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Abstract: 

 

This paper produces endogenous equity market non-participation in an economy with 

uninsurable labor income risk and heterogeneous skill levels.  Prudence and impatience 

generate stationary household wealth levels that depend on income.  Skill, and therefore 

labor income, heterogeneity leads to wealth heterogeneity, with high skill households ac-

cumulating high wealth and low skill households accumulating low wealth.  A HARA 

class utility with subsistence consumption requirement generates decreasing RRA with 

respect to household wealth.  Consequently, low skill households also have significantly 

higher local RRA.  In addition low skill households have less human capital and there-

fore have lower diversification demand for stocks.  Low wealth, high RRA and low diver-

sification demand predicts that low skill households do not hold stocks in the face of a 

moderate ownership cost.  In addition, the model predicts a humped lifecycle wealth ac-

cumulation pattern and a humped lifecycle stock allocation pattern.  I also find that 

stockholders exhibit a greater aggregate willingness to supply risky capital during the 

expansion phase of a business cycle, despite the lower conditional equity premium.    
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I.  Introduction: 

Using the 1984 Panel Study of Income Dynamics (PSID) data, Mankiw and Zeldes 

(1991) find that only 23.2% of U.S. households hold more than $1000 in stocks directly.  

Blume and Zeldes (1993) and Haliassos and Bertaut (1995) find similar patterns of eq-

uity market non-participation using the Survey of Consumer Finance (SCF) data from 

1992 and prior.  Using the U.S. Consumer Expenditure Survey (CEX) database coving 

1980 to 1996, Brav, Constantinides and Geczy (2002), and Vissing-Jorgensen (2002b) 

find that less than 30% of the U.S. households hold beneficial stock ownerships in mate-

rial dollar amounts.1  Attanasio, Banks and Tanner (2002) report the similar pattern of 

non-participation using the U.K. Family Expenditure Survey covering 1978 to 1995.  

Even during the heydays of Internet stock trading, Bertaut and Starr-McCluer (2000) 

find that less than 50% of households own stocks. 

 

The high equity market non-participation rate documented is puzzling given the attrac-

tive premiums offered by stocks.  Insights into this question would also help us under-

stand the equity premium puzzle.  Recent papers have found that equity market non-

participation helps explain the smoothness in aggregate consumption growth (empirical: 

Attanasio, Banks and Tanner (2002), Brav, Constantinides and Geczy (2002), Vissing-

Jorgense (2002); theoretical: Basak and Cuocco (1998), Constantinides, Donaldson and 

Mehra (2002) and Storesletten, Telmer and Yaron (2001)).  It is then doubly important 

to understand the nature of non-participation and the asset-pricing implications associ-

ated with a high equity market non-participation rate.  Is the perceived cost associated 

with equity investment the main driver of non-participation?  If so, what are the impacts 

on asset prices from the recent decreases in trading costs and increases in financial 

savvy-ness in the population?  Or perhaps, households simply are heterogeneous in their 

preferences, and non-participating households are just more risk averse than the stock-

                                     
1 Beneficial stock ownership is defined as ownership where the household is directly exposed to 
stock price fluctuations.  Claims to defined benefit pensions, which may be invested in the stock 
market, would not be considered beneficial ownership because pension benefits are guaranteed 
and are not linked to the performance of the stock market.  However, claims to defined contribu-
tion plans, such as self-directed 401K plans would be considered as beneficial.  In the U.S. more 
than 70% of all pension assets belong to defined benefit plans, suggesting that most pension 
participants should not be identified as equity market participants. 
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holding households.  In this case, the measure of risk aversion implied by aggregate data 

might overstate the risk aversion that is appropriate for studying the equity market.   

 

Standard portfolio choice models have had tremendous difficulties delivering a high rate 

of equity market non-participation in the population.  This has led the current literature 

to focus on exploring high fixed-cost of stock ownership and departures from the stan-

dard expected utility framework (see Haliassos and Bertaut (1995) for an excellent dis-

cussion on this).  Hong, Kubik and Stein (2001) believe that information cost, which is 

high for households not endowed with social networks, which facilitate the acquisition of 

financial knowledge and information, is responsible for non-participation.  Ang, Bekaert 

and Liu (2002), appealing to an alternative utility function specification, suggest that 

disappointment aversion, which can be quite high for some households, account for non-

participation.  Cao, Wang and Zhang (2003), using a Knightian uncertainty approach, 

argue that some households are extremely uncertain about the right model for under-

standing equity returns and therefore use worst case scenarios to analyze investments; 

this leads to non-participation. 

 

The more recent literature on portfolio choice finds that incorporating labor income 

deepens the non-participation puzzle!2  Households endowed with (risky) labor income 

demand greater stock allocations in their portfolios than households without labor in-

come to diversify their human capital.  Labor income, therefore, makes the high rate of 

equity market non-participation all the more puzzling.  Models, based on alternative 

preferences or non-expected utility paradigms, have not addressed this issue at all.   

 

In this paper, I propose a model, which delivers a high rate of equity market non-

participation in the economy, without appealing to large market frictions, alternative 

preferences or non-expected utility framework.  I also refrain from assuming preference 

heterogeneity (which is needed in Ang, Bekaert and Liu (2002) to deliver non-

                                     
2 See Deaton and Lucas (1997) for an exhaustive exercise in portfolio allocation analysis with 
risky labor income, which predicts that households, endowed with (risky) labor income, would 
demand leveraged stock portfolios and there would be full equity market participation even with 
fairly high transaction costs associated with owning stocks; these theoretical predictions are 
clearly at odds with reported micro data on personal finances.  For a perspective on how the port-
folio allocation puzzle is related to the equity premium puzzle, see Deaton and Lucas (1996). 
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participation) or cognitive heterogeneity (which is needed in Cao, Wang and Zhang 

(2003) to deliver non-participation).  In my model, a high degree of wealth heterogene-

ity, which arises endogenously, coupled with moderate fixed-cost, leads to severe non-

participation.   

 

Heterogeneity in household wealth is not addressed or linked to portfolio choice in the 

aforementioned theory papers on non-participation.  This seems unsatisfactory since em-

pirical studies have documented increasing probability of stock ownership with wealth.  

Endogenous wealth heterogeneity plays a key role in my economy and drives many of 

the interesting results.  

 

Two key ingredients drive the non-participation rate in my economy.  The main innova-

tion comes from the introduction of a two-sector labor market.  A fraction of the popula-

tion is endowed with high skill and employed at high wage rate, while the rest of the 

population is endowed with low skill and employed at low wage rate.  The second inno-

vation comes from the assumption of subsistence consumption needs.  This is imple-

mented through a HARA class utility function with decreasing relative risk aversion.  I 

show that prudence (driven by volatile labor income) and impatience (driven by high 

subjective discount rate) lead households to develop stationary lifecycle wealth targets or 

targeted levels of buffer stock savings.  Below their wealth targets, prudence dominates 

and households accumulate wealth to build up buffer stocks to hedge against unemploy-

ment spills.  Above their wealth targets, impatience dominates and households decumu-

late to avoid deferring too much current consumption.   

 

The wealth targets, which are key in understanding the household’s portfolio choice be-

havior, depend, in part, on the level of the household’s permanent labor income as well 

as the volatility of that labor income stream.  High skill, and therefore high income, 

households endogenously choose to accumulate high wealth, while low skill (low income) 

households choose to accumulate low wealth; this result, while intuitive is not trivial; if 

labor incomes were constant and guaranteed for life, households would choose to con-

sume their entire income each period and accumulate no wealth.   Since low skill house-

holds rationally choose to also become low net worth, they also make the conscious 

choice to be more relatively risk averse than high net worth households.  This is the 
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mechanism through which the model generates heterogeneous relative risk aversion in 

the population without assuming heterogeneity in the preference parameters.    

 

The greater relative risk aversions for the low income households translate to lower stock 

allocations for these households.  The lower demand for stocks is further depressed by 

low income households’ small human capital portfolio.  In my model, equity returns, 

which are only weakly correlated with the labor income fluctuations, diversify human 

capital risk.  As a result, low income households, who have less human capital, have 

lower diversification demand for stocks. 

 

The combined effect of low net worth, high local RRA and low diversification demand 

for stocks means that low skill households allocate trivial dollar investments in stocks.  

In the face of moderate stock ownership cost, these households rationally choose to not 

participate in the equity market. 

 

In this model, equity market non-participants are predominantly the low skill house-

holds.  However, lifecycle considerations, which lead to a humped lifecycle wealth accu-

mulation pattern and a humped lifecycle stock allocation pattern for households, further 

predict that a large fraction of young and retired high skill households would also not 

invest in stocks. 

 

Households in this economy are assumed finitely-lived, which allows the characterization 

of lifecycle behaviors.  In particular, the specification of the retirement income process 

has important implications for households’ wealth accumulation policy.  I show that the 

wealth target is not constant over the lifecycle of a household.  In my (partial equilib-

rium) economy, working (not retired) households desire wealth targets that are about 

two to three times their annual after-tax income to hedge against transient labor income 

shocks and to smooth the large decrease in retirement income.3  Once retired, households 

desire a zero wealth target since they received guaranteed pension income and therefore 

                                     
3 This is consistent with the low wealth-income ratio observed in micro data.  See Kimball (1990a, 
1990b) and Carroll (1997) for more discussion on the low wealth-income ratio puzzle. 

