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We analyze an overlapping generations model with fixed
costs of stock market participation. Participation in the
stock market is determined endogenously and covaries
positively with preceding innovations in dividends. The
equilibrium share price is positively related to market
participation of the same period and to information about
future dividends. There is “rational trend chasing” in
the sense that, although all agents are rational, market
participation rises after an increase of the share price
and falls after a decrease. Finally, we show that the en-
dogenous fluctuations of market participation lead to in-
creased volatility of the share price.

There is clear empirical evidence that most agents partici-
pate only in very few asset markets and that this holds even
for agents with substantial liquid wealth [see e.g., Mankiw
and Zeldes (1991); further references can be found in Allen
and Gale (1994)]. Moreover, it seems that asset market par-
ticipation fluctuates. For instance, in informal discussions
changes of stock prices are often explained by an inflow
or outflow of investors. In this article we analyze an over-
lapping generations model in which participation in the
stock market is determined endogenously and fluctuates
over time. The model can help to explain stylized facts of
stock markets, such as trend chasing and excess volatility.
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! Starting with LeRoy and Porter (1981) and Shiller (1981), there is a huge literature
on excess volatility of stock prices, that is, on the fact that the flow of new
information about future payoff streams and discount rates seems to be insufficient

The Review of Financial Studiésll 1998 Vol. 11, No. 3, pp. 521-557
(© 1998 The Society for Financial Studies



The Review of Financial Studies / ¢ i 3 1998

Besides, our model predicts a mean reverting stock price and is, therefore,
consistent with the so-called predictability of stock returns [see, e.g., Fama
and French (1988a,b, 1989), Poterba and Summers (1988), Fama (1991),
Kim, Nelson, and Startz (1991), and Mankiw, Romer, and Shapiro (1991)
for different views on this question].

How can we explain limited market participation of rational agents? One
possible explanation is fixed costs of market participation, and this is what
we assume in our model. In order to invest in a particular market an agent
has to bear certain participation or entry costs. Otherwise the agent cannot
be active in this market. In addition, we assume that, as a by-product, market
participation makes an agent better informed. As an illustration consider the
case where an investor has to travel to the marketplace. The travel expenses
are fixed entry costs, and once the investor is there she will observe the
latest signals and thus will be better informed than agents who have not
traveled to the marketplace. In a more modern illustration we can substitute
the travel costs by the costs of terminals, software, connecting costs, etc.
Another significant example of entry costs follows from the fact that “in
order to be active in a market, an agent must initially devote resources
to learning about the basic features of the market” [Allen and Gale (1994,
p. 934)]. Such basic features of the market include, in particular, the relevant
institutional details, as for example, how orders are submitted, what the
settlementrequirements are, what happens in case of default by othertraders,
etc. Moreover, a reliable broker has to be identified. Although, due to the
necessity to simplify, our model does not directly catch these learning (and
search) costs, the motivation for the model is also based on this view of
informationalentry costs. In any case, the assumption that there are fixed
costs of market participation and that market participants are betterinformed
than nonparticipants seems to be rather realistic.

In our model there are two assets, risky shares and a riskless asset. Fixed
costs of market participation are positive only for the stock market and
differ between individual agents. All agents live for two periods, have an
initial endowment in the first period and consume only in the second pe-
riod. Therefore all agents will invest into the riskless asset, but only those
with sufficiently low participation costs will participate in the stock market.
Moreover, the expected gain (in terms of utility) from stock market partic-
ipation, and consequently participation itself, varies over time. Dividends
are assumed to follow a Markov process. As a result, last period’s realized
dividends contain information about the probability distribution of future
dividends and share prices, and thus about the expected gain from stock

to explain observed stock price volatility. In particular, the debate deals with a variety of econometric
aspects. However, recent work, such as LeRoy and Parke (1992), which takes care of econometric prob-
lems, seems to confirm the original finding of excess volatility. For references see, for example, LeRoy
(1989), Gilles and LeRoy (1991), LeRoy and Parke (1992), and LeRoy and Steigerwald (1995).
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market participation. We assume that all agents can, without costs, observe
past dividends or prices (or both) and extract the relevant information before
deciding about stock market participation. Therefore, in equilibrium, stock
market participation will fluctuate over time, reflecting preceding dividends
and prices.

Essentially our analysis is based on the view that the agents receive some
exogenous information that is relevant for their decisions about stock mar-
ket participation, and that the expected gain from stock market participation
conditional on this information fluctuates over time. Examples, among oth-
ers, are reports on television or radio stations and information contained
in newspapers and magazines. For simplicity we take past dividends as the
information which determines the participation decisions, but this assump-
tion should be seen only as a convenient way to model the fact that rational
agents will always base their decisions about stock market participation on
some relevant information. This simplification makes the model tractable
but is not decisive for the results.

What are these results? First, we prove that an equilibrium exists, and
that in an equilibrium the share price is positively related to market par-
ticipation (of the same period) and to information about future dividends.
Second, we show that in an equilibrium market participation fluctuates and
correlates positively with past dividends. From this we detrieed chasing
in the sense that market participation rises after an increase of the share
price and falls after a decrea$én our model trend chasing is perfectly
rational. This implies that we cannot conclude that investors are irrational
if we observe trend chasing in an asset mafKee last result of this study
concerns volatility. We show that the fluctuations of stock market partici-
pation increase the volatility of stock prices in a well-defined sense. Thus
participation costs and the consequent fluctuations of market participation
can be part of an explanation of excess volatflity.

There is an emerging literature on the impact of fixed participation costs

2 De Long et al. (1990) identify trend chasing with “extrapolative expectations about prices” (p. 379).
However, in our view extrapolative price expectations may cause trend chasing but are not identical with
it.

3 Wong (1995) provides empirical evidence of trend chasing in the Hong Kong stock market. For evidence
of trend chasing with respect to mutual funds and for its interpretation as a clear sign of irrationality
see Patel, Zeckhauser and Hendricks (1991). In De Long et al. (1990) trend chasing is rational for some
agents in some periods because rational agents exploit the antiaijostedionaltrend chasing behavior
of “positive feedback traders.” Without the nonrational feedback traders trend chasing would not be
rational for any agent in their model. In a recent article Brennan and Cao (1996) provide a rigorous model
where trend chasing is rational. Although their model is very different from our model, in both models
trend chasing is due to informational reasons.

4 For various approaches to a theoretical explanation of excess volatility see Spiegel (1998) and the ref-
erences therein. Among these only the explanation of Allen and Gale (1994) (discussed below) is based
on costly market participation and is thus related to this article. A model extilyenoudluctuations
of market participation is contained in Orosel (1997). In contrast, the fluctuatioenhdogenoug the
present model.
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in asset markets. One line of this literature deals with problems in monetary
theory and hence is not closely related to this study [see, e.g., Freeman
and Huffman (1991) and Chatterjee and Corbae (1992)]. Another line deals
with the effects of market participation on asset prices. Three articles in this
line, among others, are Merton (1987), Pagano (1989), and Allen and Gale
(1994). Merton (1987) introduced a modified capital asset pricing model
(CAPM) where each investor can participate only in markets containedin an
exogenous, investor-specific subset of all asset markets. He examines how
this modification affects the standard CAPM and shows that limited mar-
ket participation can explain empirical “anomalies.” In contrast to Merton’s
analysis, which is primarily concerned with the cross-sectional equilibrium
structure of asset returns, our model deals with the equilibrium price of one
risky asset over time. Furthermore, in our model market participation is de-
termined endogenously. Pagano (1989) analyzes an economy with multiple
deterministic equilibria, each being characterized by a constant number of
market participants, whereas we will examine the stochastic equilibrium
of an economy, where in each period the number of market participants is
the realization of an endogenous random variable. Allen and Gale (1994)
consider a model with two types of investors and fixed participation costs
for the asset market. They derive interesting results on asset price volatility
and multiple equilibria. However, as in Pagano (1989), market participation,
although different across equilibria, is fixed within each equilibrium. Thus,
in contrast to our model, volatility is not related to endogenous fluctuations
of market participation. In our equilibrium the added volatility derives from
changes in market participation due to innovations in preceding dividends,
whereas in Pagano (1989) and in Allen and Gale (1994) it is the level of
market participation which influences volatility. Still, our model has two
important features in common with Allen and Gale (1994): (i) the view that
there are fixed costs of market participation, and (ii) the use of a general
utility function rather than a specific one (such as constant absolute risk
aversion).

The article is organized as follows. In Section 1 we present the model,
and in Section 2 we analyze some properties of an equilibrium and prove
its existence. Section 3 deals with rational trend chasing, and Section 4
with volatility. Section 5 contains concluding remarks. Most mathematical
proofs are collected in the Appendix.

. The Model

Time is measured in discrete peridds- 1, 2, . ... There are overlapping
generations. All agents have rational expectations, are risk averse, and max-
imize expected utility. There is one consumption good, which is taken as
numeraire in each period. In addition, there are two assets: risky shares
and a riskless asset. As in Lucas (1978), shares represent an aggregate firm
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which has infinite life and produces in each period a stochastic output of the
consumption good. This output, which is entirely exogenous, is distributed
as dividends at the end of each period. Participation in the stock market
requires effort. On the other hand, due to risk aversion agents receive a
consumer surplus from buying shares. Thus an agent will participate in the
stock market if, in utility terms, the expected consumer surplus exceeds the
required effort.

We make several simplifying assumptions to keep the model tractable.
However, in Section 5 at the end of this article we will argue that our results
can be expected to hold under much more general conditions.

Assumption 1.There is a riskless asset with a constant (gross) retuea R
1+r > 1. The supply of this asset is infinitely elastic.

In order to simplify we impose no short sales restriction, that is, negative
investments are feasible. However, for sufficiently large initial endowments
no negative investments will occur in equilibrium.

Assumption 2.The economy is endowed with=5 0 shares. Each share

pays at the end of each period= 1,2,... random dividend<D; with

realizations ¢ > 0 and dy > d,_. DividendsD; follow a first-order

Markov process with transition probabilities given by the maffix =
T 1-7 1

[1_71 . }wheren € (3, D.

The dividend process is as simple as possible. The justification is to keep
the model manageable. Only the assumptioa (%, 1) has an economic
reason: it formalizes the view thatthere is some, but not absolute, persistence
in the dividend process.

