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GENERAL INFORMATION 1

PREFACE

It is running towards the end of April so we are getting ready for another NAKE workshop;
in fact it is the twenty-fourth already. Four outstanding economists have agreed to come to
the Netherlands and teach our students. Profédgdrael Whinston (Harvard University but
currently visiting Northwestern University) will be the microeconomic theory lecturer. His
topic is broadly described ds Vertical Contracting.' Those of you who want a preview of
what this is all about are referred to Whinston’s piece in the February 1998 issue of the
Journal of Political EconomyProfessorMichael Woodford (Princeton University) is a
former classmate of Whinston’s at MIT and he will lecture‘on Rules for Monetary Policy.'

| must admit that | am somewhat tempted to send an invitation to Wim Duisenberg to attend
the NAKE Workshop?! Professdrony Lancaster (Brown University) is the author of the
highly acclaimed Econometric Society Monograph entitldte Econometric Analysis of
Transition Data(Cambridge University Press, 1990). The precise topic of his lectures is not
yet known at this stage, but they are in the general aréa of Microeconometrics.' Our fourth
lecturer lives a little closer to us. Profesdéierre Pestieau(University of Liege) will talk

on the highly policy-relevant topic of Political Sustainability of Redistribution and the
Reform of Social Security.' Overlooking this fine field of experts, | must admit that | am quite
optimistic about the forthcoming workshop. For the second time in NAKE’s history, the
workshop will be held at Wageningen Agricultural University.

ANNOUNCING THE NAKE DAY 1998

The (second) NAKE Day will be held on Fridayctober 23rd, 1998 probably at the
University of Amsterdam. The keynote speaker will be Profe&sar van Damme (Tilburg
University) who will talk on a microeconomic topic. Up to date details concerning the NAKE
Day can be found on the NAKE home page. Please reserve the date in your diary now. The
NAKE Day is there for all Dutch economists, senior and junior alike. NAKE students who
want to do theirfinal presentation at the 1998 NAKE Day can send in their thesis proposal
plus samples of finished work all throughout the year. See the NAKE homepage for detalils.

LAST BUT NOT LEAST...

In this NAKE Nieuwsyou find the best report on the third lecturer of last December's
workshop in NijmegenCharles Bos(Erasmus University) gives his impressions‘on Trends
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and Spurious Regressions' by Peter Phillips (Cowles Foundation & Yale University). Although
these lectures were quite challenging, Charles has managed to give us a nice overview of the
material that was covered.

FOR THOSE WHO MISSED IT LAST TIME AROUND

Please note the new address of the NAKE secretariat:

NAKE Secretariaat

Rijksuniversiteit Groningen

Faculteit der Economische Wetenchappen
T.a.v. Janna Mesker

Postbus 800

9700 AV Groningen

Tel: +31-50-363-6664
Fax: +31-50-363-7207
Email: nake@eco.rug.nl

Please share this information with any colleagues that may have dealings with NAKE.

COURSE QUESTIONNAIRE 1998/1999 UTRECHT PROGRAMME

In the middle section of thiNAKE Nieuwsyou find a removable course questionnaire plus

a listing of all courses that are offered by the Fellows of the netwbldte that one
potential course was added compared to the previous listing3etween 16 and 24 of these
courses can be scheduled for inclusion in the Utrecht teaching programme for 1998-99. In
order to design a well-balanced programme, it is important for me to know the potential
clientele for the different courses. For this reason | would like to ask all (potential)
participants to fill out the questionnaire and return it to the NAKE secretahefatre May 15,

1998 The outlines of (almost) all courses can be found on the NAKE Home Page.
Suggestions for new courses are, of course, also welcome. The new teaching programme for
the academic year 1998-99 will be announced some time in June 1998 on the NAKE Home
Page.

Ben Heijdra
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NAKE WORKSHOP XXIV

8 - 12 June 1998

Wageningen Agricultural University

During the week from Monday, June 8th to Friday, June 12th, the Netherlands Network of
Economics (NAKE) will organize a Ph.D. workshop. Four distinguished economists will teach
intensive courses on microeconomics, macroeconomics, econometrics and public economics.
Each course consists of five lectures spread out over five days.

