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Course Outline:
Use of numerical techniques to solve stochastic dynamic models has become commonplace in modern macro. As models become more complicated simpler techniques such as linearization are less likely to provide accurate solutions. It is, therefore, important to be familiar with more general techniques. The goal of this course is to get you familiar with some key techniques, to provide a general framework to think about solving dynamic stochastic models, and to focus on some specific examples so that you can actually solve some simple models yourself.

The course is divided in four parts. First, we start by focusing on two key numerical techniques namely function approximation and numerical integration. These are very useful techniques in solving stochastic dynamic models.  Second, we will briefly compare the properties of some popular solution techniques and as an example we will discuss the (stochastic) parameterized expectations algorithm (PEA). Third, we will develop two more general frameworks to think of solving stochastic dynamic models. The first is projection methods, and we will discuss non-stochastic PEA as one particular application. The second framework is perturbation methods. The fourth and final part of the course discusses solution methods for models with heterogeneous agents. There are three Matlab assignments.

Computer knowledge:

Some very basic knowledge of Matlab is very useful.

I. Basic techniques.

- Numerical Optimization.
- Nonlinear Equation Solvers.
- Approximation Methods.
- Numerical Integration Methods.

We will spend most of our time on Approximation Methods (Local Approximation, Uniform Approximation, Orthogonal Polynomials, Splines, Finite Element Approaches, & Neural Networks) and Numerical Integration Methods (Newton-Cotes Formulas, Gaussian Quadrature Formulas, Monte-Carlo and Numerical Integration).

II The Mechanics of Popular Solution Algorithms

- Linear Quadratic (LQ).
- Value Function Iteration.
- Linearized First-Order Conditions.
- Parameterized Expectations Algorithm (PEA).
- Policy Function Iteration.


III General Treatment of Solution Algorithms

- Projection Methods.
- Perturbation Methods.


We will develop a general framework to obtain global approximations (projection methods). Most algorithms used in the literature can be viewed as a special case, i.e., as a projection method using a particular choice of approximation function, a particular choice of elements in the state space to solve for the parameters, and a particular choice of weighting the approximation errors in case there are more equations than parameters. Perturbation methods are local approximation methods, but the higher-order versions often have good global approximation properties. These methods are still rarely used in economics but are likely to become more popular when models with high-dimensional state spaces have to be solved.

IV Solving models with heterogeneous agents

Solving models with heterogeneous agents is difficult since the cross-sectional distribution of agents’ characteristics (such as employment status and wealth level) affects the solution. In the presence of aggregate risk this cross-sectional distribution varies over time and thus is a state variable that (i) needs to be kept track of and (ii) affects the agents’ choices.
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