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Motivation

What modern portfolio theory says

» Markowitz: inefficient to put a large holding in any single stock

» Even less inefficient to invest the funds in employer's own stock
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Contrasting view

» John Maynard Keynes:

“I am in favor of having as large a unit as market conditions
will allow . .. To suppose that safety-first consists in having a
small gamble in a large number of different [companies] where
| have no information to reach a good judgement, as compared
with a substantial stake in a company where one'’s information
is adequate, strikes me as a travesty of investment policy.”

» Loeb (1950):

“Once you obtain confidence, diversification is undesirable; di-
versification [is|] an admission of not knowing what to do and
an effort to strike an average.”
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Objective
» Develop a model of portfolio choice that incorporates views of both

e Keynes and

e Markowitz

» Use this model to evaluate the large holding of own-company stock

in DC pension plans:

e When one is “confident” about own-company stock, how should
one balance this confidence against the gains from diversification?

e For reasonable parameter values can one get portfolios with 20%
to 30% invested in own-company stock?
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Magnitude of defined contribution pension plans

» Worldwide trend from defined benefit to defined contribution plans

» Several European countries have also modified their government-
sponsored pension plans from a pure DB to DC-like plans

» Several U.S. states have converted from DB to DC plans

» 700,000 corporate DC plans in U.S. covering 56 m workers
56,000 DB plans covering 23 m employees

» Total assets of defined contribution plans are about 2 trillion dollars.
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Plans offering own-company stock as investment alternative
Mitchell and Utkus (2002)

» 42% of all defined contribution plan participants
» 59% of total plan assets
» 23 million employees have this investment option available

» Total assets of these plans is approximately $1.2 trillion
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Main question

» Understand the significant fraction of pension contributions invested
in stock of employer

e 29% of assets of defined contribution plans are in company stock
- Mitchell and Utkus (2002); Meulbroek (2002)

e 33% of assets in retirement plans for a sample of S&P 500 firms

are invested in company stock
- Benartzi (2001)

e 25% of discretionary contributions are invested in company stock
- Benartzi (2001)

Boyle, Garlappi, Uppal & Wang To Hold Familiar Assets or To Diversify? 6



Motivation Model Portfolio weights Calibration Conclusions

Other evidence of “familiarity bias”

» Home bias in international portfolios:
Cooper-Kaplanis ('94), French-Poterba ('91), Tesar-Werner ('95)

» US households more likely to invest in their local US Regional Bell
Operating Companies rather than other RBOC (Huberman, 1999)

» Finnish households are more likely to invest in firms that are located
close to them (Grinblatt-Keloharju, 1999)

» US fund managers biased toward local firms (Coval-Moskovitz, 1999)

Boyle, Garlappi, Uppal & Wang To Hold Familiar Assets or To Diversify? 7



Motivation Model Portfolio weights Calibration Conclusions

Different modeling approaches in the literature

1. Multiple priors:
Epstein-Wang ('94), Chen-Epstein ('99), Epstein-Miao ('00),
Garlappi, Uppal and Wang (2006) — discrete time model

2. Preference for robustness: Hansen-Sargent ('00); Maenhout ('99)

3. Recursive preference with ambiguity aversion: Uppal-Wang ('02)

» Even though agents have multiple priors,

e they do not exhibit extreme pessimism; instead,
e they use the reference model to distinguish among the priors

» T his leads to a formulation that has

e differentiability needed for deriving the Bellman equation and

e obtaining closed-form expressions for the portfolio weights

Boyle, Garlappi, Uppal & Wang To Hold Familiar Assets or To Diversify? 8



Motivation Model Portfolio weights Calibration Conclusions

Contribution: Modeling

» Main feature of model: allows investors to distinguish between

e ambiguity about distribution of returns on familiar assets

e ambiguity about market return

» Model is parsimonious—only a few parameters to be estimated
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Contribution: Portfolio choice results

» Closed-form expressions for optimal portfolio weights
1. Irrespective of confidence about own-company stock, if no ambi-
guity about market return, investor holds only the market portfolio

2. Allocation to own-company stock increases with ambiguity about
market return

3. Share of own-company stock relative to market increases with
decrease in the volatility of own-company stock returns.

» Calibration: Significant own-company stock holding for small devia-
tions from standard model if investor:

e Over-estimates by 1%-2% relative return on own-company stock

e Under-estimates own-company volatility by up to 40%
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The model

Production processes

» Production economy of the type in Cox, Ingersoll and Ross (1985)

» N firms, where N is a large number.

» Each firm has a similar production technology

dYi = pYudt + Yi(osdZsy + oydZi), i < N,

o Zsi, Zi, © < N, one-dimensional uncorrelated Brownian motions
e /s; captures systematic risk; Z;; the unsystematic risk

e Assume that Z;;, 1 < N, are independent
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Asset returns

» Stock traded for each firm

e With N large, idiosyncratic risk can be diversified away.
e In equilibrium, all stocks must have

x the same expected returns, u
* total volatility of stock returns, (02 4+ 07)/?