 5



have no precautionary savings motive.4  Without precautionary savings motive, impa-

tience dominates prudence and retirees decumulate their wealth to zero.  This lifecycle 

wealth target pattern predicts a humped lifecycle wealth accumulation pattern.  A young 

family enters the workforce with little wealth.  It must accumulate toward its desired 

wealth target over time.  Upon reaching its desired wealth target, wealth accumulation 

stops and the household wealth plateaus at this level for as long as a household is ex-

posed to unemployment risk and the impending fall in income on retirement.  Upon re-

tirement, precautionary savings motive disappears immediately and this household be-

gins to decumulate toward zero wealth; the decumulation is not instantaneous, as this 

household desires to smooth intertemporal consumption.  These sequence of events com-

bine to produce a humped wealth accumulation pattern over a household’s lifecycle.    

 

The humped lifecycle wealth accumulation pattern predicts a humped lifecycle stock al-

location pattern for stockholders.  As I mentioned before, a young household starts with 

very little wealth.  Subsistence consumption need combined with a borrowing constraint 

make this household very relatively risk averse and shy away from stocks.  As this young 

household accumulates toward its wealth target, it becomes less relatively risk-averse 

and its stock allocation increases.  However as human capital is converted into income 

with age, a household’s diversification demand for stocks decreases.  Finally, stock allo-

cation falls to zero in retirement after the retiree decumulates to zero wealth.  These se-

quence of events combine to produce a humped stock allocation over a household’s life-

cycle. 

 

Qualitatively, the model produces what it claims—significant equity market non-

participation in the economy.  I calibrate the model to examine its quantitative merit 

and to demonstrate the quantitative importance of the different model parameters.  In 

particular, the income processes for the two skill groups are carefully calibrated to reflect 

higher unemployment rates and greater unemployment durations during the recession 

phase of a business cycle.   

 

                                     
4 The subjective discount rate in this economy is set higher than the expected risky return such 
that a household would not accumulate assets if it is endowed with a constant income stream. 
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In a calibrated economy, I find that high skill households would not invest in stocks at 

wealth levels as high as $100,000, which traditional portfolio choice models have not 

been able to produce.  In addition, I find that stockholders (who are composed entirely 

of the high net worth households) allocate a greater fraction of their portfolio to stocks 

during expansions despite the lower expansion equity premium, and they allocate a 

smaller fraction during recessions despite the higher recession equity premium.5  This is 

because during recessions, households are faced with greater uncertainty in their labor 

incomes; they are more likely to become unemployed, and when unemployed they are 

more likely to remain unemployed.  The greater aggregate willingness to supply risky 

capital during expansions is consistent with the empirical observation that the equity 

premium is counter-cyclical.   

 

The rest of the paper is organized as follows.  Section II formulates the model and cali-

brates it to observed U.S. data.  Section III characterizes the household’s optimal portfo-

lio choice problem.  Section IV examines the household’s lifecycle wealth targets and 

portfolio allocations and discusses why non-participations arise for the low skill house-

holds.  Section V performs comparative statics on key model parameters.  Section VI 

offers some directions on future research and concludes. 

 

 

II.    The Model 

The model is introduced jointly with the calibration exercise to facilitate exposition.  

Some features of the calibrated model are included to provide a realistic environment for 

studying portfolio choice but are not essential for driving non-participation.  Some mod-

eling features, which ex ante seem important but turn out not to matter, are also in-

cluded as the negative results are interesting nonetheless.  Whenever exposition would 

allow, I highlight model features, which are included primarily for realism and/or for 

comparison with traditional models. 

 

                                     
5 The equity premium in this model is assumed counter-cyclical.  The conditional expansion eq-
uity premium is assumed to be lower than the recession equity premium, which is consistent with 
historical return data.  The return process is carefully spelled out in Section II. 
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In this model, a household is assumed finitely-lived and is characterized by its age cohort 

(a = young, middle-aged or retired), liquid net worth (w), skill level (s = high or low) 

and employment status (ε = employed or unemployed).  Prior to retirement, a household 

receives a stochastic labor income (i); the income process is exogenous in the sense that 

unemployment and retirement are not voluntary.  A high skill household receives a high 

income and vice versa for a low skill household.  The economy can take on one of two 

states, an expansion or a recession state (M=X or R).  In a recession, the unemployment 

rate and duration of unemployment are higher for both skill types.  In addition, a high 

skill household has a non-zero probability of job displacement, where it finds a low skill 

job after unemployment.  Households have available to them a risky and a risk free in-

vestment.  The real risk free rate is exogenously fixed at 1%.  The conditional distribu-

tions of the risky returns are specified as lognormal with a constant volatility of 18% and 

a recession equity premium of 3.6% and expansion equity premium of 3.4%.  Finally, 

both high skill and low skill wage fluctuations are correlated with the equity market re-

turns.  Households observe the state of the economy (M) as well as their own private 

characteristics (a, s, ε, i, w).  Investment and consumption decisions are formed based 

on these variables. 

 

Household period utility function 

One of the main goals of the paper is to remain within the expected utility framework 

while producing a high rate of equity market non-participation in the economy.   House-

holds have a Stone-Geary (HARA) period utility function with decreasing relative risk 

aversion: 
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where  is the minimum period consumption that must be satisfied to ensure survival 

and where the indicator function 1 sets the period utility to zero when the household 
aτ

Λ

{a dτ≠

 8



is deceased.6  This specification differs from the standard CRRA (which is a limiting case 

when  goes to 0) assumption in only one aspect—the introduction of a subsistence 

consumption level , which leads to decrease relative risk aversion with respect to con-

sumption (and indirectly wealth).

aτ
Λ

aτ
Λ

7  Cohn, Lewellen, Lease and Schlarbaum (1975), 

Friend and Blume (1975) and Morion and Suarez (1983) find empirical support for de-

creasing RRA.  A subsistence consumption requirement is also consistent with the notion 

that the basic goods and services are not perfectly scalable.   

 

The subsistence consumption assumption is crucial in delivering endogenous non-

participation and other interesting predictions.  However, there is some leeway in speci-

fying the subsistence levels.  I tie my hands by calibrating the subsistence consumption 

levels for the three age cohorts (young, middle-aged and retired) are calibrated to equal 

a fraction (φ ) of the 1995 U.S. household poverty thresholds published by the Census 

Bureau.8  The household (annual) income poverty thresholds are $10,259, $15,569 and 

$9219 respectively for the median 2 person household, 4 person household and 65 year or 

older household.  I point out here that results are not qualitatively different if I assume a 

similar subsistence consumption level for all three age cohorts.   

 

For the benchmark case, I set φ  = 30%, the power coefficient  = 3 and the subjective 

discount factor =0.88%.  These variables are chosen to be reasonable while generating 

the right household wealth levels and wealth dispersion in the economy.  I discuss later 

in Section V the selection of these parameters.  The subjective discount rate assumed 

here is higher than what is usually assumed for representative agent models with no bor-

rowing constraint.  However, a high subjective discount rate is both empirically sup-

ported and theoretically desirable.  Friedman (1952,1963), Griliches, Maddala, Lucas and 

Wallace (1962), Landsberger (1971) and Mohabbat and Simos (1977) find empirical sup-

ports from micro data that household annual subjective discount rates are significantly 

η
β

                                     
6 Since the agent cannot commit suicide, it does not matter what the utility at death is.  In our 
particular setup, the utility, while dead, is actually higher than the utility of being alive!  
Thereby confirming the suspicion that all rational agents go to heaven. 
7 Note that this utility function is not the habit persistent utility function, since Λ  is a constant 
and does not depend on past individual or aggregate consumptions. 

a

8 The age cohort structure is described later in great details. 
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higher than 10% (in fact some suggest discount rates in excess of 20%).  Theoretically, 

the buffer-stock saving models, which have shown successes in explaining the high corre-

lation between current income shocks and consumption growth, require high subjective 

discount rates relative to expected returns on investments.   

 

The high subjective discount rate delivers the following model feature.  Households 

would choose to consume their entire income if their income stream is constant for life.  

Household would therefore only save for precautionary purpose to insure against income 

fluctuations. 

 

Note that the local curvature of the utility function or the relative risk aversion is not 

simply equal to  (as it is in the CRRA case) but also depends on the distance between 

the current consumption and the subsistence level: 

η

 

     
t

t
t

t a

C
C

=
−Λ

γ η .    (3)  

 

The inverse of the elasticity of intertemporal rate of substitution is, however, equal to η  

and does not depend on the current consumption or the subsistence level.  Equation (3) 

allows me to deliver endogenous relative risk aversion heterogeneity without assuming 

exogenous preference heterogeneity. 

