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[. Introduction®

Exchange rate market efficiency has been tested with the
help of relationships which, for the same set of data, provide
conflicting results. An accurate analusis of the modelling
procedure is therefore of paramount importance. In this paper
we provide a possible interpretation of these findinas with
the help of cointegration analysis and show that the apparent
contradictions are due to the differences between the short
run and the long run properties of the exchange rate time

series.
II. Empirical Tests of Exchange Rate Market Efficiency

In an efficient exchange market investors are assumed to
be risk neutral and to derive rational expectations. The
covered and uncovered interest parity conditions suggest

that in such a market the forward rate be regarded as the

3 The author would like to thank F. Casprini and P. Rizzi for

their useful suggestions. Financizl support from the MURS.T.

ifondi 60%) is gratefully acknowledged.
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expected future spot rate. More precisely, the forward
exchange rate is said to be an unbiased and efficient

expectation of the future spot exchange rate if
1 E(Sf__lwf__-l) - Ff__-& = 0,

where E{) is the expectations operator, ¥, is the information
set of economic agents at time t-i, s is the logarithm of the
spot exchange rate at time t and f..; is the logarithm of the
corresponding one period ahead forward exchange rate, set
forth in periocd t-1i. Tests of the unbiased efficiency {(of the
forward rate) are assumed toc be tests of exchange rate
market efficiency.

Equation 1) can be tested empirically by estimating

equation 2):

2) Se =& + ‘GFL‘-'l + Uge.

=0, :‘3 = 1 and uze iz a white noise error term.! The forward
exchange rate is seen then as the optimal predictor of the
future spot rate, in the sense that it minimises the mean
squared error. Empirical estimates of equation 2), performed
by B. Cornell (1977, J.A. Frenkel {1977,1979,4980), R. Macdonald
¢1983), R.T. Baillie, RE. Lippens and P.C. McMahon (1983) and
others, tend to support the unbiased efficiencd hupothesis.

Equation 2) has been the object of various criticisms, due to
2
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change rate time series.
JF.0. Bilson (1921), RE. Cumby and M. Obstfeld (19384), D.
Blake, M. Beenstock and /. Brasse (1988), K.A. Froot and J.A.
-2 .

Frerkel (1989) and others estimate a variant of equation 2), in
which exchange rate chanages are explained by the forward

premium of the previous pericd:
3) (-59_, - 55-1) = 2+ 'GJ(F'.’-"S. - 5(_-_-3_) + Uge.

The time series irvolved are now stationary, and, here too,
the unbiased efficiency hupothesis is assumed to hold if & =
a . . . .

@ = 1 and u.e i3 a white noise arror process. Empirical

estimates of eguation 3) tend to contradict the unbiased

equations 2) and 3) will often provide contradictora results:
market efficiency holds if tested with equation 2) and is
rejected if tested with eguation 3). In this paper we trg to
reconcile these contradictory results with the help of

cointearation analysis.
II. Cointegration Analysis of the Exchange Rate Time Series

We investizate the behaviour of the exchange rate between
the italian lira, the zerman mark, the U.S. dollar and the

britizh pound from march 1973 to april 1985, with the help of
4

monthly non overla As usual in cowntsgration

mao 3 data,

analysis, we pretest the relevant time series for unit roots.
We appls - following D. Corbae and 5. Ouliaris (1988), R.T.
Bzillie and T. Bollerlsev {1289 and P.C. McMahon (1283) - the
univariate unit root test statistice set forth by P.CB.

Phillips (1387 and PCPB. Phillins and P, Parron (1988)° The

Ve SR

statistics set forth in table 4 are those reauired to

implemert the test strateoy suagested by P.
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Parron (1988) % Thay straongly suggest that s; and §,.; are KL

TABLE 1
and that As, , Afy, and fy_; - Sy} are KO)7 These findings

1973.3 1985.4
alsoc sugaest that the s, and f,., time series are cointegrated,

by zdy* zdp* zen® ze )t
5 ie. that there is a long run (equilibrium) relationship between
them, quantified by the cointegration wvector. An obvious

ritnd, 3.33 3.0L 158 -258 -0.76
choice for the cointegrating relationship is provided by

pen k. 8.85 35.43 4423 -2.1B -2.47
equation 2). The OLS estimates of this eaquation and the
poBB 172 172 -i106 -D.14
;. corresponding relevant statistics of the standard tests of
-1
cointegration are set forth in table 2. If s, and f,; are Ki)
Litnd 297 27y 163 -243 -0.97 )
and if the residuals of equation 2), {z¢ are D), then s¢ and
pent 428 897 555 -250 -276 ! : o ik ¢
f;.; will be cointegrated of order 18 Tha empirical findings
1.15 199 195 -0.73 0.46
ASe
TABLE 2
Ltvl, 62.32 4AS55 6222 -11.16 -11.16
1973.3 1985.4
ot 60.92 40.64 &0.AB -11.04 -30.37
) ¢ e - E% £ )
L. 4 ¥ CROM o zit- anrF
57.88 S9B59 5650 -10.75 -10.63 # i a!
Ltk 0.13 0582 058 183 -i135B2 -11.12 -~5.638
Afe g
ol 005 D.9556 0.97 A7B -12659 -10.BL -5.54
Lient, 73.4% 48.34 7839 -i2.1% -12.1%2
[V R 005 1002 098 LBD -i30.76 -1050 -5.BL
ot £2.7¢ 44.Bf &0B4 -1120 -11.0S
64.11 4274 &256 -11.32 -11.19
* o DO MOT REPORT THE GOEFFICENT t RATIOS, HHICH ARE BIASED.
(Fyg = Se-g} 25
THE NUMBER OF SUTOCORRELATIONS N THE RESIHMN. 51 YARIGNCE
Ll 62.32 4155 6228 -11.16 -11.16
ESTIMATOR IS 2. THE EXACT FORMULAS OF THE Z STATISTICS ARE SET FORTH
ornL, &0.592 4054 &0.88 -11.04 -10.97
N THE APPENDIX.
[V & 57.8B 9B59 5650 -10.75 -10.6%

mVMEATﬂEﬂLEVE.WW=Z(i)=-MASiMF,ma)=

& ~-3.85; CRDNW = 0.39.
THE MBMMRER OF MITODNHREEI ATIONS N THE RESIOUAL. ST VARIONCE

ESTIMATOR IS 3. THE EXIACT FORMFIUILAS OF THE Z STATISTICS ARE SET
FORTH iN THE APPENINX.
stronaly suagest that gy is KO) and so reject the null

