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Motivation

Wealth and income are very unevenly distributed.

How can we understand where this inequality comes from?

We follow the literature from its start.
We try to understand how research is implemented.

▶ What makes a good paper?
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Income Levels

CBO

THE DISTRIBUTION OF HOUSEHOLD INCOME AND FEDERAL TAXES, 2013 JUNE 2016 33

Figure 3. Return to Reference

Average Market Income, by Market Income Group, 2013

Source: Congressional Budget Office.
Market income consists of labor income, business income, capital gains (profits realized from the sale of assets), capital income excluding capital gains, 
income received in retirement for past services, and other sources of income. 
Income groups are created by ranking households by market income, adjusted for household size. Quintiles (fifths) contain equal numbers of people; 
percentiles (hundredths) contain equal numbers of people as well.
For more detailed definitions of income, see the appendix.

Table 2. Return to Reference

Components of Average Market Income, by Market Income Group, 2013

Source: Congressional Budget Office.
Income groups are created by ranking households by market income, adjusted for household size. Quintiles (fifths) contain equal numbers of people; 
percentiles (hundredths) contain equal numbers of people as well.
For more detailed definitions of income, see the appendix.
a. Includes income received in retirement for past services and other sources of income.

Lowest Quintile

Second Quintile
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Top 1 Percent

0 200 400 600 800 1,000 1,200 1,400 1,600

Highest Quintile

Thousands of Dollars

Average for
Entire Quintile

Average Market Income (Dollars) 8,300 32,600 58,600 94,900 259,900 86,400 140,300 195,300 321,500 1,570,800

Share of Market Income (Percent)
Labor income 66 75 80 82 65 73 82 80 70 36
Business income 11 5 3 3 12 8 4 6 12 23
Capital income and gains 5 4 3 3 16 11 5 6 12 38
Other incomea 18 17 14 11 7 8 9 9 7 3

AllQuintiles Top 1
Percent81st–90th 91st–95th 96th–99th

Percentiles
HouseholdsLowest Second Middle Fourth Highest

Source: Congressional Budget Office (2016)
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Inequality Facts

Interpretation: The bottom 80 pct of households hold 15 pct of wealth.
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Inequality Facts

The top 1 pct are rich!
Wealth distribution is most unequal.
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Age is Important

Santiago Budria Rodriguez, Javier Diaz-Gimenez, Vincenzo Quadrini, Jose-Victor Ros-Rull 
Updated Facts on the U.S. Distributions of Earnings, Income, and Wealth 

Charts 10-21 
Four Dimensions of Inequality 

Charts 10-12 U.S. Households Partit ioned by Age . . . 

Chart 10 Averages 

25 and 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Over 65 
under 

Chart 11 Gini Indexes 

25 and 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Over 65 
under 

Chart 12 Sources 

25 and 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Over 65 
under 

Labor 
Capital 
Business 
Transfers 

*Data are normalized by dividing by the sample averages. 
Source: 1998 Survey of Consumer Finances 

17 

Source: Rodríguez et al. (2002)
Wealth peaks much later than earnings.
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Growing Inequality over Time

Charles I. Jones     31

Two key results stand out. First, until recently, there is remarkably little growth 
in the average GDP per person at the top: the value in 1913 is actually higher than 
the value in 1977. Instead, all the growth until around 1960 occurs in the bottom 
99.9 percent. Second, this pattern changed in recent decades. For example, average 
growth in GDP per person for the bottom 99.9 percent declined by around half 
a percentage point, from 2.3 percent between 1950 and 1980 to only 1.8 percent 
between 1980 and 2007. In contrast, after being virtually absent for 50 years, growth 
at the top accelerated sharply: GDP per person for the top 0.1 percent exhibited 
growth more akin to China’s economy, averaging 6.86 percent since 1980. Changes 
like this clearly have the potential to matter for economic welfare and merit the 
attention they’ve received.

