
Assignments for MSc Time Series module on multivariate time
series, taught by Tony Yates

Lecture 1: Introduction, preliminaries
1.1 Find a paper that uses a model Chris Sims would call a Cowles Com-

mission model. Pick out at least one ’incredible identification’restriction, and
explain why you think it’s incredible.
1.2 Write down the model that Sims would say the researchers should have

estimated instead. The model might be too big, so if it is, sketch it using
algebra and words.
1.3 Write this AR(2) as a lag polynomial: yt = ρ1yt−1 + ρ2yt−2 + et.
1.4. Suppose a vector Yt can be written as a sum of its infinite history of

shocks. ie Yt = a1et+ a2et−1+ ...apet−(p−1). Write this more compactly using
lag operators.

1.5 Sketch what a cholesky decomposition of a variance-covariance matrix of
reduced form shocks for a bivariate system would look like. Do the same for a
6 variable system. By sketch I mean show where the zeros are, and where the
non-zero entries are.
1.6 Find out and explain a way that you could use a popular software pro-

gram to generate an orthonormal matrix for you.
1.7 Write down a 4 by 4 Givens matrix, and multiply it by its own transpose.

Show your working for each element of the product of the two Givens matrices.
1.8. For a 3 variable system we call Yt = A1Yt−1 + A2Yt−2 + et compute

the impulse response function on impact, and after 1 period, to a unit shock to
variable 1.
1.9 Show how an n-dimensional VAR(2) and VAR(6) can be written as a

VAR(1) by augmenting the state vector.
1.10 Write down a 3 variable system, with samples T long, with 2 lags, and

show how to compute the OLS estimates of the VARs coeffi cients.
1.11 Explain why we might not use MLE.
1.12 Write down the algebraic steps used to calculate the VCOV matrix of

the reduced form residuals, and explain in words what is going on.
1.13 Compute the unconditional variance of a univariate process yt = ρ1yt−1+

ρ2yt−2 + et
1.14. Show how the predictability formula for a univariate process, setting

the horizon h=2 reduces to persistence squared.
1.15 When working with likelihoods, why is it helpful to assume Gaussian

errors?
1.16 Explain why it might be important to assume, or hope to find stability

in a VAR. Write down a 2 variable VAR(1). State the stability condition in
terms of the individual elements of the VARs only (2*2) coeffi cient matrix.
1.17 What does ’absolutely summable’mean in the context of a VAR?
1.18 Explain using algebra and words the difference between four things. A

reduced form VAR and its moving average representation. The corresponding
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structural model and its moving average representation. Of what use are the
moving average representations?
1.19 Write the Cowles Commission model in the lecture in matrix form, and

use that to point out at least 2 restrictions that are imposed in this model
relative to the Sims-style Vector Autoregression in the same time series.
1.20 Why is it cumbersome to try to optimise a likelihood function with

many many parameters? Explain by describing how you would optimise this
likelihood function.
1.21 Compute a forecast of Yt+4 in a reduced form 3-variable VAR, where

the assumption is that there have been shocks in t and in each of four periods
before that. In other words when êt, êt−1, êt−2, êt−3, êt−4 6= 0.
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