paulo Coutinho and Benjamin Miranda Tabak 
 

Jun/2001 

23 Os Efeitos da CPMF sobre a Intermediação Financeira 
Sérgio Mikio Koyama e Márcio I. Nakane 
 

Jul/2001 

24 Inflation Targeting in Brazil: Shocks, Backward-Looking Prices, and 
IMF Conditionality 
Joel Bogdanski, Paulo Springer de Freitas, Ilan Goldfajn and 
Alexandre Antonio Tombini 
 

Aug/2001 

25 Inflation Targeting in Brazil: Reviewing Two Years of Monetary Policy 
1999/00 
Pedro Fachada 
 

Aug/2001 

26 Inflation Targeting in an Open Financially Integrated Emerging 
Economy: the Case of Brazil 
Marcelo Kfoury Muinhos 
 

Aug/2001 

27 
 

Complementaridade e Fungibilidade dos Fluxos de Capitais 
Internacionais 
Carlos Hamilton Vasconcelos Araújo e Renato Galvão Flôres Júnior 
 

Set/2001 

32



 

 

28 
 

Regras Monetárias e Dinâmica Macroeconômica no Brasil: uma 
Abordagem de Expectativas Racionais 
Marco Antonio Bonomo e Ricardo D. Brito 
 

Nov/2001 

29 Using a Money Demand Model to Evaluate Monetary Policies in Brazil 
Pedro H. Albuquerque and Solange Gouvêa 
 

Nov/2001 

30 Testing the Expectations Hypothesis in the Brazilian Term Structure of 
Interest Rates 
Benjamin Miranda Tabak and Sandro Canesso de Andrade 
 

Nov/2001 

31 Algumas Considerações sobre a Sazonalidade no IPCA 
Francisco Marcos R. Figueiredo e Roberta Blass Staub 
 

Nov/2001 

32 Crises Cambiais e Ataques Especulativos no Brasil 
Mauro Costa Miranda 
 

Nov/2001 

33 Monetary Policy and Inflation in Brazil (1975-2000): a VAR Estimation 
André Minella 
 

Nov/2001 

34 Constrained Discretion and Collective Action Problems: Reflections on 
the Resolution of International Financial Crises 
Arminio Fraga and Daniel Luiz Gleizer 
 

Nov/2001 

35 Uma Definição Operacional de Estabilidade de Preços 
Tito Nícias Teixeira da Silva Filho 
 

Dez/2001 

36 Can Emerging Markets Float? Should They Inflation Target? 
Barry Eichengreen 
 

Feb/2002 

37 Monetary Policy in Brazil: Remarks on the Inflation Targeting Regime, 
Public Debt Management and Open Market Operations 
Luiz Fernando Figueiredo, Pedro Fachada and Sérgio Goldenstein 
 

Mar/2002 

38 Volatilidade Implícita e Antecipação de Eventos de Stress: um Teste para 
o Mercado Brasileiro 
Frederico Pechir Gomes 
 

Mar/2002 

39 Opções sobre Dólar Comercial e Expectativas a Respeito do 
Comportamento da Taxa de Câmbio 
Paulo Castor de Castro 
 

Mar/2002 

40 Speculative Attacks on Debts, Dollarization and Optimum Currency 
Areas 
Aloisio Araujo and Márcia Leon 
 

Apr/2002 

41 Mudanças de Regime no Câmbio Brasileiro 
Carlos Hamilton V. Araújo e Getúlio B. da Silveira Filho 
 

Jun/2002 

42 Modelo Estrutural com Setor Externo: Endogenização do Prêmio de 
Risco e do Câmbio 
Marcelo Kfoury Muinhos, Sérgio Afonso Lago Alves e Gil Riella 
 

Jun/2002 

43 The Effects of the Brazilian ADRs Program on Domestic Market 
Efficiency 
Benjamin Miranda Tabak and Eduardo José Araújo Lima 
 

Jun/2002 

33



 

 

44 Estrutura Competitiva, Produtividade Industrial e Liberação Comercial 
no Brasil 
Pedro Cavalcanti Ferreira e Osmani Teixeira de Carvalho Guillén 
 

Jun/2002 

45 Optimal Monetary Policy, Gains from Commitment, and Inflation 
Persistence  
André Minella 
 

Aug/2002 

46 The Determinants of Bank Interest Spread in Brazil 
Tarsila Segalla Afanasieff, Priscilla Maria Villa Lhacer and Márcio I. Nakane 
 

