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Annetta Maria Binotti - Enrico Ghiani

Interpreting reduced form cointegrating vectors

of incomplete systems. A labour market

application∗

Abstract

This paper explores the issues arising when the reduced form cointe-
grating vectors are obtained from an incomplete VAR with omitted
endogenous variables. Reconsidering some Wickens’ (1996) results,
we show that the specification of an incomplete VAR model, based on
variables of the reduced form cointegrating vectors, produces an ap-
proximation of the long run coefficients. We also show that in certain
circumstances this problem does not arise. An example concerning
the estimation of the NAIRU is provided suggesting the empirical rel-
evance of our criticism. We use a numerical example with simulated
data to illustrate the potential pitfalls.

Keywords: Cointegration; Vector autoregression; Identification; Un-
employment.
JEL classification: C32; C51; E24

∗Sections II and III are a substantially revised version of Binotti and Ghiani (2001).
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I. Introduction

This paper calls for the need to proceed cautiously in the interpretation of
the estimation of reduced form cointegration relations using an incomplete VAR
model in which the endogenous variables are omitted; a further problem is found
in the use of these estimates to engage in conjectures on the long-term structure
of the model.

Building on some of the problems outlined by Wickens (1996), we show that
when the empirical specification of an incomplete VAR system is based on the
variables that appear in the reduced form cointegrating vectors, this implies re-
course to an approximation. The incomplete system cointegrating coefficients
may differ considerably from coefficients of the corresponding cointegrating vec-
tors of the complete system, and if the latter is not known there is no way to
determine the extent of the approximation. In the framework of these problems,
one important empirical application is constituted by NAIRU (Non-Accelerating
Inflation Rate of Unemployment) estimations. Such estimations make reference
to the models of R.Layard and S.Nickell (1985, 1991) and use cointegration anal-
ysis1.

Overall, our analysis focuses on the circumstance, well-known in the literature,
that the a priori of complete system structure2 theory constitute a necessary
basis for dynamic specification. This remains true even when, reduced form
dynamic formulas are considered adequate for the particular research objectives
and estimation of the structural model is therefore not the objective that is being
pursued.

This paper is organised as follows. Section II, building on the model proposed
by Wickens (1996), introduces some isomorphic forms of ECM (Error Correction
Model), in order to provide the analytical bases of the work; we will show, fur-
thermore, that the practice of estimating an incomplete VAR based on reduced
form cointegrating vectors can lead to a false specification of the dynamics of
the model and to an approximation of the cointegrating vector coefficients. In
section III we discuss the empirical importance of the criticisms put forward in
the work, examining the example of the NAIRU estimation; in section IV we
use a small numerical example with simulated cointegrated data to illustrate the
approximation. The concluding remarks then follow.

1An initial pioneering contribution was made by Jenkins (1988), while a recent application
has been offered by the article of Brunello et al. (2000).

2The terms “ structure” and “ structural” are used here with the meaning indicated by the
Cowles Commission on “ relations or parameters that present a direct economic interpretation”
.
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II. Reduced form cointegrating vectors and incomplete models

Let xt be an N×1 vector composed of I(1) random variables with the following
autoregressive representation of kth-order:

Π(L)xt = vt , vt ∼ IN(0, Ω), (1)

where Π(L) is an N × N matrix of polynomials in the lag operator L, Π(L) =∑
ΠjL

j and vt is a vector of independently, identically distributed random vari-
ables with mean zero and covariance matrix Ω. Let n denote the number of
linearly independent cointegration relations and m denote the number of linearly
independent I(1) processes in xt. Partitioning xt = (y′

t z′t)
′, where yt is an n×1

vector of endogenous variables and zt an m× 1 vector of exogenous variables, we
write (1) as

A(L)yt + B(L)zt = ũt , ũt ∼ IN(0, Σ) (2)

C(L)∆zt = et ∼ I(0). (3)

Equation (2) can be rewritten as the conditional ECM

A0∆yt + Ã∗(L)∆yt−1 + B∗(L)∆zt + A(1)yt−1 + B(1)zt−1 = ũt, (4)

where ∆ is the difference operator, A(L) = A0(1 − L) + Ã∗(L)L(1 − L) + A(1)L
and B(L) = B∗(L)(1−L) + B(1)L; moreover, A0 is a n× n non-singular matrix
with aii,0 = 1 for all i = 1, ..., n. The hypothesis of exogeneity of the variables zt

implies it is possible to consider the model (4) as complete3. Equations (4) and
(3) can now be combined to give

