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Course information

Lectures: Mondays and Wednesdays 9 — 11am, GE 100

TA led Tutorial W 4 — 6pm; GE106 (on select weeks)

Instructor office hour: Monday 11:10am — noon (or by appointment), GE 200
Instructor email: mark.rempel@utoronto.ca

TA: Renato Zimmerman

Office hours: Fridays (select weeks): 1-3pm

TA email: renato.zimmermann@mail.utoronto.ca

Course website: Quercus
- Check for course material updates, problem set submissions, etc.
- There is no required textbook, but recommended references by topic will be indicated
in posted materials.

Course objectives

This course is the first section of the second semester of the first year PhD macroeconomics
sequence. The course studies the micro-determinants of economic growth and aggregate
Sfluctuations and their links to financial markets.

Experience from the financial crisis illustrates large feedback effects between the financial
and real side of the economy which have not been sufficiently understood or incorporated
into policymaking. Moreover, since the financial crisis persistent differences within
households and firms have become apparent and a major focus of policymakers (e.g. rising
income/wealth inequality, rising firm market power, declining productivity growth).

The goal of the course is to (1) develop tools and fundamental frameworks that you can
build on to evaluate net aggregate effects of environmental or policy shifts on heterogeneous
agents, (2) bridge the language divide between finance and macro to open new areas of
inquiry in their interaction, and (3) develop appreciation for studying important societal
issues in general equilibrium.
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Continuous time tools

Unfortunately, for decades the language and tools for finance and macro have diverged
making communication between the two sides difficult. Furthermore, technical challenges
in handling high dimensional objects have limited general equilibrium analysis of
heterogeneous agents. Recent advances in continuous time optimization and computation
methods have at least partially mitigated both these issues and opened up a new frontier of
important questions that may feasibly be addressed across a variety of fields including
macroeconomics. This course will introduce you to a unified toolkit of continuous time
stochastic optimization analytical and computational methods applied to analyze growth,
business cycles, financial crises and monetary policy, and allow you to bridge the macro and
finance literatures. Emphasis will be on the applications.

Evaluation

Your course grade for this quarter will be based on two problem sets (20% x 2) and a final
exam (60%) on February 14", 1- 4pm, (room TBD). The exam will be focused on applying
the tools and analyzing the theories, not on the technical elements. Practice exercises not for
credit will be provided throughout the term. Problem set 1 due Monday January 27th,
Problem set 2 due Monday, March 3rd. Problem sets will involve the use of Matlab or other
computational language with an emphasis on illustrating and applying the tools/theories
learnt. Collaboration with problem sets is encouraged and can be completed in groups of 2-
3.

Tentative course outline* (subject to change)

1) Introduction to economic growth and deterministic continuous time methods
a. Brief history of economic growth thought (Malthus, Solow)
b. Neoclassical Growth Model in continuous time
c. Review of deterministic optimal control / dynamic programming
d. Viscosity solutions and computational techniques
2) Stochastic continuous time techniques and applications
- Stochastic processes & stochastic calculus
- Stochastic optimal control & backward stochastic differential equations
- Applications to finance theory in continuous time
o Merton (1969/1971), Black & Scholes (1973), Vasicek (1977), Leland (1992)
- Mean field games and continuous stochastic equilibrium with heterogeneous agents
o Achdou, Han, Lasry, Lions & Moll (2022)
3) Endogenous and stochastic economic growth
- AK model, Knowledge by Learning, Quality Ladders, growth with idiosyncratic shocks
o Romer (1986), Lucas (1988), Grossman & Helpman (1991), Aghion & Howitt
(1992), Angeletos (2007), Moll (2014)
- Stochastic Growth and policy implications in continuous time
o Stochastic growth: Mirrlees (1974), Merton (1975), Posch (2009)
o Policy implications: Eaton (1981), Cechetti (1992), Jones & Manuelli (2004)
4) Aggregate risk with complete financial markets



