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ABSTRACY

The relationship -hetwern the Argentinian prices and inoney supply, is exanined
hy employing the *one sided’ Wiener Tilier technikjue of estimating distribute lags.

EXTRACTO

Lo cste eatudie sc exantina la relacion entre la oferta de dinero y precios en Argen-
tira.  Uste analisis se realiza empleando la (écnica del filire de Wiener para estimar re-

v agos distrilvuicdos,
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1. INTRODUCCIKON

The purpose of this paper is to illustrate the methodology involved
in applying the “nnc--sided™ Wiener filter technique o estimating distributed
lag relationships to practical timne senics. Thisisa frequency domain technique
and 1s an alternative 1o a *“two--sided” technique suggesied carlier by Hannan
(1963). Both thesc 1echniques are also related to the notions of “causality”
and “lfeedback” as delined by Granger {1969).

2. CAUSALITY, FEEDBACK AND THE WIENER FILTER
Let [y, x¢ (e = 8,20, ) be real—valued, jointly statignary time scries
with i mcans and absolutely summable covariance functions Ryy (u) =
E (x4 o X¢h R)’y (u) = E {y, 4 Y R}rx (v) = E(y %) and let
L a )

fik (A\) ~ (2m}* E_ijk {u) exp (-iu ) .k = x, v)

u=

denote their power and cross spectral denmsily functions.  Assume that

M FO(TSAsT),

Write the ‘one - sided” distributed lag refationship between yy and x4 as

vi = L hQkx gt owe (2.1)
=0 )

where the cocfficients hi}) are chusen by least squares and satisly the equa-
tigns

(o ]

Ry i) = o (k) Ryx (k—) (=0..) (22
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The analytical techniques needed for solving these equations are discussed,
e.g., by Whittle (1963) and Bhansali and Karavellas (1982). Suffice it to say
here that

h(j) = (2m)™! f_: H(A) exp (ij A) dX G=0,1,.), (2.3)
wherc

H\) = (27/6®) A (A} { iEaU d (u) exp (—iuA)} (2.4)

d(u) = (27} f_: fyx (A) A (X) exp (iud), (2.5)

and a? and A (A) are ‘[actors’ of [y (A) i.e.lyy (A) = (02/2”)IA(7\)|_2. Note
that 2rnd(u) = E (y, €;_,,), where € is the ‘innovation’ proeess ol x;, and

2 w > a2 (2.6)
E{ws) =R, (0) — Z d* () 2.6
' yy 0= =0
Similarly, let
& .
vi= X gl x—j* 2 (2.7)
==

be the ‘two—sided’ relationship, where

1} = -1 ﬂ'ifyx(R) cxp (ijA) dX
g () = (2m) Jr_1r (o () p (ijA) dA.

We have (see Whittle, 1963;p. 69)

2 - 4"1 -
R d® (j) = E(wi)- - I d*(j). (2.8)

a i 0 j==

4n

E (z:): Ryy (0) —

The following thcorem is a direct conscquence of (2.8)
Theorem 2.1. In equations (2.10) and (2.7),
wy = zy {in quadratic mcan)

il and only ifd(j) =0, lorail j <0.



In the delintions given by Granger (1969) the tme series yy is said Lo
cause x il and only il the one -step mean syuware error ol predicting xq,, say,
is smaller by using the past of y; and x¢ than when only the past of x; is
used, Feedback s present when y causes xp and x¢ canses yp. (Actually
Grnger’s definition of causality 35 somewhat more genceral; however for the
special case in which only hnear predictions are used and the attention is
confined to the two tme series (x, y | his definition simplifies to that
desceribed above).

Sims {1972) and Pierce and Haugh (1977), among others, have given
several different characterizations of the Granger causality. Another charac-
terization is given below in Theorem 2.2, a prool of which is implicit in
Picvce and Llaugh (1977, p. 275).

Theorem 2.2 ‘The process y does not cause x¢ in Granger’s delinition if and
only if d {u) = 0, for all u < 0.

An implicatton ol Theorems 2.1 and 2.2 is that the ‘onc--sided’ and the
‘twa -sicded’ distributed lag relationships (2.1) and (2.7) are equivalent if and
only il y, doex not cause xq in Granger’s definition; see Sims (1972}, Caines
and Chan (1974) and Picerce and lHaugh (1977).

Finally, note that il y, causes x, in Granger's definition then the use of
the “two sided” coclficients g(j), bu only for § > 0, in order 10 ohtain a
‘one - sided’ relationsdtip is not optimal m the linea least squares sensc.

