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INTRODUCTION

Thé forecasting of interest rates has been a complex problem
for many years, and satisféctbry methodsrfor accurately forecasting
intérest ratés séem to Ee few and of limited generality. There are
many reasons fdr this scarcity; theories of interest rates often in-
vdlve expectations of the future and the statistical testing and
~ validation of the theofies.has proved to be extraordinarily difficult.
Moreover, tbere'are several additional problems inherent in forecasting:
(1) the problem of explaining movements of interesf rates for sémple
time peribds»fér which.relevant data are available, (2) the problem of
making and eVaiuaEing a forecast for future time periods,,and‘(S) the
" probleﬁ of how a manager can useia forecast in his deciéion making.

_ This paper is concerned with forecasting short—terﬁ interest
rates (34moﬁth treasury bills and 4- to 6-month commércial papér) by
means of ecoﬁdmetric modeis. Some of these models aie standard
econometric modelé in that they consist of fixed cpéfficieﬁt regression
eqﬁations estiﬁated by ordinary least squares (0LS>.. Others are adap-
tive econometric models having regression equatiohs in which coeffi-
cients are aliowed to vary. The latter are models qf the Kalmén type
and are discussed in Section 2 below. These models are relatively new
in econometficiresearch and have not, to our knowledge, been applied
previously to the forecasting of interest rates. |

. Our main purpose here is to contrast the-results of standard
and adaptivé_eéonometric models on the basis of their.performance with

fegard to forecast errors.’ Spécifically, each type of model will be
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used to expléin the movements of interest rates in the sample time
ﬁeriod (theVSecond quarter of 1962 thrdugh the fourth quarter of 1972)
and each will be used to forecast short-term interes£ rafes for the
vfirst and second qﬁarters of 1973. It is not our intention to present
férecasting models which, in their present stage ofndeveiopment, can
“be used directly in financial decision making; our view is that much
research must be dbne before adequate models fof décision ﬁéking can

~be developed.

DISCUSSION OF THE,MODE_'LS

There are severél well-known standard econometric models of
the U.S. economy which include treasury bill and comme;cial,papef ratés
as current endogenous variables in their financial subsectors; Wé‘have
cﬁosen to use the fiﬁancial subsector of the Office of Business Eco-
nomics (OBE) quarterly model as it appeared in [4]. This subsector
contains nine equations and among these are two eéuations_iﬁ which
 3-month treasury bill rates are related to several aggregate monetary
and fiscal Vafiables and 4~ to 6-month commerciai paper rates are re-
lated in turn iO'treasury bill_rates.1 These two equaﬁions, considered

in isolation from the rest of the financial‘subseétor as well as from

1Thisversion of the OBE model contains 56 equations and is an
outgrowth of an earlier 36-equation model described in [8]. The Office
of Business Economics has been renamed the Bureau of Economic Analysis,
and the most recent version of the model, reported on in [5], is called
the BEA model. . We refer to the version discussed in this paper as the
OBE model. ' ‘
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the remaining subsectors of the full OBE model, will be taken as the
standard eeOnemetric model for the purposes of the‘exPefimental studies
in this paper.
The behavioral equatlons‘of this model are as follows where

t denotes the t-th quarter:

1(1:) | + o X l(1:) + oy 2(t) + 04X 3(1:) + e (t) o -(1)

yz(t) = 6 + 6 (t) + §

lyl Zyl(t =1) +e (t) o - (2)

and where

yl(t) denotes 3-month treasury bill market_yields,

yz(t) denotes 4- to 6-month commercial paper rates,

xl(t) denotes the Federal Reserve discount rate,

xz(t) denotes the amount of free reserves divided by the sum

» of demand deposits and currency, both for the previous

quarter, and

X3(t) denotes the fiscal balance, federal net surplus (NIA

basis) divided by GNP in 1958 dollars for the previous
quarter,

In [8], equation (2) also contains a dummy variable which
assumes the -value of 1 or 0, respectively, accordlng to whether or not
the quarter was one for which certificates of deposit,were issued. The
period for which our experiments were conducted (including the experi-
ments for forecasting these interest rates into the'future) was a period
in which‘certificates of deposits were issued during each quarter, so

