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1. Introduction

Researchers have focused on the effects of asset bubbles on the aggregate economy
because of the recent boom and bust of asset prices and their association with business
cycles, e.g., Farhi and Tirole (2012), Martin and Ventura (2012), Miao and Wang (2018),
and Ikeda and Phan (2019). These previous studies emphasize asset bubble’s effects
along the intensive margin: bubbles stimulate firms” production (e.g., by relaxing finan-
cial constraint) without affecting the number of firms. However, asset bubbles are linked
to the values of firms, and therefore, entry and exit—the two most important decisions
for firms—are linked to the acquisition/loss of bubbles.

The current paper focuses on the effects of asset bubbles along the extensive margin:
asset bubbles affect the aggregate economy by influencing firms” entry and exit decisions.
Is the extensive margin a relevant transmission channel of asset bubbles? What are the
implications of asset bubbles for the distribution of firms? This study addresses these
hitherto unaddressed questions through a theoretical model, and provides empirical evi-
dence supporting the effects of asset bubbles along the extensive margin.

Theoretically, this study builds a heterogeneous firm model with endogenous entry
and exit, allowing for rational bubbles. The framework helps in analyzing the effects
of rational bubbles on real economic activities through firms” entry and exit decisions.
The model nests the standard bubble-less firm dynamics model as a special case. Firms
make entry (exit) decisions by comparing their value of operating in the market, which is
composed of a fundamental and a bubble component, with the entry cost (outside option
of exiting). Bubbles can influence decisions through their direct effects on firms” values.
Specifically, for bubbly incumbents (i.e., existing firms whose value carries a bubble com-
ponent), exiting the market leads to the loss of bubbles. In other words, bubbles act as an
exiting tax, making it unattractive for a firm to exit. For potential entrants, bubbles act as
an entry subsidy: ceteris paribus, the value of entering the market is higher because of an
asset bubble. Hence, bubbles stimulate new firms to enter the market.

The calibrated model confirms the relevance of bubbles’ effects along the extensive
margin. Particularly, the total number of firms and aggregate output increase after a
positive bubble shock (Result 1). Moreover, due to the extensive margin, the effects of an
asset bubble on real economic activities are slow-moving and hump shaped, whereas bubble
shocks affect asset prices on impact (Result 2).

Furthermore, bubbles have micro-level implications. Firms are heterogeneous in pro-
ductivity, capital, and bubble component. We compare the characteristics of bubbly firms
to their bubble-less counterparts along the balanced-growth path (BGP) in the model. On

average, a bubbly firm is characterized by lower productivity and is shown to accumu-
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late less capital than the corresponding variables of a bubble-less firm over the entire life
cycle. The underlying intuition is that bubbles act as an exit tax and thus prevent low-
productivity firms from exiting. Moreover, by acting as an entry subsidy, bubbles induce
low-productivity firms to enter the market; therefore, bubbly firms are less productive on
average, namely, the selection effect of bubbles. Consequently, bubbly firms accumulate
less capital.

Finally, the paper provides empirical evidence that is consistent with our model by
estimating a structural vector autoregressive (SVAR) model. Controlling for fundamental
shocks, such as productivity, monetary policy, and risk premium shocks, we construct
“bubble shocks" using the medium-run restriction, as pioneered by Uhlig (2003). The
medium-run restriction identifies “bubble shocks" as the shocks that, among unobserved
fundamental shocks that are not controlled for in the VAR, maximize the forecast error
variance decomposition of our proxy of the non-fundamental component at the frequency
of business cycles.!

Using this empirical strategy, we uncover that an expansionary "bubble shock" in-
creases the total number of firms by increasing the number of new firms and reducing
tirms’ exit rates. Moreover, while the "bubble shock" has peak effects on asset prices and
its non-fundamental component on impact (within a year), its effects on real economic ac-
tivities are slow-moving and hump-shaped. These empirical findings are consistent with
the effects of bubbles along the extensive margin that the model predicts, namely Result 1
and Result 2. In addition, this paper provides evidence that the identified "bubble shock"
is not confounded with fundamental shocks such as risk premium shocks, shocks to the
short-term interest rate, and credit supply shocks. Last but not least, we demonstrate that
bubble shocks can be a micro-foundation for empirically-identified news shocks.?

Literature Review. The study contributes to a growing body of literature on asset bubbles.
Caballero and Krishnamurthy (2006), Farhi and Tirole (2012), Martin and Ventura (2012),
Ventura (2012), Hirano and Yanagawa (2017), Miao and Wang (2018), Bengui and Phan
(2018), Ikeda and Phan (2019), and Biswas et al. (2020) argue that bubbles relax financial
constraints. Olivier (2000), and Queirés (2019) claim that imperfect competition in the
goods market also allows bubbles to boost real economic activities. The existing works
rely on market frictions for bubbles to boost real economic activities and focus on the

This paper uses the price-fundamental differential component and the non-fundamental component
interchangeably to denote the deviations of an asset’s price from its fundamental value. The fundamental
component is defined as the present value of future real dividends.

2See, e. g., Barsky and Sims (2011) and Kurmann and Sims (2021) for the effects of news shocks identified
by imposing the medium-run/max-share restriction on TFP.
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effects of bubbles along the intensive margin. We emphasize a hitherto unexplored chan-
nel that gives rise to the co-movement of asset prices and real economic activities even
in competitive markets. Moreover, we find the selection effect of bubbles through which
bubbles affect the distribution of firm-level variables, such as productivity and capital.

This study is related to previous studies that emphasize the macroeconomic implica-
tions of firm-level heterogeneity. Khan and Thomas (2008), Bachmann et al. (2013), and
Winberry (2020) study the implications of capital adjustment costs at the micro level for
the behavior of aggregate investment. Khan and Thomas (2013), Arellano et al. (2019),
and Ottonello and Winberry (2018) investigate the implications of financial frictions in
models with heterogeneous firms. Jaimovich and Floetotto (2008), Bilbiie et al. (2012), Lee
and Mukoyama (2015), Clementi and Palazzo (2016) and Sedlacek and Sterk (2017) find
that firm entry and/or exit justify important features of business cycles. In addition, Jer-
mann and Quadrini (2007) relate asset price booms to aggregate productivity gains in a
model with decreasing returns to scale and financial frictions. Our framework contributes
to this literature by generalizing a firm dynamics model, allowing for rational bubbles. In
our model, the bubble size is an additional dimension of firm heterogeneity. Through the
selection effect, we show that bubbles can affect the distribution of firm-level productivity
and capital.