 

Borrowing and short-selling constraints 

In addition, I impose a borrowing constraint.  Households are prevented from borrowing 

to consume.  This assumption can be motivated in two ways.  First, we know that, in 

reality, low net worth and unemployed households (the only households that would need 

to borrow to finance consumption) are likely to receive un-collateralized financing only 

at very high interest rates due to moral hazard and credit risk.  Second, if I assume a 

stochastic collection process, where the lender could demand full loan repayment prior to 

the unemployed borrower finding new employment, the household’s utility would fall to 

negative infinity; this would endogenously guarantee no borrowing.9   

                                     
9 See Zeldes (1989) for more discussion on this point. 
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Households are further restricted from financing consumption by short-selling stocks.  

This is a realistic assumption as investors, in general, cannot short sell stocks without 

sufficient hard assets to post to margin as collaterals.   

 

State variables and their evolutionary dynamics 

I introduce the different state variables and their dynamics formally in the following sec-

tion.  Households are assumed to observe these state variables with perfect precision and 

understand their evolutionary dynamics.  In addition, I calibrate these dynamics to U.S. 

data.  The calibration should help the reader assess the quantitative merit of the model 

in addition to its qualitative features.  Specifically, I produce quantitative predictions on 

the portfolio compositions of high income vs. low income households, on non-

participation rate as well as the wealth cutoff for equity participation, and on household 

wealth targets.  In Section V, I consider the impacts on household portfolio choice when 

the parameters of the state variable dynamics deviate from the baseline case. 

 

The macroeconomic variable: 

1. State of the economy 

I model fluctuations in the state of the economy to incorporate business cycle risk in the 

model.  Business cycle risk impacts portfolio choices in important ways and is a conven-

ient modeling mechanism for specifying the correlation between labor income fluctua-

tions and risky asset returns.  The unemployment rates, unemployment durations, wages 

as well as expected return on the equity market, which are specified later in this section, 

depend on the current state of the macroeconomy.  For simplicity, the economy is as-

sumed to take on only two possible states: 

 

M = X (if expansion) or R (if recession),   (4) 

 

where M follows a two state Markov process with the following transition probability 

matrix: 

'

XX XR

M M
RX RR

π π
π π→

 
 Π =   

,     (5) 
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and where the transition probabilities π , ,  and π  are calibrated from the 

expected expansion duration ( ) and recession duration ( τ ) of the U.S. business cycle: 
XR XXπ RXπ RR

RXτ
 

11XX
X

π
τ

= − , , 1XR XXπ π= − 11RR
R

π
τ

= −  and .  (6) 1RX RRπ = −π

 

In addition the unconditional probabilities can be computed as: 

 
X

X
X R

τπ
τ τ

=
+

 and  R
R

X R

τπ
τ τ

=
+

.    (7) 

 

Using NBER business cycle statistics,  and  are set to equal 12.7 quarters and 5.7 

quarters respectively, implying = 0.9213, = 0.0787, π = 0.1754, = 0.8246, 

= 0.6902 and = 0.3098. 

Xτ Rτ

XRπXXπ RX RRπ

Xπ Rπ
 

The household characteristics: 

2. Household skill level 

The household skill level is the only source of exogenous heterogeneity in my economy.  

This heterogeneity then endogenously leads to all other heterogeneities in the economy.  

I assume only two skill levels (high vs. low) for the ease of exposition and computation.  

The intuition of the model still carries through if a wider spectrum of skill levels is 

considered.   

 

For calibration purposes, I assume that 20% of the households are high skill while 80% 

are low skill.  The high skill income level is matched to the median household income 

level for the top income quintile; the low skill income level is then matched to the me-

dian household income level for the bottom 80%.  The assumption of only two skill levels 

can be justified, to a large degree, by the dichotomy in the U.S. household income levels.  

The top income quintile households earn on average 100% more than the next quintile 

(U.S. Census Bureau).  The bottom four quintiles, by comparison, demonstrate a much 

smaller heterogeneity in their incomes.  The stark dichotomy in earnings is likely due to 

do the dichotomy in education attainment.  Households with professional degrees (such 

as MBAs) earn three times the earnings of the median households and about twice the 
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earnings of households with only an undergraduate education (Digest of Education Sta-

tistics 2002).   

 

Formally: 

 

   s = h if high skill or l if low skill,    (8) 

 

where s follows the following conditional Markov transition probability matrix: 

 

   Π ,   ε  = {e,u},    (9) 
hh hl

s s
lh ll

ε ε

ε
ε ε

π π

π π′→

 
 =  
  

 

where 2 conditional transition probability matrices  are defined over employment 

status (ε) and set such that a high skill household faces a small but non-zero probability 

of job displacement (transiting to a low skill state) after a period of unemployment.  

This is the additional human capital risk faced by high income households.  An em-

ployed high skill household, however, faces no displacement probability.  The rationale 

for this modeling choice is that human capital depreciates during unemployment.  After 

an extended period of unemployment, the depreciation can be so severe that a high skill 

worker becomes unfit to be reemployed back into his old job.  A low skill household, in 

my model, does not face job displacement risk.  It follows directly then: 

s s
ε

′→Π

 
1 0

0 1

e e
hh hle
e es s
lh ll

π π

π π′→

     Π = =       

  and 

1

0 1

u u u u
hh hl hl hlu
u us s
lh ll

π π π π

π π′→

   −   = = Π  
     

.  (10) 

 

Carroll (1992) estimates that there is a small (<1% per annum) unconditional probabil-

ity that household labor income falls drastically; I interpret these rare events as corre-

sponding to job displacement in my model and assume an unconditional probability of 

job displacement of 0.20% per quarter.  Since low skill and employed workers do not ex-

perience displacement, the conditional probability of job displacement for an unemployed 

high skill can then be computed as: 

 

( ), , 0.2% 4.0%X h R h u u
X u R u hl hlπ π π π π π+ = ⇒ = .     (11) 
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Job displacement risk, while interesting in its own right, is not a main theme in this pa-

per.  The model does not depend on it to generate the qualitative features of non-

participation, humped lifecycle wealth accumulation and stock allocation, and cyclical 

willingness to supply risky capital.  Job displacement risk is only useful to quantitatively 

produce a median wealth level for the high skill households that is consistent with the 

observed median household wealth for the top income quintile families.  I revisit this 

point again in Section V. 

 

3. Employment status: 

Unemployment spills are the primary driver of a household’s savings behavior in my 

economy.  The higher the unemployment rate and the longer the unemployment dura-

tion, the greater is the demand for precautionary savings.   

 

Formally: 

 

ε  = u if unemployed or e if employed,   (12) 

 

where  follows the following conditional Markov transition probability matrix: ε
 

   ,  M ={X,R} and s = {h,l},  (13) 
, ,

,
,

M s M s
ee euM s
M s M s
ue uu

ε ε

π π

π π′→

 
Π = 
  

,



 

where 4 conditional employment transition probability matrices are defined for the 

permutations of macroeconomic states (M={R,X}) and household skills (s={h,l}).  The 

transition probabilities are calibrated to match the U.S. unemployment rates 

(π , , , ) over the business cycle as well as the duration of unemployment 

for each labor skill sector ( , , , ).  To complete the calibration exercise, I 

first compute the duration of employment: 

,M s
ε ε′→Π

,X h
u

,X l
uπ

,R h
uπ

,R l
uπ

,X h
uτ

,X l
uτ
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uτ
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, ,
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M s M s
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u eM s M s M s
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τ τπ τ
τ τ π
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+

,
uτ ,   (14) 
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the transition probabilities can then be computed as: 

 

,
,

11M s
ee s X

e

π
τ

= − , , , ,1M s M s
eu eeπ π= − ,

,

11M s
uu s X

u

π
τ

= −  and . (15) , 1M s M s
ue uuπ = − ,π

    

The calibration exercise here is complicated by the fact that quality unemployment sta-

tistics categorized by income levels are not available.  Anecdotal evidences combined 

with unemployment data compiled by the BLS suggest that unemployment rates and 

unemployment durations are lower for the high skill laborers than for low skill laborers; 

at the same time unemployment rate fluctuation is larger for the high skill group.  I cali-

brate the transition probability matrix to reflect these observations, while matching 

closely to the aggregate unemployment rates and durations reported in Imrohoroglu 

(1989).10  The high skill households are assumed to have an unemployment rate = 

2% during expansions and π = 12% during recessions.  The low skill households are 

assumed to have an unemployment rate π = 4.5% during expansions and = 12% 

during recessions.  Since 20% of the households are assumed high skill while the remain-

ing 80% are low skill, the cohort unemployment rates then produce aggregate expansion 

and recession unemployment rates of 4% and 12%, which match Imrohoroglu’s parame-

ters exactly.  In addition, unemployment durations are assumed identical for both skill 

groups at = = 1.1 quarters and = τ = 1.4 quarters respectively during ex-

pansions and recessions.  The transition probabilities are then:  

,X h
uπ

,R h
u

,X l
u

,R h
uτ

,R l
uπ

,X h
uτ

,X l
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,R l
u

 

,
0.9814 0.0186

0.9091 0.0909
X h
ε ε′→

 
 Π =  
  

, ,
0.9029 0.0971

0.7143 0.2857
R h
ε ε′→

 
 Π =  
  

,    (16) 

and 

,
0.9571 0.0429

0.9091 0.0909
X l
ε ε′→

 
 Π =  
  

, ,
0.9029 0.0971

0.7143 0.2857
R l
ε ε′→

 
 Π =  
  

.   (17) 

 

 

4.a.  Household wage process 

                                     
10 Imrohoroglu (1989) presents a carefully calibrated real business cycle model, which studies the 
costs of macroeconomic fluctuations. 
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The U.S. Census Bureau reports a median household before-tax income of $23,830 per 

annum (in 1995 dollars) for the bottom 80% income households and a median income of 

$109,411 for the top 20% income households.  I assume an after-tax annual wage income 

of $20,000 (effective tax rate of 16%) and $80,000 (effective tax rate of 26.9%) respec-

tively for employed households.11  I use the 1995 household income numbers because real 

income has grown at an unprecedented rate in the late 90’s, while real income growth 

historically has been barely positive.  In any case, the absolute levels of the high skill 

and low skill wage incomes are not important.  Only the relative difference between the 

incomes as well as the level of the income relative to the required subsistence consump-

tion are important. 

