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Abstract

This thesis provides empirical evidence on heterogeneity in returns on wealth among

U.S. households. Chapter 1 provides a summary of how return heterogeneity has

been theoretically and quantitatively shown to be necessary in explaining wealth

inequality. It discusses the limited empirical evidence driven primarily by a lack of

adequate panel data on household returns.

Chapter 2 presents a new method to construct panel data on household-level rates

of return in the United States using the newly revised Panel Study of Income and

Dynamics (PSID) data. Returns are calculated for total household assets and wealth

as well as within five asset classes. This panel data provides the first return measure

for the total household portfolio, and it is the first to include net investment in the

measure of capital gains. Empirical evidence is documented on the degree of return

and risk-adjusted return heterogeneity and returns’ correlation with wages.

Chapter 3 uses fixed effects with empirical Bayes shrinkage to document per-

manent heterogeneity in returns across households, even within asset classes. The

majority of the permanent heterogeneity in the returns to wealth are driven by het-

erogeneity in the degree and cost of borrowing. Permanent heterogeneity in leverage

across households is also documented. Evidence is provided on how returns differ

across the wealth distribution.
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Chapter 4 documents the degree of idiosyncratic asset return risk, its serial cor-

relation, and its correlation with wage risk. Sizeable transitory idiosyncratic return

risk is documented for total household assets and for returns within each asset class.

Idiosyncratic shocks to wages are found to be correlated with idiosyncratic shocks to

returns in specific asset classes. Return and wage risk correlation and return serial

correlation are found to depend on a household’s age and homeownership.

By providing a new source for panel data on rates of return, this thesis presents the

first empirical evidence on the nature and degree of return heterogeneity in the United

States. Chapter 5 summarizes the empirical evidence. It highlights the implications

for the literature on portfolio choice and for the structure and calibration of return

heterogeneity in quantitative models to study wealth and income inequality.
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Chapter 1

Stochastic Returns to Wealth: An Introduction

1.1 Motivation

The effect of uninsured idiosyncratic labor income risk on savings and physical cap-

ital accumulation has been analysed extensively in the quantitative macro models

of Aiyagari (1994), Caballero (1991), and Huggett (1996). In models with homoge-

neous returns and heterogeneous labor earnings, the distribution of wealth exhibits

the properties, including the tail behaviour, of labor earnings, as shown by Grey

(1994). However, in reality, the distribution of wealth is much more unequal than

labor income. Models that utilize very skewed labor earnings to replicate wealth

earnings (for example, Angeletos and Calvet, 2006) imply unrealistic earnings at the

top compared to median earners, with over ten times the average compared to the

data as noted by Benhabib et al. (2015). Moreover, such models fail to account for

the fact that the distribution of asset income is more unequal than wealth. Tradi-

tionally, such Bewley-type models (Bewley, 1977) assume that individuals can only

save with a risk-free bond with a common and constant return. Current theoretical

and empirical evidence suggests that this is not the case.
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A theorem by Kesten (1973) avers that, under certain conditions, wealth distri-

butions are skewed and thick-tailed in the presence of heterogeneity in the return to

wealth. This occurs even without skewed or thick-tailed returns to wealth. The the-

orem of Kesten (1973) and Grey (1994) accompanied with the evidence that wealth

is more skewed and thick-tailed than earnings, places the emphasis on heterogeneity

in returns to wealth in explaining wealth inequality.

This is precisely the finding in quantitative macroeconomic models with exoge-

nous heterogeneity in returns. Studies that have focused on the relative contribution

of return heterogeneity compared to other potential explanations of wealth inequality

(such as labor income risk and bequests) have structurally estimated models of return

heterogeneity to replicate cross sectional data (Cagetti and De Nardi, 2009; Benhabib

et al., 2011, 2015).1 Such studies find that heterogeneity in returns is critical to match

the thickness of the right tail of wealth. Idiosyncratic return is also found to be im-

portant in explaining social wealth mobility, especially downward mobility (Benhabib

et al., 2019). However, the downside of these structural estimations is that both the

dispersion of return heterogeneity and the contribution of return heterogeneity to

wealth inequality are conditional on the structure of underlying return heterogeneity,

of which very little is known.

In addition to a potential explanation of wealth mobility and tail behaviour of

wealth distributions, return heterogeneity may also be important to explain the recent

growth in wealth inequality. Gabaix et al. (2016) examine the wealth concentration

in the steady state and the speed of the transition across steady states. They find

that standard models cannot explain rapid changes in tail inequality but that a model

1Benhabib et al. (2019) structurally estimate the cross sectional standard deviation of returns to
be 2.73% with an average of 3.35%. They also calibrate a small and positive correlation of returns
across generations.
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with both type-dependence (returns to wealth that permanently increase wealth) and

scale-dependence (returns to wealth that increase with household wealth) in returns

can explain rapid changes in tail inequality.2

Despite these insights into the potential importance of return heterogeneity, the

above-mentioned studies have been agnostic on what causes returns to differ across

households. In the Merton-Samuelson framework, heterogeneity in returns is driven

by heterogeneity in risk preference that is fully captured by portfolio allocation. Thus,

conditioning on the share of risky assets in a portfolio, total returns to wealth should

be identical across investors. The framework also suggests that, even when returns are

homogeneous within asset classes, people can have heterogeneous returns to wealth

by varying portfolio shares when risk preferences are heterogeneous.

Undiversifiable assets offer another possible explanation for why returns can be

heterogeneous even after controlling for portfolio shares. For example, entrepreneurs

are concentrated at the top of the income distribution and tend to hold a very large

share of their wealth in private capital that is subject to high degrees of risk (Angeletos

and Calvet, 2006; Angeletos, 2007; Heaton and Lucas, 2000; Moskowitz and Vissing-

Jørgensen, 2002; Quadrini, 2000; Cagetti and De Nardi, 2008, 2009; Nirei and Aoki,

2016). Quantitative macroeconomic models of entrepreneurial activities have been

successful in replicating the fact that few households have disproportionately large

asset income and wealth.

In practice, return heterogeneity not derived from risk-return characteristics could

2Khieu and Wälde (2018) also find that type dependence in returns is important to explain the
cross-section of wealth and dynamics of the wealth distribution.
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arise for several reasons. In the literature attempting to explain limited stock mar-

ket participation, theoretical contributions have suggested that return heterogene-

ity could potentially arise from restricting market access (e.g. Cocco et al., 2005;

Guvenen, 2009), which may be due to knowledge acquisition (Lusardi et al., 2017;

Kacperczyk et al., 2018)3. In another framework, Kaplan and Violante (2014) and

Kaplan et al. (2018) generate scale dependence (i.e. returns to wealth are increasing

in wealth) due to a fixed cost of portfolio adjustment for high-return illiquid assets.

Tax and transfer policies may also influence returns across the wealth distribution

(Kaymak and Poschke, 2016). Finally, background risk from heterogeneous labor

income risk can influence asset allocation (Palia et al., 2014; Chang et al., 2018).

Despite the potential importance of return heterogeneity in determining wealth

inequality, there is a fundamental lack of empirical evidence on why and to what

extent returns are heterogeneous across households. The lack of available data on

realized returns at the individual and household level has been the primary limiting

factor. This is precisely the gap that this thesis fills.

1.2 The New PSID Return Measures

As suggested in the survey of Benhabib et al. (2019), “data on stochastic returns

are relatively hard to find.” (Page 20). Chapter 2 proposes a method to construct

panel data on rates of return in the United States to provide a source of empirical

evidence on the nature and degree of return heterogeneity. To do this, the redesigned

Panel Study of Income and Dynamics (PSID) data is used to construct panel data on

household returns. Starting in the 1999 wave, the redesigned PSID began collecting

3Lusardi et al. (2017) find that such learning mechanisms can account for approximately one
third of wealth inequality.
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information on net investment and in 2010 began collecting information on all asset

values. The method uses this information and builds upon previous research that

constructed rates of return for specific assets in the PSID (Flavin and Yamashita,

2002; Cao and Luo, 2017).

These measures provide the first source of panel data on realized returns to both

total household assets and total household wealth in the United States. Previous

studies have only considered a subset of assets (Bach et al., 2016; Cao and Luo, 2017;

Fagereng et al., 2018). Moreover, returns are evaluated for five asset classes: risk-free

assets, primary and secondary real estate, private equity, and public equity. These

measures of returns are also the first to include net investment in the measure of

capital gains.

Significant heterogeneity in returns is found for total portfolio returns and for

returns within asset classes. The unweighted average real return to total household

assets is found to be 2.5 percent with a standard deviation of 9.8 percent. The hetero-

geneity within asset classes is found to be greater than the heterogeneity in returns

found in comparable aggregate benchmarks. For example, the return to primary

housing assets has a mean of 5.2 percentage points and a standard deviation of 11

percentage points.

Only risk-free returns are found to be correlated with wages. Across asset classes,

the return to primary housing assets is found to be positively correlated with the

return to secondary housing assets and have a small negative correlation with real

risk-free returns at the 10 percent level. This suggests that these cross correlations

are limited in the portfolio decisions of households.

Heterogeneous risk-adjusted returns, as measured by the Sharpe ratio, are also
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documented for total household wealth and for each asset class. This provides evi-

dence that not all of the heterogeneity is driven by differences in risk taking. Portfolio

concentration in housing and private equity is found to positively contribute to the

Sharpe ratios of households. A significant difference between the return to private

equity and public equity is documented in contrast with the evidence in Moskowitz

and Vissing-Jørgensen (2002).4

By proposing a new measure of returns, Chapter 2 opens several possibilities to

examine the evidence on the constitution of return heterogeneity. The data offers

unique insights into the total portfolios of households, superior measures of capital

gains, and insights into heterogeneity within asset class. Chapters 3 and 4 utilize this

data set to answer some of the most pertinent questions on return heterogeneity.

1.3 Scale and Type Dependence in Returns

Chapter 3 documents scale- and type-dependence in returns to total households assets

and wealth. Type-dependence is estimated using fixed effects with empirical Bayes

shrinkage. This is the first documentation of the degree of household-specific returns

to wealth in any country and for returns to assets in the United States.

Substantial household-specific returns to wealth, i.e. type-dependence arising from

permanent differences in returns, is observed between households. Chapter 3 empir-

ically documents the standard deviation of the household-specific returns to total

household assets of 3.94 percentage points. A comparison of returns to assets and

wealth suggests that the majority of the dispersion in the household-specific returns

4Kartashova (2014) and Fagereng et al. (2018) have also documented a significant difference
between the returns to private equity and public equity using the US Survey of Consumer Finances
(SCF) and Norwegian tax administrative data, respectively.
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to wealth arises due to heterogeneity in the degree of borrowing and the cost of bor-

rowing. Households are documented to permanently differ in their degree of leverage,

which is found to explain the majority of the heterogeneity in the returns to total

wealth.

This is also the first study to examine household-specific returns by asset class.

For every asset class, substantial household-specific returns are documented. This

suggests that all asset classes may potentially contribute to household-specific re-

turns. Moreover, within each asset class, household-specific leverage is documented,

suggesting that the majority of the dispersion in the returns to wealth within asset

classes is due to permanent differences in heterogeneity within asset classes.

Since it is clearly documented that the majority of the differences in the return

to wealth is driven by differences in leverage, the analysis then focusses on the de-

construction of the household heterogeneity in returns to assets. The analysis de-

constructs how observable household and portfolio characteristics contribute to het-

erogeneity on returns to assets. Surprisingly, portfolio allocation is found to explain

only a small share of the total household-specific return. Higher values of household-

specific returns are associated with household-specific degrees in risk taking. How-

ever, even when portfolio characteristics and household observable characteristics are

accounted for, returns continue to permanently differ across households.

With type-dependence estimated, Chapter 3 then examines how average returns

and household-specific returns exhibit scale dependence. Surprisingly, returns to

wealth are found to be declining in total household wealth due to lower leverage of

wealthy households. That said, wealthier households are found to have higher perma-

nent returns to assets, and the wealthiest households are found to maintain leverage
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for private business and secondary housing assets. Scale dependence for returns to

wealth is also documented to occur due to the regressivity of after-tax mortgage rates

and declining borrowing costs of the wealthy.

1.4 Idiosyncratic Return Heterogeneity

Chapter 4 documents the structure and magnitude of U.S. households’ idiosyncratic

asset return risk and its correlation with idiosyncratic wage risk. Sizeable idiosyn-

cratic asset return risk is documented for total household asset returns and for returns

within asset classes. This transitory idiosyncratic asset return risk exists concurrently

with household-specific returns documented by Fagereng et al. (2018) and in Chapter

3. This suggests that quantitative macro models seeking to capture the dynamics

of return heterogeneity would need to model both the household-specific and the

transitory idiosyncratic components.

Importantly, idiosyncratic risk to returns are found to be correlated with idiosyn-

cratic risk to wages. Permanent shocks to wages are found to be positively correlated

with the return to private business assets and negatively correlated with the return

to secondary housing assets. For secondary housing, the negative correlation provides

insurance against permanent wage shocks. Permanent shocks to wages are also found

to be positively correlated with capital gains to primary housing assets but not with

the total return to primary housing. This highlights the importance of encompassing

measures of returns to housing that are not limited to changes in house prices.

Positive serial correlation in wages and negative serial correlation in returns are
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found for households with primary home and public equity ownership. Older house-

holds are found to experience significant negative serial correlation in transitory id-

iosyncratic shocks to returns.

Return and wage risk correlation is found to decrease as households age. Younger

households experience a positive correlation of transitory idiosyncratic risk to wages

and asset returns. This arises primarily from capital gains of primary housing being

correlated with shocks to wages of young workers. In contrast, a correlation of wage

and total asset return risk is not found for older households or for the total return to

primary housing assets.

1.5 Conclusion

To summarize, this thesis proposes a novel method to construct panel data on house-

hold level returns in the United States. The data is analysed to test a number of

theories on portfolio choice, as well as type- and scale-dependence for the study of

wealth inequality. The first empirical evidence of scale-dependence in total return

to assets and wealth and within all asset classes in the United States is provided.

Evidence on idiosyncratic return risk and its correlation with wages is documented.

These findings inform the debate surrounding portfolio allocation and the importance

of return heterogeneity for the study of wealth inequality. The empirical results can

be used to directly inform the structure and magnitude of this mechanism in quanti-

tative models that include heterogeneity in returns to wealth.



10

Chapter 2

Household Return Heterogeneity: Some Evidence

Using the New PSID Return Measures

2.1 Introduction

Heterogeneity in returns to wealth has been implicated in explaining wealth inequality

(Kesten, 1973; Benhabib et al., 2011; Quadrini, 2000; Piketty, 2014) and the evolution

of wealth inequality (Gabaix et al., 2016; Khieu and Wälde, 2018). Despite the po-

tential importance of return heterogeneity, there is a lack of evidence on heterogeneity

in returns to wealth due to the scarcity of panel data at the individual and household

levels. Measurement of return heterogeneity is critical to understanding household

portfolio decisions and the relative importance of return heterogeneity in explaining

income and wealth inequality. This chapter proposes the first U.S. household-level

panel data set for realized returns. This includes returns to total household assets

and wealth as well as returns by asset class. Evidence is presented on the degree of

return heterogeneity, its correlation with wages, and how risk-adjusted returns differ

across households.

The panel data on household level returns is constructed using the redesigned
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Panel Study of Income and Dynamics (PSID). The data source provides detailed

composition of both taxable and non-taxable assets. This allows for the first data

set on realized returns to both total households assets and total households wealth

in the United States. Previous studies have only considered returns to a particular

asset class (Flavin and Yamashita, 2002; Palia et al., 2014), or a subset of household

assets (Bach et al., 2016; Cao and Luo, 2017; Fagereng et al., 2018).

Returns to assets can be calculated for total household assets due to a proposed

imputation method that uses information on reported asset values in later waves.

This method can be used since the PSID has reported net investment that allows for

a proper measurement of capital gains. The ability to observe net investment sets

this panel dataset apart from those used in previous studies. The method extends

what has already been proposed to measure rates of return on specific assets using

the PSID (Flavin and Yamashita, 2002; Cao and Luo, 2017) to calculate both the

returns to assets and wealth for the total household portfolio and for individual asset

classes.

The evidence shows that returns to primary housing are still up to twice as volatile

as comparable aggregate returns (Case and Shiller, 1989; Flavin and Yamashita,

2002). The same is true for all asset classes. The mean returns to primary and

secondary housing are documented to be 5.2 and 9.2 percentage points with standard

deviations of 11 and 30.2 percentage points, respectively. This suggests that, like

primary housing, background risk from secondary housing will influence portfolio al-

location decisions (Flavin and Yamashita, 2002). Realized returns to public equities

are also shown to be more variable then comparable aggregate benchmarks. Over-

all, the evidence suggests substantial idiosyncratic heterogeneity in returns across
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households and within asset classes.

The data also informs the debate on whether the return on private equity is larger

than the return on public equity. While returns for the two asset classes are found to

be comparable by Moskowitz and Vissing-Jørgensen (2002), Kartashova (2014)1 finds

that there is a positive difference between the return to private equity and public

equity. Using the panel data constructed in this chapter, the return to private assets

and wealth are both found to be significantly larger than the return to public equities.

This is the only study to document this significant difference for the return to private

assets, as previous studies have studied the return to private business wealth.

In fact, the average returns are found to be significantly different across all asset

classes. Both paired and unpaired tests show statistical differences in means at the 1

percentage level for all asset classes. The exception is the mean return to secondary

and public equity, for which the null of equal means is unable to be rejected.

One of the advantages of using the PSID is the ability to observe both returns

and wages. Previous studies on returns and wage correlation have been limited to the

occupational level (Davis and Willen, 2000) or a comparison of household wages with

aggregate returns (Heaton and Lucas, 2000; Campbell et al., 2001). Using the newly

constructed data, the only significant wage correlation, in levels and differences, is

between real risk-free assets and the log-real wages. Across asset classes, the return

to primary housing assets is found to be positively correlated with the return to

secondary housing assets and have a small negative correlation with real risk-free

returns, at the 10 percent level. This suggests that these cross correlations are limited

in the portfolio decisions of households.

1Kartashova (2014) extends the results of Moskowitz and Vissing-Jørgensen (2002) to document
average private and public equity returns of 16.5 and 9.2 percent, respectively, between 1989–2010
using the Survey of Consumer Finances.
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Risk-adjusted returns are also found to be significantly different across households

for all asset classes. This suggests that not all of the heterogeneity in returns is driven

by differences in portfolio allocation or risk taking within asset classes. Allocation

of the portfolio towards housing and private business assets is found to be signifi-

cantly associated with higher Sharpe ratios across households. Moreover, permanent

household characteristics such as marital status and educational attainment are sig-

nificantly associated with higher Sharpe ratios. These effects are also found to be

specific to each asset class. For example, advanced degree holders have lower Sharpe

ratios for private businesses, but higher Sharpe ratios for the other asset classes.

Overall, Sharpe ratios are found to increase with total household wealth, but this

is found to be driven by improvements in risk adjusted returns to financial assets.

In contrast, Sharpe ratios for secondary housing and private equity are stable across

the wealth distribution. The Sharpe ratio for primary housing wealth is found to be

increasing over the wealth distribution but then lower for the top 5 percentile of the

wealth distribution.

The chapter is structured as follows. Section 2.2 introduces the data source and

the calculation of the returns to assets and wealth. Section 2.3 summarizes the

measures of wealth, debt, and returns, along with returns’ wage correlation. Section

2.4 examines risk-adjusted returns across households. Section 2.5 concludes.

2.2 Data Description and Selection

The redesigned Panel Study of Income and Dynamics (PSID) data is the main dataset

for the calculation of household-level real rates of return. The main redesign innova-

tion of the PSID was the regular and detailed collection of asset income, wealth, and
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net investment. Households were surveyed every two years from 1999–2017. Rates of

return are annualized and available between 2000–2016. The year 1998 or the initial

household observation is lost due to the calculation of the return.

2.2.1 Assets and Wealth

The PSID provides detailed socio-economic information on sex, age, marital status,

education level, employment status, and geography. Data on labor and asset income

are retrospective to the year prior, whereas wealth in assets and debt are reported at

the time of the interview. Interviews are conducted early in the year (around March).

The head of the household is defined as a person over the age of 15 with the most

financial responsibility for the household.

The reported total net worth of household i at time t, wit, includes wealth in

several asset classes less other debts held by the household. The wealth in asset

classes refers to the amount the household would receive if they sold the asset and

paid off all debts associated with the asset. This includes the wealth in all vehicles

wv,it (including boats and motor homes), private equity in businesses and farms wb,it

(almost all businesses so henceforth private businesses), and the wealth in the primary

residence, wph,it, as well as any secondary housing equity such as rental properties

or cottages, woh,it. Wealth in risk-free assets, wf,it, that are not in employer-based

pensions or Individual Retirement Accounts (IRAs) is also reported and includes

checking or savings accounts, money market funds, certificates of deposit, government

savings bonds, or Treasury bills. The value of direct holdings in public stocks, ws,it

(that are not in employer-based pensions or IRAs), is also reported and includes

direct holdings in publicly held corporations, mutual funds, or investment trusts.
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Households’ wealth in private annuities and employer-based pensions or IRAs, wira,it,

are reported. Finally, all other assets, wo,it, are reported including any other savings

or assets, such as the cash value in a life insurance policy, a valuable collection for

investment purposes, or rights in a trust or estate. The total of other debt, do,it,

held by the household and not associated with any specific asset class is reported

and includes credit card, student, medical, legal and family debt. Total wealth of a

household, wit, is thus defined as follows:

wit = wb,it + wph,it + woh,it + wf,it + ws,it + wv,it + wo,it + wira,it − do,it. (2.1)

2.2.2 Imputation of Capital Gains

A difficulty in previous studies calculating returns is that asset income is reported as

a total for a year, whereas wealth is observed at a point in time. Wealth can be put

into or removed from a particular asset category, for example through accumulation

of capital gains in wealth. In the Scandinavian tax database used by Bach et al.

(2016) and Fagereng et al. (2018), wealth is reported at the end of the year, income

is reported for the year, and capital gains are reported when realized. However, in

the PSID for private businesses, primary and secondary housing assets, and stocks,

both asset values at the time of the survey as well as the flow investment and income

between the two surveys are reported in every wave. Thus, unlike previous studies,

capital gains can be observed for these assets in every period. All capital gains are

annualized.

For each asset class, the wealth in the asset is defined as the value of the asset

less debt associated with the asset. The asset value and wealth are net of fees and
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commissions. For example, the wealth in the primary residence, wph,it is defined as

the reported value of the primary residence, aph,it, less primary mortgage debt, dph,it:

wph,it = aph,it − dph,it.

For the primary residence, capital gains are defined as the change in the reported

value of the primary residence, aph,it − aph,it−1, between the two years if the house

was not sold, or the difference from the selling price, a∗ph,it, on the last reported value

if the primary residence was sold, a∗ph,it − aph,it−1, less the value of renovations and

upgrades, iph,it. Capital gains are measured between the waves and then annualized

to match asset income flows. Capital gains on primary housing, ygph,it are:

ygph,it = (1{sold=1}a
∗
ph,it + 1{sold=0}aph,it − aph,it−1 − iph,it)/2. (2.2)

Capital gains to stocks, ygs,it, private businesses, ygb,it, and secondary housing

wealth, ygoh,it are defined as the difference in net worth, ∆wj,it, less the net amount

invested, ij,it:

ygj,it = (∆wj,it − ij,it)/2, (2.3)

for j ∈ {s, b, oh}.

Net investment is the amount of money put into that asset less the amount of

money taken out of that asset class. For example, for private businesses, households

net investment is the difference between how much money the household put into

the business and how much money the household got from selling all or part of the

business. In the case of complete liquidation (say in the case of bankruptcy), the

asset value aj,it would equal zero, net investment would equal the amount received

from liquidation ij,it. Thus, returns are observed in the cases of total liquidation.
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Asset values are available for every period for holdings of public equity and for

the primary residence. Asset values are available for private businesses and secondary

housing starting in the 2011 wave. Prior to 2011, net worth but not asset values are

reported for secondary housing and private business assets. Fortunately, however,

net worth and net investment were reported. Thus, the asset values for secondary

housing and private businesses can be imputed prior to 2011 using simple accounting.

The asset value aj,it can be imputed using the change in net wealth ∆wj,it+1, and net

investment ij,it+1 as follows:

aj,it = aj,it+1 −∆wj,it+1 − ij,it+1. (2.4)

for j ∈ {b, oh}. This imputation implies that wealth accumulation from principal

payments is included in net investment. This is confirmed between 2012–2016 when

asset values, net investment, and change in net worth are all observed. The imputed

private business and secondary housing asset values are used in the calculation of

returns prior to 2011.