Π∗(L)∆xt + ΠSxt−1 = ut, ut = [ũt et]
′

, (5)

where Π∗(L)∆xt and ΠSxt−1 may be viewed as the short run and long run rela-
tions between yt and zt. Premultiplying (4) by A−1

0 we obtain another conditional
model, isomorphic to (4):

∆yt + A−1
0 Ã∗(L)∆yt−1 + A−1

0 B∗(L)∆zt+

+A−1
0 [A(1)yt−1 + B(1)zt−1] = A−1

0 ũt. (6)

Equations (6) and (3) can now be combined to give

Π∗∗(L)∆xt + ΠRxt−1 = vt, vt =
[
A−1

0 ũt et

]
′

. (7)

Equation (7) is the basis for Johansen (1988, 1991), Johansen and Juselius’s
(1990) complete system cointegration analysis. If the data generation process

3The following analysis requires only weak exogeneity in the sense of Engle et al. (1983);
however, for ease of presentation of the arguments, in (3) we have also hypothesized strong
exogeneity of the variables zt
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is (6) and (3) the parameters in Π∗∗(L) and ΠR accept the following a priori
restrictions:

Π∗∗(L) =

[
I + A−1

0 Ã∗(L) A−1
0 B∗(L)

0 C(L)

]
,

ΠR =

[
A−1

0 A(1) A−1
0 B(1)

0 0

]
,

then the rank of ΠR is r = n and it can be factorised as ΠR = αβ ′, where α

is an (n + m) × n matrix of factor loadings and β is an (n + m) × n matrix of
cointegrating vectors. We now wish to discuss briefly the following admissible
formulations of matrix ΠR:

ΠR = αβ ′

S =

[
A−1

0 ac

0

] [
β ′

y β ′

z

]
, (8)

ΠR = α∗β ′

R =

[
α∗

c

0

]
β ′

R =

[
A−1

0 A(1)
0

] [
In β ′−1

y β ′

z

]
, (9)

where β ′

S = (β ′

y β ′

z ), with βy an n × n non-singular matrix, denotes the
long-run structural parameters identified with Johansen’s procedure4. Moreover,
α is partitioned into a non-singular n × n matrix5αc = A−1

0 ac and a null m × n

matrix of loading coefficients in the conditional and marginal model respectively;
α∗

c may be viewed as the adjustment of n jointly dependent variables to the
deviation from the equilibrium in the last period, where equilibrium is defined as:
ye = A(1)−1B(1)z. The partitioning of ΠR proposed in (9) may be considered
more appealing because it does not pose the problem of identifying multiple
cointegrating vectors; moreover α∗

c can be obtained from the first n×n partition of
ΠR estimated in equation (7). In contrast, in order to estimate (8) it is necessary
to identify β ′

S and to have a prior estimate of A0 which involves identification of
the short-run dynamics. We would also add the following comments concerning
the latter issue of avoiding the ‘problem’ of identification.

4The minimum condition required is that the configuration given in β′

S satisfies the exact
identification conditions defined by Johansen’s theorem (1992). As specified in Hsiao (1997)
and Davidson (1998), if one considers the long run structure there is no difference between the
problem of identification as it is classically established by the Cowles Commission and the way
in which it is configured in the cointegration analysis.

5If one hypothesizes that the matrix ac is diagonal, the notion of structural ECM corresponds
to that of Boswijk (1995). On the basis of such a definition an ECM is defined as structural if,
within the specifications that regard variable I(1), the following hypothesis are respected:

i)the variables zt are weakly exogenous with respect to the parameters in question β;
ii)the endogenous number is equal to the rank of ΠR: n = r;
iii) ac e β′

y are at full rank;
iv)βS is identified by a set of restrictions and the loading matrix ac is diagonal. The elements

on the diagonal are not zero A0 normalized with the unitary elements on the diagonal.
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i) In the representation of ΠR given by (9), the cointegrating vectors are
identified in such a way that each of the n variables enters one and only one coin-
tegrating vector and, as it involves reduced form coefficients, it is more difficult
to give an economic interpretation to the relations obtained.

