
Jean-Marie Dufour
September 2011

Compiled: September 8, 2011

ECONOMETRIC THEORY
EXERCISES 1

MODELS

Reference: Gouriéroux and Monfort (1995, Chapter 1)

1. (a) Define the notion ofstatistical model.

(b) Explain the distinction between adominated statistical model and ahomogeneous sta-
tistical model.

(c) When is a modelnested by another model? What is asubmodel? What anesting model?

2. (a) Explain what is anexponential statistical model.

(b) Give two examples of exponential statistical models and explain why thesemodels be-
long to the exponential family.

(c) Is a linear model always an exponential model?

(d) Which ones of the following terms apply to exponential models: parametric, nonpara-
metric, semiparametric?

(e) Which ones of the following terms apply to linear models: parametric, nonparametric,
semiparametric?

3. Explain the difference between the Bayesian approach and the empirical Bayesian approach
to the introduction ofa priori information.

4. Let P andP∗ be two probability distributions possessing densities with respect to the same
measureµ.

(a) Define the Kullback discrepancy betweenP andP∗
.

(b) Prove that:

i. I (P | P∗) ≥ 0;
ii. I (P | P∗) = 0⇐⇒ P = P∗

.

5. Lety = (y1, . . . , yn)
′ be a vector of observations. To explainy, we consider the linear model:

y = m+u , m ∈ L , u ∼ N
[

0, σ2In
]

whereL is a vectorRn with k. If the true probability distribution ofy is N
[

m0, σ2
0In

]

, find the
pseudo true valuesm∗

0, σ∗
0 of m andσ2

. [In represents the identity matrix of ordern.]



6. Consider the following simple Keynesian model:

Ct = aRt +b+ut ,

Yt = Ct + It ,

Rt = Yt ,

whereCt represents consumption (at timet), Rt income,Yt production,It investment, andut

is a random disturbance.

(a) Find the reduced form of this model.

(b) Is a coherency condition needed to derive this reduced form? If yes, which one and
why?

(c) Does this model containlatent variables? If so, which ones?

(a) Explain the notion ofexogeneity with respect to a parameter.

7. Consider the following simplified equilibrium model:

Dt = α +2pt +u1t ,

St = c+u2t ,

Qt = Dt = St , t = 1, . . . , T

whereDt is the demand for a product,St the supply for the same product, andQt the quantity
produced and sold. We suppose that the vectors(u1t , u2t)

′
, t = 1, . . . , T, are independent and

N [0, I2] .

(a) Find the reduced form of this model.

(b) For which parameters is the vectorQ = (Q1, . . . , QT )′ exogenous? Justify your answer.

(c) For which parameters is the vectorp = (p1, . . . , pT )′ exogenous? Justify your answer.

(d) Are the variablesQt andpt simultaneous?

8. Prove the equivalence between non-causality in the sense of Granger and non-causality in the
sense of Sims. (Define clearly these two notions.)

9. Give a sufficient condition under whichsequential exogeneity is equivalent toexogeneity (for
a parameterα) and justify your answer.

10. Consider the following equilibrium model:

Qt = a+bpt +u1t ,

pt = c+d pt−1 +u2t , t = 1, . . . , T
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p0 is fixed

where the disturbances(u1t , u2t)
′
, t = 1, . . . , T are independentN [0, I2] , Qt represents the

quantity sold, andpt the price. For which parameters is the vectorp = (p1, . . . , pT )′

(a) sequentially exogenous?

(b) exogenous?

(c) strongly exogenous?

(d) Further, doesQt causept in the sense of Granger?

Justify your answers.

11. Consider the following equilibrium model:

Qt = a+bpt+1 +u1t ,

pt = c+d pt−1 +u2t , t = 1, . . . , T

p0 is fixed

where the disturbances(u1t , u2t)
′
, t = 1, . . . , T are independentN [0, I2] , Qt represents the

quantity sold andpt the price. For which parameters is the vectorp = (p1, . . . , pT )′

(a) exogenous for(a, b)?

(b) exogenous for(c, d)?

(c) sequentially exogenous for(a, b)?

(d) sequentially exogenous for(c, d)?

(e) strongly exogenous for(a, b)?

(f) strongly exogenous for(c, d)?

Justify your answers.

12. Consider the following equilibrium model:

Qt = a+bpt +u1t ,

pt = c+dQt−1 +u2t ,

Q0 is fixed

where the disturbances(u1t , u2t)
′
, t = 1, . . . , T are independentN [0, I2] , Qt represents the

quantity sold, andpt the price. For which parameters is the vectorp = (p1, . . . , pT )′

(a) exogenous for(a, b)?

(b) exogenous for(c, d)?
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(c) sequentially exogenous for(a, b)?

(d) sequentially exogenous for(c, d)?

(e) strongly exogenous for(a, b)?

(f) strongly exogenous for(c, d)?

Justify your answers.

13. Consider the following equilibrium model:

Dt = a+bpt +u1t ,

St = c+d pt−1 + ext + f xt−1 +u2t ,

Qt = Dt = St , t = 1, . . . , T

whereDt is the demand for a product,St the supply for the same product,Qt the quantity
produced,xt is an exogenous variable,p0 and x0 are fixed, andut = (u1t , u2t)

′ is random
vector such thatE (ut) = 0.

(a) Give the structural form associated with this model.

(b) Give the reduced form of this model.

(c) Find the short-term multipliers forpt andQt .

(d) Find the final form of the model.

(e) Find the dynamic multipliers forpt .

(f) Find the long-run form of the model and the long-term multipliers forpt andQt .
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