
Exam in: ECON 4160: Econometrics: Modelling and Systems Estima-
tion

Day of exam: 3 December 2021

Time of day: 09:00—14:00

This is a 5 hour home exam.

Guidelines:
In the grading, question A gets 50 %, B 50 %.

Question A (50 %)

Consider the dynamic simultaneous equations model (SEM):

rwt − a2ut = a0 + a1rwt−1 + a3zwt + ewt, (1)
−b1rwt + ut = b0 + b2rwt−1 + b3ut−1 + b4zut + eut. (2)

Definitions of the variables:
rwt: Log of the real wage.
ut: Log of the unemployment rate.
zwt: Strictly exogenous variable that affects wage formation
zut: Strictly exogenous variable that affects unemployment.
ewt and eut are two gaussian white-noise disturbances:(

ewt

eut

)
∼ N

((
0
0

)
,

(
ω2
1 ω12

ω12 ω2
2

))
for all t.

1. Show that the matrix with autoregressive coefficients of the reduced form of the SEM
(1)-(2) is:

Φ =

(
a1+a2b2
1−a2b1

a2b3
1−a2b1

b1a1+b2
1−a2b1

b3
1−a2b1

)
. (3)

For reference, the expression of the reduced form is:(
rwt

ut

)
= Φ

(
rwt−1

ut−1

)
+

( 1
1−a2b1

[(a0 + a3zwt + ewt) + a2 (b0 + b4zut + eut)]
1

1−a2b1
[b1 (a0 + a3zwt + ewt) + (b0 + b4zut + eut)]

)
.

(4)

2. Assume that zut and zwt are I(0) variables and that the eigenvalues of Φ are both less
than one in magnitude. Explain what this implies for the stationarity of rwt and ut.

3. Assume stationarity. Derive the expressions for the expectations of rwt and ut.

4. Assume that E(ut) = 1.39, and hence that the equilibrium rate of unemployment,
U∗, is U∗ = e1.39 ≈ 4.0 percent. If the unemployment rate today is 6 percent, what
does the model predict about the future development of the rate of unemployment?

5. Denote the error-terms of the reduced form (aka VAR disturbances) by εwt and εut.
Show that Cov(εwt, εut) 6= 0 in general.

6. Assume a3 6= 0 and b4 6= 0. Explain why (1) and (2) are identified.

7. Explain why the OLS estimators of the coefficients of the model are inconsistent.

8. Explain why there is no simultaneity bias if 2SLS is used to estimate the two equations.
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9. The conditional equation (5) and the marginal equation (6) represent a model of the
VAR defined by the reduced form (4).

rwt = φ0 + φ1rwt−1 + β0ut + β1ut−1 + β3zwt + β4zut + εt, (5)
ut = ϕ20 + ϕ21rwt−1 + ϕ22ut−1 + γ23zwt + γ24zut + εut. (6)

(a) What is the expression of β0 ?

(b) What are the properties of the OLS estimator of β0?

(c) Explain why Cov(εt, εut) = 0.

(d) Explain what would be a test of strong exogeneity of ut in this model.

Question B (50 %)

We have annual data series of the nominal wage level in Mainland Norway manufacturing,
W1t, measured as wage compensation in kroner per hour worked. Another time series,
SCOPE1t, measures value added per hour worked in Mainland Norway manufacturing.
The log of the two time series are denoted LW1t, and LSCOPE1t.

1. Use the results in Table 1 to test the null hypothesis of a unit-root in LW1t. Test
the same hypothesis for LSCOPE1t.

In the following you can take as granted that the first difference of LW1t and
LSCOPEt, denoted by DLW1t, and DLSCOPE1t, are I(0).

2. Table 2 shows results for the regression ofDLW1t onDLW1t−1, LW1t−1 LSCOPE1t−1,
DLSCOPEt, DLSCOPEt−1 and Constant. Explain how you can use the ECM-test
to test the null hypothesis of no cointegration between LW1t and LSCOPE1t. Use
a significance level of 5 %.

3. Conditional on the rejection of no cointegration, show that the estimated long-run
relationship between LW1t and LSCOPE1t is:

LW1t = 0.926LSCOPE1t − 0.033. (7)

4. It can be shown that the estimated standard error of 0.926 is 0.04. Use this informa-
tion to construct a test of the hypothesis that the long-run elasticity of LSCOPEt is
equal to 1.

5. Table 3 shows results for the conditional ECM ofDLW1t when the long-run coefficient
of +1 has been imposed in the form of the variable

LW1ect = LW1t − LSCOPE1t. (8)

The results for the marginal model equation for DLSCOPE is shown in Table 3, as
EQ(3). Explain why the results support weak exogeneity of LSCOPE1 with respect
to the parameters of the cointegration relationship between LW1t and LSCOPE11.

6. Table 4 shows the result for a restricted version of the wage equation in Table 3.
Show that the exclusion restrictions on DLSCOPE1 and DLSCOPE1_1 cannot be
rejected at the 5 % level, neither individually nor jointly.(Hint: The 5 % critical value
of the χ2(2) distribution is 6. In the F (2, 42) distribution, the 5 % critical value is
3.2).
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7. A critique of the model in Table 4 is that it omits two variables that are regarded to
be important factors in nominal wage formation: namely the rate of unemployment
and the increase in cost of living. In order to accommodate the critique, we include
the log of the unemployment rate, LUt, and the inflation rate, INFt .
EQ(5) in Table 5 shows the OLS estimation results for the augmented wage model
equation. EQ(6) shows the results of Instrumental variables estimation.

(a) Do the results support the empirical relevance of the two “new” explanatory
variables, LUt and/or INFt?

(b) Discuss briefly the potential weak exogeneity of LUt and/or INFt In this context
it can be noted that if we add the relevant fitted values of LUt and INFt to the
model in EQ(5), we obtain RSS = 0.008197. You may use this information to
calculate the Durbin-Wu-Hausman (DWH) test.

(c) What is the interpretation of the Specification test reported with EQ(6) in Table
5?
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Tables with estimation results and facimile of table with critical values for
ECM-test

Table 1: Dickey-Fuller tests of unit-root in LW1t, LW2t and LSCOPE1t.

Table 2: Regression of DLW1t on DLW1t−1 and LW1t−1, LSCOPE1t−1, DLSCOPEt,
DLSCOPEt−1 and Constant.
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Table 3: Conditional and marginal model equations for DLW1t and DLSCOPE1t.

Table 4: Restricted conditional model equation for DLW1t.
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Table 5: Model equation for DLW1t augmented by LUt and INFt

Table 6: Facsimile from article by Ericsson and MacKinnon.
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