 

In addition to the increase in the unemployment rate during recessions, downturns in the 

economy also impact wage negatively.  For the low skill households, negative wage 

shocks can be reductions in overtime hours or reductions in real wages (as nominal wage 

increases fall short of inflation).  For the high skill households they can be reductions in 

bonuses.   One might expect the wage fluctuations for low skill households to be fairly 

modest; this is born out by the data.  The labor income risk for low skill households, re-

sults almost entirely from unemployment.  However, one might expect the wage fluctua-

tions for high skill households to be more volatile and correlated with the stock market.  

This is because firm performance-linked compensations (whether in the form of vested 

stock options or profit sharing plans) are usually a significant portion of the total com-

pensation awarded to high-ranking employees.12   

 

The wage processes for the two skill groups are defined as follows: 

 

                                     
11 These numbers are derived using the H&R Block Tax Cut software with assumptions on de-
pendents and other deductions in conjunction with a California state income tax assumption, as 
well as Medicare and social security tax withholdings.  
12 Principal-agent theory predicts that employees who need to exercise a substantial amount of 
discretion or decision-making in their jobs should have their compensation linked to firm perform-
ance to ensure good effort.  Total compensation data from the BLS supports this claim as the 
average compensation of high income workers exhibit greater covariance and correlation with the 
equity market return. 
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where the wage fluctuations are calibrated to reflect pay reductions during recessions 

and to capture higher wage volatilities in the high skill sector.  Note that in my model, 

wage does not fluctuate within an expansion or a recession phase; wage only fluctuates 

when the macroeconomic state transits from one phase to another.   

 

The wage volatilities for the two skill groups are needed to calibrate the income process 

described in equation (18).  I assume a quarterly wage volatility of 6.5% for the low skill 

households and 11.5% for the high skill households, which correspond to an aggregate 

volatility of 7.5% per quarter, which is also used by Deaton (1991), Koo (1995) and 

Heaton and Lucas (1997) in their calibration of wage dynamics.   

 

Since the income processes are two-state Markov chains, I have: 

 
2 2d d 0.065Xl X Rl Ri iπ π+ =  and ,  (19) d  d 0Xl X Rl Ri iπ π+

and 

  d  and ,  (20) 2 2d 0.115Xh X Rh Ri iπ π+ = d d 0Xh X Rh Ri iπ π+

 

where [ ]( ) [ ]d Xs Xs s si i E i E i= −

16.5%−

 is the deviation of the period labor income from the ex-

pected income.  Solving we have d , ,  and 

. 

4.4Xli = % 7 %d 9.Rli = − % d 7.4Xhi =
d Rhi =
 

I examine in Section V the qualitative and quantitative impacts of the wage rate volatil-

ity assumed here.  While wage fluctuations are realistic assumptions, they turn out not 

to matter qualitatively, as labor income risk is dominated by unemployment spills. 

 

4.b.  Retirement Income: 

Retired households receive retirement benefits: 

 

  b ,    (21) 
   if high skill at retirement

   if low skill at retirement
h

s
l

b

b
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where, in the baseline case, bh and bl  are assumed equal to 50% of the average income for 

the high skill and the low skill respectively plus the average social security income, which 

in 1995 dollars is equal to $7628 pretax or roughly $6000 after-tax at the marginal rate. 

 

The retirement income assumption here is different from the zero pension income as-

sumed in most lifecycle models.  Storesletten, Telmer and Yaron (2001) among others 

endow retirees with no income to accentuate the risk of stockholding for retired house-

holds, which leads to non-participation for retirees.  However, I achieve non-participation 

for retirees by the exact opposite route—by endowing retired households with guaran-

teed pension incomes.  Essentially, retirees decumulate their wealth to zero because they 

no longer have the need to save for unemployment; this trivially produce equity market 

non-participation for retirees.  I explore this point further in Section IV and V. 

 

5.  Age cohort 

Households are characterized by the age cohorts to which they belong.  There are three 

non-trivial age cohorts and a trivial age cohort.  Specifically, a household can be:  

 

      a = y (if young), m (if middle-aged), o (if retired), d (if dead)  (22) 

 

where a follows the following four state Markov transition probability matrix: 

 

  '

0 0

0 0

0 0

0 0 0 1

yy ymyy ym yo yd

my mm mo md mm mo

a a
oy om oo od oo od

dy dm do dd

π ππ π π π
π π π π π π
π π π π π π
π π π π

→

           Π = =              

.  (23) 

 

Unlike the standard lifecycle models, where age transition is deterministic, age transition 

in this model is stochastic.  The transition probabilities are defined to match an expected 

duration of 20 years for staying in each age cohort ( = τ = = 80 quarters): yτ m oτ

 
11 0.9875aa yy mm oo
a

π π π π
τ

= − ⇒ = = = .   (24) 

 18



 

Young households (these are 2 person households just entering the work force) expect to 

remain young for 20 years before they start to consume and invest like middle-aged 

households.  Similarly, middle-aged households (4 person households with children) ex-

pect to continue to work for another 20 years before retiring.  The stochastic age transi-

tion also means that death is stochastic.13  This modeling feature allows me to examine 

Modigliani’s conjecture that households often leave bequests (even when bequest motive 

is not present) because they wish to hedge against living too long.   

 

It is worthwhile mentioning that my specification of the cohort transition process is dis-

tinctively different from the existing literature on overlapping generations, which assume 

deterministic death.  In standard lifecycle models, death is known with perfect certainty 

for agents, which unrealistically reduces precautionary savings motive in people’s old 

age.  In addition, the current specification allows the model to be solved using a recur-

sive technique commonly used for solving infinitely-lived agent economies; this recursive 

relationship is shown in the following section when the value function is presented.  In 

contrast, standard computable lifecycle models are solved using backward induction, 

which is computationally more cumbersome. 

 

6.  Household liquid wealth follows the following dynamics: 

 

( ) ( )( ) { } { } { }1 , 1 01 1 1 1 1
t t tt t t f t t t f Mse aw w c R R R iθ εθ µ+ + > = == − + + − − + + so b , (25) 

 

where ct and θ  are, respectively, the fraction of total wealth consumed and invested in 

stocks at time t. µ  is the fixed cost of stock ownership and is set at $400 per year in my 

baseline case.

t

14  R  and ,t t 1+ fR  are the returns from the risky and the risk free investment 

                                     
13 Note that young and middle-aged households do not face death directly.  They face death only 
indirectly as there is some positive probability that a middle-age household could transit to the 
retiree cohort and then become deceased in two model periods (2 quarters). 
14 While there is much debate on the true cost of stock ownership (cost associated with obtaining 
a working knowledge of portfolio theory in addition to trading fees and account maintenance 
fees), former SEC Chairman Arthur Levitt provides the best anecdote on just how un-widespread 
investment knowledge is—“While 63% [of all survey respondents] know the difference between a 
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respectively and are described in more details later.  1 ,  and 1  are indica-

tor functions.  Note that a household can either receive a working wage i , a pension 

check b  or nothing if it is unemployed. 

{ }0tθ > {1
t eε = } }

                                                                                                            

{ ta o=

Ms

s

 

I now describe the investment opportunities available to the households. 

 

1. Risk free investment 

Households can invest in risk free deposits earning 1% real return per annum.  The real 

short-term default free interest rate has been about 1% per annum in the U.S.  Weil 

(1989) finds this low interest rate puzzling.  He argues that households would need to 

have negative subjective time discount rate to demand bank deposits yielding 1%.  I 

show that households with a very high subjective discount rate would still have positive 

demands for the risk free investment at 1%.  Because low skill households do not invest 

in stocks (this is shown later when the wealth accumulation policy and the portfolio pol-

icy functions are solved), their buffer-stock savings are stored entirely in the risk free 

asset.  