CRITICAL VALUES AT THE 5% LEVEL OF SIGNIFICANCE : Z(fh,) = 6.49; 218 ,) = 4.88;
hupothesis of no cointegration between the s, and fi., time

2@1) =473 zua) = -3.48; Z(t&) = -2.B9.
series.

-5.
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. The Error Correction Representation

The Granger representation thecrem (CW.J. Granger (1383)
asserts that if a set of variables are cointegrated, then
there always exists an error correcting formulaticn of the
dunamic model which describes their behaviour over time and
vice versa. Following the two-step procedure suggested by
RF. Engle and CW.J. Granger (1987), the residuals from the
~ cointegrating equation - equation 2) - have been used as an
error correcting wvariable in the followina unrestricted
autoregression:

4} QSQ =3 + Zb‘-ASg-" + Lcidﬂ-i_‘- + d&gt_,_ + 8.

=]
1 =0

8
=,

-,
[y

Following the “general toc simple” modelling procedure, we
obtained the parsimonious representations of the data
generating processes of the exchange rates of interest set
forth in table 3. The empirical findings are highly
satisfactord: the parsimonicus versions of equation 4) are all
data acceptable (on an F test) and exhibit no sign of either
autoregressive or moving average structure in the residuals
of up to order & (LM tests). The estimates are stable over
time and have - with one exception - good out of sample
forecasting performances. In order to assess the relevance
of the two-step estimation procedure, we have relaxed -
following S.G6. Hall {(1988) and T.J. Jerkinson (1986) - the
restrictions implied by the cointegrating regression, and have
included the one period lagged wvalues of s, and fe,

unrestrictedly in the dyrmamic models of table 3. The quality

of fit is not affected, a2 result which supports the

-5 -

TABLE 3
ERROR CORRECTING HODEL S 1973.4 1985.4
LtnL c 4.0) A5, =3 F badS, 4+ o, g+ iny s + B
3 S, 4 A Uney A2 SE. DMN. LME) 4,137} AR(L) LS, 19ERUE,L41]

004 028 -4.27 123 0.07 00274 1.98 2358 0.85 0.19 .53 1.98

{2.474~-1.92) {-2.14) {2.46)

Se-g Fe-z Ci5,125) H(E,140)
002 024 ~-1.58 155 -1 54 00B0.0272 41.99 3.64 1.14 .86 1.94
{-0.26)~1.90} (-2.4BX2 50} (-2 52)
DL < 4.2) 45, =bydSe_y + iz g ¥ 8
a5y Upey & SE. DM. LM C(2,141) AR(L) THLT,L26RHE,143)
o.82 -0.74 0.02 0.0304 L.99 3.83 054 238 1.47 0.83
{2.21) ~-2.47
Se-1 Fe-2 a Ci{4,137) HiB, 144}
-1.47 421 -425 0.04 0.04 0.02368 2.00 4.15 1.04 389 .94
{1.32) (1.44) (- 1.48) (2.20)
S\L :4.3) 45, =2+ bydSy g ¥ Cqfy g+ dlp g + 8y
A as, A g Ggy % SE. DM. Lras O(4,187) AR THAS,126048,141)
-0.01 -1.58 90.19 1.63 00500291 199 298 0652 2.73 0.89 a.10*
2.64N-2.19) (2.20) (2.37)
S5¢-1 fr-2 Cis,425) HiB, 140}
0002 -1.62 020 1.67 ~1.69 00400294 1933 J34 066 235 2.a8%

(0.28) (-2 25X2.33) (2.44K-2.44}
N T NULL HYPOTHESIS REJECTED AT THE 5% LEVEL.
LM} © LAGRANGE MULTIPLIER TEST FOR STH-ORDER ERROR sTRUCTURE 2
€{.} : CHOW TEST FOR PARAMETER STABILITY IN THE 1973.4 19792, 1379.3 1985.4 THE
PERIODS. AR(.) : TEST FOR FIRST ORDER ARCH.
N} : F TEST OF THE PARSIHONIDUS REPRESENTATION RESTRICTIONS.
Hi.) : CHON TEST OF POST-SAMPLE PREDICTIVE ACCURACY.
t RATIOS ARE COMPUTED WITH HETEROSKEDASTINTY CONSISTENT STANDARD ERRORS.
m




cointegration hypothesis. These findings have  some
controversial economic implications. The cointegrating
regression (equation 2)) can be seen as a long run equilibrium
relationship. s, and f.., follow a common trend, they may drift
far apart in the short run, but in the long run market forces
will bring tham together. IF & = 0, % = 1 and Uz i5 while noise,
then the forward exchange rate could well be seen - alWways in
the long run - as an unbiased and efficient predictor of the
future spot rate. These properties do not have to hold also in
the short run. Indeed, the estimates of the error correcting
models set forth in table 3 show that the lagged eguilibrium
error (Ox.y) plaus a relevant role in determining short run
exchange rate behaviour. This finding can be interpreted - as
sugested by R.T. Baillie and T. Bollerslev (1989 - as a
viclation of market efficiency and/or as evidence of a time
varging risk premium.‘® The deviaticns from unbiasedness have
to be stationary or transitorw, however, since s, and f.., are
cointearated. We have thus to introduce a short run versus
long run distinction in the theory of exchange rate market

efficiency.