2.2.3 A New Measure of Returns

The returns proposed in this study are pre-tax real returns to assets and wealth. In

addition to returns to total household assets and wealth, returns are analysed for five

asset categories: risk-free assets, primary and secondary housing, private businesses,

and public equity. Observing and comparing returns to assets versus wealth allows

one to parse the role of borrowing costs and leverage in the heterogeneity of returns to

wealth. Merely focusing on the return to assets ignores that leverage is an endogenous

decision of the household.
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The return to primary housing includes capital gains, the value of housing services,

the costs of maintenance, and rental income. Let the dividend value from residence

in housing be denoted by DIVit, where

DIVit = (rr + δ)aph,it−1 + ptaxph,it, (2.5)

and rr is the real interest rate, δ is the depreciation rate, and ptaxph,it is value of

property taxes. Following Flavin and Yamashita (2002) it is assumed that rr = 0.05.

The cost of ownership is given by:

COSTit = δaph,it−1 − (1− τit)ptaxph,it (2.6)

where τit is the marginal income tax rate. It is assumed that the cost of maintenance

and repairs from depreciation are equal for both landlords and homeowners which

implies a constant physical condition of the house. Finally, households can rent a

fraction of their primary residence, RNTit, which accrues rental income yph,it, less

reduced flow consumption and the additional cost of utilities, utilsph,it:

RNTit = yph,it − κph,i(aph,it−1rr + utilsph,it) (2.7)

where κph,i is the share of the primary residence rented out. Rental income is reported

for all housing assets. Rental income is attributed to primary residence, yph,it, if the

household does not own a secondary property, and to secondary income, yoh,it, if the

household owns a secondary property. Absent direct observations of the share of the

primary residence rented, it is assumed that κph,i = 0.5 if rental income is accrued
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and κph,i = 0 if no rental income is accrued.

For ease of exposition, let the net income from primary and secondary, the nu-

merators or raph,it, and raoh,it, excluding capital gains, be denoted by ytph,it and ytoh,it,

respectively. The total return to the primary residence is thus:

rn,aph,it =
ygph,it +DIVit − COSTit +RNTit

aph,it−1

=
aph,it−1rr(1− κph,it) + yph,it + τitptaxph,it − κph,itutilsph,it + ygph,it

aph,it−1

=
ytph,it + ygph,it

aph,it−1
.

(2.8)

The return to the primary housing asset differs from the one in Flavin and Ya-

mashita (2002) in three ways. First, the tax rate is household and year specific and

calculated using the National Bureau of Economic Research tax simulator (Feenberg

and Coutts, 1993). Second, capital gains are net investment, which includes major

improvements and upgrades. This data was not available for the sample covered by

Flavin and Yamashita (2002). Third, rental income is acknowledged as a source of

income. Failure to acknowledge rental income can understate the return to hous-

ing. These three differences are also true of the return to housing in Fagereng et al.

(2018).2

The return to secondary housing is modelled allowing for the property to be owner-

occupied, rented full time, or rented intermittently. Specifically, the asset return to

2Fagereng et al. (2018) impute housing values based on aggregate housing prices and use the
average imputed house price between years in the denominator of the rate of return.
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secondary housing, raoh,it, is given by:

rn,aoh,it =


(aoh,it−1rr + τitptaxoh,it + ygoh,it)/aoh,it−1, if occupied

(yoh,it − aoh,it−1δ − ptaxohit + ygoh,it)/aoh,it−1, if rented

(2.9)

where ptaxoh,it are the property taxes on the secondary housing. It is assumed that the

tenant pays utilities. The PSID includes information on repairs and maintenance of

the primary residence beginning in 2005. To incorporate this information, the average

deprecation rate, δ, is set to the average value of repairs and depreciation costs for

the years observed, 1.7 percent. For the baseline sample, 10.3 percent of homeowners

have secondary properties, and 42.2 percent of secondary properties report rental

income.

The PSID contains detailed information on mortgage rates for primary housing.

The nominal mortgage interest rate, rnph,it, is the debt weighted average of the first

and second mortgage. The real after-tax mortgage rate, rmph,it , is measured as

rmph,it =
1 + (1− τit)rnph,it

1 + πt
− 1,

where πt is the inflation rate as measured by the consumer price inflation. The interest

costs of the primary housing are denoted mph,it. The interest payments utilize the

information on monthly mortgage payments, current interest rate on the loan, the

year the mortgage was obtained, and the years left to pay, following the TAXSIM

recommendations to calculate mortgage deductibility.

Returns to wealth for housing are calculated as the sum of capital gains and flow

income net of non-tax deductible interest payments over lagged wealth. The return
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to primary housing wealth, net of interest costs is thus:

rn,wph,it =
ytph,it + ygph,it − (1− τit)mph,it

aph,it−1 − dph,it−1
, (2.10)

and the return to secondary housing wealth is

rn,woh,it =
ytoh,it + ygoh,it − (1− τit)mohit

aoh,it−1 − doh,it−1
, (2.11)

where aoh,it−1 − doh,it−1 = woh,it−1 and aph,it−1 − dph,it−1 = wph,it−1 are the lagged

wealth in other and primary housing, respectively.

If an individual in the household actively participates in the business, the PSID

assigns half of business income to assets and half to labor. If an individual reports

business income but does not actively participate, the PSID assigns all business in-

come to business asset income. If the household reports a loss in total business

income, then the loss is attributed only to business asset income. The PSID does

not distinguish between labor and asset income from farming, so it is assumed that

farm owners actively contribute labor to farm activities and farm income is thus spilt

evenly between labor and asset income, as for the case of businesses. The flow profits

from private businesses is denoted yb,it. The return to business assets is defined as

the sum of income from business and farms plus capital gains:

rn,ab,it =
yb,it + ygb,it
ab,it−1

, (2.12)

where the return to business wealth is defined over the wealth of the business in the
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last period,

rn,wb,it =
yb,it + ygb,it

ab,it−1 − db,it−1
. (2.13)

The PSID lacks reporting on net investment into risk-free assets. The value of the

risk-free asset is thus calculated following Fagereng et al. (2018) by assuming that

wealth is the average between the current and last period. The average value of assets

in risk-free assets is thus w̄it = (wf,it + wf,it−1)/2.

Interest income is reported by the household but not allocated to a particular

asset category. Interest income from bonds, yc,it, is allocated between direct holdings

and safe assets and distinguished using the 3-month U.S. Treasury bill rate, rn,atres,t.

The interest income from bonds associated with risk-free assets is the smaller value

of the Treasury bill rate times the value of risk-free assets or the value reported from

bond interest income. That is:

yc,it =


yc,it, if rn,atres,tw̄f,it ≤ yc,it

rn,atres,tw̄f,it, otherwise

(2.14)

The remainder of the reported interest income, yq,it = yc,it−yf,it, is then allocated

to IRAs and direct public equity holdings. The return to risk-free assets, raf,it, is thus

defined as:

rn,af,it =
yf,it
āf,it

. (2.15)

Similarly, the return to public equity, rs,it, is the sum of dividends, ys,it interest

income, yq,it, and capital gains from stocks, ygs,it, over the value of IRAs w̄ira,it and
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direct holdings of public stock, ws,it−1:

rn,as,it =
ys,it + yq,it + ygs,it
w̄ira,it + ws,it−1

. (2.16)

It is assumed that households do not leverage wealth in public equities or risk-free

assets and thus their return to wealth and assets is equivalent, ras,it = rws,it. There are

two main differences with the current measure of the stocks, other than the country,

in comparison to the data sets of Bach et al. (2016) and Fagereng et al. (2018). The

first is that pension assets are included in the value of financial assets. The second

is that capital gains are computed per period, in contrast to imputed realized capital

gains.

Total household asset income includes the return to primary and secondary hous-

ing ytph,it and ytoh,it, private business income yb,it, dividends ys,it, interest income

yc,it, other asset income yo,it, and trusts ytr,it. Let total asset income, excluding capi-

tal gains be denoted by ya,it:

ya,it = ytph,it + ytoh,it + yb,it + ys,it + yc,it + yo,it + ytr,it. (2.17)

Similarly let total capital gains be denoted by, yga,it:

yga,it = ygph,it + ygoh,it + ygs,it + ygb,it. (2.18)

The total return to assets, rait, includes flow income excluding capital gains from

all assets plus the capital gains from primary housing, secondary housing, public and
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private equity:

rn,ait =
ya,it + yga,it

ab,it−1 + aph,it−1 + aoh,it−1 + as,it−1 + w̄f,it + w̄ira,it + w̄o,it + w̄v,it
. (2.19)

The return to assets represents the pre-tax return not including deductibility of

interest payments. Thus, the measure is the exogenous return to the asset if the

asset was fully paid off by the household. This distinction is made to isolate the role

of leverage, which includes the endogenous amplification of the return from leverage

and the reduction in the yield from non-tax deductible interest payments. The total

return to wealth which excludes other debts, rwxit is measured as.

rn,wxit =
ya,it + yga,it − (1− τit)(mph,it +moh,it)

wb,it−1 + wph,it−1 + woh,it−1 + ws,it−1 + w̄f,it + w̄ira,it + w̄o,it + w̄v,it
. (2.20)

The total return to wealth excluding other debt is closely related to the measure

reported by Bach et al. (2016) and Fagereng et al. (2018) in the Scandinavian tax

administrative data sets. However, their measure of return to wealth excludes asset

income and wealth from sources that are not taxable. The measure of return to

wealth in this thesis includes information on durable wealth and other valuables such

as collections that are reported by the household that would not traditionally be

reported as asset income for tax purposes. The total return to assets is the most

similar measure to the return to household “net worth” in Fagereng et al. (2018),

who use the asset value in the denominator but include primary housing interest

payments in the numerator.

The return to total wealth, rn,wit , inclusive of all debts, serves as the main measure

of return to wealth. This measure is the same as rwxit but is net of other debts, do,it,
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held by the household such as credit card, student, medical, legal and family debt:

rn,wit =
ya,it + yga,it − (1− τit)(mph,it +moh,it)

wb,it−1 + wph,it−1 + woh,it−1 + as,it−1 + āf,it + āira,it + w̄o,it + w̄v,it − do,it−1
.

(2.21)

Finally, nominal returns to assets and wealth, x ∈ {a, w} respectively, for all asset

classes j ∈ {b, ph, oh, s, f} and for total household returns j = a, are converted to

real returns using the annualized total consumer price index provided by the Federal

Reserve (CPI):

rxj,it =
1 + rn,xj,it
1 + πt

− 1.

Total household real wages, Wit, are calculated as real total household labor in-

come, Yit, over total hours worked, Hit,

Wit = Yit/Hit. (2.22)

Household labor income includes total head’s and spouse’s labor income and house-

hold labor income from businesses. Non-business labor income is the sum of total

labor income including salaries, hourly work, bonuses, tips, etc.

2.2.4 Sample Selection

The baseline analysis considers households with a continuous marital status. Obser-

vations are dropped if there is a change in the head or spouse. By including only

households with continuous marital status, no attempt is made to model asset return

risk associated with divorce and marriage. Observations are biennial from 1999–2017,

as per the survey frequency. Observations are kept only if there are three consecutive
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waves of available data on asset income, wealth, and labor income. The baseline

sample excludes Survey of Economic Opportunity (SEO) households. Households are

dropped if the head was born prior to 1920. Households are kept only if the head’s

age is between 20–70.

Outliers for wages are treated in a similar way to that of Blundell et al. (2008). A

household is dropped if the household’s total labor income is below $100. Returns are

excluded if the value of the asset or net worth in the denominator of returns is less

than $500, consistent with Fagereng et al. (2018). This ensures that returns to wealth

are finite. Hence, the analysis of returns to wealth should always be interpreted as

conditional on holding the minimum amount of wealth. Since higher minimum levels

of wealth reduce the standard deviation in returns, the minimum level of wealth is a

conservative measure of the dispersion of household specific returns. The results are

robust to various minimum levels of values for wealth and assets as discussed in later

sections.

To account for extreme values that could skew the distribution, the top and bottom

5 return observations are dropped. Then, return and wage observations are dropped

if the change or level of return to assets is beyond the studentized 99% confidence

interval. Out of all the variables used in this study, no observation was found to be

top coded or truncated at a high value.

For direct holdings of stocks, secondary housing and private businesses, an ob-

servation is dropped if the household reported ownership in the last period but the

current period’s asset value is zero and the household did not report selling any of the

asset. This requirement excludes a small number of households in the bottom tail of

the return to assets. Observations are dropped if any demographic data is missing,
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unknown, or not reported. Returns are calculated as long as all components of asset

income, net investment, debt and wealth are reported.

2.3 Data Summary

This section highlights a number of features about household-level wealth and debt

as well as the returns to assets and wealth.

2.3.1 Portfolio Composition

Before reporting the measures of returns we begin by examining the average portfo-

lio composition across the wealth distribution. Detailed wealth compositions are a

comparative advantage of the PSID as it includes non-taxable assets unlike the Scan-

dinavian tax administrative data sets of Bach et al. (2016) and Fagereng et al. (2018).

Specifically, vehicles and other wealth, such as valuable collectables, are missing from

administrative tax datasets. Together they represent 8.1 percent of total household

wealth in the PSID.

The wealth held in specific asset classes is reported for percentiles of wealth in

Figure 2.1. The wealth held in every asset class depends on the level of wealth

of the household. The categories of wealth include vehicles, housing (primary and

secondary) wealth, wealth in risk-free assets, private business equity, public equity

and other risky assets. Immediately from the figure, we can see the importance of

wealth in durable goods in the wealth portfolio. The majority of wealth for most

households is in durable goods such as vehicles and housing. The sum of vehicles

and housing represent over two thirds of total household wealth for households below

the 75th percentile of wealth. Financial and private business wealth only represents
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Figure 2.1: Components of Wealth
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over 50 percent of the wealth portfolio for households above the 90th percentile of

wealth. Considering that risk-free assets comprise only a small share of wealth for all

households in the wealth distribution, all households with positive wealth are likely

subject to return risk.

One implication of this finding is that an analysis of return heterogeneity focus-

ing only on the portfolio choice between risk-free and risky financial assets, such as

stocks versus bonds, would misrepresent the wealth portfolio decisions made for most
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households. The need to examine the complete wealth portfolio supports the thesis

of Flavin and Yamashita (2002) that the return volatility for housing dramatically

increases the overall risk on household wealth. In this study, secondary housing and

private business assets are found to be even more risky than primary housing assets.

Figure 2.2: Components of Debt
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In addition to the debt associated with housing and businesses, the PSID includes

measures of credit card, medical, student, legal, family, and other debts. The share

of debt types by percentile of total debt is presented in Figure 2.2. Mortgage debt

for primary and secondary housing represents 84.6 percent of total debt held by

households. Although other debts represent only 5.1 percent of total debt across all

households, they represent 30.7 percent for households with debt levels below the 25th
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percentile. The sum of business and secondary housing debt grows as a household

becomes more indebted and represents 54 percent of debt held by households above

the 95th percentile of debt holdings.

2.3.2 Demographics

The composition of households in the PSID used for the study of wages is now com-

pared to the composition of households for whom returns are observed. We focus on

the share of households which hold positive wealth in specific asset classes. The main

purpose is to see if any sample of households for which returns are calculated may be

over-or under-represented compared to a study which used only the of wage data in

the PSID. A detailed description of the demographics, as well as level of asset income

and wealth variables in the full sample, is provided in Appendix A.

Table 2.1 reports the share of households with specific demographics and positive

wealth in specific asset classes for households with available data from 2000–2016.

The column “Real Wage Growth” describes the sample characteristics for households

with a minimum of two consecutive real wage growth observations. Sample charac-

teristics for households with an observed return to total household assets and wealth

are reported in the next two columns, respectively. The last two columns describe

households for which there is at least one return within any asset class.

Overall, the demographic profiles of households are consistent across return and

wage samples. The mean and median age is 43 and 44 for the wage and return to

total household assets and wealth samples. Only for private business and secondary

housing does ownership seem to be smaller than the wage growth sample. The reason

for this is that wealthy households are more likely to not report some information
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Table 2.1: Sample Characteristics

Real Wage 
Growth

Return to 
Total 
Assets

Return to 
Total 

Wealth

Any 
Return to 

Assets

Any 
Return to 
Wealth

Demographics
  Head's Age 43 44 44 45 45
  Male Head 84.7% 80.0% 80.7% 83.2% 83.1%
  Married 76.2% 69.5% 70.3% 73.7% 73.7%
  High School Edu. 93.0% 91.5% 91.9% 93.1% 93.2%
  Post Sec. Edu. 39.9% 36.6% 37.3% 40.5% 40.6%
  Racially White 84.4% 83.4% 84.1% 85.2% 85.3%
Ownership
 Positive Wealth 87.6% 86.7% 87.9% 89.2% 89.4%
   Private Business 15.2% 7.5% 11.5% 15.8% 15.9%
   Primary Hous. 74.1% 71.5% 71.8% 75.4% 75.1%
   Secondary Hous. 16.7% 10.6% 11.5% 18.0% 18.0%
   Public Equity 22.8% 19.0% 20.7% 24.4% 24.5%
   Risk Free 86.7% 84.6% 85.2% 87.9% 88.0%
Observations 24633 17687 18788 27794 27771
Columns describe the sample characteristics of households with available data 2000-
2016. “Return to Total Assets” refers to the existence of a return to total household 
assets, whereas “Any Return to Assets” refers to the existence of a return on asset for 
any asset class.

that is required to calculate the total portfolio return. This is likely due to more

details being required of households that hold multiple asset classes. In contrast,

the loss in the number of households from the imputation of asset values for private

businesses and secondary housing can be seen by comparing the samples of the total

return to wealth and assets, as the imputation is only necessary for the calculation

of the return to total household assets. That said, private business and secondary

homeowners are still equally represented in the samples where returns to either asset

or wealth are available within asset classes.
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2.3.3 Returns to Assets and Wealth

The returns to assets and wealth for the five asset classes are summarized in Table

2.2. A comparison of household-level returns to assets versus wealth highlights that

returns are heterogeneous within asset classes and that debt disperses the return to

assets. The real return to total household assets, rait, is described as “Total Assets”

and has a mean of 2.5 percent and a standard deviation of 9.8 percentage points.

In contrast, the mean and standard deviation for returns to total household wealth,

“Total Wealth”, are 8.2 and 29.7 percentage points, respectively. The return to total

household wealth excluding other debts has a mean of 6.3 and standard deviation of

24.5 percentage points.

Table 2.2: Returns are Heterogeneous Within and Across Households

Obs
House-
holds

Mean
 Std. Dev. 

Total
 Std. Dev. 

Within
 Std. Dev. 
Between

25p 75p
Skew-
ness

Kurt-
osis

Wage Growth 24633 4835 3.3 40.2 37.8 17.5 -14.7 22.8 -0.2 5.1
Total Assets 17687 4019 2.5 9.8 8.5 5.5 -2.3 5.5 1.4 8.4
   Private Business 891 227 38.0 95.1 81.8 53.1 -15.1 46.1 2.6 10.7
   Primary Hous. 17333 3369 5.2 11.0 10.1 5.3 -0.3 10.3 0.4 4.9
   Secondary Hous. 1608 394 9.2 30.2 27.1 16.0 -6.7 18.0 1.8 8.4
   Risk Free 23721 4584 -1.7 1.1 0.9 0.6 -2.4 -1.5 1.3 5.3
   Public Equity 10246 2393 8.0 36.6 31.8 19.4 -2.99 3.1 3.8 22.7
Wealth ex. O. Debt 18788 4185 6.3 24.5 21.2 13.6 -2.4 9.5 2.2 16.5
   Private Business 1909 454 34.9 104.6 89.4 58.9 -14.0 42.2 5.2 34.8
   Primary Hous. 16397 3204 13.8 38.2 33.5 22.7 -1.8 21.4 1.7 14.3
   Secondary Hous. 1546 376 17.1 65.4 57.3 36.1 -13.5 26.7 2.9 15.2
Total Wealth 16061 3631 8.2 29.7 25.6 17.2 -2.4 11.9 2.3 17.2
Annualized rates of return for the household in percentage points, 2000-2016. Simple averages, excluding outliers. 25 and 
75 p refers to the corresponding percentiles. "Wealth ex. O. Debt" refers to returns to total household wealth excluding 
other debts. 

Returns are skewed right and display more kurtosis than a normal distribution.

This is particularly true for business and financial assets. Skewness and kurtosis are

amplified when leverage is accounted for in the return to wealth. The right skewness
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reflects the limited downside risk arising from the natural limit of zero asset values and

the option to default or sell the asset. Figure 2.3 displays histograms of the returns

to assets and wealth for each asset class to illustrate the amplification of returns to

wealth from leverage.

The return to private assets and wealth are both found to be significantly larger

than the return to public equities. This is consistent with a postive difference in

the return to private assets and public equities for a similar sample period by Kar-

tashova (2014). In contast, Moskowitz and Vissing-Jørgensen (2002) find that they

are comparable in the Survey of Consumer Finances for a earlier sample period.

Figure 2.3: Leverage Disperses Rates of Return to Wealth

The mean return to business assets is the highest at 38 percent and has a total
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standard deviation of 95.1 percentage points. In contrast, the mean and standard

deviations for returns to business wealth are 34.9 and 104.6 percentage points.

The heterogeneity within asset classes is greater than the heterogeneity in returns

found in comparable aggregate benchmarks. The return to primary housing assets

has a mean of 5.2 percentage points and a standard deviation of 11 percentage points.

The standard deviation is lower than the 14 percentage points from 1968–1992 calcu-

lated by Flavin and Yamashita (2002).3 Other than the sample period, this reflects

the inclusion of individualized tax rates, net investment, and rental income in the

calculation of the return to primary housing. The mean and total standard deviation

of the return to secondary housing assets are 9.2 and 30.2 percentage points.

The Case-Shiller index to which Flavin and Yamashita (2002) compare their pri-

mary housing returns had a standard deviation of 7.4 percentage points between

1998-2016. Similarly, the standard deviation of the Freddie Mac Housing index from

1998–2016 is 6.2 percent. The finding in Flavin and Yamashita (2002) that hous-

ing indexes underestimate the household return risk on housing is confirmed in this

study for the later sample period. This highlights a major advantage of the PSID in

which asset values are reported in every wave. Relying on period-by-period returns

extrapolated from realized returns and aggregate series may understate the degree of

household heterogeneity in returns.4

The mean return to public equity is 8 percentage points with a standard deviation

of 36.6 percentage points. In contrast, the real return and standard deviation on the

Standard and Poor’s (S&P) 500 index, including dividends, over the same period were

3Palia et al., (2014) document the growth rate of primary housing wealth to be 18.4 percent in
the PSID between 1975–2009

4Bach et al. (2017) use Swedish administrative tax data between 2000–2007 to document a 5.05
expected return to household real estate wealth with a standard deviation of 2.1 and a share of
idiosyncratic risk of 25.1 percent for households between the 5–6th deciles of wealth.



2.3. DATA SUMMARY 35

smaller with a mean return of 4.7 and a standard deviation of 11.4 percentage points.

Like housing returns, realized household returns to stocks exhibit more variation

compared to their aggregate benchmarks. The mean real return to risk-free assets is

-1.7 percentage points with a standard deviation of 1.1 basis points. This reflects the

fact that most risk-free assets are held in checking and savings accounts earning very

little interest, especially during the second half of the period when the U.S. Treasury

rate was close to zero.

2.3.4 Return and Wage Correlation

One of the advantages of using the PSID is the ability to observe both returns and

wages. While the joint system of idiosyncratic wages and returns is modelled in Chap-

ter 4, here the pairwise correlation of overall wages and returns is described. This is

novel as information on return and wage correlation is limited to occupational level

wages (Davis and Willen, 2000) or household wages with aggregate returns (Heaton

and Lucas, 2000; Campbell et al., 2001). The only other study to examine household

level returns with wages is Krueger and Perri (2009) which examines evidence in the

Italian Survey of Household Income and Wealth from 1987 to 2008 and the PSID

from 2004 to 2006. They find that the changes in the value of private business and

primary housing wealth co-moves with labor income.

The pairwise correlation of the level of real log wages and the level of returns is

described in Table 2.3. Interestingly, the only significant return and wage correlation,

at the 10 percent level, is for risk-free assets. Across asset classes, the return to pri-

mary housing assets is found to be positively correlated with the return to secondary

housing assets and have a small negative correlation with real risk-free returns, at the
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Table 2.3: Correlation of Wage Level and Asset Returns

Level of Return Wage L. P. Busin. Prim. H. S. Hous. Risk F. Public E. 
Wage Level 1
Private Business 0.0127 1
Primary Housing 0.0152 0.0710 1
Secondary Housing -0.0028 0.0306 0.1128* 1
Risk Free 0.1142* 0.0323 -0.0240* 0.0370 1
Public Equities 0.0259 0.0535 0.0268 0.0451 0.0258 1
Pairwise correlation of the level of return on assets by asset class.  ***p<0.01, **p<0.5, *p<0.1.

10 percent level.

