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Abstract

This note shows that the common practice of adding on measur-
ment errors or "errors in variables" when estimating DSGE models
can imply that there is a lack of co-integration between model and
data variables and also between data variables themselves. An analy-
sis is provided of what the nature of the measurement error would be
if it was desired to ensure co-integration. It is very unlikely that it
would be the white noise shocks that are commonly used.

1 Introduction

Many applications of DSGE models use data measured as growth rates of
some variables such as GDP, nominal exchange rates and price levels.1 Ex-
amples of policy models would be the EDO model of the Federal Reserve
- Chung et. al. (2010) - and the Multi-sector model of the Reserve Bank
of Australia - Rees et. al. (2016). When estimation of the parameters is
performed it is assumed that there is a discrepancy between model growth
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cic, Efrem Castelnuovo, Mardi Dungey, Mark Dwyer, Mariano Kulish, Lance Fisher, Le-
andro Magnusson, Tim Robinson, Farshid Vahid and Mike Wickens for comments on early
drafts.

1This is also true if the data is measured with filters to produce an output gap. In those
cases the filtered data will be weighted averages of growth rates in GDP. The difficulties
we describe in this note also apply when filtered data is used, although the analysis is
more complex.
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variables and the data on them, and these discrepancies are often described
as "errors in variables shocks" or "measurement error shocks".2 The pur-
pose of this note is to explore what the impact of these "errors in variables
shocks" is. Section 2 shows that they generally imply that there is a lack of
co-integration between the levels of the model variables and the correspond-
ing data in levels, but also that there is a lack of co-integration between
the data variables themselves. After showing this in a simple way sections
3 and 4 turn to the question of what happens when the model implies some
co-integration between the model level variables, while the data may imply
exactly the same or more co-integration than is implied by the model. In
both cases one can make the model and data variables co-integrate by using
time differences in "errors in variables shocks" as the augmenting mechanism.
However this is at the expense of using an incorrect description of what the
correct " errors in variables shocks" should be. It is rarely the case that
one can treat the "errors in variables shocks" as white noise, as is typically
done in most applied studies. The exception to that occurs if there is no
co-integration in the data. So using white noise shocks is making the pre-
sumption that the data lacks co-integration. Whether this is the modeller’s
intention is the question mark of the title of the paper.

2 Case 1: The Most Common Approach

We start with a simple situation where there are three variables in both
the model and the data. These are ∆z∗Dt = data on foreign GDP growth;
∆zDt =data on domestic GDP growth and ∆cDt =data on domestic con-
sumption growth, where D = data. As well we have DSGE model variables
(M = model) ∆z∗Mt , ∆zMt and ∆cMt. In the DSGE model there is a log level
of technology process at which follows a pure random walk at = at−1 + ξt,
where ξt are white noise innovations that have zero mean and variance σ

2.

This produces unit roots in the logs of the GDP and consumption processes
and these co-integrate with at. Then the assumptions often made when esti-
mating the DSGE model with the growth rate data have the form

2I have never been happy with this description. Basically what these shocks do is to
measure the extent to which the model fails to track the data, and therefore Fukac and
Pagan (2011) called them "tracking shocks".
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∆z∗Dt = ∆z∗Mt + ε1t

∆zDt = ∆zMt + ε2t

∆cDt = ∆cMt + ε3t,

where the εjt are white noise innovations that are uncorrelated with each
other. To see the relation between the data and model level variables assume
initial conditions are zero so that

z∗Dt − z
∗

Mt =
t∑

k=1

ε1k

zDt − zMt =
t∑

k=1

ε2k

cDt − cMt =
t∑

k=1

ε3k.

Hence

z∗Dt − zDt − (z
∗

Mt − zMt) =
t∑

k=1

ε1k −

t∑

k=1

ε2k (1)

Now within the model there is co-integration between zMt and z
∗

Mt since they
both co-integrate with the log level of technology at so that, using (1),

z∗Dt − zDt = (z∗Mt − zMt) +
t∑

k=1

ε1k −

t∑

k=1

ε2k

= I(0) +
t∑

k=1

(ε1k − ε2k)

But this must mean that z∗Dt − zDt is I(1) unless
∑t

k=1(ε1k − ε2k) is I(0),
which cannot happen unless ε1t = ε2t.We can see the same thing if we ask
whether cDt and zDt co-integrate. ct co-integrates with at and so cMt and
zMt co-integrate but this is not true of cD,t and cM,t.
So whenever the data is measured as growth rates in a variable zt, and an

"error in variable shock" is added into the observation equation, it implies
there is no co-integration between the data and model variables. Moreover,
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if more than one I(1) variable is being treated in the same way, then this
implies no co-integration between the variables in the data. This is a strong
assumption and one that can be tested. Of course if there is no co-integration
in the data then the standard method of adding on white noise "errors in
variables shocks" will be appropriate. The question then arises of what to
do when there is co-integration in the data.