Aug/2002 

47 Indicadores Derivados de Agregados Monetários  
Fernando de Aquino Fonseca Neto e José Albuquerque Júnior 
 

Set/2002 

48 Should Government Smooth Exchange Rate Risk? 
Ilan Goldfajn and Marcos Antonio Silveira 
 

Sep/2002 

49 Desenvolvimento do Sistema Financeiro e Crescimento Econômico no 
Brasil: Evidências de Causalidade 
Orlando Carneiro de Matos 
 

Set/2002 

50 Macroeconomic Coordination and Inflation Targeting in a Two-Country 
Model 
Eui Jung Chang, Marcelo Kfoury Muinhos and Joanílio Rodolpho Teixeira 
 

Sep/2002 

51 Credit Channel with Sovereign Credit Risk: an Empirical Test 
Victorio Yi Tson Chu 
 

Sep/2002 

52 Generalized Hyperbolic Distributions and Brazilian Data 
José Fajardo and Aquiles Farias 
 

Sep/2002 

53 Inflation Targeting in Brazil: Lessons and Challenges 
André Minella, Paulo Springer de Freitas, Ilan Goldfajn and 
Marcelo Kfoury Muinhos 
 

Nov/2002 

54 Stock Returns and Volatility 
Benjamin Miranda Tabak and Solange Maria Guerra 
 

Nov/2002 

55 Componentes de Curto e Longo Prazo das Taxas de Juros no Brasil 
Carlos Hamilton Vasconcelos Araújo e Osmani Teixeira de Carvalho de 
Guillén 
 

Nov/2002 

56 Causality and Cointegration in Stock Markets: 
the Case of Latin America 
Benjamin Miranda Tabak and Eduardo José Araújo Lima 
 

Dec/2002 

57 As Leis de Falência: uma Abordagem Econômica 
Aloisio Araujo 
 

Dez/2002 

58 The Random Walk Hypothesis and the Behavior of Foreign Capital 
Portfolio Flows: the Brazilian Stock Market Case 
Benjamin Miranda Tabak 
 

Dec/2002 

59 Os Preços Administrados e a Inflação no Brasil 
Francisco Marcos R. Figueiredo e Thaís Porto Ferreira 
 

Dez/2002 

60 Delegated Portfolio Management 
Paulo Coutinho and Benjamin Miranda Tabak 
 

Dec/2002 

34



 

 

61 O Uso de Dados de Alta Freqüência na Estimação da Volatilidade e 
do Valor em Risco para o Ibovespa  
João Maurício de Souza Moreira e Eduardo Facó Lemgruber 
 

Dez/2002 

62 Taxa de Juros e Concentração Bancária no Brasil 
Eduardo Kiyoshi Tonooka e Sérgio Mikio Koyama 
 

Fev/2003 

63 Optimal Monetary Rules: the Case of Brazil 
Charles Lima de Almeida, Marco Aurélio Peres, Geraldo da Silva e Souza 
and Benjamin Miranda Tabak 
 

Feb/2003 

64 Medium-Size Macroeconomic Model for the Brazilian Economy 
Marcelo Kfoury Muinhos and Sergio Afonso Lago Alves 
 

Feb/2003 

65 On the Information Content of Oil Future Prices 
Benjamin Miranda Tabak 
 

Feb/2003 

66 A Taxa de Juros de Equilíbrio: uma Abordagem Múltipla 
Pedro Calhman de Miranda e Marcelo Kfoury Muinhos 
 

Fev/2003 

67 Avaliação de Métodos de Cálculo de Exigência de Capital para Risco de 
Mercado de Carteiras de Ações no Brasil 
Gustavo S. Araújo, João Maurício S. Moreira e Ricardo S. Maia Clemente  
 

Fev/2003 

68 Real Balances in the Utility Function: Evidence for Brazil 
Leonardo Soriano de Alencar and Márcio I. Nakane 
 

Feb/2003 

69 r-filters: a Hodrick-Prescott Filter Generalization 
Fabio Araújo, Marta Baltar Moreira Areosa and José Alvaro Rodrigues Neto 
 