3. FESTIMATION OF THHE WIENKR FILTER

Suppuose that we are given T observations {xj, ... , STh [y1, - « 71}
(rom each of the sertes {x }and {y ) and le !(\‘I‘) (A) and fg.l;){l].l = )\j =
JmiNg G ~ 00k, L Nsp) denote the ‘window” estimates ol f . (A) and ryx M),
respectively . considered by Bhansali and Karavellas (1982), and put Py

= 2N The estimate of h {u} is given hy

. N

Wy - Peox T (A;) exp (iud;) (= 00, s Np),
=Ny | |
where

N o2 - NpT

”(IJ(Ri] _ NS O\I) S alh (u) exp { --iu?\i)l
: (AI: ’ u=f
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, Ny _
dD wy=pp 3 f(;l;() ) AtD) o) exp (),

J= "Nt
o Nt™t
AD ) =exp (- T (v) exp (—ivA)) }
v=1

g =2n cxp { C(T) (9) ),

(1) gy < pt L og T
Wy =pF T 10g 1) A exp (ivay).
J="Nt
The corresponding estimate of g (u) is given by
My =r? "5 (D gD -
B (uy=rp 3: { fyx (AJ) [ g (Aj)lexp (iud;)
="Nt
(u=0,1,.. N}

sec also Hannan (1963), e.g., for a study of closely related estimates of g (u).

Thearem 2.2 suggests that an examination of d(T) (u}, or of d(T) (u)/

d(T) (0), may bc helpful in deciding whether or not y, causes x; in Granger’s
definition; sec Fierce and Haugh (1977) for a related time domain procedure.

For a summary ol the large sample behaviour af the statistics d(T) (u),
h(T) (u) and g{T) (u) see Bhansali and Karavellas (1982). Suffice it to say
here that if there is no linear relationship between y, and x, then, under

regularity conditions, as T +ce , a [inite collection of the R(T) (u)'s is asymp-
totically normally disirihuted with 0 means, and (approximate) covarianccs

| .. ()
T! f:r LA AN cxp {i{u-- v} X JdA,
2r T f

xx {

and then the g (T) (u) and n(T) {u) are also asymptoticolly equivaleni.

-~ 150 —



4. APPLICATIONS

4.1. Arvgentinian Prices and Moncy Supply

As a lirst exanple, consider the monthly senies of Argentinian prices
and money supply lor January 1957 —December 1976, The Wiener filter
technique was actually applied to their second differences, hereinalter called
vy and x| respectively, since these provide a measure of the rate of change,
and are closer 10 stationarity. As in Sims (1972) the possibility of logarithm-
wally trunsforming the serics was also explured, but with negative resulis.

The nodified Daniell window, which takes a weighted average of
2m + | adjucent periodogram. or cross—periodogram, ordinates was utilised
for estnnating [jx (A) (. k = x, y). Four dilferent values of m, namely
m = 2, 3,4 and b, were used, but to save space only the results form = 4 are
presented below - the results Tor other values ol m arc similar.

An exanination ol the power spectra of x¢ and y| showed the presence
ol peuks at seasonal [requencies. Tlowever these peaks were hroad and not
meonsistent with the hypothesis of purcly non deterministic serics. The
spectrul [actanzation procedure suggested the need for fitting a long auto-
regression fur predicting x, or y,, from it own past.

TARLE]

FSTIMATED WIENER FILTER COEFFICIENTS

y h( ) b)) u he) ) hll) )
0 1 a2 0.01% 8 0.5 0.002
] 021 0.004 9 287 0.012
2 189 B.00% 10 2.19 0.007
3 02 0.001 1 (.74 0.006
1 348 0.019 12 287 0.015
5 208 0o ] 14 1.0 0.007
6 0.39 1017 14 011 0.008
7 1.70 0009 15 0.39 0.004

O8% 192 HO.012

linils
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The estitnated Wiener filtcr coefficients, h(;[;) {u) and 11(:;) (u),in a

onc—sided distributed lag relationship of y; on x; and that of x| on ¥,
respectively, are shown in lable 1 along with the 95% limits for testing the
liypothesis of zero cocfficients discussed in section 3,

On testing the cocfficients individually, it is seen that foru =0, 4,5, 9
and 12 the h{T) (u) lie outside the 95% limits. Similarly for u = 0,¢,6,9

and 12 the b ';Iy) {u) are also ouiside these limits. i’here would thus appear

to be evidence for supposing that the past of x, is helpful for predicting y,
and vice versa.
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