3 Case 2: Both Data and Model Have Co-

integration of the Same Form

We now look at the case where the model has some co-integrating vectors
and the data co-integrates with the same ones. It is useful to be more specific
initially so as to understand the issues. Therefore take the basic RBC model
as the DSGE one, where there is a unit root in the log of technology at. Then
this is log-linearized and model variables are expressed as deviations from at.
Consequently the variables solved for in the model will be c̃t = ct − at, ı̃t =
it − at, k̃t = kt − at and ỹt = yt − at, where ct,it, kt and yt are the logs of
consumption, investment, the capital stock and output. Then c̃t, ı̃t, k̃t and
ỹt will be I(0) and so ct, it, kt and yt co-integrate with at. Alternatively, we
can partially express this as yt co-integrating with ct, it and kt because the
co-integrating relations with at imply that (ct− yt), (it− yt) and (kt− yt) are
I(0). Finally, there is a further co-integrating relation due to (yt − at) being
I(0).
Now at is not an observed variable and so the DSGE model will therefore

have one more co-integrating relation than the VECM in observed data would
have. Thus, if there are n observed I(1) variables zDt , the corresponding
model variables will be zMt , and the DSGE model can be expressed as a
VECM of the form3

∆zMt = δγ′zMt−1 + ψ(z
M
nt − at) + e

M
t , (2)

where γ are the common co-integrating vectors, and we have chosen to nor-
malize the extra co-integrating relation using the n′th variable znt.

4 Now
suppose that the data is generated by

3In Christensen et. al. (2011) an algorithm is given for converting DSGE model output
into a VECM representation.

4The model and data VAR errors will be assumed to be white noise processes i.e. they
are innovations but only need to be I(0).
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∆zDt = δγ
′zDt−1 + e

D
t . (3)

Then, subtracting (2) from (3), gives

∆zDt −∆z
M
t = δγ′(zDt−1 − z

M
t−1)− ψ(z

M
nt − at) + e

D
t − e

M
t .

Defining the term ξt = z
D
t − z

M
t this evolves as

∆ξt = δγ
′ξt−1 − ψ(z

M
nt − at) + e

D
t − e

M
t ,

and this will imply that ξt is I(0). Consequently, there will be co-integration
between the model and the data. Moreover, if we define ∆zDt −∆z

M
t = ηt, it

is clear that the "errors in variables shocks" ηt that reconcile data and model
growth rates would need to be

ηt = δγ
′ξt−1 − ψ(z

M
nt − at) + e

D
t − e

M
t , (4)

and it will be impossible for the vector ηt to be white noise, as is generally
assumed. In fact due to the composite nature of the error term it will be
a VARMA process. Notice the presence of the error correction terms in (4)
and it is this that results in the co-integration.
Now one might set up the shock process as in (4), but suppose we simply

want to ensure co-integration between data and model level variables. If we
make the shock reconciling growth rates ηt a white noise process, vt, then
this would mean that ∆(zDt − z

M
t ) = ηt = vt, and so there would be no

co-integration between model and data level variables . However, by setting
ηt = ∆vt we would ensure co-integration, even though the true ηt that is
needed to reconcile the growth rates in the data and the model is quite
different, being (4).5

4 Case 3: More Co-integrating Vectors in the

Data than the Model

In this instance the model has the VECM structure

∆zMt = δγ′zMt−1 + ψ(z
M
nt − at) + e

M
t ,

5When we have ∆zDt −∆z
M
t = ∆vt the solution for z

D
t − z

M
t does not cumulate vt.
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while the VECM for the data has extra co-integrating vectors with the form

∆zDt = δγ
′zDt−1 + αβ

′zDt−1 + e
D
t . (5)

Following the analysis of the previous section we would have

ηt = ∆ξt = δγ
′ξt−1 + αβ

′zDt−1 − ψ(z
M
nt − at) + e

D
t − e

M
t . (6)

Because αβ′zDt−1−ψ(z
M
nt −at)+e

D
t −e

M
t is I(0) then we will get co-integration

again. To acheive that it is necessary to add the extra co-integrating vectors
into the augmenting term. Notice that once again a choice of ηt = ∆vt would
effect co-integration, but clearly this is a mis-specification of the actual shock
needed to reconcile data and model growth rates.

5 Conclusion

The note shows that working with the traditional form of errors in variables
shocks in DSGE models would fail to produce co-integration between model
variables and data, and would also imply that there is no co-integration be-
tween the data variables. If there is in fact co-integration in the data, and
it has either the same or more co-integrating vectors as the model, then the
traditional method of assuming that model and data growth rates differ by
a white noise process results in a failure of model variables to co-integrate
with the data. One can produce co-integration by working with differences
in a white noise process, although the correct "errors in variables shocks"
are far more complex, and involve a VARMA structure. Exactly what the
consequences are of this mis-specification of the shock processes will be de-
pendent upon the nature of the model. If one is happy to simply preserve
co-integration between model and data variables using differences in white
noise shocks, this would seem to be a relatively simple modification in pro-
grams that perform estimation with state space methods, such as Dynare.
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