~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Enders, Zeno; Hakenes, Hendrik

Conference Paper

The Birth and Burst of Asset Price Bubbles

Beitrdge zur Jahrestagung des Vereins fiir Socialpolitik 2010: Okonomie der Familie - Session:
Empirical Asset Pricing, No. F19-V2

Provided in Cooperation with:
Verein fur Socialpolitik / German Economic Association

Suggested Citation: Enders, Zeno; Hakenes, Hendrik (2010) : The Birth arld Burst of Asset Price
Bubbles, Beitrage zur Jahrestagung des Vereins fir Socialpolitik 2010: Okonomie der Familie -
Session: Empirical Asset Pricing, No. F19-V2, Verein fiir Socialpolitik, Frankfurt a. M.

This Version is available at:
https://hdl.handle.net/10419/37239

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/37239
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

The Birth and Burst
of Asset Price Bubble$

Zeno Enders Hendrik Hakenes

University of Bonn University of Hannover
Max Planck Institute, Bonn

January 2010

Abstract

We develop a model of rational bubbles, based on the assumspdif an unknown
potential market size and delegation of investment datésitn a bubble, the price of
an asset rises above its steady-state value, which musstifeeil by rational expec-
tations about possible future price development. The hitifeeexpected future price
increase, the more likely is the market potential reachedyhich case the bubble
will burst. Depending on the interaction of uncertainty aibtihe market potential,
fundamental riskiness of the asset, the compensation schéthe fonds manager,
and the risk-free interest rate, we give a condition for \Wwhetational bubbles are
possible. Based on this analysis, several widely-disclipséicy measures are in-
vestigated with respect to their effectiveness to prevabbles. A modified Taylor
rule, long-term compensation, and capital requirementsheae the desired effect.
Caps on bonuses can create or destroy the possibility ofidsibiepending on their
implementation, whereas a Tobin tax is unlikely to preveriities.
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Financial Crises, Financial Policy.
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1 Introduction

The last 15 years have seen at least two important marketogenents that are con-
sidered as bubbles by now. Both, the so-called dot-com lubkihe late '90s and the
recent housing bubble in the United States and elsewhere graduced large realloca-
tions of wealth during their buildup, and especially aftegit respective crashes. These
bubbles have not only affected the parties directly pguditthg in the bubble markets.
Also outsiders were impacted heavily, e. g., by mass layb#ttook place as a result of
the crashes. Although bubbles are a phenomenon known &} &ace the tulip mania
in 1637, economic policy has apparently not been able togmtetheir repeated occur-
rence. Neither does a commonly accepted theoretical mddbeiables exist. Our paper
contributes to the development of such an understandingshwhight eventually help
guiding policymakers.

We construct a simple workhorse model of a bubble, based omentapping generations
model and the crucial assumption that the potential amdunvestment in the market is

not precisely known. In the model, the number of potentiagtors is a random variable.
Consequently, information about the market size is noigepkfor the limiting case of

a finite market of fixed size. We think that, as financial masketcome more complex
and opaque, the assumption of imprecise information albmubtarket size seems very
natural. Now within a bubble, managers are only willing teest if they believe that

there might be another investor in the next period to whony tten sell the asset at
an even higher price. As already observed by Tirole (1982hei number of investors

were known, the highest possible price of the concerned esall be calculated, and by
backward induction no bubble could emerge from the begmhin

The second important feature of our model is delegation.akiqular, we consider in-
vestors who delegate investment to fonds managers. Hoytheanodel applies directly
to intermediated finance such as through banks, investnagkisbinsurance companies,
private equity firms, and the like. In the absence of a bubbtefind that the risk ap-
petite induced by the limited liability of fonds managerspes asset prices above their
fundamental values (as already noted by Allen and Gale, 2@&cause of the limited
liability in case of a low or zero return, the manager canease her expected payoff
by engaging in riskier assets. This effect drives asseeprabove fundamentals, but in
a static way. These price deviations are not induced by ¢apecs, and there are no
sudden corrections (bursts).

Tirole (1985) extends the model of Tirole (1982) to an ovapiag-generations model with perfect
foresight, showing that under certain conditions bubbbes @ccur. However, these bubbles do not grow
faster than the real interest rate. Also Santos and Woo@1®@i7) show that the conditions for the existence
of bubbles are very restrictive, if one is to assume a fixedemof households that participate in the asset
market and own a finite aggregate endowment.

2A related point was discussed by Allen and Gorton (1993), alimw that asymmetry of information



The interaction of both features, unknown market size amdteéd liability, is crucial to
our model. A high-powered incentive scheme only pushegpiabove fundamentals, but
keeps them at a constant level. Adding the unknown market arzexpectations-induced
bubble with a dynamic price path may emerge. Higher pricesease the probability
that the current asset holders do not find future buyers fen éngher prices. Given this
increased risk, today’s buyers demand a higher expectedmgan the asset.This mech-
anism drives prices up over time, until the price collapsesalise either the previously
unknown ceiling is hit or the underlying fundamental bred&w/n (e. g., a bankruptcy of
the issuing firm). Importantly, the described mechanism batdoes not have to allow
for bubbles. Depending on the interaction of limited li#tigjluncertainty about the market
size, riskiness of the asset and the interest rate on anatiier safe asset the prerequisites
for bubbles can be fulfilled or not. This stands in contragirevious models, in which
bubbles always exist if the ceiling in the market is unknoamare always ruled out if this
ceiling is known (Brunnermeier, 2008). In these kinds of eledno comparative statics
and policy implications can be derived.