The remainder of the paper is structured as follows. Section 2 provides a simple exam-
ple of the existence of rational bubbles. Section 3 introduces the full-fledged model, and
Section 4 presents the predictions of the model. Section 5 provides empirical evidence.

Finally, Section 6 concludes.

2. An Example of Rational Bubbles

This section provides a simple example to illustrate bubbles’ effects along the exten-
sive margin. We show that, bubbles stimulate the aggregate output and productivity by
increasing the number of firms even in the absence of market frictions.

2.1. Rational Bubbles

Setup. Consider a friction-less, small open economy with risk-neutral agents and a con-
tinuum of firms. Firm j produces using the technology y;; = q)jk;?‘t. ¢; denotes the idiosyn-
cratic productivity. Capital input kj; is predetermined and fully depreciates during the
production. Furthermore, the production process incurs a fixed cost ¢/. Firms produce an
identical product whose price is normalized to one.

We allow firms to enter and exit the goods market. First, there is a unit continuum

of potential entrants every period with the prospect of becoming firms in the subsequent
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period. Potential entrant j draws its productivity ¢; from differentiable distribution func-
tion ®(¢). Second, in every period before production, firms receive an i.i.d. exit shock
that destroys capital stock and forces firms to quit the market permanently, with the prob-

ability of 1 — p. The value of survivors/potential entrants is given by

Vir = maX{—kth + % <yjt+1 —cf+ Vjt+1> }, (1)

i1

where R > p denotes the gross risk-free interest rate. Solving Equation (1) forward gives

£ ) et B o) < m (D) e @
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We define investment payoff as 71j; = —kjr41 + £ (go]'k;’-‘T R cf > Potential entrants with
Vjt > 0 choose to enter the market, labeled as entrants.

Fundamental Component. The following equation is a popular assumption made in the
literature to exclude bubbles:
. pN\T
i () Voo =0, o
which is called the no-bubble condition. This condition implies that the value of a firm is
equal to the net present value of the investment payoff. Profit optimizing firms choose

investment policy function kj;,1 = k*(¢;) that satisfies the following first order condi-

tion: ka@ik*(¢;)*"! = 1. The corresponding maximized investment payoff is: 77*(¢;) =
a a 1
£ {(1 —a) (F)™* Q" - cf} . The associated output is y*(¢;) = (F)T* ¢; . Therefore,

under the no-bubble condition, a unique solution exists for the value of firms:

e R P ap\TE Ln ¢
VJf—FJf:R_p”Jt—R_p{(1—“)(§> ¢ "=, (4)

where F denotes a firm’s value under the no-bubble condition. We label F the fundamen-
tal value of firms.

Bubble Component. Other solutions to Equation (1) exist, insofar as we relax the no-bubble

condition (3). Consider the following solution:

Vie = Fj + Bjt, (5)



where F; is defined in (4) and Bj; follows:

Bo, Entrants
Bit=1q 1 (6)
» Bj;—1, Incumbents

where By > 0. The process (6) satisfies Bj; = %B]‘t+1. It is straightforward to verify that
Equations (5) and (6) indeed solve Equation (1). In Equation (5), the value of a firm is de-
composed into two components. The first component F represents the net present value
of investment payoffs, as defined in Equation (4). The second component Bj; is a pyramid
scheme. Hereafter, it is labeled as a bubble. Free-disposal required that By > 0. Note that
Equation (5) nests Equation (4) as a special case when Bj; =0, V1, ].

There exists a unique fundamental component F. However, since By can take arbi-
trary values, infinitely many processes exist for B; that are consistent with (6). Any so-
lution satisfying Equations (5) and (6) also satisfies the conditions that risk-neutral firm
owners have rational expectations and solve their problems optimally. Hence, bubbles
(Bjt) are labeled as rational bubbles in the literature. To rational investors, as Bj; = %Bjt+1,
the value of the bubble component Bj; is exclusively backed by the expectation of future
bubble Bj;, 1, instead of investment payoffs {an}:_O: -

Online Appendix A.2 shows that R < 1 is necessary to ensure the existence of a steady-
state equilibrium at which rational bubbles arise. We generalize this condition in an en-

vironment with a long-term growth trend in Section 3.4.

2.2. The Effects of Bubbles on the Aggregate Output and Productivity

Cutoff Firms. The bubble components attached to firms” values affect firms” entry deci-
sions; therefore, bubbles affect the number of firms in the market. Figure 1 illustrates the
two conditions that characterize the cutoff entrants. The upward sloping curve depicts

o 1
the investment payoff function, ie., 7= % {(1 —a) (F) 9 = c¢/|. The horizontal

line describes the reservation investment payoff under the Free Entry condition (FE): the

value of a cutoff entrant (V) is equal to zero

R
V=" By = 0. 7
“TR-p T+ By=0 (7)
Without a bubble component (By = 0), Equation (7) implies that 7N? = 0. The associ-
ated cutoff productivity is QN B A potential entrant enters the market if and only if its
productivity is higher than QN B,
In the presence of bubbles (By > 0), the FE condition (the dashed line in Figure 1) is
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given by 7'( + Bp =0, or equivalently, 7° = %BO. Bubbles shift the FE downward
and sub51dlze firm entry: cutoff entrants accept a lower investment payoff. Consequently,
the equilibrium cutoff productivity level is ¢?, which is smaller than ¢NB. That is, bubbles
lead to the entry of the firms that would not enter without bubbles.

Iy 9o :
Moreover, the average productivity at the steady state, @ss = fT is smaller in

(9)

the presence of bubbles since bubbles induce the entry of less productlve firms.>

Aggregate Output. At the steady state, the aggregate output is given by
R B _ b apyTE [T
Vo= [ydi= 1t [y toete) = 20 () [Cemsaete), @

where % i) (;o do(¢) =X ,p" [ ;o d®(¢) denotes the cumulative distribution function of
@ at the steady state. It can be inferred that bubbles stimulate the aggregate production by
reducing ¢. Intuitively, firms that would produce without bubbles still produce the same
amount in the presence of bubbles. In addition, more firms join the market and increase

the aggregate output along the extensive margin.

