Faculdade de Economia da Univer9ddade de Coimbra
Grupo de Estudos Monetarios e Financeiros (GEMF)

Av. DissdaSilva 165 — 3004-512 COIMBRA, PORTUGAL
http:/imww2.fe.uc.pt/~gemf/ - gemf@sonatafe.uc.pt

JOSE ALBERTO SOARES DA FONSECA

RISK PREMIUMSIN THE PORTUGUESE TREASURY

BILLSINTEREST RATESFROM 1990 TO 1998:
AN ARCH-M APPROACH

ESTUDOSDO GEMF

Ne1 2001

PUBLICACAO CO-FINANCIADA PELA
FUNDACAO PARA A CIENCIA E TECNOLOGIA




Risk Premiums in the Portuguese Treasury Bills Interest Rates José Soares da Fonseca

Risk Premiumsin the Portuguese Treasury Bills
I nterest Rates from 1990 to 1998:
An ARCH-M Approach

José Alberto Soar es da Fonseca
(ifonseca@sonatafe.uc.pt)

Grupo de Estudos Monetaios e Financeros
Faculdade de Economia da Universidade de Coimbra
Avenida Dias da Slva, 165

3004-512 Coimbra
Portugal

ABSTRACT

One centrd subject in the literature on the term structure of interest rates is the empirical
evidence about risk premiums and their stochastic processes. The traditional theory of the term Structure
accepted that risk premiums where zero or monotonicaly increasing with bonds' maturity.

The new dynamic agpproach based on intetempora equilibrium developed by Vasicek (1977),
Cox, Ingersoll and Ross (1985) and others, has demondtrated that risk premiums are not proportiona to
bonds maturity, but to the stochagtic risk messure of the bond. However, in some of those models it is
accepted that the market price of risk is condant over time. A dgnificant change in the theoretica
andysis of risk premiums has occurred with the study of Longsaff and Schwartz (1992), according to
which the term dtructure is explained by the stochagtic processes followed by a short-term interest rate
and itsvolatility.

One of the main objectives of the present research is to study the (non) stationarity of the series
of the Portuguese Treasury bills rates during the 1990s, and the influence on their autoregressive process,
of ERM crises, and the convergence criteria for stage 3 of EMU. The other objectiv is to determire the
exigence of forward and return premiums and their time variability. An ARCHM(1) modd has
revealed to present good explanatory power about the process followed by those premiums.
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I ntroduction

The shape of the yield curve or term dructure of interest rates, is determined by
expectations about future interest rates and by risk premiums. Expectations on the
future interest raies can be obtained from the stochestic processes followed by current
rates. Three types of risk premiums can be measured in the term Structure of interest
rates. the forward rae premiums, the holding return premiums and the yield-to-
maturity premiums. Forward and holding return premiums in Portuguese Treasury hills
rates are the subject of this paper, which is divided in two sections. The firg section is
consecrated to the exposition of the three types of premiums and to their rdaions. The
second section is dedicated to the empiricd andyss of the Portuguese Treasury hills
interest rates. The firs pat of the empiricd andyss consgs in the study of the
dationarity of the series The second part conddts in extracting forward and holding
return premiums from the interet rae sies and in moddling ther dochestic

Jprocesses.
|. Expectationsand Risk Premiumsin the Term Structure of Interest Rates
Let us represent by P, the price, & time t, of a zero coupon bond, with a
maturity equal to n periods and a find vaue of 1. With a continuous time interest

compounding, the yidd-to-maturity of this bond is defined by:

] InP;

tn = n @,
The return from holding thislong-term bond betweent and t+1 is
h(n)t,t+1 =INPiin-1- NPy 2).

The expected return from holding, between dates t and t+1, a zero coupon bond,
with an iniid maurity n, E[h(n);+1], is equd to the riskless short-term interest rate, ¢

plus aholding return premium, f (N).:
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El.h(n)t,t+1J =1, +f(n), ).