Courses

Tony LancasterBrown University

‘Lectures on Econometrics'

Pierre PestieaWwniversity of Liege
‘Political Sustainability of Redistribution and
the Reform of Social Security'

Michael WhinstonNorthwestern University

‘Vertical Contracting'
Michael Woodforg Princeton University

‘Rules for Monetary Policy'

Register by filling out the form located in the middle of tiN®AKE Nieuwsand returning it
to the NAKE secretariahS SOON AS POSSIBLE
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PROVISIONAL PROGRAMME NAKE WORKSHOP
WAGENINGEN, 8 - 12JUNE 1998

Monday June 8

Tuesday June 9

09.30 - 10.30
10.30 - 11.45
12.00 - 13.15
13.15 - 14.15

14.15 - 15.30
15.45 - 17.00

17.00 - 18.00

registration/coffee
Lancaster
Woodford

Lunch

Pestieau
Whinston

Welcome reception

09.00 - 10.45 Woodford
11.15 - 13.00 Lancaster

13.00 - 14.15 Lunch

14.15 - 16.00 Whinston
16.15 - 18.00 Pestieau

Wednesday June 10

Thursday June 11

09.00 - 10.30
10.45 - 12.15

12.15 - 13.30

13.30 - 15.00
15.15 - 16.45

16.45 - 18.15

Lancaster
Pestieau

Lunch

Woodford
Whinston

Private consultations

09.00 - 10.45 Pestieau
11.15 - 13.00 Lancaster

13.00 - 14.15 Lunch

14.15 - 16.00 Whinston
16.15 - 18.00 Woodford

20.00 workshop dinner

Friday June 12

09.00 - 10.30 Woodford
10.45 - 12.15 Lancaster

12.15 - 13.30 Lunch

13.30 - 15.00 Whinston
15.15 - 16.45 Pestieau

16.45 - ...  Closing drinks
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REGISTRATION

Participation in the workshop is free for AlO’s/OIO’s of the institutions participating in
NAKE, and includes tea, coffee, lunches, reception, as well as dinner on Thursday. The
participants cover the costs of accommodation, breakfast, and the Course Readers. These
costs, together with travel expenses, can however be declared at the faculties. Hotel rooms
are available in th&VICC-hotel. It is possible to share a room. Approximate prices are

f 76,-- (single room) and f 112,-- (double room)

The number of participants in the workshop is subject to an upper limit. NAKE
students have precedence, and the date of receipt of the registration form is also taken into
consideration. Since firm arrangements must be made for lunches, dinner, accommodation
etcetera, we would like you to notify the NAKE secretariat in case of any alterations to your
plans. Failure to do so may result in your being charged for the service you registered for.
You register by filling out the form on the middle page (legibly and as completely as
possible) and returning it to the NAKE secretard® SOON AS POSSIBLE Upon
registration you will receive written confirmation together with readers for the courses, hotel
information, etc.

A number of AlO’s/OIO’s will be presented with the NAKE diploma during the
workshop dinner on Thursday evening.

PRIVATE CONSULTATIONS

During the workshop it is possible for participants to have a one-to-one talk with one (or
more) of the lecturers. Students who wish to make use of this opportunity are invited to hand
in a brief (one-page) description of the research (-proposal) they would like to discuss. Each
consultation will be approximately 30 minutes.

METHOD OF ASSESSMENT AND CREDITS

The NAKE workshops are mandatory for all first- and second-year graduate students
following the NAKE programme. Hence, each student must attend at least four workshops.
For three workshops the student must submit a written summary of the lectures of one course.
This report must be based both on the notes taken during the workshop and on the assigned
literature. These reports are assessed by the organiser(s) of the workshop. All (NAKE)
students are expected to attend all sessions on offer during the workshop.
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by means of the written report) is worth 2 "Study Points" (SP); 1 SP = 40 hours.

ADDRESSES AND INFORMATION

Location: Wageningen International Conference Centre
Lawickse Allee 11
6701 AN WAGENINGEN
Room "Kleine zaal"

Information: NAKE Secretary, Ms. Janna Mesker
University of Groningen, Faculty of Economics
P.O. Box 800, 9700 AV GRONINGEN
Phone: 050 - 363 6664,
Fax: 050 - 363 7207,
E-mail: nake@eco.rug.nl
Home page: http://www.eco.rug.nl/nake

Hotels: WICC-hotel
Lawickse Allee 11
6701 AN WAGENINGEN
Phone: 0317 - 49 01 33
Fax: 0317 - 42 62 43
e-mail: hotel.congres@wicc-wir.nl