Aggregate Capital and Productivity. The aggregate output can be written in the form of the
aggregate production function

Yss - IIIssKgéS/ (9)
_p

1-p
sents the Solow residual, or the aggregate productivity at the steady state. We have

where Ky = (%) = f P wdq)((p) denote the aggregate capital stock and ¥ repre-

1—«
_&_ p 1—« /Oo %a
tu=2 = (15) L predd(p)| . (10)

Bubbles stimulate both the aggregate capital stock and the aggregate productivity through

lowering ¢. To better understand the effects of bubbles on aggregate productivity and aver-
- L

age productivity, it is sensible to rewrite the production function as y; = (q)}‘“ )1*"‘k".‘_ One

1
can interpret (p * as the intangible input and the modified production function displays

a constant returns to scale. Moreover, let ‘I’;; ¥ = (%) [ [ 0 qoﬂdcb(go)} denote the aggre-

gate stock of the intangible inputs. The aggregate stock of intangible inputs increases in
@: An economy with a smaller cutoff value is associated with more firms and, therefore,

3 A more formal proof is provided in Online Appendix A.3.
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more total/aggregate intangible inputs.

As is discussed above, bubbles induce the entry of less productive firms (¢f < ¢NB).
Therefore, the average productivity is smaller in the presence of bubbles. However, the
aggregate productivity (which is proportional to the aggregate stock of the intangible in-
puts) increases in the size of aggregate bubbles (Bj). These results are due to the effects of
bubbles along the extensive margin.

The rise in the intangible inputs raises the demand for capital, and lead to an increase
in the aggregate capital stock, K;, which further boosts the aggregate output.

Note that these results are not determined by the assumption that the supply of capital
is perfectly elastic. In Online Appendix A.4, we provide a similar example with an inelas-
tic input supply, where bubbles also stimulate the aggregate output and productivity.

These results are shared by the complete model presented in Sections 3 and 4. In this
stylized example, bubbles do not affect fundamental components F. However, in the
complete model, bubbles affect firms exit decisions and therefore, affect the fundamental

component of firms’ values.

3. Model

Our model builds on standard firm dynamics models with competitive markets. We
extend the existing models (e.g., Clementi and Palazzo 2016) by introducing a firm-level
bubble component. In the model, bubbles influence the firms’ selection mechanism. As a
tirm’s exit incurs the loss of bubbles, bubbles discourage incumbents from exiting. More-

over, prospective entrants are encouraged to enter the market to obtain bubbles.

3.1. Preferences

Time is discrete and the horizon is infinite. There is no aggregate uncertainty, and the
economy is populated with overlapping generations. In each period, a new generation of
individuals who live indefinitely joins the economy. A representative household i in the
new generation maximizes lifetime utility: Uy = Ej;) 7.y B Cit+r where f € (0,1) is the
discount factor and C;; > 0 denotes the consumption.

The size of a given cohort does not change after it is born. Moreover, the size of
every cohort is 1 + ¢ of the size of its predecessor. The new cohort’s size N; at t follows:
Ni11 = (1+ g) N;. Consequently, as the population is joined by cohorts of increasing size,
the size of the entire population also grows at the rate g.

3.2. Firms
Firms produce a homogeneous good in a perfectly competitive market. The produc-
tion technology features decreasing returns to scale: yj;; = Afgojtk;?‘t with « € (0,1). A;
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denotes the common productivity component that is identical across firms. ¢;; is an id-
iosyncratic productivity shock. kj; denotes the capital stock, which is predetermined. The
idiosyncratic productivity shock ¢;; follows a Markov process, log ¢jt 11 = plog @jt + €jt 11,
where p € (0,1) and j; ~ N (0,02) Vt, Vj.

Firms are owned by households. A firm’s equity is issued and traded in a frictionless
market. For each firm, we normalize the number of shares to one. Firms operate indefi-

nitely and are subject to endogenous exit. The start-of-period value of a firm is equal to

V(A ,k) = Apk® — of + max{V(A,u1,k),V* (k)}, (11)

where A includes aggregate state variables, y contains the idiosyncratic state variables
other than capital stock k, and ¢/ denotes a fixed operation cost. We suppress the sub-
scripts to reduce the notational burdens. A variable X’ denotes the variable X in the next
period. After production, the firms” owners decide whether or not to exit from the market
by comparing their value of continuation V¢ with the value of exit V*.

If firms exit, they divest all the capital stock, and the owners will then receive the scrap

value. Therefore, the value of exit is
VE(K) = (1 6)k— g (k0), (12)

where J denotes the depreciation rate during production and g (k,k’) denotes the cost of
adjusting capital stock from k to k’. The adjustment cost follows a standard functional

form:

b 2
¢ (kK = coll (K £ (1— )k} k+ ¢y <w> K 13)

where cg,¢1 € (0,1), and 1{k’ # (1 — 6) k} is the indicator function that equals 1 if firms
invest and equals 0 otherwise.

Firms continue to operate and invest if and only if V¢ (A, u, k) > V¥ (k). If a firm re-
mains in the market, the owners can trade the shares in a friction-less market and decide

how much to invest for future production. The continuation value of a firm is equal to
VE (A, k) = max { —I(k,K') + % / V(ALK dT (A WA ) } : (14)

where I(k, k') =k — (1 —6)k+ ¢(k, k'), J (A',1'|A, u) denotes the transition probability of
8 WA U p y



A and y, and R denotes the return on firm equity.* The factors that the vector  includes
depend on whether the no-bubble condition is imposed.