According to the common dynamic modds of bond evduaion, as those of
Vascek (1977) and Cox, Ingersoll and Ross (1985), the return premium depends on the
bond’ s measure of risk (stochastic duration) and on the market price of risk.

Repladng in equation (2) In(P.n) ad In(P.1n1) according to the definition of
yidd-tomaturity given in eguaion (1), the expected holding period return can be
represented as a function of the yield-to-maturity:

ERes1n-1)- Rin = n% 1(Rt 0 r)- ilf( n); 4.

Solving equation (4) forward, between t and t+nl, the yidd-to-maurity, R,

can e represented as the sum of the expected vaues of the short term interest rate plus
the yield-to-maturity premium P (n)«:

Rin :Hé Eq(f+i-1)+ P (n)y ),
The rdation between the yieldto-maurity premium and the holding return
premiumsis

P(n), = Fé Ee(f(n-i+2)uiq (6).

Theforward interest rate referred to date t+n in the futureis,

O:

(t,t+n) ng ”i (7),

Pt rlg

and the forward premium is the difference between the forward rate and the

corresponding expected short-term rate:

L(n),.. =f(tt+n)- E(r.,) ®).
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According to the definition of yidd-to-maturity, given by (1), the folowing
representation can be given to the forward rate:

f(tt+n)=(n+)R, , - NR,, ©).

From equation (5), (6) and (8), the following rdaion results between the forward
premium and the halding return premiums

(M) = @UE (- +2), - £ (0 1), 10,

The posshility of dl types of rik premiums being equa to zero is accepted by
the traditional expectations hypothesis. However, Cox, Ingersoll and Ross (1981) have
demondraied tha zero risk premiums only can be observed when the local
expectations hypothesis occurs, which means that a aty moment t, the expected
holding return from any bond is equd to the riskless interest rate. According to this
hypothess, the holding return premiums f(n), ae zeo for dl maurities This
hypothesis does not imply, however, the nullity of yidd-to-maturity premiums nor of
forward premiums.

Often, in the term dructure literature, it as has been accepted that the holding
retcurn premiums should be monotonicdly increesng with maturity. The results of
empiricd sudies have not confirmed this assumption, and, for example, Fama (1984)
and McCulloch (1987) have found non-regularly increesing premiums. The continuous-
time approach to equilibrium in the term Sructure proposed by Vadcek (1977) and
Cox, Ingersoll and Ross (1985) gives, as we have refared up, the explanation of the

norkincreasing return premiums.

[1. Empirical analysisof Portuguese Treasury billsrates

The present research is devoted to the analyds of the dochestic processes
followed by the Treasury hills interest rates and their risk premiums in Portugd, in the
period between Januay 1990 and April 1998. Tressury hills in Portugd have been

G.EM.F.-FEU.C. 4
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issued between 1985 and 1998 with maturities of 91, 182 and 364 days. Only the first
two of these maturities will be the used in our tests, Since the nature of the deta does not
dlow the caculation of risk premiums for the 364 days interet rates.

A previous research (Fonseca (1994)) has been devoted to the study of the same
interest rates, during the period between 1985 and 1991. That research was based on
Vasdcek's modd, which supposes that risk premiums reman condant over time A
sgnificant change in the theoreticd andysis of risk premiums has occurred with the
sudy of Longsaff and Schwartz (1992), according to which the term dructure is
explaned by the dochestics processes followed by a short-term interest rate and its
voldility.

[1.1. Presentation of the data

The data series used in the present research condst of monthly averages of the
interest rates settled at the auctions of  Portuguese Treasury bills between January 1990
and April 1998. Those series are published by the Banco de Portugd.

The present sudy covers a period in which the evolution of the interest rates in
Portugd was dominated by the participaion of the escudo in the exchange rate
mechanism of the EMS (snce March 1992) and by the conditions for the participation
in stage three of the European Monetary Union. During the period covered in this study
dso occurred a crigs in currency makets (during the soring of 1993). This crigs
caused a ggnificant increese in the volatility of interest rates and aso a Structurd bresk
in the series, as our tests demondrate (see the graph of the interest rate series in Annex
1.