V. The Error Correction Specification and the Tests of
Unbiased Efficiency

As pointed out above, estimating models in the levels when
the f{predetermined) variables are nonstationary invalidates
the standard asumptotic theors. As a consequence, the
conventional tests of the efficiency hupothesis based on the
estimates of equation 2) are incorrect. Cointegration between
the s, and f.., time series invalidates alsoc the more

-g-

scphisticated tests suggested by C.S. Hakkio (1981, R.T.
Baillie, RE. Lippens and P.C. McMahon (1983) and others, tests
based on the estimation of vector autoregressions of first
differences of spot and forward exchange rates. Indeed - as
pointed out by RF. Engle and CW.J. Granger (1387) - models of
this kind are misspecified, since the error correction term is
missing (too marg unit roots are imposed on the data).
Surprisingly, the simple tests of the unbiased efficiency
hupothesis based on the estimation of equation 3) may well be
correct, even if the s, and f,., time series are nonstationary
and cointegrated. Indeed, equations 2) and 3 may be
complementary: if eguation 2) is the cointegrating reagression,
equation 3) is a restrictive version of the corresponding
error correcting model , eauation 4. ¥ § = 1 in the
cointegrating equation 2), equation 3) can be rewritten as the

following error correcting equation:
D 8s¢ = 3 + Cplhfe-y - Cpiss-y - z - foo) + Uge.

Eguation 5) is a data acceptable parsimonicus version of

equation 4) above if by = by = ... =bg =0, cy =Cp=..=cg =0
and cp + d = 0. In order to assess the empirical relevance of

eguation 3) we have rewritten eguation 4) as follows,

<= - . A s
4% 5‘5‘ =a + 2_' D‘-Ast-‘- + LC"E&*‘-‘-i-" + Sy - & - te-2a} -

i=1 i=0

and have tested the validity of the restrictions b, = bs

= .=pg=00p+d=0 andd - 1 =0. 0nly if

=
-3
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these restrictions are rejected by the data is eqguation 3}
misspecified. These tests and the estimates of equation 3) are

set forth in table 4.

TABLE 4

1973.4 1885.4

3) 45, = @’ + AFy_ - Sp g} + Une.

2  sE. oM. Le) ciz,1anTE AR(L) HE,149)

. a’ a Fip R

Ltn, DOL -2.41 L1085 O0.06 00276 207 771 .12 1.37 156
(3.46) {-2.40)

ol -001 -1.50 1543 0.02 00303 1.80 433 457° g49" o.az
{(-2.35) (-1.609

sl 001 -1.71 1044 004 00294 197 855 133 4.66° 2.14"
{-2.88) {(-2.46)

¥ : NULL HYPOTHESIS REJECTED AT RHE 5% LEVEL.

ARt.) : TEST FOR FIRST ORDER ARCH.

FH’ : F TEST OF THE H HYPOTHESIS THAT IM EQUATION 4) b, = —-Shg=gy= .=

€g = 0, cy + d = 0 AMD HA-1) = 0. AT THE SX LEVEL OF SIGMIFICANCE, F(18,125)
1.68.

€.} : CHOW TEST FOR PARAMETER STABILITY IN THE 1978.4 1979.2, 1979.3 1985.4
TIHE PERIODS.

Hi.} : CHON TEST OF POST-SAMPLE PREDICTIVE ACCURACY.

THE t RATIOS ARE COMPUTED WTH HETEROSKEDASTICITY CONSISTENT STANODARD

The quality of fit is rather socod and we carnot reject the
restrictions of interest at the 5% level of significance. The

error correcting models set forth in table 3, however, are

more stable and provide a closer approximation of the true

- 10 -

data generating processes, as shown by theé outcome of the
Davidson MacKinnon J tests between non nested models set

forth in table S5 below. Indeed, the fitted values of the error

TABLE 5

1973.4 1985.4

e, ¥ N
A5, 45,
W& 1.75 2.87
penl .71 2.62
[ SV & 1.18 225

’tmmwmmwmmmmmammmnm
ESTIHATION OF THE ERROR CORRECTING EQUATION OF TABLE 3.
“tmmmmmwnﬁmmmwnﬁm

DMRECWEQUATWNCFTMBNTFEETMTWQFEQUATWB).

correcting equations are significant if added as explanatory

variables to the estimates of equation 3), whereas the

opposite is not the case.

VI. Conclusion

We have shown in this paper that the apparent
contradiction between the results obtained with two popular
teste of the unbiased efficiency hupothesis f(i.e. of market
efficiency) are due to the difference between the short run
and the long run properties of the data, and can be explained
with the help of cointegration analusis. One of the empirical
relationships is a (long run) cointegrating regression and the

- 41 -




other is a restricted version of the corresponding error
correcting model.

The eccnomic implicaticns of these findings, however, are
not clearcut, since the theory of efficient markets does not
accommodate well to the short run versus long run

distinction.

Appendix

The test statistice used in this pager - set forth by P.CB.
Phillips (1987), P.C.B. Phillips and P. Perron (1988) and P.C.B.
Phillips and S. Ouliaris (1990) - are defined as follows.

. A
For equation 1%, u, = By + &us-y + J; we have:

T -
AL Ziky) = E/arpby - (1/25p M52, - 850 T°2 E_‘ Yooy - 7% 1

r
)
N’
0
o
h\d
"

2 2
B82/52)8, - (1725302, - & >{ TG - L - 17852, - 8%

Tha wariancs %2, the standard t ratic for & = 1 t,&, the

gyal variance under the appopriate null hupothesis =% and

rasid
the mean aof Y are defined in the €o ing way
T
82 = T iy - - Bup-p®
t=1
. 2 \1/2
bo = (& - o) { zl(g, -y - Yoy /—
w =1 I

- 12 -

s7; i 2 consistent estimator of the variance cof the sum of

ypothesis and i=s analysed below.