ii) The traditional interpretation of α∗

c , as an adjustment matrix which con-
tains the adjustment speeds will be misleading since it contains the long-run
structural parameters6β ′

y. Moreover, even if we consider a model with a tri-
angular β ′

y and with a diagonal loading matrix αc, α∗

c will lose the diagonality
characteristics that formed part of the original loading matrix; therefore, even
in the specification of the incomplete system it is necessary to load the disequi-
librium relations of all the other endogenous variables. Consequently it becomes
indispensable to resort to the complete structural model, which is precisely what
the adoption of specification (9) is usually designed to avoid.

The latter observation allows us now to turn to the central question of this
work. In some cases the goal of empirical research is limited to obtaining an
estimation of reduced form cointegrating vectors. However, if it is true that this
practice facilitates avoidance of identification problems7, it is also true that we
will be unable to produce inferences on the structure by starting out from the
cointegrating vectors obtained. In practice, the VECM founded on the subsets of
variables contained in the reduced form cointegrating vectors will be an approx-
imation of the dynamic specification and of the long-run cointegration relations
that could be obtained from the complete system.

Let yt be partitioned as (y′

1t y′

2t)
′, respectively of order n1 × 1 and n2 × 1,

moreover by partitioning the structural model conformably with yt, we will have

[
A11(L) A12(L)
A21(L) A22(L)

] [
y1t

y2t

]
+

[
B1(L)
B2(L)

]
zt =

[
ũ1t

ũ2t

]
. (10)

given the matrices A−1
22 (L), y2t can be solved in terms of y1t and and zt; then,

substituting into the first block, the model can be written as

[
A11(L) − A12(L)A−1

22 (L)A21(L)
]
y1t+

+
[
B1(L) − A12(L)A−1

22 (L)B2(L)
]
zt = ũ1t − A12(L)A−1

22 (L)ũ2t. (11)

Lags appearing in equation (11) are of infinite order, the errors are an infinite-
order moving average MA(∞) and the steady state is the reduced form coin-
tegrating vectors for y1t. However, in practice the empirical specification of an
incomplete VECM in y1t and zt will be of finite lag order and will therefore be an
approximation of (11). There clearly exists a difficulty in controlling the adequacy

6This can be considered as an extension of what Rossana (1998) demonstrated on the prob-
lem of normalisation.

7See, for example, the empirical analysis inspired by Layard and Nickell’s models that are
concerned with the labour market. In particular the works by Jenkinson (1988) and Brunello
et al.. (2000)
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of this approximation, because it is not possible to discover the long-run struc-
tural form of the complete model from the estimates of a finite approximation of
a VECM reparametrization of (11).

Nevertheless, a particular case exists in which the representation of an incom-
plete VECM is not an approximation. If β ′

y is a triangular matrix and ac is a
diagonal loading matrix, then the resulting loading matrix α∗

c will be triangular.
For this reason the first n1 equations do not contain the remaining n2 endogenous
variables, neither current nor lagged. Therefore, it is possible to obtain a correct
dynamic specification for ∆y1t through an incomplete VECM specified for y1t and
zt without falling into approximation.

III. The estimates of the NAIRU in wage setting and price setting

models

We can now exemplify the problem put forward in the previous pages by
examining an important case addressed by the macroeconomic literature: the
estimation of NAIRU in imperfect competition models that also have wage bar-
gaining. In their most recent developments, such models are linked to the names
of R.Layard and S.Nickell8.

A formulation of the model that is quite representative of this literature is
transcribed here below9:

yt = c1(mt − pt) + c2gt, (12)

ut = −c3yt, (13)

pt − wt = −h(ut, ut−1...) − a1 (pt − pe
t ) + Z1,t, (14)

wt − pe
t = −f ′(ut, ut−1...) + d′

1 (wt−1 − pt−1) + Z2,t, (15)

mt = mt−1 + εm,t, (16)

gt = g + εg,t, (17)

Z1,t = Z1 + εZ1,t, (18)

