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Guidelines:
In the grading, question A gets 33 %, B 33 % and C 33 %.

Question A (1/3)

Consider the following three-equation model of the endogenous variables nominal wage level
(wt) price level (pt) and unemployment rate (ut).

∆wt = α0 + α1∆pt + α2(w − p)t−1 + α3ut + α4x1t + α5x4t + εwt (1)
∆pt = γ0 + γ1∆wt + γ2(w − p)t−1 + γ3x2t + εpt (2)
ut = β0 + β1(w − p)t−1 + β2ut−1 + β3x3t + εut (3)

The three endogenous variables are measured in natural logarithms. Hence (w − p)t is the
log of the real wage in period t . ∆ is the difference operator, hence ∆wt = wt − wt−1 and
∆pt = pt − pt−1.

The disturbance terms εjt (j = w, p, u) are jointly Gaussian white-noise variables. They
may be contemporaneously correlated (the covariances between the disturbances are not
restricted to be zero).

xit (i = 1, 2, 3, 4) are observable time series variables that are independent of the dis-
turbances εjt (j = w, p, u).

All variables in the model are stationary time series.

1. Explain why all equations in model (1)-(3) are identified. You can base your answer
on the assumption that all the coefficients in the model are different from zero.

2. Assume that the main parameters of interest are the coefficients of equation (1), which
we will refer to as the wage equation of the model. Table 1 contains three estimations
of the wage equation. In part A of the table, OLS results are reported. Part B and
C show the results of two different 2SLS estimations.

(a) First compare the results in Part A and Part B. You may focus on the estimated
coefficient of the change in the price level (the Dp variable in the estimation re-
sults). What can explain the difference between the OLS and the 2SLS estimates
of α1?

(b) Table 1, part C, shows the results of a second 2SLS estimation. Compared to
part B, this 2SLS estimation gives different results for the coefficients, and in
particular for α3, the coefficient of the unemployment rate. Can you suggest an
explanation for this difference?

3. If the research purpose was to estimate only the coefficients in equation (3). Will
OLS give consistent estimators of the coefficients βj , j = 0, 1, 2, 3?
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Question B (1/3)

Consider the model:

WSt = c0 + cwuUt + εwt, cwu ≤ 0 (4)
Ut = d0 + duwWSt + duuUt−1 + εut, duw ≥ 0, duu > 0 (5)

where WSt is the wage share of the economy and Ut is the unemployment rate. The eco-
nomic interpretation of the model is that an increase in unemployment can reduce labour’s
share of GDP (hence cwu ≤ 0), while an increase in the labour share can lead to higher
unemployment, (hence duw ≥ 0). εwt and εut are white-noise time series.

The reduced form of the model is:

WSt =
c0 + cwud0

(1− cwuduw)
+

cwuduu
(1− cwuduw)

Ut−1 +
cwuεut + εwt

(1− cwuduw)
(6)

Ut =
d0 + duwc0

(1− cwuduw)
+

duu
(1− cwuduw)

Ut−1 +
εut + duwεwt

(1− cwuduw)
(7)

In the following you shall take (6) and (7) as given, you shall not derive them.

1. Explain why the condition of stationarity of Ut is:

−1 <
duu

(1− cwuduw)
< 1 (8)

2. What is the condition for stationarity of WSt?

3. Assuming stationarity, what is the expression for the expectation of Ut?

4. Assume that you know the values of the coefficients (c0, cwu, d0,duw,duu) and the
value of unemployment in period T , UT . Assume that the conditional expectation
function E(UT+h | UT ) is used to generate dynamic forecasts of UT+h, h = 1, 2, ..,H.

(a) Sketch a graph of the forecast in the case of:

0 <
duu

(1− cwuduw)
< 1 and UT > U∗

where U∗ denotes the expectation of Ut.
(b) Sketch a graph of the forecast in the case of:

duu
(1− cwuduw)

= 1,

depending on what you assume about the sign of the constant term in (7).

5. What are the typical features of the variance of the forecast errors in the two cases
in B. 4) ?

Question C (1/3)

1. Explain how you can use the information in Table 2 at the back of the question set
to support the assumption that the two time series LCO2 (log of CO2 level in the
atmosphere) and LGDP (log of world GDP) are integrated of order one, I(1).

2. Assume that a friend shows you the results in Table 3. He says that he thinks it
represents strong evidence for a relationship between CO2 and world GDP, because
the t-value of LGDP is very high and because robust standard errors have been used.
How would you explain to him that this in fact represents no formal evidence for a
relationship, and that he may become criticized for reporting a spurious regression?

3. Explain a correct testing procedure of the null hypothesis of no cointegrating rela-
tionship between LCO2t and LGDPt.
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Tables

Table 1: OLS and 2SLS results for the wage equation (1).
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Table 2: Dickey-Fuller tests of unit-root in LCO2 and LGDP (levels) and in DLCO2 and
DLGDP (differenced variables). Annual data.

Table 3: Results for the regression between LCO2 and LGDP . Annual data. (HACSE
is an acronym for heteroscedasticity and autocorrelation consistent standard errors, i.e.,
robust standard errors).
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