[1.1. The analysis of the stationarity of the series

Non dationary series have a long memory, meaning that the effect of a shock
remans over time. Our test began with the estimation of the Augmented Dickey-Fuller
(ADF) Z gatigtic on the following three types of regressons.

Dr =Qd.1t g biDr.; +e& (12),

i=1
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d
Dr, =3, +0r.. +a biDr. +& (12,
i=1
and
J
Dr, =a, +at +gr_, +q Dbr,; +e (13).
i=1

The lagged differences of the dependent variable in the regressons have been
included to ensure that the eror tems ae white noise The number of lagged
differences in each regresson has been determined by the Akake-Schwartz criterion.
In equation (12), together with theADF Z datidic, we have tested the joint hypothess
of a unit root and no condant, a=g=0. In the same equation, we have done a test to
determine the dgnificance of the congant term. In equation (13), together with the
ADF Z gddidic, we have tested the joint hypothess of a unit root, no congant and no
trend, a=au=g=0. The results of these tests are presented in Table | for equaion (11), in
Table 1l for equation (12) and in Table Il for equation (13). The critica vaues of the
ADF Z datigtic for the 1%, 5% and 10% dgnificance levds ae dso presented in the
tables.

Tablel —ADF testson equation (11)

91 days interest rate 182 daysinterest rate
* ADF Z test with 5 lags -0.9095 * ADF Ztetwith2lags  -0.9804
* 1% 5% 10% * 1% 5% 10%
* -133 -79 -56 * -133 -79 -56

The results of the modd without congtant and without trend (Table 1) lead to the
non reection of the null hypothess of a unit root in the two interest rate series The
tests on the modds with congant (equation (12)), and with congtant and trend (equation
(13)) have been conducted as a consequence of the result of the tests on the first modd.

G.EM.F.-FEU.C. 6
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Tablell —ADF tests on equation (12)

91 days interest rate
ADF Z test with 5 lags 0.1267
* 1% 5% 10%
* -198 -137 -110
Codfficdent and T-Saidic on the
Condant:
* -016376  -0.9466
Joint tet of a unit root and no condant:
24137
* 1% 5% 10%
* 670 471 386

182 daysinterest rate

ADF Z tegt with 2 lags. 0.0851

* 1% 5% 10%

* -198 -137 -110

Coefficient and T-Statistic on the Congtant:

* -015697  -1.1485

Joint tet of a unit root and no condant:
41776

* 1% 5% 10%

* 670 471 386

The reaults for the ADF Z ddidic lead to the nonrgection of the nul
hypothess of a unit root in both series of interest rates. These results are confirmed by
the low vaue of the Fddidic of the congant in the two cases. The results of the joint
tests of a unit root and no congant show, additiondly, that the redricted regresson is
not binding for levels between 1% and 10%, in the case of the 91 days interest rate,
and for levels between 1% and 5%, in the case of the 182 days interest rate.

Tablelll —ADF tests on equation (13)

91 days interest rate

ADF Z tes with 5 lags. -21.6938

* 1% 5% 10%

* 274 207 -175
Codffident and T-Saidic on the
Congant:

* 4.10049 3.1664

Coefficient and T-Statistic on the Linear
Trend:

* -003133  -3.3195

Joint test of a unit root and no linear trend
55170

* 1%
* 873

5%
6.49

10%
547

182 daysinterest rate

ADF Z test with 2 lags -10.7087

* 1% 5% 10%

* 214 207 175
Codfficent and T-Satitic on  the
Condant:

* 227676 23229

Codfficent and T-Stigtic on the Linear
Trend:

* -00184  -2.5062

Joint test of a unit root and no linear trend
3.1445

* 1%
* 873

5%
6.49

10%
547

The results of ADF tests lead to the rgection of the null hypothesis of a unit root
in the modd with trend (eguation (13)), in the case of the 91 days interest rate
However, these reaults, and the vadue of the T-satistic on the trend's coefficient, are
not in accordance with the results of the tests on the joint hypothesis of a unit root, no
congant and no trend, which lead to the concluson that the redtricted equetion is not
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binding. In the case of thel82 days interes rate, the tests on the third modd do not lead
to the rgiection of the hypothess of a unit root.

