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General Description 
 
We are pleased to announce details of the latest EABCN Training School; a two-day course 
entitled “Continuous-time Methods in Macroeconomics (with applications to heterogeneous 
agent models)”. Professor Jesús Fernández-Villaverde and Galo Nuño will teach the course. 
It is primarily aimed at participants in the Euro Area Business Cycle Network, but applications 
will also be considered from doctoral students, post-doctoral researchers, and economists 
working in central banks and government institutions outside of the network, as well as 
commercial organisations (fees are applicable for non-network non-academic organisations). 
 
Course outline 
 
A recent literature has shown that heterogeneous agent (HA) models can be crucial for the 
understanding of the transmission mechanism of monetary and fiscal policies. So far, a 
significant barrier to the widespread use of HA models in academic and policy circles, 
including central banks, has been the complexity in the solution and estimation of this class 
of models. New analytical and numerical tools, however, have emerged in the last years that 
greatly simplify this task. Continuous-time methods, in particular, provide important 
advantages for the analysis of HA models. 
 
This training course introduces the main tools, as well as some recent advances, in 
continuous-time methods in macroeconomics, with a focus on their application to HA models. 
This course will provide participants with the necessary background to apply these tools in 
practice as well as introduce some relevant applications in macro and monetary economics. 
 
The course is divided into five sessions taught over three days. 
 
Session 1. Dynamic programming: the deterministic case. The Hamilton-Jacobi-Bellman 
(HJB) equation and the Hamiltonian. Numerical methods and viscosity solutions. Finite 
difference method (FDM). 
 



Session 2. Dynamic programming: the stochastic case. Wiener processes and Itô’s 
lemma. Stochastic calculus.  Feynman-Kac formula and the Kolmogorov forward equation. 
The HJB equation. Boundary conditions. The case of Poisson processes. FDM with 
stochastic processes. Deep learning for high-dimensional HJB equations. 
  
Session 3. Heterogeneous agent models. The Aiyagari-Bewley-Huggett model. 
Computation of the stationary equilibrium. Transitional dynamics. Heterogeneous agent new 
Keynesian (HANK) models. 
 
Session 4. Heterogeneous agent models with aggregate shocks. The problem with 
aggregate shocks. Perturbation approaches. Bounded rationality: the Krusell-Smith 
methodology. Analysis of nonlinear aggregate dynamics using machine learning. Estimation 
of HA models. Application to HA models with a financial sector. 
 
Session 5. Optimal policies with heterogeneous agents. Introduction to the calculus of 
variations. Constrained-efficient allocation in HA models. Ramsey policies. Optimal monetary 
policy with heterogeneous agents. 
  
 
Administrative Information: 
 
The course will take place at University of Mannheim, Germany (http://www.uni-
mannheim.de/1/english/). Mannheim can be reached with a 30 minute train ride from 
Frankfurt airport. 
 
Participants will be invited to make their own arrangements regarding their accommodation 
and meals. Further information about hotel options will be available to successful applicants.  
 
 
Candidates who have a CEPR profile should apply by submitting their CV online 
at https://portal.cepr.org/EABCN-TS-Oct-2020 by 6pm (UK Time +1 GMT), Thursday 30 
April 2020. If you do not currently have a CEPR profile, please create a new one here and 
then click on the registration link. 
 
We ask that you send a current version of your CV. PhD students should also specify 
in which way the school will be useful for their current research (max 300 words).  
 
Participants from non-academic institutions where the employer is not a member of the 
EABCN network are charged a course fee of € 2000. 
 
About the Instructors: 

 
Jesús Fernández-Villaverde is currently Professor of Economics at the University of 
Pennsylvania, where he serves as Director of Graduate Studies in the Economics 
Department, Visiting Professor at University of Oxford, Visiting Scholar at the Federal 
Reserve Banks of Chicago, Clevenland, and Philadelphia and the Bank of Spain, Advisor to 
the Hoover Institution at Stanford University’s Regulation and Rule of Law Initiative, and a 
member of the National Bureau of Economic Research and the Center for Economic Policy 
Research. In the past, he has hold academic appointments, among others, at Harvard 
University, Princeton University, Yale University, Duke University, and New York University, 
he has been Visiting Scholar at the Federal Reserve Banks of St. Louis, Minneapolis, 
Cleveland, and Atlanta, Research Professor at FEDEA (Spain), National Fellow of the 
Hoover Institution at Stanford University, Visiting Scholar at the Becker-Friedman Institute of 
the University of Chicago, Visiting Scholar at INET at University of Cambridge, Distinguished 
Visiting Professor at University of Melbourne (Australia), and he was the director of the Penn 
Institute for Economic Research. He is editor of the International Economic Review. In the 
past, he has served in the editorial board of several other learned journals. He has published 
many peer-reviewed papers, including American Economic Review, Econometrica, and 
Review of Economic Studies and edited and co-authored several books. His research 
focuses on macroeconomics, econometrics, and economic history. Among other topics, he is 
interested in the role of monetary and fiscal policy, the sources of economic growth, the 
importance of the rule of law, and the foundations of market economies. 

http://www.uni-mannheim.de/1/english/
http://www.uni-mannheim.de/1/english/
https://portal.cepr.org/EABCN-TS-Oct-2020
https://portal.cepr.org/user/register


 
Galo Nuño is Head of the Monetary Policy and Macroeconomic Analysis Section at the Bank 
of Spain. His research focuses on monetary economics, macrofinance and computational 
methods. In particular, he has developed, with different coauthors, some new theoretical and 
numerical techniques for the study of continuous-time heterogeneous-agent models, 
including the analysis of optimal policies and the solution and estimation of nonlinear models 
with aggregate shocks. He has published in the American Economic Journal: 
Macroeconomics, Journal of Monetary Economics, Journal of Economic Growth, Review of 
Economic Dynamics, Economic Journal and many others. 