» In addition to the risky stocks, there is a riskless asset in zero net
supply whose rate of return r; will be determined in equilibrium
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Agents

» There are many classes of agents in the economy.

» Each class of agents works for one company.

e ldentify each class of agents by the company for which they work.

e Assume that each class has the same number of agents.

» Assume that the agent we are considering works for firm j.

e Subscript j to indicate the variables for the own-company stock

e Subscript “—4" to denote the variables for other N — 1 stocks
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Ambiguity

» Agents do not have precise knowledge of distribution of stock returns

» All agents have same level of uncertainty regarding return distribution
of the stock of their own company: ¢,

» All agents have same level of uncertainty regarding returns of the
other N — 1 stocks: ¢_;

» ¢, need not be equal to ¢_;
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Standard preferences

» For standard model of portfolio choice, with time-additive utility

1=y
C-
L — A+ e 2B (Vitta)

1—7

Vit =

» Fundamental assumption: investor knows the true probability law of
asset returns, given by a probability measure P

» Because investor is not perfectly sure if P is the right model, he would
like to consider alternative models

» Investor’s problem:
how to account for ambiguity when making decision
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Preferences with aversion to ambiguity

» Let one (of many) possible alternative to the reference model P be
described by a probability measure @)

» Then,

penalty function )

Ve

inf Y (EfVial) > = g [lnf’zﬁ

: N ) Ly »
e lizati k={j,—J}
ambiguity normalization

aVversion

+E; (Vittn)

~”

e £ is the density function of @ with respect to P
e ¢ is the uncertainty regarding return on asset k

e inf because agent averse to uncertainty (Gilboa-Schmeidler, '89)

Boyle, Garlappi, Uppal & Wang To Hold Familiar Assets or To Diversify? 16



Motivation Model Portfolio weights Calibration Conclusions

Wealth dynamics
» Return on invested wealth:
dR; = [mjp+ (N —1Dr_jp+ (1 —m — (N —1)n_;)r]dt
+ 7 (0sdZst + ouydZi)
+ (N

> dZy).

N z<N AF]

» N + 1 asset problem reduced to three-fund problem:
1. Fund consisting of stock j;

2. Equally-weighted portfolio of other (N — 1) stocks;

3. Riskless asset.

» [ he evolution of the investor's wealth,

th Wth — Ctdt
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The Bellman equation
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Analysis of portfolio weights

The Merton portfolio weights without ambiguity

» In the absence of any ambiguity
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The portfolio weights with ambiguity

Proposition 1 The optimal portfolio of agent j is given by

75 1
” == A7 QY (u—r1),
(N —1)m_; Y

where
A= (I+Q o).

» Optimal portfolio weights are constant and (7, (N — 1)7_;) > 0.

» In equilibrium, since all agents have positive holdings of all companies
and since riskless asset is in zero net supply, 1 = m; + (N — 1)7_;.

» Using this condition we can identify r; and show it is constant.

Boyle, Garlappi, Uppal & Wang To Hold Familiar Assets or To Diversify? 20



Motivation Model Portfolio weights Calibration Conclusions

Portfolio weights when zero ambiguity about market return

Proposition 2 If there is no ambiguity about the return on the market
portfolio, ¢_; = O, then the optimal portfolio is given by the standard
Merton portfolio with zero holding of own-company stock:

lp=r
v o052

3
g 3
|
1

o
| N |

» The investor will hold own-company stock only if there is some
ambiguity about the return on the market portfolio: ¢_; > 0
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Portfolio weights when
infinite ambiguity about own-company stock

Proposition 3 When N is large, ¢_; > 0 and ¢; — oo, then

7Tj O 1

1 1 (up—r) — T'Merton -
TTm (1-|—¢_j); 025'2 (1 _I_ Qb—])

» Thus, the investor will hold own-company stock as long as

e there is some ambiguity about market return, ¢_; > 0, and

e there is less than perfect ignorance about own-company stock,
P < 0.
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Keynes revisited: ¢; = 0 but ¢_; > 0.