4]

. E 3 ~ e
For equation 27), 4y = 4 + - T/72) + @yy-; + Uy, We have:

<] ni’2 ~2
A3 Z) = (5/’5-") w = (T /84/3Dx :-”)\a-” -39

2 2
ETi - S ]
AS) Zdg = B2/s2)8, - (r2sist,; - 830 T@ - O - (T°748D0
2 2
':S-.'z - &5 )
with
§p = 3H! TESE - 8
2.~ 2 Y, Y 2 [y 3
B = @I TOS® -, - YR - B0
2
ty = (@ - ) Ca)
~? -l ~ L P ~ 2
S =T 200 de - M- Btk - T/2) - dige-y 1

where C; is the (i, i) element of the determinant D. of the

sauared matrix of the regressors of equation 2 H.

. = e — ;o sy 2 P = =2 - z =
AL 2y = T@ - 1) - W/Z2ksT; -5 0 T 7 2, we-g 17




- N c- . P W 2 -
A7 Lbg) = Eisppby - (i/ZsysT - 5

where

-

- ay = A2 1.
by = (& - o > ul) ' f3
) t=1

- -1 o - .2
S=T7 2 gy - &gy,
t=1

In the expressions above the residual sum variance
estimator is defined as

2 -t -I\ 7 pu—

Sy =T " 2 %x¢ + Z1

t=4

where x = Oy, Uy or iy and W= 1+7/0+1) 1 - the truncation

lag - corresponds to the maximum number of autocorrelations

in the disturbances. We have computed the Z statistics with 1

=0, 1, 2, 3, 4. The results obtained with 1 = 3 are reported in

tables 4 and Z.

Motes

{4) The forward rate is assumed to be an unbiased forecast
of the future spot rate if & = G and & = 1. This forecast is
also efficient if the residual contains no price sensitive
information, such that Eluzsupes;) =0 W i > 0.

(2) As pointed out by R.A. Meese and K.J. Singleton (1982),
if the f.., time series is nonstationary, the conventional
tests of the efficiency hupothesis in equation 2) above are
incorrect since the asumptotic distribution theors used for

inference can no longer be applied.

(3) The forward premium is thus a biased predictor of the

- 14 -

future spot exchange rate change. E. Fama (1984), R. Hodrick
and 5. Srivastava (1984) and D. Hsieh {(1984) attribute this
result to a relevant and time wvarding risk premium. D.
Lonaworth (19841), JF.0. Bilson (1384) and K.A. Froot and J.A.
Frenkel (1989 interpret this finding as evidence of
systematic expectational errors, ie. as a failure of the
rational expectations hupothesis.

{4) We use end of month data published on the “Financial
Times”. The time periocd under examination starts with the
currency crisis of January-February 1973 (dollar devaluation,
EMS. crisis) and ends in April 1985, on the eve of a
realignment of the currencies belonging to the EM.S.. The lira
dropped out of the EMS. in January-February 41973 and
reentered it in March 1979. The german mark has never left
the EM.S.. In the time period under examination both the
dollar and the pound continued to float freely.

(5) The standard Dickey-Fuller procedure (DA. Dicken;; and
W.A. Fuller (1979,4891) can be applied if the error terms of
the test relationships are independently and identically
distributed. The conditions imposed on the error terms by the
Perron-Phillips tests used in this paper are much less
restrictive and allow for many weakly dependent and
heterogenecusly  distributed innovations. For a clear
exposition of this point, see C. Giannini and R. Mosconi (1989).

(6) The statistics set forth above are based on the OLS

estimation of the following relationships:

~ -4
e = A4+ B8 - T/2Y & Xy + Uy,




ARMA processes, with a time varuing variance. The Z(®,) and

Z{dy) F statistics deal with the following hypotheses:

Ztdy) (@, K B =140, 0, 1) in equation 29
Z(dg) HS (B & =, 0, 1 in equation 2%

The Zt) t statistic is used to test the following hupothesis:
HY : & = 1 in equation 2%,

P. Perron suggests that we start with the estimation of
equation 2%} and assess whether the hupotheses HS and HY can
be rejected with the help of the statistics Zit) and Z{@g). If
these hupotheses cannot be rejected the analusis of the

2= ralevant. Tha (mors

astimates of equation 1% becom
powerful) statistics derived from these estimates are rot
invariant with respect to the drift coefficient 4. We have
therefore to compute Z(gp). If - as is the case with the s, and

fe-, time series analysed in table 1 - the Z{(&; statistic

the statistics derived from eguation 1*) becomes appropriate.
The following unit root hypotheses are then assessed using
the Zi{d,) and Z(t,&) statistics:
2td,) HY : ¢l & = @ D in eguation 1%
Ztt ) HE 1 & = ¢ in equation ™).
Under their respective null hupcotheses, Zi#g), Z(8g), Z(B)), Zlto)
and Zf.t.a) will have the &3 &3 9, 7+ and Ty Dickey-Fuller
distributions. (4.A. Fuller (1976), D.A. Dickey and W.A. Fuller
{1984).

{7) For the As,, Af.., and (fi.; - 5. time series the null

hypothesis can be rejected alsc against the explosive

alternativa (@, & > 1 in eguations 1% and 2’)2', since the

estimated values of the Z(t,&) and Z(ta) statistics lie on the

left hand tails of their respective Dickeg-Fuller distribution.

- 16 -

(8) We test for the presence of unit roots in the g time
series. The CRDW statistic is the DM statistic of the
cointegrating regression. Under the null of no cointegration
{z; contains an unit root and CRDW is not significantly
different from zero. The ADF statistic is the t statistic of

the coefficient ¥ in the following regression:

W A
)\"QUQQ,_" + &y.