Labor Income Inequality

Basic Facts
One of the key papers documenting the rise in top income inequality is 

Piketty and Saez (2003), and it is appropriate to start with an updated graph from 

Figure 1 
GDP per Person, Top 0.1 Percent and Bottom 99.9 Percent

Sources: Aggregate GDP per person data are taken from the Bureau of Economic Analysis (since 1929) 
and Angus Maddison (pre-1929). The top income share used to divide the GDP is from the October 2013 
version of the World Top Incomes Database (Alvaredo, Atkinson, Piketty, and Saez n.d.).
Notes: This figure displays an estimate of average GDP per person for the top 0.1 percent and the bottom 
99.9 percent. Average annual growth rates for the periods 1950–1980 and 1980–2007 are also reported.
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How to Study Inequality?

Suppose there were no literature on wealth inequality.
Your task is to get one started.
How would you proceed?
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A benchmark model

Can the standard life-cycle model account for wealth concentration?
Starting point: Huggett (1996)
Purpose:

▶ Explore implications of the simplest, reasonable models
▶ What is hard to get?
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The Model’s Story

A model is a story in math.

The Huggett story:

▶ Households differ in earnings
(we can observe that)

▶ High earners save a lot
(consumption smoothing)

▶ That’s an important reason why some have high wealth.
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What Kind of Model?

What model should we write down to tell that story?

We need:

▶ Households work and then retire.
That’s why they save.
Also capture that young households are poor.

▶ Households differ in earnings.
Exogenous shocks.

The rest is vanilla consumption-saving choice.
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Complications

Aren’t we missing important features of the data?

▶ Rich households often run businesses.
▶ Some inherit their wealth.
▶ Households make choices that affect earnings

(occupations, education, work hard, ...)
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Model Features

Demographics:

▶ In each period, 1/aD identical households are born.
▶ Each lives for aD periods (years).
▶ Age of retirement is fixed (aR).

Preferences:

E
aD

∑
a=1

β
au(ca) (1)
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Model Features

Technology:
F (K,L) = (1−δ )K +C+G+K′ (2)

Endowments:

▶ Working agents are endowed with labor efficiency ηaea

▶ ηa: age-efficiency profile (deterministic; exogenous)
▶ ea: labor efficiency (wage) shock; Markov chain

ea shocks are the model’s key source of inequality.
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Model Features

Government:

▶ Taxes labor income: T = τw wL
▶ Eats G
▶ Pays transfers X to retired households (annuitized income in the data)
▶ Balanced budget: G+X = T

Markets:

▶ Labor: wage w
▶ Capital rental: r
▶ Goods: numeraire.
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Why These Model Features?

Finite lifetimes

▶ Generates young people without wealth.
▶ A good part of wealth inequality is due to age.

Taxes and transfers

▶ Without social security, workers save too much.

General equilibrium

▶ No good reason

16 / 41



Household problem

Exogenous state variables s = (a,e) are

▶ age a
▶ labor endowment e.

Endogenous state variable: wealth k.
Borrowing constraint: k ≥ 0.
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Household Dynamic Program

V (k,s) = maxu
(
y(k,s)− k′

)
+βEV

(
k′,s′

)
(3)

with
y(k,s) = Rk+w(1− τw)ηae+ϖ (s) (4)

subject to k′ ≥ 0 (or a fixed borrowing limit).

Euler equation:
u′(c)≥ βREu′(c′) (5)

with equality if k′ > 0.
Solution is a consumption function y(k,s)
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Stationary equilibrium: objects

▶ Γ(k,s): distribution of households over states
▶ Household policy function c(k,s) and value function V(k,s).
▶ Aggregate quantities: K,L,X.
▶ Price functions: r(K,L),w(K,L).
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Equilibrium conditions

Household policy and value functions are optimal.
Prices equal marginal products:

▶ r = FK(K,L),w = FL(K,L).

Goods market clears: Y = C+ I +G.
Labor market clears: L = ∑s e(s)η (s)Λ(s).

▶ Labor supply is exogenous.

Capital market clears: K = ∑s
∫

k Γ(k,s)k dk.
Distribution of households is stationary.
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3. Calibration



How to Choose Model Parameters?

Estimation

▶ Add shocks to the model
until it can generate all data with positive probability

▶ Use standard statistical methods
such as Maximum Likelihood

▶ Treats the model as the true data generating process.
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How to Choose Model Parameters?