The Fundamental Component. Online Appendix A.5 shows that
Ve (A k) =F(Auk)+ B, (15)

Equation (15) is analogous to Equation (2): F¢ (A, u,k) is the net present value of expected
cash inflows 77 (A, 1, k)

/ 1 X / I 1 ! 1\« !,/
7 (A K) = 1K)+ [VF () a] (Voam) -+ [ [A9/0) = ef ]y (W4, m)
\IJ/

where ¥' = {(\, 1)) |V (N, 1/, k') < V¥ (K')}, and k' follows the optimal decision rule. We
label F¢ (A, u,k) as the fundamental component of the continuation value V° (A, u, k). We
label the difference between the continuation value and its fundamental component, B,
bubble component.

A popular assumption to exclude bubbles in the literature is to impose B = 0, which
is also called the no-bubble condition. Under this assumption, a firm’s value solely con-
sists of its fundamental component. In this scenario, the idiosyncratic state u consists of
the idiosyncratic productivity shock ¢. We relax this assumption in the study. Conse-
quently, the bubble component of the V¢ (A, i, k) arises, and the firm-level bubble compo-

nent emerges as a new idiosyncratic state variable.

The Bubble Component. Hereafter, the no-bubble condition is relaxed. Following the stud-

ies on the rational bubbles, this paper models B as a a pyramid scheme:

1

B=r [ Bl (V1A m), (16)

where @' = {(A, /) |[VE (A, u', k') > V*(K')}. Online Appendix A.6 verifies that (16) is
consistent with (15). Only the bubbles of surviving firms are tradable. Bubbles can be
considered as assets without intrinsic value: the assets that do not generate cash inflows.
The size of a bubble depends solely on the expectation of its future size. This paper
assumes free disposal of bubbles such that B > 0. The solution under the no bubble con-

dition V¢ (A, u,k) = F° (A, k) is a special case when B = 0 for all firms in each period.

“Households are risk-neutral, and therefore the equity market clears only if all firms have the same
expected return.

10
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We assume that bubbles are stochastic and subject to investor sentiment shocks. Bubble-
less firms (B = 0) continue to be bubble-less in subsequent periods. Regarding a bubbly
firm (B > 0) that does not exit the market, its bubble component can collapse (hit by
a negative sentiment shock) with a probability 1 — p”. With probability p?, the bubble
component rolls over. Firms are subject to the negative sentiment shock with a common
probability. However, the realization of the bubble crashes is independent across firms.

Among those firms whose bubble components carry over to the next period, we assume

-1
that their bubble components evolve according to B’ = <% pP e (A K )) B; thus, the
process that governs the dynamics of the bubble component is

0, with probability 1 — p®
B — { P y P (17)

(l. b. 0 A~ . . b
R'Pp (/\,}l,k)> B, with probability p

where p° (A, 1, k') = [o,d]° (A, 1! |A, 1) . J° (A, 1’| A, 1) denotes the transition probability of
A and u conditional on the roll-over of the bubble component. p° (A, u,k’) is the survival
probability if the firm does faces no bubble crash in the next period.

The discounted value of the next period’s bubble is equal to

1

o o BT (3 1Am)

1 /(1 !
Pz ] (E PP (Mbk’)) Bd]* (A',p'|A, 1) = B.
(D/

Hence, Equation (17) guarantees Equation (16) to hold. The process (17) ensures that the
bubbles are consistent with investor optimality and rational expectations while maintain-
ing the model’s tractability. As in Gali (2014) and Martin and Ventura (2016), bubbles
follow a “backward-looking” process so that the size of future bubbles (if bubble crashes
do not occur) can be specified, given the current bubble size. The “backward” feature of
the process facilitates our analysis because we can record the dynamics of bubbles on a
given route.’

A key feature of (17) is the idiosyncratic bubble crashes. Hence, our model allows
for the coexistence of bubbly and bubble-less firms. Equation (17) also implies that the
growth rate of bubbles is increasing in the probability of a bubble crash and firm exit.
Intuitively, bubbles must grow fast enough to compensate for the possible loss if firms

are likely to exit or if bubbles are likely to crash. Alternative processes of bubbles con-

5In contrast, Farhi and Tirole (2012), Miao and Wang (2018) characterize the size of bubbles through
forward-looking solutions.
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sistent with investor rationality exist. However, these alternative processes do not affect
the existence of bubbles’ effects along the extensive margin and the selection effects of
bubbles emphasized in this study. Our approach is a simple method for incorporating

idiosyncratic bubble crashes.®

Discussions. We now discuss three features of the model. First, by relaxing the no-bubble
condition, idiosyncratic states y of a firm include the size of its bubble B, in addition to
idiosyncratic productivity ¢. To confirm this feature, recall that firms exit if V¢ (A, p, k) <
V¥ (k). Bubbles enhance the value of continuation and reduce the probability of firms
exiting.

Note that the model could be solved by imposing/assuming that the policy function
and value functions do not depend on B, as done conventionally in the literature of firm
dynamics. Such a solution is valid. However, this is equivalent to imposing the no-bubble
condition.” This study relaxes the no-bubble condition and focuses on the case with B > 0.

Second, studies on rational bubbles focus on discrete aggregate bubble shocks: shocks
that shift the entire economy between a bubbly state and a bubble-less state.® In our
model, bubble shocks can be captured by continuous changes in p’. A decrease in p"
implies a lower likelihood to roll over the bubble component. If p” drops to 0, the entire
economy shifts to a bubble-less state. In Section 4, we study the transition dynamics
(perfect-foresight equilibrium paths) following unexpected changes in p".

Finally, bubbles in our model can affect the real economic activities only through their
effects on firm entry and exit. Bubble components would have no real effects if one shut

down entry and exit in the model.

3.3. New Cohorts and Firm Entry

Only newborn households have the opportunities to create new firms. We assume that
each individual of the new generation has access to a unit continuum of projects. Projects
can become firms that eventually produce. These projects are called potential entrants. The
problems of potential entrants are similar to that of incumbents: they choose whether
to produce in the following period, that is, to enter the market or not. If they decide
to produce, they choose the amount of investment. Each potential entrant has its own
realization of productivity and bubble. A potential entrant’s productivity is drawn from

6As stated by Gali (2014) and Martin and Ventura (2018), how to choose the process is still debated.

"For example, recall that in Section 2, if V is expressed as a function of ¢, there exists a unique solution
to Equation (1), the fundamental component F(¢). However, if V is expressed as a function of ¢ and By,
then V; = V(¢,B;) = F(¢) + B; with By = %B1.