 

2. Equity investment 

Households can invest in a risky asset (the S&P500 index fund essentially), which offers 

a premium of 3.4% per annum over the risk free rate during expansions and 3.6% per 

annum during recessions.  The volatility of the risky asset returns is constant at 18% per 

annum, and the risky returns are conditionally log-normal and have a 15% correlation 

with the fluctuations in the macroeconomy.  While the historical average excess stock 

return measures about 7%, the literature on equity premium contends that a large frac-

tion of the historical return is due to luck.  Recent empirical works by Claus and Tho-

mas (2001), Fama and French (2002) and Donaldson, Kamstra and Kramer (2003) find 

support that the true ex ante equity premium is only around 3.5%.  Furthermore, the 

literature on time-varying risk premium concludes that the equity premium (and the 

Sharp Ratio) is counter-cyclical. 

 

 
halfback and a quarterback, only 12% know the difference between a load and no-load mutual 
fund.” 

 20



The economy, with an exogenously specified risk free rate and stock return process, al-

lows only a partial equilibrium analysis.  Therefore I refrain from speculating on the level 

of the conditional and unconditional risk premia or the factors driving them.  I focus in-

stead on the wealth accumulation pattern, portfolio characteristics and consumption be-

haviors, which support the specified return processes.  The merit of the model is then 

assessed based on the ability of these predicted wealth, portfolio and consumption char-

acteristics to match with the observed data.  

 

3. Fixed cost of stock ownership 

I assume a fixed cost of stock ownership µ, which is set to $100 per quarter in the base-

line case.  Other levels of fixed cost are also considered in Section V.  The fixed cost of 

stock ownership include dollar equivalent cost for preparing and filing the IRS Schedule 

D form for capital gains and losses (which is estimated by the IRS to take 3 hours and 

41 minutes), in addition to loads (front or back-end) as well as other related administra-

tive fees for purchasing and holding mutual funds.  On top of that brokerage firms also 

charge commissions and account maintenance fees.  Industry sources have also informed 

me that a relationship with less than $100,000 are usually not considered profitable for 

brokerage firms unless the account trades actively or invests on margin; fees are usually 

designed to discourage these low net worth accounts.  Entry costs, such as the cost of 

gaining financial knowledge is likely to deter participation also.  However, I do not con-

sider that in this paper. 

 

While fixed cost of stock ownership is a reality, it is also important for modeling pur-

pose.  For HARA utility functions, households are locally (absolute) risk neutral and 

would always be willing to hold a tiny fraction of their portfolio in stocks (see Rabin 

(2000)).  Therefore a fixed cost or transaction cost would be required to generate non-

participation.  In this paper, an important contribution is that the assumed fixed cost 

needs not be extremely large to preclude stock investment in a large fraction of the 

population.15  I show later that even with a negligible fixed cost of $10 per quarter, a 

fraction of households in my economy would hold no stocks. 

                                     
15 Heaton and Lucas (1997) show that even with a 4% transaction cost on equity, households in 
their calibrated economy would still hold portfolios that are 100% in stocks.  
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III.    Solving the Optimal Portfolio Choice Problem 

The household’s portfolio choice problem is now completely specified.  I solve for the op-

timal portfolio policy numerically as an analytical solution is not available.  I use a re-

cursive dynamic programming technique.16  The state variables are M, , s, a, and w, 

and the choice variables are c and θ.  At this point, it is convenient to introduced a new 

32 state Markov transition probability matrix Π  describing the dynamics of 

the four joint state variables {M, , s, a}.  The entries in this 4-dimensional probability 

matrix are constructed from the transition probabilities defined in (5), (13), (9) and (23): 

ε

{ } { ' ' ' 'M sa M s aε ε→ }

π π ′

ε

 

{ } { }
,

' ' ' '
M s

M sa M s a MM ss aa
ε

ε ε εεπ π π′ ′ ′→ = .   (26) 

 

The value function is then: 
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where the conditional expectation is defined as: 
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  (28) 

 

where Mt, , stε t, at and wt follow the dynamics described in (4), (12), (8), (22) and (25).  

Recall also that we restrict households from borrowing to consume or shorting stocks: 

 

  ct < 100% (no borrowing to consume),    (29) 

and 

   0≤ tθ  (no shorting).      (30) 

 

 
16 A detailed document, complete with the Matlab codes, can be requested from the author. 
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Equation (27) defines a recursive relationship.  Contraction mapping then guarantees the 

existence of a unique fixed point solution to the optimal portfolio choice problem.  It is 

worth noting that unlike other models with lifecycle consideration, this solution uses a 

recursive method instead of backward induction, which is substantially more cumber-

some.   

 

 

IV.    Lifecycle Wealth Targets and Portfolio Allocation 

I describe the optimal lifecycle wealth targets and portfolio allocations for high skill vs. 

low skill households in this section.   

 

Lifecycle wealth targets 

I first introduce results on households’ lifecycle wealth targets and the associated wealth 

accumulation pattern instead of results on equity market non-participation because non-

participation is a direct consequence of the low skill households choosing to accumulate 

low wealth.  I define explicitly the lifecycle wealth targets (or the lifecycle buffer-stock 

saving targets) for each skill group.  The employed high skill and low skill household’s 

zero accumulation points {W , , } and {W , , 

} are defined as the levels of wealth at which the investment and consumption 

decisions make the expected next period wealth growth zero.  I do not compute zero ac-

cumulation points for unemployed households because they are not meaningful (and also 

undefined).  While unemployed, households decumulate at every level of wealth.   

( ),h y M ( ),h mW M (,h oW M ) ( ),l y M ( ),l mW M

( ),l oW M

 

I can solve for these macro state dependent zero accumulation wealth levels implicitly by 

rearranging equation (25) and setting [ ]1t
t

w
wtE + =1.  Using the unconditional probabilities 

, the household’s unconditional or steady state lifecycle wealth targets are defined as:  Mπ
 

(
{ , }

,
X R

s a s a
M

M

W Wπ= ∑ ), M .    (31) 

 

Figure 2 illustrates graphically the determination of these steady state wealth targets.  

The wealth targets, so defined, are wealth levels that households maintain (on average 

across the business cycle) when they are employed.  During unemployment spills, house-
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holds decumulate away from that target to smooth consumption, but accumulate back 

toward it once they find employments.   

 

What determine the levels of a household’s lifecycle wealth target?  In general, house-

holds might build up wealth for three reasons—1. to hedge against unemployment spills, 

2. to hedge against living too long, 3. to prevent falling consumption in retirement and 4. 

to fuel future consumption growth.  However, given the assumption of the guaranteed 

pension income and the high subjective discount rate, 2 and 4 are completely dominated 

by 1 and 3.  I present below a (log-linearized) approximate equality relating portfolio 

returns to preference parameters as well as consumption growth ( ) moments:C∆ 17 

 

[ ] [ ]
2

21 var( ) cov( , )
2 a a

C CE r E C C C r
C C

δ η η η
      ≈ + ∆ − ∆ + ∆     −Λ −Λ   

, (32) 

 

where the subjective discount rate δ .  Impatience, which is increasing in  and 

the inverse of the intertemporal rate of substitution , makes households detest future 

consumption growth at the expense of current consumption.  Ignoring the second order 

expansion terms in equation (32), we see that when the expected portfolio return is low, 

households with high  would not accumulate to fuel positive consumption growth.  

Prudence, which is increasing in  and relative risk aversion 

1≈ − β δ
η

δ
η

a

C
Cη −Λ , counteracts impa-

tience to make households defer current consumption even when the expected portfolio 

return is low.  From the second term in the expansion, we see that if consumption 

growth is expected to be negative (which occurs when households retire without ade-

quate savings), the aversion to falling consumption makes households accumulate wealth.  

From the third term in the expansion, we see that if consumption growth is expected to 

be volatile (which occurs when households do not have adequate savings to self-insure 

against unemployment), the aversion to consumption growth variability makes house-

holds accumulate wealth.   

                                     
17 This approximation comes from the following two approximations: 
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See Cochrane (1997) for a review on the derivation of the two approximations. 
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Prudence and impatience interact to produce household wealth processes that are sta-

tionary.  While employed, a household accumulates additional buffer-stock to hedge 

against unemployment spill when its wealth level is below its desired wealth target and 

decumulates to avoid deferring too much current consumption when its wealth is above 

its desired wealth target.  While unemployed, a household would decumulate to smooth 

its consumption profile.  I present the lifecycle wealth targets for a high skill vs. a low 

skill household in the Table 1 below. 

 

 

Table 1.  Lifecycle Wealth Targets for High Skill vs. Low Skill Households (in $1000) 
Young Middle-aged Retired

High Skill 318 294 0

Low Skill 47 52 0
 

 

Note that a high skill household accumulates a significantly greater wealth than a low 

skill household.  This result is not trivial, much as it may seem obvious.  If labor income 

were riskless, equation (32) suggests (at an equity premium of 3.5% and subjective dis-

count rate δ  ≈ 12%) that both the low and the high skill households would accumulate 

no wealth and would instead consume their entire labor income every period.  Since la-

bor income is risky, households must build up buffer stocks to smooth consumption dur-

ing unemployment.  A high skill household, with high income and therefore high average 

per period consumption, needs a larger buffer stock to maintain its lifestyle during an 

unemployment spill than would a low skill household.   

