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Models with heterogeneous agents

• Economic (individuals, firms, ...) agents are heterogeneous along important dimensions:

1. Age.

2. Locations (spatial or economical).

3. Productivity.

4. Wealth.

5. Information.

6. Beliefs and expectations.

7. ....

• Even within narrowly defined subgroups, we observe large individual heterogeneity in behavior

(unobserved heterogeneity emphasized by Heckman and Wolpin).
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When is heterogeneity important? I

• Questions that are inherently about heterogeneity:

1. What mechanisms accounts for changes in income and wealth inequality?

2. What are the consequences of changes in tax progressivity?

3. What are the consequences of changes in social security and welfare programs?

4. What are the consequences of changes in educational policies?

5. What are the consequences of bankruptcy regulations?

6. What are the consequences of skill-biased technological change?

7. What are the consequences of non-convex investment adjustment costs?

8. What are the consequences of entry-exit in models of industry dynamics?

9. Political-economy of all previous questions.
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Income and Wealth Inequality from Kuhn et al. (2018)

Income and Wealth Inequality in the Long Run (SCF)
from Kuhn et al. (2018)

90% of households. The overall income Gini has risen from its postwar low of 0.43 in 1971
to 0.58 in 2016. Unsurprisingly, there is a substantial drop in inequality once the top 1% of
the distribution is excluded, but the increase in the Gini coefficient among the bottom 99%
is still substantial. Also, within the bottom 90% income inequality has widened, yet this has
mainly occurred between 1971 and 1989. The rise in inequality in the past three decades
has played out mainly at the very top of the income distribution.
Turning to wealth, it is well known that wealth is considerably more unequally distributed
than income. The wealth Gini has fluctuated around 0.8 for most of the postwar period. It
is also apparent that the Gini for wealth did not change much, if at all, between 1950 and
2007. By 2007, it stood at 0.82 and was only marginally higher than in both 1950 and 1971.
However, the Gini coefficient increased substantially between 2007 and 2016.
Figure 5 shows the Gini coefficients together with 90% confidence intervals.20 The Gini
coefficients are tightly estimated, although the confidence bands are somewhat wider in the
historical data. The observed long-run trends are clearly statistically significant. America is
considerably more unequal today than it was in the 1970s, with respect to both income and
wealth.

Figure 5: Gini coefficients with confidence bands
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Notes: Gini coefficient of income (panel (a)) and wealth (panel (b)) with 90% confidence bands. Confidence
bands are shown as gray areas, and point estimates are connected by lines. Confidence bands are boot-
strapped using 999 different replicate weights constructed from a geographically stratified sample of the final
dataset.

20All confidence bands are computed using 999 replicate sample weights. Replicate weights are provided
for the modern SCF surveys after 1983. For the historical surveys, we construct comparable 999 replicate
weights. We compute sample weights for each draw of a geographically stratified sample from the final data
after imputations and adjustments.
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Return Heterogeneity from Norway

• Strong positive correlation between level of financial wealth and
realized returns (Fagereng et al., 2018).

Figure 2. The correlation between financial wealth and its return
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Notes: The figure shows the relation between returns to financial wealth and financial wealth percentiles pooling data for
2005-15. Panel A shows the relation for the average (solid line) and median (dashed line) return on all financial assets. Panel
B shows the relation distinctly for the return to safe assets (left figure) and the return to risky assets (right figure), together
with a local regression line.
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Inequality Trends over Time: Top Marginal Tax RatesMotivation: Top Marginal Income Tax Rates
The Top 1 Percent in International and Historical Perspective     7

the twentieth century. The most obvious policy difference—between countries and the twentieth century. The most obvious policy difference—between countries and 
over time—regards taxation, and it is here that we begin.over time—regards taxation, and it is here that we begin.