Feb/2003 

70 Monetary Policy Surprises and the Brazilian Term Structure of Interest 
Rates 
Benjamin Miranda Tabak 
 

Feb/2003 

71 On Shadow-Prices of Banks in Real-Time Gross Settlement Systems 
Rodrigo Penaloza 
 

Apr/2003 
 

72 O Prêmio pela Maturidade na Estrutura a Termo das Taxas de Juros 
Brasileiras 
Ricardo Dias de Oliveira Brito, Angelo J. Mont'Alverne Duarte e Osmani 
Teixeira de C. Guillen 
 

Maio/2003 

73 Análise de Componentes Principais de Dados Funcionais – uma 
Aplicação às Estruturas a Termo de Taxas de Juros 
Getúlio Borges da Silveira e Octavio Bessada 
 

Maio/2003 

74 Aplicação do Modelo de Black, Derman & Toy à Precificação de Opções 
Sobre Títulos de Renda Fixa  
Octavio Manuel Bessada Lion, Carlos Alberto Nunes Cosenza e César das 
Neves 
 

Maio/2003 

75 Brazil’s Financial System: Resilience to Shocks, no Currency 
Substitution, but Struggling to Promote Growth 
Ilan Goldfajn, Katherine Hennings and Helio Mori 
 

Jun/2003 

   

35



 

 

76 Inflation Targeting in Emerging Market Economies 
Arminio Fraga, Ilan Goldfajn and André Minella 
 

Jun/2003 

77 Inflation Targeting in Brazil: Constructing Credibility under Exchange 
Rate Volatility 
André Minella, Paulo Springer de Freitas, Ilan Goldfajn and Marcelo Kfoury 
Muinhos 
 

Jul/2003 

78 Contornando os Pressupostos de Black & Scholes: Aplicação do Modelo 
de Precificação de Opções de Duan no Mercado Brasileiro 
Gustavo Silva Araújo, Claudio Henrique da Silveira Barbedo, Antonio 
Carlos Figueiredo, Eduardo Facó Lemgruber 
 

Out/2003 

79 Inclusão do Decaimento Temporal na Metodologia  
Delta-Gama para o Cálculo do VaR de Carteiras  
Compradas em Opções no Brasil 
Claudio Henrique da Silveira Barbedo, Gustavo Silva Araújo,  
Eduardo Facó Lemgruber 
 

Out/2003 
 
 
 

 

80 Diferenças e Semelhanças entre Países da América Latina: 
uma Análise de Markov Switching para os Ciclos Econômicos 
de Brasil e Argentina 
Arnildo da Silva Correa 
 

Out/2003 

81 Bank Competition, Agency Costs and the Performance of the  
Monetary Policy 
Leonardo Soriano de Alencar and Márcio I. Nakane 
 

Jan/2004 

82 Carteiras de Opções: Avaliação de Metodologias de Exigência de Capital 
no Mercado Brasileiro 
Cláudio Henrique da Silveira Barbedo e Gustavo Silva Araújo 
 

Mar/2004 

83 Does Inflation Targeting Reduce Inflation? An Analysis for the OECD 
Industrial Countries 
Thomas Y. Wu 
 

May/2004 

84 Speculative Attacks on Debts and Optimum Currency Area: a Welfare 
Analysis 
Aloisio Araujo and Marcia Leon 
 

May/2004 

85 Risk Premia for Emerging Markets Bonds: Evidence from Brazilian 
Government Debt, 1996-2002 
André Soares Loureiro and Fernando de Holanda Barbosa 
 

May/2004 

86 Identificação do Fator Estocástico de Descontos e Algumas Implicações 
sobre Testes de Modelos de Consumo 
Fabio Araujo e João Victor Issler 
 

Maio/2004 

87 Mercado de Crédito: uma Análise Econométrica dos Volumes de Crédito 
Total e Habitacional no Brasil 
Ana Carla Abrão Costa 
 

Dez/2004 

88 Ciclos Internacionais de Negócios: uma Análise de Mudança de Regime 
Markoviano para Brasil, Argentina e Estados Unidos 
Arnildo da Silva Correa e Ronald Otto Hillbrecht 
 

Dez/2004 

89 O Mercado de Hedge Cambial no Brasil: Reação das Instituições 
Financeiras a Intervenções do Banco Central 
Fernando N. de Oliveira 
 

Dez/2004 

36



 

 