 

The difference in portfolio behaviors between a high skill household and a low skill 

household additionally drives a wedge between their wealth targets.  I show in the next 

section that working (non-retired) low skill households do not hold stocks.  Working high 

skill household, however, invest in stocks heavily; high skill households choose to store 

part of their buffer-stocks in stocks because the benefit outweighs the fixed cost and the 

associated risk.  Substantial stock allocations lead to additional volatility in consumption 
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growth, which accentuates the precautionary savings need, which drives the wealth tar-

get higher.   

 

Note that the desired wealth targets are similar for the young and the middle-aged 

households belonging to the same skill group.  This is because the risk of unemployment 

is identical for the young and the middle-aged.  The minor difference in the wealth tar-

gets for the young and the middle-aged is attributed to the difference in the portfolio 

behaviors and the required level of subsistence consumption for the two age cohorts. 

 

Lifecycle wealth accumulation 

While the lifecycle wealth targets are not humped, the predicted lifecycle wealth 

accumulation pattern is humped.  This is because young families start out with little or 

no wealth.  Prudence drive them to accumulate toward their desired wealth targets as 

they earn and age.  Retirees, on the other hand, have guaranteed pension income until 

dealth and are driven by impatience to decumulate to zero wealth.  Figure 2 shows the 

speed of wealth accumulation for the different skill groups and age cohorts.  Table 2 

summarizes the expected accumulation time from zero to 80% of the desired wealth tar-

get for young households and the expected decumulation time to $20K for retired house-

olds.   h 

Table 2.  Expected Accumulation and Decumulation Time 

Young Household (staring with $0) Retired Household(decumulating to $20K)

High Skill  accumulating to $240K (starting with $300K)

73 quarters 51 quarters

Low Skill  accumulating to $52K (starting with $50K)

12 quarters 11 quarters

 
 

Note that the speed of accumulation and decumulation falls as the household wealth 

nears the wealth target.  Accumulation to the desired wealth target cannot occur instan-

taneously for obvious reasons.  Households’ savings are constrained by their incomes; in 

addition, households must consume each period to survive.  The decumulation to zero for 
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the retirees also does not occur instantaneously.  This is because households, while impa-

tient to consume, dislike sharp reductions in consumptions even more. 

 

In my model households do accumulate wealth to prepare for retirement in addition to 

hedge against unemployment.  Upon retirement, precautionary savings motive disap-

pears because pension incomes are guaranteed until death.  However, because pension 

incomes are only a fraction of the previous labor incomes, retirees decmulate their wealth 

to smooth the fall in their consumptions.  Similar to Modigliani’s conjecture households 

in this model would often leave significant amount of assets at death even though no be-

quest motive is assumed.  This is because they die before depleting their assets.   

 

Equity market non-participation 

I plot the portfolio allocations of high skill vs. low skill households for the different age 

cohorts in Figures 3, 4 and 5.  Note that there are equity market participation cutoff 

wealth levels, below which households do not hold stocks.  The equity market participa-

tion cutoff levels are summarized in Table 3 below.   

 

Table 3.  Equity Market Participation Cutoff Wealth Level  

for High Skill vs. Low Skill Households (in $1000) 
Young Middle-aged Retired

High Skill 115 123 29

Low Skill 70 78 39
 

 

For the working low skill households, the cutoff wealth levels average $74,000 and for the 

high skill households, the cutoff wealth levels average around $119,000.  Since low skill 

households have wealth targets that are lower than their participation cutoff wealth lev-

els, they do not participate in the equity market in general.  High skill households, on 

the other hand have wealth targets that are significantly above their participation cutoff 

wealth level; therefore, a large fraction of high skill households (those that have accumu-

lated wealth) are participants in the stock market.  Note that not all high skill house-

holds invest in stocks.  Specifically, young high skill households that have not accumu-
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lated more than $115,000 would not invest in stocks.  Retired high skill households that 

have decumulated their wealth below $29,000 also do not invest in stocks. 

 

The non-participation at lower wealth levels for both skill groups is driven by two fac-

tors: 1. high relative risk aversions at low wealth levels (see Figure 1) and 2. a fixed cost 

of stock ownership.  The first factor is of primary importance and is a feature not found 

in other non-participation models.  Shown in Figure 6 are the portfolio allocations when 

a $40 per year fixed cost of stock ownership is assumed.  We see that even with an in-

significant ownership cost, at low wealth levels (below $40,000), both the high skill and 

the low skill households choose to hold no stocks because their relative risk aversions, 

driven by subsistence consumption need, are extremely high. 

 

In addition, I find that non-participation can occur for households with liquid wealth as 

high as $100,000.  This is one feature that the traditional models on non-participation 

have been unable to generate—non-participation at high liquid wealth level, which has 

led Haliassos and Bertaut (1995) and Cao, Wang and Zhang (2003) to argue in favor of 

non-expected utility paradigm.  In my model, high skill households that earn on average 

$80,000 after-tax, are still sufficiently conservative at a wealth level of $100,000; 

$100,000 is simply insufficient to buffer against unemployment spills and job displace-

ment risk.  The conditional consumption growth volatility at wealth levels near 100,000 

is still sufficiently high to make high skill households shy away from equity investment. 

 

Most models that have included risky labor income to study portfolio choices have fo-

cused on accentuating equity holding risk by making labor income fluctuations and labor 

income volatilities more correlated with the equity market.  If labor income shocks are 

very large and persistent and its volatility is counter-cyclical, then households shy away 

from holding stocks.  However, these models fail quantitatively because labor income 

shocks, in reality, are no where near as volatile and persistent as what is needed to drive 

equity market non-participation.  In this paper, extremely volatile labor income would 

actually lead to increased likelihood of equity market participation.  Low skill households 

faced with very large and persistent labor shocks would accumulate very large buffer-

stock portfolios.  In which case, a modest fixed cost of stock ownership would not dis-

courage stock investments.  On the other hand, reducing labor income volatility to near 
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zero would actually generate equity market non-participation trivially.   Households, en-

dowed with a near constant per period income would accumulate almost no wealth in 

this model and therefore would hold no stocks as long as there is a fixed cost.   

 

Lifecycle portfolio allocations 

1. Portfolios for Young vs. Middle-aged vs. Retiree   

Examining the lifecycle stock allocation pattern in Figures 3, 4 and 5, we can see that 

young households are always more willing to commit a greater fraction of their portfo-

lios, at every level of wealth, to stocks than middle-aged households.  This is because 

stock investment diversifies human capital risk, and young households have more human 

capital.  However, once households enter retirement, their stock allocation becomes ex-

tremely aggressive.  This is because their retirement income is guaranteed for as long as 

they live, which means given the same investment portfolio, their conditional consump-

tion growth volatility is lower than young or middle-aged households.  Retired house-

holds are therefore more capable at bearing equity market risk.  This feature is generally 

missing in most lifecycle models where retirees are assumed to receive no pension bene-

fits; the “no pension income” modeling choice is usually made to prevent retirees from 

holding too much equity investment.18   

 

In my economy, retirees have riskless pension income.  Surprisingly a significant fraction 

of retirees in my economy also choose to hold no stock investments, even though they 

have an advantage in bearing equity risk.  This is because the retirees have a wealth tar-

get of zero!  With no pension income risk, impatience dominates prudence (in fact there 

is no precautionary savings motive anymore), and retirees decumulate their wealth to-

ward zero.  However, the decumulation, as I mention before, does not occur instantly, 

but rather over an extended period of time.  This results in a dichotomy in the portfolio 

allocation of the retired households.  A recently retired high skill household would still 

have a sizeable portfolio that is heavily invested in the stock market.  As this retired 

household continues to decumulate, its wealth eventually falls below the participation 

threshold; at which point, this household holds a portfolio that is 0% invested in stocks.  

                                     
18 See Storesletten, Telmer and Yaron (2001) and Constantinides, Donaldson and Mehra (2002).  
In their economies, retirees do not hold stocks.  This serves to accentuate equity market risks in 
the hands of the middle-aged workers, which then leads to a high equity premium. 
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This is consistent with reported portfolio behaviors.  Specifically, the NYSE reports that 

only 12.6% of all stockholding households are age 65 or above, while 37.3% of stockhold-

ing households are between 45~65, suggesting that nearly 2/3 of all middle-aged stock-

holders become non-stockholders after retirement.   

 

2. Portfolio for High Skill vs. Low Skill 

In addition, I observe that working low skill households have a more aggressive stock 

allocation policy at wealth levels below $100,000.  This is because their unemployment 

rate and unemployment duration fluctuations are less severe and the covariance between 

their labor income fluctuations and the equity returns is lower.  However, this effect is 

soon dominated by two factors.  First, since consumption is influenced largely by the 

level of the labor income, high skill households have a greater average consumption than 

low skill households at every level of wealth (see Figure 1).  Thus low skill households 

have a greater relative risk aversion at every level of wealth (see Figure 1).  Second, 

since high skill households have more human capital, therefore they have greater demand 

for equity, which diversifies labor income risk. 