8See, e.g., Martin and Ventura (2012) and Miao and Wang (2018).
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the distribution ¢; ~ log N (—m\/%, %) , where m captures the possible difference
-p

between the initial productivity draw and the idiosyncratic productivity process.” We
assume that the investors are optimistic about a potential entrant with probability p’—the
same parameter that governs the survival of existing bubbles: an increase in p” not only
renders incumbents more possibly to remain bubbly, but also makes potential entrants
more likely to become bubbly. If investors are optimistic, the potential entrants receive an
initial bubble By before their entry.

Analogous to incumbents, potential entrants can only issue tradable equity if they
decide to produce in the subsequent period. Potential entrants enter the market if and
only if the value of entry is non-negative: V° (A, ) > 0. Potential entrants start with zero

capital stock. Hence, the value of entry is:
V(A u) =V (A u0). (18)

Following (15), the value of entry can be decomposed into the sum of a fundamental and
bubble component. The latter is equal to By or 0 depending on the realization of market

sentiment. We define entrants as the potential entrants who decide to enter.

3.4. Bubbly Equilibrium

A dynamic equilibrium consists of value functions, decision rules, prices, and the mea-
sure of firms, which satisfy the optimality conditions of firms and households, and clear
all markets. Besides, in equilibrium, the measure (number) of firms’ law of motion is
consistent with the decision rules of investment, entry, and exit. Online Appendix A.7
introduces a formal definition of equilibrium.

One can characterize the equilibrium path for a given pair of p® and By, which are
exogenously determined. Online Appendix B describes the solution method to obtain
the equilibrium path. Section 4 calibrates the BGP and studies the transition dynamics.
Along the BGP, the relative composition of firms remains stable, while the total amount

of firms increases at rate g.

R along a BGP. Along a BGP, the equilibrium investment return on equity is given by
R = B~ 1. R cannot be smaller than f~!, otherwise the equity market cannot clear because
no one holds shares. To better understand the result, consider an off-equilibrium scenario
when R < B71. In this scenario, every one would sell off firms, depressing the share

9 Although potential entrants draw productivity, they do not produce prior to entry. One may label the
initial draw as the advance information about future productivity upon entering the market.
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price, until the investment return is restored to R = ﬁ_l. Moreover, R cannot exceed
,3_1, otherwise no one ever consumes and the transversality condition is violated. Online
Appendix A.8 provides the mathematical proof.

The Existence of a Bubbly BGP. Next, we discuss the condition under which a bubbly BGP is
sustainable. At the firm-level, no upper bound exists for the size of bubbles, as indicated
by Equation (17). However, the existence of a bubbly BGP requires that the aggregate
bubble must be bounded relative to the aggregate output. Otherwise, the economy would
eventually deplete its resources. Thus, we have the following proposition.

Proposition 1. There exists a bubbly BGP only if p > @.
Proof. See Online Appendix A.9. O

Online Appendix A.9 shows that the entry and exit feature of the model does not affect
the growth rate of the aggregate bubble from continuing incumbents, which is equal to R.
Endogenous exit affects the growth rate of bubbles at the micro-level. Specifically, due to
the possibility of firm exit, rational expectation requires firm-level bubbles to grow faster
than R: see Equation (17). At the aggregate level, owing to idiosyncratic bubble crashes
associated with firm exits, the aggregate bubble from continuing incumbents grows at
the same rate as the expected investment return, R. A BGP is sustainable insofar as the
output growth rate exceeds the expected investment return.

Proposition 1 provides a necessary condition for rational bubbles to exist along a BGP.
The existence of the BGP and transition paths are verified numerically for the quantitative
model. Specifically, we verify that the computed equilibrium paths satisfy the definition
in Online Appendix A.7, and the relative distribution of firms converges to a unique sta-

tionary distribution for given parameters.

Dynamic Inefficiency. This paper focuses on a bubbly economy where g > @. Dynamic
inefficiency is a concept that is closely related to the bubble existence condition (Proposi-
tion 1). An economy is dynamically inefficient if it is possible to make one generation
better off without making another generation worse off.

Online Appendix A.10 demonstrates that the BGP is dynamically inefficient and it is
always possible to make a Pareto improvement by persistently transferring consumption
from young generations to old generations. As is well known, bubbles are sustainable

and potentially welfare-improving in a dynamically inefficient econorny.10

105amuelson (1958) and Tirole (1985) are two pioneers formalizing this idea.
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Welfare. We define social welfare as the sum of the lifetime utility of all living households
Uu; = f Ujdi, where Uy = Ej Y22 B Cit+r. We have the following proposition

Proposition 2. The social welfare at time t is given by

U; :/V(/\t/,ut/kt)dﬂtp (mt,ke) +/Ve (A, pe) dxe (pe),

where ] denotes the cumulative measure of producing firms, and x; denotes the cumulative mea-
sure of entrants.

Proof. See Online Appendix A.11. O

The social welfare at time ¢ is equal to the aggregate wealth held by living individuals
at time #; note that the wealth contains bubbles. An increase in bubbles would improve
social welfare as long as it raises the aggregate wealth.

Online Appendix A.1 discusses the model’s assumptions.

4. Results

Calibration. This paper calibrates the model on a BGP. Table 1 presents the parameter
values. The model is in annual frequency. Panel A lists the pre-assigned parameters. This
paper sets the discount factor = 0.98, the decreasing returns to scale « = 0.65, and the
capital depreciation rate § = 0.1. The processes of the idiosyncratic productivity shocks
are calibrated to the estimates provided by Imrohoroglu and Tiizel (2014): p = 0.7 and
o = 0.38. The growth rate g is set to 2.81%, which corresponds to the average growth rate
of real GDP in the United States between 1976 and 2019.

Panel B reports the remaining parameters calibrated to minimize the distance between
the selected targets and their model-implied counterparts. First, using data from the Busi-
ness Dynamics Statistics, this paper targets the share of new establishments, and those of
age 4. These two moments are related to business dynamism and firm life cycles.!! Sec-
ond, this paper targets PE ratios and consider two groups of firms in Compustat: firms
above the 75th percentile of assets and those below. We treat the groups as two portfolios
and calculate their average PE ratio between 1976 and 2016.!> The model matches the
two moments with the corresponding PE ratios for the firms that have survived at least

we calculate the shares of tradable firms, i.e., the firms that exist at the end of a period.