The contrediction between the results of different tests, in the case of the 91 days
interest rate, and the quite evident nondaionarity of the 182 rae in the three modds,
lead us to test the hypothesis of a structura bresk in the series. For that we have used a
research procedure, proposed by Perron (1997), to sdect the moment of the dructurd
break. This procedure tests the presence of a unit root together with the presence of a
change (or severd changes) in the trend function. The firds modd conddered in
Perron’s procedure dlows a change in the intercept under the null aternative and the
null hypotheses of a unit root. In the case under andyss in the present research, this
modd is represented by the following equetion:

k
r,=m+qDU, + bt +dD(T,) +a,+Q cDr. +e (14),

i=1

where T, +1 denotes the time a which occurs the change in the trend function, being
D(Tb)=1 a t=Twx+1l. The dummy varigble DU: ( t>Ty), represents the change in the trend
intercept, that results from the innovation thet beginsa T,

The second modd considered in Perron (1997) dlows both a change in the
intercept and in the dope, a time T+l In the cae under andyss this modd is
represented by the following equation:

k
r,=m+qDU, +bt+gDT, +dD(T,) +at,+ g 6D, +e (15).

i=1

Where DT; represents the change in the dope.

Sationary series for the 91 days and the 182 days interest rates resulted from the
implementation of the firg of these modds This means that the Structurd bresk
(occurred a March 1993) is the result of a change in the intercept of the trend function.
The second modd, by the contrary, did not generate a dationary series for any of the
maturities. According to these results the hypotheses of a change in the dope of the
trend function can be excluded. In Tables IV and V are presented the results of the tests
on the first mode, for the 91 days and 182 days interest rates, repectively.

G.EM.F.-FEU.C. 8
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Table 1V: Test of structural break on the 91 days interest rate, using the
model represented in equation (14)

bresk date TB = 1993.03 datistic T (a=1) = -5.88068
citicd valuesa 1% 5% 10% 500 90% 95% 9%
for 1000bs 568 -505 -477 -371 -240 -188 -0.34

from 1990:01 to 1998:04 search limited from 1991:04 to 1997:01
number of lagsretained : 9

explaned varidble: Rg

coefficient T
CONSTANT 0.09378 5.74364
DU -0.01008 -4.41892
D(Th) 0.02429 4.36082
Trend -0.0006173 -5.38724
Rt101 0.52790 6.57581

According to the results presented on Table IV, the 91 days interest rate series is
daionary (a beng daisticdly different from 1) with a trend and a sructurd bresk on
the intercept that occurred at March 1993'. Tha month has been a period of aisis in
the ERM. The changes in central exchanges rates and in the bands of floatation thet
followed thet crigs explains the breskdown in the leve of interest rates.

The reslts of the tests on the modd of equation (14) applied the 182 days
interest rates series (Table V) dso confirm the presence of daionarity arround a trend,
and abresk in the intercept d the trend function in March 1993.

! The same data for the structure bresk has been obtained with a different procedure used in a previous

verson of this paper. That procedure has consisted in the regresson of the interest rate series, on  a
dummy variable ( representing the structure break) and the trend. We have used a research procedure to
sdect the date of the structural bresk which has conssted in maximizing the T datistic of the coefficient
of the dummy varigble.

G.EM.F.-FEU.C. 9
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Table V: Test of structural break on the 182 days interest rate, usng the
model represented in equation (14)

bresk date TB = 1993:.03 ddidict(a=1)= -542104
criticd vauesat 1% 5% 10% 500 90% 95% 9%
for1000obs -568 -505 -477 -371 -240 -183 -0.34

from 1990:01 to 1998:04 search limited from 1991:04 to 1997:01
number of lagsretained : 9

explaned varigble:  Riise

coefficient student
CONSTANT 0.06769 52714
DU -0.00667 -3.60487
D(Th) 0.02247 5.06250
TIME 000045283  -4.93248
Ria,182 0.66646 1083196

The same kind of results, as those that have been observed for the 91 days interest
rate, have been obtained for the 182 and 364 days interest rates, where the T datidic on
the dummy variable adso confirms the occurrence of a dructure bresk. In both cases,
the series corrected from the dructura bresk become dSationary, as the results of the
Perron test show.