 

3. Portfolio for Employed vs. Unemployed 

Comparing the portfolios for unemployed and employed households, I find that unem-

ployed households for both skill groups have more conservative stock allocations for al-

most all levels of wealth. 19  This is because unemployment is persistent, which makes the 

conditional next period consumption growth volatility larger during unemployment than 

during employment.  In addition, since high skill households face the additional risk of 

job displacement, the conditional next period consumption growth volatility during un-

employment is further accentuated for this group.   

 

4. Portfolio for Expansions vs. Recessions 

Comparing portfolio strategies during expansions and recessions, I find that for almost 

all wealth levels, households in both skill groups have more aggressive stock allocations 

during expansions than during recessions.  Households are more conservative (meaning 

                                     
19 At lower wealth levels, unemployed high skill households have more aggressive allocations than 
their employed counterpart due to hedge demand for displacement risk; this demand is very 
quickly dominated by the risk of extended unemployment spill. 
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they allocate less to stocks and also consume less) during recessions because the prob-

ability of becoming unemployed is heightened and the unemployment duration is length-

ened substantially.  More strikingly, households allocate less to stocks during recessions 

despite the higher conditional equity premium (and Sharpe Ratio) offered.  The attrac-

tiveness of the higher equity premium during recessions does not dominate portfolio allo-

cation until household wealth exceeds well over $2,000,000. 

 

Since working high skill households, who are the stockholders in this economy, have life-

cycle wealth targets around $300,000, their portfolio strategies are characterized by 

greater stock allocation during recessions.  This indicates that the aggregate willingness 

to supply risky capital is greater during expansions and lower during recessions, which is 

consistent with the counter-cyclical equity premium assumed in this economy. 

 

 

V.    Comments on Key Model Parameters 

The subjective discount rate 

The subjective discount rate assumed in this economy is roughly 12% per annum, which 

is high compared to the values that are usually used.  As is mentioned before, high sub-

jective discount rates are also found in buffer stock savings models (see Carroll (1997) for 

a review) and are empirically well supported.  In this subsection, I illustrate how equity 

market non-participation is related to the choice of the subjective discount rate.   

 

In Figures 7, I plot the lifecycle wealth targets and non-participation wealth level cutoffs 

for the two skill groups.  Observe that at > 0.9, working low skill households (which 

have accumulated to their wealth targets), would begin to participate in the equity mar-

ket at a $400 per annum fixed cost of stock ownership.  Observe from Figure 7 that the 

 for the U.S. economy could be estimated using this model by examining the median 

U.S. household wealth.  The median wealth for the bottom 80% income households in 

1995 dollars is $37,639 and, for the top 20% households is $273,819 (1998 Survey of Con-

sumer Finance).

β

β

20  At = 0.88, the low skill average household wealth target is between β

                                     
20 Note that I would want to select wealth targets that are higher than the observed median in-
comes because a significant fraction of households in the economy would be accumulating toward 
their wealth targets and their actual wealth would be less than their targeted wealth.    
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$45K to $55K and the high skill average household wealth target is between 

$290K~310K.  Since many households in this economy would have wealth much lower 

than their wealth target, particularly the young households, a β = 0.88 turns out to be 

appropriate for matching to the U.S. household wealth data. 

 

The literature on the risk free rate puzzle has claimed that a >1 is needed to generate 

a net demand for a low yielding risk free asset.

β
21  However, at β = 0.88, this economy 

has a net demand for the risk free asset yielding 1%.  This result is largely driven by the 

low skill households, who do not invest in stocks, but instead store their entire buffer-

stocks in the risk free vehicle.   

 

The fixed cost of stock ownership 

The fixed cost of stock ownership is crucial in delivering non-participation in the equity 

market.  Without assuming a fixed cost, there would be 100% equity market participa-

tion.  Examining Figure 6, where portfolio allocations are plotted for economies with a 

fixed cost of $400 per annum, $200 per annum and $40 per annum.  We can see that eq-

uity market non-participation cutoff wealth levels are decreasing in the assumed fixed 

cost.  However, at wealth levels below $40K, the demand for stocks is negligible even 

when there is almost no fixed cost associated with owning stocks.  This suggests that my 

economy can have significant non-participation with a much lower fixed cost assumption.   

 

Labor income volatility 

I examine how labor income volatility impacts equity market non-participation.  I set 

wage fluctuations to zero and for both skill groups and examine the household lifecycle 

wealth targets and the implications on non-participation.  I perform the identical exer-

cise for wage fluctuations that are twice the baseline case (2 * 7.5% = 15% per quarter).  

The results are summarized in Table 4 and 5.  

 

 

Table 4.  Lifecycle Wealth Targets (in $1000) for Wage Fluctuation = 0% vs. 15% 

                                     
21 In the risk free rate puzzle literature, a positive net supply of risk free assets is usually assumed 
since models do not explicitly model the government, which is the single largest net borrower. 
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Young Middle-aged Retired

Wage Volatility = 0%

High Skill 313 285 0

Low Skill 42 47 0

Wage Volatility = 15% per quarter

High Skill 364 330 0

Low Skill 53 63 0
 

 

 

Table 5.  Equity Market Participation Cutoff Wealth Level (in $1000)  

for Wage Fluctuation = 0% vs. 15% 

 
Young Middle-aged Retired

Wage Volatility = 0%

High Skill 71 91 29

Low Skill 66 71 39

Wage Volatility = 15% per quarter

High Skill 150 143 29

Low Skill 73 82 39
 

 

 

Note that the labor income risk is reduced only moderately when we remove wage fluc-

tuations; as is mentioned before unemployment spills dominate labor income risk.  With-

out wage fluctuations, we see reduced household wealth targets across the board.  How-

ever, the non-participation cutoff wealth levels also fall to reflect the reduced covariance 

between labor income and stock returns.  With increased wage fluctuations, the exact 

opposite occurs.  Household wealth targets as well as non-participation cutoff wealth 
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targets increase across the board.  Qualitatively, wage fluctuation volatility play almost 

no part in driving the non-participation result. 

 

Job displacement risk 

I show here that job displacement risk for the high skill households is quantitatively nec-

essary to produce the right wealth targets for the high skill households, although it is not 

qualitatively necessary for delivering equity market non-participation since it does not 

impact the low skill households.  Table 6 shows the wealth targets and non-participation 

cutoffs when job displacement probability is zero. 

 

 

 

Table 6.  Lifecycle Wealth Targets  

and Equity Market Participation Cutoff Wealth Levels (in $1000)  

when Displacement Probability = 0%. 

 
Young Middle-aged Retired

Wealth Target

High Skill 142 159 0

Low Skill 47 52 0

Non-participation Cutoff

High Skill 111 119 29

Low Skill 70 78 39
 

 

 

Without job displacement risk, high skill households do not have very high wealth tar-

gets and therefore do not accumulate very high wealth.  Because unemployment rate and 

unemployment duration during expansions are lower for the high skill households than 

for the low skill households, high skill households in fact desire a lower wealth-to-income 

ratio than the low skill households, which is counterfactual.  Job displacement shock, 
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which is permanent and a very real concern for high income households, accentuates la-

bor income risk sufficiently to induce households to build up a much larger wealth than 

they otherwise would. 

 

Retirement benefits 

I consider a different retirement benefit scenario here to illustrate households’ desire to 

save for retirement.  Table 7 shows the household wealth targets and non-participation 

cutoffs when retirees of both skill levels receive only social security benefits with no addi-

tional pension income.  The average social security income in 1995 dollars is equal to 

$7628 pretax, which I assume to equal $7000 taxed.  

 

 

Table 7.  Lifecycle Wealth Targets  

and Equity Market Participation Cutoff Wealth Levels (in $1000)  

when Pension Income = $7K per Annum for Both Skill Groups. 

 

 
Young Middle-aged Retired

Wealth Target

High Skill 625 943 0

Low Skill 70 109 0

Non-participation Cutoff

High Skill 71 89 29

Low Skill 65 66 39
 

 

 

 

Note that the wealth targets for both skill groups increase significantly.  In this econ-

omy, despite impatience to delay current consumption to fuel future consumption 

growth, households are nonetheless averse to sharp drops in their consumption.  House-
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holds therefore also accumulate wealth to smooth falling consumption in retirement, in 

addition to hedging against unemployment.  The lower the retirement pension income is 

relative to the working income, the higher is the wealth target for the middle-aged 

households.    

 

Surprisingly, low pension income for the low skill households lead to equity market par-

ticipation for the working low skill households!  This is because low skill households must 

accumulate a very high wealth to smooth consumption in retirement, when pension in-

come is very low.  With a large investment portfolio, the fixed cost is comparably less 

significant and stock investment makes sense for a low skill household.   

