
ECON 4160: Econometrics: Modelling and Systems Estimation

Question A (40 %)

Consider the ADL-model equation:

Yt = ϕ0 + ϕ1Yt−1 + β0Xt + β1Xt−1 + ϵt, t = 1, 2, ...., T, (1)

where Xt is a stationary time series which is integrated of order zero, Xt ∼ I(0). ϵt denotes
an error-term which is white-noise and linearly uncorrelated with Xt, Xt−1, Yt−1, hence
E(ϵt | Xt, Xt−1, Yt−1) = 0.

1. Explain how the following model equations can be obtained as special cases of (1):

(a) AR model.

(b) Distributed lag model.

(c) Static model.

(d) Model in differences.

2. Show how (1) can be written by the use of lag-operator notation.

3. Assume coefficients ϕ1 = 0.5, β0 = 0.8, β1 = −0.3 in (1). Calculate the impact
multiplier and the three first dynamic multipliers of the dependent variable with
respect to a one-period unit-change in the explanatory variable (an impulse of +1 to
X).

4. (a) Explain what we mean by the long-run multiplier of Y with respect to X.

(b) Show that for equation (1) and the coefficients given in question A3, the long-run
multiplier is +1.

5. Explain why the validity of the above calculations of multipliers depends on Xt being
a strongly exogenous variable.

6. Assume that Yt and Xt are jointly generated by a VAR with first order dynamics and
with error-terms distributed as: (

εyt
εxt

)
∼ IIN(0,Σ),

where the matrix Σ has the two variances and the covariance of the error-terms as
elements.

(a) Why is (1) the conditional model equation of Yt given Xt?

(b) Are the OLS estimators of the coefficients of (1) consistent estimators? Explain
your answer.
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Question B (60 %)

1. In Table 1 you find results for ADF tests for three variables that are relevant for
modelling wage-price dynamics in the US economy:

LW: The natural logarithm of compensation per hour worked (in the non-agricultural
business sector of the economy)

DLW: The one-period change in LW (also called the first-difference of LW, ie.,
DLW = LW - LW_1, where LW_1 denotes the lagged LW.

1/U: The reciprocal of the unemployment rate in the U.S. economy.

The time series are quarterly.
Explain why, by using the information in the table, it is reasonable to base modelling
on the assumptions that LW is an I(1) variable while 1/U is an I(0) variable.

2. In the following we make use of three additional variables:

PCE: Deflator of private consumption expenditure (consumer price index).

Q: Deflator of value added in the non-agricultural business sector of the economy
(producer price index).

Z: Value added (in real terms) per hour worked in the non-agricultural business
sector of the economy (productivity).

You can take as given that the natural logarithms of these variables, LPCE, LW and
LZ, are I(1) variables.

There is a tradition for estimation of Wage Phillips Curve Models (W-PCM) on US
time series data. Table 2 shows results for a W-PCM. They are reported with a single
mis-specification test. This is to save space, you can take as given that none of the
omitted standard mis-specification test indicate statistical residual mis-specification.

(a) Interpret the AR 1-5 test and explain its importance for the consistency of the
OLS estimators of the coefficients, and for the validity of using the standard
errors in the judgement of the coefficients statistical significance.

(b) Explain why the results in Table 2 support a downward sloping wage Phillips
curve.

(c) The restricted model in Table 3 imposes two restrictions on the model in Table 2.
Use information found in the two tables to calculate the following test statistic:

F (2, 204) = 0.4,

when one decimal point is used. The p-value is 0.6 (which you do not need to
show). What is your conclusion about the statistical validity of the restrictions
implied by the model in Table 3?

(d) What is the value of the Likelihood-Ratio (LR) test statistic in this case? Which
distribution would you use to judge the statistical significance of the LR-test?

3. Use the results in Table 4, together with the critical values of the ECM-test of coin-
tegration found in Table 7, to test the null hypothesis that LW is not cointegrated
with LZ and LQ at a conventional level of significance.

4. Conditional on cointegration:

(a) What is the estimated long-run relationship for the wage variable LW?

(b) Can you give an economic interpretation of the coefficients of the estimated
equation?
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5. The ECM-test of cointegration used above assumes that LQ and LZ are weakly ex-
ogenous with respect to the cointegration coefficients. Can you explain in words the
meaning of this assumption?

6. Table 5 contains results for the Johansen-method to cointegration analysis. The
results were based on the estimation of a VAR with four endogenous variables: LW,
LZ, LQ and (1/U). The VAR had second order dynamics, and it was not mis-specified.
Explain why the output supports that the number of cointegration vectors (r) can be
set to r = 2.

7. Table 6 shows the two vectors with cointegration coefficients (beta in the results).

(a) Explain why the two vectors (and hence the two long-run relationships between
the variables) are not identified without making further assumptions.

(b) Given that the first vector can be identified, comment on the differences and
similarities between this long-run relationship, and the long-run relationship that
was estimated above (in QB4) by using the ECM-method to cointegration.
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Tables with estimation results and facsimile of table with critical values for
ECM-test

Table 1: Dickey-Fuller tests of unit-root. LWt, DLWt and 1/Ut.
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Table 2: Estimation results for a W-PCM.

Table 3: Estimation results for a simplified W-PCM.
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Table 4: Estimation results for a ECM equation for wages.

Table 5: Johansen method: Cointegration rank test results.
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Table 6: Johansen method: Estimated β-vectors.

Table 7: Facsimile from article by Ericsson and MacKinnon.
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