12Firms’ earnings can be negative in the data, which distorts the ranking of the PE ratio as a proxy for the
degree of over-value of a firm. In the calculation of the two PE ratios, observations with negative earnings
are excluded. In the calibration of the model, the same filter is applied.
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20 years. Finally, this paper targets investment-related moments, including the average
investment rate, inaction rate, and dispersion of investment rate, as reported by Zwick
and Mahon (2017).!% Table 2 reports the targeted moments in the data and the counter-
parts generated in the model. Overall, the model fits the selected moments well, except
that the calibrated model underpredicts the PE ratio of big firms. However, the model

matches the qualitative pattern in the data that the PE ratio decreases in size.

4.1. Firms’ Life Cycles

Figure 2 plots the evolution of the exit rate, productivity, and capital of an average
firm by age. We plot the life cycles of an average bubbly and bubble-less firms. Bubbly
tirms refer to those firms whose asset prices exceed their fundamental values. For both
groups of firms, their capital and productivity increase in age. Therefore, older firms are
less likely to exit.

Within an age cohort, an average bubbly firm features a lower exit rate, less capital,
and a lower productivity across the entire life cycle than the respective variables of an
average bubble-less firm. These results reflect that bubbles encourage the entry of the
firms that otherwise would not enter the market without bubbles. Furthermore, with an
asset bubble, firms have less incentive to exit. Consequently, bubbly firms are, on average,
less productive and they accumulate less capital over the life cycle.

Online Appendix C.1 shows that in the model, conditional on idiosyncratic states ¢
and k, bubbles barely affect the investment decision. Therefore, the difference in capi-
tal stock between bubbly and bubbleless firms is explained by the selection effect that
changes the productivity distribution of firms rather than the effects along the intensive

margin.

4.2. Impulse Responses Functions

We now analyze the impacts of a bubble shock. To this end, we feed in an unexpected
innovation to p at t = 0, and the innovation decays at the rate pp = 0.5.1% The economy is
assumed to return to its steady state (BGP) at t = 100. The IRFs are then computed under
the perfect foresight assumption, as the deviation from the BGP.

Figure 3 plots the IRFs of selected variables. First, the positive bubble shock raises the
aggregate equity value; the latter is equal to the social welfare according to Proposition 2.

13These moments can be found in Zwick and Mahon (2017)’s Appendix, Table B.1, Balanced Sample. To
mimic their balanced sample, model moments are computed from firms that are alive for at least 12 years
(the time dimension of their balance panel data) in the simulated panel data.

4Results are robust for using alternative values of pp €1[0,1).
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Second, the positive bubble shock stimulates the aggregate output, the aggregate capital
stock, and the aggregate TFP (in natural logarithm: tfp = y; — aky).

As demonstrated in Section 2.2, firms that otherwise would exit or not enter the mar-
ket without a bubble shock contribute positively to the aggregate stock of intangible in-
put, which is proportional to the aggregate TFP. The rise in the intangible input also stim-
ulates physical capital investment and ultimately raises the aggregate output.

Bubble shocks affect real economic activities along the extensive margin. An increase
in the total number of firms results from declining exit and increasing entry (Figure 3). In
the presence of bubbles, firms have more incentive to enter the market and are less likely
to exit. Interestingly, the entry rate shows an overshooting pattern because, in response
to an expansionary bubble shock, there is a faster increase in the number of entrants than
in the total number of firms in the short run but slower in the medium-run.

Finally, the bubble shock shifts the distribution of firms. Particularly, the average firm-
level productivity declines. This result is due to the selection effect of bubbles: a bubble
shock increases the fraction of bubbly firms that are less productive on average.

The IRFs are slow-moving and hump-shaped, and the effects of a bubble shock slowly
build up even if the shock vanishes. Two reasons explain these features. First, the bub-
ble shock increases the mass of less-productive firms because of the selection effect of
bubbles. Less-productive firms grow faster than their more-productive counterparts in
subsequent periods because of the mean-reverting feature of idiosyncratic productivity.
Hence, increasing the mass of less-productive firms on impact precedes a further pro-
tracted increase in the aggregate production. Second, in the model, bubbles, once created,
take time to vanish (a bubble collapses with probability p?). As a result, through the ex-
tensive margin, bubble shocks exert slow cumulative effects on the number of firms over
time. Online Appendix C.2 presents a decomposition exercise to study how firm entry
and exit contribute to the aggregate output’s slow-moving and hump-shaped impulse

responses.

5. Empirical Evidence

Section 5.1 constructs a proxy for the fundamental component (and the corresponding
non-fundamental component) of the asset prices. Section 5.2 discusses the identification
strategy. Section 5.3 presents empirical findings.

5.1. A Proxy for the Fundamental Component

We study the portfolio of the top 500 firms (S&P 500) listed in the United States. The
exact composition of this portfolio changes over time without affecting the representa-
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tiveness of this asset. Let P; denote the value of the portfolio that yields a stream of
dividend (D;). As discussed previously, the value (price) of such a portfolio can be de-
composed into a fundamental component (F;) and a bubble component (B;), i.e., Py =
F; + B;. The fundamental component is the net present value of future dividends: F; =
E; {220:1 <H§’;01 At+]-> Dt+]}, where Ay ; is the discount factor. Log-linearizing the pre-
vioues equation leads to

ftzCJré(%)h Kl—%) E{diinir} — Eedresnt|, (19)

where a variable in lower case denotes its log value and r; denotes —log(A;). T and R
denote the growth rate of dividend and 1/ A; in the steady state, respectively. This paper
uses the price-fundamental differential component and the non-fundamental component
interchangeably to describe the term: p; — f:.