Table 2.4: Correlation of Wage Growth and the Change in Asset Returns

Change in Returns Wage G. P. Busin. Prim. H. S. Hous. Risk F. Public E. 
Wage Growth 1
Private Business 0.0265 1
Primary Housing 0.0089 0.1099 1
Secondary Housing -0.0116 0.1268 0.1098* 1
Risk Free 0.0268* 0.0262 -0.0391* 0.0438 1
Public Equities -0.0201 0.1007 0.0209 0.0041 -0.0107 1
Pairwise correlation of change in returns on assets by asset class.  ***p<0.01, **p<0.5, *p<0.1.

These correlations also hold for the growth rate of real wages and the change in

real returns, of which the pairwise correlation is reported in Table 2.4. Again, the

only significant wage correlation, at the 10 percent level, is between the growth in

real wages and the change in the real risk-free return. Across asset classes, the change

in the real return to primary housing assets is found to be positively correlated with

the change in the real returns to secondary housing assets and negatively correlated

with risk-free returns, at the 10 percent level.
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2.4 Risk-Adjusted Returns

While the above evidence suggests that returns are heterogeneous, a more interesting

finding would be the presence of household-specific heterogeneity in risk-adjusted

returns. To this end, measures of the Sharpe ratio are computed at the household

level for returns to total household wealth and returns to wealth within each asset

class.

2.4.1 Sharpe Ratios

The Sharpe ratio measures the average return earned in excess of the risk-free rate per

unit of deviation. For each household and asset class, the Sharpe ratio is calculated

by subtracting the risk-free rate from the realized return to wealth and then dividing

by the standard deviation of the excess return. Formally, the Sharpe ratio of asset j

for household i, Sj,i is defined as:

Sj,i =
1
Ti

∑Ti
t=1(r

w
j,it − ratres,t)√

1
Ti

∑Ti
t=1(r

w
j,it − ratres,t))2 − ( 1

Ti

∑Ti
t=1(r

w
j,it − ratres,t))2

(2.23)

where ratres,t is the real annualized rate of return to 3-month treasury bills. The

corresponding Sharpe ratio for the individual asset categories is denoted with j ∈

{ph, oh, b, f, s} and for total household wealth, j = a.

The Sharpe ratio for the overall return to wealth provides a measure of risk-

adjusted returns that is well known and widely used. That said, it implicitly assumes

mean-variance preferences of a specific type, and does not incorporate the effect of

higher-order risk which has been shown to be important in explaining, for example,

stock returns (Harvey and Siddique, 2000). Further, caution should be taken in the
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interpretation of the contribution of individual asset classes to overall portfolio risk,

as the correlation of the returns are not taken into account. That said, the measure

does provide an interesting conditional measure of the degree of risk observed given

a level of realized return for all asset classes.

Figure 2.4: Sharpe Ratios are Heterogeneous

The dispersion of the Sharpe ratios for each asset class is displayed in Figure 2.4.

Immediately obvious is the heterogeneity in the Sharpe ratio within every asset class.

The average Sharpe ratio is largest for primary housing assets, followed by secondary

housing assets. While the level of returns tends to be right skewed, except for housing

assets, the Sharpe ratios are left skewed. This suggests that many households are not

efficiently compensated for risk taking. The corresponding annual Sharpe ratio of the

S&P 500 over this sample ranged between -0.9 and 3. Appendix A.2 provides detailed



2.4. RISK-ADJUSTED RETURNS 39

reporting of the sample characteristics for Sharpe ratios.

2.4.2 Model

We now seek to understand how portfolio and household observable characteristics

are associated with the Sharpe ratios. Specifically, the Sharpe ratio is modelled using

linear panel regressions:

Sj,i = Xj,itβj + S̃j,i (2.24)

where the Sharpe ratio for household i, Sj,i is regressed on a vector of controls Xj,it for

the individual asset categories j ∈ {ph, oh, b, f, s} and for total household wealth, j =

a. The controls measure predictable variation in risk-adjusted returns, and include

lagged portfolio shares (interacted with year fixed effects), an indicator if an asset was

sold by asset class, and year fixed effects, and observable household characteristics.

Portfolio shares are values from 0–1. Observable household characteristics include

indicators for age, race, education level, gender, family size, marital status, number

of children, region interacted with year fixed effects, outside dependants, and income

from a family member other than head or spouse. An indicator for the percentile of

wealth for household i in the previous wave is also included. To be able to report

the effect of portfolio allocation, an alternative regression is examined which does not

interact portfolio shares with the time fixed effects.

2.4.3 Empirical Estimates

Table 2.5 shows the regression estimates from equation (2.24), for the Sharpe ratio

of the return to total household wealth. The first column does not interact portfo-

lio shares with year fixed effects so that the coefficients on portfolio shares can be
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reported.

Table 2.5: Sharpe Ratios for Total Household Wealth

(1) (2)
Private business share 0.46***

(0.06)
Primary housing share 0.91***

(0.02)
Secondary hous. share 0.33***

(0.07)
Public equity share 0.32***

(0.04)
Advanced degree 0.29*** 0.30***

(0.02) (0.02)
Single -0.11*** -0.11***

(0.03) (0.03)
Non-African American 0.10*** 0.10***

(0.02) (0.02)
Male Head 0.04* 0.03

(0.02) (0.02)
N 15285 15285
Adj. R2 0.382 0.388
Notes: OLS regressions of the Sharpe ratio on total household 
wealth on controls for dummies for year interacted with 
region, lagged wealth, lagged portfolio shares, age,  
observable household characteristics, and indicators if assets 
were sold in that period.  Asset shares are values from 0-1.  
HAC-robust standard errors in parentheses. ***p<0.01, 
**p<0.05, *p<0.1.

Generally, portfolio concentration into an asset is associated with higher Sharpe

ratios. This can be interpreted as increasing risk-adjusted returns from specializa-

tion. Concentration of the portfolio into primary housing assets has the largest effect

on the Sharpe ratio, followed by concentration in private business assets. In the

second column, when the portfolio shares are interacted with year fixed effects, the

coefficients and statistical significance are minimally affected. In the model where
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portfolio shares are interacted with year fixed effects, attainment of an advanced

educational degree or identifying as non-African American are associated with a sig-

nificantly higher Sharpe ratio of 0.3 and 0.1, respectively. Single heads of households

are found to have smaller Sharpe ratios than married heads of households. House-

holds with male heads do not have statistically different Sharpe ratios than women

head of households. This evidence suggests that the heterogeneity in the Sharpe ra-

tios is partially predictable. Both portfolio allocation and household characteristics

are associated with heterogeneity in risk-adjusted returns.

Table 2.6: Sharpe Ratios by Asset Class

Business Prim. Housing Sec. Housing Public Equity 
Private business share 0.90*** -0.25*** -0.43** 0.14*

(0.12) (0.06) (0.20) (0.08)
Primary housing share 0.56*** 0.07 -0.29 -0.14**

(0.14) (0.04) (0.23) (0.06)
Secondary hous. share 0.88*** -0.22*** -0.85*** 0.06

(0.17) (0.06) (0.22) (0.08)
Public equity share 0.77*** 0.08* -0.17 -0.25***

(0.18) (0.05) (0.22) (0.07)
Advanced degree -0.30*** 0.21*** 0.39** 0.23***

(0.11) (0.03) (0.19) (0.08)
Single -0.05 0.03 -0.40*** -0.21***

(0.14) (0.04) (0.14) (0.07)
Non-African American 0.36*** 0.05*** 0.05 0.07*

(0.10) (0.02) (0.09) (0.04)
Male 0.09 -0.05 -0.23*** -0.10**

(0.13) (0.03) (0.09) (0.05)
N 1108 12829 1,310 7,667
Adj. R2 0.179 0.055 0.146 0.129
Notes: OLS regressions of the Sharpe ratio on total household wealth on controls for dummies 
for year interacted with region, lagged wealth, lagged portfolio shares, age,  observable 
household characteristics, and indicators if assets were sold in that period.  Asset shares are 
values from 0-1.  HAC-robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1.

The same exercise is repeated for the Sharpe ratio for each asset class, following
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equation (2.24), and summarized in Table 2.6. An analysis by asset class can reveal

whether the evidence observed for the total Sharpe ratio is due to a particular asset

class. For example, attainment of an advanced degree is associated with a significantly

higher Sharpe ratio for housing and public equity, but lower Sharpe ratios for private

business. Being single is only associated with lower Sharpe ratios for secondary

housing and public equities. Households that did not identify as African-American are

found to have significantly higher Sharpe ratios for private business assets and primary

housing at the 5 percent significance level. Males are found to have significantly lower

Sharpe ratios for public equity and secondary housing assets.

Concentration of the portfolio in private business or secondary housing assets

is associated with lower Sharpe ratios for the housing assets. In contrast, higher

portfolio allocation in all other asset classes has a positive effect for private business

assets. For public equity, concentration of the portfolio into primary housing and

public equities is associated with lower Sharpe ratios. This suggests that, within

asset classes, portfolio concentration only results in higher risk adjusted returns for

private businesses assets.

To what extent is wealth associated with the Sharpe ratios? Figure 2.5 illustrates

the predicted margins of the Sharpe ratio against 20 quantiles (vigintiles) of household

wealth from the estimates of equation (2.24) where portfolio shares are interacted with

year fixed effects. Interestingly, the Sharpe ratio for the return to total household

wealth is positively correlated with total household wealth, suggesting that wealthier

households have more risk-return efficiency for total household wealth. However, this

arises only from financial assets and for primary housing assets. In contrast, the

Sharpe ratios for secondary housing and private business wealth are stable across the
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Figure 2.5: Sharpe ratios: Wealthy Approach Risk-Return Efficiency

wealth distribution.

2.5 Conclusion

This chapter presents a new measure of returns on assets and wealth based on the

redesigned 1999–2017 PSID. This provides the first panel evidence of heterogeneity

in returns to total household assets and wealth in the United States. The household-

level panel data offers unique insights into the total portfolios of households, superior

measures of capital gains, and insights into heterogeneity within asset class.

Significant household-level heterogeneity in returns is documented for total wealth

and assets as well as for returns within asset classes. Average returns are found to

differ across most asset classes, being notably different for both the return to private
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business assets and wealth compared to the return to public equities.

Risk-adjusted return heterogeneity is also documented and found to arise from

concentration in primary housing and public equities. Risk-adjusted returns are found

to increase with total household wealth. However, this is found to arise primarily from

higher Sharpe ratios for financial assets. These insights inform the debate on portfolio

choice and the relative importance of return heterogeneity in explaining income and

wealth inequality.
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Chapter 3

Leverage and Rate of Return Heterogeneity

among U.S. Households

3.1 Introduction

The causes and consequences of wealth inequality have long been topics of intense

debate. More recently, permanent heterogeneity in returns to wealth has been impli-

cated in explaining wealth inequality (Kesten, 1973; Benhabib et al., 2011; Quadrini,

2000; Piketty, 2014) and the evolution of wealth inequality over recent decades (Gabaix

et al., 2016; Khieu and Wälde, 2018). While persistent differences in returns to wealth

have been posited in quantitative models, the degree and cause is just beginning to be

empirically validated. The lack of evidence is driven by the scarcity of panel data at

the individual and household levels, leaving key questions unanswered. For example,

what is the degree of heterogeneity in returns? How much of the heterogeneity per-

sists? Is return heterogeneity across individuals driven by risk taking? Which asset

classes induce persistence in returns? How do returns covary with wealth?

This chapter addresses these questions using household-level micro-panel data for

the United States. The panel data spans 1999 to 2017 using information in the newly
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revised Panel Study of Income Dynamics (PSID) as described in Chapter 2. Returns

to wealth versus returns to assets are compared to isolate the role of endogenous bor-

rowing decisions, risk taking, and regressivity in tax-deductible interest obligations.

Returns are evaluated for the entirety of the household portfolio as well as broken into

five asset classes: risk-free assets, primary and secondary real estate, private equity,

and public equity. Empirical evidence is presented on the degree of persistent hetero-

geneity in returns – “type dependence” – and on how the average returns correlate

with wealth – “scale dependence.”

This chapter complements recent evidence on scale and type dependence in returns

to wealth in the Scandinavian administrative tax data sets of Bach et al. (2016)

and Fagereng et al. (2018). However, the analysis differs in key ways. First, this

chapter is the first to examine persistent heterogeneity in household returns in the

United States. Fagereng et al. (2018) is the only other study to document permanent

individual returns on assets in Norway. Second, net investment is included in the

measure of capital gains for housing and private businesses. This contrasts with

all previous studies that exclude net investment. Third, this is the first study to

examine persistence in returns to wealth, which allows an isolation of the role of

leverage and borrowing cost heterogeneity. Permanent heterogeneity has only been

observed for the return to assets by Fagereng et al. (2018), but it is the return to

wealth that matters for understanding wealth inequality. Fourth, the analysis is not

limited to taxable wealth but includes the entire household portfolio including non-

taxable assets and pension wealth as well as other debts (such as family and medical

debts) not observed in the tax administrative data of Bach et al. (2016) and Fagereng

et al. (2018). Finally, returns are examined by asset class to determine which classes
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induce scale and type dependence.

The main contribution of the chapter is to test if and why returns correlate with

wealth and display persistent heterogeneity across households. The estimates mo-

tivate the structure and calibration of return heterogeneity in studies of wealth in-

equality.

Household-specific returns to both wealth and assets are estimated using fixed

effects with empirical Bayes shrinkage. The household-specific return to wealth is of

primary interest for the literature on wealth inequality (Benhabib et al., 2011; Gabaix

et al., 2016). The household-specific returns to assets and wealth are compared to

examine the contribution of heterogeneity in borrowing and borrowing costs to the

heterogeneity in household-specific returns to wealth. The same method is applied

to estimate household-specific leverage to examine whether leverage uniformly or

heterogeneously disperses the return to assets.

Returns to assets and to wealth for the total household portfolio as well as within

asset classes are then estimated with linear panel data regression models. The regres-

sions include: observable characteristics of the household (lagged wealth, age, marital

status, education, and gender); year fixed effects; and financial characteristics (relative

volatility, leverage and lagged portfolio allocation). Permanent observable household

characteristics such as marital status, race, and education are found to be significantly

associated with heterogeneity in returns. That said, the portfolio characteristics of

leverage, risk, and allocation explain the majority of the heterogeneity in returns to

wealth.

Significant household-specific returns are found for total portfolio returns and for

returns within all asset class. This suggests that portfolio allocation alone cannot
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explain heterogeneity in returns entirely, as returns exhibit persistent heterogeneity

even within asset classes. The standard deviation of the household-specific return to

total household assets is estimated to be 3.94 percentage points. Primary housing

assets exhibit a sizeable permanent component with a standard deviation of 3.19

percentage points. These permanent differences in returns across households are

observed even in the time of big swings in real estate and stocks over the 1999-2017

period.

In contrast, the standard deviation of the household-specific return to wealth is

estimated to be 9.34 percentage points. A key finding of the analysis is that the

majority of the permanent heterogeneity in returns to wealth, 58 percent, is driven

by household-specific differences in leverage. Idiosyncratic persistent heterogeneity in

leverage explains a high share of the returns to wealth for the leveraged asset classes:

75 and 52 percent of the persistent heterogeneity in returns to primary and secondary

housing, respectively.

Leverage amplifies both the average return and the volatility of the return to

wealth. Hence, the component of permanent heterogeneity in returns attributed to

leverage is associated with higher risk. Moreover, secondary household liabilities, such

as family debts, are shown to further amplify household-specific returns to wealth.

Failing to take secondary household liabilities into account is shown to underestimate

household-specific leverage and returns to wealth.

Leverage is then deconstructed into household-specific leverage using fixed effects

with empirical Bayes shrinkage, similar to household-specific returns. Substantial

household-specific leverage is observed between households for all asset classes and
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for total household leverage. The majority of the idiosyncratic heterogeneity in lever-

age for private business and housing assets is found to be household specific. The

permanent heterogeneity in leverage suggests that leverage’s amplification of the re-

turn to assets for the dispersion of the rate of return to wealth is not uniform across

households.

Leverage is found to be predictable and significantly correlated with household

wealth but also with portfolio allocation, marital status, and education level. A higher

share of investment in public equities in the total household portfolio is significantly

and positively correlated with more leverage within the housing asset classes.

Regarding scale dependence, returns to wealth are found to be negatively corre-

lated with total household wealth in the United States. This is consistent with the

findings for total household wealth in Sweden by Bach et al. (2016) and Norway by

Fagereng et al. (2018). The ability to observe leverage directly as well as returns

by asset class allows a disentangling of this phenomenon. Rates of return to wealth

decline in total household wealth due to deleveraging as household wealth increases.

Poorer households maintain higher leverage in housing, whereas wealthier households

aggressively pay off primary housing mortgage debts. The exception is the wealthi-

est private business and secondary homeowners who maintain leverage in those asset

classes. These findings cast doubt on the mechanism of increasing returns to wealth

driving the recent growth in wealth inequality as proposed by Gabaix et al. (2016).

The negative correlation of returns to wealth with total household wealth also

arises from declining marginal returns to non-financial assets. The returns to housing

assets and private business assets are found to be declining in total household wealth.
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Moreover, concentration of portfolio allocation within an asset class is found to sig-

nificantly reduce the return to that asset. This provides evidence against increasing

returns from asset specialization. The evidence of decreasing marginal returns and

decreasing returns to specialization has important implications for optimal taxation,

as increasing the wealth of the wealthiest households is unlikely to increase average

efficiency when marginal returns are declining.

The household-specific return captures permanent differences in returns across

households, including systematic differences in risk taking. Higher values of household-

specific returns to assets are found to be associated with higher idiosyncratic return

volatility, especially for financial wealth and total household assets. Leverage is also

found to increase the dispersion of returns. This suggests that differences in risk

taking account for the majority of the household-specific returns to wealth.

Portfolio allocation in primary and secondary housing is observed to be associ-

ated with lower returns to assets within the other asset classes. This suggests that

background risk can affect an investor’s risk appetite within asset classes and explain

part of the persistence in returns within asset classes.

The difference in real mortgage rates between the bottom and top 20 percentiles

of wealth is observed to be 2.9 percentage points and 3.6 percentage points for the

real after-tax mortgage rate. The contribution of borrowing costs and interest de-

ductibility is unique as it shows a systematic component between household wealth

and returns to wealth that is not associated with risk taking. This alone contributes

to a 1.5 percentage point difference in the return to wealth between the top and bot-

tom 20 percentiles of wealth. Hence, an important part of the relationship between

returns and wealth is not explained by risk, but rather, by the regressivity of interest
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deductibility and the lower costs of borrowing for the wealthy.

An advantage of the PSID household-level microdata is the level of detail and

encompassing measure of the household portfolio. This allows a deconstruction of

the role of risk taking and leverage by asset class. The disadvantages of the PSID

include the potential reporting bias and measurement error with survey data. All

panel data on returns exhibit forms of measurement error. For example, measures of

net investment for the calculation of capital gains for housing and private businesses

are reported in the PSID but not in administrative tax data. Fixed effects with

empirical Bayes shrinkage is used to remove the bias of transitory measurement error

in the estimation of the household-specific component. The results are thus found to

be very robust.

This analysis is able to provide insights into the returns to wealth for the major-

ity of households. Concerns that the wealthiest percentiles of households are under-

represented in the sample are partially mitigated by the use of the most recent waves

which have no incidences of top-coding. For example, Pfeffer et al. (2016) find mean-

ingful differences only for the 1–2 percent wealthiest households when comparing the

Survey of Consumer Finances to the PSID in more recient waves.1 Bach et al. (2016)

documented that the cross-sectional standard deviation of realized returns to wealth

begins to increase at the 90th wealth percentile and continues to increase as household

wealth increases. Hence, the PSID is representative up to at least the 98th percentile

which should capture the shifting risk appetite of the wealthy.

The empirical insights of this chapter have important implications for the study

of portfolio allocation, wealth inequality, social mobility, and corresponding policies.

1In addition, Bricker et al. (2016) suggest that the SCF may overstate the wealth held by the
top 1 percent by about 10 percent.
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Household-specific returns are found for financial assets and are associated with

heterogeneity in risk characteristics. Moreover, risk taking in public equity systemat-

ically increases with total household wealth. This suggests that the share of equities

in the portfolio is not able to identify the degree of risk taking and calls into question

using the share of the portfolio invested in stocks as a measure of risk preferences

such as in Brunnermeier and Nagel (2008) or Chiappori and Paiella (2011). Instead,

the degree of risk taking within an asset class needs to be considered jointly with the

share in that asset to identify how risk aversion changes with wealth.

The findings for return heterogeneity can provide the basis for appropriate mod-

els of asset income and wealth inequality such as in Benhabib et al. (2019). Both

household-specific returns to assets and leverage are needed to capture the degree of

return to wealth heterogeneity. Higher household-specific returns to assets should be

associated with higher risk taking and the endogenous leverage decisions are critical

to match the declining returns to wealth over the life cycle. Unlike the earning hetero-

geneity literature, age profiles are not found to produce significant life cycle variability

in returns. Reduced borrowing costs and risk-return efficiency of the wealthy suggest

that risk and returns will not scale linearly with wealth.

The empirical evidence supports the role of return heterogeneity arising from

entrepreneurial skill (Quadrini, 2000; Cagetti and De Nardi, 2008, 2009; Nirei and

Aoki, 2016; Benhabib et al., 2011). Returns to private business equity are found to

exhibit declining returns to scale which are slightly offset by wealthier households

maintaining higher leverage of business assets.

Finally, the findings may have important implications for the design of taxation

and redistribution. Adequate explanations for permanent heterogeneity in returns
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will be important for proper inferences in such investigations. Shourideh (2013) finds

that the relative degree of permanent and transitory components of returns informs

the degree of capital income taxation progressivity. This chapter provides a variance

decomposition of the permanent and transitory components in returns. The perma-

nent component’s contribution to the variance of the idiosyncratic return to total

assets is found to be 18 percent, slightly lower than the estimate of 28 percent for

individuals in Fagereng et al. (2018) for Norway. However, the permanent compo-

nent’s contribution to the variance of the idiosyncratic return to total wealth is found

to be 15 percent. The evidence also suggests that the permanent component differs

by asset class, being particularly low for public equity. This may be used to inform

targeted taxation of specific asset classes.

The chapter is structured as follows. Section 3.2 introduces the modelling method.

Section 3.3 introduces the data sample. Section 3.4 reports the estimation of scale and

type dependence across households and examines robustness. Section 3.5 summarises

the findings and discusses implications.

3.2 Empirical Model

This section proposes a model to estimate household-specific returns to wealth. The

return to wealth is regressed on a set of controls to remove year and age effects. Year

effects are removed to account for aggregate effects in the unbalanced panel data. Age

effects are removed to isolate age-invariant differences in returns. This can capture

life-cycle portfolio allocation or gains from experience. Specifically, the return on

wealth is regressed on a set of year and age indicators, z′j,it.
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rwj,it = zj,itβ
z
j + r̃wj,it. (3.1)

The residuals r̃wj,it represent the return excluding age and year effects. This is then

regressed on a set of household observables and controls for portfolio characteristics,

x′j,it. Specifically, the return excluding age and year effects for household i in year t

is modelled as:

r̃wj,it = xj,itβ
x
j + ewj,it. (3.2)

The controls measure predictable variation in returns and include lagged portfolio

shares (interacted with year fixed effects). Portfolio shares are between 0–1 and rates

of return are represented in percent, so the coefficients are interpreted as percent-

age points. The controls for observable household include indicators for family size,

marital status, number of children, region interacted with year fixed effects, outside

dependants, and income from a family member other than head or spouse. Controls

also include separate indicators if the household reported selling any primary hous-

ing, secondary housing, private business, and/or public equity since the last wave.

Indicators for the percentile of wealth for household i in the previous wave are also

included in the set of controls. The lagged value of wealth is used to avoid spurious

correlation of returns and household wealth.

The unexplained component, ewj,it is represented as the sum of a household-specific

return εwj,i, and the idiosyncratic error term uwj,it.

ewj,it = εwj,i + uwj,it. (3.3)
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The standard deviation of ε̂j
w
i is denoted σ̂(εj;w). The same framework is used

to estimate the return to assets raj,it to estimate ε̂j
a
i and yield σ̂(εj; a). This is done

for the total household portfolio as well as each asset class j ∈ {ph, oh, b, s, f}.

The household-specific return reflects persistent differences in financial knowledge,

risk preferences (including portfolio allocation), investment skill (potentially includ-

ing entrepreneurial ability), persistent differences in borrowing costs, and gains or

losses from asset scale. It also subsumes permanent characteristics such as race, edu-

cational level, and gender. The contribution of these observable characteristics to the

measures of returns is examined in more detail in the later sections. The transitory

idiosyncratic error, uwj,it, can be interpreted as the sum of measurement error and the

risk of household’s i investments from both good and bad luck.

The household-specific return, ε̂j
w
i , is estimated with empirical Bayes (EB) meth-

ods. The EB procedure adjusts fixed effects estimates by shrinking them toward

the mean of the true, underlying return distribution of the household-specific return.