Since the model allows us to derive conditions under whidbbbes can exist, we can
also test several policies that could prevent bubbles. iSiparticularly important, since

bubbles harm the welfare of the investors. One of the widiggussed possible policy
measures is a cap on bonuses. We find that a system that retadesnus payments
but keeps their proportionality to investment successdagtually backfire and make
bubbles possible. A maximum cap on bonuses, on the other banceffectively prevent

the emergence of bubbles. Similarly, a monetary policythé¢ takes asset price inflation
into account, as discussed in Bernanke and Gertler (2084 yender bubbles impossible.
Finally, mandatory long-term compensation and/or capéglirements fulfill the same

purpose

The remainder of this paper is organized as follows. SeQiamtroduces the model.
Section 2.2 constructs a steady-state (rational expentgtiequilibrium price process.

between investors and heterogenous managers can leadiatiateof prices from fundamentals. In our
model, this heterogeneity does not exist.

3Note that this mechanism rests on rational and symmetrie@agions of managers. This differen-
tiates the models from Allen, Morris, and Postlewaite (1993 which private information can drive a
price above its fundamental value, and those of ScheinkmdrXéong (2003) and Bolton, Scheinkman,
and Xiong (2006), who assume that buyers of an asset hopd tbtseoveroptimistic agents in the next
period. This is only possible in case of heterogenous lslibbte that different to our model, the latter
paper is concerned with executive compensation, just asaGab and Heider (2007). Also the model of
Brunnermeier and Abreu (2003) relies on dispersed opinidogether with coordination failure, they can
trigger bubbles. In this context, Froot, Scharfstein, atedn§(1992) analyze which information can influ-
ence trading, potentially leading to herding equilibridleA, Morris, and Shin (2006) analyze the role of
higher-order expectations if traders have asymmetriamétion.

4Referring to the dot-com bubble, Brunnermeier and NageD42@rovide evidence that hedge funds
were riding the bubble, a result similar to a previous findiggMermers (1999). They relate this to, among
others, a short-term horizon of the managers. This is inviitle our model. Here, riskiness and herding are
no opposites, such that the argument of Dass, Massa, anid E2268)—high-powered incentive schemes
will induce managers to break out from herding—does notyappl
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Section 3 constructs a simpdgampleof a non steady-state (rational expectations) equi-
librium price process, which we call a bubble. We give a neagsand sufficient condi-
tion for when such example-bubbles exist. In section 4, veevghat the very condition is
necessary and sufficient for the existence of bubbles inrgerihis condition lends itself

to basic policy analysis, hence in section 5, we discusgyatieasures. Some measures
require a slight generalization of the model. While all otbections take the managers’
compensation scheme as given, we consider one (of possély)ways to endogenize
bonus payments in section 6. Section 7 concludes. All praxgsn the appendix A.

2 The Model

2.1 Setup

Consider an infinite horizon economy with overlapping gatiens of two types of agents,
investors and fonds managers. In each period, a continuumeatureN investorsis
born, each with an endowment of 1 dollar. Investors die im#d period. They consume
only in the period they die. Investors cannot participatiafinancial market. Thereis a
continuum of fonds managers (short: managers), and in twdevest in bonds or stocks,
each investor needs to employ one of these manager. Eachiwentager can handle the
funds of one investor only. The manager is compensated mearischeme with limited
liability. Her compensation consists of a success-depgndonus and a base sala¥y
Earning a yieldy, she receivemax{ay — (3; 0} + S, with a € [0; 1] and3, S > 0. So if

a manager invests 1 dollar into an asset at pgri@nd the price rises tp.,,, she receives
max{ap.1/p— 5; 0} +5. The contract will be treated as exogenous within this eacti
and will be endogenized in section 6.

There are two assets, safe assets (bonds) of unlimitedysapgla single risky asset. The
safe bond bears a net interestrofThe risky asset can be interpreted as the shares of a
firm. This firm pays total dividends ef each period. However, in each period, there is a
probability 1 — ¢ that the firm will go bankrupt and cease to pay dividends feredMence,

the time of bankruptcy is determined by a Poisson processtdthl amount of shares of
the firm is normalized to 1. The risky asset is traded in eacloge Its price follows a
time-discrete stochastic proceSs }:>o.

The number of investord is unknown ex-ante. It follows a Pareto Distribution, witlet
densityf(N) = v NJ/N'*7 and the distribution functiof’(N) = 1 — Nj /N” (both for
N > N,). Here, N, is some lower bound on the number of investors, ansl a shape
parameter. The smaller, the more uncertainty exists about the number of investioes,
thicker is the tail of the distribution. In fact, the mean bétdistribution is. = N %

50One may also interpret the asset as real estate. If the heletethend is the rent per period.



for v > 1, andy = oo for v < 1. The standard deviation is given by= N, % (%)l/2
for v > 2, ando = oo for v < 2. The following figure 1 shows the distributions and
density functions forV, = 20 and shape parameteys= 2 (dashed) and = 4 (solid)®
For~ — oo, we get the limiting case of a known number of investors. Theler of
managers is assumed to be unlimited, so an investor willyafirad a manager to handle

her wealth.

Figure 1: Pareto Density and Distribution Functions
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2.2 The Stock Market in Equilibrium

2.3 The Steady-State Price

Consider the following simple stochastic process. Theepofthe asset is a constant,
p: = p. Only if the underlying firm goes bankrupt (with probability— ¢) and cash
ceases to flow, the price dropszio= 0. Hence, the price follows a very simple binomial
process withPr{p,.1 = p|p; = p} = ¢q. The zero is an absorbing state. Let us derive the
pricep for which this process can be a rational expectations dxyjiiin.

In a market equilibrium, prices must be such that the masagempensation is the
same for storage and for the risky asset. If the managerssttiie compensation is
max{0; a (1+7r—B3)} +S =a(l+r— )+ S, assuming for now that < 1 + r.” If

8In fact, we would only need the assumption that the uppewfaihe distribution of potential market
participantsF’'(N) can be approximated by a Pareto distribution. The TheoreRiakiands, Balkema and
de Haan states that this assumption holds for a large claistabutions (see Embrechts, Kluppelberg, and
Mikosch, 2008). For our purpose, the Pareto distributios th@ important feature that the probability to
exceed a thresholtf, conditional on that we exceed — AN, does not approach zero A5— oo. In fact,
(1-F(N))/1—-F(N—-AN))=((N—-AN)/N)Y - 1asN — oo.