Calibration

▶ Take some parameters from outside evidence
E.g., risk aversion or labor supply elasticity

▶ Other parameters match selected data moments
E.g., mean wealth, average hours worked
Explain why these are “good” moments to match.

▶ Minimize “distance” between model and data moments
E.g., mean wealth model vs. mean wealth data

▶ Arbitrary measure of distance.

Target moments should not directly relate to question!
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Estimate or Calibrate?
No clear winner.

Trade-offs ...

Discipline

▶ Calibration: Target moments and distance measure are arbitrary.
But sometimes that’s also true for estimation (method of moments).

Focus on relevant data moments

▶ The flip-side of discipline.
▶ With MLE, the model must match all observed behavior.
▶ What moments drive estimates? Are those useful?

Transparency

▶ Calibration: clear mapping from moments → parameters → results
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The Deeper Question

What do models do?

Applied micro:

▶ Models are “realistic” representations of reality.
▶ If it happens in the data, it must happen in the model.
▶ Reasonable to treat the model as the true data generating process.
▶ Always estimate.

Macro:

▶ Models are stories in math.
▶ Realism is not a goal.
▶ Focus on the story’s core mechanism.
▶ Usually calibrate or use method of moments.
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Old vs New Calibration

Original calibration

▶ exactly identified
▶ N parameters / N data moments
▶ that’s what Huggett does

More recent calibration

▶ over-identified
▶ more data moments than parameters

“Modern” calibration is very similar to estimation via Simulated Method of Moments.

Calibration vs estimation is not black-and-white.

Reference: Macroeconomics, ch. 8
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Calibration: Huggett (1996)

“Standard” functional forms

▶ e.g., Cobb Douglas technology, CRRA preferences
▶ What does “standard” mean?

Directly from the data:

▶ age profile e(a)→ observed age-wage profile
▶ stochastic process for wages:

AR(1) that is estimated from panel data (PSID).
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Calibrated Parameters

Calibration idea:

▶ discount rate β → K/Y
▶ depreciation rate δ → R
▶ productivity A → w = 1 (normalization)
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Results

Main question:
What features of the wealth distribution can the model (not) get?

Main result: the top 1% are not rich enough.
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Results

Fraction held by top 1% 5% 20% Gini Fraction neg. wealth
Huggett (1996) 10.8 32.4 68.9 0.70 19%
U.S. data 34.7 57.8 81.7 0.80 11%

The model has too many households without wealth.
Still, the wealth Gini is lower than in the data.

The key failure: the top 1%

The literature has been preoccupied with matching the top 1% ever since.
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Age profiles

486 
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M. Huggett / Journal of  Monetary Economics 38 (1996) 469-494 
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Fig. 2. Wealth profiles. 

discount factor due to their decreased survival probability. This means that 
agents eventually prefer a decreasing consumption profile and therefore run 
their assets down to low levels, x4 Second, this effect is strengthened further 
because agents receive a social security annuity that cannot be sold in the 
market. This means that agents reduce their nonsocial security wealth first. 
Finally, these agents no longer have a precautionary savings motive as they do 
not receive labor income and are not subject to health uncertainty or other 
shocks that could motivate precautionary asset holdings in old age. 

The age-wealth distribution in the model economy can be compared to the 
cross-sectional distribution in the US economy. The data for the US economy is 
presented in Fig. 3. The data is from Radner (1989) and is based on the 1984 
Survey of Income and Program Participation (SIPP). Figs. 2 and 3 are similar in 
a number of respects. First, the fact that the median lies below the mean 
indicates that the wealth distribution within each age group is skewed to the 
right in both the model economy and the US economy. Second, a high fraction 
of young agents hold zero and negative wealth in both economies. Finally, 
a high fraction of agents in all age groups hold either very little or zero wealth in 
both economies. 

Diamond and Hausman (1984) describe the low wealth-holding of households 
in their prime earnings years. They calculate that 7 percent of their sample of 

14Leung (1994) argues that in continuous time models agents will run down assets to zero before the 
terminal period. 