 

Power coefficient  η

Finally, I examine the effect of increasing the power coefficient , which increases the 

RRA for households at every level of wealth.   Standard intuition would suggest that 

non-participation would be more severe.  This is however not true in this model.  Table 

8 shows the wealth targets and equity market participation cutoff wealth levels when the 

power coefficient η  is increased from 3 to 4.    

η

 

 

Table 8.  Lifecycle Wealth Targets  

and Equity Market Participation Cutoff Wealth Levels (in $1000)  

when = 4 η
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Young Middle-aged Retired

Wealth Target

High Skill 447 540 0

Low Skill 78 88 0

Non-participation Cutoff

High Skill 148 165 29

Low Skill 72 81 39
 

 

 

 

The increased η , which accentuates the precautionary savings motive, makes low skill 

households accumulate greater wealth.  Again the larger investment portfolio allows low 

skill households to take advantage of stock investments in the presence of fixed cost of 

stock ownership, leading to the counter-intuitive result that higher risk aversion coeffi-

cient generates greater equity market participation! 

 

 

 

VI.    Limitations, Future Research and Conclusion 

Limitations 

In this model, households would only accumulate wealth when faced with risky labor in-

come.  While this may be descriptive of the economy in general, it does not seem to ex-

plain why some individuals with no apparent labor income risk, such as tenured profes-

sors, would accumulate high wealth.  It is likely that the right model for understanding 

wealth accumulation for the high net worth individuals would involve heterogeneity in 

agent’s subjective discount rates. 

 

Future Research 

While the paper aims to develop a realistic portfolio choice model, which I believe it does 

with good success, leisure and housing choices are conspicuously missing.  Real estate 
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represents the largest asset owned by households.  Whether this asset should be treated 

as a durable consumer item or investment is a very difficult question and should deliver 

interesting portfolio behaviors.22  In addition, voluntary unemployment and retirement 

are not allowed in the model; households in this paper are simply assume to not value 

leisure and prefer to work whenever work is available.  It is suspected that allowing 

households to voluntary withdraw from the labor force or to work beyond retirement age 

would allow for more aggressive portfolio choices.23  

 

Attanasio, Banks and Tanner (2002), Brav, Constantinides and Geczy (2002) and 

Vissing-Jorgensen (2002) find empirical evidence that non-participation resolves the eq-

uity premium puzzle.  Basak and Cuoco (1998) and Contantinides, Donaldson and Me-

hra (2002) assume non-participation in their general equilibrium model to deliver high 

equity premium.  This suggests that extending this paper to a general equilibrium set-

ting could help address important asset pricing questions, not the least of which includes 

the equity premium puzzle.24 

 

Conclusion 

This paper delivers high non-participation rate in the economy by assuming a two-sector 

labor market, where households endowed with high skill earn high income and house-

holds with low skill earn low income.  Unlike recent papers on non-participation, this 

paper remains within the expected utility framework and assumes a HARA class utility.  

In addition, households are endowed with homogeneous preferences and information; in 

contrast, many recent papers on non-participation depend crucially on heterogeneous 

information or preferences to drive non-participation.   

 

Impatience (driven by high subjective discount rate) and prudence (driven by volatile 

labor income) interact to generate stationary lifecycle wealth targets for households, with 

high skill households accumulating high wealth and low skill households accumulating 

                                     
22 Piazzesi, Schneider and Tuzel (2003) offer an innovative way of examining the housing choice 
issue and the asset pricing implications that arise.  
23 See Liu and Neis (2002) for an economy with voluntary retirement. 
24 Hsu (2003) extends the current framework in a general equilibrium framework to examine the 
equity premium puzzle. 
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low wealth in equilibrium.  Subsistence consumption requirement implies that households 

have decreasing RRAs.  Consequently, low skill households also have significantly higher 

local RRA.  In addition low skill households have less human capital and therefore have 

lower diversification demand for stocks.  Low wealth, high RRA and low diversification 

demand predicts that low skill households do not hold stocks in the face of a moderate 

ownership cost. 

 

The model generates testable predictions, which can be used to assess its merit.  The 

calibrated labor income process, which has counter-cyclical volatility, generates portfolio 

behaviors, which suggest that there is a greater aggregate willingness to supply risky 

capital during expansions.  This is consistent with the empirical finding of a counter-

cyclical equity premium.  The model also predicts humped lifecycle wealth accumulation 

as well as humped lifecycle stock allocation; both are consistent with empirical observa-

tions.  In addition, the model offers some surprising predictions.  Specifically, all else be-

ing equal, households with lower pension income accumulated greater wealth prior to 

retirement, which increase their probability of owning stocks.  Furthermore, households 

who are endowed with higher power coefficient (risk aversion coefficient) are also more 

likely to accumulate greater wealth, which again increase their probability of owning 

stocks.   
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Figure 1. Age-Skill Cohort Consumption Plan and the Implied RRA 

 
The top graph plots the average consumption plan for each age-skill cohort (young-high 

skill, young-low skill, etc.).  The bottom graph plots the implied relative risk aversion 

(RRA) associated with the consumption plan.  Note that the high skill group almost al-

ways has higher steady state consumption and thus lower RRA at every level of wealth.  

Within the same skill group, the retirees (old) are less relatively risk averse than the 

young; this is because retirees received guaranteed pension income.  The young, in turn, 

are less relatively risk averse than the middle-aged; this is because the middle-aged house-

holds have a high subsistence consumption level (due to an increase in household size). 



Figure 2. Age-Skill Cohort Quarterly Savings Plan 

 
The quarterly savings plans are plotted for the different age-skill cohort (young and high 

skill, young and low skill, etc.).  For the most part, the young and middle-aged high skill 

households have very similar savings pattern; this is similarly true for the young and mid-

dle-aged low skill households.  Note that the retirees do not save in general.  This graph 

helps us identify graphically the lifecycle wealth targets for the two skill groups; the 

wealth target occurs at where the savings plan crosses zero (on the y-axis).  Non-retired 

high skill households have an average wealth target around $290K, while non-retired low 

skill households have an average wealth target around $50K.  Retirees from both skill 

groups have wealth targets of zero. 



Figure 3a. Conditional Stock Allocation for Young Households 

 

 
The stock allocation policy is plotted for the high skill young household vs. the low skill 

young household.  We see that the low skill household is willing to enter the equity mar-

ket at a lower wealth level than the high skill household.  This is due to the lower covari-

ance between low skill wage rate fluctuations and equity returns.  The high skill house-

hold’s portfolio allocation is also more sensitive to business cycle fluctuations. 



Figure 3b. Conditional Stock Allocation for Young Households 

 

 
The stock allocation policy is plotted for the high skill young household vs. the low skill 

young household for an extended range of wealth levels.  We see that the high skill house-

hold has more aggressive stock allocation while employed and more conservative stock al-

location while unemployed when compared to the low skill household.  This is because the 

high skill household faces the additional risk of job displacement when it is unemployed. 



Figure 4. Conditional Stock Allocation for Middle-Aged Households 

 
The stock allocation policy is plotted for the high skill middle-aged household vs. the low 

skill middle-aged household.  The comparison between the high skill and low skill house-

holds is similar to what is presented for Figure 3 for the young households.  Contrasting 

with the portfolio policy for the young in Figure 3, we see that middle-aged households of 

both skill types hold less aggressive stock allocations than their younger counterparts.  

This is because households invest in stocks to diversify their human capital portfolio.  

Since young households have the greatest amount of human capital, they desire a greater 

equity exposure to hedge their human capital risk. 



Figure 5. Conditional Stock Allocation for Retired Households 

 
The stock allocation policy is plotted for the high skill retired household vs. the low skill 

retired household.  Note that retired households no longer face labor income risk; they re-

ceive a fixed pension payment every period until they die.  Without labor income risk, re-

tirees’ conditional consumption growth volatility is significantly reduced compared to their 

younger counterparts; as a result they are able to bear more equity risk.  In particular, the 

high skill retirees find the 4.5% expected equity return overwhelmingly more attractive 

than the 1% risk free return and do not hold any bank deposits at wealth levels below 

$270K.   



Figure 6. Portfolio Allocations when there is Fixed Cost vs. No Fixed Cost 

 
The graphs plot, respectively, portfolio allocations (for young households) with a fixed 

cost of stock ownership equaling $400, $200 and $40 per annum.  Note that at wealth lev-

els below $40K, the demand for stock is negligible. 



Figure 7. Lifecycle Target Wealth Level vs. Equity Market Participation Cutoff Wealth Level 

 
The top plot plots the target wealth level and the equity market participation cutoff 

wealth level for young high skill vs. low skill households for various values of the subjec-

tive discount factor β.  The bottom plot shows the same for middle-aged households.  

Note that we can use the observed median household wealth level for the two groups to 

help us select a reasonable value for β.  From the 1998 Survey of Consumer Finance, the 

median household wealth for the top 20% income households and bottom 80% income 

households are respectively $273.8K and $37.6K.  This suggest that β = 0.88 would be 

appropriate.  The participation cutoff wealth level depends on the assumed fixed cost of 

stock ownership.  We select the fixed cost to ensure that low skill households do not par-

ticipate. 