"The contract is endogenized in section 6, where this assomistconfirmed.



the manager buys shares of the firm at a ppice p, she benefits from the dividend with
probabilityq. She thus earng/p, with probabilityq. If the firm does not pay a dividend,
the price drops to zero. Otherwise, the price remaing.at= p, and the manager gets
additionallyp, 1 /p; = p/p = 1 from selling the asset. This stochastic process is depicted
in figure 2 (with parameters = 2, 3 = 0.9, ¢ = 95%, d = 1, andr = 10%).

Figure 2: A Binomial Price Process
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Given this price process, a datenanager’s expected compensation is
. Di+1 d
Eimax<{0;qa|— +——p3) ¢+ S (1)
Dt Y2
In the market equilibrium, managers must be indifferentMeen the asset and storage,
hence

a(1+r—ﬁ)+S:Etmax{O;qa(%jtgt—ﬁ)}%—&

Since the left-hand side is positive, we get
p+d
a(l+r—ﬁ)+5=qa<%— )—1—5 2)

The steady-state pricg is above the fundamental value of the asset that would olftain
investment were not delegated to managers, denotedbyl q/(1 — g + ).

dq
1-B)(L—q)+r
If 5 = 0orif ¢ =1, the two prices are equagh, = p. The effect that managers with

limited liability push up prices of risky assets above thHeindamental value has been
analyzed before by Allen and Gale (2000). But other from Alénd Gale, we do not

p= ( 3)



want to call this price divergence a bubble. The price exselkd fundamental, but not
due to expectations, but due to preferences (even if theferpnces are induced by the
managers’ compensation schemes). This kind of a bubbleot&uonst, so its existence is
less interesting from a financial stability perspective wideer, like Allen and Gale, we

find that an increase in uncertainty, keeping the fundanheatae constant, drives the
steady state pricg up.

Remark 1 Keeping the fundamental value constant, the steady-state pf a riskier
asset is higher above its fundamental vaiue.

Let us make one important clarification. In the above nuna¢ggample, the fundamen-
tal value isp = 6.33, but the steady-state pricejis= 9.05. This price deviation is due
to the limited liability of managers. However, it isstatic deviation, which is driven by
fundamentalsq, d, andr) and the managers compensation packagenda, wherea is
irrelevant). The price deviations is hence driven by fondsagers’ expectations about
future risk @) and dividendsd), but not on their expectations about future price devel-
opments. The deviation is constant over time. Neverthetb&sdeviation can magnify
price movements. By contrast, thebbledescribed in the following islynamicby na-
ture. The bubble can be sustained only if the price keepgasaong on and on. Here, a
price deviation will be fueled by the expectation that in theire, other managers will
buy at an even higher price (if the bubble has not burst umeih}.

3 An Example for a Bubble

Assume that the price; is abovep at some daté. The only conceivable reason to
buy is that managers expect the price to rise even furthézaat with some probability.
Otherwise, as shown above, it would be a dominant strategypémagers to store rather
than invest in the asset. However, if managers believe thataincrease to sonje,; >

p: IS possible, the investors’ aggregate resources mightde ws. In this case, the price
would hit a ceiling, and the bubble would have to collapsekltacp,,; = p. If the
underlying firm goes bust, the price drops will droppte; = 0. As a consequence, the
simplest process that can exhibit a bubble is trinomial.usdtence look at a process with

0, with probability1 — ¢

Pr+1 =19 D with probabilityq — @, (4)
pes1, With probability Q,

with @; < ¢. Note the notational difference betwegn, andp; . p;.1 is the stochastic
price at dateé + 1 that can assume three different valugs. is the largest of these values,

8The proofs for this remark and all propositions are in theeaglix.



pier1 > p > 0. A possible price process is depicted in figure 3 (with patanseas above).
The process starts at some prige> p, and the bubble potentially grows further and
further. However, it can hit the ceiliny and burst at any time. BuY cannot be pictured
in the figure, it is unknown. The ceiling will be hit with probitity 1, but the date at
which the bubble bursts is (and must be) unknown.

Figure 3: A Trinomial Price Process with a Bubble

14 ././,.
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For a price increase from, to p,,1, the probability of a continuatiompn-collapse) of
the bubble is

1- F(pt+1) =g N(;//p;yﬂ
- F(pt) N(;//pt

Qi=q =qp) /Pl (5)

Hence,q is the probability that a firm continues to operate, ghds the probability that
the firm’s asset price continues to rise. The probability the bubble just bursts although
the firm is still solventis thus — @, — (1 — ¢) = g — Q;.

If the share price falls because the firm is insolvent, thenpttice will drop to zero and
no dividends will be paid. The payment to the manager is

amax{9+g—ﬁ;0}20. (6)
Pt Di

If the share price falls because a bubble bursts, the pri¢erep top, and dividends will
still be paid. The payment to the manager is

d B d+7
amax{;#—g—ﬁ;O}:amaX{ (1-8) (A=)t 60} (7)
t

ygs Pt

This implies that, if the price is only slightly above theadg-state pricg (hence the bub-
ble is small), the manager will earn a bonus even when thelbdtrsts. The according



condition is

. dq
b= (g ga g )/ ©

Otherwise, the manager gets nothing if the bubble burstsud start with discussing the
second case. If she invests in the risky asset, she gets a hathuprobability);. Then
a modified version of (2) must hold,

a(l+r—08)+8S=Qia((p+d)/p—B) + 5,
=q (ﬁ)va ((pt+1 +d)/pe — 5) + 5,

DPt+1
Ly (e L) ©
q Pi+1 Dt Dt

If, on the other handy; is belowp such that (8) is satisfied, another version of (2) must
hold,

a(l+r—=0+S=Qa((pm+d)/p—8)+(q—Q)a((p+d)/p.—B)+ 5,
1+T—ﬁ:(%)”MH+@_(£Ly>(é+i_ﬁ). 10)

q Pi+1 Dt DPt+1 bt Dt

Then equations (9) and (10) respectively implicitly deterera price process in a rational
expectations equilibrium. To be precise, fép;. 1, p;) be defined as the right-hand side
minus the left-hand side of equations (9) and (10), depenaimwhether (8) holds.

