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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 two parts. One part focuses on the theory of dynamic programming. The theory part will improve the understanding of the models we are trying to solve and provide guidance in the numerical procedures. This part covers the first four chapters of Stockey and Lucas. 

The numerical part focuses on the following:

· 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 discuss linearization techniques and software to implement this easily.

· Third we will discuss some alternative simple 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. 
· If time permits, the fourth and final part of the course discusses solution methods for models with heterogeneous agents. 
· There are several Matlab assignments.

Computer knowledge:

Some very basic knowledge of Matlab is very useful.

Theory and Numerical Methods


The course will alternate between lectures on the theory of dynamic programming and numerical methods. 

Grade

There will be several short computational homework assignments (20% each) and one project (40%).
I. Dynamic Programming.

- Mathematical Preliminaries.
- Contraction Mapping Theorem.
- Existence.
- Continuity and Differentiability.


· Stockey, N.L., R.E. Lucas Jr., and E.C. Prescott, 1989, Recursive Methods in Economic Dynamics. Chapters 1, 2, 3, and 4.

II. Linear Systems.

- Stability.
- Multiple Solutions (Sun spots and self-fulfilling hypotheses).

Powerful analytic tools are available to study questions like uniqueness and stability in linear systems. We will show that these questions are related. That is, the more stability in the system, the more likely it is that there are multiple solutions including sun spots.

III.1 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).

III.2 Linearization and popular software

- Dynare

- Harald Uhlig's toolkit

III.3 The Mechanics of other Popular Solution Algorithms

- Linear Quadratic (LQ).
- Value Function Iteration.
- Parameterized Expectations Algorithm (PEA).
- Policy Function Iteration.


III.4 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.

III.5 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.