Local organizers: Marrit van den Berg, e-mail: marrit.vandenberg@alg.oe.wau.nl
Corjan Brink, e-mail: corjan.brink@alg.shhk.wau.nl
Koos Gardebroek, e-mail: koos.gardebroek@alg.aae.wau.nl
Erik Schmieman, e-mail: erik.schmieman@alg.shhk.wau.nl



Peter Phillips

Trends and Spurious Regressions

Report by Charles Bos, Erasmus University

1 Introduction

The subject of Phillips’ lectures are the concepts of Trends and Spurious Regressions. As
every dataset inherently consists of only a finite number of observations, finit sample theory
will get some attention. However, more often the asymptotic or large sample theory will
be used. This detour, from the finite sample to asymptotic theory to derive results that
may be used in practical research, is made for two main reasons:

i) The spectral density and the autocovariance function contain an infinite number
of parameters. Without asymptotics, there is no hope to be able to handle them
in a reasonable way.

ii) Finite sample analysis is plain hard in the general time series context. Asymptot-
ically, elements in the model may be disregarded as having no (asymptotic) effect,
thus making asymptotic theory easier than finite sample theory.

Some subjects to be covered specifically are the concept of spurious regressions (Section 2),
then the Signal-to-Noise Ratio in Section 3, the related Probability Excitation Condition
which also relates to the possibility of trend extraction. In Section 5 regression with
multiple signals has the focus of attention, followed by a short remark on Ito’s calculus
and a section on causality tests in VAR models (Sections 6-7). Stochastic nonstationarity
and efficient least squares estimation are the subjects of the last sections.

2 Spurious regressions

The first publication on the concept of spurious regressions is probably the article by Yule
(1926). He noticed that in some cases correlations between variables that had no logical
connection are found. His famous example concerned the high correlation (p = 0.95)
between the Church of England marriages and the mortality rate. Such relations are found
more often. But even though the R? may be high, the relations usually do not stand up
against a battery of other tests, like the Durbin-Watson. In general, the reliability of the
relation for future forecast may be worse than bad.



Granger & Newbold showed, using a Monte Carlo sampling method, that such nonsense
relations could easily be generated by relating two independent random walks. Take e.g.
the following series:

X=X +uy (1)
Yi=Y 1+ (2)

where u; and v; are independent white noise processes. Then the relation Y; = 8X; + ¢
generally results in a highly significant 3. However, the residuals are non-stationary, and
no predictive power is found in this relation.

The main advice of Granger & Newbold was to take first differences in the data, and
to account for any further correlations by taking up lagged values of the variables into the
regression. Although they do not stand on firm, theoretic grounds why such a procedure
would resolve problems, for empirical work this solution can be satisfactory. This ‘higgledy-
piggledy’ modelling, as it is keyed by Phillips, is not the final way to go. A better way is
to use the ‘general to specific’ method of modelling: Start with a general framework, like
a very long sequence of autocorrelations or an extremely densely calculated spectrum, and
use those to find a more sparingly parametrized model that still captures the most relevant
features of the data.

The theory on Function Spaces and continuous Wiener processes (so called after their
inventor Wiener, who thought of them around 1930) are used in the article by Phillips
(1986). With this theory, Phillips was able to derive asymptotic results that explained
exactly the findings of Granger & Newbold. Another result of the influential article of
Granger & Newbold is the exploration of the cointegrating relationships. Cointegration is
a method to model long-lasting, non-spurious relations between non-stationary variables.
Cointegration however is just a way of relating non-stationary variables. Some series, like
income and consumption, are found to be co-moving rather than co-integrated. In many
situations, straightforward detrending using a linear trend might be better than assuming
unit-root stationarity and/or using a cointegration relation.

3 Signal to noise ratio

In engineering literature, the signal-to-noise ratio (SNR) is a common concept. It is used
for getting an impression on the possibility of getting a good estimate of the parameters
in a model. If the noise is very strong in comparison to the signal, estimation is hard in
general. Phillips explained and derived the SNR in a couple of models. Write the general
model as

Yy = S¢ + Uy, t=1,..,n (3)



where y; is the observation, written as the sum of the signal s; and the noise u;. The SNR
is var s;/ var u;, where the variance of the signal is calculated over a sample of size n. Take
as an example the linear trend model, y; = 0t + ¢;. The variance of the signal s; = 6t over
the sample is