Definition 1 A rational-expectations equilibrium is a path of pricgs }.,~o and transi-
tion probabilities{ (¢, Q:) }+>0 such that forE;| f (p:+1/p:)|(q, Q:)] = 0 forall t > 0.

For any giverp, > p, (9) (or 10) implicitly definep;, and (5) defines the accordirdgy,,

so all variables fop, in (4) are defined. Then starting fropa in a next step, (9) (or 10)
and (5) defing, and(@+, sop, is defined. Following this procedure defines the complete
process recursively. One such process is shown in the algure 3.

However, equation (9) does not necessarily have a soluticariy set of parameters. The
higher the potential future pricg., the likelier it is that the ceilingV is hit and the
bubble will burst. However, the likelier a bursting of thebiale, the higher a potential
price increase must be in order to compensate managerfoskithey face. A multiplier
effect evolves. This feedback does not necessarily reaelgaitibrium pricep;; for all

t. As a consequence, a bubble can burst with certainty at satee,dand@; = 0.
However, if the bubble cannot be sustained at datel, managers will anticipate this
already before, and a backward induction argument shovishkabubble will not be
sustainable right from the start. An example is given in fgdi(withr = 20%, all other



Figure 4: A Trinomial Price Process with a Non-sustainahiblie
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parameters as above). At date 7, the price has risen toodnghhe bubble can no longer
be sustained. Consequently, the according initial ppiceannot be part of an rational
expectations equilibrium process in the first place.

We are interested in conditions under which a bubble canmoratebe sustained. In order
to be sustainable, the implicit equation must have a saludto any datef. Rewrite (9)
and (10), defining, = p,.1/p; as the relative price increase, an auxiliary variable,

¢2#=@+§—5 for p > p. (1)
T8 -2y (1 ~5)  otherwise. (12)
q Dt Dt

The value ofp;,1 = ¢, p; is implicitly defined by (12) ifp, < p, and otherwise by (11).
The right-hand side of the equation is always the same, thdded side is moving up
or down, depending on the starting point The following figure 5 shows the right-hand
side (thick), and the left-hand for a couple of parametenst,lp; = p < p. In this case,
the left-hand side of (12) becomes—+ (¢} — 1) + ¢; (d/p, — 3). From the Figure, one
can see that the only intersection with the thick curve ig,at 1, which implies that
Pei1 = ¢y pr = Py, hence there is no price increase. Starting witk= p, we are of course
in the steady state, and the price does not change over tineee TS no bubble.

But if the initial price is slightly abovey, the line bends downward, implying that it
intersects with the curve at some > 1. In the next period, the price will be higher still,
and hence the intersectian,; will be even higher. The bubble emerges, and the speed
&1 = per1/pe iIncreases with time. When the pripe= p is reached, the right-hand sides
of (11) and (12) are equal, and we are at the dashed line ingheefi The intersection

is again at some, > 1. This implies that the price will increase even more, resgit

in a parallel shift downwards of the line. For an infinite grig, the limiting line¢ — 3



Figure 5: Possibility of a Bubble

is reached. From the figure, one can see that the intersgubion moves right agp;
increases. As a result, over time (with increasing the bubble becomes less and less
stable, the probability of a burst increases.

Remark 2 In a bubble process, the relative price increase= p,.1/p; grows over time,
Q) falls over time, and the bubble becomes less stable.

As a consequence, in order to show that a bubble can be ssiaia market, it suffices
to consider large prices. Hence, we may also concentrate on the gase p. In the
limit p; — oo, equation (11) simplifies to

¢T(1+7r—=0)=q(¢—0). (13)

The equation does not depend on time, so we have droppeddbgtin If (13) has a
solution for¢, the according market can sustain a bubble. For arbitrhrgi pricesp,,
there is always a pricg;,; that is high enough to make fonds managers buy at#dfe
(13) does not have a solution fgr then there is exists a prige that is so high that a
further increase is impossible. Nobody will buy, and thelidalwill burst. Hence, using
backward induction, the bubble cannot get started atdat®. The only possible initial
price is therpy = p.

Unfortunately, this innocent looking equation (13) has tased-form solution forp.
Becausey > 1, the left-hand side of (13) exceeds the right-hand sidedge®. The
above figure 5 shows the left and right side of (13) for the mizakexampley = 2,
6 =09, q = 9% d =1, andr = 10%. There is a solution ap = 1.21 (and,
for completeness, another at= 3.54).° Let us briefly explain this number. For these

SWe do not consider the high solution in the following since tlorresponding equilibrium is unstable.
Note that a situation in which the straight line is above thieved one in figure 5" (1+r—03) < q (¢— 1),
implies a low probability of a burst relative to the expeageihs. Hence, the price is driven upfalls) and
we move to the left. The same argument holds for the oppoage,drivingy up. Thus, only the lower
equilibrium is stable.

10



parameters, (2) yields = q/((l -0)(1—q)+ r) = 9.05. Hence, the minimum asset
price would be much above the fundamental value/dfl — ¢ + r) = 6.33. However, a
price 0f9.05 would be stable. Each period, with probability- ¢ = 5%, the firm would
stop to pay dividends, in which case the price would drop to.z©therwise, the price
would stay ap = 9.05.