This ensures that the transitory term uwj,it does not introduce bias. This procedure

is based on Morris (1983) as operationalized by Chandra et al. (2016). A detailed

description of this procedure along with Monte Carlo experiments can be found in

Appendix B.

By comparing the household-specific return to assets and the return to wealth,

a measure of the contribution of the standard deviation in the household-specific

return to wealth due to differences in borrowing and the cost of borrowing, γj, can

be calculated.

γj =
σ̂(εj;w)− σ̂(εj; a)

σ̂(εj;w)
, (3.4)

where γj = 0 if σ̂(εj;w) = σ̂(εj; a) and γj = 1 if σ̂(εj; a) = 0. Bounds, γj ∈ [0, 1],
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are guaranteed by the requirements of positive wealth and that both rates of returns

to assets and wealth are observed. This measure captures the share of the standard

deviation of the household-specific return to wealth due to the degree and costs of

borrowing.

3.3 Data

The Panel Study of Income Dynamics (PSID) is used to calculate household-level

before-tax realized real returns and log-real wages between 1999–2017 as detailed in

Chapter 2. For the sample selection, there is an additional requirement that the

return to both assets and wealth are observed. The main results are robust to this

additional requirement as shown in Section 3.4.6. This is done to ensure identical

samples when comparing the returns to assets and wealth and bound γj between 0

and 1. All other data treatment is identical to Chapter 2. The sample is described

in Appendix B.3.

Leverage is also examined for the household and for each asset class by measur-

ing the debt-to-asset ratio. Total household leverage excluding other debts, levax,it,

provides a measure of leverage of debts associated with particular asset classes and

is measured as:

levax,it =
db,it + dph,it + doh,it

ab,it + aph,it + aoh,it + as,it + wf,it + wira,it + wo,it + wv,it
, (3.5)

where dj,it is debt in asset class j, aj,it is the value of assets in asset class j, and wj,it

is the wealth in asset class j. This is contrasted with total leverage which includes

other debts, leva,it:
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leva,it =
db,it + dph,it + doh,it + do,it

ab,it + aph,it + aoh,it + as,it + wf,it + wira,it + wo,it + wv,it
. (3.6)

Similarly, the debt-to-asset leverage ratio is calculated for asset classes that can

be leveraged and is measured as:

levj,it =
dj,it
aj,it

, (3.7)

where j ∈ {b, ph, oh}. For the rates of return to wealth and leverage in each asset

class, the debts associated with the asset are attributed to that asset class.

3.4 Results

3.4.1 Type Dependence in Returns

The estimate of the standard deviation of the household-specific return is reported

for each asset class in Table 3.1. The estimates of the standard deviation of the

fixed effects are significant at the one percent level for the returns to total household

wealth and assets, as well as within every asset class. The standard deviation for the

return on total household assets is 3.94 percentage points for the household-specific

return and 8.43 percentage points for the transitory idiosyncratic risk. The standard

deviation for the household-specific return to total wealth is 9.34 percentage points

and 21.98 percentage points for transitory idiosyncratic risk. The key finding is that

the majority of type dependence arises from heterogeneity in the degree and cost of

borrowing, γ, which explains 58 percent of the fixed effects standard error for the

total return to household wealth.

Differences in the degree and cost of borrowing also accounts for the majority of the
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Table 3.1: Leverage Explains 58% of Household-Specific Returns to Wealth

Total Assets 3.94 8.43 0.18
   Private Business 104.32 67.81 0.70
   Primary Hous. 3.19 9.00 0.11
   Seconday Hous. 8.86 25.97 0.10
   Risk Free 0.39 0.70 0.23
   Public Equity 4.04 32.84 0.01
Wealth ex. O. Debt 7.25 14.72 0.20 46%
   Private Business 128.71 100.78 0.62 19%
   Primary Hous. 12.68 29.28 0.16 75%
   Seconday Hous. 18.36 43.01 0.15 52%
Total Wealth 9.34 21.98 0.15 58%
Notes: Estimates of the fixed effects estimated using observable controls 
excluding leverage. Returns for the household in percentage points. "Wealth 
ex. O. Debt" refers to returns to total household wealth excluding other debts.

𝜎  𝜎  𝜎 / 𝜎 γ

household-specific returns on wealth for housing returns. For example, the standard

deviation of the household-specific return to primary housing is 3.2 percentage points,

but 12.7 percentage points for the return to primary housing wealth. Hence, 75

percent of the household-specific return to primary housing wealth is due to the

role of heterogeneity in the degree and cost of borrowing. This may include the

effects of household-specific borrowing in amplifying both the volatility and average

return. Leverage is also found to be important for household-specific returns to private

business wealth, accounting for 19 percent of the household-specific heterogeneity in

the return on wealth.

The presence of other debts further amplifies the dispersion of the total return

to wealth. This suggests that ignoring other household liabilities, such as family

and credit card debt, would underestimate households’ leverage and total return to

wealth. The other debts amplify the fixed effects, increasing the share of the fixed
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effects explained by leverage from 46 percent to 58 percent.

The variance decomposition of the relative importance of the household-specific

return in the idiosyncratic variation is presented in Table 3.1. Specifically, the share

of the variance explained by the household-specifc return is given by Var(εxj )/Var(exj )

for assets and wealth explicitly in x ∈ {a, w}. Shourideh (2013) has shown that

the relative importance of Var(εxj ) and Var(uxj ) informs the degree of progressivity of

optimal capital income taxation. In this chapter, permanent differences in returns

to total wealth across households accounts for 15 percent of the idiosyncratic return.

For the return on assets, the permanent component represents 18 percent of the

idiosyncratic component, slightly lower than the 29 percent found by Fagereng et al.

(2018).

The variance decomposition can be examined for each asset class. The household-

specific return comprises the highest share of idiosyncratic returns to private business

assets with a value of 0.62 for returns to wealth and 0.70 for the return to assets. The

household-specific component for primary housing represents 0.11 for the return to

assets and 0.16 for the return to wealth. The household-specific component variance

share is the lowest for return to public equity at 0.01.

These results reject homogeneous returns to wealth across households and moti-

vate the inclusion of return heterogeneity in studies of wealth inequality. However,

most of the permanent heterogeneity in returns to wealth is driven by differences in

the degree and cost of borrowing across households.
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3.4.2 Deconstructing Type Dependence

The household-specific returns measures permanent differences in returns across house-

holds which captures differences in wealth, portfolio shares, and investment skill. To

isolate the role of persistent differences in household-specific returns from portfolio

composition, wealth, and risk, modified versions of equation (3.1) and (3.2) are es-

timated. Specifically, portfolio composition, wealth, and relative portfolio volatility

are successively included in the first stage regression, equation (3.1). Households’

relative portfolio volatility is defined as sd(raj,it)/ sd(rajm), where sd(raj,it) is the stan-

dard deviation of household i′s return on asset j and sd(rajm) is the within-household

cross-sectional standard deviation of returns of asset j. Then, equation (3.2) is re-

estimated with those controls excluded. The purpose is to isolate the contribution of

portfolio shares and risk from the household-specific component. These results are

summarized in table 3.2.

Table 3.2: Wealth Contributes more than Portfolio Allocation

Year Year, Age +Portfolio +Port. & 
Risk

+Port., Wealth, 
& Risk

Total Assets 4.22 3.94 3.69 3.40 0.93
Notes: Standard deviation of the household specific return excluding the 
contributions of portfolio shares, household wealth, and relative portfolio risk. 
Returns for the household in percentage points. For example, "+Port., Wealth, & 
Risk" removes the contribution of year, age, portfolio shares,  wealth, and relative 
volatility.

    

Perhaps surprisingly, persistent differences in portfolio allocation contribute very

little to household-specific returns. This aligns with the substantial household-specific

returns within each asset class presented in Table 3.1. When the contribution of both

portfolio allocation and relative volatility are excluded from the household-specific
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return to assets, the standard deviation of the household-specific return falls from 3.94

to only 3.40 percentage points. This provides evidence of the presence of household-

specific heterogeneity in returns that could be attributed to investor skill, consistent

with the findings of the heterogeneity in the Sharpe ratio in Chapter 2. When portfolio

allocation, relative volatility, and wealth percentile are accounted for, the standard

deviation of the household-specific return falls to 0.93 percentage points. The link

between wealth and the household-specific return is explored in detail in section 3.4.2.

These insights contribute to the debate on how household-specific returns should

be understood and modelled arising from the seemingly different results documented

in the Scandinavian administrative tax data set (Bach et al., 2016; Fagereng et al.,

2018). Fagereng et al. (2018) document fixed effects for returns on assets across house-

holds, but this partly reflects the persistent differences in portfolio risk characteristics

across households. That said, even though persistent differences in risk characteristics

drive some of the heterogeneity in return, as in Bach et al. (2016), risk and portfolio

characteristics cannot explain all of the heterogeneity in household-specific returns to

wealth.

3.4.3 Explaining Returns

The household-specific return may subsume permanent household characteristics such

as race, education level, and gender. As found in the last section, the household-

specific return also subsumes differences in wealth, portfolio shares, and relative

volatility. This section examines how these observable characteristics are related

to the average returns to assets and wealth.
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Specifically, the return to assets is modelled using linear panel regressions:

raj,it = Xj,itβ
X
j + ζaj,it (3.8)

where j ∈ {a, b, ph, oh, s} for household i in year t, and Xj,it is a vector of controls.

The controls include those of equation (3.1) and (3.2) as well as permanent household

characteristics such as race, education level, and gender.

Three variations in the controls are examined. The first specification does not

interact portfolio shares with time fixed effects, so the contribution of portfolio shares

can be reported. A second specification controls for households’ relative volatility.

The third specification interacts portfolio shares with time fixed effects.

Estimates of the three versions of the equation (3.8) are estimated for the total

return to household assets and presented in Table 3.3. The first column reports the

estimates when portfolio shares are not interacted with time fixed effects and when

the relative risk of the portfolio is excluded. The regression has an adjusted R2 of

0.094. Only the share of the asset portfolio in housing assets is found to significantly

increase the return to total household assets at the 5 percent level. A household

with all of the portfolio allocated to primary housing, ceteris paribus, would have a

5 percentage point higher return to total assets compared to a household with no

primary housing in the portfolio. The portfolio share on business assets is not found

to be significantly higher than the portfolio share on public equities at the 5 percent

level.

The presence of an advanced education degree increases the total rate of return

on assets by a significant 1.68 percentage points. Single and male heads of household

have statistically insignificant coefficients for the returns to assets. A head of the
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Table 3.3: Asset Returns can be Partly Explained

(1) (2) (3)
Private business share 3.19* -0.73

(1.83) (1.84)
Primary housing share 5.02*** 3.85***

(0.31) (0.31)
Secondary hous. share 5.27*** 3.20**

(1.41) (1.42)
Public equity share 0.80 -0.12

(0.66) (0.64)
Advanced degree 1.68*** 2.43*** 2.52***

(0.43) (0.42) (0.42)
Single -0.19 -0.46 -0.48

(0.49) (0.48) (0.48)
African-American -1.31*** -1.29*** -1.23***

(0.35) (0.34) (0.34)
Male 0.05 -0.07 -0.17

(0.37) (0.36) (0.36)
Relative volatility 2.81*** 2.87***

(0.25) (0.25)
N 13076 13076 13076
Adj. R2 0.094 0.124 0.145
Notes: OLS regressions excluding the fixed effects for the return to total 
household assets. Returns in percentage points. All regressions control for 
dummies for year interacted with region, lagged wealth, age,  observable 
household characteristics, and indicators if assets were sold in that period.  
Column 3 includes interactions between time effects and lagged portfolio 
shares. Asset shares are values from 0-1.  HAC-robust standard errors in 
parentheses. ***p<0.01, **p<0.05, *p<0.1.

household that identifies as African-American is associated with a negative 131 basis

point reduction in the return on assets. As in Fagereng et al. (2018), we find that year

fixed effects are significant (although not reported here) in explaining the returns to

total household assets and wealth.

The second column of Table 3.3 includes the relative volatility of the portfolio,

and the adjusted R2 increases slightly. The relative volatility of the portfolio is
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found to be highly significant in explaining the return to assets. If a households

volatility of asset return doubles compared to that of the within-household cross-

sectional volatility, the average return to assets would increase by 2.8 percentage

points. This evidence suggests that, even when controlling for the wealth and portfolio

share of the household, heterogeneity in the reported volatility of the returns to assets

can partially explain differences in average return to assets across households.

The observable household characteristics and the relative volatility of the portfolio

continue to maintain their significance when the portfolio shares are interacted with

the year fixed effects in column 3 of Table 3.3.

The exercise is now repeated for the rate of return to total household wealth, esti-

mated as in equation (3.8), and presented in Table 3.4. The first column reports the

estimate when portfolio shares are not interacted with time fixed effects and when the

relative volatility of the portfolio is excluded. The regression has an adjusted R2 of

0.082. In contrast to the rate of return to assets, all coefficients for the wealth port-

folio shares are statistically significant and larger for the rate of return to wealth. A

household with all of its portfolio allocated to private business assets, ceteris paribus,

would have a 13.7 percentage point higher return to total wealth compared to a house-

hold with no private business assets in the portfolio. Portfolio allocation in private

business assets is found to contribute more to the total return to assets compared to

portfolio allocation in public equity, at the 0.1 percent significance level.

The second column of Table 3.4 includes the relative volatility of the portfolio.

The relative volatility of the portfolio is found to be significant in increasing the return

to wealth. However, the inclusion of the relative volatility of the portfolio reduces the

coefficients of the portfolio shares.
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Table 3.4: Persistent Returns to Wealth can be Partly Explained

(1) (2) (3) (4)
Private business share 13.73*** 7.68*** 3.09

(2.46) (2.48) (2.39)
Primary housing share 13.66*** 11.10*** 9.95***

(1.40) (1.40) (1.38)
Other housing share 11.73*** 7.83*** 6.29**

(2.45) (2.49) (2.53)
Public equity share 7.05*** 5.26*** 3.91***

(1.38) (1.36) (1.37)
Advanced degree 8.15*** 9.32*** 8.45*** 8.55***

(1.14) (1.14) (1.14) (1.14)
Single -4.17*** -4.50*** -3.47*** -3.52***

(1.26) (1.25) (1.24) (1.24)
African-American -2.52** -2.52** -2.61** -2.45**

(1.11) (1.10) (1.09) (1.09)
Male -0.86 -1.05 -0.65 -0.85

(0.86) (0.85) (0.84) (0.84)
Relative volatility 4.59*** 5.20*** 5.24***

(0.50) (0.51) (0.51)
Leverage: business debt 32.95*** 32.77***

(7.94) (7.97)
Leverage: housing debt 5.91*** 6.03***

(1.01) (1.01)
Leverage: other debt 12.74 14.87

(13.74) (14.38)
N 12889 12889 12889 12889
Adj. R2 0.082 0.096 0.104 0.115
Notes: OLS regressions for the return to total household wealth excluding fixed effects. Returns in 
percentage points. All regressions control for dummies for year, lagged wealth, age, region, 
observable household characteristics, and indicators if assets were sold in that period.  Regressions 
3- 4 include lagged debt-to-asset leverage ratios. Regression 4 includes interactions between time 
effects and lagged portfolio shares. Asset shares are values from 0-1.  HAC-robust standard errors 
in parentheses. ***p<0.01, **p<0.05, *p<0.1.

The presence of an advanced degree is found to have a positive and significant

increase in the return to wealth. Single and African-American heads of households

have significantly lower returns to wealth. Observable household characteristics con-

tinue to maintain their significance when the lagged leverage within each asset class is
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included in column 3 of Table 3.4 or in column 4 when year fixed effects are interacted

with the portfolio shares. However, importantly, the coefficients on the contribution

of the portfolio shares are lower, and lose statistical significance for private busi-

ness wealth. This suggests that ignoring leverage for the return to wealth omits an

important explanatory variable and overstates the importance of portfolio allocation.

This insight is particularly important for the comparison of returns on private and

public equity.2 For the return to total household assets, the coefficient on the private

business portfolio share was not found to be significantly higher than the public equity

portfolio share. In contrast, for returns to total household wealth, portfolio allocation

in private business assets was found to contribute more to the total return to assets

compared to public equity portfolio allocation. However, this is true only when the

leverage of private business assets is excluded. Thus, it is the leverage in business

assets that generates higher returns to wealth compared to public equities.

This exercise is now repeated for the return to assets within each asset class and

presented in Table 3.5. The portfolio shares are not interacted with time fixed effects

so the coefficients for portfolio shares can be reported. The relative volatility of the

portfolio is included. The regressions for all asset classes have adjusted R2 measures

that range from 0.155 for secondary housing to 0.367 for private business assets.

All estimates include an indicator if that asset was sold since the last wave. This

may help capture reporting bias, underestimated commissions and costs from selling,

or address the timing of liquidation. Selling of primary and secondary housing assets

is found to reduce the return to primary housing assets significantly by 5.1 and 9.89

percentage points, respectively. Interestingly, the selling of private business assets or

2While returns for the two asset classes are found to be comparable by Moskowitz and Vissing-
Jørgensen (2002), Kartashova (2014) documents a positive difference in average private and public
equity returns in the more recent sample using the Survey of Consumer Finances.
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Table 3.5: Explaining Returns to Assets Within Asset Classes

Business Prim. Housing Otr. Housing Public Equity Risk Free
If sold -5.02 -5.07*** -9.89*** 1.21

(19.8) (0.49) (3.30) (1.65)
Private business share -113.57*** -1.49 -3.79 -3.58 -0.08

(29.7) (1.11) (10.53) (5.60) (0.057)
Primary hous. share -38.80 -6.79*** -5.63 -9.10*** -0.05**

(32.9) (0.89) (10.50) (2.85) (0.025)
Other hous. share -64.08* -4.63*** -39.84*** -12.82*** -0.21***

(34.3) (1.11) (8.86) (4.09) (0.045)
Public equity share -42.14 -1.12 -7.14 -32.33*** 0.18***

(35.1) (0.88) (9.28) (3.44) (0.046)
Advanced degree 5.61 2.25*** -0.23 3.65 0.18***

(36.6) (0.54) (7.22) (3.79) (0.033)
Single -10.48 0.26 -4.29 0.71 -0.14***

(20.0) (0.59) (7.09) (2.80) (0.035)
African-American -1.81 -0.45 9.54* -0.57 -0.16***

(26.0) (0.48) (4.95) (2.44) (0.020)
Male -16.67 -0.19 -7.34 -0.94 0.00

(15.8) (0.51) (6.02) (2.10) (0.029)
Relative volatility 39.45*** 1.22*** 10.66*** 18.01*** -0.41***

(7.0) (0.25) (2.08) (1.19) (0.020)
N 710 12546 1286 6745 17277
Adj. R2 0.367 0.155 0.195 0.211 0.356
Notes: OLS regressions excluding fixed effects for the return to assets for each asset class. Returns in percentage 
points. All regressions control for dummies for year, lagged wealth and portfolio shares, age, region, observable 
household characteristics, and indicators if assets were sold in that period.  Asset shares are values from 0-1.  HAC-
robust standard errors in parentheses. ***p<0.01, **p<0.05, *p<0.1.

public equities is not found to significantly explain returns.

The ability to examine each asset class enables an understanding of which asset

classes contribute to the effects observed in the return to total household assets. For

example, a single or African-American head of household is found have a significantly

negative effect only for risk-free assets. An advanced degree is found to have a signif-

icant positive effect only for the return to primary housing and risk-free assets. The

gender of the head of the household does not have a significant explanatory effect on

any of the returns.
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Instead, asset specialization, represented by the portfolio share of assets in total

assets, is consistently an important, negative, and significant factor in explaining the

return to assets for each asset class. As households increase their portfolio share

within an asset class, the return to that asset class declines. This provides evidence

against increasing returns to asset specialization arising from say knowledge acquisi-

tion (Lusardi et al., 2017; Kacperczyk et al., 2018).

Background risk from holding other assets in the portfolio has negative effects on

the level of return for some asset classes. For the return to public equity, holding a

share of the portfolio in housing assets is associated with a significant and negative

effect on the level of return of public equities. Flavin and Yamashita (2002) posit that

background risk from primary housing would reduce the share of that households’

portfolio share in stocks compared to bonds which was empirically confirmed in the

PSID sample by Cocco (2004) and Palia et al. (2014). The results from this analysis

suggest that background risk from primary housing also reduces the average return

to public equities. In addition, secondary housing background risk has a significant

and larger negative effect on the return to public equity as well having a negative

effect on the return for every other asset class.

3.4.4 Scale Dependence in Returns

In addition to persistent heterogeneity in returns to match the wealth tail, Gabaix

et al. (2016) show that one way to capture the speed of changes in tail inequality

observed in the data is to allow for a positive correlation of returns with wealth,

also called “scale dependence.” Attention is now turned to how returns covary with

household wealth and age. The predicted margins for wealth and age are plotted from
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equation (3.8) that interacts the lagged portfolio shares with the year fixed effects

and includes the measure of relative volatility.

Figure 3.1: Only Returns to Risk-Free Assets Increase in Total Household Wealth

The predicted margins for the return to total household assets and the five asset

classes at each of the 5 percentiles of household wealth percentile are illustrated

in Figure 3.1. The main finding is that only risk-free assets display a consistent,

positive relation with total household wealth.3 Notably, the returns to housing and

business assets actually decline as total household wealth increases. The return to

total household assets increases until the 40th percentile of household wealth and

then is relatively stable up until the very top percentile of total household wealth.

The decline in the return for the wealthiest percentiles is due to decreasing returns

3This is consistent with the findings of financial returns in Bach et al. (2016) and Fagereng et al.
(2018)
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to private business and secondary housing assets concentrated in the portfolios of

the wealthiest households. The declining returns to assets for the other non-financial

asset classes drive the stable return to total assets.

While life-cycle age profiles are important for the persistent component of house-

hold earnings in the study of wealth inequality, the age profiles for the return to assets

are much less precise. For all asset classes other than risk-free assets, the predicted

margins of asset returns for 5 year age-bins are quite stable, see Figure 3.2. For exam-

ple, the return to total household assets is quite stable between 3 and 4 percentage

points. The implication is that permanent household-specific returns and not life-

time age profiles, as commonly assumed for earnings, should be used in quantitative

studies of wealth inequality with return heterogeneity.

Figure 3.2: Total Returns Vary Little with Household Age
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The above results have focused on the return to assets and its relationship with

total household wealth. However, for scale dependence to explain the change in the

wealth distribution over time, as suggested by Gabaix et al. (2016), the return to

wealth would need to be positively correlated with wealth. Figure 3.3 illustrates the

predicted margin of the returns to wealth by the total wealth of the household with

the 95 percent confidence interval.

Figure 3.3: Total Rates of Return to Wealth Decline with Wealth

Notably, there is a strong negative correlation between returns to wealth and total

household wealth. This relationship is especially robust for primary housing assets.

The declining return to wealth is due to the combined effect of the declining marginal

returns to non-financial assets and lower average leverage as wealth increases. This

result is consistent with the findings for the return to total household wealth in Bach
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et al. (2016) and Fagereng et al. (2018) (when primary housing wealth is included).

Figure 3.4: Primary Housing Borrowing Cost Decline in Wealth

For primary housing assets, the role of borrowing constraints and the progressivity

of mortgage payment tax deductibility can be shown. The real after-tax mortgage rate

and real mortgage rate on primary housing are illustrated in Figure 3.4. Generally,

mortgage rates are high for the lowest 40th percentile of household wealth, then

increase slightly again at the 70th percentile of wealth. The difference between the

bottom and top 20 percentiles of wealth is 2.9 percentage points for the real mortgage

rate and 3.6 percentage points for the real after tax mortgage rate. The contribution

of borrowing costs to the return to wealth can be calculated in an exercise which sets

tax rates and borrowing costs to the average across households. In this case, the return

to wealth for the bottom and top 20 percentiles of wealth would be further increased

by an additional 1.5 percentage points. The contribution of borrowing costs and

interest deductibility is unique as it shows a systematic component between household

wealth and returns to wealth not associated with risk taking. Wealthier households

benefit from lower borrowing costs and the progressivity of mortgage payment tax

deductibility.

It has been documented that the relative volatility of the households realized
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Figure 3.5: Relative Volatility Correlates with Wealth Only for Financial Assets

returns has strong predictive power for all measures of returns. Moreover, in the

estimation of household-specific returns in Table 3.2, accounting for differences in

household wealth was found to capture a large share of the standard deviation of the

household-specific return to assets. To study this issue, Figure 3.5 reports the relative

volatility of the households portfolio over the wealth distribution. As can be seen, the

wealthy do have more volatile portfolios, but within asset classes, this is only true of

public equities.