3 2
var s; = 0°var t = 6° (lzg _f2> _ 2 <ln(n+ D2n+1) (n+1) >
iz n 6 1

— ¢? <(”+ D@n+1)  (n+ 1)2>

6 4

Obviously, the variance of the noise is just o2, such that the SNR in this case is

2 ((n+1)(2n+1) (n+1)>
SNR—Varst/varut—§< G — 7

Phillips gave the SNR for several models as in Table 1.!. Note the huge difference in

Table 1: Signal-to-Noise ratios

Model Signal s; Assumption SNR
AR(1) by o<1 v
MA(1) Oer—1 <1 0
Unit root 0yt =1 t
Regression .03 g—z% (z; —T)?
Long memory (1 — L)%y, 11:8:2‘)32
regression
i 62 ((n+1)(2n+1 n+1)2
Linear trend Ot & (( )é ) _ 4) )
. 1 2 (1<n 1 1 1)2
Reciprocal trend 0% & (5 Sl — (; POV ;) )
—0 (n— o)
Power of time Gt% g—z (7{1_7222 (1 —n2e-1) — %(1 _ n"‘_l)>

signal strength between the AR(1) and the MA(1) model, especially if € is close to one.
The unit root case, which is the limit of § — 1 of the AR(1) model, has a signal that

1Slightly adapted, to correct for an error



increases over time. In the regression case, 3 can only be estimated consistently (meaning
that var B — 0 as n — o00) if 27 — oo when n increases. The long memory regression
has a strong signal if d > % In the case of the reciprocal trend model, the signal is too
weak: More data eventually does not lead to more information, with the SNR decreasing
to zero. The regression model with a power of time as the regressand is the general case of
the linear and reciprocal trend model. At o = % we find a border between sufficient and

2
insufficient information in the regressand to be able to find a consistent estimate of 6.

4 The Probability Excitation Condition

Formally, the Probability Excitation Condition poses that the information content of the
explanatory variables should be high enough to be able to obtain a consistent estimate
of the variables. A powerful regressor can lead to a higher rate of convergence of the
estimator. However, it might also lead to severe problems if the model is misspecified, or
if the wrong regressors are used. Essentially, this is what is happening in the case of the
spurious regression.

Take e.g. the linear trend model, y; = $t 4+ u;. The signal strength depends mostly on
the factor - #* = O(n?). To find a nondegenerate distribution of the OLS estimator of (3,
scaling by a factor of n? is needed:

i Sty
n2 (B —fB) = ”nigﬁ ~ gn—%Ztut

2
— % 3 (%) up ~ 3N (0, o2 lim%Z (%) ) — 3N(0, 0—2%) — N(0,302)
Thus, the rate of convergence of the OLS estimator is ns.

Similar derivations were shown for the standard stationary regressor case (leading to
the standard rate of convergence of nz, of course) and for a weak regressor: z; = 1 / \/Et)
This weak regressor was shown to fulfil the Probability Excitation condition, in the sense
that eventually enough information was available to get a consistent estimate. The rate of
convergence however was no more than logn.

The data generated according to the reciprocal trend DGP did not contain enough
information for a good estimate of 3, we concluded from the SNR. Indeed, the error in the
OLS estimate can be seen to be

- 6 1
— ~ — —_ = n
6—p - t§:1 Ut M

which is a martingale sequence when the u,’s are independent (but not necessarily normal).

The second moment is
1 2
E(M?) =>" t_202 — %02 < 00
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Figure 1: Weak identification in the reciprocal trend model

As the martingale is Lo bounded, M,, converges almost surely:
2 oo
1

5 T
B—=0——=) Tu
Py

which is a random variable. Every simulation leads to a random outcome in the estimation
of B, whatever the size of the sample is. In Figure 1 an example of a series generated
according to the reciprocal trend DGP. It is clearly seen how more observations only lead
to more ‘noise’ around the origin.

When investigating forecasts made with the models, one can make again the distinction
into the several models.

1. Assume that the predictor F; is a martingale. Then

Pip =B
. k—1

Py — Py = Z Utti+1
i=0

var (Pyyg — Pt+k) = ok — 0.
The forecast shows wider and wider confidence bounds as the horizon gets larger.
2. In the linear trend case, take as a prediction

Pp=a+0b(t+k)



which leads to
Pt—i—k_pt—l-k: (a—&)—i—(b—i))(t—i-k)—i-u“k
var (P — ]5t+k) — o2 4 small

where the equation for the variance is found after noticing that the estimation error
in a and b evacuates to zero, at a rate of n3. Thus, the confidence interval does not
widen over a larger horizon in this case.