» When ¢; = 0 and ¢_; > O, the optimal weights are

[ ] ] _1(p—r) 1 o5

™| v 0§ (ov?+(0s2+ov?) ¢-5) | of

» Only in the case where there is extreme ambiguity about all other
stocks in the market, ¢_; — oo , do we get the investor to hold only
own-company stock and nothing invested in any of the other stocks:

1 1 p=r
Ty — 1+ (0’52-|—O'U2)
Tm O
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Comparative statics

Proposition 4 Keeping all else constant, the proportion of wealth held
in own-company stock, m;, decreases with an increase in volatility of
own-company stock, o = \/ oz + of.
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Calibration to data on US stock returns

» In order to reduce number of parameters to be estimated and limit
degrees of freedom available to the model, we study the ratio

Y] - ¥

w4+ (N=Dr_; 7w + mm

» For the benchmark Merton portfolio,

Uy 1

7Tj—|— (N— 1)7‘('_]' N
» In the model with ambiguity,

2
™ 05 P—;

T+ mm  ou® (14 ¢;) +05% (65 + &)
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Advantages of studying the ratio

» Ratio independent of risk aversion and equity risk premium
» Ratio depends only on {ogs,00} and {¢;, p_;}.

» Volatility, in contrast to expected returns, can be estimated quite
precisely (see Merton (1980))

e o estimated from volatility of market portfolio return

e oy estimated from volatility of individual stock return, and using
the relation that this equals (0 + 02)1/2.

» Thus, we need to judge only whether ¢, and ¢_; are reasonable.
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Interpreting ¢’s in terms of volatility adjustment

Conclusions

» Though ¢; and ¢_; are unobservable, they can be interpreted in terms

of an adjustment of the mean or volatility of stock returns.

» The expression for the optimal portfolio weight can also be written as

W:%(QA)_l(ILL—T]_)

(024 02) (1 + ) o2
QA =

o3 o (L+¢) |

» In surveys by Mitchell and Utkus (2002), John Hancock Financial
Services (1999) and Benartzi (2001), investors underestimate the
riskiness of own-company stock relative to riskiness of market.
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Interpreting ¢’s in terms of mean adjustment

» Denoting the adjustment to the expected return by v = (vj,v_;) ',
the optimal portfolio weights are:

T = 1A_1§2_1 (u—17l)
1
= ;Q_l ([,u —rl] — v ) : (1)
where
v= (I -QA QY (u—-r1). (2)

» Thus, equation (1) can be interpreted as the Merton model but with
the expected return on the assets being © — v instead of u.
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Parameter values used in calibration

» o is assumed to be 20% p.a.

» Chan, Karceski and Lakonishok (1999), find that

e the average volatility of large firms is 28.3%,
e the average volatility of the medium-sized firm is 34.3%, and

e the average volatility of small firms is 46.6%.

» We use these estimates to characterize three different company profiles
by selecting oy = {20%, 30%, 40%}
Table 1 Table 2 Table 3
e These values imply that the corresponding values for own-company
volatility, (02 + 02)/? are consistent with estimates of Chan,
Karceski and Lakonishok (1999): {28.3%,36.1%,44.7%}.
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Table 1: Asset allocations when o = 0.20

Var. adjustment Drift adjustment

N M—3 M-y —Mj| Vj V—j V—j— VY

Portfolio weights
g T™m
T +7m 7Tj+7'('m

O—j

e Panel with ¢; = 0.00

0.00 0.00 0.00 0.00 | 0.00 0.000 0.000 | 0.00 1.00
0.25/0.00 0.12 0.12 | 0.00 0.012 0.012 | 0.20 0.80
0.50/0.00 0.22 0.22 | 0.00 0.018 0.018 | 0.33 0.67
0.75 10.00 0.32 0.32 | 0.00 0.021 0.021 | 0.43 0.57
1.00 0.00 0.41 0.41 | 0.00 0.023 0.023 | 0.50 0.50

2.00 0.00 0.73 0.73 |0.000 0.028 0.028 | 0.67 0.33
3.00 |10.00 1.00 1.00 |0.000 0.030 0.030 | 0.75 0.25

4.00 {0.00 1.20 1.20 |0.000 0.031 0.031 | 0.80 0.20
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Table 2: Asset allocations when oy = 0.30

Var. adjustment Drift adjustment Portfolio weights
U m
¢—j | My N-j M= —MNj VY Voj Ve Vi oo o

e Panel with ¢; = 0.00

0.00 1 0.0000 0.0000 0.0000 |0.0000 0.0000 0.0000 | 0.00°°° 1.00
0.25 |0.0000 0.1180 0.1180 |0.0000 0.0129 0.0129 | 0.10°° 0.90
0.500.0000 0.2247 0.2247 |0.0000 0.0203 0.0203 |0.18°3 0.82
0.75 [0.0000 0.3229 0.3229 |0.0000 0.0252 0.0252 | 0.25%43 0.75
1.00 0.0000 0.4142 0.4142 0.0000 0.0286 0.0286 |0.31°°% 0.69
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Conclusions
» Develop a formal model for portfolio choice when investors are uncer-
tain about true distribution of asset returns.

e Model allows investors to distinguish ambiguity about one class or
assets relative to others.

» Model shows that if agents are ambiguous about market return then
they will invest in own-company stock.

» Calibration shows that for reasonable parameter values model can
generate observed holding of own-company stock in pension plans.
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