To illustrate how wealth correlates with household-specific returns, the quadratic

prediction between household-specific return to assets, εaj,i, and total household wealth

is presented in Figure 3.6. The measure of household-specific return to assets is the

baseline measure that removes contributions of year and age effects in Table 3.2.
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Figure 3.6: Household-Specific Asset Returns Correlate with Wealth

Household-specific returns positively covary with total household wealth for all asset

classes. The relationship is very strong and is exhibited across the wealth distribu-

tion. It is important to note that this relationship is endogenous, as households with

permanently higher returns are more likely to be wealthier. Analysis of how much of

this arises endogenously would require a structural model, is beyond the scope of this

study, and is left for future research.

3.4.5 Heterogeneity in Leverage

Given the importance of leverage for the return to wealth, this section asks how much

of the leverage is household-specific. The leverage in asset j of household i at time

t, levj,it, is modelled using linear panel regressions similar to the returns to assets
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and wealth in equations (3.1) and (3.2). The unexplained component of leverage,

elj,it from the second stage regression is represented as the sum of household-specific

leverage εlj,i, and the idiosyncratic error term ulj,it.

elit = εli + ulit (3.9)

The standard deviation of ε̂lj,i is denoted σ̂(εlj). The household-specific leverage,

εli is estimated using fixed effects with EB shrinkage.

Table 3.6: Estimates of Household-Specific Leverage

Total ex. O. Debt 16.6 15.3 0.54
Total 33.5 58.8 0.24
   Private Business 37.3 74.2 0.20
   Primary Hous. 23.8 15.5 0.70
   Seconday Hous. 22.5 11.1 0.80
Notes: Estimates of the fixed effects for leverage in percent 
using all observable controls. "Total ex. O. Debt" refers to total 
household leverage excluding other debts.

𝜎  𝜎  𝜎 / 𝜎

Table 3.6 displays the estimates of the household-specific leverage for the measure

of total household leverage, total household leverage excluding other debts, and each

leveraged asset class. The main finding is that household-specific leverage is sizeable.

Household-specific leverage represents a particularity high share of the overall het-

erogeneity in leverage for housing assets. This confirms that much of the household-

specific return to wealth is explained by household-specific differences in leverage.

The variance decomposition for total leverage excluding other debts suggests that 54

percent of the heterogeneity in leverage is household-specific. The inclusion of other

debts does reduce the variance decomposition estimate of total household leverage to
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24 percent.

Similar to the estimates of the household-specific returns, to isolate the role of

portfolio composition and wealth to household-specific leverage, a modified version

of equations (3.1) and (3.2) is estimated. Specifically, portfolio composition, lagged

household wealth percentile, and then both portfolio composition and lagged wealth

are successively included in the first stage regression, equation (3.1). Then, equation

(3.2) is re-estimated with those controls excluded. The purpose is to isolate the

contribution of portfolio characteristics in the household-specific component. These

results are summarized in Table 3.7.

Table 3.7: Total Household-Specific Leverage Excluding Contributors

Year, Age +Portfolio +Port. & 
Risk

+Port., Wealth 
& Risk

Total ex. O. Debt 16.6 16.2 16.1 15.4
Total 33.5 33.6 33.7 33.3
Notes: Standard deviation of the household specific leverage excluding the 
contributions of portfolio shares and the household wealth. Debt-to-asset ratio 
for the household in percentage points. "+Port., Wealth & Risk" removes the 
additional contribution of portfolio shares, wealth percentile as well as the 
relative volatility of the household portfolio.

  

The results suggest that persistent differences in portfolio allocation and rela-

tive volatility contribute very little to household-specific leverage. Excluding both

the contribution of portfolio shares and relative volatility reduces the estimates of

the standard deviation in household-specific leverage from 16.6 to 16.1 percentage

points. These results motivate substantial household-specific heterogeneity in lever-

age in studies of wealth inequality.

To examine how observable characteristics are related to leverage, the exercise of

section 3.4.3 is now repeated for the measures of leverage as in equation (3.8). The
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Table 3.8: Leverage Heterogeneity Characteristics are Partly Observable

(1) (2) (3)
Asset return fixed effect -0.76** -0.65** -0.69**

(0.30) (0.29) (0.31)
Private business share 47.29*** 50.02***

(4.20) (4.20)
Primary housing share 51.06*** 51.75***

(2.41) (2.38)
Other housing share 54.99*** 56.39***

(3.13) (3.09)
Public equity share 29.14*** 29.72***

(4.03) (4.00)
Advanced degree 17.90*** 17.28*** 17.24***

(4.84) (4.84) (4.84)
Single -12.86*** -12.82*** -12.49***

(3.84) (3.83) (4.04)
Male -0.96 -0.88 -0.36

(4.56) (4.56) (4.75)
Relative volatility -1.98*** -1.99***

(0.64) (0.66)
N 12572 12572 12572
Adj. R2 0.096 0.097 0.101
Notes: OLS regressions of the debt to asset ratio in percent excluding the fixed 
effects. All regressions control for dummies for year, lagged wealth and portfolio 
shares, age, location, observable household characteristics, and indicators if assets 
were sold in that period.  Asset shares are values from 0-1.  HAC-robust standard 
errors in parentheses. ***p<0.01, **p<0.05, *p<0.1.

only difference is the inclusion of the household-specific return to assets in the controls.

The ordinary least square estimates of the debt-to-asset ratio for the measure of total

household leverage (including other debts) are summarized in Table 3.8. The first

column does not include the relative volatility of the portfolio or the interaction of

the portfolio shares with the time fixed effect. The second column controls for the

relative risk of the portfolio to measure the role of risk taking on the leverage decision.

The third column reports the estimates when the portfolio shares are interacted with



3.4. RESULTS 78

time fixed effects.

A higher household-specific return to total assets is significantly and negatively

correlated with a decrease in total asset-specific leverage. One possible explanation

is that households with higher returns to assets use asset income to pay down debt.

The allocation of the asset portfolio has a sizeable and highly significant correlation

with the leverage of households. Leverage is higher for households concentrated in

private business and housing assets. Perhaps most interesting is that concentration of

the portfolio share in public equities is also associated with higher household leverage.

This provides some evidence that some of the debt held by households is used to

finance public equities.

Interestingly, the leverage ratio significantly increases by approximately 17 per-

centage points for heads of household who hold an advanced degree. This suggests

that part of the higher returns to wealth for holders of advanced degrees can be

explained by holding higher leverage. One possible explanation is that, since debt

is widely held, an advanced education may help a household choose cheaper debt,

as suggested by Campbell (2006). It could also arise from a higher willingness to

lend to more educated households if they are seen as less risky borrowers. Another

possible explanation is that more educated households maintain higher debt levels

to achieve higher return to wealth. For example, during the later half of the sample

when borrowing rates were low, a household that used savings to invest in risky assets

rather than pay off their primary mortgages would have reaped much larger returns

to wealth. More education may have contributed to the financial knowledge to make

such an allocation decision.
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A single household is found to hold significantly less leverage compared to a mar-

ried household. A possible explanation includes a lower willingness to lend to single

households if they are seen as more risky borrowers. It could also reflect lower risk

tolerance of single households or less ability to smooth income from the absence of a

secondary income earner. Male heads of household are not found to hold significantly

less debt. This is consistent with the evidence that that gender is not found to be

significantly correlated with any other return measures. Finally, the relative volatility

of the household portfolio is found to be significantly and negatively correlated with

total household leverage.

To examine if these features hold only for specific asset classes, the exercise is

repeated for the debt-to-asset ratio for each asset class and presented in Table 3.9.

The regressions do not interact year fixed effects with portfolio shares, so that the

effect of portfolio shares can be reported, but this has little effect on the qualitative

or quantitative findings.

A higher household-specific return to total assets is significantly and negatively

correlated with a decrease in total asset-specific leverage only for primary housing

assets. Similarly, advanced degree holders are found to hold significantly more debt

only for primary housing. This presents an interesting puzzle, as lower debt costs or

higher willingness to lend to advanced degree holders should have a similar effect on

secondary housing leverage. Being single is also significantly and negatively related

only to the leverage in primary housing.

Portfolio specialization measured by the share of the asset portfolio within each

asset class significantly contributes to higher debt for all asset classes. The exception

is secondary housing and public equity shares for private business leverage. Holding
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Table 3.9: Leverage Characteristics Vary By Asset Types

Lagged Asset Share Private Business Prim. Housing Secondary Hous.
Asset return fixed effect 0.11 -1.67*** -0.16

(0.11) (0.19) (0.35)
Private business share 67.94*** 52.80*** 45.11***

(17.45) (3.20) (8.23)
Primary housing share 38.30*** 42.45*** 27.79***

(12.69) (2.37) (8.03)
Seconday housing share 10.53 51.55*** 61.12***

(22.35) (3.08) (6.95)
Public equity share 16.27 42.48*** 27.63***

(22.91) (2.47) (7.42)
Advanced degree -4.37 20.00*** 5.17

(8.27) (1.48) (8.81)
Single 9.31 -12.65*** -7.71

(28.57) (1.76) (5.34)
Male 24.21 -1.10 -1.38

(33.64) (1.43) (3.57)
Relative volatility -5.64*** -4.70*** -12.14***

(1.95) (0.56) (1.14)
N 710 12546 1259
R2-Adj. 0.124 0.391 0.292
Notes: OLS regressions excluding the fixed effects for the debt-to-asset ratio in 
percent.  All regressions control for dummies for year, two-year lagged wealth, age, 
location, observable household characteristics, and indicators if assets were sold in 
that period.  Asset shares are values from 0-1.  HAC-robust standard errors in 
parentheses. ***p<0.01, **p<0.05, *p<0.1.

a higher portfolio share in stocks is associated with higher leverage only for housing.

This provides evidence that households may be using only mortgage debt to finance

public equity investment.

The wealth of the household is significantly associated with lower leverage. Figure

3.7 illustrates the predicted margins presented with the 95 percent confidence intervals

for the household debt-to-asset ratio at 5 percentile increments of household wealth.
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Figure 3.7: Wealthy Aggressively Pay Down Primary Housing Debt

As households become wealthier, they predictably reduce their overall leverage. This

effect mainly arises from primary housing leverage. In contrast, only the wealthiest

percentiles of households are found to maintain lower leverage in private businesses

and secondary housing.

To summarize, an important share of household-specific returns to wealth is due

to the contribution of household-specific leverage. Leverage is predictable, being

related to the wealth of the household, portfolio composition, and other household

characteristics. Leverage is heterogeneous across households with the majority of it

household-specific.
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3.4.6 Robustness

The estimate of the household-specific returns is quite robust to the underlying data

and estimation assumptions. Table 3.10 reports the estimates of the household-

specific return to assets for various baseline assumptions. All household-specific re-

turns are estimated with fixed effects with EB shrinkage as in equation (3.3). The

estimates of the standard deviation of the household-specific return are all significant

at the five percent level and hence are not reported for brevity. The second row

reports the baseline estimation of the standard deviation of the household-specific

return, the transitory component, variance decomposition and number of household-

year observations.

The first set of rows in Table 3.10 report the estimates for alternative assumptions

of the minimum number of consecutive observations required for the household to be

included in the sample. The estimates of the household-specific returns are similar

to the baseline estimate which requires three waves (six years) of consecutive obser-

vations. The largest difference is for the four year minimum where the estimate of

the household-specific return increases from 3.9 to 5.4. This is consistent with evi-

dence from Monte Carlo simulations in Appendix B.2, which show that EB shrinkage

works best with at least two consecutive return observations. This also highlights the

importance of panel data in the estimation of household-specific returns.

The row “Individuals” in Table 3.10 reports the estimates for individual-specific

returns instead of household-specific returns. This is done as in Fagereng et al. (2018)

by counting married households twice. In this case, the estimate of the household-

specific return to assets increases slightly to 4.18 percentage points, but is still lower

than the 5.36 percentage points estimated for individuals in Norway by Fagereng et al.
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Table 3.10: Robustness of Household-Specific Returns to Assets

Min. 4 years 5.39 0.60 0.30 14871
Min. 6 years (Baseline) 3.94 0.58 0.18 13076
Min. 8 years 3.51 0.54 0.15 10058
Min. 10 years 3.86 0.48 0.18 7303
Min. 12 years 3.77 0.35 0.17 5013
Individuals 4.18 0.59 0.20 23078
       not required 3.94 0.64 0.18 13359
No min. asset value 3.93 0.58 0.18 13154
$5000 min. assets 3.92 0.57 0.18 12221
Exclude Homeowners 2.46 0.14 0.21 1799
Exclude Bus. Owners 3.74 0.59 0.18 11961
Notes: Estimates of the household-specific asset return in percentage points 
under various sample restriction assumptions. 

𝜎  𝜎 / 𝜎 𝑁
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(2018). The remaining rows show the estimates for a minimum asset value of $5000

2010 USD, no minimum (or greater than zero) asset value, and the case where the

sample is not restricted to requiring an observation of the rate of return to wealth. In

all three of these cases the estimates of the household-specific return to assets remain

very consistent with the baseline estimates. The overall robustness of the estimates is

due to the use of the EB procedure which makes the estimates immune to transitory

measurement error.

The last two rows of Table 3.10 report the estimates of the household-specific

return when primary homeowners and private business owners are dropped from

the sample. Excluding private business owners and primary homeowners reduce the

estimate of the standard deviation of the household-specific return to assets to 2.46

and 3.74, respectively. This highlights that permanent heterogeneity in returns is not

merely limited to participation within these asset classes.
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3.5 Implications of Findings

This chapter provides empirical evidence on the scale- and type-dependence in returns

to wealth. Using the observed realized returns developed in Chapter 2, several theories

regarding return heterogeneity are tested.

This study documents permanent heterogeneity in returns on wealth between U.S.

households. Household-specific returns are observed for the total household portfolio

as well as within all asset classes. A comparison of household-specific returns to

assets and wealth reveals that leverage on wealth explains 58 percent of the permanent

heterogeneity in the return to wealth. Leverage increases both the mean and standard

deviation of returns to wealth and is found to exhibit a sizeable household-specific

component.

Returns to wealth are found to be negatively correlated with total household

wealth due to reduced primary housing leverage of the wealthy. Only for finan-

cial assets are returns found to be increasing in total household wealth, and this is

associated with more risk taking. All asset classes exhibit declining returns to spe-

cialization. However, two important components of household-specific returns that

vary with wealth but are not associated with risk are borrowing costs and regressive

mortgage interest tax deductibility.

The empirical evidence illuminates the magnitude and drivers of type and scale

dependence in returns to wealth. The results partly support the finding of Bach

et al. (2016), who suggest that most of the heterogeneity in returns across households

is driven by differences in portfolio risk characteristics. The presence of household-

specific returns in the United States is consistent with the findings of the fixed effects

in returns observed in Norway by Fagereng et al. (2018) and used in quantitative
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models explaining wealth heterogeneity in Benhabib et al. (2019). In the PSID, the

estimate of the standard deviation of the individual-specific return to total household

assets is 4.2 percentage points, similar to the 5.4 percentage point return to total

observable assets for individuals found in Norway by Fagereng et al. (2018). The

similarities in the estimates occur despite the differences in the measures of returns

and the country being examined. The estimates in this chapter and Fagereng et al.

(2018) reject homogeneous returns to assets. However, in the PSID, the standard

deviation of the fixed effects for the return to total household wealth is estimated to

be 9.34 percentage points. Household-specific leverage is documented and shown to

increase the dispersion of household-specific returns to wealth. These findings have

important implications for the literature of portfolio theory, optimal taxation, and

wealth inequality.

The first application of the results regards the study of asset income inequality in

explaining wealth inequality. The unexplained differences in leverage, and their role

in scale dependence in returns, need to be taken into account. For example, preference

heterogeneity (Krusell and Smith, 1998; Hendricks, 2007; and De Nardi, 2004) should

be re-examined in the presence of leverage and asset return heterogeneity to examine

preference heterogeneity’s contribution to return to wealth heterogeneity. Constraints

to household balance sheets, permanent earning profiles, and heterogeneity in prefer-

ences may be behind the substantial idiosyncratic permanent heterogeneity in leverage

across households. Household-specific leverage is observed for all asset classes. The

fact that the wealthy households maintain leverage in private business and secondary

housing asset classes suggests unique features of these asset classes.

The role of reduced borrowing constraints of the wealthy is also noted. Reduced
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mortgage rates compounded with higher interest deductibility systematically provide

higher returns to wealth as household wealth increases, and, for the same degree of

leverage, are not associated with higher risk. The results suggest a key role of leverage

in determining scale- and type-dependence in returns in studies of wealth inequality,

such as Benhabib et al. (2019). Taking the role of risk and leverage explicitly into

account would help to not overstate the degree of exogeneity in persistence for returns

to wealth. The return to assets is found to be increasing in the wealth percentile only

for financial assets, whereas the return to wealth is found to be decreasing in total

household wealth. Reduced borrowing constraints and risk-return efficiency of the

wealthy suggest that the permanent component and risk will not scale linearly with

wealth.

The empirical evidence supports the role of return heterogeneity arising from

entrepreneurial skill (Quadrini, 2000; Cagetti and De Nardi, 2008, 2009; Benhabib

et al., 2011). Entrepreneurial returns are found to exhibit declining returns to scale.

Household-specific returns to private business assets are documented. That said,

removing private business owners from the sample only reduces the estimate of the

household-specific return to total household assets to 3.74 from 3.94. Thus, wealth

inequality arising from heterogeneity in household-specific returns is not limited to

entrepreneurial activity.

The second applicability of the results is for the study of portfolio choice and risk

preferences. The evidence in this chapter and Fagereng et al. (2018) demonstrates

that the share of public equities in the portfolio is insufficient to identify the degree

of portfolio risk. This highlights a pitfall of using the share of the portfolio invested

in stocks to identify preferences related to risk aversion such as in Brunnermeier and
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Nagel (2008) or Chiappori and Paiella (2011). Instead, the degree of risk within an

asset class needs to be considered jointly with the share in that asset to identify

relative risk aversion, such as in Palia et al. (2014).

The third applicability of the results regards redistribution and taxation of wealth

and capital income. Shourideh (2013) finds that the relative degree of permanent and

transitory components of returns informs the degree of capital income taxation pro-

gressivity. The decomposition of the permanent and transitory component displayed

in Table 3.1 can be used to inform the progressivity of taxation. The variance decom-

position of the permanent component in returns to total wealth, V ar(εwa )/V ar(ewa ) is

found to be 0.15 for households in the United States. This is slightly lower than the

estimate of the variance decomposition of the permanent component for the return

on assets in Fagereng et al. (2018) for Norway. The permanent component in idiosyn-

cratic returns is also found to differ by asset class, being particularly high for private

business assets and low for public equity. The relative importance of the permanent

component across asset classes suggests that potential efficiency gains could be made

to optimal capital and wealth taxation by targeting taxation of specific asset classes.

Regarding optimal redistribution, inequality has been shown to be efficient if the

wealthy are better investors, for example, from entrepreneurial skills (Guvenen et al.,

2017). If wealth is allocated to more productive households (if the returns do not

stem from monopoly rents), and those investments are scalable, inequality is efficient.

Guvenen et al. (2017) show that holding revenue constant, moving from a capital

income tax to a wealth tax shifts the burden of taxation disproportionately to lower

wealth households. In such a setting, efficiency can be improved if wealth is allocated

to more efficient (high return) individuals. However, these efficiency gains depend on
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the degree of heterogeneity of returns across households’ wealth levels and whether

returns are household-specific and scalable. The evidence from the PSID suggests

that, on average, returns are not scalable but exhibit decreasing marginal returns. In

this case, allocating more wealth to the wealthy is unlikely to produce consistently

high returns to private equity.
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Chapter 4

Idiosyncratic Asset Return Risk and Wage

Correlation in the U.S.

4.1 Introduction

Idiosyncratic heterogeneity in labor income is a common structural assumption in

quantitative studies of heterogeneous households. Much less is known regarding the

nature of idiosyncratic heterogeneity in asset returns. Asset return heterogeneity is

further complicated in models of heterogeneous households that include both labor

income and return heterogeneity, because there is a lack of information on the po-

tential correlation of idiosyncratic shocks to wages and asset returns. This chapter

fills this gap by proposing a measure of idiosyncratic returns to assets. The degree of

idiosyncratic heterogeneity in household-level asset returns is documented along with

its serial correlation and correlation with wage risk in the United States.

This chapter focuses on three primary questions. First, what is the degree of id-

iosyncratic return heterogeneity in household-level asset returns? Second, is idiosyn-

cratic asset return risk correlated with labor income risk? Third, does idiosyncratic

risk display serial correlation? Empirical evidence is provided on the persistence,
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correlation, and magnitude of household-level idiosyncratic asset return risk. Asset

returns are evaluated for the entire household asset portfolio as well as for primary

and secondary real estate, private businesses, and public equities.

These questions are examined by joint system estimation of a permanent-transitory

wage process in conjunction with an asset return process allowing for serial correla-

tion and correlation across innovations. These dual processes are estimated using

iterative generalized method of moments on household-level micropanel data on asset

returns and wages from the newly revised Panel Study of Income Dynamics (PSID)

from 1999–2017.

The degree of return risk is known to have important implications for portfolio

allocation. Households holding risky assets (such as housing or private business assets)

may lower the share of their portfolio invested in risky financial assets, thus reducing

their overall risk exposure (Merton, 1971; Kimball, 1993; Constantinides and Duffie,

1996; Heaton and Lucas, 1996, 2000; Flavin and Yamashita, 2002).

Evidence on overall heterogeneity in asset returns have been documented for pri-

mary housing by Case and Shiller (1989), Flavin and Yamashita (2002), and in Chap-

ter 2.1 These studies have documented that household-level housing price changes are

two to three times larger than aggregate price returns. Idiosyncratic heterogeneity

in housing returns can arise, for example, due to bargaining power in negotiations,

behaviour of the real estate agent, and profits from home improvements.

In addition to Chapter 2, evidence on return heterogeneity was documented for pri-

vate business wealth by Kartashova (2014), Moskowitz and Vissing-Jørgensen (2002),

1The return to primary housing wealth has also been examined using the PSID by Palia et al.
(2014) and for expected returns using Swedish administrative tax data by Bach et al. (2016). How-
ever, the return to wealth includes households’ endogenous leverage and borrowing cost decisions, a
dimension removed in this chapter.
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and Bach et al. (2016) and for returns to total household assets by Bach et al. (2016),

and Fagereng et al. (2018). Bach et al. (2016) estimate that the share of idiosyncratic

risk represents 78.9 percent and 27.2 percent of overall standard deviation for private

business wealth and overall assets, respectively.

The correlation of returns across asset classes and with labor income risk can also

have important portfolio implications. However, the evidence of the correlation of the

returns with labor income is limited. Previous studies have examined occupational-

level wages (Davis and Willen, 2000)2, or aggregate asset returns (Heaton and Lucas,

2000; Campbell et al., 2001)3, neither of which are guaranteed to reflect household

level returns. An exception is Krueger and Perri (2009) who examine evidence in the

Italian Survey of Household Income and Wealth from 1987 to 2008 and the PSID

from 2004 to 2006. They find that the changes in the value of real business assets

and primary housing co-moves with labor income. They posit that this correlation

reflects appreciation in prices of assets (real estate and businesses), rather than net

investment by households in response to income shocks.

This chapter documents sizeable transitory idiosyncratic risk in returns to to-

tal household assets. The standard deviation of the transitory innovation to total

household assets is estimated to be 8.2 percentage points.

This transitory idiosyncratic asset return risk exists concurrently with household-

specific returns documented by Fagereng et al. (2018) and Chapter 3. This suggests

that quantitative macro models seeking to capture the dynamics of return heterogene-

ity would need to model both the household-specific and the transitory idiosyncratic

2Davis and Willen (2000) find a positive correlation with stock returns. Both studies find that
the correlation between labor income shocks and equity returns rises with education.

3Heaton and Lucas (2000) highlight the positive correlation between equity returns and the
income of self-employed persons. Campbell et al. (2001) find a positive correlation between labor
income risk and stock market returns only for specific population groups.



4.1. INTRODUCTION 92

components. This is analogous to models with heterogeneous households that allow

for innovations of labor income around a life-cycle earnings profile. Calibrating struc-

tural models to the cross-sectional standard deviation would overstate the degree of

transitory component if the household-specific return is ignored.

Sizeable idiosyncratic asset return risk is also documented for the idiosyncratic re-

turn processes for private businesses, primary housing, secondary housing, and public

equities. The standard deviation of the transitory innovation to primary housing as-

sets is the smallest at 9.5 percentage points. This is followed by secondary housing,

public equities, and private business assets of 20.8, 40.0 and 74.7 percentage points,

respectively. The finding of Chapter 3 that the household-specific return to primary

housing is 3.2 percentage points suggests that the majority of cross-sectional return

heterogeneity is transitory idiosyncratic risk.

