PhD Macro 2 Topic 6 Questions

1) Construct the degree 3 (i.e. two point) Gauss-Laguerre integration rule.
2) Construct the degree 3 (i.e. two point) Gauss-Legendre integration rule.
3) Evaluate E€® where € ~ N(0,1), using the Gauss-Hermite quadrature formulas given in the slides.

4) Approximate Elog(1 + exp €) where € ~ N(0,1), using the Gauss-Hermite quadrature formulas
given in the slides. How close are you to the true value of 0.806059...7

5) Consider a hypothetical d-dimensional cubature rule which evaluates at the point (0, ...,0) and the
points (z,0, ...,0) g for some z > 0. Derive restrictions on z and the weights such that the cubature
rule exactly integrates all monomials of degree 3. Is there an equal weighted rule in this class that
exactly integrates all monomials of degree 3? Is there a rule in this class that exactly integrates the
functions x — x{* fori € {1,...,d}, as well as exactly integrating all monomials of degree 3? Which
rule is likely to behave better?

6) Prove that the degree 5 monomial cubature rule given in the slides is correct.

7) Numerically solve the basic real business cycle model by value function iteration (i.e. guess the value
of the value function at a set of grid points over the state space of capital and productivity, plug that
into the RHS of the Bellman equation, and update your guess), using Gauss-Hermite quadrature to
evaluate expectations.

8) Use MCMC to evaluate fRdlog(l +Zj-i=1xj2)fd(x) dx where f; is the p.d.f. of a standard d-

dimensional multivariate Cauchy distribution (i.e. a multivariate Student-t distribution withv = 1, u =
04 and X = 1), for a variety of d.

9) Use importance sampling to evaluate fRd log(l + Z;-l:lsz)fd(x) dx where f; is the p.d.f. of a
standard d-dimensional multivariate Cauchy distribution (i.e. a multivariate Student-t distribution
withv =1, u = 04 and X = I;), for a variety of d, using a Gaussian proposal distribution.



10) Complete the following exercises from “Methods for applied macroeconomic research” (Canova):
a)

Exercise 9.24 A simple model of returns states that Ry = Rarpaite wherei =1,...1.t =
1,...T and Rypt is a market portfolio (say. the return on the SP500 index). Suppose that,
because of risk considerations. the prior for a is normal truncated outside the range (-2.2),
ie. gla;) = N(a.r’rg) * L|_99). Describe how to implement an importance sampling algo-
rithm to construct g(a|R;, Rar). How would you select a portfolio composed of assets whose
returns are positively correlated with the market?

b)

Exercise 9.31 Consider the model y; = Qs 1 +ep, €f N(0, rr?) The density of (yq, ..., Yt)
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is F(yla.0?) o (o2)05TD exp{—05072 " Ly(ye — aye1)2} x exp{—0.50; (1 — a2)}
o72(1 — a?)]7%%, where the last term is the density of y,. Suppose the only available prior
information is a < 1. Show the form of the posterior for (a,a2) and describe how to use a

MH algorithm to sample from it.