Z2,t = Z2 + εZ2,t, (19)

where: yt = real GDP, mt = nominal money supply, gt =exogenous component
of real demand, wt = money wages, pt = price index, pe

t = expected price index,
Z1,t = all exogenous factors influencing the mark up of prices over wages, ut =
unemployment rate, Z2,t = all exogenous factors influencing wages (unemploy-
ment benefits, fiscal variables, exchange rates etc). All the variables are expressed
in logarithms. Functions h(.) and f ′(.) describe the influence of the level of eco-
nomic activity in the price setting and the wage setting equation respectively;
these functions contemplate the possibility of persistence mechanisms or hystere-
sis through lags in unemployment rate values. Finally, εm,t, εg,t, εZ1,t, εZ2,t are

8Layard et al. (1985), Layard et al. (1991).
9We make reference to, for example, the work of S.Nickell (1988), (1998).
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serially uncorrelated shocks and g, Z1, Z2 represent the anticipated component
of the corresponding variables. As we are dealing with a well-known model we
will omit the description of its function. A set of constraints usually imposed in
literature 10 is the following:

h(ut, ut−1...) = 0, (20)

f ′(ut, ut−1...) = d2ut + d22∆ut, (21)

(wt−1 − pt−1) = (wt − pt) − ζ , (22)

where ζ = ln(1 + ζw−p) and ζw−p is the uniform growth-rate of real wages. (20)
expresses the hypothesis, supported by the results from empirical work11, that
the real wage of price setting is independent of the labour market conditions.
(22), for simplicity’s sake, imposes uniform growth conditions.

Based on these hypotheses, equations (14) and (15) can be written as follows:

pt − wt = −a1 (pt − pe
t) + Z1,t, (23)

wt − pt = −d1 (pt − pe
t ) − d2ut − d22∆ut + Z2,t, (24)

where we have eliminated the constant and posited d1 = (1 − d′

1)
−1.

The importance of this model for an empirical analysis in the framework of
cointegration is evident: it presents a set of theoretically founded structural,
dynamic equations and with steady state equilibrium solutions that have an im-
mediate economic interpretation. The main path to follow therefore consists in
specifying an unconstrained ‘closed’ VAR in the variables that enter into the
long-run equilibrium relations. This path has been followed in many works12;
nevertheless the objective of identifying the complete system of the equilibrium
relations has not been convincingly reached13. An alternative pathway followed
in the literature is represented by estimation of the reduced form of an incomplete
system. In the example considered here, we directly searched for the cointegra-
tion relation suggested by the solution of the system for the unemployment rate,
eliminating the real wage from the variables that are important for equilibrium
analysis (but also in specification of the dynamics).

Therefore, the following structural system is considered to be compatible with
the steady state (23)-(24):

10Nickell (1998), Brunello et al. (2000), Carlin et al. (1990), Blanchard et al. (1997).
11See the literature cited in the previous note
12Clements et al. (1991), Durby et al. (1993), Mizon (1995), Marcellino et al. (1995),

Johansen et al. (1997), Jacobson et al. (1998), Chiarini et al. (1998), Binotti et al. (1999).
13The reason for this is generally found in the problems of identification of wage setting and

price setting equations notoriously present in the labour market model of Layard and Nickell.
The problem arises because Z1,t is a sub set of Z2,t. See Manning (1993).
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(w − p)t = a11,1(w − p)t−1 + b1Z1,t−1 + ξw−p,t,
a21,0(w − p)t + ut = a21,1(w − p)t−1 + a22,1ut−1+

+b2Z1,t−1 + b3Z2,t−1 + ξu,t,
Z1,t = Z1,t−1 + ξZ1,t,
Z2,t = Z2,t−1 + ξZ2,t,

(25)

Cointegration analysis is generally conducted in a non-constrained VECM sphere,
where, by limiting the analysis to a single lag and imposing the necessary con-
straints on the matrix β ′14 to identify the reduced form of the complete system,
we have

∆yt = −α∗

cβ
′

Rxt−1 + εt, (26)

[
∆(w − p)t

∆ut

]
= −

[
1 − a11,1 0

−a21,0 (1 − a11,1) + a21,0 − a21,1 1 − a22,1

]

[
1 0 −b1(1 − a11,1)

−1 0
0 1 [(a21,0 − a21,1)b1(1 − a11,1)

−1
− b2] (1 − a22,1)

−1
−b3(1 − a22,1)

−1

]




(w − p)t−1

ut−1

Z1,t−1

Z2,t−1


 +

[
εw−p,t

εu,t

]
.