90 Bank Privatization and Productivity: Evidence for Brazil 
Márcio I. Nakane and Daniela B. Weintraub 
 

Dec/2004 

91 Credit Risk Measurement and the Regulation of Bank Capital and 
Provision Requirements in Brazil – a Corporate Analysis 
Ricardo Schechtman, Valéria Salomão Garcia, Sergio Mikio Koyama and 
Guilherme Cronemberger Parente 
 

Dec/2004 

92 
 
 
 

Steady-State Analysis of an Open Economy General Equilibrium Model 
for Brazil 
Mirta Noemi Sataka Bugarin, Roberto de Goes Ellery Jr., Victor Gomes 
Silva, Marcelo Kfoury Muinhos 
 

Apr/2005 

93 Avaliação de Modelos de Cálculo de Exigência de Capital para Risco 
Cambial 
Claudio H. da S. Barbedo, Gustavo S. Araújo, João Maurício S. Moreira e 
Ricardo S. Maia Clemente 
 

Abr/2005 

94 Simulação Histórica Filtrada: Incorporação da Volatilidade ao Modelo 
Histórico de Cálculo de Risco para Ativos Não-Lineares 
Claudio Henrique da Silveira Barbedo, Gustavo Silva Araújo e Eduardo 
Facó Lemgruber  
 

Abr/2005 

95 Comment on Market Discipline and Monetary Policy by Carl Walsh 
Maurício S. Bugarin and Fábia A. de Carvalho 
 

Apr/2005 

96 O que É Estratégia: uma Abordagem Multiparadigmática para a 
Disciplina 
Anthero de Moraes Meirelles 
 

Ago/2005 

97 Finance and the Business Cycle: a Kalman Filter Approach with Markov 
Switching 
Ryan A. Compton and Jose Ricardo da Costa e Silva 
 

Aug/2005 

98 Capital Flows Cycle: Stylized Facts and Empirical Evidences for 
Emerging Market Economies 
Helio Mori e Marcelo Kfoury Muinhos 
 

Aug/2005 

99 Adequação das Medidas de Valor em Risco na Formulação da Exigência 
de Capital para Estratégias de Opções no Mercado Brasileiro 
Gustavo Silva Araújo, Claudio Henrique da Silveira Barbedo,e Eduardo 
Facó Lemgruber  
 

Set/2005 

100 Targets and Inflation Dynamics 
Sergio A. L. Alves and Waldyr D. Areosa 
 

Oct/2005 

101 Comparing Equilibrium Real Interest Rates: Different Approaches to 
Measure Brazilian Rates 
Marcelo Kfoury Muinhos and Márcio I. Nakane 
 

Mar/2006 

102 Judicial Risk and Credit Market Performance: Micro Evidence from 
Brazilian Payroll Loans 
Ana Carla A. Costa and João M. P. de Mello 
 

Apr/2006 

103 The Effect of Adverse Supply Shocks on Monetary Policy and Output 
Maria da Glória D. S. Araújo, Mirta Bugarin, Marcelo Kfoury Muinhos and 
Jose Ricardo C. Silva 
 

Apr/2006 

 

37



 

 

104 Extração de Informação de Opções Cambiais no Brasil 
Eui Jung Chang e Benjamin Miranda Tabak 
 

Abr/2006 

105 Representing Roommate’s Preferences with Symmetric Utilities 
José Alvaro Rodrigues Neto 
 

Apr/2006 

106 Testing Nonlinearities Between Brazilian Exchange Rates and Inflation 
Volatilities 
Cristiane R. Albuquerque and Marcelo Portugal 
 

May/2006 

107 Demand for Bank Services and Market Power in Brazilian Banking 
Márcio I. Nakane, Leonardo S. Alencar and Fabio Kanczuk 
 

Jun/2006 

108 O Efeito da Consignação em Folha nas Taxas de Juros dos Empréstimos 
Pessoais 
Eduardo A. S. Rodrigues, Victorio Chu, Leonardo S. Alencar e Tony Takeda 
 

Jun/2006 

109 The Recent Brazilian Disinflation Process and Costs 
Alexandre A. Tombini and Sergio A. Lago Alves 
 

Jun/2006 
 

110 Fatores de Risco e o Spread Bancário no Brasil 
Fernando G. Bignotto e Eduardo Augusto de Souza Rodrigues 
 

Jul/2006 

111 Avaliação de Modelos de Exigência de Capital para Risco de Mercado do 
Cupom Cambial  
Alan Cosme Rodrigues da Silva, João Maurício de Souza Moreira e Myrian 
Beatriz Eiras das Neves 
 