Importantly, idiosyncratic risk to wages and returns are correlated but only for

specific asset classes and household subsets. Permanent shocks to wages are found to

be positively correlated with transitory shocks to private business returns but nega-

tively correlated with transitory shocks to secondary housing returns. Concurrently,

transitory shocks to wages are found to be positively correlated with transitory shocks

to secondary housing returns. For secondary housing, the negative correlation of tran-

sitory return and the permanent wage innovations is partly due to the rental option

of housing. Secondary housing assets are thus unique as they can provide insurance

against permanent wage shocks. For primary housing, the rental option of housing

offsets a small positive correlation of permanent shocks to wages and transitory shocks

to capital gains. This highlights the importance of encompassing measures of primary

housing returns that include rental income.
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Owners of primary housing and public equities are found to experience a positive

moving average process for the transitory wage shock and a negative moving average

process for the transitory return shock. Overall, older households and homeowners are

found to experience significant negative serial correlation in returns to total household

assets.

While on average younger households do not display negative serial correlation

in transitory shocks to returns to total household assets, they do experience positive

correlation of transitory shocks to wages and returns. This is due to the correlation

of capital gains to primary housing and wages. Older households are found able to

hedge this risk correlation arising from homeownership, partially due to ownership of

secondary housing.

These empirical findings inform the debate on portfolio allocation and the causes

and consequences of wealth inequality and mobility. The degree and structure of

return risk can be used to directly motivate and quantify models that include both

return and wage heterogeneity. The estimates can be used directly in quantitative

models of heterogeneous households to discipline the return heterogeneity’s contribu-

tion to wealth inequality and portfolio allocation.

The chapter is structured as follows. Section 4.2 introduces the model of idiosyn-

cratic wages and asset returns. Section 4.3 discusses the data sample. Section 4.4

presents the estimates and conducts tests of robustness and sensitivity to life cycle

and demographic characteristics. Section 4.5 summarizes the results and discusses

the implications of the findings.
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4.2 Empirical Model

An idiosyncratic permanent-transitory wage process is adopted from the literature

on idiosyncratic wage risk (Blundell et al., 2008; Moffitt and Gottschalk, 2011). The

idiosyncratic wage process is estimated in a system with an asset return process. Both

the wage and return processes allow for serial correlation of the transitory innovations.

The system estimation allows for correlation across innovations in the permanent and

transitory wage process with a transitory asset return process.

Idiosyncratic heterogeneity in before-tax real returns is calculated as follows. Real

returns are regressed on a set of indicators for year and observable household charac-

teristics, Zit, portfolio shares interacted with year fixed effects, Pit, and an indicator

for each of the asset classes if the household sold within an asset class, Sit. Observable

household characteristics include age, marital status, family size, number of children,

presence of an outside dependent, race, education level, region interacted with year,

and an indicator for income from a family member other than head or spouse. The

unexplained component of the return to total household assets after accounting for

observable characteristics, the idiosyncratic (unexplained) component, are denoted

by r̃a,it:

ra,it = f(Zit, Pit) + βSit + r̃a,it, (4.1)

where f(·) is a function of vector Zit observables which includes year fixed effects and

the interaction of portfolio shares Pit with year fixed effects. The inclusion of portfolio

shares accounts for changes in the asset portfolio, something that is not required for

each asset class. The return on assets for the specific asset category j is thus modelled
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as:

rj,it = f(Zit) + βjsj,it + r̃j,it. (4.2)

where j ∈ {b, ph, oh, s} and sj,it indicates if asset j was sold. The estimates of equation

(4.2) for each asset class as well as the measure of the idiosyncratic returns, r̃j,it, are

detailed in Appendix C.4.

Similarly, log-real wages, Wit, are deconstructed into a part explained by observ-

able characteristics, and the idiosyncratic component, W̃it.

Wit = g(Zit) + W̃it, (4.3)

where g(·) is again a function of the observable household characteristics, Zit. The

identical set of observable household controls is used for the calculation of log-real

wages as returns.

Idiosyncratic wages are modelled as the sum of orthogonal components, a perma-

nent component W p
it which follows a martingale with innovation vit

iid∼ (0, σ2
v), and a

transitory component uit
iid∼ (0, σ2

u), that follows a moving average process αw, where

uit ⊥ vit ∀ i, t.

W̃it = W p
it + uit + αwuit−1,

W p
it = W p

it−1 + vit,

W p
i0, given.

Combining the equations above to remove W p
it gives the change in idiosyncratic

wages,

∆W̃it = vit + ∆uit + αw∆uit−1, (4.4)
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where ∆ is a difference operator.

The unexplained component of the return is assumed to be a transitory component

urj,it
iid∼ (0, σ2

urj
) with moving average parameter αr,j and an initial condition εrj,i

iid∼

(0, σ2
εrj

), ∀ i, t, j:

r̃j,it = urj,it + αr,ju
r
j,it−1 + εrj,i.

For the return to total household assets and for each risky asset category, a null

variance is estimated for permanent innovations. In the absence of permanent shocks

to the return on assets, the household-specific return, εrj,i identifies, and is interpreted

as, the initial condition of the return that persists across a household’s lifetime. This

is exactly the household-specific component documented and estimated by Fagereng

et al. (2018) and in Chapter 3. The change in the unexplained component of return

on assets is given by:

∆r̃j,it = ∆urj,it + αr,j∆u
r
j,it−1. (4.5)

Correlations are modelled between the transitory shocks to the return on assets,

urj,it, and real wages, uit, denoted, ρuu. Also, a potential correlation exists between

the permanent shock to wages, vit, and the transitory shock to the return on assets,

urit, denoted ρvu.

Equations (4.4) and (4.5) are estimated in a system via iterated generalized

method of moments (GMM) with heteroskedastic and serial correlation robust stan-

dard errors and weight matrix. An identity weight matrix is used to obtain the

first-step parameter estimates. The results are robust to two-step GMM or alter-

native assumptions of the initial weighing matrix. In total, there are 7 parameters

to identify: shock variances σ2
u, σ

2
v , and σ2

ur ; correlations ρuu and ρvu; and moving
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average processes αr,j and αw.

The system of equations (4.4) and (4.5) is over-identified using eleven moment

conditions including all available variances, covariances, and first and second lagged

covariances, cov(∆r̃,∆r̃t−1), cov(∆r̃,∆W̃t−1), cov(∆r̃,∆r̃t−2), cov(∆r̃,∆W̃t−2), etc.

These moment conditions are used for all model specifications, and the robustness

of this assumption is discussed later in the chapter. Appendix C.1 provides proof of

parameter identification.

The objective is to find the most parsimonious system that captures the structure

in the data for each measure of return. Within all models the shock variances are

included: σ2
u, σ

2
v , σ

2
ur . Each of sixteen model-parameter combinations are estimated,

one for each combination of the moving average and shock correlations, αr,j and

αw, ρuu, ρvu. The most parsimonious system is defined as one of the sixteen model

specifications that exibits both individual and joint parameter significance as well as

fail to reject the null of the Hansen J-test (Hansen, 1982). The Hansen J-test’s null

is of valid over-identifying restrictions and the test can also pick up other forms of

model misspecification, as shown by Hall (2005).

4.3 Data

The Panel Study of Income Dynamics (PSID) is used to calculate household-level

unbalanced panel data on before-tax real asset returns and log-real wages between

1999–2017 as described in Chapter 2. Four consecutive waves of available data on asset

income, wealth, and wages are required for the identification method as described in

Appendix C.1. The sample characteristics are similar to those in Chapter 2 and are

described in Appendix C.2.
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Table 4.1: Correlation of Idiosyncratic Asset Returns

Asset Type P. Busin. Prim. H. S. Hous. Risk F. Public E. 
Private Business 1.000
Primary Housing 0.055 1
Secondary Housing 0.078 0.119* 1
Risk Free 0.078 0.014 0.007 1
Public Equities 0.052 0.006 0.056 0.023 1
Pairwise correlation of the change in the idiosyncratic asset return by asset class. Conditional 
on a minimum of three consecutive return observations and the presence of both wage and 
return observations.  ***p<0.01, **p<0.5, *p<0.1.

Throughout the analysis, correlation is considered between the idiosyncratic shocks

to wages and the shocks to the asset return. It may be possible that the idiosyncratic

return on assets within asset classes may be correlated with other asset classes. The

pairwise correlation of the difference of idiosyncratic asset returns from equations

(4.1) and (4.2) is summarized in Table 4.1. Idiosyncratic asset returns for primary

and secondary housing assets display a small correlation but is statistically insignif-

icant at the 5 percent level. No other asset returns display a significant correlation.

Based in this evidence, correlation of idiosyncratic asset returns across asset classes

is not modelled.

4.4 Empirical Results

This section presents the estimates of idiosyncratic risk to asset returns and their

correlation with idiosyncratic labor risk. There are three main questions. What

is the degree of idiosyncratic risk to the return on assets? Is idiosyncratic asset

return risk correlated with labor income risk? Is there serial correlation in asset

returns? These questions are examined for each asset class. The full sample is then

divided by household characteristics to see if the results pertain to specific subsamples.
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For brevity, the most parsimonious model is reported, but detailed estimates are

documented in Appendix C.3.

4.4.1 Return to Total Household Assets and by Asset Classes

The results for the system estimation of equations (4.4) and (4.5) for total household

assets and for each asset class are summarized in Table 4.2. For all returns, the

variances of the shocks to to wages are significant at the 5 percent level. For every

return measure, the null of valid over-identification restrictions is not rejected.

Table 4.2: Idiosyncratic Return Risk is Sizeable and Correlated with Wage Risk

Asset Return Total Business Prim. Hous. Sec. Hous. P. Equities
σ u 18.89*** 28.00*** 22.61*** 27.70*** 23.32***

(Idyo. temp. wage shk) (5.05) (11.81) (6.42) (10.61) (8.21)
σ v 20.30*** 23.61** 17.77*** 24.72*** 17.67***

(Idyo. perm. wage shk) (6.58) (16.02) (6.53) (12.36) (8.93)
σ ur 8.19*** 74.65*** 9.53*** 20.84* 40.04***

(Idyo. temp. return shk) (2.35) (29.83) (2.02) (14.89) (13.94)
α w - - 0.11*** - 0.17***

(Wage moving ave.) - - (0.040) - (0.054)
α r -0.17*** - -0.11*** -0.71* -

(Return moving ave.) (0.060) - (0.033) (0.376) -
ρ uu r - - - 0.38*** -

(Corr. temp. shks) - - - (0.129) -
ρ vu r - 0.29* - -0.63*** -

(Corr. v. wage u. returns ) - (0.158) - (0.237) -
N 4,834 280 7,261 476 2,585
Households 1,404 85 1,775 139 784
J-test p-value H0: Valid 0.479 0.454 0.708 0.628 0.757
Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in 
percentage points, idiosyncratic wages in percent change.  Heteroskedastic and serial correlation 
robust standard errors in parentheses. ***p<0.01, **p<0.5, *p<0.1.

The first column of Table 4.2 reports the baseline estimates for the returns to total

household assets. The wage and return shock standard deviations are significant at
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the 1 percent level. The standard deviations for the permanent and temporary shock

to wages are 20.3 and 18.9 percentage points, respectively. The standard deviation for

the transitory idiosyncratic shock to the return on total household assets is estimated

to be 8.2 percentage points.

Interestingly, neither idiosyncratic shock to wages is found to be significantly

correlated with the transitory shock to returns in any specification of the model.

The moving average coefficient for the shock to the return on total household assets

is found to be −0.17 and statistically significant at the 1 percent level. Only in

models that include the moving average process for returns is the J-test of valid

over-identifying restrictions not rejected at the 10 percent level.

The second column of Table 4.2 shows the system estimation for idiosyncratic

returns to private business assets and wages. The standard deviations for the perma-

nent and temporary shock to wages are 23.6 and 28 percentage points, respectively.

The standard deviation for the transitory shock to the return to private business

assets is the highest of any asset class with a standard deviation of 74.7 percentage

points. There is a positive correlation of 0.29 for the permanent shock to wages and

the transitory shock to return to private business assets that is significant at the 10

percent level. In no model specifications were the moving average parameters for the

wage or return processes found to be statistically significant.

The third and fourth columns of Table 4.2 show the system estimation for primary

and secondary housing assets. The standard deviations for the temporary shock to

the asset return on primary and secondary housing assets are estimated to be 9.5 and

20.8 percentage points, respectively. In no case does the return to primary housing

assets exhibit significant correlation with the permanent or transitory shock to wages.
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In contrast, the idiosyncratic return on secondary housing assets is correlated with a

value of −0.63 for the permanent and 0.38 for the temporary shock to wages and both

are significant at the 1 percent level. The strong negative correlation of the permanent

shock to wages and the transitory shock to secondary housing asset returns suggest

that this is the only asset class that provides a hedge against permanent wage shocks.

One possible explanation is that households with secondary properties can rent the

property out in the face of a negative labor income shock to make up forgone income.

The fifth column of Table 4.2 shows the system estimation for public equities. The

standard deviation of the transitory shock to returns is estimated to be 40 percentage

points. The null of zero correlation between the shocks to wages and the shock to the

public equity asset returns cannot be rejected at any reasonable level of significance.

A positive moving average coefficient for wages, significant at the 1 percent level, is

observed for both primary housing and public equities. Returns to primary housing

and secondary housing assets have a negative moving average coefficient of −0.11 and

−0.71, significant at the 1 and 10 percent levels, respectively. For secondary housing,

significant correlations are observed even when the moving average for returns is

omitted, as explored in Appendix C.3.

Consider the interpretation of these findings. The estimates suggest that, on

average, households are able to allocate their asset portfolio to hedge against the

correlation of labor income shocks. Only for private business and secondary housing

assets does the evidence suggest that idiosyncratic shocks to wages and the transitory

shocks to returns are correlated. Secondary housing assets provide a unique asset

class that allows for the permanent shock to wages to be hedged. The next section

delves deeper into which households can adequately hedge this risk and reproduces
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the estimates for several subsamples.

4.4.2 Capital Gains

This section repeats the baseline exercise for the capital gains proportion of returns

to inform whether the correlations and serial correaltion in the returns arise due to

capital gains or flow income. Krueger and Perri (2009) document that changes in the

value of real business assets and primary housing co-moves with labor income in the

PSID and posit that this reflects capital gains. This assumption is now tested when

net investment is included in the measure of capital gains.

For the capital gains portion of return, the denominator of returns remains the

same, but the numerator includes only the capital gains. Specifically, the annualized

capital gain portion of the return, rgj,it is defined as,

rgj,it =
aj,it − aj,it−1 − ij,it

2aj,it−1
, (4.6)

where aj,it is the value of the asset j of household i in time t, and ij,it is the household’s

i net investment within asset class j at time t. Equations (4.4) and (4.5) are estimated

as a system using the capital gain returns for each asset type and summarized in Table

4.3.

The second column of Table 4.3 shows the system estimation for idiosyncratic

wages and asset return from private business capital gains. The standard deviation

for the transitory shock to capital gains is lower than that of the total return. This

suggests that business profits exacerbate private business return variability compared

to only capital gains. Importantly, unlike for the total return to private business as-

sets, transitory shocks to private business capital gains are not found to be correlated
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Table 4.3: Housing Capital Gains are Correlated with Wage Innovations

Total Business Prim. Hous. Sec. Hous. P. Equities
σ u 20.55*** 28.14*** 22.80*** 26.63*** 23.47***

(Idyo. temp. wage shk) (6.23) (11.70) (6.10) (10.22) (8.21)
σ v 19.01*** 23.01** 17.91*** 20.94*** 17.61***

(Idyo. perm. wage shk) (6.79) (16.43) (6.25) (11.73) (8.96)
σ ur 11.57*** 56.95*** 11.56*** 34.11*** 28.28***

(Idyo. temp. return shk) (4.04) (22.40) (2.83) (13.97) (11.17)
α w 0.08* - 0.11*** - 0.18***

(Wage moving ave.) (0.047) - (0.036) - (0.053)
α r -0.18** - -0.14*** - -0.20*

(Return moving ave.) (0.080) - (0.039) - (0.108)
ρ uu r - - - 0.18** -

(Corr. temp. shks) - - - (0.082) -
ρ vu r - - 0.08*** -0.22* -

(Corr. v. wage u. returns ) - - (0.027) (0.116) -
N 6,063 280 8,670 602 2,569
Households 1,705 85 2,033 172 778
J-test p-value H0: Valid 0.146 0.518 0.118 0.321 0.931
Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in 
percentage points, idiosyncratic wages in percent change.  Heteroskedastic and serial correlation 
robust standard errors in parentheses. ***p<0.01, **p<0.5, *p<0.1.

Asset Return Capital Gains Portion of Return

with either of the shocks to wages. This suggests that it is the dividends and profits

of the private businesses that are correlated with wage income and not capital gains.

The third and fourth columns of Table 4.3 show the system estimation for capital

gain returns for primary and secondary housing assets. The standard deviation for

the transitory shocks to capital gain returns are larger than the standard deviation

of shocks to total returns reported in Table 4.2. This suggests that housing divi-

dends, such as rental income, reduce the variability of housing returns compared to

only capital gains. Interestingly, the idiosyncratic return on primary housing assets is

correlated with the permanent shock to wages with a value of 0.08 and significant at
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the 1 percent level. For secondary housing assets, a negative correlation is observed

between the transitory return shocks and the permanent wage shocks, and a positive

correlation is observed between the transitory wage shocks and return shocks. How-

ever, these correlations are close to half of what they are found to be for the total

return on secondary housing. In addition, the moving average coefficient in the re-

turn on capital on secondary housing assets is not found to be statistically significant.

This suggests that both the capital gain and rental income from these properties are

negatively correlated with the permanent shock to wages.

The system estimates are reported for total capital gains and for public equities,

the first and fifth columns of Table 4.3. The results are quite similar to before, except

that both moving average parameters become significant at the 10 percent level.

The standard deviation of the transitory idiosyncratic return from capital gains is

slightly larger than that of total returns, suggesting that the dividend proportion of

the returns dampens the volatility of the capital gains portion of the returns. The

opposite is true for public equities, in which the shock to the return to capital gains

is less than the total return.

The results for wage correlation, auto-correlation, and magnitude of idiosyncratic

risk in the comparison of the capital gains versus total returns provide an important

insight. Krueger and Perri (2009) find that the changes in the value of real business

assets and primary housing co-move with labor income in the PSID from 2004 to

2006. The findings of this chapter suggest that only looking at changes in asset

values or capital gains may misrepresent the correlation of the overall returns with

wages. The inclusion of dividends and net investment in the return to assets can

offset the correlation from changes in asset values. Specifically, for primary housing
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assets, once rental income and dividends from housing are taken into account, the

hypothesis that the correlation is zero cannot be rejected at the 10 percent level.

4.4.3 Ownership

In the examination of the returns to asset class j, the correlation of the return in asset

class j and wages has been considered. Correlations have been observed for private

business and housing assets. In this section, we examine whether ownership of these

assets implies that these correlations also arise for returns to total household assets.

Specifically, the return to total household assets is examined for households that own

specific asset classes.

Table 4.4: Negative Moving Average in Returns Associated with Home Ownership

Return
Sample
σ u 18.31*** 18.23*** 19.71*** 22.04*** 23.47*** 23.65***

(Idyo. temp. wage shk) (5.35) (5.35) (6.76) (7.81) (10.12) (10.07)
σ v 19.62*** 19.80*** 18.78*** 19.60*** 18.17*** 18.03***

(Idyo. perm. wage shk) (7.12) (7.12) (7.56) (9.93) (11.03) (10.99)
σ ur 9.83*** 9.03*** 9.03*** 1.67** 1.64* 2.31

(Idyo. temp. return shk) (2.27) (2.75) (2.75) (1.19) (1.19) (1.84)
α w - - 0.10* - 0.08 0.10

(Wage moving ave.) - - (0.057) - (0.095) (0.093)
α r - -0.21*** -0.21*** - - 0.06

(Return moving ave.) - (0.072) (0.073) - - (0.299)
N 3,410 3,410 3,410 1,103 1,103 1,103
Households 1,002 1,002 1,002 332 332 332
J-test p-value H0: Valid 0.002 0.116 0.155 0.617 0.573 0.573

Total Household Assets
Only Primary Homeowners Exclude Primary Homeowners

Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in percentage points, 
idiosyncratic wages in percent change.  Heteroskedastic and serial correlation robust standard errors in 
parentheses. ***p<0.01, **p<0.5, *p<0.1.

Table 4.4 reports the system estimation for idiosyncratic returns to total household

assets for households that own and do not own primary housing assets. A few of the
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system estimates are reported to provide a comparison of parsimonious models for

each sample.

The negative moving average coefficient for idiosyncratic shocks to returns is ob-

served only for owners of primary housing. Moreover, primary homeowners are found

to experience positive serial correlation in transitory shocks to wages. Neither subsam-

ple exhibits correlation of either shock to wages with total household assets returns.

Perhaps more surprisingly, households that do not own primary housing experience

much smaller standard deviations of the transitory idiosyncratic component of asset

returns. Comparing columns three and four, primary homeowners have over five times

the idiosyncratic variability in total asset returns. Note that this may not arise from

only primary homeownership, as households that do not own their primary home are

much less likely to own other risky assets such as private businesses or stocks.

Table 4.5: Lack of Asset Ownership does not Result in Wage and Return Correlation

Return
Sample
σ u 19.11*** 19.02*** 19.18*** 18.26*** 18.98*** 19.13***

(Idyo. temp. wage shk) (5.10) (5.10) (6.60) (5.27) (5.18) (6.76)
σ v 19.04*** 19.33*** 19.21*** 19.55*** 19.80*** 19.70***

(Idyo. perm. wage shk) (6.57) (6.58) (7.09) (6.62) (6.67) (7.26)
σ ur 8.46*** 8.04*** 8.04*** 8.28*** 7.76*** 7.76***

(Idyo. temp. return shk) (2.07) (2.30) (2.30) (2.10) (2.36) (2.36)
α w - - 0.01 - - 0.01

(Wage moving ave.) - - (0.064) - - (0.067)
α r - -0.15** -0.15** - -0.19*** -0.19***

(Return moving ave.) - (0.059) (0.059) - (0.068) (0.068)
N 4,528 4,528 4,528 4,366 4,366 4,366
Households 1,306 1,306 1,306 1,264 1,264 1,264
J-test p-value H0: Valid 0.087 0.608 0.494 0.031 0.531 0.418

Total Household Assets
Exclude Private Business Owners Exclude Secondary Housing Owners

Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in percentage points, 
idiosyncratic wages in percent change.  Heteroskedastic and serial correlation robust standard errors in 
parentheses. ***p<0.01, **p<0.5, *p<0.1.
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It is not possible to examine the return to total household assets for households

that own private businesses or secondary housing, since the sample for total return to

household returns becomes too small. However, it is possible to examine households

that do not own private businesses and secondary housing assets, and the system

estimation for returns to total household assets is reported in Table 4.5. Compared to

the total sample, these households have slightly less variability in idiosyncratic returns

to total household assets. These households also continue to experience negative

serial correlation of the transitory idiosyncratic return, although the moving average

coefficient is slightly smaller than in the baseline sample. Overall, the results from

this ownership subsample are consistent with the evidence found within each asset

class.

4.4.4 Life-Cycle Factors

This section explores how household and life-cycle factors - including age, wealth,

and education - influence wage and asset return risk and correlation. To do so,

various age, education, and wealth subsamples are studied. While the estimated

observable household characteristics in equations (4.1) and (4.3) account for how age

and education affect the level of asset returns by regressing the level of the return on

education and age indicators, the degree of risk and correlation with wages may still

differ based on these characteristics.

Older and younger households are distinguished by their age relative to the median

head of household age of 42. Table 4.6 displays the system estimation of equations

(4.4) and (4.5) for households at or below the full sample’s median age. Younger

households have lower variances of the permanent and transitory shocks to wages
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Table 4.6: Younger Households have Correlated Wage and Return Risk

Return
Sample
σ u 17.13*** 17.25*** 17.20*** 17.25***

(Idyo. temp. wage shk) (5.61) (5.61) (5.61) (5.61)
σ v 17.57*** 17.87*** 17.69*** 17.86***

(Idyo. perm. wage shk) (7.15) (7.11) (7.12) (7.12)
σ ur 8.08*** 8.24*** 8.11*** 8.23***

(Idyo. temp. return shk) (2.37) (2.41) (2.38) (2.42)
ρ uu r - 0.07** - 0.07

(Corr. temp. shks) - (0.033) - (0.047)
ρ vu r - - 0.07* 0.01

(Corr. v. wage u. returns ) - - (0.042) (0.059)
N 2,338 2,338 2,338 2,338
Households 712 712 712 712
J-test p-value H0: Valid 0.039 0.119 0.063 0.075

Total Household Assets
Younger Households

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

compared to the baseline sample. This occurs despite similar variance of the transitory

asset return shocks. Interestingly, younger households have a positive correlation

between the transitory shock to wages and returns to total household assets which is

significant at the 5 percent level. The correlations of the permanent shock to wages

and transitory shocks to returns are statistically significant at the 10 percent level

when modelled alone but the null of valid over-identifying restrictions is rejected at

the 10 percent level. There is also no evidence of serial correlation in either the

wage or return processes for younger households in any model specification at any

reasonable level of significance.