Assumption 3.In each period t= 1, 2, ... a new generation, consisting

of a continuum of agents which has Lebesgue measure 1 and is uniformly
distributed on the interval A= [0, 1], enters the economy. Each agent

a € A lives for two periods, has an initial endowmenuof- 0 units of the
consumption good in the first period of life, and consumes only in the second
period. Each agent maximizes expected utilifyVE[U (C;)] —€a, wheret,

is (stochastic) consumption in the second period of |ifés effort expended

for participation in the stock market, and 1R, — R is a von Neumann—
Morgenstern utility function with the following properties: (i) for alke 0,

U (c) is three times differentiable, \(c) > 0, U”(c) < 0, anda’(c) < 0,

wherea(c):= — g9 is absolute risk aversion; (ilimc_.oU’(c) = oc.

The overlapping generations assumption allows the combination of finite
individual horizons with an infinitely lived economy. Assuming that agents
consume only in the second period of their life implies that we abstract from
saving decisions and concentrate on portfolio decisions. This is justified
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because portfolio decisions are much more influential for asset prices. Apart
from the plausible assumptions that agents are risk averse) < 0) and

that absolute risk aversion is nonincreasing¢) < 0) we make no serious
restrictions on the utility function. In particular, we do not assume that the
utility function is of a special type, such as exhibiting constant absolute or
constant relative risk aversion.

Assumption 4.For agent ac A, participation in the stock market requires
effortk(a) > 0. The function ka) has the following properties: (i)¢a) > 0
for all a € A; (ii) there exists are € (0, 1) such that ka) = 0 for all

a < [0, ]; (iii) foralla € [¢, 1), k(a) is continuous and strictly increasing;
(iv) lima_1 k(@) = oo. Participation in the market for the riskless asset
requires no effort.

Agentsa € Awho have expended effdtta) can participate in the stock
market and are callestock market participantsr, for shortmarket partic-
ipants Similarly, we will speak oktock market participatioor, for short,
of market participationThe effort required for market participation is fixed
in the sense that it does not depend on the subsequent investments actually
undertaken. We assume that the required effort differs across agents, for ex-
ample, due to differences in location, interests, capabilities, or education,
and we order the agents according to this effort. Assuming that the required
effort is zero for a (small) positive fractionof each generation simplifies
the analysis technically because this assumption implies immediately that
market participation will always be strictly positife.

Assumption 5. At the beginning of period t, & 1, 2, ..., all agents ob-
serve without costs realized past dividends DStock market participants
observe, in addition, realized dividends &fter they have expended effort
k(a), but before the stock market opens.

The current share price can only be observed by market participants
(otherwise nonparticipants could infer all the information of market par-
ticipants). This assumption reflects our view that market participants are
better informed than nonparticipants and that nonparticipants receive the

5 For instance, Mankiw and Zeldes (1991) present empirical evidence (based on 1984 survey data for the
United States) that “more highly educated household heads are more likely to be stockholders” (p. 100),
and explain this evidence with the argument that “the fixed cost [of participating in the stock market] is
lower for the more educated because information acquisition and processing are less costly” (p. 101).
Interestingly, the data presented in Mankiw and Zeldes (1991) show for all fourincome quartiles considered
that having an advanced degree reduces the probability of being a stockholder relative to having a college
degree only.

6 Let n, denote the fraction of market participants of generatiofihen each participating agent has to
hold S/n; shares in equilibrium. Without Assumption 4(ii) a more elaborate technical argument would
be needed in the existence proof of the equilibrium in order to ensure;tisadlifferent from zero.

7 Itwould be sufficient to assume that only some market participants observe realized diidentisreas
the other participants rationally infer it from the equilibrium share price.

526



Participation Costs, Trend Chasing, and Volatility of Stock Prices

information of market participants, if at all, only with a time lag. Although
knowing dividendsD; eliminates the “dividend risk”, market participants
still have to bear the “price risk.” When they sell their shares after one period
the price will depend on the—as yet unknown—realized dividddds.

The decision whether or not to participate in the stock market has to
be based on some information, and for simplicity we assume this to be
past dividends. Since to a certain degree participation costs can be seen as
learning costs [Allen and Gale (1994)], it would be preferable to assume that
the participation decision is based on some much more vague information,
the evaluation of which requires significantly less knowledge about the stock
market. However, then we would have to blow up the (already complicated)
model by introducing certain “signals,” such as rumors or TV reports, and a
specification for extracting information from these signals. In order to avoid
these complications and keep the model tractable, we make the simpler
assumption that the participation decisions are based on past dividends.

It will turn out that in our model past share prices are informationally
equivalent to past dividends, that is, in equilibrium agents can infer past
dividends from past share prices and past share prices do not contain any
information in addition to past dividends. Therefore it makes no difference
whether we assume that agents can observe past dividends, past share prices,
or both. We could assume that past prices rather than past dividends are
observed, and then prove, in a second step, that this implies that agents
can infer past dividends. However, this would complicate the analysis even
more without altering the results or adding further insights.

In our model each agent makes sequentially the following decisions and
actions: (i) after entering the economy and observing the dividends of the
previous period, the agent decides whether or not to participate in the stock
market; (i) if the agent does not participate, she invests all her waalth
into the riskless asset and consunis after one period; (iii) if the agent
decides to participate, she expends the required effort, observes the signal,
optimally invests her wealtty into a portfolio consisting of shares and the
riskless asset, and after one period she liquidates this portfolio and consumes
the receipts.

. Equilibrium

In each period = 1, 2, ... there is a market for the consumption good and
for the two assets, and all agents will participate in at least two of these
three markets, that is, in the market for the consumption good and in the
market for the riskless asset. Because of Assumption 4 it holds that (i) all
agents in [0e] c A will participate in the stock market in every period,;
(i) if in any period it is rational for any given ageate Ato participate, all
agents in [Qa] will participate in this period; and (iii) if in any period it is
rational for any given ageft € A not to participate, no agent ia [1] will
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participate in this period. Thus stock market participation (for short: market
participation) in period can be measured by a positive numbere A,
implying that all agents in [On) participate and all agents im;, 1] do

not participate. Agend = n; is indifferent between participating and not
participating, but since the Lebesgue measure of a single agent is zero, her
decision is irrelevant for the equilibrium. Becauseft= [0, 1], n; is the
fraction of agents who participate in the stock market.

As the consumption good is the numeraire and the rate of return of the
riskless assetis exogenous and constant, there is only one price to determine,
the price of shares. In any periddthis price will depend (a) on realized
dividendsDy, which by assumption can be observed by all stock market
participants (for short: market participants); and (b) on market participation
ng, which in turn depends on last period’s realized divideBygls;. If we
exclude bubbles and sunsp8tie market clearing share price will depend
only onD¢_; andDy.

Let D := {d., dy} denote the set of realizations of dividenBs. We
restrict our attention to equilibria with the following structure: (i) the mar-
ket clearing share price of periddis a function of market participation
n; € (0,1] and realized dividendB; € D, that is,P, = P*(n;, Dy); and
(i) market participatiomn; is a function of past dividendB;_1, that is,

n; = n*(Dt_1). Substitutingn*(D;_1) for ny in P*(-, ), we can writeP;
as a function ofD;_; and Dy, that is, P, = p*(D;_1, Dt). This gives the
following definition of a (Markov) equilibrium.

Definition 1. A Markov equilibrium (for short: equilibrium) is a function
p*: D? — R, such that for all(Dy_1, Dy) € D? the stock market clears at
P. = p*(Dt_1, Dy).

As noted above, all markets clear if the stock market clears. There are
two types of equilibrium conditions:

(i) The stock market must clear for each level of market participation [i.e.,
for n*(d.) andn*(dy )] and for each possible realization of dividends
(i.e., forD; = d_ andD; = dy).

(i) Given market clearing share prices, the participation decisions must be
utility maximizing.

In order to examine the equilibrium, the first step is to analyze the de-
cisions of market participants. L& denote the random price of shares in
periodt,t = 1,2, .... The observed pric®, is the realization of;, and

8 Sunspot equilibria may exist in our model, although this seems to be improbable [cf. Chiappori and
Guesnerie (1991) for a review of the sunspots literature and for references; for a recent article that
explains stock price volatility with self-fulfilling beliefs in an overlapping generations model, but does
not investigate sunspot equilibria, see Spiegel (1996)]. However, in our model we needramsic
uncertainty (i.e., “sun spots”) in order to get fluctuations of market participation and share prices. Thus,
by Occam’s razor, we ignore this possibility.
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in an equilibriump* we haveP, = p*(D;_1, Dy). If a market participant
buysx shares in periodl, her implied stochastic consumptin ; is

&1 = R(w — PX) + (Dt + Pp)X = Rw + (Dt + Py1 — RR)X.

Thus each market participant maximizefJ [ Rw + (D; + Py1— RR)X] |
Dy} with respect to, subject tot;.1 > 0. Because of lig,oU’(C) = oo,
the constrainé;.., > 0 is not binding’ Consequently, the optimalhas to
satisfy the first-order condition

E{(D+ Pria = RR)U[Rw + (D + Pys = RRX] | D} =0. (D)

Sincel” < 0, the second order condition is fulfilled. If market participation
is n; > 0, the market clearing condition is = n—f Therefore, markets in
periodt clear if

- ~ S
E{(DH- P+1— RR) U/[Rw+(Dt+ P — RH)n—t] I Dt} =0.

(2

In an equilibrium, eithen; = n*(d.) =: m_ orn; = n*(dy) =: my.
The equilibrium priceP; = P*(n, D;) = p*(D;_1, D) can assume the
four valuesp, | := p*(d, du), PrL := P*(du,dL), pLn = p*(dL, dn),
andpyy = p*(dy, dn). As arepresentative example, consider the market
clearing condition for the case where previous dividends have been=
dy and current dividends arB; = d_. Then, previous dividends being
D;_1 = dy implies that current market participatiomis= n*(dy) = my;
and current dividends being; = d_ implies (a) that next period’s market
participation will ben;;; = n*(d.) = m_, and (b) that next period’s
dividends will beD;,1 = di with probability 7 and D1 = dy with
probability 1— . Because of (a) and (b), next period’s share price will
be p_. with probabilityz and p_ 4 with probability 1— 7. Therefore the
return of one share in peridd net of the interest-augmented share price
Pt = p*(Dt-1, Dt) = p*(dn.dL) = prL, isdL + pLL — RpuL with
probability 7 andd_. + pLy — RpyL with probability 1— 7. Thus the
market clearing condition [Equation (2)] becomes

S
m(di+pLL—RpaU’ |:Rw+(dL+pLL—RQ-|L)m—H]

S
+ (A—m)(di+pLn—Rpy)VU’ [Rw+(dL+ pLH_RpHL)m—Hi| =0.