Now if, as a zero probability event, the price of the assetesmbover = 9.05, this is
the starting point of a bubble. Figure 3 shows a bubble tlatssatp + 0.8 = 9.85. At

the starting point of the bubble, the probability of a busst - @ = 1 — ¢ (pi/pi11)? =~
5.7%, only slightly abovel — ¢ = 5%. In later periods,p,.;/p; converges towards
1.21, as calculated above. The probability of a burst then cgesetowardsd — ) =
1—-0.95 (1/1.24)? ~ 34.7%. The bubble can burst for two reasons. First, as a fundainenta
reason, the underlying firm can go bankrupt. Second, as acfadaeason, the resources
in the market can be exhausted. Figure 3 shows these twobpmsiavelopments of
the market. The black curve starts with the steady state @fi®.05. The price never
increases. With probability — ¢ = 5%, the price drops to zero, but otherwise it remains
stable. The gray curve starts slightly above the steadg ptate atp = 9.25. This price
can only be rational if further price increases are expected

In another numerical example, let us see what happens ifBléignot sustainable. Set-
ting r = 20% (and letting all other parameters unchanged), we get thaxfsig figure 6.
Here, because of the higher interest ratdrops to 4.63 (the dashed and the curved line
are higher). There is no solution for equation (13), so a lutdnnot be sustainable. One
can calculate the maximum pripgfor which (11) has a solution, namelyat.. = 9.23
(upper dashed line). |#; > 9.23 at some date, them,; does not exist. But in a bubble,
prices need to rise, hence the price will reagh, at some time, hence the bubble is not
sustainable.

A little bit repetitive, or?

Figure 4 uses exactly this parameter constellation. Theepn the bubble rises. At date
t =7, itrises above,,.. = 9.23, so the bubble will bust no later than= 8. Backward
induction yields that the bubble cannot get started in trs¢ fitace. Theonly possible
price path is the steady state, with a pricesef 4.63.

Existence of Trinomial Bubble Processes. The above numerical examples in figures 3
and 4 seem to suggest that lower interest rate levels suppbliles, whereas higher
interest rates can punctuate a bubble. Reassuringlysthexfectly in line with traditional
intuitions of bubbles.

Let us now analyze more generally under which conditionslmiprocesses can exist.
Looking at figure 5, one can see that the solution may ceasdadbikthe gray line does
no longer intersect with the black curve, like in figure 6. Aagmal condition is given in
the following proposition.
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Figure 6: Non-Existence of Bubbles

Proposition 1 The market can develop a trinomial bubble process if and bnly

7 (59) <y ()

that is, for largeq, smallr, small~ or large 3.

The parametety captures the uncertainty in the market. The smajlethe larger are
mean and variance of the distribution, the more uncertaimeipotential market size. For
~v < 1, the mean is infinite, and for < 2, the variance is infinite. The paramefgs does
not appear in the analysis, which shows that for the existefa bubble, only the shape
of the upper tail matters. The smalkerthe more likely is the sustainability of a bubble.

In the extreme case af — 1, the expected market size becomes infinite, g3/ (v —
1))"~* — 1. Hence, a bubble can emerge if- 1+7— 3. However, ify — oo, the market
size is almost certainlyy, and a bubble can never be sustained, independent of tlse size
of other parameters. This is the traditional backward itidaargument of Tirole (1982).

The larger the interest rate the less likely is the possible existence of a bubble. This i
in line with the intuition that central banks can punctuatéldes by increasing interest
rates, and that bubbles are more likely to emerge it inteadss are low.

Bubbles can exist especiallygfis high, that is, if the underlying asset is rather safe. This
seems to be in line with the recent housing bubble in the Un&.odher countries. Real
estate itself has a bankruptcy probability of zero, thus 1.1° Hence, as argued above,
the difference between the fundamental vgluegnd the steady-state price is higher for
more risky assets, but the likelihood that a bubble emergkesger for rather safe assets.

101 real estate is seen as a risky investment, then mainlyuseceeal estate prices can be driven away
from fundamentals, not because real estate is inheresky.ri

12



Finally, the parametes describes how steep the incentive schemes of managershere. T
larger 3, the later the bonus payments to the manager kick in, andghehis the power

of the contract, and the more prominent is the effect of thédid liability of the manager.
Hence, we have the result that the emergence of bubbles lesaoore likely when fonds
manager compensation is higher powered. The following éigusummarizes all these
observations for the case= 2. For parameters below the surface, bubbles are feasible.

Figure 7: Feasibility of a Bubble

4 Bubbles in General

We have argued that a very special kind of a bubble process;ittomial bubble, exists if
and only if (14) holds. We now make this result more generahxywing that, if (14) fails
to hold, the only rational expectations equilibrium pracissthe non-bubble process with
price p. With other words, bubble processes exist if and only (14d$10The argument
will be simple. Starting from a pricg;, a price larger or equal tp,.; as defined by (9)
must be in the support of the density function. So to say, finermial price path is a
lower bound for any bubble. So if, for a given set of paransteo trinomial bubble path
exists, this implies that no bubble at all exists.

Proposition 2 In a rational expectations equilibrium, a price process @xibit a bub-
ble if and only if

w <i>7_1 <7 (15)

hence if(14) holds.
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This is the main result of our paper. If the condition holdwre are multiple rational
expectations equilibria, including bubble equilibriathe condition does not hold, there
is only one steady-state (non-bubble) equilibrium pricecess. There are no bubbly
equilibria, neither trinomial nor of any other shape.

5 Policy Measures

In this section, we examine whether certain policy meastivaishave been suggested in
the public debate can prevent the creation of bubbles in amaet Specifically, we look
at an asset-price augmented Taylor rule, caps on bonusedatoay long-term compen-
sation, a financial transaction (Tobin-) tax, and capitqureements.