Our identification of "bubble shocks" relies crucially on the measure of the price fun-
damental differential component; however, the fundamental component f; is not directly
observed in the data. Following Gali and Gambetti (2015), we construct a proxy of this un-
observed component using VAR forecasts, and thus obtain a proxy for the corresponding
price-fundamental differential component. We consider a VAR consisting of the follow-
ing variables: TFP, real GDP (y;), real dividend (d;), real stock price (p;), real interest rate
(rt) and the total number of firms (N;). The choice of variables contained in our VAR is
motivated by our theoretical model.

Let Y; = [TFP, yi, dy, pt, 14, Nt]/, the reduced form representation of our VAR model
is Y; = B(L)Y; + U;, where L is the lag operator and B(L) is the matrix of lag order poly-
nomials. Using the VAR'’s forecasts as the empirical proxies for Ei{d;,,} and Ei{r;i1},
the construction of a proxy for the fundamental component according to (19) is straight-
forward. Figure 4 plots the decomposition of the S&P 500 based on the estimation of our
VAR.' Online Appendix F provides the details regarding the source and sample coverage
of the data set used in this study. In Online Appendix G, we demonstrate that the linear
VAR adopted in this paper is a good approximation of our non-linear model introduced in
Section 3. Specifically, using the data simulated from the theoretical model discussed in
Section 4, Online Appendix G provides a simulation exercise illustrating that the proxy for
the fundamental component constructed based on the VAR mimics the true fundamental

15The estimated price-fundamental differential component captures the well-known dot-com (around
2000) and housing bubble episodes (around 2008). The Online Appendix D discusses and shows that the
constructed price-fundamental differential component is highly correlated (0.91) with the recent estimate
provided by Hanson (2022).

18



in the model.

5.2. The Identification of "Bubble Shocks”

This section constructs the "bubble shocks" using the medium-run restriction, as pi-
oneered by Uhlig (2003). In the literature, the medium-run restriction is widely used to
identify news shocks (Barsky and Sims 2011).

The "bubble shocks" are identified as the shocks that maximize the forecast error vari-
ance decomposition (FEVD) of the constructed price-fundamental differential (p; — f;) in
the subsequent H periods, controlling for productivity shocks (unanticipated and antic-
ipated shocks in the near future) in the baseline; selected structural shocks such as risk
premium shocks, and credit supply shocks, and shocks to the short-term interest rate in
robustness checks. The identification strategy assumes that: fluctuations in our proxy
of the non-fundamental component are mainly driven by bubble shocks; fundamental
shocks, particularly the ones that are not controlled for in the VAR, have limited impacts
on the proxy of the non-fundamental component. Online Appendix E provides in-depth
discussions of the identification issue and the construction of the "bubble shocks".

We control for anticipated productivity shocks (news shocks) up to 3 years ahead, and
H is set to be 40. The number of lags is chosen to be 4. % is calibrated to 0.98 in the

empirical analysis. Results are robust to alternative calibrations of %

5.3. Results
Figure 5 plots the identified "bubble shocks". The shaded areas indicate the five reces-

sions occurring in the sample. Each recession is associated with a big negative "bubble
shock". More specifically, negative "bubble shocks" have contributed to the collapse of the
dot-com and housing bubbles that are observed in Figure 4.

Figure 6 reports the impacts of positive "bubble shocks" on the aggregate economy
in our baseline. Following Kilian (1998), this paper constructs standard errors from 2000
bias-corrected bootstraps. The shaded areas indicate the 95% confidence bands. Two
features should be highlighted from these IRFs. First, a positive "bubble shock" has ex-
pansionary effects: it has positive impacts on real asset price, real GDP, and the aggre-
gate TFP. Second, while the "bubble shock" has peak effects on asset prices and its non-
fundamental component on impact (within a year), its effects on real economic activities
are slow-moving and hump-shaped. These results are consistent with the effects of bub-
ble shocks in the model.

More importantly, the transmission of "bubble shocks" in the data along the extensive
margin is relevant: a one standard deviation "bubble shock" increases the total number of

tirms by roughly 0.5%, persistently.
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To better understand the effects of "bubble shocks" along the extensive margin, this
paper estimates the responses of other measures of firm dynamics to "bubble shocks".
Particularly, we include the number of new firms, the entry rate, the number of exiting
tirms, and the exit rate into the empirical analysis. To avoid the curse of dimensionality,
one variable of firm dynamics is included at a time. The red lines and the shaded area
in Figure 7 show how the "bubble shocks" affect other measures of firm dynamics. Each
row reports the results estimated from a separate SVAR model. The first row in Figure
7 reports the IRFs of the selected variables estimated from the baseline VAR considered
earlier, and these results have been discussed before. They are repeated in Figure 7 to
facilitate comparisons. The last four rows report the results estimated from separate VAR
models by replacing the total number of firms by the number of new firms, the entry rate,
the number of exiting firms, and the exit rate, respectively. The "bubble shocks" are nor-
malized to have unit positive effects on real GDP at the horizon 10. The real effects of
"bubble shocks" on real GDP revealed in the baseline are robust to alternative specifica-
tions.

Figure 7 demonstrates that in a boom driven by our identified "bubble shocks", both
the total number of firms and the number of new firms increase. While the number of
new firms increases in the short run, the increase in the total number of firms is more
persistent in the medium-run. Therefore, the entry rate increases in the short run and
declines persistently in the medium-run. The exit rate decreases. The total number of
exiting firms decreases in the short run, followed by a persistent increase in the medium-
run. The last result is driven by the rise in the total number of firms: holding the exit
rate constant, an increase in the total number of firms leads to a higher number of exiting
tirms.

Figure 7 plots the predictions of the model (blue lines) together with the empirical
tindings (red lines). We introduce bubble shocks in the model such that the response of the
real GDP in the model matches those estimated in the data (left column, Figure 7). Then,
we compare the IRFs of firm dynamics variables to a bubble shock in the model to the
counterpart estimated in the data in response to the "bubble shock" (right column, Figure
7). The empirical IRFs are constructed with estimation uncertainty: confidence bounds.
For comparison, we compute two sets of IRFs from the model. The blue dashed lines re-
port the responses to a, relatively big, bubble shock that matches the upper-bound effects
on real GDP revealed in the data. Similarly, the blue dash-dotted lines are constructed
by shocking the model economy with a, relatively small, bubble shock that matches the
lower-bound effects on real GDP revealed in the data.