9 This holds because the optimaimpliesé&.; > 0. Otherwise (i.e., it,; = 0 with positive probability)

we getE{(D; + Pr;1 — RR) U[Rw+ (D; + Ps1 — RR)X]| D} < 0 and a decrease rfwould increase
expected utility.
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For each of the four possibilitied;_1, Dy) = (d;, d;), wherei, | =
L, H, we get one market clearing condition like the one {@;_1,
Di) = (dy, d.) derived above. Each market clearing condition follows
from Equation (2) and the transition probabilities specified in Assump-
tion 2. A concise way of writing these four market clearing conditions is as
follows:

S
7(di + pjj — Rpj)U’ [Rw+ (dj + pjj — Rm)ﬁ]
l
S
+ (1 —m)(dj + pjr — Rpj)u’ [Rw+ (dj + pjn — Rpj)ﬁ} =0,
|
i,j,h=L,H, h#], (3)

whereRw + (dj + pjk — Rpj)ﬁsi > Ofori, j,k = L, H becausé.,; > 0

(see note 9). We can rearrange Equation (3) in a way which shows that share
prices are equal to the discounted (gross) returns weighted by the associated
equivalent martingale probabilities:

dj+pjj) 7 U’[Rw+(di+p“7an)nSV] + @ +pjh) A1) U/[R“’deﬂjthnan\i—]
P U/[Rur+(dj+P” —an)msi—J + (1-7m) U/[R"'HdJ*PJh*RHj)mS‘—] s

pij = 3
i,j,h=L,H; h#]j. (4)

Market participation is endogenous. Therefore, in addition to Equa-
tion (3) we have the equilibrium condition that market participatin
i = L, H, must be the outcome of rational individual decisions. Conse-
qguently, givenD;_; = di, agenta = m; > ¢ must be indifferent between
participating in the stock market and not participating. For petidkis
implies the equilibrium condition

URw) = E {U |:Rw+(l5t + |5t+1_ Rlst)mi] | Dt_1 =di} — k(my)

fori =L, H.

Agents with positive participation costs will participate only if from par-
ticipating they expect a rent which will compensate them for their participa-
tion effort. Because agents are risk averse and absolute risk aversion is hon-
increasing, demand for shares is downward slop@onsequently, market
participants do indeed receive a consumer surplus, or rent. Given the partici-
pation leven;, this consumer surplus B{U[ Rw + (D; + P.y1 — RP,) ﬁsi] |

10 |ntuitively, this stems from the fact that each additional share increases the risk of the portfolio by more
than the previous one. Therefore, the value of the marginal share decreases with the number of shares in
the portfolio [for the case of constant absolute risk aversion a more rigorous argument can be found in
Orosel (1996, pp. 1397-1398)].
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D:} —U (Rw). Each agent of generatidhas to decide about market partic-
ipation before observinB;, and thus before knowing the consumer surplus.
However, the agent observes past dividebgls,. Therefore the agent will
derive market participation; = n*(D;_;) = m; and base the participation
decision on the expected consumer surplus conditiondbn, which is
E{U[Rw + (D¢ + Py1 — RP)2] | Dra} — U(Rw). Because of As-
sumption 4 and the equilibrium condition for rational market participation
specified above, the expected consumer surplus exceeds the participation
costsk(a) for agentsa < m;, whereas for agent > m; the participation
costs exceed the expected consumer surplus. Thus all agents; will
participate, and all agents> m; will not participate in the stock market.
The resulting participation level is;.

Because of Assumption 2 the equilibrium condition for market partici-
pation is equivalent to the following two equations, explained below:

S
L
S
+r(l-m)U [Rw+(dL + pLH — RpLL)m—}
L
S
+r(l-m)U [Rw+(dH + PHuH — RD_H)m—]
L

S
+(1—-7m)?U |:RIU+(dH + PHL — Rp'H)m_Lj|

—k(my),

U(Rw) = 7T2U|:RIU+(dH+pHH_RQ-|H)m_SHj| (6)

S
+r(1l-m)U |:Rw+(dH + PHL — RpHH)m—j|
H

S
+r(l—-m)U [Rw +(dL + pLL — RPHL)m—]
H
) S
+(1-m)*U|Rw+(dL + pLH — RFHL)m—
H
— k(mH).
The derivation of Equations (5) and (6) is based on the transition proba-

bilities (Assumption 2). For instance, if dividends &¢_1 = d_ in period
t —1, dividends in periot will be D; = d, with probability; and thus the
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share price in periotl 4+ 1 conditional onD;_; = d; will be Py 1 = pLL
with probability 72 and P,1 = p_n with probability 7 (1 — 7). This ex-
plains the first two terms on the right-hand side of Equation (5). The other
terms in Equations (5) and (6) follow from analogous considerations.

Any solution(pLL, PHL, PLH. PHH, My, my) of Equations (4)—(6)
such thatp;; € Ry andm; € [e,1],i, ] = L, H gives an equilibrium
with p*(di, d;) = p;j andn*(d) = m; fori, j = L, H. Before we prove
existence, we derive two propositions. For the first one we recall that
R — 1; thusr is equivalent to a riskless rate of interest.

Proposition 1. In an equilibrium it holds that

pij € (dr—Ldr—H> fori, j =1L, H, @)
pin > pi.  fori=1L,H, (8
PLH > PHL- 9

Furthermore, in an equilibrium the price proce$B;}°, is ergodic; the
limiting distribution for the stategpL., PuL, PLH, PuH) IS given by

Pr(pLL) = Pr(prn) = % andPr(pyL) = Pr(pLn) = 5=,
Proof. See Appendix. n

If dividends were always low (high) for sure, the share price woul&be

(dTH). This explains Equation (7). Ceteris paribus, higher dividends should
imply a higher share price, and Equation (8) shows this to be true. Because
of Equation (9), dividends are more influential than market participation for
the share price.

Proposition 2. In an equilibrium, g; > p; ifand only if my > m, and
puj > pujifandonlyifmy > mg; j =L, H.1!

Proof. See Appendix. =

With higher market participation each participating agent will hold fewer
shares in equilibrium. Therefore the marginal share adds less risk to the
equilibrium portfolio and consequently the share price will be higher.
This explains Proposition 2, which states that ceteris paribus high dividends
lead to a high share price in the next period if and only if they induce

11 The participation levelsn, andmy are taken as exogenous in the proof. Therefore Proposition 2 holds
analogously for market clearing prices associated with nonequilibrium participation levels, that is, for a
vector(pLL, PuLs PLHs Pun, ML, my) which fulfills Equation (3) but not Equations (5) and (6).

12 Level effects could lead to a lower share price. In the proof of Proposition 2 we use the assumption
that absolute risk aversion is nonincreasing, and this assumption prevents level effects from generating
counterintuitive results.
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high market participation (in the next period). Proposition 2 implies that
if market participation is constant (i.e.,ifiy = m(), share prices depend
only on current dividends (i.epnj = p.j, j = L, H). Below we show
that in an equilibrium market participation is not constant, but fluctuates
(Corollary 2) and increases price volatility (Proposition 7). First we prove
that an equilibrium exists.

Proposition 3. There exists an equilibrium.
Proof. See Appendix. u

Corollary 1. For any equilibrium it holds that m> ¢ fori = L, H; that
is, some agents with positive participation effort participate in the stock
market in every period.

Proof. The last part of the proof of Proposition 2 implies the corollary.
]

Corollary 1 holds because participating agents receive a consumer sur-
plus. Otherwise they would never expend effort. If agents were risk neutral,
consumer surplus would be zero and only agents without participation costs
would participate (i.en; = e forallt =1,2,...).

In an equilibrium, share prices are mean reverting; and discounted share
prices augmented by dividends will not be a martingale, in general. Thus
our model is consistent with the literature on the so-called predictability of
stock returns, referred to in the introduction.

. Equilibrium Participation Levels and Rational Trend Chasing

In our model, trend chasing means that market participation rises after an
increase of the share price and falls after a decrease, that is, we can define
trend chasing as a positive statistical relationship between the change in
market participatiomf,,1:= ;.1 — A, and the preceding change in the
share priceAP, := P, — P,_1, wheref, := n*(D,_1), 7 = 1,2,....
Frequently, trend chasing is either explained by introducing nonrational
traders in addition to rational agents, asin De Long et al. (1990), or is simply
regarded as clear evidence of irrational behavior, as in Patel, Zeckhauser, and
Hendricks (1991). In still other studiesitisinterpreted as rational behavior, at
least “to a certain extent” [Wong (1995, p. 449)], but no rigorous explanation
of why trend chasing can be rational when no non-rational agents exist is
given. Recently Brennan and Cao (1996) provided such an explanation. In
the context of a noisy rational expectations model with disparately informed
agents, they show that in the equilibrium which is not fully revealing “poorly
informed agents tend to be ‘trend-chasers’ ” (p. 164). However, when they
extend their model to allow for the arrival of private information in more
than one period, they have to introduce nonrational “liquidity traders” since
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otherwise the fully revealing equilibrium, where trend chasing cannot occur,
is the only (linear) rational expectations equilibrium. Although their model
is very different from our model, their explanation of trend chasing is similar
to the one we develop below in the sense that trend chasing is rational
and has informational reasons. Empirically, the two explanations, which
are not mutually exclusive, could be distinguished by looking at market
participation: in contrast to our model, all agents participate in all market
sessions in Brennan and Cao (1996).

In this section we show that our model implies trend chasing. Moreover,
in our case trend chasing is perfectly rational and there are no nonrational
agents in the model. Thus trend chasing does not require nonrational traders
and empirical evidence of trend chasing is not, as such, a sufficient proof
of irrational behavior.

What s the intuition behind rational trend chasing? We already know that
market participation will be higher if expected rents from participating are
higher. Since high dividends in periad— 1 imply a high share pric®;_;

[cf. Equation (8)], we get rational trend chasing if high dividends in period

7 — 1 signal high rents from market participation in periodThus trend
chasing is generated by the fact that share prices are positively correlated
with the rents received by market participants in the next period.

In the following we establish three results which will then imply trend
chasing. First, we derive that in any equilibrium it holds timgt £ m__, that
is, market participation fluctuates. Second, we prove that there always exists
an equilibrium such that high dividends induce high market participation
in the next period, that isny > m_. Third, we demonstrate that this holds
for every equilibrium, if relative risk aversion is not too large. On the basis
of these results we will be able to show that trend chasing occurs.

Intuitively, one may expeahy > my, thatis, that high dividends induce
high market participation in the next period. Because of % dividendsD;

conditional orD;_; = dy stochastically dominate dividen&s conditional

on D;_; = d_. But this does not implyny > m_. Since dividends are
known for sure when trade takes place, they will be completely incorporated
in the price of shares and consequently only the old genertaitioth will

be affected by the realization of the dividerids!® Thus it needs a deeper
analysis to find out whether in an equilibrium it holds timat > m,.