Mo

A A
duit = "{uﬂt-i +

.
1]
e

The critical values of these statistics have been tabulated by
RF. Engle and B.S. Yoo (1987 with 100 observations. The Z{(&)
and Zitg) statistics are used to assess the relevance of the

hupothesis that & = 1 in the OLS estimates of eauation -3*),

My = By + O (where g, = (4.
There is no intercept in equation 3% since - by construction -
the OLS residuals gz, have mean zero, These statistics have

the same properties, in this context, of the Z statisties
examined above. Their critical values have been tabulated by
P.C.B. Phillips and S. Ouliaris {19390) with 500 observations.

(9} The Lagrange multiplier test for sixth order (MA or AR
arror structurs LME! is distributad asymptotically as xf—, on
the null. The Chow test for parameter constancy Ck,T-Zk) is
distributed as Fik,T-2k) on the null, where 7 is the number of
obeervations in the sample and k is the number of regressors.
AR(L is asumptotically distributed as xf on the null of no
ARCH {Autoregressive Conditional Heteroskedasticity) effect.
The Chow test Hn,T-k) is a measure goodness of fit over n
post-sample time periods and is distributed as Fin,T-k) on the
null of constant parameters.

(10) Alternatively, the dunamics of the error correcting
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models could be interpreted as evidence of the relevance of

the “news” in the short run. In the “news” literature forward

contradict exchanae rate market efficiency, and are due to
unanticipated changes in the factors which influence the
expectations about the future behaviour of the spot exchange

rate.

References

Baillie R.T., Bollerslev T. (1989), “Commen Stochastic Trends in
a Sustem of Exchange Rates”, Journal of Finance, 44, (March),
pp. 167-184.

Baillie R.T, Lippens RE. and McMahon P.C. (1983), “Testing
Rational Expectations and Efficiency in the Foreign Exchange
Market”, Econometrica, 51, (Maw), pp. 553-563.

Bilsen JF.0Q. (1984), “The ’Speculative Efficiency’ Hupothesis”
Jowsnal of Business, 54, (July), pp. 435-451.

Blake D., Beenstock M. and Brasse V. (1988), “The Performance
of UK Exchange Rate Forecasters”, Economic Jouwrnal, 96,
(December), pp. 986-339.

Corbae D., Ouliaris S. (1986), “Robust Tests for Unit Roots in
the Foreign Exchange Market”, Economics Letters, 22,
{December), pp. 375-380.

Cornell B. (1977), “Spot Rates, Forward Rates and Exchange
Market Efficiency”, Journal of Financial Economics, 5, (August),
pp. 55-63.

Cumby RE. Obstfeld M. {1384), “Internaticnal Interest Rate and
Price Level Linkages under Flexible Exchange Fates: A Review
of Recent Evidence”, in JF.0. Bilson and R.C. Marston {ed.),

- 18 -

Exchanoe Rate Theory and Practice, Chicago, University of
Chicago Press.

Dickew D.A., Fuller WA. {(1979), “Distribution of the Estimators
for Autoregressive Time Series with a Unit Root”, Journal of
the American Statistical Association, 74, (June), pp. 427-431.
Dickew D.A. Fuller W.A. (1981), “Likelihood Ratic Statistics for
Autorearessive Time Series with a Unit Foot”, Econometrica,
49, (July), pp. 1057-107Z2.

Engle RF. Granger CMW.J. (1987, “Co-Integration and Error
Correction: Representation, Estimation and Testing”,
Econometrica, 55, (March), pp. 251-276.

Engle RF. Yoo B.S. (1987, “Forecasting and Testing in
Cointegrated Sustems”, Journal of Econometrics, 35, (Maw) pb.
143-159.

Fama E. (1984), “Forward and Spot Exchange Rates”, Journal of
Monetary Economics, 14, (November), pp. 319-338.

Frerkel J.A. (1977), "The Forward Exchange Rate, Expectations,
and the Demand for Money: the German Huperinflation”,
American Economic Review, 87, (September), pp. 653-670.

Frenkel J.A. (1979), “Further Evidence on Expectations and the
Demand for Money during the German Hyperinflation”, Journal
of Monetary Economics, S, {January), pp. 81-956.

Frenkel J.A. (i980), “Exchange Rates, Prices and Money:
Lessons from the 1920’s”, American Economic Review, Papers
and Proceedings, 70, (Maw), pp. 235-24Z2.

Froot K.A., Frenkel J.A. {1989), “Forward Discount Bias: Is It an
Exchange Risk Premium?”, Quarterly Journal of Economics, 104,
(February), pp. 139-1641.

Fuller W.A. {1978), Introduction to Statistical Time Series, New

York, Wileyg.

- 419 -




Giannini C., Mosconi R. (198%), “Non stazionarieta’, integrazione
e cointearazione: analisi di alcuni aspetti operativi della
letteratura 'recent.e”, GQuaderni di Ricerca n. 14, Universita’ di
Ancona.

Granger CW.J. (1983), “Co-Integrated Variables and Error-
Correcting Models”, unpublished UCSD Discussion Paper 83-13.

Hakkio €.5. (1981), “Expectation= and the Forward Exchange
Rate”, International Economic Review, 22, (October), pp. 653-678.
Hall 5.G. (1986), “An Application of the Granger & Engle Two-
Step Estimation Procedure to United Kingdom Agaregate Wage
Data”, Oxford Bulletin of Economics and Statistics, 48,
{August), pp. 229 -233.

Hodrick R. Srivastava S. (1984), “An Investigation of Risk and
Return in Forward Foreign Exchange”, Journal of International
Money and Finance, 3, (April), pp. S5-29.

Hsieh D. {1984), “Tests of Rational Expectations and No Risk
Premium in Forward Exchange Markets”, Journal of
International Economics, 17, (August), pp. 173-184.