3. In the case of the stationary regression, we have

Py = 0P,
A A ~ k_l .
Pipk — Praw = (0" — 0%)P, + > 0" i
i=0
R k=1 o2
var (Pyy — Piag) = Z 9%52 T =V P, if P, is stationary
i=0 o

Again, the prediction error interval takes up a fixed width, which is not really plau-
sible in practice.

5 Regression with multiple signals

Take a model with multiple linearly trending regressors, as

Ye = 'z + uy pp =1
Ty = pt + vy p € RE
X=ty/+V t=(12.)

The information in the sample, n 3X'X = n 33 t2up’ + 0,(1) — zu has a singular
limit, and thus the OLS estimate of § has a singular limiting distribution as well. Phillips
demonstrated the use of a rotation J = [ py]. If the direction p is assumed known,
we see that the presence of strong information in one direction and little or none in other
directions leads to different rates of convergence for different elements of 3,, the parameters
in the model after applying the rotation. If 3, is re-transformed to the original coordinates,
we find that the OLS results, though indicating a singular covariance matrix, are indeed
correct: The information in the sample is such that only part of B can be consistently
determined.

The message Phillips wants to convey with this asymptotic theory on multiple signals
and different signal strengths is a very practical one: This theory implies that running



Vector AutoRegressions is not a bad thing to do. Even though the information content in
the explanatory variables may be different, asymptotics still hold.

In case a unit root is present in the data, the standard results no longer apply. This
is most easily seen in the AR(1) model y; = 0y;—1 + uy, with the unit root as the limiting
case.

1
A =D Y1l
il - 6) = BV
( ) %zytz—l

When 6 — 1, above result no longer holds, as the denominator is no long O(1). In the

— N(0,1— 6%

stationary case, 3" 0%y | ~ O(n), whereas in the unit root case the same sum is O(n?).
To capture this stronger persistence in the data, different scaling is needed:

- g) = £EI S D) 4B
n_12 > yt2—1 fol B(r)* dr

The persistence here is so strong, that all of the trajectory of the process is needed in the

analysis. The brownian motion B(r) is used in this context. For more information on this
distribution, see White (1958), Dickey & Fuller (1979) and Phillips (1987).

As the Bayesian statistics do not depend on asymptotic theory, i.e. on (Functional)
Central Limit Theorems, their test statistics do not change. The main reason for this is
that the Bayesians condition on the data, and thus the data is considered no longer to be
random.

6 Detour: On Ito’s calculus

Along with the theory on the asymptotic theory on the distribution of the OLS estimator
in a unit root context, Ito’s calculus is of much use. It is based on the first order derivative
of the Brownian motion, dB = AN(0,dr). From this we see that E(dB)?> = dr and that
var (dB)? = 2(dr)?> = 0. Thus, almost surely (a.s.) we have that (dB)? = dr. Note
that in ordinary calculus (dz)? is negligibly small, whereas here the second term cannot be
disregarded.

If we have a function f(B) of the Brownian motion, then the derivative is

df(B) = f(B+dB) — f(B) = f'(B)dB + %f”(B)(alB)2 + small
or, as it is more often used

4 (B) ~ ['(B)AB + 1 " (B)(dB)’



7 Causality tests in general VAR’s

The main idea behind Granger causality testing in a VAR context is to look at the covari-
ance coefficients in the regression

Y= Ayre-1+ -+ AUk e—1 Fue = Ay +uy

with y; the k-vector of the time series at time ¢, y;;_; the observation of time series i,
lagged 1 period, and u; a vector disturbance process.

ain ay,
A=
(au A22>
To test for the causality relationship between y; and wys;_1,..yx+—1 the hypothesis Hy :
a12 = 0 is checked. If we write a0 = S12A, with selection matrix Si2, the Wald test

—1
W - dllz (Slgﬁz(X,X)_ISb) &12

If the data contains some unit roots, of which the directions are not known, then the OLS
estimate of a;o has a singular normal distribution. The Wald statistic then has different
convergence rates, corresponding to the different signal strengths. The final distribution of
the Wald statistic is a linear combination between a x? and a non-standard unit root test
statistic. Toda & Phillips (1993) show that the classical tests are not asymptotically x?,
and that they are dependent on unknown parameters. A general test in a classical setting
on causality in a situation of VAR does not seem to be possible.