The first step is Lemma 1. In this lemma we consider the hypothetical
situation that market participation is exogenously given and constant, that
is,nt =M € (0,1]forallt = 1,2,..., and that share prices are market

To illustrate, assume that at the end of petied1 unexpectedly we increag® by somes > 0 (with D,
remaining unaltered for al # t). SinceDy, respectivelyD; + §, are known when market participants
decide about their demand in perincthis will increase the market clearing priceBp+ 8. The old
generation will gain from the higher share price, whereas the young generation is indﬁferent bBtween
andP; on the one hand and; + § and P, + éa on the other.
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clearing* The lemma states that in this situation each prospective market
participant of period achieves higher expected utility from consumption (in
periodt + 1) conditional on dividend®;_; = dy than from consumption
conditional on dividend®;_; = d, . Because of Assumption 4 this implies
thatmy # mg in an equilibrium (Corollary 2 below).

Lemma 1. Let market participation pbe given by the constant leval &
M e (0, 1]forallt =1, 2,...,andlet R = py and R = p_ be the market
clearing prices associated with{B3= dy and O = d,, respectively. Then,

E[U (Cty1) | Di1 = du] > E[U (Cty1) | Di1 = d.],

where
E[U(C41) | D1 = di]
=T {JT U |:Rw—|—(di + pi — Rp)%]
S
+ @A-m)U [Rw—l—(di +p - Rp)M“
S
+ A-m) {nU [Rw+(dj +p - Rg)m]
S
+ 1-mU |:Rw+(dj +p— Rg)mi“,
i,j=L,H, i#].
Proof. See Appendix. u

Lemma 1 is crucial for our results, but unfortunately it has no straight-
forward interpretation. In order to gain some intuition we proceed indi-
rectly. First, it is important to see that Lemma 1 compares utilities, not
returns. As noted above, agents receive a consumer surplus from buying
shares. The expected consumer surplus of an agent of gendration
has observed past dividend_4, but not yet current dividend®y, is
E[U(€41) | Di—1] — U(Rw) > 0. Lemma 1 shows that this expected
consumer surplus is higher in stdie_; = dy than in stateD;_; = d,.

Why should this be so?

From inspection of the terms in brackets in the expression (spelled outin
Lemma 1) forE[U (&41) | Di—1 = di], i = L, H, we see that conditional
on D;_1 the decision for stock market participation in pertcaeffectively is

YForn, = M, t = 1,2, ..., the market clearing share prid in periodt depends orD, but not on
Di 1, t = 1,2,.... This follows from the fact that Proposition 2 holds analogously for all market
clearing prices (associated with any participation levels).
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the decision to participate in a compound lottery. This compound lottery de-
pends on the stat@;_;. However, the prizes—which are, again, lotteries—
are the same in each stdig_1; only the probabilities of receiving these
prizes differ. The prizes ar§/M units of the two lotteriexy and£,, re-
spectively, defined as follows: One unit of lottety pays(dy + pu — Rpy)
with probabilitysr, and(dy + pL — R py) with probability 1—7r; one unit of
lottery £, pays(d. + p. — Rp.) with probabilityz, and(d_ + py — RpL)
with probability 1— 7. In stateD;_; = dy the compound lottery of stock
market participation payS/M units of lottery£Ly with probability z and
S/M units of lottery£, with probability 1— 7, whereas in statB;_1 = d_
these probabilities are reversed, beirgrlandr, respectively. Since > %
Lemma 1, that ISE[U (CtJrl) | Di_1 = dH] > E[U (6t+1) | Di_1 = dL],
holds if and only if there is a higher consumer surplus associated with lot-
tery Ly than with lotteryZ, . For an interpretation of Lemma 1 we have to
understand why this condition is satisfied.

The consumer surplus is due to the fact that in a competitive equilib-
rium agents pay for each share the reservation price ahtirginalshare,
which decreases with the number of shares. Each additional share aug-
ments the risk of the portfolio. The higher, at each given number of shares
in the portfolio, this risk-augmenting effect of the marginal share is, the
faster the reservation price will decrease and thus the higher the consumer
surplus will be. Therefore, in order to understand Lemma 1 we have to
show that the lotteryCy has a higher marginal effect on the risk of the
portfolio consisting ofx units of £y than lottery£, has on the risk of
the portfolio consisting ok units of £, , wherex is any nonnegative real
number.

In this nonrigorous, intuitive inspection we ignore several level effects
(which complicate the rigorous proof) and normalize the two lottefigs
and £, to have the same expectation of zero. Subtracting their expected
values (whicharepy + (1—m)p. +dy — Rpy for Ly, and(1— ) PH +
7pL +d. — Rp. for £, respectively) gives the normalized lotteriég
andZ, : One unit of lotteryZy pays—m(py — pL) with probability 1— 7,
and(1—7)(pn — pv) With probability=; one unit of lotteryl, pays—(1—
7)(pu — pL) With probabilityr, andr (py — pL) with probability 1— . The
probability distributions of’; andZ, are depicted in Figure 1. Because of
m > 1/2thedistribution o’y is necessarily skewed to the left, whereas the
distribution of, is skewed to the right. Since both lotteries have expected
payoffs of zero, they differ only with respect to risk. Unfortunately, the two
lotteries cannot be compared according to the Rothschild-Stiglitz criterion
of increasing risk [Rothschild and Stiglitz (1970)], which is based on risk
aversion only. However, ifin addition to risk aversion the rate of absolute risk
aversion is nonincreasing (Assumption 3), then marginal utility is convex
[i.e., U” > 0; see Equation (23) in the Appendix for a proof] and in this
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R T
Lottery Ly
1—m
i
—7(pw — pL) 0 (1-m)(py —pL)
R T
Lottery Ly
1—m
} T
—(l=m)(py —pL) O n(py — pr)
Figure 1

The probability distribution of £y and £, respectively

Outcomes are measured on the horizontal axis, probabilities are measured vertically. The positive real
numberspy and p., ps > p., denote the share price in the high and low dividend state, respectively.
One unit of lotteryCy pays—n(py — pL) < 0 with probability 1— 7, and(1 — 7)(py — pL) > 0 with
probabilitys; one unit of lotteryZ, pays—(1—)(pu —pL) < Owith probabilityrr, andr (py — pL) > 0

with probability 1— 7.

case we can, in fact, compare the risk of the two lotteries. Intuitively, with
convex (and decreasing) marginal utility agents will prefer a distribution that
is skewed to the right (where marginal utility is less steep) to a distribution
that has the same mean and is skewed to the left. Because of this, they will
regard lottery’; as more risky than lotterg, . The following remark shows

this intuition to be correct. In this remark we contrast the two portfolios
consisting ofx units of lotteryZy; and lotteryZ, , respectively, wherg is

any nonnegative real number.

Remark 1. Consider two portfolios, one consisting of x units of lottery
Ln (called £ portfolio) and the other consisting of of x units of lottery
L, (called £, portfolio), where x > 0. For each utility function Uc)
which is three times differentiable and satisfiesd) > 0, U”(c) < 0, and
U”(c) > 0, the following holds:

(i) Forany x > 0, they portfolio is more risky than th&, portfolio.

(i) Atany x > 0, amarginal increase in x decreases the expected utility of
the £y portfolio more than the expected utility of tlig portfolio, that
is, the marginal effect of the Iotte@H on the risk of thel 4 portfolio
is larger than the marginal effect of the lottefy on the risk of the_
portfolio.
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Proof. See Appendix. u

Because of Remark 1 we expect a higher consumer surplus to be associ-
ated with lotteryCy than with lotteryZ, . Consequently, at the respective
equilibrium price agents will prefer a compound lottery which gives more
weight to lottery Ly than to lottery£, , and this implies Lemma 1. An
immediate consequence of Lemma 1 is the following corollary.

Corollary 2. For any equilibrium it holds that m # m,..

Proof. Indirect. Assume thatng, = my = M in an equilibrium. Then
PuH = PLH = P andpyL = pLL = pL. Using the notation of Lemma 1,
Equations (5) and (6) impl&[U (1) | Di—1 = d4] = U(Rw)+k(M) =
E[U (€. 1) | Dt—1 = d_]. This contradicts Lemma 1 and proves the propo-
sition. u

In spite of Lemma 1 we cannot prove that for every equilibrium it holds
thatmy > mg. However, we can derive two somewhat weaker results:
(i) there always exists an equilibrium withy > my; (i) if relative risk
aversion is not too largeny > mg holds for every equilibrium. The fol-
lowing proposition states the first result.

Proposition 4. There exists an equilibrium*psuch that nyy > m_ and
consequently P4 > PLH > PHL > PLL.

Proof. See Appendix. u

For the remaining part of our analysis we introduce an additional as-

sumption concerning the utility functids(c). Let8(c) := — Llj((g)) cdenote
relative risk aversion. We assume
BC) <1+ forallc > Rw. (10
c— Rw

For sufficiently large Rw this assumption is not implausible. Since
deURutal  — U'(Rw + 2) + zU'(Rw + 20 = U'(Rw + 2)
[1— %5 B8(Rw + 2)], Equation (10) is equivalent to

d[zU' (Rw + 2)]

iz =U(Rw+2+zU'(Rw+2 >0 forallz> —Rw

(13
(forz < 0, i.e.,c < Rw, Equation (11) follows frontJ’ > 0 andU” < 0).
Because of Equation (1) the inequality of Equation (11) is equivalent to the
following statement: If we increase, ceteris paribus, the return of shares in
any single state of the world which occurs with positive probability, then
demand for shares will increase. Therefore Equation (10) seems to be an
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acceptable assumption. Although this assumption may not be necessary for
the results derived below, it will be of great help in the analy3is.

For the following lemma we regard market participation as exogenous
and analyze its effects on share prices. We consider two exogenous partic-
ipation levels,M andMy, wheree < M; < 1fori = L, H and where
market participatiom; in periodt is exogenously given by = M; if
Di_1=dj,i =L,H.LetP = (P_, PuL, PLH, Pun) denote the market
clearing share prices associated with the exogenously given participation
levels (M., My), that is, B; will clear the stock market in period if
Di—1 = d; (implying n; = M;j) andD¢ = d, i, j = L, H. The following
lemma shows thaP is a strictly increasing function aM_, My), that is,
an increase in any of the two (exogenous) participation levels will lead to
an increase in all four share prices.