the effect of the dummy variable is absorbed into the intercept term

60 in (2) and does not appear explicitly in this equation.
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The behavioral equations (1) and (2) can be regarded as a
system of stochastic equations and can be expressed in the standard

matrix form for such (constant coefficient) econometric systems as

1
1 0 y. (t) by b, b.o b, O x1(t)' "'e(t)
1 10 11 P12 P13 1 ,
R o xt) = | 3)
2y, 1 Yp(8)| [byy 0 0 0 bos| _X3-(t)‘ ez(t}
yl(t-—l]_
L -
or as’
Ay(t) + Bz(t) = e(t), (t=1, ..., n). (4)
The conventional reduced form of (3) or (4) caﬁ be written
1
n®) ey By fy by 0 | Y e
| © R NGO T S I €)'
v, (t Bon Bon Bo. B B N
220 F20 21 22 "23 P24 ey () ‘sz(t‘)
yl(t—].]
b d
or

y(t) = nz(t) + e(t), (c=1, ..., n)". - C(6)
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The adaptive econometric model used in our experiments is a

version of the Kalman-Bucy model [7]. We write this model as follows,

— —t

_ Blo(t)
ol
Ty @] Ma@®x@x@oo o o o ] |P2®
A R Rl A A | |
: yz(t) 00 0 0 1 Xl(t) xz(t) X3(t) yl(t-l) )
_ L o 18,0(®)
. j
B (1)
e‘(t)
!
E»z(t)
where
- - » s T ]
Blo(t) [ty; Tip +++ tyg Blo(t-l) ul(p)
Big(B)| |ty Ty eee tygl By (EEDE o fuy(®)
= + (8)
thz}(t)J ' Ltgl t92 s e t99‘ ‘le‘.(t"'l)‘ L‘ug(t)’
Alternatively, (7) and (8) can be written in matrix form as
y(t) = X(t)B(t) + e(t) _ | (9

B(t) = T(t)B(t-1) + ult). | (10)
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The model represented by (9) and (10) requires tﬁat the matrix T(t) be
spécified, as weil as an initial value B(0) and the variances-
covariances of the error vectors e(t) and u(t). It éhould be noted
that the vectof B(t) in (9) varies with t and is not é constant
parameter. Thus, the model (9) and (10) is not a éénstant coefficient

model as is the standard econometric model (3), (4) or (5), (6).

NATURE OF FORECASTING EXPERTMENTS
In forecasting with a standard econometric model for T
periods intoﬂthé future, one uses an estimate 7 of the reduced form
coefficient métrix 7 in (6) as‘well as anvestimate é(t + 1) of the
Values of the independent va:iables T periods into»thé-future and then
develops a forecast y(t + 1) of the dependent variablés by
F(t + 1) =‘7? 2(t + 1). - (11)
~In contrast to.this procedure, the Kalman-Bucy varying parameter re-
gression mddel'recognizes the changing coefficient vector g(t) in (9)
and adaptively updates this vector fhrough (10) to obﬁéin Bt + 1).
Then a forecasf ﬁ(t + 1) of the matrix of indepehdent variables is
developed and the forecast of the dependent Vafiébles is then given by
St + 1) = X(t + 1) é(t +1). . (12)
Aévnoted earlier, two kinds of forecast experiments are made
in this paper: forecasts for the sample period (second quarter of 1962
through foﬁrth‘quérter.l972) and forecasts for the quarters 1973.1 and
1973.2. Inbthe former case, X(t + 1) is known and ié,vof course, taken

to be the matrix of the actual values of the independent variables for
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the given quarter. In the latter case, the elements_of this matrix
must be forecast if they are not available. The eleﬁents of X(t + 1)
| could be forecast, for example, using exponential smoothing or some
other time series forecasting method, or one could.qbtain them by
solving the full OBE model. The latter would require reestimation of
the OBE model through the fourth quarter of 1972. This reestimated
model then would be used to forecast z(t + 1) and this iﬁ turn would
require the specification of the values of several other‘currént
endogenous variables which in the OBE model are assuméd to be pre-
determined in a manner external to the model itself. Thefefore these
variables would have to be eétimafed in some way, perhaps by time series
methods or by means of a so-called hidden model. Since in this paper
our goal is to contrast the forécasting performance ofvfiked and vary-
ing parametef regression models, wé'used the actual &alues of the
independent variables for our forecasting experiments for 1973.1 and
1973.2 rather than forecasting thém by either of the above methods.