M. Huggett / Journal of  Monetary Economics 38 (1996) 469 494 
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men aged 45 59 held negative net wealth. Diamond and Hausman (1980, p. 84) 
state: 'The presence of so little wealth accumulation is, itself, a reflection on the 
limitations of at least the strongest versions of the life-cycle theory'. It is 
therefore interesting to note that the life-cycle economies considered here 
introduce earnings variation as the sole source of heterogeneity within an age 
group. Nevertheless, the model economies generate a surprising amount  of low 
wealth-holdings even among agents aged 45-59. In Fig. 2 the peak wealth level 
for the 10 percent quantile occurs at age 55 at a wealth level of 1.2. Since the 
output per person in the model economy is 1.63, this level corresponds 
to a maximum wealth level of about  70 percent of average annual income 
in the economy. Thus, it seems that even relatively simple modifications 
of the basic life-cycle model can come close to these low wealth-holding 
observations. 

One of the main reasons why agents aged 45-59 hold so little wealth in this 
model is that social security benefits are independent of earnings history. Thus, 
agents with low earnings are anticipating very generous benefits and therefore 
carry low asset levels into retirement. The opposite occurs for agents with very 
high earnings. They realize that social security benefits will be a small fraction of 
current earnings and therefore carry high asset levels into retirement. It would 
be interesting to see how sensitive the low asset holding results of this paper  are 
to over estimating the redistribution that goes on within an age group through 
the social security system. This could be done by modeling more carefully the 

The old dissave much too fast.
This is from a model with borrowing.
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Age matters too much

Too little inequality among the old.

Santiago Budria Rodriguez, Javier Diaz-Gimenez, Vincenzo Quadrini, Jose-Victor Ros-Rull 
Updated Facts on the U.S. Distributions of Earnings, Income, and Wealth 

Charts 10-21 
Four Dimensions of Inequality 

Charts 10-12 U.S. Households Partit ioned by Age . . . 

Chart 10 Averages 

25 and 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Over 65 
under 

Chart 11 Gini Indexes 

25 and 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Over 65 
under 

Chart 12 Sources 

25 and 26-30 31-35 36-40 41-45 46-50 51-55 56-60 61-65 Over 65 
under 

Labor 
Capital 
Business 
Transfers 

*Data are normalized by dividing by the sample averages. 
Source: 1998 Survey of Consumer Finances 
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Wealth and earnings
Wealth and lifetime earnings are too strongly correlated.
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Life-cycle model versus Venti and Wise (2000) data (5th lifetime income decile)
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The Top 1 Percent

How to get the top 1% to hold enough wealth?

▶ A major preoccupation of the literature for decades.

What goes wrong in Huggett’s model?

1. The income-rich are not rich enough.
There are no billion dollar incomes.
The only income source is labor earnings.

2. The rich don’t save enough.
Households eat all their wealth by the time they die.
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An accounting problem

Given the estimated earnings process, it is not feasible for Huggett’s households to
accumulate the highest SCF wealth observations.

▶ The earnings process is estimated from the PSID.
▶ Wealth is estimated from the SCF.
▶ The SCF over-samples the rich; the PSID does not.

The model cannot account for the highest wealth observations by construction.

▶ The highest PSID incomes are simply not large enough.

Problem: There is no publicly available U.S. dataset from which an untruncated
earnings process could be estimated.
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Possible solutions

One solution: Castaneda et al. (2003)

▶ Invent an earnings process that is consistent with the cross-sectional distribution of
earnings from the SCF

Use administrative data: De Nardi et al. (2018)
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How to Get the Rich to Save?

1. Bequests - leave your wealth to your children.
Problem: most wealth is not inherited.

2. High rates of return.
... but why?

3. Entrepreneurship
Generates high returns and incentives to save.
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Conclusion

Huggett’s model goes a long way towards accounting for wealth inequality.
Main discrepancies:

▶ Model misses the very top of the distribution.

This may be due to the truncated earnings process.

▶ Wealth is decumulated too slowly at old age.
▶ The model only accounts for the cross-sectional distribution

How does it do with respect to other moments?
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Reading

Macroeconomics, ch. 8

Surveys

▶ De Nardi and Fella (2017)
▶ Benhabib and Bisin (2018)
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