[1.2. Forward rates premiums

As in Pat |, in the andlyss of risk premiums, only the interest rates with terms of
91 and 182 days have been used. The lack of an intermediate maturity between 182 and
364 days does not dlow the cdculation of forward 91 days rates for a future longer
than three months. Forward 91 days interest rates, on month t, referred to month t+3,
were caculated every month through the current rates of 91 and 182 days

G.EM.F.-FEU.C. 10
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f(t,t+3) :Ingpﬁg (16).
16 @

Forward risk premiums Liw+3 ae equa to the difference between the forward
interest rate f(t,t+3) and the 91 days interest rate expected on month t to be observed on
month t+3:

Ly =f (t’t+3)' E, (rt+3,91d) (17).

Although risk premiums are defined ex ante, often they have to be gpproximated
in empiricd andyss by ex post data In fact, actud premiums shdl not be quite
different from their expectations. Under this assumption, ex post premiums, defined as:

Liws =f (t’t + 3) " Tz (18),

have been usad in the subseguent andyss
The fird dep condged in the datidicd andyss of the forward premiums

seies,

TableVI- Statistics on the Forward Premiums

Sample Mean 0.00200027253 Variance 8.863654e-006
Standard Error  0.00297718890 SE of Sample Mean 0.000302
t-Statistic 6.61711 Signif Level (Mean=0) 0.00000000
Skewness 0.60209 Signif Level (Sk=0) 0.01715283
Kurtosis 5.25818 Signif Level (Ku=0)  0.00000000

According to the datidicd andyds the foward premiums do not follow a
normd digribution, as it is shown by the pogtive vaue of the skewness and by the
exces kurtoss parameter, higher than 3. The non-normdity of the series is probably the
resllt of the very high volaility of those premiums during the soring of 1993, as is
shown in the graph of the respective series, presented in Annex 2.

The researches of Engle and Ng (1993), Bekaart, Hodrick and Marshdl (1997)
and Ladic and Mignon (1999) lead to the concluson that the variance of the forward
premium has important implications on interest rates curves. Thee authors aso
conduded tha the mogt adequate modds to explain the time vaidility of risk
premiums ae of ARCH or GARCH type because periods of high volaility of the
premiums are, in generd, followed by other periods of high volatility.

G.EM.F.-FEU.C. 11
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Usng a maximum-likeihood procedure with the Program RATS, we edimated
ARCH-M models of severd orders on the series of the forward premiums. Before the
edimation of the ARCH-M modd, we have edimated the Autocorrdation Functions
and the Patid Autocorrdaion Functions, which decline very rapidly, as is shown in
the graph presented in Annex 3. On the other Sde, the results of the edtimation of thr
ARCH-M modds leed to the conclusion the most adequte is the ARCH-M(1):

L =b +dh +e (19),
where

h =a,+age, (20).

The results of the estimation of that mode are presented in Table V1.

TableVII- ARCH-M (1) Model on the Forward Premiums
Monthly Data From 1990:04 To 1998:04
Usable Obsarvations 97  Degreesof Freedom 93

Function Vaue 535.74489656

Vaiable Coeff SdError T-Staa  Signif
1b 0.000956200  0.000231624  4.12824 0.00003655
2.d 60.506629850 23.205820172 2.60739 0.00912353
3 ag 0.000002727  0.000000731  3.73195 0.00019001
4 a; 0856972356  0.315454128  2.71663 0.00659502

ARCH-M modds of order superior to one did not present any improvement on

the vdue of the maximum-likdihood function, and presented low vdues of the T
gatistics on the coefficients.