In contrast, older households do not experience correlation of innovations to wages

and returns. Table 4.7 displays the system estimation of equations (4.4) and (4.5) for
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Table 4.7: Older Households do not Experience Correlated Wage and Return Risk

Return
Sample
σ u 20.33*** 20.29*** 21.63*** 21.73***

(Idyo. temp. wage shk) (6.18) (6.18) (7.87) (7.85)
σ v 21.98*** 22.14*** 21.07*** 21.14***

(Idyo. perm. wage shk) (8.39) (8.39) (8.90) (8.90)
σ ur 9.11*** 8.21*** 9.11*** 8.19***

(Idyo. temp. return shk) (2.37) (2.97) (2.37) (2.98)
α w - - 0.08 0.08

(Wage moving ave.) - - (0.064) (0.062)
α r - -0.27** - -0.27**

(Return moving ave.) - (0.106) - (0.108)
N 2,441 2,277 2,277 2,277
Households 637 637 637 637
J-test p-value H0: Valid 0.025 0.525 0.022 0.580

Total Household Assets
Older Households

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

households at or above the full sample’s median age. Older households have a larger

variance of the permanent and transitory shock to wages compared to the baseline

sample and younger households. Again, this occurs despite similar variance of the

transitory asset return shocks. Interestingly, while older households are not found

to have significant wage and return correlations in any model, their return process

displays moving average properties. A negative −0.27 moving average coefficient is

observed for returns which is significant at the 5 percent level.

High wealth and college-educated households have a larger standard deviation

of the permanent shock to wages but a smaller standard deviation of the transitory

shock to wages.4 Significant correlations of wages and returns are not observed in any

system specification of either sample. All of these samples have evidence of negative

4See Appendix C.5 for detailed reporting of the estimates.
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serial correlation in asset returns at the 10 percent significance level. For all of these

samples and for any models estimated, the null of zero correlation of innovations to

wage and returns cannot be rejected. These results are interesting as both college

education and age positively covary with total household wealth. This suggests that

the correlation and moving average properties are more related to age than wealth

and education.

4.4.5 Public and Private Insurance

Thus far, the analysis has considered total household wages. This section examines

the sensitivity of the results to alternative measures of wages and explores how house-

hold composition and social assistance affects the findings. Specifically, in order to

explore the role of any secondary income earner, the head’s wage income is considered

alongside with married and single households. Finally, alternative wage measures are

considered which include family transfers and social security income to explore the

role of private and public insurance.

The first column of Table 4.8 reports the baseline results for the full sample.

The second column reports the results of system estimation for equations (4.4) and

(4.5) for the return to total household assets and using only the head’s wage. The

head’s wage measure excludes the labor income and hours of the secondary earner.

The moving average for wages continues to remain statistically insignificant, and the

moving average coefficient for returns maintains significance at the 5 percent level

and similar in size at −0.14. Heads’ wages have a higher standard deviation for the

permanent and transitory wage shock relative to total household wages, suggesting the

role of the secondary earner in smoothing household wage volatility. The correlation
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Table 4.8: Within Household Wage Insurance

Return
Wage Type Household Head Only Married Single

σ u 18.89*** 19.50*** 18.54*** 20.57***
(Idyo. temp. wage shk) (5.05) (5.57) (5.30) (7.45)

σ v 20.30*** 22.22*** 19.23*** 21.92***
(Idyo. perm. wage shk) (6.58) (7.57) (6.84) (9.64)

σ ur 8.19*** 8.24*** 8.37*** 7.20***
(Idyo. temp. return shk) (2.35) (2.37) (2.67) (2.56)

α r -0.17*** -0.14** -0.22*** -
(Return moving ave.) (0.060) (0.058) (0.079) -

N 4,834 4,587 3,536 1,298
Households 1,404 1,341 1,022 382
J-test p-value H0: Valid 0.479 0.547 0.390 0.828

Total Household Assets

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

of the shocks remains statistically insignificant in any specification of the model.

The third and fourth columns of Table 4.8 report the system estimates when the

sample is split between married and single households. Married households comprise

52 percent of the baseline sample. For married households, the wage and return

risk are similar to the baseline sample. In contrast, single households are found to

have higher permanent and transitory wage risk but lower transitory return risk than

married households. Single households are also found not to display a significant

moving average process for returns. In contrast, the moving average coefficient is

estimated to be larger for married households at −0.22 compared to the −0.17 in the

baseline sample.

Both private and public insurance may hedge against wage risk. Table 4.9 reports

the system estimation for equations (4.4) and (4.5) when the wage measure includes
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Table 4.9: Insurance from Social Security and Transfers

Return
Wage Type Household +SSI +Tranfers +SSI+T.

σ u 18.89*** 18.95*** 20.08*** 19.86***
(Idyo. temp. wage shk) (5.05) (5.10) (5.28) (5.30)

σ v 20.30*** 20.83*** 19.86*** 20.76***
(Idyo. perm. wage shk) (6.58) (6.82) (6.85) (7.07)

σ ur 8.19*** 8.18*** 8.15*** 8.17***
(Idyo. temp. return shk) (2.35) (2.32) (2.34) (2.33)

ρ uu r - 0.04* - 0.05**
(Corr. temp. shks) - (0.023) - (0.023)

α r -0.17*** -0.16*** -0.16*** -0.16***
(Return moving ave.) (0.060) (0.059) (0.062) (0.061)

N 4,834 4,832 4,809 4,777
Households 1,404 1,404 1,401 1,388
J-test p-value H0: Valid 0.479 0.341 0.270 0.208

Total Household Assets

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

social security receipts (+SSI) and private transfers from family outside of the house-

hold (+T.) in the measure of labor income. Including transfers in the measure of

labor income increases the standard deviation of transitory wage risk but reduces the

standard deviation of permanent wage risk. Private transfers have an insignificant

effect on return risk or wage correlation compared to the baseline.

Social security benefits in the United States include old-age pension, survivors’

benefits, and disability insurance. The effect of including household social security

income in the measure of wages by itself and with private transfers in presented in the

second and fourth columns of Table 4.9. Social security receipt reduces the standard

deviation of the temporary wage shock but increases the standard deviation of the

permanent wage shock. The inclusion of social security income induces a positive
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correlation of the idiosyncratic transitory return and wage correlation compared to

the baseline. In the model where wages include both transfers and social security

income correlation of 0.05 between the idiosyncratic transitory return and wage shocks

is observed; it is significant at the 5 percent level.

4.4.6 Robustness

This section summarizes additional robustness checks on the baseline assumptions and

summarizes the sensitivity of the results. This includes robustness for the treatment

of outliers, minimum number of consecutive observations, and assumptions regard-

ing data construction. Generally, the main size of the standard deviations, moving

average, and wage and return correlations are robust to most assumptions of data

treatment. The result that is most sensitive to data treatment is the significance of

the moving average for wages, which is sensitive to any change that changes the age

composition of households.

When more outliers are dropped, such as at the 5 percent or 0.1 percent level, the

standard deviation of the idiosyncratic shocks changes in the corresponding direction.

Similarly, if the minimum value of the asset or labor income is increased, the standard

deviation of the idiosyncratic shocks declines. Robustness of the minimum value was

examined for all returns at $100, $1000, $5000 or $50000. In all of these cases,

significance of the observed moving averages in returns and wages continue to be

observed. The only result that is sensitive to these assumptions is the correlation of

wages and returns for private business assets. At and below a $1000 minimum value

of business assets, the variability in returns to private business assets nearly doubles

and the correlation of the permanent shocks to wages and transitory shocks to returns
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is no longer observed at the 10 percent level. At minimum asset values larger than

$5000, the sample size becomes small and the standard deviation of the permanent

shock to wages is no longer significant. The baseline minimum of $5000 provides

a sample of private businesses with some physical capital while also preserving the

sample size.

Given that the baseline sample consists of households with heads from ages 20–70,

a natural question is whether some of the risk or correlation is driven by heads that

are students or retiring. However, when students, retirees, or both, are dropped from

the sample there is a loss of only a few hundred observations, and the results remain

qualitatively unchanged. This arises since the baseline requires a positive wage of the

household. Hence, in the baseline estimates, the only case that is present where the

head is retired is when the spouse is still earning a wage.

The baseline model in the analysis uses a moving average process for the transitory

shock to wages and returns. An alternative process of serial correlation would be an

autoregressive process for the wages and returns. The autoregressive parameter for

the wage process is estimated to be unity with precision. The results confirm that

some potential serial correlation exists in returns, but the variances of the shocks are

found to be statistically insignificant. The evidence of positive moving average in

wages also suggests against the use of autoregressive functions. While the results are

available from the author, the processes are best modelled using the superior small

sample properties of the moving average process.

The results are also robust to the choice of moment conditions. Throughout this

chapter, equations (4.4) and (4.5) are over-identified using eleven moment conditions

including all available variances, covariances, and first and second lagged covariances.
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However, for the systems without moving average parameters, only 5 moments are

required. The downside of using additional moments is that 5 consecutive waves are

required to be observed, whereas only 4 consecutive observations are required when

the moving averages are excluded. However, in either case the J-test for valid over-

identifying restrictions rejects at the 5 percent level for the return to total household

assets for any model that excludes the moving average in returns. The wage and

return correlations observed for private business and secondary housing assets are

qualitatively unchanged.

One complication in the observations of return on assets is the absence of house-

holds who have insufficient data to impute the value of businesses and secondary

housing assets prior to the 2012 wave. On average, households who own these assets

are three times as wealthy. Missing these households could reduce the variance of the

total return on assets and affect its average correlation with wages. One way to test

the sensitivity of the results in this dimension is to use different sample periods, as

the imputation is only used for the earlier half of the sample period. The qualitative

results for the explained and unexplained component of return on assets and leverage

are robust when the exercise is repeated for the 1998–2010 or the 2008–2016 sample

periods. The main difference is that in the later half of the sample, the moving av-

erage coefficient for wages is statistically significant for the baseline estimates of the

returns to total household assets.

4.5 Conclusion

This chapter studies the correlation between idiosyncratic asset return risk and id-

iosyncratic wage risk. Idiosyncratic permanent shocks to wages and transitory shocks
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to asset returns on assets are correlated for private business and secondary housing

assets. The results suggest that, generally, households are able to hedge this risk in

their total household asset portfolios. The exception is younger households.

The evidence suggests serial correlation for transitory shocks to returns and wages.

Negative serial correlations for transitory shocks to returns are observed for total

household assets. The negative moving average coefficient is observed for returns to

primary housing and is the largest for older households. Positive serial correlations

for transitory shocks to wages are also observed for primary home and public eq-

uity ownership. These return moving averages are robust to wealth and education

subsamples.

These findings can be used to inform the debate on optimal portfolio allocation

and the causes and consequences of wealth inequality and mobility. The substan-

tial idiosyncratic risk within all asset classes suggests that background idiosyncratic

risk could affects portfolio choice. This risk is found to be especially high for en-

trepreneurial assets (Heaton and Lucas, 2000), primary housing (Cocco, 2004; Flavin

and Yamashita, 2002), as well as secondary housing. Similarly, observed idiosyncratic

return and wage risk correlation is likely to affect portfolio allocation.

This empirical evidence provides the motivation on the structure of return het-

erogeneity and can be used to directly calibrate both wage and asset return risk. The

structure of the joint wage and return process can discipline quantitative models of

heterogeneous households that include both return and wage heterogeneity.
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Chapter 5

Summary and Conclusions

5.1 Summary

This thesis proposes a new source for panel data on rates of return using the redesigned

Panel Study of Income and Dynamics (PSID) data. This has allowed for detailed

empirical evidence on the nature and degree of return heterogeneity in the United

States.

Chapter 2 proposes a method to construct panel data on household returns. Re-

turns can be calculated for total household assets and wealth as well as by asset

class. The data provides evidence of significant household-level heterogeneity in re-

turns for total portfolio returns and for returns within asset classes. Heterogeneous

risk-adjusted returns, as measured by the Sharpe ratio, are also documented for total

household wealth and for each asset class.

Chapter 3 documents scale- and type-dependence in returns to total household

assets and wealth. The chapter provides evidence of household-specific returns to

wealth and returns to assets in the United States. Portfolio allocation and the relative
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volatility of the household portfolio can explain only a small share of the household-

specific return to asset.

Households-specific leverage is found to explain the majority of type-dependence

in the returns to total wealth between U.S. households. Moreover, returns to wealth

are found to be declining in total household wealth due to lower leverage of wealthy

households. That said, wealthier households are found to have higher household-

specific returns to assets, and the wealthiest households are found to maintain leverage

for private business and secondary housing assets.

Chapter 4 documents the structure and magnitude of U.S. households’ idiosyn-

cratic asset return risk and its correlation with idiosyncratic wage risk. Sizeable

idiosyncratic asset return risk is documented for total household asset returns and

for returns within asset classes. Importantly, permanent shocks to wages are found

to be positively correlated with the return to private business assets and negatively

correlated with the return to secondary housing assets. Permanent shocks to wages

are also found to be positively correlated with capital gains to primary housing assets

but not for the overall return to primary housing assets. Return and wage risk cor-

relation is found to decrease with a household’s age, but negative serial correlation

in returns are found to increase with a households age. The negative moving average

coefficient for transitory return shocks arises from homeownership.

5.2 Conclusion

Proposing a new measure of rates of return Chapter 2 provides opportunities to

examine the evidence on the constitution of return heterogeneity. The data offers

unique insights into the total portfolios of households, superior measures of capital
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gains, and insights into heterogeneity within asset class.

Chapters 3 and 4 utilize this data to answer some of the most pertinent questions

on return heterogeneity. Type and scale dependence in returns have been proposed

as a possible explanations for the dispersion and growth of wealth inequality. The

evidence in this thesis validates these theories with important caveats. Relative risk

taking is critical to explain asset return heterogeneity, whereas leverage and borrowing

costs are the most important to explain return to wealth heterogeneity. Overall

returns to wealth are found to decline in total household wealth to leverage, despite

evidence of the return to financial wealth increasing in wealth.

The empirical results can be used to directly inform the structure and magni-

tude of return heterogeneity in quantitative models. The transitory idiosyncratic

asset return documented by Chapter 4 exists concurrently with household-specific

returns documented in Chapter 3. This suggests that quantitative macro models

seeking to capture the dynamics of return heterogeneity would need to model both

the household-specific and the transitory idiosyncratic components. The evidence on

idiosyncratic return risk, correlation with wages, and serial correlation can discipline

the structure of quantitative models that include both return and wage heterogeneity.

5.3 Future Work

Future research will be able to utilize the panel data on household-level rates of

returns to discipline theory and vice versa.

Regarding the empirics, the literature on wage heterogeneity provides a roadmap
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of the potential questions that could be paralleled in application to return heterogene-

ity. For example, the household dynasty is tracked in the PSID, allowing an examina-

tion of the intergenerational transmission of wealth and risk preferences. The ability

to observe consumption in the PSID also opens the possibility to test the marginal

propensity to consume out of asset income risk for an examination of consumption

insurance. While this thesis has focused on idiosyncratic returns, the variability of

return heterogeneity over the business cycle can also be examined.

Quantitatively, the empirical evidence in this thesis can be used to re-evaluate

many of the problems regarding portfolio allocation that have been difficult to pin

down due to the lack of estimates on risks and correlations. The structure and

calibration of the mechanisms underlying return heterogeneity need to be properly

incorporated in quantitative models of heterogeneous households to study income

and wealth inequality. This includes the importance of return heterogeneity to the

distribution of wealth as well as to the recent growth in wealth inequality.
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Appendix A

Household Return Heterogenity: Evidence Using

the New PSID Return Measure

A.1 Extended Sample Characteristics

The demographic information of the head of the household in the final data sample

is displayed in Table A.1. It reports the mean, standard deviation, and the 10, 50

and 90 percentiles. The mean and median age of the head is 45, of which 27 percent

are single and 83 percent are white. Of the education attainment of the head in the

sample, 93 percent have completed a high school degree with possible non-academic

training and 37 percent have completed a post secondary bachelor college, or advanced

or professional degree. The average family size is close to 3 persons with an average

of one child.

The presence and value of household wealth by wealth category in the final data

sample is reported in Table A.2. It reports the mean, standard deviation, and the

10, 50 and 90 percentiles for both the fraction of households with positive wealth in

specific assets, as well as the wealth held within asset classes. Negative wealth is due

to other debts, including student debt.
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Table A.1: Demographic Summary

Mean Std. Dev. P10 Median P90
Age of Head 44.59 12.01 30 45 60
Male Head 0.83 0.38 0 1 1
Single 0.27 0.44 0 0 1
White 0.84 0.36 0 1 1
High School Degree 0.92 0.27 1 1 1
Post-Secondary Degree 0.39 0.49 0 0 1
Family Size 2.85 1.43 1 3 5
Children 0.85 1.12 0 0 3
For the head of the household. Conditional on two consecutive return or wage observations 
after outliers are excluded.

Table A.2: Wealth Summary

Mean Std. Dev. P10 Median P90
Total Wealth 379928 1534848 -1577 102095 825359
Primary Housing 106111 205591 0 48468 270406
Secondary Housing 29364 655215 0 0 11854
Private Equity 66320 741639 0 0 9483
Public Equity 57256 659751 0 0 61576
Risk-Free Assets 27713 107394 0 4680 59270
Vehicles 18291 24569 762 11166 41406
IRA+Annuities 54369 190811 0 0 142336
Other Wealth 31064 92113 2224 14229 58973
Other Debts 11684 48588 0 1261 29954
Conditional on two consecutive return or wage observations after outliers are excluded. "Public 
Equity" is the value of stock in publicly held corporations, mutual funds, or investment trusts, not 
including IRA's. "Other Wealth" include bond funds, cash value in a life insurance policy, a 
valuable collection for investment purposes, or rights in a trust or estate. "Risk-free Assets" include 
checking or savings accounts, money market funds, certificates of deposit, government savings 
bonds, or Treasury bills. "Vehicles" includes any cars, trucks, motor homes, trailers, or boats. All 
values are real in 2010 USD. 

Asset income is even more unequally distributed than wealth, and it is important

to understand which asset classes are likely to be a source of asset income risk for

households. To this end, the presence and value of household asset income in the
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final data sample after outliers are excluded is reported in Table A.3. It reports the

mean, standard deviation, and the 10, 50 and 90 percentiles for both the fraction of

households with asset income and assets themselves, by asset class. For all house-

holds, 9 percent report rental income and 59 percent have non-zero capital gains

related to housing. Interest income is reported by 37 percent of households. Nominal

capital gains from stocks and dividend income are reported by 19 percent of house-

holds. Private business income and non-zero capital gains are reported by 9 percent

of households. Only one percent of households report asset income from trusts.

Table A.3: Asset Income Summary

Mean Std. Dev. P10 Median P90
Fraction Rental Inc. 0.09 0.28 0 0 0
Fraction Housing Gains 0.59 0.49 0 1 1
Fraction Business Inc. 0.09 0.29 0 0 1
Fraction Business Gains 0.11 0.31 0 0 1
Fraction Dividend Inc. 0.19 0.39 0 0 1
Fraction Stock Gains 0.19 0.39 0 0 1
Fraction Interest Inc. 0.43 0.49 0 0 1
Fraction Trust Inc. 0.01 0.12 0 0 0
Rental Income 1218 11541 0 0 0
Housing Capital Gains 7900 461072 -15607 0 34694
Business Income 2510 21567 0 0 0
Business Capital Gains 8192 366915 0 0 0
Dividend Income 1354 16945 0 0 765
Stock Capital Gains 4820 147091 0 0 3154
Interest Income 667 8867 0 0 548
Trust Income 287 7275 0 0 0
Conditional on two consecutive return or wage observations after outliers are excluded. All 
values are real in 2010 USD. Interest income includes that from safe assets as well as bond 
funds. 
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A.2 Detailed Sharpe Ratios

Table A.4: Summary Statistics for Sharpe Ratios

Obs Mean  Std. Dev. 25p 75p Skewness Kurtosis
Total Wealth 18416 0.24 0.85 -0.28 0.73 -0.1 3.8
   Private Business 1872 0.22 0.73 -0.05 0.63 -1.2 6.1
   Primary Hous. 16071 0.71 0.63 0.39 0.93 1.8 11.1
   Secondary Hous. 1518 0.41 0.73 0.13 0.69 1.9 20.8
   Risk Free 10068 -0.09 0.87 -0.67 0.49 -1.2 6.4
   Public Equity 23250 -0.76 0.43 -0.91 -0.55 -0.5 4.8
Sharpe ratios, 2000-2016. Simple averages, excluding outliers. 25 and 75 p refers to the 
corresponding percentiles. 

Table A.4 details the sample characteristics of the Sharpe ratios by asset class.

The mean of the Sharpe ratios is highest for housing assets, and smallest for public

equity. The Sharpe ratios are left skewed, except for housing assets which are right

skewed.
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Appendix B

Leverage and Rate of Return Heterogeneity

B.1 Empirical Bayes Shrinkage

Overview

This appendix describes the empirical Bayes shrinkage of the fixed effects esti-

mates used in this thesis to estimate household-specific returns. It also explores the

estimator using Monte Carlo simulation. The empirical Bayes shrinkage procedure is

based on Morris (1983) as operationalized by Chandra et al. (2016).

The household-specific return of household i is given by εi. Let êi be the observed

return which is equal to the household-specific return plus measurement error ηi:

êit = εi + ηit.

The empirical Bayes procedure adjusts the estimate of the household-specific return

so that the transitory term does not introduce bias into the estimates. This is accom-

plished by shrinking the estimate of the household-specific return towards the true

underlying household-specific return distribution. True household-specific returns are

not observable, but the distribution is able to be estimated.
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Implementation

Equation (3.3) produces the estimated household-specific return ε̂i and the cor-

responding standard error π̂i. Heteroskedastic-robust standard errors are used to

estimate the noise to shrink the fixed effects. Then following Morris (1983), R̄ and

σ̂2
ε are simultaneously determined when iterating over the following procedure. Begin

by fixing Wi = 1 ∀i, then iterate the following to convergence:

1. Compute R̄ and then a new estimate σ̂2
ε , where

σ̂2
ε = max

0,

∑Ni

i=1Wi

{(
Ni

Ni−1

) (
ε̂i − R̄

)2 − π̂2
i

}
ΣiWi

 ,

R̄ =
ΣiWiε̂i
ΣiWi

.

2. If σ̂2
ε has converged, exit. Otherwise, fix new weights Wi and return to step 1

Wi =
1

π̂2
i + σ̂2

ε

where W is a diagonal matrix of the Wi, and Ni is the number of households. σ̂2
ε

is the weighted average of the squared deviations of ε̂i from R̄ less the weighted

average of the π̂2
i . The variance of the household-specific return unconditional on

covariates, consistent with Chandra et al. (2016), is necessary for shrinkage to avoid

overshrinking when the covariates are correlated with the household-specific return

(see also Guarino et al., 2015). The weights Wi, give more weight to observations with

less measurement error. The max operator ensures that σ̂2
ε is always nonnegative in

finite samples.
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The feasible best estimate of the posterior mean εfi is:

εfi =
(

1− B̂i

)
êi + B̂iR̄

B̂i =

(
Ni − 3

Ni − 1

)(
π̂2
i

π̂2
i + σ̂2

ε

)
The empirical Bayes procedure produces the feasible empirical Bayes household

specific returns εfi and the unconditional estimated variance of the household specific

returns σ̂2
ε . The root of σ̂2

ε provides the standard deviation of the household specific

returns.

B.2 Monte Carlo Simulations

The properties of the empirical Bayes procedure are now illustrated using a Monte

Carlo exercise. Let the simulated return for household i in time t, rit, be the sum of

the household-specific return εi ∼ N(0, σ2
ε ) and a transitory idiosyncratic component

uit ∼ N(0, σ2
u), rit = εi + uit. The relative value of the household specific return and

the idiosyncratic transitory error is set similar to that found in the data: σε = 5 and

σu = 10.

A random variable is simulated, si ∼ U [0, 1] to construct an observable xit that is

either unrelated to εi or is linearly correlated:

xit =


si, if no correlation

|α + εi|si, if linear correlation

(B.1)

The simulations are run with α = 0.3, to produce a noisy correlated xit with εi.
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Then the household-specific return is estimated with:

rit = βxit + εi + uit.

Table B.1: Monte Carlo Simulations

Periods N FE RE BS FE RE BS
9 350 6.13 5.01 4.98 6.13 3.06 5.04

(0.45) (0.45) (0.45) (0.45) (0.41) (0.45)
9 4000 6.10 4.99 4.99 6.10 3.04 5.03

(0.14) (0.14) (0.14) (0.14) (0.12) (0.14)
9 (Unbal.) 350 6.68 4.93 5.07 6.68 2.99 5.09

(0.53) (0.54) (0.54) (0.53) (0.45) (0.54)
9 (Unbal.) 4000 6.67 4.99 5.13 6.67 3.03 5.13

(0.15) (0.15) (0.16) (0.15) (0.13) (0.16)
Monte Carlo estimates for the standard deviation of the household specific return with 
a true value of 5. Estimators include random effects, fixed effects, and fixed effects 
with empirical Baynes shrinkage. 500 simulations. Standard deviations reported in 
brackets. “No Correlation” refers to orthogonal household-specific returns and the 
independent variable. 