Lemma 2. If Equation (10) holds, market clearing share prices P
(PLL, PuaL, PLu, Pun) are differentiable, positive functions of the market
participation levels M, My) € [e, 1] and

9P .
—d -0 i,j,k=L,H. (12
9 My

Proof. See Appendix. =

With the help of Lemmas 1 and 2 we are now ready to prove that Equa-
tion (10), that is, the assumption that relative risk aversion is not too large,
is a sufficient condition fomy > m_. Below we will show that this, in
turn, implies trend chasing.

Proposition 5. If Equation (10) holds, then m > m_ and consequently
PHH > PLH > PuL > PLL in every equilibrium.

Proof. See Appendix. u

Proposition 5 demonstrates that under plausible assumptions we get
my > mg. Itis easy to show thatan equilibrium withy > m_ implies (ra-
tional) trend chasing. Table 1 lists (i) all eight possibilitiesBy_1, P;) =
(pni» Pij), h,i, j = L, H; (ii) the associated vectan, nyy1) = (n;, nj),

i, j =L, H;(iii) the implied pair(sgnA P;, sgnAn¢.1); and (iv) the (limit-

ing) probability of each observation. This table immediately implies Propo-
sition 6, which clearly shows that in an equilibrium withy > m_ there

is rational trend chasing. Intuitively there is a positive correlation between
last period’s share price and the expected consumer surplus from market

15 If Equation (10) is assumed, we can replacec) < 0 in Assumption 3 by the weaker requirement
U”(c) > 0 without changing any of the results. This holds because, ased@®s< 0, Equation (11)
implies dF_(y, n)/dy < 0 in the proof of Proposition 2 andF (y)/dy < 0 in the proof of Claim 1
(which is part of the proof of Lemma 1).
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Table 1
Trend chasing

(Pi-1, P) (N, Ney1)  (SgNAPR, sgnAng;)  Probability

(PHHs PHH)  (My, My) (0,0 é

(PHH, PHL)  (My, M) =) e
(Pehs PrH) My, My) (+,0) o
(PLHs PHL)  (My, my) =) @
(PuL, PLr) (M, my) (++) %
(PuL, PLL) (M mp) -0 =
(pLLs PLn)  (Mp, my) (+.4) =eem
(PLe, Poo) (M, my) (0,0 %

Table 1 lists in the first column all eight possibilities for the share prices
(P—1, P) = (pni, pij).h,i, j = L, Hinperiodt—1and;, respectively; in
the second column the associated ve@rn, 1) = (n;, n;),i, j =L, H

of stock market participation in periad— 1 andt, respectively; in the
third column the implied paifsgnA P, sgnAn, ;) of the sign of the price
change in period and of the asssociated change in market participation
in the following periodt + 1; and in the fourth column the (limiting)
probability of each observation.

participation in this period, and this implies a positive correlation between
last period’s share price and this period’s level of market participation, that
is, (rational) trend chasing.

Proposition 6. In an equilibrium with ny > m__,
(i) Angy1 # 0implies sgm\n;;; = SgnAP;,
(i) AP, > OimpliesAny 1 > 0,
(ii) AP, =0impliesAng, =0,
(iv) AP, <0impliesAni;; <0,
(V) Pr(sgnAng; =sgnAP) =1—-n(1—n) e (3, 1).

Proof. See Table 1. n

4. Volatility

In principle, fluctuations of market participation may increase or decrease
share price volatility. It is not easy to analyze this question in our model for
two reasons. First, there is the conceptual difficulty that even with constant
market participation volatility of share prices will depend on the chosen
constant level of market participation, and that it is not clear which constant
level should be taken for the comparison. Second, since we have no explicit
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solution for the model, itis difficult to derive any rigorous results. In spite of
these difficulties we will nevertheless be able to show that the endogenous
fluctuations of market participation increase share price volatility in our
model. Thisis relevant for the excess volatility debate because itimplies that,
due to endogenously changing levels of market participation, the volatility
of stock prices can exceed the volatility of the present value of expected
future dividends even if allagents are rational and discount rates are constant
over time. Thus our analysis can contribute, in part, to an explanation of the
observed “excess volatility” of stock prices.

Consider an equilibriunp* with p.. < pHL < PLH < PrH and as-
sociated equilibrium participation levelsy < my. We want to show that
the equilibrium pricesp := (pLL, PHL, PLH, PHH) are “more volatile”
than the market clearing pricé® = (P, PyL, PLu, Pyn) associated
with some constant exogenous market participation Islvet M| = My.
Because ofM, = My, we havePy, = P L and PLy = Pyy. For
any M € [e,1] let PL(M) denote the associated market clearing price
PyL = P ifdividends are lowD; = d, ), and letPy (M) denote the asso-
ciated market clearing prideé_y = Pyy if dividends are high(D; = dy).
Market clearing impliesP (M) < Py (M), analogous to Equation (8).
The following definition makes precise when we regard the share prices
P(M):=[PL(M), P4 (M)] for a givenM as “less volatile” than the equi-
librium pricesp = (PLL, PHL, PLH» PHH)-

Definition 2. Let p = (PLL, PHL: PLHs PHH), PLL < PHL < PLH <
PHH, be equilibrium prices corresponding to equilibrium participation lev-
els(m_, my), and let AM) = [P_(M), P4 (M)] be the market clearing
prices associated with a given constant participation leveldV[e, 1].
Then the prices PM) are less volatile than the equilibrium prices p if the
following two conditions hold:

P < PL(M) < P4(M) < pHH, 13

Pi(M) — PL(M) < min(pLy — PLL, PHH — PHL)- (14

If Equations (13) and (14) hold, then the variances conditionddon,
the unconditional variance, and the range of the equilibrium share gices
all exceed the respective volatility measure$gM).

The following proposition shows that the endogenous fluctuations of
market participation levels do, in fact, increase the volatility of equilibrium
share prices.

Proposition 7. Assume Equation (10) and let pe an equilibrium with par-
ticipation levels(m_, my) and prices(pLL, PHL, PLH, PHH)- Then there
existsaninterval C [m_, my] of positive length such that for all participa-
tion levels Me 7 the associated market clearing pricg® (M), Py (M)]
are less volatile than the equilibrium pricé€pLL, PHL, PLH, PHH)-

541



The Review of Financial Studies / ¢ i 3 1998

Proof. See Appendix. u

. Concluding Remarks

There is an emerging literature on the effects of fixed costs of participa-
tion in asset markets. This literature demonstrates that taking participation
costs into account can help to explain stylized facts. Our analysis adds to
this literature. For an overlapping generations model in which dividends
follow a Markov process we have shown that participation costs generate
endogenous fluctuations of participation levels in the stock market. Specif-
ically, participation levels covary positively with preceding innovations in
dividends. This leads to rational trend chasing: participation in the stock
market rises after an increase in the share price and falls after a decrease,
even though all agents are perfectly rational. Moreover, the endogenous
fluctuations of stock market participation add to the effects of dividends
on share prices and increase volatility. Therefore, fixed participation costs
and the associated fluctuations of market participation can be part of an
explanation of the observed “excess volatility” of share prices.

How robust are these results? Two assumptions of the model are par-
ticularly restrictive: that the risk-free rate of return is constant, and that
dividends follow a simple Markov process. Can we expect our results to
hold if we replace these assumptions by more realistic ones?

If the supply of the riskless asset is not infinitely elastic at a constant
rate of return, an increase in the demand for it will raise its “price,” that is,
decrease the riskless rate of return. How will this affect our results? The
driving force inthe model is thatinnovations in dividends lead to innovations
in expected rents from participating in the stock market, with high dividends
implying high expected rents and thus high market participation in the next
period. If the risk-free rate decreases when demand for the riskless asset
increases, the difference in the rents from market participation between
states with high and low levels of market participation will be reduced.
However, it will not be eliminated or reversed, since ceteris paribus the risk-
free rate will only be higher when demand for the riskless asset is lower,
which implies that demand for the alternative asset and thus participation
in the stock market has to be higher. Consequently, with a variable risk-free
rate, high (low) dividends will still imply high (low) market participation,
and trend chasing follows. Therefore we can expect our results—which are
qualitative, not quantitative results—to hold as well when the risk-free rate
is variable.

There are also reasons to be confident that our results generalize to a
wider class of dividend processes. The essential feature of the model’s divi-
dend process—which is responsible for rational trend chasing—is that high
(low) dividends signal high (low) rents from market participation in the next
period. Although this will not be true for all dividend processes, we have
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no reason to believe that this is a very peculiar property only of the divi-
dend process chosen for simplicity in our model. For instance, dividends
may follow a martingale where the conditional distribution of innovations
in dividends is different for different levels of present dividends. In general,
a higher conditional variance of returns (dividends plus capital gains) will
be associated with higher risk and thus with a higher rent for investors. If
in equilibrium the conditional variance of future returns is increasing in the
current dividend level and if dividends and prices are positively correlated,
there will be a positive correlation between present prices and tomorrow’s
rents from market participation. Therefore trend chasing follows. This illus-
trates that rational trend chasing (and “excess volatility”) can be expected
to be generated by a wide class of dividend processes. However, a rigorous
analysis of a model with a general dividend process would be extremely
difficult if not impossible to perform, and without such an analysis we can-
not identify theoretically the set of dividend processes that will lead to trend
chasing.

Finally, the other assumptions of our model are less heroic, and itis easily
seen that our results would survive modifications of these assumptions as
well. Thus our results seem to be robust. Participation costs and participation
levels can indeed help to explain trend chasing and “excess volatility” and
should be taken into account, if possible, in empirical studies.

. Appendix

Proof of Proposition 1 Define p™® := maX,je{L,H{ pij and p™" =
Min; je(L,Hy Pij- Then Equation (4) impliep;; < R™(dy + p™®), and
thus pm < % Analogously,p™" > % This gives

dr—Lgpij_dr—H fori, j =L, H. (15
First we prove Equation (8) by contradiction. For notational convenience
letk(j), j € {L, H} be defined by (L) = H andx(H) = L. Assume
PLH < pLL. Thend +pLL—RpL > di+pLw—RpLL. Since Equation (3)
implies (dj + pj; — RPj)(dj + Pj«jy — Rpj) < Ofori,j = L, H,
we get0< d. + p.. — Rp.L and thus% = pLL = puLy because of
Equation (15) anth g < pLL. But from Equations (4) and (15) we get
puh = RL(dy + %) > & = p.(, contradictingp i < pui. Therefore
PLu > pLL. Similarly pyn > pue follows. This proves Equation (8).
Because of Equation (3); + pj; — Rpj = 0 impliesd; + pj.(j) — Rpj =

0 and thuspj.jy = p;j for j = L, H. This gives strict inequalities in
Equation (15) and thus Equation (7). Frggny > pyL and Equation (3)
we derive 0> dy —rpLH + pPyL — PLH and Equation (9) follows because
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of Equation (7). Finally, the transition matrie = (¢;j) for the states
(PLL, PHL. PLH, PHH) is given by
T 0 1-7m
T 0 1-7m
0 1-=x 0
0 1-7m 0

4 4 oo

Since®? >»> 0 andg;; > 0fori =1, 4, ® is indecomposable (irreducible)
and primitive. This implies ergodicity dfP}7°, [see, e.g., Cox and Miller
(1965, p. 124)]. The limiting probabilities follow frong, 5=, 1%, T)d =
(E 1-7 1-m g).