[1.2. Holding return premiums

Holding return premiums have often been centrd in term structure andyss
Fama (1984) conducted empirica tests on those premiums, which leed to the
conclusion that, contrary to what was admitted in the traditiond theory of the term
gructure, those premiums were not monotonicaly increasing with the maturity of
interest rates. As we have mentioned before, these results can be explained by the fact
that the bonds' risk measureis not a scalar function of the maturity.

G.EM.F.-FEU.C. 12
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The return from buying al82 days Treesury hill, and holding it for 91 daysis

5

h(182d),  =Ingrias? (20),
| £ 5

The actud return premium from thisinvesment is

f (182d), =h(182d) - fe, (22).

The rddion between forwad and holding return premiums which we have
presented  previoudy?, suggests that the autoregressive process of the second type of
premiums must not be vey diffeeent from the autoregressve process that we have
found for forward premiums The grgph presented in Annex 4 is presented shows the
differences between the holding return premiums and the forward premiums, which
show that they are very close to each other. We began the andyss of the holding
premium series by its gatisticd andyss (Table VIII).

TableVIII- Statistics on Series of Holding Return Premiums

Sample Mean 0.00200601213 Variance 8.907586e-006
Standard Error ~ 0.00298455797 SE of SampleMean  0.000303
t-Statistic 6.61972 Signif Level (Mean=0) 0.00000000
Skewness 0.63039 Signif Level (Sk=0)  0.01258001
Kurtoss 5.28804 Signif Level (Ku=0)  0.00000000

The mean of the halding return premiums is only dightly different from the mean
of the forward premiums, and they dso exhibit postive asymmetry and excess kurtosis.
We have used the same procedure as with forward premiums, to esimate the auto-
regressve process of return premiums, and the result has adso been an ARCH-M(2)
modd. The coefficents, sandard erors, T datisics and dgnificance levels, o this
modd are presented in Table 1X.

2 See equation (9).

G.EM.F.-FEU.C. 13
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Tablel X- ARCH-M (1) Modée on the Holding Return Premiums

Monthly Data From 1990:04 To 1998:04
Usable Observations 97  Degreesof Freedom 93

Function Vaue 535.74489656

Vaidble Coeff Std Error T-Sa  Signif
1b 0.000954662 0.000228440  4.17905 0.00002927
2.d 60.156257143 22966902762 261926 0.00881211
3 a0 0.000002710 0.000000774  3.50022 0.00046487
4. al 0.866852185 0.318625176  2.72060 0.00651632

Although, the gtatisticd andys's and the estimated ARCH-M(1) modds show a
grest proximity between forward premiums and holding return premiumsin the case of
Portuguese Treasury hillsrates, it is not possible to conclude that thisis a generd rule.
In the case under andlysis, that proximity must be explained mainly by the fact thet

both premiums are referred to the same time horizon.

Conclusion

The main questions aout premiums in the term gtructure of interest rates concern
their rddion with maturity and ther time vaiabdility. The traditiond theory of the term
Sructure of interest rates accepted that dl types of risk premiums were monctonicaly
increesing with maturity. Modern intertempord  gpproaches defend, by the contrary,
tha the equilibrium in the term dructure implies that risk premiums must be
proportiond to bonds' risk measures which are not equd to their maturity.

The ressarch underlying this paper has been dedicated to the question of the
time variability of the rik premiums in the tem dructure.  Using interest rates data
from the auctions of Portuguese Treasury bills we have obtained strong evidence
cofirming the vaiability of the risk premiums contained on those interes rates Our
teds have highlighted the <tructurd bresk in Portuguese Treasury bills rates thet
occurred as a result of the crigs in currencies of March 1993, and of the subsequent
changes in the ERM. We dso conduded that an ARCH-M(1) modd is the best
gpproach to the stochagtic processes followed by forward premiums and holding return
premiumsin Portuguese Treasury billsinterest rates.
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Annex 1
Portuguese Treasury Bills Interest Rates
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Annex 3

Forward Premiums ACF and PACF Functions
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