Jul/2006 

112 Interdependence and Contagion: an Analysis of Information 
Transmission in Latin America's Stock Markets  
Angelo Marsiglia Fasolo 
 

Jul/2006 

113 Investigação da Memória de Longo Prazo da Taxa de Câmbio no Brasil 
Sergio Rubens Stancato de Souza, Benjamin Miranda Tabak e Daniel O. 
Cajueiro 
 

Ago/2006 

114 The Inequality Channel of Monetary Transmission 
Marta Areosa and Waldyr Areosa 
 

Aug/2006 
 

115 Myopic Loss Aversion and House-Money Effect Overseas: an 
Experimental Approach 
José L. B. Fernandes, Juan Ignacio Peña and Benjamin M. Tabak  
 

Sep/2006 

116 Out-Of-The-Money Monte Carlo Simulation Option Pricing: the Join 
Use of Importance Sampling and Descriptive Sampling 
Jaqueline Terra Moura Marins, Eduardo Saliby and Joséte Florencio dos 
Santos 
 

Sep/2006 

117 An Analysis of Off-Site Supervision of Banks’ Profitability, Risk and 
Capital Adequacy: a Portfolio Simulation Approach Applied to Brazilian 
Banks 
Theodore M. Barnhill, Marcos R. Souto and Benjamin M. Tabak  
 

Sep/2006 

118 Contagion, Bankruptcy and Social Welfare Analysis in a Financial 
Economy with Risk Regulation Constraint 
Aloísio P. Araújo and José Valentim M. Vicente  
 

Oct/2006 

38



 

 

119 A Central de Risco de Crédito no Brasil: uma Análise de Utilidade de 
Informação 
Ricardo Schechtman  
 

Out/2006 

120 Forecasting Interest Rates: an Application for Brazil 
Eduardo J. A. Lima, Felipe Luduvice and Benjamin M. Tabak 
 

Oct/2006 

121 The Role of Consumer’s Risk Aversion on Price Rigidity 
Sergio A. Lago Alves and Mirta N. S. Bugarin 
 

Nov/2006 

122 Nonlinear Mechanisms of the Exchange Rate Pass-Through: a Phillips 
Curve Model With Threshold for Brazil 
Arnildo da Silva Correa and André Minella 
 

Nov/2006 

123 A Neoclassical Analysis of the Brazilian “Lost-Decades” 
Flávia Mourão Graminho 
 

Nov/2006 

124 The Dynamic Relations between Stock Prices and Exchange Rates: 
Evidence for Brazil 
Benjamin M. Tabak 
 

Nov/2006 

125 Herding Behavior by Equity Foreign Investors on Emerging Markets 
Barbara Alemanni and José Renato Haas Ornelas 
 

Dec/2006 

126 Risk Premium: Insights over the Threshold 
José L. B. Fernandes, Augusto Hasman and Juan Ignacio Peña 
 

Dec/2006 

127 Uma Investigação Baseada em Reamostragem sobre Requerimentos de 
Capital para Risco de Crédito no Brasil  
Ricardo Schechtman  
 

Dec/2006 

128 Term Structure Movements Implicit in Option Prices 
Caio Ibsen R. Almeida and José Valentim M. Vicente 

Dec/2006 

129 Brazil: Taming Inflation Expectations  
Afonso S. Bevilaqua, Mário Mesquita and André Minella 

Jan/2007 

130 The Role of Banks in the Brazilian Interbank Market: Does Bank Type 
Matter? 
Daniel O. Cajueiro and Benjamin M. Tabak 
 

Jan/2007 

131 Long-Range Dependence in Exchange Rates: the Case of the European 
Monetary System  
Sergio Rubens Stancato de Souza, Benjamin M. Tabak and Daniel O. 
Cajueiro 
 

Mar/2007 

132 Credit Risk Monte Carlo Simulation Using Simplified Creditmetrics’ 
Model: the Joint Use of Importance Sampling and Descriptive Sampling 
Jaqueline Terra Moura Marins and Eduardo Saliby 
  

Mar/2007 

133 A New Proposal for Collection and Generation of Information on 
Financial Institutions’ Risk: the Case of Derivatives 
Gilneu F. A. Vivan and Benjamin M. Tabak 
  