Taxes and Top Shares
During the twentieth century, top income tax rates have followed an inverse During the twentieth century, top income tax rates have followed an inverse 

U-shaped time-path in many countries, as illustrated in Figure  3. In the United U-shaped time-path in many countries, as illustrated in Figure  3. In the United 
States, top income tax rates were consistently above 60 percent from 1932 to 1981, States, top income tax rates were consistently above 60 percent from 1932 to 1981, 
and at the start of the 1920s, they were above 70 percent (of course, varying propor-and at the start of the 1920s, they were above 70 percent (of course, varying propor-
tions of taxpayers were subject to the top rate). High income tax rates are not just tions of taxpayers were subject to the top rate). High income tax rates are not just 
a feature of the post-World War II period, and their cumulative effect contributed a feature of the post-World War II period, and their cumulative effect contributed 
to the earlier decline in top income shares. While many countries have cut top to the earlier decline in top income shares. While many countries have cut top 
tax rates in recent decades, the depth of these cuts has varied considerably. For tax rates in recent decades, the depth of these cuts has varied considerably. For 
example, the top tax rate in France in 2010 was only 10 percentage points lower example, the top tax rate in France in 2010 was only 10 percentage points lower 
than in 1950, whereas the top tax rate in the US was less than half its 1950 value.than in 1950, whereas the top tax rate in the US was less than half its 1950 value.

Figure  4 plots the changes in top marginal income tax rates (combining Figure  4 plots the changes in top marginal income tax rates (combining 
both central and local government income taxes) since the early 1960s against both central and local government income taxes) since the early 1960s against 
the changes over that period in top 1 percent income shares for 18 high-income the changes over that period in top 1 percent income shares for 18 high-income 
countries in the World Top Incomes Database. It shows that there is a strong corre-countries in the World Top Incomes Database. It shows that there is a strong corre-
lation between the reductions in top tax rates and the increases in top 1 percent lation between the reductions in top tax rates and the increases in top 1 percent 

Figure 3
Top Marginal Income Tax Rates, 1900 – 2011

Source: Piketty and Saez (2013, fi gure 1).
Notes: The fi gure depicts the top marginal individual income tax rate in the United States, United 
Kingdom, France, and Germany since 1900. The tax rate includes only the top statutory individual 
income tax rate applying to ordinary income with no tax preference. State income taxes are not included 
in the case of the United States. For France, we include both the progressive individual income tax and 
the flat rate tax “Contribution Sociale Generalisée.”
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Other Interesting Facts/Puzzles: Household Finance

• Substantial and increasing household debt.

• Most household debt is secured mortgage debt.
8 AMERICAN ECONOMIC JOURNAL MONTH YEAR
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Figure 2. Debt as % of Disposable Income, USA.

The Federal Reserve reports two interest rates on unsecured loans for the time periods

we examine: the average (nominal) interest rate for two-year personal loans and the

average interest rate on credit cards. We compute the real rate of interest using the one-

year ahead CPI inflation rate and then compute the average for each of the two periods,

1981-1985 and 1996-2000. This calculation implies an average real cost of unsecured

consumer borrowing of between 11% (personal loans) and 13% (credit cards). Somewhat

surprisingly, we find little change in these interest rates over time.8

The small change in real borrowing interest rates is even more surprising given the

increased rate of non-repayments on consumer loans. One common gauge of non-payment

is the charge-off rate, which measures the value of loans written off (net of recoveries)

and charged against loss reserves as a percentage of average loans.9 Unfortunately, the

8One might expect an increase in the real rate given the high inflation rates during the late 1970s
and early 1980s. However, nominal interest rates on personal loans fell during this time (from 17% to
13.7%), while average inflation declined from 5.5% in 1981-85 to 2.5% in 1996-2000.

9See Mark Furletti (2003) for an overview of data sources and measurement methodology of charge-
offs. While roughly 40% of credit card charge-offs are due to bankruptcies, the rest are mandatory
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Other Interesting Facts/Puzzles: Household Finance

• Unsecured debt rising, too.

VOL. VOL NO. ISSUE ACCOUNTING FOR THE RISE IN CONSUMER BANKRUPTCIES 9
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Figure 3. Unsecured and Revolving Credit as % of Disposable Income.

charge-off rate series constructed by the Federal Reserve Board begins in 1985. To extend

this series backwards, we splice it with another series reported by Lawrence M. Ausubel

(1991). The average one-year ahead charge-offs on credit cards rose from about 1.9%

to 4.8% between the 1981-85 and 1996-2000 periods. As Figure 4 illustrates, charge-offs

move in parallel with the bankruptcy rate.

II. Environment for Evaluating the Explanations

In this section we outline the model we use to evaluate the different stories, and describe

our benchmark parametrization.