In contrast15, in order to estimate the NAIRU, we estimate a VECM system with a
finite order of lags, specified solely in the variables that appear in the cointegrating
vector normalized for unemployment and expressed in reduced form:

Π̃∗∗(L)∆x̃t + Π̃Rx̃t−1 = ǫt, where x̃t =
[

ut Z1,t Z2,t

]
′

.

14The restriction imposed is that of an identity matrix in the first block of β′.
15It is easier to understand the origin of the approximation if we derive the solution for ut with

successive substitutions of (w − p)t−j (j = 0, 1, 2, ....) in the second equation of the complete
system (25), obtaining

ut = a22,1ut−1 + (b2 − a21,0b1)Z1t−1 + (a21,1b1 − a21,0a11,1b1)Z1t−2+

+ (a21,1a11,1b1 − a21,0a
2

11,1b1)Z1t−3 + ... + b3Z2,t−1+

+ MA(ξw−p,t) + ξu,t , (1)

where MA(ξw−p,t) is an infinite-order moving average of ξw−p,t. The steady state of (1) will
have the following configuration:

u = [b2 + (1 + a11,1 + a2

11,1 + .....)a21,1b1−

− (1 + a11,1 + a2

11,1 + ...)a21,0b1](1 − a22,1)
−1Z1+

+ b3(1 − a22,1)
−1Z2 , (2)



10 A.M. Binotti and E. Ghiani

In the example given here, the approximation consists in neglecting the infinite
sum of the complete multiplication process linked to the inertia of the system. In
addition, the two effects of the procedure adopted are quite evident: an approx-
imation of the reduced form cointegrating vector is determined on the basis of
the incomplete VECM and an erroneous specification of the short-run dynamics
is produced.

Since the extent of the approximation is not controllable, the example given
clearly illustrates the possible consequences in terms of erroneous specification of
the dynamics and approximation of the cointegrating vector coefficients. Such
consequences spring from the estimation of reduced forms of incomplete sys-
tems. The erroneousness of the procedure assumes particular importance when
the estimated cointegrating vectors form the basis for inferences concerning the
coefficients of the corresponding structural forms.

The analysis that has been conducted also gives rise to another interesting
suggestion, namely that in empirical practice it may be useful to resort to a high
number of lags in order to obtain an acceptable approximation of the VECM
dynamic specification and coefficients of the reduced form cointegrating vectors
of the complete system. The implicit limits of this procedure should however be
borne in mind16.

As we have shown, there are cases where, due to the a priori of the theory,
the circumstances that bring about the results illustrated here are considered as
irrelevant. If for example we expect the model to be endowed with recursive-
ness, it will be possible to make use of formulations of incomplete systems for
the endogenous variables placed at the beginning of the recursive chain. In the
example considered, as can easily be verified, this is the case for the real wage.
Nevertheless, bearing in mind the criticisms levelled by Wickens (1996), it must
not be forgotten that cointegration analysis should not be affected by this type
of a priori in the specification phase of the initial VAR.

IV. A numerical example with simulated cointegrated data

We use a numerical example to highlight the main point being made in this
paper that in general, when the empirical specification of an incomplete VAR
system is based on the variables that appear in the reduced form cointegrating
vectors, this implies recourse to an approximation. We show that a) exists a

from which

u =
[
b2 + b1(1 − a11,1)

−1(a21,1 − a21,0)
]
(1 − a22,1)

−1Z1+

+ b3(1 − a22,1)
−1Z2 . (3)

16This precaution is not easy to apply due to the loss of degrees of freedom that affects a
VAR specification with a high number of lags. It is in fact not applied in the work by Brunello
et al. (2000), which fixes a maximum number of lags in one period.
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difficulty in controlling the adequacy of this approximation if we do not know
the estimated complete system, b) we incur in misspecification of the long run
dynamic matrix. 100 observations were generated from the following data gener-
ating process (DGP):

[
1 0

−0.2 1

] [
(w − p)t

ut

]
=

[
0.5 0
−0.9 0.9

] [
(w − p)t−1

ut−1

]
+

+

[
0.5 0.2
0.8 0

] [
Z1,t−1

Z2,t−1

]
+

[
uw−p,t

uu,t

]
,

[
uw−p,t

uu,t

]
=

[
ǫ(w−p),t

ǫu,t

]
+

[
−0.2 −0.4
−0.4 0.2

] [
ǫZ1,t

ǫZ2,t

]
.