5.1 An Augmented Taylor Rule

We have already seen that a central bank can punctuate aeboyplicreasing interest
rates. Let us now analyze the impact of a preannounced sttate increase in the case of
a bubble, following a Taylor rule that takes asset price figfteinto account. Specifically,
assume a version of the rule used in Bernanke and Gertlel)200

Ty =7+ Uy (1 — T) + U (pe /D1 — 1), (16)

wherer; is gross consumer price index (CPI) inflation, andp, ; asset price inflation
of the only asset in the economy as defined above. For now weatdge influences
of asset price inflation on CPI inflation by setting CPI infhatiequal to its target rate.
The target rate of asset price inflation is assumed to be osén the above analysis, in
a bubblep,/p; converges towards a constantinserting (16) in equilibrium into (13)
yields

¢ (A+7+v(o—1) =) =q(¢—B) (17)

as a necessary condition for a bubble to emerge. Like for, (#d)an derive a condition
for parameters, ¢, 3, v andq, determining whether (17) has a solution forUnfortu-
nately, the condition is algebraically complex. An equililn exists if and only if

q(p—B) > ¢ (1 +7+¢ (¢ — 1) — B) with

1 ) )
<b=m<1—ﬁ—7)(1—¢)+7’+6v—m+ﬁw

=B (1=0)) (1= (147 =)= A1 +2) (1) — 24(1+9))) ).

The following figure 8 shows parameterands for which bubbles can exist, for = 2,
G = 09 andr = 10%. The figure shows that, in order to prohibit the emergence of
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bubbles, a regulator (central bank) can either raise tleeast rate-, or threaten to raise
interest rates in the future if a bubble should occur by cottimgi to a Taylor rule with
positives). If the central bank opts for the Taylor rule, it never adpaleeds to raise
interest rates: interest rates occur only as a consequdnagset price increases, but
because of the Taylor rule (with a sufficiently larg® asset prices do not rise because
bubbles are prevented. This argument shows that an augiiBEatkor rule can cause less
distortions than direct interest policies. However, if tentral bank cannot differentiate
between price movements due to bubbles and changes in tlelyind fundamentals
(such as the probability of bankruptdy— q), it faces a trade off between preventing
bubbles and the risk of unnecessarily moving the intergéstindimes without bubbles.

Figure 8: Effects of the Taylor Rule

No bubble

0.05-

Bubble possibl

L Il L L L L Il L L L L Il L L L L Il L L
0.1 0.2 0.3 0.4

5.2 Caps on Bonuses

The bonus payment to a manageHis= « ((pt+1 +d)/p; — B), if the underlying asset
continues to pay off (probability) and, if there is a bubble, it does not burst (probability
1 — Q). Absent a bubble, this bonus payment is a constant. In aléuiblequalsxy (gbt +
d/p; — 6). Let us first ask whether a potential cap on this bonus would i the early
life of a bubble, hence potentially deterring a bubble frameeging in the first place, or
whether it would bind in the later stadium of a bubble. In tigdr case, the bubble would
have to bust with probability 1 at some dafeso a backward induction argument would
show that the bubble could not have existed in the first place.

In the term for the bonus paymeni; increases over time, but/p, decreases. In the
aggregate, due to (11), we have

Bi=a(p+d/p—0) =ad/ (1+r—75)/q.
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Hence, bonuses increase over time in a bubble, and caps ois pbagments would be-
come binding in later stages of a bubble. As a consequenceaweoncentrate on large
pricesp,, so thatp, becomes a constant, and the maximum bonus is

B=a(p—0)=ad’(1+7-p)/q
Now assume that the regulator puts a é&apn the bonus.

There are two ways the regulation can be implemenkédt, the compensation scheme
could be adjusted such that bonuses abBvare less likely to occur, for example by
reducinga or increasings. However,a does not have an effect on the existence of
bubbles, and an increase ithwould forward the emergence of bubbles. Hence, this
policy would backfire and make bubbles more likely.

Secondpne could adjust the compensatiomim{max{a ((p11 + d)/p. — ) 0}; B}.

Then, the bubble will burst with certainty at some point eflite if « (gb—ﬁ) > B, hence
if $ > B/a + (3. Consequently, for a given compensation scheme with paessieand
/3, a cap on bonus paymeniswill punctuate a bubble i3 /a + 3 < ¢, with ¢ defined
by (13).

The implicit function theorem shows hayvdepends on other exogenous parameters. For
example,d¢/dr > 0. To see this, define the terfi = ¢" (1 +r — ) — q(¢ — 7),
which is zero due to the implicit equation (13) for The derivative)T'/0r is positive,

the derivativé)T'/0¢ must be negative if we concentrate on the most moderate aibte
Consequentlyi¢/dr > 0. This proves the following remark.

Remark 3 Increasing interest rates and caps on bonus payments argisutibnal reg-
ulatory instruments.

Along the same ling)T’/0q < 0, hencelp/dq < 0. Alargerg can be identified with more
conservative investments. For example, if the assets veengriized mortgages, then a
high ¢ would stand for the prime market, and a lowewould stand for the subprime
market. Then a cap on bonus payments would be more likely teffieetive on the
subprime segment. More generally, the following result \ddwld.

Remark 4 Caps on bonus payments are less effective in deterring bahblconserva-
tive fields of investment.
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5.3 Other Measures

Long-term Compensation. In the recent political discussion, it has often been argued
that managers’ incentives should be made more sustairaldl that managers concen-
trate more on long-term goals and avoid short-termism. @hgesargument might be true
for the fonds managers in our model. To analyze this quedgbuns assume that the man-
ager receivesnax{0; a (y — )} as before, but that she is liable with his compensation
for potential future losses. Hence, she will get nothindné yield is negative in the next
period. In a steady state, the market price will then be

a(l+r—8)=q a((p+d)/p—B),

o dg’
O G ) N G RpE)

smaller than without long-term liability. If a bubble exasthe probability that the bubble
does not burst after two periods is

Q= q2pt/pt+2 = q2/¢27.

As a consequence, the one-period price increasaletermined by

a(l+r=08)=Qa(s—pB)=¢/¢""a(¢— ),
" (1+r—8)=q¢ (¢ - B).

The equation is similar to (13), only thais substituted by ~, andq is substituted by?.
Because bubbles exist especially for smadind largeg according to proposition 1, we
find that long-term liability prevents the existence of bidsb For even longer liability,
the effect would be even larger.

Remark 5 If fonds managers are liable for future developments widirthonuses, bub-
bles become less likely.