20 2 22

Proof of Proposition 2Let p = (pLL, PHL, PLH, PHH) be an equilib-
rium and letm = (m_, my) be the associated participation levels. Define
FL(y.n) = (d. + pLe — RY) U'[Rw + (d. + puL — RY) 3] + (1 -

m) (di+ pLn — RY) U'[Rw+(d 4 pLn — RY) 2], where(y. n) € {(y. ) |
y>0n>0 Rw+(d +p;j—RyS>0 j=L,H} Because of
Equation (3),F_(pLL, my) = 0 andF_(puL, my) = 0. For the partial
derivatives ofF. we get

aFL(y,n) S
an T on?

~ S
XU//|:Rw+(dL+Pt+1_Ry)ﬁ:| | Dt=dL} >0 (16)

E {(dL +Pri1—RY)?

76”:"8(;/’ n) = —RE{U/[Rw+(dL+F3t+1—RY)§j| | Dy =dL}

S -
— REE {(dL+Pt+l_Ry)
" S S
x U |:Rw+(d|_+Pt+1—Ry)ﬁ:||Dt=d|_}. a7

Because ofr = —U"/U’, E{(d. + P41 — Ry)U”[Rw + (d. + Pyq —
RY3] | Dy = di} = —E{(dL + Pyr — RYU'[Rw + (d + Py —
RY) 2][a[Rw+(dL+Pry1—RY) 2] —a(Rw)] | Dt = di}—a(Rw)FL(y, n).
Sincea’ < 0 (Assumption 3)(d. + Py1 — Ry){a[Rw + (d. + Py1 —
RY)S] — a(Rw)] < 0. ConsequentlyF (y,n) < 0 impliesw <0
because of Equation (17), and in particuﬁg(yy—*“) < 0for F_(y,n) = 0.
Because of this, Equation (16), and the implicit function theorem there ex-
ists a differentiable functiog(n) such that=_[g(n), n] = 0 andg’(n) > 0
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(sincey e R! this holds globally). From this an8_ (p..,m ) = 0 =
FL(PHL, My) we get the result thgdy, > p. if and only if my > m_,
andpyL > po if and only if my > m,. Analogously we can derive that
PHH > PLH (Prn > pur) ifand only ifmy > me (my > my).

Proof of Proposition 3Define the set® and M by P := [&, %414 and
M := [e, 1]?, respectively. Lep = (PLL, PHL. PLH. Prn) denote an
element of P, andm = (m_, my) an element ofM. As in the proof
of Proposition 1 letx(j), j € {L, H} be defined by (L) = H and
k(H) = L. Further, define;jj (p, m) andcjj.(j,(p, m) by cijj (p, m) =
Rw+(d; + pjj — Rpj) m andcij(j)(p, M) := Rw+(d; + pjecy — RA) =
respectively,where j = L, H.Inthe following we suppress the arguments
(p, m) and just writec;j; andc;jj), respectively. Corresponding to Equa-
tion (4), we define four functiond;; : P x M — [%, %] i = L, H,

by

1 (G4 py)mV Gy + (G + P ) AU Cje)
R 7U’(Cijj ) +(A=m)U' (Gijw(j))

fij(p,m) := Gjj > 0andcj.j) > 0, (18)

£min[dj + pjj, dj + Piecj)] otherwise,
fori, j =L, H.

First, we show thatfi; (p, m) e [&, 3], This follows from fi; (p, m) >
Rmin[dj + pjj, di + pep] = &, and fij(p,m) < R-*maxfdj +
pij» di + Piecj] < . Next, we prove thatfij (p, m) is continuous. For
(p, m) € P x M such that (i)ij; < 0, or (ii) Gjj«j) < 0, or (iii) ¢j;; >0
andcij,(j) > 0 continuity is obvious. This also covers the case wiigje
andgij .(j) are both negative. The remaining caseg aren) € P x M such
thatcj; > 0 andcij.(j) > 0 with atleast one equality holding. Take the case
wherei andj are fixed andj; = 0, Gjj(j) > 0 for (p, M) € P x M. Con-
sequently,fij(fm, ) = Rt min[dj + f)jj, dj + f)jK(j)] = R_l(dj + f)jj)
because O< Cij«(j) — Gjj = (Pieq) — Pjj)7 and hencedic) > ;.
Since lim_oU’ = oo, liMpm_pm fij(p.m = R + ;) =
fij (p, M). Thus fj; is continuous atp, ). Similarly, continuity follows
at (p,m) € P x M such thatcjj; > 0 andcij., = 0 for any fixed

i and j becausefij(p, M) = R~tmin[d; + Pjj,dj + Pl = dj +
Biciy = liMpm—p.m fij (P, ). The last case igp,m) € P x M
such thatcijj = Gije(j) = 0. This impliesﬁjK(J—) = f)jj and fij (p, M) =
R7L(dj + pjj) = RX(dj + Pjc(j))- Let {(pS, m®)}°; be a sequence of
vectors(py . PyLs Pius Phu. M, M) € P x M which converges
to (p, m). It is sufficient to consider sequences for which the two condi-
tions ¢ijj (p%, M%) > 0 andcij,(j)(p%, m®) > O are satisfied either for all
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s=12...orfornos = 1,2, .... In the second casdj (p°, m°) =
R min[d; + p}, dj + P}, ;] and lims_. o fij (p°, M) = R7Y(d; + fj;) =
fij (P, M). Inthefirstcase, lin,  fij (p%, M%) = R*llimsﬁoo{(derpfj)Jr

, s A S (A=m)U'[Gijj) (P°.MF)] — p-1¢d
[ + i) — @+ Pl o7, (rmem U e, e = R+
pij) = fij(p,M) because lim [P} — Pj] = 0 and 0 <

(1-m)U’(Gji(j))

JTU/(C_,JJ)-‘,-_(l—T[)U’(C,JK(J)) S 1 ThUS ||mp,m)—>(f),rﬁ) flj (pa m) = flj (f)’ m) and
continuity follows.

For the subsequent analysis we extend the fundtioto the negative
reals by definindJ (c) = U (0) for anyc < 0, and we define the function

u: P xM— Rby

uL(p,m = 72U (L) + 71— mU(CLin) + 71— m)U(CLun)
+(1—m2U(cLpuL) — U(Rw).

Let the functiong, : P x M — [g, 1] be defined as follows:

e if ug(p,m) <0

gL(p, m) := (19
k~Huc(p,m)] if uL(p,m) >0,

wherek=%: R, — [e, 1] is the inverse function ok(a), a > ¢. By As-
sumption 4 g (p, m) is continuous. Similar tai. andg_ we define the
functionsuy: P x M — Randgy: P x M — [g, 1] by

up(p, m) := 72U (CHnn) + 71 — 1)U (ChuL) + 7(1 — m)U (CHLL)
+ (1 —m)?U(chLn) — U(Rw)

and

( ) e if upg(p,m <O 20
,m) =

Hep kK~ Hun(p,m] if  un(p,m) =0

Again, gy is continuous.

The functions(f ., fur, fun, fuu, gL, gn) continuously map the
compact and convex s@t x M into itself. By Brouwer’s fixed point the-
orem there exists a fixed poitp*, m*) = (p{' |, PYL, Pins Phy, M,
my,), that is,p;‘} = fj;(p*, m*) andm’® = g (p*, m*),i,j = L, H. The
last step of the proof of Proposition 3 is to show tfyait, m*) constitutes an
equilibrium. First, we prove thag;; (p*, m*) > 0 andcij.(j,(p*, m*) > 0.
AssumeRw + (dj + pjj, — Rq;)m—i < 0 for some fixed tripldi, j, h)
{L, H}3. Then Py = fij(p*, m*) = R~ min(dj + piL.di + Py =
Rl + Pih) because of Equation (18). Therefore<0d; + P — RA;
contradictingRw + (d; + pj, — RE;)= < 0 becauseRw > 0. Con-

546



Participation Costs, Trend Chasing, and Volatility of Stock Prices

sequentlycj; (p*, m*) > 0 andcij,¢j)(p*, m*) > 0, and thus(p*, m*)
satisfies Equation (4).

Finally, we have to show that (p*, m*) > 0,i = L, H. Let {P}%,
be the prices associated wifif. Since Equation (4) hold&€{U[Rw +
(Dt + P, — RR)X] | Dy} is maximized ax = m—SL if P* = p};, and

atx = = if B = pfy;, | = L, H. Because o) < 0 the maximum
H

is unique. Therefor¢U[Rw + (D¢ + Py, — RPt*)n%] | D} > U(Rw),
wherenf = my if B = Py andny = my, if P* = py;, ] = L, H.
ConsequentlyE{U[Rw + (D¢ + P, ; — RF{*)n—St*] | Di_1} — U(Rw) > 0.
Since the left-hand side of the last inequalityig p*, m*) for D;_; = d,_
anduy (p*, m*) for D;_1 = dy, uL(p*, m*) > 0 andug (p*, m*) > O.
This implies that p*, m*) satisfies Equations (5) and (6), and concludes the
proof of Proposition 3. It also implies = g; (p*, m*) > efori =L, H,

that is, Corollary 1.

Proof of Lemma 1For notational convenience we normali%e: 1. Since
M is constant, this can be done without loss of generality by choosing an
appropriate new unit for shares. Next we simplify the notation by defining

vij = di +p — Rp,
Gj ‘= Rw+vjj,

Uij = U (),

Ui/j = U/(Cij),

where in all cases, j = L, H. Optimization and market clearing imply

that Equation (3) holds witlpy. = pLL = PL, PLH = PHH = PH,
m. =my = M, and;> = 1, thatis,

7TU|_|_U|/_|_+(1—7T)U|_HU|/_H =0, (22

NUHHU{_{H-F(].—T[)UHLU,/_”_:O. (22

Analogously to Proposition 1 we ggiq > p.. Together with Equa-
tions (21) and (22) thisimplies | < 0,v 4 > 0,vyy > 0,andvy < 0.
We want to prove thahU > 0, whereAU is defined as

E[U(C41) | Di—1 =dn] — E[U(Ciy1) | Di—1 =di]

AU =
= 2 —D{[7Unn + QA —m)Up] — [7ULL + A — m)ULn]}.