In the first equation the real wage depends on real wage observed in the previous
period and on both lagged strongly exogenous variables Z1,t−1 and Z2,t−1; in the
second equation unemployment depends on both lagged endogenous variables and
on one strongly exogenous process Z1,t−1. The system is closed by the random
walks: [

Z1,t

Z2,t

]
=

[
Z1,t−1

Z2,t−1

]
+

[
ǫZ1,t

ǫZ2,t

]
,

Where ǫ.,t ∼ n.i.i.d. The equilibrium coefficients of DGP are given by the follow-
ing cointegrating vectors:

β ′

S =

[
1 0.14 −1.14 0
1 0 −1 −0.4

]
,

β ′

R =

[
1 0 −1 −0.4
0 1 −1 2.86

]
.

Moreover, the corresponding loadings and long run matrix are:

α =

[
0 −0.5

−0.8 0

]
, α∗

c =

[
−0.5 0
−0.8 −0.11

]
,

ΠR =




−0.5 0 0.5 0.2
−0.8 −0.11 0.91 0

0 0 0 0
0 0 0 0


 .

The Johansen cointegration procedure17 confirms the presence of two cointegrat-
ing vectors. Next we impose the identifying restrictions on the steady state by
exclusion of Z2,t from wage setting, and exclusion of ut from price setting, we also

17We estimate a congruent V AR(1) without identification of adjustment or steady state. First
we use the OLS estimation with the following diagnostics of the system: the F − test of no
serial correlations against second order, the χ2 test for normality, the test for no autoregressive
conditional heteroscedasticity and the test of the ‘functional form’ which is again a tests for
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impose an over-identifying restriction on the coefficient of Z1,t, and the restric-
tion is not rejected (χ2(1) = 1.5649[0.2109]). Finally, we impose the restrictions
on the loading matrix obtaining the following estimates (standard errors are in
parentheses):

α̂β̂ ′

Sxt−1 =




0 −0.51
(0.06)

−0.79
(0.05)

0

0 0
0 0







1 0.14
(0.01)

−1.14
(0.01)

0

1 0 −1 −0.39
(0.03)







(w − p)t−1

ut−1

Z1,t−1

Z2,t−1


 ,

which corresponds to (8) in section II, and it is obtained after imposing non-
rejected over-identifying restrictions that are tested using a LR statistic (χ2(7) =
2.242[0.9452]). We also obtain the representation of ΠR given by (9), where the
cointegrating vectors are identified in such a way that each of the two variables
enters one and only one cointegrating vector involving reduced form coefficients:

α̂∗β̂ ′

Rxt−1 =

[
α̂∗

c

0

]
β̂ ′

Rxt−1 =

=




−0.51
(0.06)

0

−0.81
(0.07)

−0.11
(0.01)

0 0
0 0







1 0 −1 0.39
(0.03)

0 1 −0.99
(0.03)

2.79
(0.27)







(w − p)t−1

ut−1

Z1,t−1

Z2,t−1


 .

The over-identifying restrictions are tested obtaining χ2(6) = 1.8277[0.9348].
With reference to ∆ut, we note that α̂∗

c loses the diagonality characteristics that
formed part of the original loading matrix; therefore, even in the specification of
the incomplete system it is necessary to load the disequilibrium relation of the
excluded endogenous variables (w − p)t.

The estimated reduced form long-run matrix is:

Π̂R =




−0.51 0 0.51 0.20
−0.81 −0.11 0.92 0.00

0 0 0 0
0 0 0 0


 . (27)

the null of no heteroscedasticity (for details see J. Doornik and D. Hendry (1997).

V ec AR1 − 2F (32, 289) = 0.93466[0.5726]

V ec normality χ2(8) = 3.1311[0.9259]

V ec x2

i F (80, 458) = 1.2436[0.0896]

V ec XiXjF (140, 550) = 1.1262[0.1778].