Jenkinson T.J. (13886), “Testing WNeo-Classical Theories of
Labour Demand: An Application of Cointearation Technigques”,
Oxford Bulletin of Economics and Statistics, 48, (August), pp.
244-254.

Longworth D. (1984), "Testing the Efficiency of the Canadian-
US. Exchange Market Under the Assumption of Mo Risk
Premium”, Jowsrnal of Finance, 356, (March), pp. 43-49.

Macdonald R. (1983), "Some Tests of the Rational Expectations
Hupothesis in the Foreign Exchange Market”, Scottish Journal
of Political Economy, 30, (November), pp. 235-250.

McHMahon P.C. 11989), “Taux de Change et Mesure du Risque: Une

- 20 -

Economicue et Crise des Marches Financiers, Paris, Economica.
Meese R.A., Sinagleton K.J. (1982), "On Unit Roots and the
Empirical Modeling of Exchange Rates”, Journal of Finance, 37,
{(September), pp. 1029-1035.

Perron P. (1983) “Trends and Random Walks in Macroeconomic
Time Series. Further Eviderce from a Mew Approach”, Journal
of Economic Dunamics and Control, 12, (June-September), pp.
297-332.

Phillips P.C.B. {1987, *Time Series Regression with a Unit
Root”, Econometrica, 53, (March), pp. 277-304. _
Phillips P.C.B., Ouliaris S. (1990), “Asymptotic Properties of
Residual Based Tests for Cointegration”, Econometrica, 58,
(January), pp. 165-193.

Phillips P.C.B., Perron P. {1988), "“Testing for a Unit Root in
Time Series Rearession”, Biometrika, 75, (June), pp. 335-346.




n.9

n.10

n.1l0
n.1l1

n.12

n.1l3

n.l1l4

n.15
n.16

n.17

n.18

n.19

n.20

n.21

n.22

n.23

n.24

n.25

Elenco dei Quaderni pubblicati

(febbraio 1979) MASSIMO DI MATTEO, Alcune considerazioni sui concettl
di lavoro produttivo e improduttivo in Marx

(marzo 1979) MARIA L.RUIZ, Mercati oligopolistici e scambi
internazionali di manufatti. Alcune ipotesi e un’'applicazione
all’Italia
(maggio 1979) DOMENICO MARIO NUTI, Le contraddizioni delle economie
sociallste: una interpretazione marxista
(glugno 1979) ALESSANDRO VERCELLI, Equilibrio e dinamica del sistema
economico-semantica dei linguaggl formalizzati e modello keynesiano
(settembre 1979) A. RONCAGLIA =~ M. TONVERONACHI, Monetaristi e
neokeynesiani: due scuole o una?
(dicembre 1979) NERI SALVADORI, Mutamento dei metodi di produzione e
produzione congiunta

(gennaio 1980) GIUSEPPE DELLA TORRE, La struttura del eistema
finanziario 4italiano: considerazioni in margine ad un’indagine
sull‘’evoluzione quantitativa nel dopoguerra (1948-1978).
(gennaio 1980) AGOSTINO D’'ERCOLE, Ruolo della moneta ed impostazione
antiquantitativa in Marx: una nota
(novembre 1980) GIULIO CIFARELLI, The natural rate of unemployment
with rational expectations hypothesis. Some problems of estimation
(dicembre 1980) SILVANO VICARELLI, Note su ammortamenti, rimpiazzi e
tasso di crescita

bis (aprile 1961) LIONELLO F. PUN20, Does the standard system exist?
(marzo 1982) SANDRO GRONCHI, A meaningful sufficient condition for
the uniqueness of the internal rate of return

(giugno 1982) FABIO PETRI, Some implications of money creation in a
growing economy .

(settembre 1982) RUGGERO PALADINI, Da Cournot all‘oligopolio:
aspetti del processli concorrenziall

(ottobre 1982) SANDRO GRONCHI, A Generallzed internal rate of return
depending on the cost of capital

(novembre 1982) FABIO PETRI, The Patinkin controversy revisited
(dicembre 1982) MARINELLA TERRASI BALESTRIERI, La dinamica della
localizzazione industriale: aspetti teoricl e analisi empirica
(gennaio 1983) FABIO PETRI, The connection between Say‘s law and the
theory of the rate of interest in Ricardo

(gennaio 1983) GIULIO CIFARELLI, Inflation and output in Italy: a
rational expectations interpretation

(gennaio 1983) MASSIMO DI MATTEO, Monetary conditions in a classical
growth cycle

(marzo 1983) M. DI MATTEO - M.L. RUIZ, Effetti dell’interdipendenza
tra paesi produttori di petrolio e paesi industrializzati:
un’analisi macrodinamica

(marzo 1983) ANTONIO CRISTOFARO, La base imponibile dell’IRPEF:
un’analisi empirica

(gennaio 1984) FLAVIO CASPRINI, L°'efficlenza del mercato del cambki.
Analisi teorica e verifica empirica

(febbraio 1984) PIETRO PUCCINELLI, Imprese e mercato nelle economie
pocialiste: due approcci alternativi

(febbraio 1984) BRUNO MICONI, Potere prezzi e distribuzione in
aconomie mercantili caratterizzate da diverse relazioni sociali
(aprile 1984) SANDRO GRONCHI, On investment criteria based on the
internal rate of return




n.26
n.27
n.28
n.29
n.30
n.31
n.32

n.33

n.34
n.35

n.36

n.37

n.38
n.39

n.40

n.52

n.53

n.54

(magglio 1984) SANDRO GRONCHI, On Karmel’s criterion for optimal
truncation

(giugno 1984) SANDRO GRONCHI, On truncation "theorems*

(ottobre 1984) LIONELLO F. PUN20, La matematica di Sraffa

(dicembre 1984) ANTONELLA STIRATI, Women’'s work in economic
development process

(gennaio 1985) OGIULIO CIFARELLI, The natural rate of unemployment
and rational expectation hypotheses: some empirical tests