A. The Model

We extend the “Fresh Start” model of consumer bankruptcy in Livshits, MacGee and

Tertilt (2007) by allowing for three additional costs of bankruptcy (a utility cost, a burning

charge-offs in response to delinquent loans, many of which ultimately end up in bankruptcy.
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Other Interesting Facts/Puzzles: Household Finance

• Households default more.

• Households default on more debt.

10 AMERICAN ECONOMIC JOURNAL MONTH YEAR
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Figure 4. Bankruptcy Filings and Credit Card Charge-Off Rates. %.

cost, and a fixed cost of filing) as well as an interest rate ceiling. These extensions allow

us to evaluate several channels through which changes in the credit market environment

could have caused the rise in bankruptcies.

The model economy is populated by overlapping generations of J-period lived house-

holds. Each generation is comprised of measure 1 of households facing idiosyncratic

uncertainty. There is no aggregate uncertainty. Markets are incomplete and agents can

borrow using non-contingent person-specific one-period bonds and save at an exogenously

given interest rate.10 Households have the option to declare bankruptcy.

10As this paper focuses on the market for unsecured debt (which comprises a small fraction of total
borrowing in the U.S.), significant feedback effects on the aggregate risk-free interest rate seem unlikely.
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When is heterogeneity important? II

• Questions about aggregation bias:

1. Does heterogeneity matter for aggregate quantities and prices along the balanced growth path?

2. Does heterogeneity matter for aggregate quantities and prices over the business cycles?

3. And for the welfare cost of business cycles?

4. What is the relation of heterogeneity and asset prices?

5. What are the (aggregate and distributional) effects of temporary tax cuts?

6. What are the (aggregate and distributional) effects of monetary policy?

7. How does price stickiness matter for the business cycle?

8. What is the relation of wealth inequality and financial frictions?

9. Political-economy of all previous questions.
9



Implications

• Relation of this class of models with empirical micro, especially labor economics, industrial

organization, and international trade.

• Thus, fruitful area for cross-fertilization.

• Plenty of work to be done:

1. Substantive questions.

2. Solution methods.

3. Taking the models to the data.
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A warning

• But, before we continue, a word of caution: not every question requires a model with heterogenous

agents.

• And, even it does, we can have an exact aggregation result:

1. Irrelevance result: Caplin and Spulber (1987).

2. Exponential structure of distribution: Calvo pricing.

3. Quasi-representative agent: Angeletos (2007).

4. Block-recursivity: Menzio and Shi (2010).

• Subtle issue of how to compare a RA and a HA model.
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A short history

• Early start in the 1980s.

• Relation with micro data revolution.

• Certain disappointment in the early 2000s.

• Revival during the last decade.

• Why?

1. New solution methods.

2. Better computers and parallelization.

3. “Everything is data”: (plain text, library records, parish and probate records, GIS data, electricity

consumption, satellite imagery, web scraping, network structure, social media, ...).

12



Parish and probate data
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Satellite imagery
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Cell phone usage
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Type of models with heterogeneous agents, I

• Number of agents:

1. Two (or a few agents): asset pricing, monetary economics.

2. Several agents: OLG, networks, regions, industry dynamics, international trade.

3. Continuum of agents: households, firms, ....

• We will focus on models with a continuum of agents. Why?

• I will make some references to models with several agents, as I believe there will be a fruitful area of

research during the next decade.
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Type of models with heterogeneous agents, II

• Equilibrium effects:

1. Partial equilibrium.

2. General equilibrium.

• Aggregate shocks:

1. No aggregate uncertainty: Aiyagari (-Bewley-Huggett) models.

2. Aggregate uncertainty: Krusell-Smith models.
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Type of models with heterogeneous agents, III

• Convex vs. non-convex problems.

• Ex ante vs. ex post heterogeneity.

• Discrete vs. continuous time.

• HA models vs. ABE.
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Computation of heterogenous agent models

• The big bottleneck for the practical implementation of models with heterogeneous agents is

computation.

• While usually we do not even have many theoretical results, lack of quantitative results make the

model close to useless.

• There are many aspects of the computation of models with heterogeneous agents, but I will focus on

the issues most specific to the field.

• I will explain why I find machine learning a promising approach to solve models with heterogeneous

agents.
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Taking heterogenous agent models to the data

• So far, most work has been done in terms of calibration.

• However, there are important reasons to implement fully-fledged estimation procedures.

• Building of moments and/or likelihood function is time-intensive.
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