Mar/2007 

134 Amostragem Descritiva no Apreçamento de Opções Européias através 
de Simulação Monte Carlo: o Efeito da Dimensionalidade e da 
Probabilidade de Exercício no Ganho de Precisão 
Eduardo Saliby, Sergio Luiz Medeiros Proença de Gouvêa e Jaqueline Terra 
Moura Marins  
 

Abr/2007 

39



 

 

135 Evaluation of Default Risk for the Brazilian Banking Sector 
Marcelo Y. Takami and Benjamin M. Tabak 
 

May/2007 

136 Identifying Volatility Risk Premium from Fixed Income Asian Options 
Caio Ibsen R. Almeida and José Valentim M. Vicente  
 

May/2007 

137 Monetary Policy Design under Competing Models of Inflation 
Persistence 
Solange Gouvea e Abhijit Sen Gupta 
 

May/2007 

138 Forecasting Exchange Rate Density Using Parametric Models:  
the Case of Brazil  
Marcos M. Abe, Eui J. Chang and Benjamin M. Tabak  
 

May/2007 

139 Selection of Optimal Lag Length inCointegrated VAR Models with 
Weak Form of Common Cyclical Features 
Carlos Enrique Carrasco Gutiérrez, Reinaldo Castro Souza and Osmani 
Teixeira de Carvalho Guillén 
 

Jun/2007 
 

140 Inflation Targeting, Credibility and Confidence Crises 
Rafael Santos and Aloísio Araújo 
 

Aug/2007 
 

141 Forecasting Bonds Yields in the Brazilian Fixed income Market 
Jose Vicente and Benjamin M. Tabak 
 

Aug/2007 
 

142 Crises Análise da Coerência de Medidas de Risco no Mercado Brasileiro 
de Ações e Desenvolvimento de uma Metodologia Híbrida para o 
Expected Shortfall 
Alan Cosme Rodrigues da Silva, Eduardo Facó Lemgruber, José Alberto 
Rebello Baranowski e Renato da Silva Carvalho 
 

Ago/2007 
 

143 Price Rigidity in Brazil: Evidence from CPI Micro Data 
Solange Gouvea 
 

Sep/2007 
 

144 The Effect of Bid-Ask Prices on Brazilian Options Implied Volatility: a 
Case Study of Telemar Call Options 
Claudio Henrique da Silveira Barbedo and Eduardo Facó Lemgruber 
 

Oct/2007 

145 The Stability-Concentration Relationship in the Brazilian Banking 
System 
Benjamin Miranda Tabak, Solange Maria Guerra, Eduardo José Araújo 
Lima and Eui Jung Chang 
 

Oct/2007 

146 Movimentos da Estrutura a Termo e Critérios de Minimização do Erro 
de Previsão em um Modelo Paramétrico Exponencial 
Caio Almeida, Romeu Gomes, André Leite e José Vicente 
 

Out/2007 

147 Explaining Bank Failures in Brazil: Micro, Macro and Contagion Effects 
(1994-1998) 
Adriana Soares Sales and Maria Eduarda Tannuri-Pianto 
 

Oct/2007 

148 Um Modelo de Fatores Latentes com Variáveis Macroeconômicas para a 
Curva de Cupom Cambial 
Felipe Pinheiro, Caio Almeida e José Vicente 
 

Out/2007 

149 Joint Validation of Credit Rating PDs under Default Correlation 
Ricardo Schechtman 
 

Oct/2007 

40



 

 

150 A Probabilistic Approach for Assessing the Significance of Contextual 
Variables in Nonparametric Frontier Models: an Application for 
Brazilian Banks 
Roberta Blass Staub and Geraldo da Silva e Souza 
 

Oct/2007 

151 Building Confidence Intervals with Block Bootstraps for the Variance 
Ratio Test of Predictability 

Nov/2007 

 Eduardo José Araújo Lima and Benjamin Miranda Tabak  
 

152 Demand for Foreign Exchange Derivatives in Brazil:  
Hedge or Speculation?  
Fernando N. de Oliveira and Walter Novaes  
 

Dec/2007 

153 Aplicação da Amostragem por Importância 
à Simulação de Opções Asiáticas Fora do Dinheiro 
Jaqueline Terra Moura Marins 
 

Dez/2007 

154 Identification of Monetary Policy Shocks in the Brazilian Market  
for Bank Reserves 
Adriana Soares Sales and Maria Tannuri-Pianto 
 

Dec/2007 

 
 

41



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