In order to deriveAU > O we first have to prove a series of technical claims.

Claim 1. VHL < VL <0< vy < vLH.

Proof. Define the functiorF(y) by F(y): = n(d. + pL. — Y)U'(Rw +
do+p.—Y) + A—m)(d + py — YU (Rw +d. + pu — y). From
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Equations (21) and Equation (22) we g&tRp.) = O andF(Rpy +d. —
dv) = mon Uy, + (1 —mvunUfy < 0 because of Equation (22),
vHL < 0,vyn > 0 andn > 1/2. Further,dF(y)/dy = —[7U'(Rw +
di+pL—Y)+(1-m)U’ (Rw+dL+ py —Y) ]+ (dL+pL —y) [a (Rw+dL +
pL —Y) —a(Rw)]JU’ (Rw+d. + pL —Y) + (1 —m)(dL + px — Y) [« (Rw +
do+pn —Y) —a(Rw)JU'(Rw +d. + py — y) + a(Rw)F(y) < 0
for F(y) < 0 because absolute risk aversi@(c) is honincreasing (this
is analogous to the part of the proof of Proposition 2 where we showed
that FL(y,n) < 0 impliesdaF (y,n)/dy < 0). ThusF(Rp.) = 0 and
F(Rpy +d. —dy) < Oimply Rpy +d. —dy > Rp. and thus O<
R(py — pL) — (@4 — dL) = vLL — vHL = VLH — VHH. This proves
Claim 1. u

Claim 2. vyy + v = vH + vy > 0.
Proof. Obviouslyvyy + v = veny + vy = dy +d. —r(py + pL)-
Because ofJ”(c) < 0, Equations (21) and (22) implRp. < d. + (1 —

)Py +7pL andRpy < dy +7py + (1 — ) pL. Adding the mequalltles
gives O< dy +d. — r(py + pL) and Claim 2 follows.

Claim 3. U > te—vu,

UHH —ULL
Proof. Because of Claim 2”“: = % whereg = vy + vy =
v L +vHH > 0. Thus, ”L“ < ‘Z*L'LL because-vy, > —v L > 0(Claim1).
This |mp||esULH VHL ULH UHH (Con) _(Fo) o —vw ™
HH—ULL UHH UHH—ULL (—vLL) VHH—VLL - "

Claim4. £~ > -t
T :

UHH—ULL
Proof. Since 0> «/(c) = ﬁ {lU"(©]>2-U'(©U"(©},
Uu” > 0. (23)

Definey ‘= ULH —UHH = v L —vHL > 0 (Clalm 1),(/) = %(U{_”_ —
U/,) > Oandy = %(U,QH —U/ ) > 0.Claim 1 and Equation (23) imply
¢ > ¥ > 0. Because of Equations (21) and (22),

I l
v . ULHULH_UHLUHL

= . (24)
1-m)  wvanUiy —ovlU] L

Rearranging the denominator on the right-hand side of Equation (24) and
using<p > U > 0 giveSUHHU{_'H — ULLU|/_|_ < (VHH — ULL)(U(_H —
wvHL)—vLL[UHL U/ 4 + ¥ (vuL —vLn)]. Moreover, Equation (23) im-

U/ U, —-U/
HL LH HH LH / _
plles = v = ¢ and thugJ;, LJ'LH + ¥ (vyL —vLn) > 0.
Claim 3 implies —%L > _—tii | From this we get, after rearrang-
ULH —VUHL UHH —ULL
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(ULH_UHL)(ULH_II/UHL)_UHL[U;.{L_ULH+‘//(UHL_ULH)]
Ing Equatlon (24)’1 b (UHH—ULL)(ULH—WUHL)—ULL[UQL—ULH+1//(UHL—ULH)]
ULH—VHL u
UHH—ULL

Claim5. (1 —m)vZ, —mv? > (1—m)d, —mvd,.
Proof. Claims 2 and 4 implyr (v, — vZ,) > (L — m) (w2, —v3,) and
thus Claim 5.

With the help of the preceding claims we can now prove the lemma,
that is, AU > 0. Although in equilibrium each young agent has to hold
exactly& = 1 shares, in the following it will be useful to consider port-
folios consisting ofx > 0 shares and to analyze how expected utility
varies withx. We defineWy (x) andW_(x), X € R by Wy (X) := (1 —
7)U (Rw 4+ vy X) +7U (Rw + vy X) andW (X) := U (Rw +v LX) +
(1 — m)U(Rw + v_nX). Differentiating we geW/, (x) — W/ (x) = (1 —
VLU (Rw+ vy X) +7 v U (Rw+vp X) —mo U’ (Ru)+v|_|_X)—
(1-m)v U (Rw+vLpX), andW; (x) — W”(x) 1- yr)vHLU”(RwJr
LX) + wvi U’ (Rw + vHHX) — mvf U'(Rw + wvX) —
1- n)vLHU”(Rw + v pX). For the rest of the proof we assume> 0.
From Claim 1 and Equation (23) we get

U"(Rw + vy X) < U"(Rw + v X)
< U"(Rw + vypX) < U”"(Rw + v yX) < 0.(25)

Claim5and Equatlon(25)g|ve aftersome calculat(amn)vHLU”(Rer
vHLX) — nvLLU”(Rw +ox) < (1- n)vLHU”(Rw 4+ vLpX) —
mvZ U (Rw + vypX). This impliesW/;(x) — W/(x) < 0. We have
W/, (1) — W/ (1) = 0 because of Equations (21) and (22). Consequently,
Xx =1 maximizesWH (X) — WL(X). SinceWy{(0) — W, (0) = 0 and
W{_/'(X) — W{_’(X) <Oforx >0,Wx() > W (D, that is,7Uxn +
1-—m)Uy. > 7V + (A — m)ULy. This impliesAU > 0 and thus
concludes the proof of the lemma.

Proof of Remark 1Expected utility of the sum of any given deterministic
consumptiorc > w(py — pL) plus the payoff ok > 0 units (i) of lottery
Ly, and (ii) of lotteryZ_is given (i) byVy (x) = (1 — m)U[c — 7w (py —
pLX] +wU[c+ (1 —m)(pn — pL)X], and (i) by Vi (x) = 7U[c — (1 -
m)(Pn — PUX] + (L —m)U[c+ 7 (pn — pu)X]. Since both lotteries have
zero expected payoffg,units of £ are more risky thar units of £, if and
only if Vi (X) < VL(X). The derivatives oWy (x) andV, (x) areV/,(x) =
—(L—m)(pn — pOV'[c—7 (P — PLIX] + (L —7)(PH — pL)U’[C+
(1 —m)(pn — puX] < 0andV|(x) = —m(1 — m)(pn — p)U'[c —
(L—m)(pH — pLX] + (1 — m)(py — pVU'[c+ 7(pn — PL)X] < O,
respectively. Foix > 0 this givesV| (x) — V,(X) = (1 — 7)(pn —
pLVU[c—m(pn — pL)X] —U'[c— (L —m)(pn — p)X]} —{U'[c+ (1~
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)(pn — PL)X] — U'[c+ 7 (py — pL)X]}] > O because of Equation (23).
ThereforeV/, (x) < V/(x) < 0 for all x > 0. Moreover\Vy (0) = V (0).
From this the remark follows.

Proof of Proposition 4 Let the setsP and M with elementsp and m,
respectively, be defined as in the proof of Proposition 3, and let the functions
fij(p,m) andgi(p,m), i, j = L, H be given by Equations (18)—(20).
Further, definéGy : P x M — [g, 1] by

G (p, m) := max[g (p, M), gu (p, M)]. (26)

The functions(f. ., fyr, fuu, fan, 9L, Gu) continuously map the
compact and convex s@t x M into itself. By Brouwer’s fixed point theo-
rem there exists afixed poi(p*, m*) = (p{' |, P> Pins Py M, My).

As in the proof of Proposition 3Rw + (dj + pjj, — Rqﬁ)% > 0 for
i,j,h = L,H; andu_(p*,m*) > 0, whereup, : Px M — R is
defined as in the proof of Proposition 3 [just before Equation (19)]. By
contradiction we prove thany, > mj. Assumem;, < m{. This im-
pliesmj;, = m{ sincemj; = G (p*, M*) > gv(p*,m*) = m;. Be-
cause of this and Lemma @ (p*, m*) > u,(p*, m*) > 0, whereuy :

P x M — R is defined as in the proof of Proposition 3 [just before Equa-
tion (20)]. Thereforegy (p*, m*) > gL (p*, m*) = m;. But this implies
my, = Gu(p*, m*) = gn(p*, m*) > g.(p*, m*) = m{, which contra-
dicts our assumptiomy, < m;. This provesn}, > mj, which also implies

Up (p*, Mm*) > u(p*, m*) > 0. Finally, piyy > Piy > PhL > P{L
follows frommy, > m and Propositions 1 and 2.

Proof of Lemma2.etP = (PLL, PuL, Pun, Pun) € [&, 3]4denote any
vector of share prices indexed by the level of past and present dividends,
and let, for this proofM = (M., My) € [, 1]* denote any vector of
participation levels indexed by the level of past dividends. As in the proof
of Proposition 1, letc(j), j € {L, H} be defined by (L) = H and
k(H) = L. Corresponding to the market clearing condition Equation (3)
we define

Fi(P.M) = m (d; + Pjj — RP.J-)U’[Rw+(dj + Py —RRJ)MEJ
+ @ =) (d + Pjjy — RR))
x U’ |:Rw + (dj + Piu(jy — RRJ)MEJ : (27)
i,j=L,H; «(L)=H, «(H)=L.