We plan to examine the problem of forecaéting independént variables
and its effect upoﬁ the foreéasting performance of varying parameter

regression models more completely in a subsequent paper.

ESTIMATION IN THE KALMAN-BUCY MODEL
In order to use the Kalman-Bucy model (9), (10), we indicated
earlier that one must specify the matrix T(t), the initial value of the
coefficient vector B(0), and the variances and covafiances.of the error

vectors €(t) and u(t). Our computer experiments were conducted in two
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modes, arsinglémequation and a simultanedﬁs~equation mode, In the
former, we took the first équation of (7) for 3—month>treasury bill
rates (yl) and‘piaced it iﬁ the contéxt.of the Kalman-Bucy model.(9),
(10). A siﬁilar procedure was followed fof the sécond»équation of (7)
in terms of 4~ to 6-month commercial paper rates (yz). This produced
a single-equation Kalman-Bucy model for each of these interest rates.
Because of the various specifications that are.necéSSary, we character—
ize the forﬁer model by the parameter set (61(0), Tl(f), Var(sl),
Cov(ul)) and the latter by (82(0), T2(t), Var(ez), Cdv(uz)j.' In the
siﬁultaneous—equation model (7), (8) or (9),v(10) the two interesf
rates are considered jointly and this model iS‘chafacterized by the
parameter set (B(0), T(t), Cov(e), Cov(u)).

Esfimation in either case began with an examination of the
residuals around fhe OLS fit for eéch of the interest rate time series
using the two individual equations implicit in (5). The sample

variances of these residuals, 52 and 32 respectively, were calculated

1 2
and Var(e,) was set equal to lsz and Var(e,) .equal to lsz Then lsz*
1 4 2°1 2’ &l 2°2° 251

was allocated equally to each of the four diagonal elements of the
matrix Cov(ul)ffthat is, each of these elements was set equal to

%si-—and %S% was allocated in gimilar fashion to the five diagonal

elements of the matrix Cov(uz); A1l off-diagonal elements of the

matrices CoV(ul) and Cov(uz) were set equal to zéro (i.e., the
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coefficient disturbances were assumed to be mutually uncorrelated)

giving

Cov(u

and

Cov(uz) =

12
g1
12
0
0 0
0 0
0 0
12
10°2 0
12
0 g%,
0 0
0

0
1
10°

0

oo
U

2
2 .

0

12
10%2

In the simultaneous-equation models Cov(e) and Cov(u) were

specified as above excépt that we used sample covariance 512 (=321) of

the two OLS reéiduals as the off-diagonal elements of the matrix

Cov(e) instead of setting these values equal to zero--thus there is

contemporaneous correlation between the equation errors el(t) and

ez(t). In other words, we used
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512

Cov(e) = .
12

21 %2

.
N
Héha

S

—

The matrix Cov(u) was taken to be the 9-by-9 matrix whose first four
diagonal elements are equal to %si, whose remaining five diagonal
elements aré equal to i%sg, and whose off-diagonal elements are equal
to zero. The vectors e(t) and u(t) were assumgd tO‘bé uncorrelated
in the Kalman-Bucy models, and the problem of possible autocorrelatibn
in e(t) and u(t) has been igﬁored. o
| Since little is knoﬁn about the sensitivitybof the Kalman—
Bucy model in economic applications to the specification of the vector
8(0), we estiﬁated B(0) in two different ways to iﬁvestigate this
matter. |
1) ‘OLS regressi&ns using the individual equations iﬁplicit
in (5) were calculated using the first 15 quarters.of data (1962.2
through 1965.4) for each of the two interest rate series.. The
estimated‘values of Bl(Q) and 82(0) were then taken to be the
components of the vector B(0) in (9).
2)‘ OLS regressions using the individual equations implicit
in (5) for 43 quarters (1962.2 through 1972.4) were calculated
and the resuiting éstimates 81(0) and 82(0) were tgken to bé the