All of these calculations were performed with PcFIML 9.0 by J. Doornik and D. Hendry
(1997).
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Incomplete not congruent (Vector AR1−2F (18, 232) = 2.3113[0.0024]∗∗) V AR(1)
system, based on the variables that appear in the reduced form cointegrating
vectors x̃t =

[
ut Z1,t Z2,t

]
, produces the following results:




−0.074
(0.013)

0
0




[
1 −1.18

(0.06)
2.54
(0.37)

]



ut−1

Z1,t−1

Z2,t−1



 .

To eliminate the approximation we must estimate an incomplete congruent V AR(6)
system18 (Vector AR1 − 2F (18, 189) = 0.53917[0.9364]), which produces the fol-
lowing results:




−0.11
(0.023)

0
0




[
1 −1.06

(0.046)
2.79
(0.30)

]



ut−1

Z1,t−1

Z2,t−1



 .

In the absence of the approximation, one stray also into erroneous specification
of the short-run dynamics; in fact, if we compare with the correct estimates given
in (27), the first row of the estimated long run matrix is misleading in terms of
the dynamic reaction of ∆u with respect toZ1 and Z2:

[
−0.11 0.11 −0.30

]
.

On the contrary it is possible to make use of an incomplete system for the endoge-
nous variables placed at the beginning of the recursive chain; in fact an incomplete
congruent (Vector AR1 − 2F (18, 232) = 0.81635[0.6802] ) V AR(1) system with
x̃t =

[
(w − p)t Z1,t Z2,t

]
produces the following results:




−0.51
(0.06)

0
0




[
1 −1 0.39

(0.03)

]



(w − p)t−1

Z1,t−1

Z2,t−1



 ,

which is exactly the first row of the estimated long run matrix in the complete
model:

[
−0.51 0.51 0.20

]
.

Repeated simulation shows that these results are typical and are not due to
the specific sample drawn nor are they dependent on the particular choice of
residual covariance matrix.

18V AR(6) is estimated to eliminate the approximation. In order to obtain the congruency is
sufficient a V AR(2).
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V. Conclusions

The specification of an incomplete VAR based on reduced forms, excluding
some of the endogenous variables which are part of the complete theoretical
model, represents a manner of abstaining from use of the entire set of a priori
theories. It may be supposed that in some cases19 what leads to this procedure
is the importance of modelling a subset of the model’s endogenous variables.
When, however, the coefficients of the cointegration relations thereby obtained
are utilized to produce inferences on the structural form, one must deduce that
rejection of full use of the theory’s a priori derives from a different origin and
springs from problems such as incomplete identification of the structure. In this
work we highlight the fact that this (possibly unconscious) return to practices of
measurement without theory is not devoid of drawbacks and, in particular, can
lead to unfounded inferences on the model’s structure. What we argue is that
even when estimation of the structural system is not a directly pursued objective
– because reduced form formulations suffice for the purposes of the study - the
long run structure must guide the dynamic specification. In the absence of such
guidance, one may stray into approximations when estimating the cointegration
coefficients, and also into erroneous specification of the short-run dynamics. The
empirical relevance of the problem has been shown with reference to cointegra-
tion analysis in NAIRU estimation. On this point, our findings suggest that the
estimated coefficients of cointegration relations should be considered with due
caution. They also suggests that the use of a suitable number of lags in the spec-
ification of the initial VAR could lead to an acceptable approximation of such
coefficients.

Authors’ affiliation

Dipartimento di Scienze Economiche, University of Pisa
Dipartimento di Scienze Economiche, University of Pisa

19For example, Jenkinson (1988).
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Appendix

A Data

The computer generated data-set utilized in this paper can be downloaded
from the Discussion Papers’ web site. The files are stored in the file http://www-
dse.ec.unipi.it/discussion-papers/lavori/dataGhianiBinotti.zip in both ASCII and
PcGive format. The ASCII files are human-readable when listed on a computer
screen, and each is for a single variable, named w − p.DAT , u.DAT , Z1.DAT

and Z2.DAT . Readers possessing PcGive will find it more convenient to use the
files called SimulSys (a GiveWin file) and SimulSys.bn7 (a binary file)
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