
TOPICS IN MACROECONOMICS: MODELLING INFORMATION,
LEARNING AND EXPECTATIONS

EXERCISE QUESTIONS 2009

These questions are representative of the questions that will be in the midterm.

1. Basic methods

(1) Consider the two random vectors X and Y

X = θ + u

y = θ + x

with E [θθ′] = σ2
θ , E [uu′] = σ2

u, E (uθ′) = 0, E [xx′] = σ2
x, E [xθ′] = 0 and E [xu′] =

0. Find the minimum variance linear estimator of X conditional on Y using the

properties of orthogonal projections.

(2) Put the ARMA(1,2) process

yt = A1yt−1 + C0ut + C1ut−1 + C2ut−2 (1.1)

in the form

Xt = µX + AXt−1 + Cut (1.2)

(3) Derive an operational procedure for finding the auto covariance Σxx ≡ E [Xt − µX ] [Xt − µX ]′

for a system of the form (1.2). Be specific about additional assumptions made.

(4) Let P (X|Z, Y ) denote the orthogonal projection of X on the space spanned by Z

and Y . Show that

P (X|Z, Y ) = P (X|Z) + P (X|Y ) (1.3)
1
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if P (Y |Z) = 0.

2. The Kalman Filter

(1) For the state space system

Xt = AXt−1 + Cut (2.1)

Zt = DXt + vt (2.2) ut

vt

 ∼ N

0,

 CC ′ 0n×l

0l×n Σvv

 (2.3)

derive the first period Kalman gain K1 in

X1|1 = AX0|0 +K1

(
Z1 −DAX0|0

)
(2.4)

taking X0|0 and P0|0 ≡ E
(
X0 −X0|0

) (
X0 −X0|0

)′
as given.

3. The Lucas AER (1973) Island model

(1) Interpret the slope parameter θγ in the supply curve

yt = θγ
[
Pt − P t

]
(3.1)

in the Lucas Island model.

(2) Explain the predictions made by the Lucas Island model regarding the correlation

between cyclical output and inflation in different countries.

(3) Explain why information imperfections lead to higher output volatility in the Lucas

Island model

4. Lorenzoni’s AER (2009) Island model

(1) Describe how Lorenzoni’s model differ from the Lucas model
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(2) What is the modeling device Lorenzoni uses to avoid that a firm’s own output reveals

the aggregate shock perfectly?

5. Private and public information

(1) Consider the unobservable variable θ given by

θ ∼ N
(
0, σ2

θ

)
(5.1)

Agents (indexed by j) observe a private noisy signal of θ given by

z(j) = θ + ε(j) (5.2)

η(j) ∼ N
(
0, σ2

ε

)
∀j

That is, all agents receive an equally precise signal of θ but agent j only observes his

own signal z(j).Define

θ(k) ≡
∫
E
[
θ(k−1) | z(j)

]
dj (5.3)

θ(0) ≡ θ (5.4)

Find an expression for θ(k). What is the limit as k →∞?

(2) Redo 1) but with public signal

y = θ + η

and θ non-stochastic (as in Morris and Shin 2002).

6. Morris and Shin AER (2002)

(1) Utility of agent i is given by

Ui = − (1− r) (ai − θ)2 − r
(
Li − L

)
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where ai is the action taken by agent i and

Li =

∫
(aj − ai)2 dj

and

L =

∫
Ljdj

Agents observe two signals of θ. The public signal y

y = θ + η

η ∼ N(0, σ2
η)

and the private signal xi

xi = θ + εi

εi ∼ N(0, σ2
ε)∀i

Solve for equilibrium average action a as a function of θ and η.

(2) Redo 1 but with only private signal. Is impact of θ larger or smaller?

7. Grossman and Stiglitz AER (1980)

(1) Describe the intuition behind Grossman and Stiglitz’s Conjectures 1-6

(2) Show analytically that prices convey more information when everybody is informed,

compared to when nobody is informed.

8. Endogenous information choice and rational Inattention

(1) Describe intuitively what the ”entropy” of a random variable mean.

(2) Define mutual information

(3) Formulate an information capacity constraint for a Gaussian signal Z and a Gaussian

variable X.



INFORMATION, LEARNING AND EXPECTATIONS 5

(4) Solve for the optimal allocation of attention (i.e. choose posterior variances) in the

following set up:

Expected loss

EU = aσ2
1 + bσ2

2

subject to

ln |Σprior| − ln |Σpost| ≤ κ

where

Σpost =

 σ2
1 0

0 σ2
2



for Σprior =

 1 0

0 1

 , e−κ = .5, a = b = 1 and for a = 1 and b = 0.01.

Derive a relationship between a and b that ensures that the “no forgetting constraint” is

not binding.

9. Learning and Bounded Rationality

(1) Present an argument why it may be appealing to model agents as using RLS-learning.

(2) Describe constant gain learning and in what environments it might make sense to

use constant gain learning.

(3) Explain or show mathematically why it is decreasing gain that put constant weight

on all observations, while it is constant gain that puts decreasing weight on old

observations.

(4) Check if the system

pt = µ+ αEt−1pt + δwt−1 + ηt

pt = at−1 + bt−1wt−1 + et (PLM)

will converge to a REE equilibria.