Because offj + P;; — RR; # d;j + P,(j) — RR;j, differentiation ofF;
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gives
aFL;  dFy; .
bo_ZTHl j=L.,H, (28)
My ML
dFij .
i

Let I denote the matrix

r BFLL SFHL BFLH SFHH =
BPLL GPLL BPLL BPLL

dPyL APy Py Py ( ) .. 1 4
I' = = i) ,]=1...,4

oFLL dFuL dFLn dFun
L 0Pun 0Py Py 0Py -
We show that Equation (11) implies tHahas a dominant diagonal, that
is, thatlyjj | > > i Injl forall j =1,..., 4. First, consided Fy /0P .
Applying Equation (11) it is easy to see tHgs = Jous — 0, fous >

Py > OPyL
aF aF .
andﬁ < —ﬁ.Thereforqmd > Zi# |%ial. Similarly, we gety11] >

>iz1 IVials lv2al > Do Ivizl, @ndlyss| > i3 [visl. This proves thal
has diagonal dominance. Further, the proof showsthat O fori # |
andy; < 0,i =1,...,4. Together with diagonal dominance this implies
that there exists @ € R% such that—I'q > 0 [see, e.g., Takayama (1974,
Theorem 4.C.3, p. 382)]. Letbe defined by := max |yii| = max (—ii),

thusp > —y; foralli = 1,...,4. Define the matrixd = (v;) by
V:=pl +T.Fromy;j = y; > 0fori # j andyii = p + yi > 0, where
i,j =1,...,4, we get > 0. Further,¥ is indecomposable since all

elements of” excepty,1, va1, Y42, Y13, Y14, @andysq are nonzero. Therefore
we have—T' = pl — ¥ whereW¥ is nonnegative and indecomposable,
and in addition we know that there existgja> 0 such that-I"'q > 0.
Consequenthy” is nonsingular and

rt«o (30

[see, e.g., Takayama (1974, Theorem 4.C.9, p. 387)]. Next we observe that
Fij(P,M) =0,i, j = L, H has a positive solutioP* >> 0 for each pair
M e (0, 1]%. This follows from a fixed point argument as in the proof of
Proposition 3, but withM given [i.e., for the functionsfj,i,j = L, H
defined as in Equation (18), but with = M fixed, there exists a fixed
point P* = [fL L (P*, M), fu (P*, M), fLu(P*, M), fyu(P*, M)] €
&, %14 and it holds thaRw + (d; + Pj, — RR/) & > Oforalli, j,h =
L, H, and consequentl; (P*, M) = Oforalli, j = L, H].

Next we prove by contradiction that the soluti®t of Fj (P, M) =
0, i,j =L, HisuniqueforeachpaM e (0, 1]°. Firstwe define/ (z) :=
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zU'(Rw+2) wherez € [—Rw, c0). ThenV’(2) > 0forz > —Rw because
of Equation (11) an&/’'(— Rw) = U’(0) — RwU"”(0) > 0; thusV'(z) > 0
for all z € [-Rw, oo). Assume now thaf;(P,M) = 0,i,j = L, H
has two nonidentical solutior®* and P** £ P* for some giverM. Since
P** # P* there exist indicek andh such that B}, — Pj| > 0 maximizes
|P; — Bj*l fori, j = L, H. Without loss of generality we can assume
P > Pén. thusPg, — B > Py — Bj*fori, j = L, H. Because of > 0
andV’(z) > 0 this impliesFn(P**, M) > Fn(P*, M), contradicting the
assumptionFgh(P*, M) = 0 = Fn(P*, M). This contradiction proves
the uniqueness d?*.

Finally, becausé is nonsingular and; (P*, M) =0 fori, j = L, H,
we can apply the implicit function theorem. Together with uniqueness of
P* this theorem implies Lemma 2* is a differentiable function oM,

andgﬁ > Oforalli, j,k = L, H. The second part follows from Equa-
k

tions (28)—(30) andP}, > P} fori =L, H.

Proof of Proposition 5The proof is by contradiction. Assume that there
exists an equilibrium witim_ > mg. This impliesm_. > my because of
Corollary 2, and thus Proposition 2 gives

PLj > PHj, j=L,H. (31
We simplify by defining fori, j,k =L, H:

vkij = di + pij — gnq,

Cij ‘= Rw + vjj—,
m

Ukij == U(cij),

Uyij == U'(Cij),

wherecyi; > 0 since they are equilibrium values. Because of Equation (31),
UHij > ULjj fOI’i,j =1L, H. (32

frU L +A—m)UL Ly < tULpH + A —m)UL L, thenthe subsequent
inequalities, explained below, follow:

E[U(C41)IDi—1 =d. |

<1-m) |:7TU(R1U+UHLL£>+(1_7T)U(RU)+UHLHE>:|
mg my
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S S
T |:7TU<RW+UHHHm—> + @1 - ﬂ)U<Rw+vHHLm—>]

L

<E [U (Ct41) IDt1 = dH] )

where the first inequality is implied by > % and Equation (32), the
second by the fact that in the situation where the equilibrium priggyjs
i=1L,H,and demanq% maximizes expected utility Whereﬁ% does not.
Because of Assumption £[U (&1)|Di_1 = d.] < E[U(C,1)|Dt_1 =
dy] contradictsm; > my. Therefore

AU+ QA -—mUy = aUpn + A —m)ULHL. (33

Analogous to Lemma 1, we can normali}% = 1 without loss of
generality by choosing an appropriate (new) unit for shares. We d&fine
byd:=aUpyun + A —7)UpuL — [rULLL + (1 —m)ULLH]. Because of
Equation (3),

S

CHHH
CLiL My

CLLH , S
—(1-m) [/ U/(C)dC—ULLHULLH+UHH|_m—U|/_|HLj|.(34)
CHHL H

Let M, pi, vij, Gij, Uij, U/, (Wherei j = L, H)andAU be defined as

in Lemma 1 and its proof. The normallzatloﬁs = landg S — 1 (proof of
Lemma 1) givan, = M. From Equation (12) anohy < mL M we get
Py < py andpL. < pL. Consequentlyyypuy > vun > 0(seeClaim 1,
proof of Lemma 1). Similarly we get & v | > v, wherev | <O
results from from Equations (3) and (8). Together wigh > 2 = 1 this

givesCrpH > Cqy andc L > Cy. FurthermorevHHHm—i > vyp > 0
and Equation (11) implynnH 7 Ufyyy > vhnUj . Because of thiand
Equations (3) and (22) we gethHLm—HU’HHL > —vyL Uy, > 0, which
inturn givesvy < 0andcyyL < ¢y because of)” < 0. Analogously,
v > 0 anchLH < CLH because of &> VULLL > ULL- ThUSCHHL <

CHL < Rw < CHH < CHHH andCLL < CL < Rw <cLy < CLH.
Therefore

Rw CHHH
§ = —n/ Ul —U’(C)]dc+n/ [U'(c) — Ufjp ] de
CLie Rw
Rw

+(1-m) [UjnL —VU'(©]dc

CHHL
CLiH

—1-m) A [U'(c) —U[ 4]dc
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Rw CHH
> —n/ [ULL—U/(C)]dC-l—n/ [U'(c) —Upy]dc

LL Rw
Rw

+(1—m) [UjL —U'(0]dc
CHL
CLH

—1-=n) ] [U'(c) — U ]dc

CHH
= n[/ U/(C)dC+ULLU|/_|_—UHHU|/-|Hi|
C

LL

CLH
—(1-m) [/ U’(cydc— v pU| +v|-||_U|/_||_:|.
c

HL

From this and Equations (21) and (22) we get

AU

277—l>0

CHH CLH
8>7r/ U/(c)dc—(l—n)/ U'(c)dc=
CLi CHL

becauseAU > 0, as shown in the proof of Lemma 1, and> % Thus
§>0or

7Unupn + QA —m)Upne > UL + (@ —m)ULLH. (39
This and Equation (33) imply
TUpHH + (A= m)Upne > Uiy + (1= m)ULHL. (36

Because;ns—H is optimal when the price ipy . and because of Equation (32)
it holds that

aUnLL + A —m)Upn > wU + (A — m)ULLH. (37

Finally, from Equations (35)-(37) and > 3 it is easy to derive that
E[U (€41)|Di—1 = d.] < E[U(€.1)|Di_1 = dy]. Because of Assump-
tion 4 this result contradicts the assumptiop > my and thus concludes

the proof.

Proof of Proposition 7Because of Equation (10) and Propositiomp, <

my and thuspL. < pHL < PLH < PHH. Let PL(M) and Py (M) be

the market clearing prices associated with constant market participation
M € [, 1] and dividendsl. anddy, respectively. Market clearing implies

Py (M) > P (M), analogous to Equation (8). It is sufficient to show that
there exists aM’ € (m_, my) such thatP(M’) = [PL(M’), Pq(M")] is

less volatile than the equilibrium pricgs = p*(di, dj),i,j =L, H.If

such anM’ exists, there is a neighborho@df M’ such thatP (M) is less
volatile thanp;; = p*(di, dj),i, j = L, H forall M € Z becauseP (M)
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is differentiable and thus continuous. Equation (12) implRgsm,) <
pPHL < PL(my); this follows from the fact that foftM |, My) = (mp, my)
the associated market clearing pridag, i, j = L, H of Lemma 2 are
the equilibrium pricegyj = p*(d;, d;). For the same reasoRy (M) <
pLH < Pu(my). BecauseP (M) is continuous, there exists avy, €
(mg, my) and anM_ x4 € (m_, my) such that

PL(MHL) = PHL, (39

Pu(MLH) = PLH- (39

We show thatPy (My ) < pyn andP.(MLy) > pLL. Because of Equa-
tion (38) and sincd’y (My ) clears the market,

S
mldy —rPy(Myp)] U’ {Rw+[dH —rPu(Myy)] M—I-H_}
+@Q—m)[dy + puL — RRH(MyL)]
S
x U’ {Rw—i—[dH + puL — RARi(Mup)] M—} =0. (40)
HL

Define the functiorZ (y) := w(dy —ry) U'[Rw + (dy —ry) M‘:'L] +(1-

7)(dn + puL — RY) U[Rw + (dn + puL — Ry) -], y € [SPe du],
Equation (40) implies

Zu[PH(Mup)] = O (41

Because of Equation (3), we hakg 4 (PLL, PHL, PLH, PHH, ML, My) =
0, whereFy 4 is defined in Equation (27Ex (Y) = Fuu (PLL, PHL, PLH»
y, my, Myp), My < my, and Equation (29) imply

Zy(pun) < 0. (42

Differentiation of Z (y) and applying Equation (11) gives;, (y) < 0.
This and Equations (41) and (42) imply

Piu(MuL) < PHH- 43
Analogously it can be shown that
PL(Miw) > pri. (44)
From Equations (38) and (43) we get
Pu(MuL) — PLCIMHL) < PHH — PHLS (45)
and from Equations (39) and (44) we get
Py(MiLn) — PL(MLn) < pPLm — PLe- (46)
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Therefore

Py(M") — PL(M") < min(pLH — PLL, PHH — PHL) (47

holds either forM’ = My or for M’ = M|y or for both cases. Further,
from Equations (38) and (43p.L < puL andPy(M) > P_(M) we get
pLL < PL(MyL) < P4 (MyL) < pyn;and because of Equations (39) and
(44) andpLy < pHH, We havep L < PL(MLH) < PH(MLH) < PHH.
Thus there exists aMl’ € (m_, my) such that Equations (13) and (14) hold
for M = M’. As noted above, this implies Proposition 7.
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