cdmponents of the vector B(0).
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- The remaining parameter in the Kalman—Bucy mddél,vthe matrix
T(t), offérs’sqme interesting challenges in the application of this
model to econqmic time series. In an engineering céntext in which the
Kalman~-Bucy model first found applications, this matfix is typically
given by known physical properties of some relevant’reai world system,
but ih econometrics one must estimate this matrix and a tractable and
generally applicable method of estimation is not yet availablé. We
assumed T(t) to be a constantvmatrix chosen to be either the identity
matrix or a matrix estimated by OLS. 1In the létter_cése, two steps -
were necessary. First, the time-varying coefficients were estimated
ﬁsing the Kalman-Bucy model with T(t) specified as»the identity matrix.
Then these coefficient estimates were used as the actual values fof
B(t) iﬁ (10)3 and the rows of T were estimated using stepwise regression
(significance levels of .10 were [used for the addition and deletion of

variables). -

RESULTS OF THE FORECASTING EXPERIMENTS

A summary of the results of our forecasting experiments are
presented in Tables 1, 2, and 3 below. CalComp graphé"of the two short-
term interest rate time series and the four series of estimated re-
gression coefficients for the varying parameter model for 3-month
treasury bill rates are also pregented, the latter to illustrate the
behavior of a set of time-varying coefficients and to cﬁmpare them
with corresponding OLS estimates |(dashed line in each graph). In

Figures 1 and 2, the asterisks represent the actual values of the
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respective interest rates for the first two quarters of 1973.‘ In
Figures 3, 4, 5, and 6, the asterisks represent the values of the

coefficients that were used in generating the forecasts for the model

KB(1, OLS(2),I).

Single Equation Models

‘The results presented in Table 1 for single-equation models
reveal that for both time series the varying parametér single-equation
models of the Kalman-Bucy type fit the sample period.déta‘much‘better
than the correééonding fixéd éogfficient regression models estimated
~ by OLS. Moreover, these models appear.to provide similar fits for the
sample period data regardless of the choice made for the initial value
B(0) or the»coefficienf updating matrix T featured in the Kélmaﬁ-Bucy
models (howéver, the choices of (0) and T do have considerable effect
on the time paths of the cdéfficients themselves). |

In terms of the forecasting experiments related to predicting.

the actual lévels Qf the two interest rates for thé first and second
quarters Qf 1973, however, only tﬁe models which used an initiél valué
for B(0) based on OLS(1l) rather than OLS(2) provided reasonable forecast
errors substantially smaller than those realized by using ordinary least
squares. It is interesting to note that although the single-equation
Kalman~Bucy models fif the commercial paper series better in the sample
period, thei1973.l and 1973.2 forecasts of treasury bill rates are
better (in'tefms of average squared error for the two quarters) than

the corresponding forecasts of commercial paper rates.
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Simultaneous Equation Models

Table 2 contrasts the forecasting perféfmance of simultaneous—
equation varying parameter modéis of the Kalman-Buéy type for the two
interest rate tiﬁe series. The results are generally similar tb those
observed for the various single-equation models. Examihation of Table
2 reveals that one simultaneous varying parameter mbdel,vdenoted By
KB(2, OLS(1),T), is clearly superior to any of the others in fitting
the two interest rate time series over the sample period. Fﬁrtbermore,
this model ﬁefforms well with respect t§ forecasting Both‘interest
.fates for the_first and second quarters of 1973, with the average
squaréd forécast error for this period being smaller for thé‘treasﬁry

bill rates than for the commercial paper rates.,

Summarz

Table 3 presents a coﬁparison of how ﬁell 34moﬁth treasury
bill rates and 4- to 6-month commercial paper rates are forecast jointly
(rather than individually) by the single-equation and simultaneous-
equétion modélé. For the purpose of providing a joint analysis of the
movements of these two time series, the éimultaneous—eduation model
KB(2,0LS(1),T) again fits the sample period data better than any other
model. Furthermore, this model performs quite well when treasury
bill rates and commercial paper rates are forecast;jointly for the
first and sécqnd quarters of.1973, although the simﬁltaneous—equation
model KB(Z;OﬂS(l),I) provides slightly better joint forecasts of the

two. interest rates during this forecast period.
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