(gennaio  1985) SIMONETTA BOTARELLI, Alcuni aspetti della
concentrazione dei redditi nel Comune di Siena

(febbraio 1985) FOSCO GIOVANNONI, Alcune considerazioni

metodologiche sulla riforma di un sistema tributario

(febbraio 1985) SIMONETTA BOTARELLI, Ineguaglianza dei redditi
personali a livello comunale

(marzo 1985) IAN STEEDMAN, Produced inputs and tax incidence theory

(aprile 1985) RICHARD GOODWIN, Prelude to a reconstruction of
economic theory. A critique of Sraffa

(aprile 1985) MICHIO MORISHIMA, Classical, neoclassical and
Keynesian in the Leontief world

(aprile 1985) SECONDO TARDITI, Analisi delle politiche settoriali:
prezzi e redditi nel settore agroalimentare

(maggio 1985) PIETRO BOD, Sul punti fissi di applicazioni isotoniche
(giugno 1985) STEFANO VANNUCCI, Schemi di gioco simmetrici e stabill
e teoremi di possibilitd per ecelte collettive

(luglio 1985) RICHARD GOODWIN, The use of gradient dynamics in
linear general disequilibrium theory

(agosto 1985) M. MORISHIMA and T. SAWA, Expectations and the life
span of the regime.

(settembre 1985) ALESSANDRO VERCELLI, Keynea, Schumpeter, Marx and
the structural instability of capitalism

(ottobre 1985) ALESSANDRO VERCELLI, Money and production in
Schumpeter and Keynes: two dichotomies

(novembre 1985) MARCO LONZI, BAspetti matematici nella ricerca di
condizioni di unicitad per il Tasso Interno di Rendimento

(dicembre 1985) NIKOLAUS K.A. LAUFER, Theoretical foundations of a
new money supply hypothesis for the FRG.

(gennaio 1986) ENRICO 32AGHINI, Una dimostrazione alternativa
dell’esistenza di equilibri in un modello di accumulazione pura
(febbralo 1986) ALESSANDRO VERCELLI, Structural stability and the
epistemology of change: a critical appraisal

(marzo 1986) JOHN HICKS, Rational behaviour: observation or
assumption?

(aprile 1986) DOMENICO MARIO NUTI, Merger conditions and the
measurement of disequilibrium in labour-managed economies

(maggio 1986) SUSAN SENIOR NELLO, Un'’applicazione della Public
Choise Theory alla questione della riforma della Politica Agricola
Comune della CEE

(maggio 1986) SERENA SORDI, Some notes on the second version of
Kalecki’s Business Cycle Theory

(giugno 1986) PIERANGELO GAREGNANI, The claesical theory of wage and
the role of demand schedules in the determination of relative prices
(luglio 1986) FRANCO BIRARDI, Crescita, sviluppo ed evoluzione:
l'affermazione del nessi strutturali sistematici e la combinazione
di scienza, tecnologia ed economica nelle prime industrializzazioni
(agosto 19686) M. AMENDOLA - J.L. GAFFARD, Innovation as creation of
technology: a sequential model

n.55

n.56

n.67
n.68

n.69

(settembre 1986) GIULIO CIFARELLI, Exchange rates, market efficiency
and "news". Model specification and econometric identification
(settembre 1986) ALESSANDRO VERCELLI, Technological flexibility,
financial fragility and the recent revival of Schumpeterian
entrepreneurship

(ottobre 1986) FABIO PETRI, The meaning of the Cambridge
controversies on capital theory: an attempt at communication

(ottobre 1986) DANIELE CHECCHI, The international coordination of
counter-cyclical policies

{(novembre 1986) ALESSANDRO VERCELLI, Probabilistic causality and
economic models: Suppes, Keynes, Granger

(dicembre 1986) LIONELLO F. PUNZO, J. Von Neumann and K. Menger'’s
mathematical colloquium

(dicembre 1986) MICHAEL BACHARACH, Three scenarios for fulfilled
expectations

(gennajio 1987) J. ESTEBAN and T. MILLAN, Competitive equilibria and
the core of overlapping generations economies

(gennaio 1987) ROBERT W. CLOWER, New directions for keynesian
economics

(febbraio 1987) MARCO P. TUCCI, A eimple introduction to flexible
functional forms and consumer behaviour theory

(marzo 1987) NICOLA DIMITRI, Generalizations of some continuos time
epidemic models

(aprile 1987) MASSIMO DI MATTEO, Goodwin and the Evolution of a
Capitalistic Economy: An Afterthought

(maggio 1987) MASSIMO DI MATTEO, Early Discussions on Long Waves
(giugno 1987) MASSIMO DI MATTEO, Warranted, Natural, and Actual
Rates of Growth: Reflections of a Perplex

{settembre 1987) LUISA MONTUSCHI, Inward-Looking development and
import substitution in the Argentine Economy 1950-1980

(dicembre 1987) GIANCARLO GANDOLFO and PIETRO CARLO PADOAN, The Mark
V version of the Italian continuos time model

(dicembre 1987) SILVANO VICARELLI, Impatience to consume, the
utility of wealth and the rate of interest

(gennaio 1988) OMAR CHISARI, Worker'’'s assets, foreign debt and the
dynamics of an economy

(febbraio 1988) STEFANO VANNUCCI, On @exactly strong-Nash~
implementable power allocations

(marzo 1988) PIER LUIGI LANDI, Aspetti economici della societad
anonima della strada ferrata Empoli-Siena o Centrale Toscana fino al
1859

(aprile 1988) FRANCO BIRARDI, Generating the space of physical
characteristics by means of elements which are discrete and limited
over time (A note on innovation in chemical technologies)

(maggio 1988) LILIA COSTABILE, Politica monetaria, debito pubblico e
tasso di interesse

(glugno 1988) GIUSEPPE DELLA TORRE, L’evoluzione dei sistemi
finanziari nell’approccio contabile di Raymond Goldsmith.