The standard way out is to ‘misspecify’ the model by increasing the degree of the
autoregression. This way, all parameters may be root-n consistent, but the tests may have
low power.

8 Stochastic nonstationarity

Theory up to this moment concerned stationary regressions, possibly augmented with
(nonstationary) trends. In that case, standard asymptotic theory was still valid. For
nonstationarity, regression has to be run in Lo, the space containing all square integrable
functions:

L= {1 [ 12 < o0}

In this space, a series is decomposed into into its mean and the complement as



When we have a Brownian motion B(r), a constant and a trend can be fitted to it
using g = (1 r)" by

B(r) = B(r) — </01 Bg') (/01 gg'>_1 g(r) = detrended B(r)

As we can estimate a regression using prefiltering/detrending in Euclidian geometry, we
can do the same in the Hilbert space:

Y = & + ﬂt + Qyt_l + U =: T4 + Qyt_1 + Uy
é —1= yl—leu/yl—ley—l

A~

n(d—1)= %?JI—1QIU/%?/_1QIZJ—1 - /EdB//EQ

Every formulation of the regression equation has its own version of the regression function
g to correct for it, thus resulting in a different asymptotic distribution.

9 Review of Efficient Least Squares

Back in the case of the linear regression, where y = X + u and u ~ d(0,(2), with
Q = 271 f,,(0), we have the estimators

OLS : 3~ N (B, (X'X) ' X'QX(X'X) ")
GLS: B~ N (,(X'Q7 X))

From the efficiency analysis it is known that the variance of the OLS estimator is at least
as big as the variance of the GLS estimator. But as the variance matrix Q has 4n x (n—1)
parameters, we cannot estimate it on a sample of n observations. Also ML does not help,
as even asymptotically there are more parameters than observations.

Two solutions are given in literature. First, Amemiya (1973) approximated the corre-
lation structure in the errors u; with an AR(m) model. For the asymptotic case, he had
m — oo but 2 — 0. Then the resulting estimator can be estimated, and still has the GLS
efficiency.

Hannan, in 1963, used an elegant solution. By using the Fourier transform of the
observations into the frequency domain, in a first step the spectrum of the disturbances
could be estimated consistently. With the results for this spectrum as weights, a weighted
least squares led to an estimator of § with GLS properties.

In the fifties, the following theorem was found:

Theorem 9.1 Grenander-Rosenblatt theorem:
Trend extraction by LS delivers first order asymptotically efficient estimates, provided that
fuu(A) is continuous and fu,(X) > 0,V



Or, plainly speaking, stationary components do not matter when the (3 of a deterministic
trend is estimated; it is found with GLS efficiency.

The conditions of the Grenander-Rosenblatt theorem are not fulfilled if at one frequency
the spectrum has value 0. If z; = ¢, — €;_1, the random walk as a regressor, then f,,(\) =
|1 — €™ |? f.e(N), which is zero for A = 0. Thus, G-R does not work here. A second problem
occurs in the case of long memory, where z; = (1 — L) %¢; — fup(\) ~ f/\T(d)‘) —ooas A | 0.
Even though a long memory model may be stationary, G-R breaks down.

The extension to regression models with stochastic trends incorporated in the data is

possible. If we e.g. have a model with a stochastic trend,
Y = B +

Ty =Ty 1+ V¢

with u; and v; independent, then we can use the Functional Central Limit Theorem to find

S\ on«)): (%fW(()) 0 )
(%Zﬁzlut) <Bu(7“) BM 0 27 fuu(0)

The limiting distribution of the OLS estimator is found to be

n(B— B) — (/01 BxB;>_1 (/01 B.dB,) = MN (o,wg </01 BzB;>_1>

with w? = 27 f,,(0) the long range variance of the disturbances u. In Phillips & Park
(1988) the asymptotic equivalence of the GLS estimator to this OLS version is proved. It
appears to be able to extent this result to the case where fractional processes are involved,
though it has not been done yet.

10 Conclusions

In the last part of his last lecture, Phillips summarized some of the results of the previous
days, and showed how they all interrelate. Especially in the field of cointegration, the
results shown in these lectures lead to problems with modelling the lag structure, the
number of cointegrating relationships, the estimation and the testing, in a consistent way.
Work on the subject is underway, by Chao and Phillips. If they are able to convince their
referees of the value of their solution in a Bayesian framework, it will be published soon.
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