- Macro determinants of the term structure of interest rates
o Cozx, Ingersoll & Ross (1985), Constantinides (1992), Wachter (2002), Gilchrist
& Zakrajsek (2012)
- Macro determinants of risky-premia
o Capital Asset Pricing ICAPM/CCAPM), Lucas (1978) trees in continuous time
=  Merton (1973), Lucas (1978), Breeden (1977), Bjork (2012)
o Disasters, long-run risk and Epstein-zin preferences in continuous time
= Bansal & Yaron (2004), Barro (2006), Duffie & Epstein (1992), Aase
(2016)
5) Aggregate risk, financial frictions and crises
- Intro to financial frictions and crises
o Basak & Cuoco (1998), Schularik & Taylor (2012), Jorda, Schularik & Taylor
(2016), Adrian, Boyarchenko & Giannone (2019)
- Financial crises with endogenous aggregate risk
o Brunnermeier & Sannikov (2014/2016), Krishnamurthy & He (2013)
6) Aggregate risk, inequality and policy with incomplete financial markets
- Liquidity, aggregate risk and the value of money as a safe asset
o Di Tella (2020), Brunnermeier, & Sannikov (2024)
- Heterogeneous Agent New Keynesian models (HANK)
o Auclert et al. (2020), Bilbiie (2020), Davila & Schab (2023)
- Global / local solution methods for aggregate risk in continuous time
o Ahn, Kaplan, Moll, Winberry & Wolf (2022), Parra-Alvarez, Polattimur, &
Posch (2021), Fernandez-Villaverde, Hurtado & Clara (2023), Gu, Lauriére,
Merkel, & Payne (2024)

Recommended and supplemental references

Material is drawn from a variety of sources including textbooks and articles in the literature.
Recommended primary and supplemental textbook resources will be indicated by
(ref.chapter) and are provided by subject below:

- Growth theory and deterministic optimal control
o (DA): Acemoglu, Daron. “Introduction to Modern Economic Growth.”
Princeton University Press, 2009.
* Primary reference for deterministic theories of economic growth
o (J): Jones, Chad. The Facts of Economics Growth. Chapter 1, Handbook of
Macroeconomics, 2016.
- Continuous time macro-finance
o (B) Bjork, Tomas. Equilibrium Theory in Continuous Time. 2012.
= Primary reference for stochastic equilibrium theory (lucas trees in
continuous time)
o (BS) Brunnermeier & Sannikov. Macro, Money, and Finance: A Continuous-
Time Approach, 2016.
» Primary reference for theories of financial crises
o (Li) Li, Wenhao. Techniques for Macro-Finance. 2018.
= Good survey of various techniques and methods
- Finance theory in continuous time
o (P): Pennacchi, George G. Theory of Asset Pricing. Pearson, 2010.



= Accessible reference for stochastic methods and finance applications

o (€): Cochrane, John H. Asset Pricing. Princeton University Press, 2005.

*  One of the standard references for asset pricing/finance theory, useful
primers on options and other financial assets

o (S) Shreve. Stochastic Calculus for Finance II: Continuous-Time Models, 2004.

More in-depth treatments on continuous time methods and viscosity solutions

o (Sethi): Sethi, Suresh. Optimal Control Theory: Applications in Management
Science and Economics. 2022.

o (AACQC) Sebastian Anita, Viorel Arnautu, and Vincenzo Capasso. An
Introduction to Optimal Control Problems in Life Sciences and Economics,
2010.

o (Tran) Tran, HV. Hamilton-Jacobi Equations: Viscosity Solutions and
Applications, 2020.

o (Barles) Barles, Charles. An Introduction to the Theory of Viscosity Solutions for
First-Order Hamilton-Jacobi Equations and Applications, 2013.

o (Calder): Calder, Jeff. Lecture notes on Viscosity Solutions. 2024.

Technical treatments on stochastic processes and control (supplemental)

o (K)Klebaner, Fima C. Introduction to Stochastic Calculus with Applications.
World Scientific, 2012.

o (Pham) Pham, Huyen. Continuous-time stochastic control and optimization with
financial applications, 2009.

o (FS) Fleming, Wendel & Soner, HM. Controlled Markov Processes and
Solutions, 2006.

o (OS) Oksendal, Bernt & Sulem, Agnes. Applied Stochastic Control of Jump
Diffusions, 2019.

o (FGS) Fabbri, Gozzi, & Swieh. Stochastic Optimal Control in Infinite
Dimension, 2017.

o (KS) Karatzas, Ioannis, and Steven E. Shreve. Brownian Motion and Stochastic
Calculus. Springer Science & Business Media, 2012.

o (CD) Carmona & Delure. Probabilistic Theory of Mean Field Games with
Applications, 2018.