Alcune considerazioni analitiche

(luglio 1988) FRANCESCO FARINA, Fattori tecnologici e transazionali
nella divisione interindustriale del lavoro

(ottobre 1988) FRANCESCO FARINA, Gli obiettivi della Banca d‘Italia
e i tassi d’interesse sul debito pubblico

(novembre 1988) GIULIO CIFARELLI, La razionalita del tasso di cambio
a termine e le "notizie": una analisi empirica

(dicembre 1988) MAURO CAMINATI, Cyclical growth in a long-period
perspective )




n.82 (gennaio 1989) LUIGI LUINI, Crescita esterna dell’impresa e teorie
economiche

n.83 (marzo 1989) LUIGI M. TOMASINI, A Scheme to Allocate Wastewater
Rights

n.84 (aprile 1989) STEFANO VANNUCCI, On Consistency Properties of some
strongly Implementable Social choice Rules with Endogenous Agenda
Formation

n.85 (maggio 1989) AGOSTINO D’'ERCOLE, Economia e Moneta in Schumpeter

n.86 (maggio 1989) CHARLES GOODHART, What do Central Banks Do?

n.87 (giugno 1989) PAOLO DEL GIOVANE, Foreign Firms’ Behavior in the
United States Market during the Dollar Cycle

n.88 (giugno 1989) GERARD DUMENIL and DOMINIQUE LEvY, The classical
legacy and beyond

n.89 (luglio 1989) RICCARDO FIORITO, Inventory accounting and profit
evaluation

n.90 (settembre 1989) NICOLA DIMITRI, On the robustness of the rational
expectations hypothesis

n.91 (settembre 1989) PIERMARIO PACINI, Expectations, learning and
equilibrium in a non-walrasian model: a constructive approach

n.92 (ottobre 1989) AGOSTINO D'ERCOLE, Sulla teoria monetaria del tasseo
di interesse di Schumpeter

n.93 (ottobre 1989) UGO PAGANO, Pirms, co-ordination and disequilibrium

n.94 (novembre 1989) UGO PAGANO, Determinazione endogena dei diritti di
proprietd in una economia di mercato

n.95 (dicembre 1989) UGO PAGANO, Property rights, asset specificity, and
the division of labour under alternative capitalist relatlons

n.96 (dicembre 1989) MICHIO MORISHIMA, Wage differentials in Japan: 1958-
1988

n.97 (gennaio 1990) PIERPAOLO PIERANI - PIER LUIGI RI2ZZI, An econometric
analysis of the olive oil market in Italy

n.98 (febbraio 1990) ENRICO GIOVANNINI, Squilibri settoriali e dinamica
macroeconomica di breve periodo: il caso dell’industria italiana

n.99 (maggio 1990) GIULIO CIFARELLI Ssul determinanti degli errori di
previsione a termine nel mercato dei cambi

n.100 (maggio 1990) EDITED BY MASSIMO DI MATTEO Celebrating R.M.
Goodwin’s 75 birthday

n.101 (maggio 1990) OMAR O. CHISARI - JOSE’ M. FANELLI Three-gap models,
optimal growth and the economic dynamics of highly indebted
countries

n.102 (giugno 1990) FRANCESCO FARINA Italy’s monetary policy inside the
european monetary system

n.103 (giugno 1990) STEFANO VANNUCCI On the closure operators of an
effectivity function

n.104 (giugno 1990) STEFANO VANNUCCI Struttura del mercato, glochi
semplici e potenziali monopolistici

n.105 (luglic 1990) STEFANO VANNUCCI A note on ergodic and vmn-stable
sets of abstract games

n.106 (luglio 1990) SIMONETTA BOTARELLI I nuovi estimi catastali:
motivazionl ed effetti distributivi

n.107 (luglio 1990) PIETRO PUCCINELLI Impresa e mercato un approccio
dinamico

n.108 (agosto 1990) UGO PAGANO Braverman, Harry (1920-1976)

n.109 (agosto 1990) UGO PAGANO Property rights equilibria and
institutional stability

n.110 (settembre 1990) STEPHAN R. EPSTEIN cities, regions and the late
medieval crisis: Sicily and Tuscany compared

n.111 (ottobre 1990) MAURO CAMINATI On the stability of long-period
positions: an introductory note

n.112 (ottobre 1990) MAURO CAMINATI Cicli endogeni in disequilibrio e
congetture

n.113 (ottobre 1990) AGOSTINO D'ERCOLE Il concetto di integrazione
finanziaria internazione, Problemi e prospettive

n.114 (ottobre 1990) LIONELLO F. PUNZO Hilbert’s mathematical formalism
and the neoclassical revolution

n.115 (ottobre 1990) BRUNO MICONI - PIER MARIO PACINI Price systems,
bargaining theory and social relations

n.116 (ottobre 1990) LIONELLO F. PUNZ0 J.-M. Grandmont on “temporary
equilibrium: money, expectations and dynamics”. Some Comments.

Alla presente Collana "gialla" di quaderni il Dipartimento di
Economia Politica affianca una Collana "celeste" di monografie. I numeri
pubblicati a tutt'oggi sono i seguenti:

1) GIUSEPPE DELLA TORRE, Istituzioni creditizie ed Accumulazione
del Capitale in Italia (1948-81), 1984.

2) SANDRO GRONCHI, Tasso Interno di Rendimento e Valutazione
dei Progetti: una Analisi Teorica, 1984.

3) ALDINO MONTI, La Proprietd Immobiliare a Bologna in Eta
Napoleonica (1797-1810), 1984.

4) GIULIO CIFARELLI, Equilibrium and Disequilibrium Interpretations
of Inflation, 1985.