Financial Transaction Tax. A financial transaction tax (or Tobin tax) is intended to
prohibit bubbles by curbing short-term asset trading. Ftaxaof 0.05%, for example,
the tax would amount to a steep 12.5% p. a. for an asset thaided 250 times a year.
The bubble mechanism of our model, however, is not basedeguént trading. Assets
are held until the end of the investment period. Consequethié aggregate tax would
be negligibly small. With a grain of salt, financial transanttaxes are ineffective at pro-
hibiting bubbles in our framework.

Analytic derivation ?
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Capital Requirements. We have already argued that our fonds managers can be many
kinds of financial intermediaries, for example banks. Is ttase, capital regulation would

be the most prominent policy tool. Our model suggests thaitalaequirements, among
other things, have the effect of preventing bubbles. Theaweas straightforward. If our
fonds manager is a bank, then pure equity finance would miean0 and a rather low

«, whereas pure debt finance would imply a hjglanda = 1. Hence the more equity
capital a bank holds, the lower afeanda. According to proposition 1, the lowet can
foreclose the emergence of bubbles.

In this subsection, the contract parametemsnd 5 were treated as exogenous variables.
However, more realistically these variables will be setroptly by the investor, who de-
signs the contract. Therefore, we endogenize the compengstckage in the following
section.

5.4 Welfare

In order to justify any policy measure for the prevention abbles, it is necessary to
analyze the welfare effect bubbles. All agents are risknagutence we can assume they
have identical utility functionsy; = ¢,_, + pc¢; for an agent born at date — 1 and
consumes at date The discount factop must satisfyl/p < 1 + r, otherwise agents
would not even have an incentive to invest into the riskfrege Taking also as the
inter-generational discount factor, we can write

D) WD rie)
t=0 1 t=0
where(, is aggregate expected consumption at datayments between managers and
investors in the same generations are mere transfers anat darectly enter the welfare
function. Now, absent a bubble, the price of the asset isy@waHence, the generation
that consumes at dateearnsC, = p from selling the asset. Generation 1 payer the
asset. Because there aveinvestors, each owning 1 dollar, the aggregate endowment of
generation 1 iSV. The investment into the riskfree asseiNs— p, because is already
spent on the risky asset. With probabilitygeneration 1 also gegdrom selling the asset,
plus the dividend!. Hence, the aggregate expected consumption of generatson 1

Ci=q(d+p)+ (N —=p)(L+7)

Generation 2 buys the asset only with probabititywith probability 1 — ¢ the firm is
bankrupt and there is nothing to buy. Hence

Co = ¢’ (d+p)+ (N —qp) (1 +7).
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The equations for the following generations are similat wenow look at the expected
consumption in a bubble. For concreteness, consider timial “example” bubble pro-
cess of section 3. Generation O then ge&fs= p, > p from selling the asset. Generation 1
buys the asset at prigg, but expects the price to rise pe wit probability (), to fall top
with probabilityg — g, and to fall to O with probability — ¢. Hence,

C1=Qo(d+p1)+(q—Qo)p+ (N —po) (1+7),
and so on. Now consider welfare differences,
Co — Co = po — D,
Cl—Cr=Qo(pr —p) — (1+7)(po—p),
Cy—Co=0Q1Qo (p2 —p) — Qo (1+7) (p1 — p),
and so forth. Hence the aggregate welfare difference aradont

00 t—2

AW = (po—p) + Zpt H Qv (Qt—1 (pt — 23) —(1+7) (pt—l — ﬁ))

=> o pe—p) (1—pd+7)) ﬂQu,

which is negative ifl + r > 1/p. Consequently, the welfare effect of a bubble is always
negative, and zero only in the limiting caselof » = 1/p.

Rather than adding up all bits and pieces to calculate agtgegelfare, and then to take
the difference between scenarios (with and without bubbleg can argue the following
way. The payments of the risky asset are not affected if tieege bubble. But in a
bubble, at daté, the young generationpays a price; higher tharp to the old generation
born at date — 1. This is simply a transfer of wealth between generationgh wio
consequences. Due to the higher ppge> p, the youn generation invests less into the
the safe asset, at an opportunity costbf- r) (p; — p). But the transfer is carried one
period forward, hence it is discounted less. But becauseighizee ratel + r exceeds

the inverse discount factdy p, the aggregate welfare effect is negative. Because bubbles
always involve prices above this argument proves the following proposition.

Proposition 3 (Welfare) Assume (14) holds, aridt- » > 1/p. Then of all equilibria, the
steady-state equilibrium is strictly welfare-optimal.

6 Endogenizing the Compensation Scheme

In the above analysis, the parameters of the compensatiemscfor the managers, 5,
and$, are taken as exogenous. In this section we are going torexploich compensa-
tion scheme will emerge endogenously. We assume that tkstmvis risk averse, while
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the manager is risk neutral. The remaining setup is as destimn the previous section,
i.e. an investor delegates the investment decision to a geanahose actions she cannot
observe. Since there are more managers than investors acomemy, the investor can
make take-it-or-leave-it offers to the managers, whichimie the expected profit of the
investor. In doing so, she has to consider the managerkipation constraint. Letting
D denote the revenue generated by the manager, the expecfedfthe investor is then

BT = EtD—Etmax{O; a(D —ﬁ)} _s.

We restrict the parameter to be lower or equal to unity, since in the opposite case a
higher D can lead to a lower profit of the investor. In the extreme, & Wgh realization

of D could lead to bankruptcy of the investor under- 1. The manager will only accept
the contract if it fulfills

Etmax{O; a(D—ﬁ)}+52A, (18)

where A is the outside option of the manger (such as academia). $wece are more
managers than investors, the investor will choesg, andS such that the manager will
be at the limit of his participation constraint. This im@ithat equation (18) will hold
with equality. Inserting this result in the above profit ftioa yields F,11 = E,D — A.
Hence, the investor maximizes her profit by reaping the cetedurplus of the manager.
The relation betweefy, «, andj can be seen by rewriting (18) as

S=A+Q af—-a¢ (19)
with

Q :/@ f(D)dD and ¢:/5 Df(D)dD,

where the probability distribution ab is denoted byf (D). The risk-neutral manager
is indifferent between values &f, o, and 3, as long as this equation is fulfilled. The
risk-averse investor, however, has an incentive to mirgnttie variance of her profits in
the different states of the economy. To this end, let us tewhie expected utility of the

investor as

IB o0
EU(TT) - /0 U(D — S)f(D)dD + /5 U (D1 — o] + af — S) f(D)dD.