Linear CorrelationNo Correlation

Table B.1 summarizes the estimated standard deviation of the household-specific

return σ̂ε using fixed effects (FE), random effects (RE), and fixed effects with empirical

Bayes shrinkage (BS). There are 500 simulations of N ∈ [350, 4000] households. The

number of time periods, T , is either T = 9 or unbalanced with N/2 households missing

the last half of their observations.

As can be seen in Table B.1, in the absence of a correlation between the regres-

sor and the household-specific return, the random effects and the empirical Bayes

estimates are quite similar and close to the true value. In contrast the fixed effect

estimate is upward biased. When there is a linear correlation of the regressor with the

household-specific return, the fixed effects estimator remains upward biased but the

random effects estimates becomes downward biased. The empirical Bayes estimates
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do not display downward bias and are close to the true value.

B.3 Data Summary

The data used in Chapter 3 differs from Chapter 2 only in that an observation for

both the return to assets and return to wealth are required for a household to be

included in the sample. This ensures identical samples when comparing the return

to assets and wealth and bound γj between 0 and 1. As below, the samples share

similar characteristics.

Table B.2: Summary Statistics for Returns

Obs
House-
holds

Mean
 Std. Dev. 

Total
Std. Dev. 
Within

 Std. Dev. 
Between

25p 75p
Skew-
ness

Kurt-
osis

Total Assets 13076 4061 3.3 10.2 9.2 8.4 -0.3 7.5 1.1 8.1
   Private Business 711 354 32.8 88.1 73.5 93.9 -10.7 47.1 3.1 15.7
   Primary Hous. 13811 3737 5.1 10.6 9.7 8.2 -0.3 10.2 0.4 5.7
   Secondary Hous. 1470 486 8.3 29.1 25.0 22.9 -6.4 14.8 1.6 7.4
   Risk Free 18966 4848 -1.7 1.0 0.7 0.7 0.0 0.1 2.4 8.2
   Public Equity 6299 2156 9.1 37.9 30.6 30.5 -0.12 8.6 3.3 17.3
Wealth ex. O. Debt 12949 4059 5.6 18.2 18.0 16.6 -0.8 10.7 1.0 15.0
   Private Business 711 354 45.5 137.4 142.7 203.0 -13.8 75.5 8.1 91.0
   Primary Hous. 13811 3737 13.3 35.7 32.8 34.5 -3.8 18.5 1.4 17.0
   Secondary Hous. 1470 486 11.8 50.0 40.8 46.1 -17.6 23.8 2.7 17.1
Total Wealth 13076 4061 7.7 27.3 24.1 24.8 -0.9 11.9 1.1 20.1
Total Lev. ex. O. Debt 12949 4059 31.7 31.1 16.8 27.6 0.0 56.2 0.8 3.6
   Private Business 711 354 20.3 87.6 74.9 41.0 0.0 25.0 21.9 542.8
   Primary Hous. 13811 3737 19.3 34.8 16.4 32.1 8.4 73.7 0.2 3.0
   Secondary Hous. 1470 486 45.8 29.4 11.2 32.1 0.0 42.7 1.7 10.1
Total Leverage 13076 4061 39.6 74.8 60.2 48.1 4.1 62.8 36.3 1994.2
Annualized rates of return for the household in percentage points, 1999-2017. Simple averages, excluding outliers and 
households with missing data. 25 and 75 p refers to the corresponding percentiles. "ex. O. Debt" refers to measures that 
exclude other debts. 
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Appendix C

Idiosyncratic Asset Return Risk and Wage

Correlation

C.1 Proof of System Identification

We begin this appendix by showing how many moments are required for identifica-

tion of the models with and without moving averages. Within all possible model

specifications, the shock variances are included: σ2
u, σ

2
v , σ

2
ur . In the case of models

without moving averages only two additional potential parameters are tested for: ρu

and ρvu. In this case, there are four admissible model-parameter combinations and

the model can be linearly estimated. When allowing for moving averages four poten-

tial parameters are tested for, which include: αr, αw, ρu and ρvu. In this case there

are sixteen admissible model-parameter combinations, and the model is estimated

using non-linear iterative generalized method of moments. The linear and non-linear

cases are shown separately.

System Identification of Models Without Moving Averages

1. Suppose the dynamics of real log-wages and the return on total wealth are given
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by the following equations:

∆W̃it = vit + ∆uit (C.1)

∆r̃it = ∆urit (C.2)

2. The notation for asset class j in the rate of return is dropped for ease of expo-

sition. There are seven moment conditions when the variance, covariances, and

first lagged covariances are included. These moment conditions are as follows:

E[((∆r̃it)
2 − 2σ2

ur ] = 0 (C.3)

E[(∆r̃ti)(∆r̃it−1) + σ2
ur ] = 0 (C.4)

E[((∆W̃it)
2 − σ2

v − 2σ2
u] = 0 (C.5)

E[(∆W̃it)(∆W̃it−1) + σ2
u] = 0 (C.6)

E[(∆r̃it)(∆W̃it)− 2ρuσuσur − ρvuσvσur ] = 0 (C.7)

E[(∆r̃it−1)(∆W̃it) + ρuσuσur ] = 0 (C.8)

E[(∆r̃it)(∆W̃it−1) + ρuσuσur + ρvuσvσur ] = 0 (C.9)

3. Proof of identification: Suppose that variances of the shocks are constant over

time. The variance and mean of the distribution of assets are allowed to vary

over time and are observable. There are 5 parameters to be identified. These

include shock variances: σ2
u, σ

2
v , σ

2
ur , along with correlations ρu and ρvu. The

following is a direct proof of over-identification of those parameters by the above
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moment conditions.

The identification of σ2
u and σ2

ur can be achieved by using Cov(∆W̃it,∆W̃it−1),

and Cov(∆r̃it,∆r̃it−1), respectively:

σ2
u = −Cov(∆W̃it,∆W̃it−1), (C.10)

σ2
ur = −Cov(∆r̃it,∆r̃it−1). (C.11)

This allows for the variance of the permanent shock to wages, σ2
v , to be identified

using Var(∆W̃it):

σ2
v = Cov(∆W̃it,∆W̃it)− 2σ2

u. (C.12)

Then the correlation of the shocks ρu and ρvu, can be identified using the co-

variances:

ρu = −Cov(∆r̃it−1,∆W̃it)

σuσur
= 0 (C.13)

ρvu =
Cov(∆r̃it,∆W̃it)− 2ρuσuσur

σvσur
(C.14)

Note that only 5 equations were needed for identification. QED.

System Identification of Models With Moving Averages

1. Now allow for moving average processes in wages and returns. The dynamics

of real log-wages and the return on total wealth are given by the following

equations:

∆W̃it = vit + ∆uit + αw∆uit−1, (C.15)

∆r̃it = ∆urit + αr∆u
r
it−1. (C.16)
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2. There are eleven moment conditions of variances, covariances, and first and

second lagged covariances. These moment conditions are as follows:

E[((∆W̃it)
2 − σ2

v − 2(α2
w − αw + 1)σ2

u] = 0 (C.17)

E[(∆W̃it)(∆W̃it−1) + (αw − 1)2σ2
u] = 0 (C.18)

E[(∆W̃it)(∆W̃it−2) + αwσ
2
u] = 0 (C.19)

E[((∆r̃it)
2 − 2(α2

r − αr + 1)σ2
ur ] = 0 (C.20)

E[(∆r̃it)(∆r̃it−1) + (αr − 1)2σ2
ur ] = 0 (C.21)

E[(∆r̃it)(∆r̃it−2) + αrσ
2
ur ] = 0 (C.22)

E[(∆r̃it)(∆W̃it)− ρvuσvσur − (2αwαr − αr − αw + 2)ρuσuσur ] = 0 (C.23)

E[(∆r̃it)(∆W̃it−1)− (2αr − αrαw − 1)ρuσuσur − (αr − 1)ρvuσvσur)] = 0 (C.24)

E[(∆r̃it)(∆W̃it−2) + αr(ρuσuσur + ρvuσvσur)] = 0 (C.25)

E[(∆r̃it−1)(∆W̃it)− (2αw − αrαw − 1)ρuσuσur ] = 0 (C.26)

E[(∆r̃it−2)(∆W̃it) + αwρuσuσur ] = 0 (C.27)

3. Proof of identification: Suppose that the variances of the shocks are constant

over time. The variance and mean of the distribution of assets are allowed

to vary over time and are observable. There are 7 parameters to be identi-

fied. These include shock variances: σ2
u, σ

2
v , σ

2
ur , along with correlations ρu

and ρvu, and moving averages αw and αr. The following is a direct proof of
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over-identification of those parameters by the above moment conditions.

The identification of the moving average and transitory shock variances can be

achieved by using first and second auto-covariances:

αw =
b− 2c−

√
b
√
b+ 4c

2
, (C.28)

σ2
u =

2c− b−
√
b
√
b+ 4c

2c
, (C.29)

for Cov(∆W̃it,∆W̃it−2) 6= 0 where b = Cov(∆W̃it,∆W̃it−2), and c = Cov(∆W̃it,∆W̃it−2).

The uniqueness follows from σ2
u > 0 and that the covariances are real num-

bers. The same moments for returns can be used to identify αr and σ2
ur for

Cov(∆r̃it,∆r̃it−2) 6= 0. This allows for the variance of the permanent shock σ2
v

to wages to be identified using Var(∆W̃it):

σ2
v = Cov(∆W̃it,∆W̃it)− 2b+ 2c. (C.30)

Then the correlation of the shocks ρu and ρvu, can be identified using the co-

variances, for example from:

ρu = −Cov(∆r̃it−2,∆W̃it)

αwσuσur
(C.31)

ρvu = −Cov(∆r̃it,∆W̃it−2) + αrρuσuσur
αrσvσur

(C.32)

Note that only seven equations were needed for identification. QED.
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C.2 Data Summary

The data used in Chapter 3 differs from Chapter 4 only in that four consecutive waves

of available data on asset income, wealth, and wages are required. This is necessary

for the identification method described in appendix C.1. The sample shares similar

characteristics to the samples used in previous chapters.

Table C.1: Summary Statistics for Asset Returns and Wage Growth

Total Within Between
Wage Growth 19541 3162 3.0 38.9 13.7 37.3 -14.1 21.4 -0.2 5.4
Total Assets 9043 1533 2.5 9.3 4.2 8.4 -2.4 5.5 1.4 8.7
   Private Business 484 89 32.9 87.9 41.1 77.7 -12.7 40.3 3.0 13.9
   Primary Housing 11802 1873 5.3 10.7 3.8 10.1 -0.2 10.2 0.4 5.1
   Secondary Hous. 839 158 11.1 33.0 14.0 30.5 -5.6 19.7 2.4 12.1
   Risk Free 17962 2777 -1.7 1.1 0.6 0.9 -2.4 -1.5 1.3 5.4
   Public Equities 5033 864 8.3 44.1 20.8 39.4 -3.0 2.7 5.2 40.9
Real wage growth and return on assets in percentage points, 1999-2017. Conditional on a minimum of three 
consecutive return observations and the presence of both wage and return observations. 25p and 75p refers to 
the corresponding percentiles.

Standard Deviation
Obs Mean 25p 75p

Skew-
ness

Kurt-
osis

House-
holds

C.3 Details of Returns by Asset Class

The detailed results for the system estimation of equations (4.4) and (4.5) for returns

to total household assets and for each asset class using the whole sample are now

reported. The system is estimated with all possible combinations of the return and

wage correlations and moving average processes. For ease of exposition, the most

plausible and parsimonious models are summarized. These models satisfy both pa-

rameter significance and the Hansen J-test (Hansen, 1982) of valid over-identifying

restrictions.

The results for the system estimation of equations (4.4) and (4.5) for returns to
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total household assets using the whole sample are summarized in Table C.2. In all

variations of the models, the wage and return shock standard deviations are significant

at the 1 percent level. Interestingly, neither idiosyncratic shock to wages is found to

be significantly correlated with the transitory shock to returns in any specification of

the model.

Table C.2: Idiosyncratic Return Risk is Sizeable

Return
σ u 18.97*** 18.96*** 18.89*** 19.84*** 19.74***

(Idyo. temp. wage shk) (5.05) (5.05) (5.05) (6.59) (6.60)
σ v 20.13*** 20.13*** 20.30*** 19.52*** 19.71***

(Idyo. perm. wage shk) (6.58) (6.58) (6.58) (7.10) (7.11)
σ ur 8.71*** 8.70*** 8.19*** 8.71*** 8.20***

(Idyo. temp. return shk) (2.07) (2.07) (2.35) (2.07) (2.35)
α w - - - 0.06 0.06

(Wage moving ave.) - - - (0.058) (0.058)
α r - - -0.17*** - -0.17***

(Return moving ave.) - - (0.060) - (0.060)
ρ vu r - 0.01 - - -

(Corr. v. wage u. returns ) - (0.030) - - -
N 4,834 4,834 4,834 4,834 4,834
Households 1,404 1,404 1,404 1,404 1,404
J-test p-value H0: Valid 0.030 0.019 0.479 0.024 0.454
Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in 
percentage points, idiosyncratic wages in percent change.  Heteroskedastic and serial correlation 
robust standard errors in parentheses. ***p<0.01, **p<0.5, *p<0.1.

Total Household Assets

The moving average coefficient for the idiosyncratic temporary shock to the return

on assets for total household assets is found to be -0.17 and statistically significant

at the 1 percent level. Only in models that include the moving average process

for returns is the J-test of valid over-identifying restrictions not rejected at the 10

percent level. The moving average coefficient for wages is found to be 0.06 but not

statistically significant in any version. The third column of Table C.2 reports the most

parsimonious model which only includes the moving average process for returns.
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Table C.3: Permanent Shocks to Wages and Private Returns to Private Business are
Positively Correlated

Return
σ u 26.98*** 27.78*** 28.00*** 28.09***

(Idyo. temp. wage shk) (11.68) (11.81) (11.81) (11.84)
σ v 23.70** 22.76** 23.61** 23.32**

(Idyo. perm. wage shk) (16.02) (16.07) (16.02) (16.10)
σ ur 67.92*** 73.64*** 74.65*** 75.41***

(Idyo. temp. return shk) (27.00) (30.33) (29.83) (30.72)
ρ uu r - 0.14 - 0.04

(Corr. temp. shks) - (0.088) - (0.116)
ρ vu r - - 0.29* 0.24

(Corr. v. wage u. returns ) - - (0.158) (0.197)
N 280 280 280 280
Households 85 85 85 85
J-test p-value H0: Valid 0.286 0.335 0.454 0.354

Private Business Assets

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

Table C.3 presents the system estimation for idiosyncratic return to private busi-

ness assets and idiosyncratic risk to wages. For all model specifications, tests of the

null hypothesis that the moving average parameters for wages and/or returns are

equal to zero are unable to be rejected. The first column shows the estimates of

the model without wage and return correlations, and the second allows for transitory

shock correlations. Only the correlation of the permanent shock to wages and the

transitory shock to returns as shown in the third column displays significance at the

10 percent level. For all models reported the J-test of valid over-identifying restric-

tions is unable to be rejected at the 10 percent significance level. In the version of

the model that allows for both correlations, the transitory shock correlations are both

statistically insignificant.
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Table C.4: Moving Averages but no Wage Correlation for Returns to Primary Hous-
ing Assets

Return
σ u 20.64*** 20.67*** 22.61*** 22.61***

(Idyo. temp. wage shk) (4.89) (4.89) (6.42) (6.42)
σ v 19.44*** 19.43*** 17.74*** 17.77***

(Idyo. perm. wage shk) (5.80) (5.80) (6.53) (6.53)
σ ur 9.93*** 9.53*** 9.92*** 9.53***

(Idyo. temp. return shk) (1.82) (2.02) (1.82) (2.02)
α w - - 0.11*** 0.11***

(Wage moving ave.) - - (0.040) (0.040)
α r - -0.11*** - -0.11***

(Return moving ave.) - (0.033) - (0.033)
N 7,261 7,261 7,261 7,261
Households 1,776 1,776 1,776 1,775
J-test p-value H0: Valid 0.003 0.231 0.013 0.708

Primary Housing Assets

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

Table C.4 reports the system estimation for returns to primary housing assets. In

all model specifications, the hypothesis of zero correlation for the shocks to wages and

returns to primary housing assets are not rejected at the 0.05 level. In contrast, the

moving average coefficients for wages and returns are both jointly and individually

statistically significant at the 1 percent level. The results provide strong evidence

that serial correlation exists for both wages and the return to primary housing assets.

Table C.5 reports the system estimation for secondary housing assets. In no case

does the household wage of secondary homeowners display serial correlation at any

reasonable level of significance. In the model without the moving average process

for returns, both the transitory and permanent-transitory shocks correlations are

significant at the 5 percent level. When the moving average to returns is modelled
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Table C.5: Permanent Shock to Wages and Returns Secondary Housing Assets are
Negatively Correlated

Return
σ u 27.13*** 27.00*** 27.39*** 27.54*** 27.70***

(Idyo. temp. wage shk) (10.57) (10.58) (10.60) (10.60) (10.61)
σ v 20.42*** 21.99*** 22.22*** 21.89*** 24.72***

(Idyo. perm. wage shk) (11.36) (11.63) (11.76) (11.69) (12.36)
σ ur 26.87*** 27.41*** 29.04*** 20.19 20.84*

(Idyo. temp. return shk) (13.08) (13.11) (13.29) (23.83) (14.89)
α r - - - -0.72 -0.71*

(Return moving ave.) - - - (1.241) (0.376)
ρ uu r - 0.12* 0.30*** - 0.38***

(Corr. temp. shks) - (0.065) (0.097) - (0.129)
ρ vu r - - -0.35** - -0.63***

(Corr. v. wage u. returns ) - - (0.148) - (0.237)
N 476 476 476 476 476
Households 139 139 139 139 139
J-test p-value H0: Valid 0.031 0.045 0.136 0.092 0.628

Secondary Housing Assets

Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in 
percentage points, idiosyncratic wages in percent change.  Heteroskedastic and serial correlation 
robust standard errors in parentheses. ***p<0.01, **p<0.5, *p<0.1.

without the correlations, the significance of the moving average parameter is not

established. In the model with the moving average coefficient for the return, both

correlations parameters exhibit statistical significance at the 1 percent level and we

are unable to reject the hypothesis of valid over identifying restrictions at the 10

percent level.

Table C.6 reports the system estimation for the return to public equities. The

hypothesis of zero correlation between the shocks to wages and the shock to the public

equity asset returns is unable to be rejected at any reasonable level of significance for

any model. The moving average process for the transitory shock to wages is significant

at the 1 percent level in all cases. In contrast, in no versions of the model do public

equity returns display a significant moving average process. This suggests that there
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Table C.6: Wage Moving Average but no Wage Correlation for Returns to Public
Equities

Return
σ u 20.10*** 20.12*** 23.32*** 23.32***

(Idyo. temp. wage shk) (6.31) (6.31) (8.21) (8.22)
σ v 20.19*** 20.18*** 17.67*** 17.67***

(Idyo. perm. wage shk) (8.31) (8.31) (8.93) (8.93)
σ ur 39.80*** 37.50*** 40.04*** 37.83***

(Idyo. temp. return shk) (13.94) (16.63) (13.94) (16.60)
α w - - 0.17*** 0.16***

(Wage moving ave.) - - (0.054) (0.054)
α r - -0.10 - -0.10

(Return moving ave.) - (0.119) - (0.116)
N 2,585 2,585 2,585 2,585
Households 784 784 784 784
J-test p-value H0: Valid 0.272 0.259 0.757 0.777

Public Equities

Estimates from system estimation using iterative GMM. Idiosyncratic rates of 
return in percentage points, idiosyncratic wages in percent change.  
Heteroskedastic and serial correlation robust standard errors in parentheses. 
***p<0.01, **p<0.5, *p<0.1.

exists a significant positive moving average coefficient for the transitory wage shock

for households that own public equities.

C.4 Idiosyncratic Returns: Estimation

Estimates of equations (4.1) and (4.2) are now described and presented in Table C.7.

The first column reports the estimates for the return to total household assets. Port-

folio shares are interacted with time fixed effects. Indicators are also included for each

asset class if the asset was sold since the last wave. The regression has an adjusted R2

of 0.147. Generally, very few observable household characteristics display statistical

significance. The presence of an advanced education degree increases the total rate

of return on assets by a significant 1.2 percentage points. This is consistent with
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Table C.7: Estimation Results for Idiosyncratic Returns

Total Assets Business Prim. Housing Sec. Housing Public Equity 
If sold - -31.02 -5.23*** -11.03*** 6.78***

- (20.5) (0.37) (3.60) (1.58)
Outside Dependents 1.90* -46.41 -0.09 -10.97 0.08

(1.102) (42.1) (0.25) (10.07) (1.70)
Other Income -0.05 -0.40 1.06 0.07 8.94

(0.233) (10.9) (0.99) (2.99) (6.64)
Advanced Degree 1.18*** -49.72 0.23 -1.87 1.46

(0.307) (36.2) (0.41) (8.12) (4.54)
Single -0.30 -2.31 0.90 -7.14 2.61

(0.432) (29.5) (0.64) (9.74) (4.05)
African-American -0.22 25.59 0.67 -2.54 -2.58

(0.282) (33.1) (0.41) (5.71) (3.66)
Male 0.15 -7.03 0.01 -4.32 4.18

(0.305) (23.7) (0.47) (6.41) (2.63)
N 14234 716 15513 1371 8058
Adj. R2 0.147 0.043 0.142 0.002 0.007
Notes: OLS regressions of the each asset return in percentage points. All regressions include control indicators for 
year, age, region, observable household characteristics, and indicators if assets were sold in that period.  The return 
to total household assets interacts portfolio shares with year fixed effects. HAC-robust standard errors in 
parentheses. ***p<0.01, **p<0.05, *p<0.1.

the findings in Chapter 3. Coefficients on single, male head, and African-American

head of household do not display statistical significance. Year fixed effects continue

to remain significant (although not reported here) in explaining the returns to total

household assets.

The second to fifth columns of Table C.7 repeat the exercise for asset returns

within each asset class. The adjusted R2 measures are quite low, with the highest

value of 0.14 for the return to primary housing assets. The indicator if that asset

was sold since the last wave may capture reporting bias, underestimated commissions

and costs from selling, or address the timing of liquidation. Selling of housing assets

is found to be significantly associated with a decline in the return whereas selling of

public equity is associated with an increase in the return. Interestingly, other reported
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indicators are not significantly associated with the asset returns for each asset class.

This differs slightly from Chapter 3 due to the exclusion of the portfolio shares and

relative risk within each asset class.

Figure C.1: Histograms of Idiosyncratic Returns

Figure C.1 displays histograms of the estimates of the idiosyncratic returns on

assets from the regressions estimated in Table C.7.

C.5 Additional Sample Robustness

The results for the return to total household assets are robust if the sample is divided

into wealth or education level samples. High and low wealth subsamples are defined

based on their position relative to the median value of wealth in the baseline sample,
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$35413 (2010 USD, see Table C.8). Education level samples are delineated by house-

holds with no college education versus some or more college education. Note that

both college education and age positively covary with total household wealth.

Table C.8: Wealthy and more Educated Households Have Higher Return Risk

Return
Sample No College College Edu. Low Wealth High Wealth
σ u 20.99*** 17.24*** 20.08*** 17.49***

(Idyo. temp. wage shk) (6.46) (5.58) (6.08) (5.80)
σ v 19.01*** 21.13*** 19.40*** 21.22***

(Idyo. perm. wage shk) (8.37) (7.21) (7.77) (8.02)
σ ur 8.10*** 8.16*** 6.98*** 9.06***

(Idyo. temp. return shk) (2.99) (2.53) (2.59) (2.96)
α r -0.19* -0.13* -0.19* -0.16**

(Return moving ave.) (0.098) (0.069) (0.101) (0.081)
N 1,916 2,918 2,031 2,264
Households 526 878 603 647
J-test p-value H0: Valid 0.553 0.729 0.347 0.803
Estimates from system estimation using iterative GMM. Idiosyncratic rates of return in 
percentage points, idiosyncratic wages in percent change.  Heteroskedastic and serial 
correlation robust standard errors in parentheses. ***p<0.01, **p<0.5, *p<0.1.

Total Household Assets

All samples exhibit a negative moving average parameter for returns, significant

at the 10 percent level. Models without the moving average parameter in returns

also fail to reject the null of misspecification. Significant correlations of wages and

returns are not observed in any system specification. College educated and high

wealth households have a higher permanent standard deviation to wages, but a lower

standard deviation for transitory wage shocks. Moreover, high wealth and college

educated households have a larger variance of the transitory shock to asset returns.