The investor maximizes this expression subject to (19)@and 1 andS > 0. Because
of her risk aversion, she tries to increase the profit in stai¢h a low realization oD,
relative to states with a high. Therefore she chooses= 1, S = 0, and resulting from
equation (19)
o—A
f=——
Q

The right-hand side falls from a large number, depending @n), for 5 = 0 to minus
infinity for 5 approaching infinity. Hence, a fixed point can be found. If blije is treated
as zero-probability event, we get a valueiok 1 + r.
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7 Conclusion

In our paper, there are two reasons why the price of an assetlevéate from its funda-
mental valueFirst, as also analyzed by Allen and Gale (2000), funds managersire
up the price of risky assets due to limited liability. Thi$eet is larger for riskier assets.
Seconda funds manager may be willing to spend more than the fundtaiealue on an
asset because she expects to earn even more when she safisdheSuch an increasing
bubble is more likely to emerge if the underlying asset iseatafe.

Our theory of bubbles is in line with some anecdotal evidebeging the dot-com bubble
(1998-2001), phantasies about the potential of internetsfivere exuberant. Possibly,
the asset prices of these firms were even more exaggerated theslimited liability of
traders. Hence, the traders’ limited liability let the egtdince appear as through a magni-
fying glass. When expectations became more realistictsagaees collapsed because the
correction of expectations was again magnified. This cotagegument follows thérst
explanation, hence it is especially reasonable for riskegs like the stock of dot-com
firms.

Following the “as-long-as-the-music-is-playing-youget-to-get-up-and-dance” expla-
nation for the recent U. S. housing bubble, managers boeghtisies because they thought
they could sell them at a higher price later, driving up mic€his argument follows the
secondexplanation, hence it is especially reasonable for fundaatly safe assets, like
real estate. Our model can make some proposals how to avoidbeibbles. One can
increase interest rate, implement a Taylor rule that reacsset-price developments, cap
bonus payments to fonds managers (if this is done the rigi},waintroduce capital re-
guirements for managers (intermediaries). Due to itsiveaimplicity, the model lends
itself to further discussions. For example, one could aersseveral assets, and discuss
whether a the collapse of a bubble in one market can be canmfpr the other markets.
One could plug bubbles into macro models and look at growfdces. Especially after
the recent burst of the housing bubble, the number of pasajiyplications seems vast.

A Appendix

Proof of remark 1. To see this, assume théatises and, falls such that the fundamental
valuep remains unchanged, hende- p (1 4 — ¢)/q. The steady state prigeis then

_ 14+7r—gq
p=p )
“1l+r—q-0(1-q

which depends negatively apn This implies that, for given fundamental valpgthe
steady state pricgwill be higher for more risky assets. |
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Proof of proposition 1. We have already argued that the probability that a bubblst®ur
increases with, or with p,. But, because; is an increasing function, a bubble is sustain-
able if and only if it is sustainable fgr, — oo. Hence, if (13) has a solution far, the
bubble is sustainable. Now consider the limiting case, iictvthe lineq (¢ — ) and the
curve” (1 +r — /) will only just touch. At the touching point, the slopes mustdgjual,
hence

(L+r=P)v¢"" =g,

which implies that the touching pointis= 3~/(v — 1). Substituting this solution into
(13), we find that the limiting case is reached at

By \” (B
(577) arr=n=a(27-9).
Some algebra yields (14). [ |

Proof of proposition 2.  Assume that a price process exhibits a bubble, angbthatp at
a datef, andp,. is distributed with distributior#(p,.1). Then, in a rational expectations
equilibrium,

0 D d
a(1+r—6)+5:/ Qi maX{ﬂ—ﬁ;O}dF(ﬁt+1)+Sa
0

ygs
1+7r— < _
Tﬁ :/ h(pi1) dF (pis1), Where (20)
0
v
- o P (P11 +d Y
h(pi+1) = max {ﬁlﬂ ( s ﬁ) ; 0}

is an auxiliary function. The,,; implicitly defined by (9) solves this equation for a
distribution that has probability mass only at one pint (and zero ang@). The question
is, from this three-point distribution, can we shift probiyp mass downwards such that
the above (20) still holds? The answer depends on the shap@.of ). Some analysis
shows thati(p;. 1) is zero up tg,.1 = 5 p; — d, then increases and decreases again. For
Pri1 — 00, It again approaches zero asymptotically. Now,if; were in the decreasing
part of i(-), the task would be easy. One could move some probability hoatbe p, , |

in the increasing part with(p,,,) = h(p.11), and the integral would be unchanged. If,
howeverp,,, is in the increasing part, then for any decrease of proligbilass one must
also increase the probability of some event better thanin order to keep (20). Now
maximizingh(-) yields

Bp—d
v—1

25:-4-1:7 > Bpy —d.

Sincep;, ; maximizesh(-), thep,, that equalizes the left and the right side of (20) must
be smaller. Consequently,, is in the increasing part df(-).
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As a result, for given;, any rational expectations price process must have a sughabr
exceeds the, ; from (9). This implies that, with positive probability, tipeice rise must
exceed that of the trinomial bubble process. As a conseguéino trinomial bubble
process exists, no other bubble process can exist neither.

On the other hand, if a trinomial bubble process exists, ansxample for a general
bubble process. As a consequence, (14) is the general wonébr the existence of
bubble processes in rational expectations equilibrium. |
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