The blue lines (model’s predictions) in Figure 7 overlap with the red shaded area
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(data). Specifically, the IRFs of firm dynamics variables to a bubble shock in the model
qualitatively and quantitatively match the IRFs to the identified shock in the data.

Simulation Exercises that Connect the SVAR to the Model. Simulation exercises conducted in
Online Appendix G demonstrate that applying the medium-run restriction to the data
simulated using the model uncovers the true IRFs in Section 4.2. Those IRFs are compa-
rable to their empirical counterparts in Figure 6; however, conducting the same exercise
using the data simulated from the model without bubbles fails to produce the empirical
tindings presented in Figure 6.

Bubble shocks do not affect TFP on impact; however, through the extensive margin,
the total number of firms increases persistently after a positive bubble shock resulting
in delayed and prolonged responses of TFP and real GDP. These dynamics mimic the
effects of news shocks, as shown in Barsky and Sims (2011) and Kurmann and Sims (2021).
The latter is defined as shocks that have no impact effects on current TFP but significant
effects on future TFP. Therefore, bubble shocks can be viewed as the source of empirically-
identified news shocks. The following simulation exercise verifies this interpretation.

Barsky and Sims (2011) and Kurmann and Sims (2021) identify news shocks by ap-
plying the medium-run/max-share restriction: news shocks most explain fluctuations
in future TFP.'® Applying this identification strategy to model simulated data identi-
ties bubble shocks, as shown in Figure 8, which plots the IRFs to a bubble shock in the
model, and the estimated IRFs (based on simulated data) to a shock identified according
to the news shock identification strategy. The estimated IRFs capture the effects of bubble
shocks. This finding suggests that, potentially, bubble shocks can be a micro-foundation
for empirically-identified news shocks.

Robustness Checks and Additional Results. Online Appendix D.2 demonstrates that the base-
line empirical findings are robust to alternative specifications that control for risk pre-
mium shocks, monetary policy shocks, and credit supply shocks, separately.

Online Appendix D.3 presents additional evidence that supports the relevance of the
effects of bubbles along the intensive margin emphasized by, e.g., Farhi and Tirole (2012),
Martin and Ventura (2012), Miao and Wang (2018), and Ikeda and Phan (2019). More-
over, we present evidence that the effects of bubbles along the extensive margin play a
dominating role in the information sector during the dot-com boom burst episodes.

16The max-share restriction maximizes the share of contribution of a shock at one specific horizon in the
future. The results presented in this section are robust to using the max-share restriction.
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6. Conclusion

A heterogeneous firm model with endogenous entry and exit is generalized to allow
for the existence of rational bubbles. The framework introduces a new transmission chan-
nel through which asset bubbles affect real economic activities. Bubbles have both micro-
and macro-level implications. At the firm-level, this study shows the selection effect of
bubbles: low-productivity firms enter/stay in the market due to the presence of bubbles.
At the aggregate level, we emphasize the effects of bubbles along the extensive margin:
an increase in the aggregate bubble enhances real economic activities by increasing the
number of new firms and decreasing the exit rate. Basing on a SVAR model, we provide

empirical evidence that supports the effects of bubbles along the extensive margin.
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Table 1: Model Parameters

Panel A: Fixed Parameters

Parameter Description Value
b Decreasing returns to scale 0.65
1Y Idiosy. shock persistence 0.70
o Idiosy. shock volatility 0.38
) Depreciation rate 0.10
B Discount factor 0.98
g Growth rate 2.81%

Panel B: Calibrated Parameters

Parameter Description Value
m Mean shift of entrants’ prod. 1.63

By Initial bubble component 443.57
cr Fixed cost of production 15.57

Co Fixed adjustment cost 8.60-10~4
c1 Variable adjustment cost 0.039
p? Surviving probability of a bubble 0.92

Note: This table reports the calibrated parameters.

Table 2: Calibration Targets and Model Fit

Moment Data Model
Share of new establishments 0.087  0.077
Share of four-year-old establishments 0.045 0.056

PE ratio of firms above 75th percentile of assets 16.36  8.50
PE ratio of firms below 75th percentile of assets 18.93  20.25

Investment inaction rate 0.237 0.220
Average investment rate 0.104 0.141
Standard deviation of investment rate 0.160 0.138

Note: This table reports the targeted moments used to calibrate the model and the model fit.
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Figure 1: Bubbles and the Cutoft Productivity
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Note: This figure plots the investment payoff function and the free entry condition (with and without bub-
bles) that pin down the cutoff productivity.

Figure 2: Firms’ Life Cycles
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Note: This figure plots the evolution of the exit rate, productivity and capital of an average firm by age.
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Figure 3: Impulse Responses to a Bubble Shock in the Model
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Note: This figure plots the IRFs to a positive bubble shocks in the model. The shock is normalized to increase

the aggregate wealth on impact by 1%.
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Figure 4: S&P 500 and its Decompositions
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Note: This figure plots the evolution of the real value (in log) of Standard and Poors (5&P) 500 Index (solid
black line with the y-axis on the left-hand side) together with its decomposition (with y-axis on the right-
hand side): the fundamental component (dash-dot blue line) and the price-fundamental differential (dash
red line). The fundamental component is constructed as the present value of future real dividends, where
expected future dividends are constructed in real-time using forecasts based on a vector autoregressive
model. Authors” own calculation.
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Figure 5: Identified Bubble Shocks
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Note: This figure plots the identified "bubble shocks". The shaded area indicates the five recessions occurred
in the sample.
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Figure 6: Impulse Responses to a Bubble Shock in the Data
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Note: This figure plots the impulse response functions to a one standard deviation "bubble shock" estimated
based on the baseline SVAR. The shaded areas indicate the 95% confidence bands.
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Figure 7: Impacts of a Bubble Shock on Firm Dynamics Variables
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Note: This figure plots the IRFs to positive bubble shocks in the model (blue lines) together with the es-
timated IRFs from the data (red lines). The first row reports the IRFs estimated from the baseline VAR
considered in Section 5.1. The last four rows report results estimated from separate SVARs, replacing the
total number of firms by the number of new firms, the entry rate, the number of exiting firms, and the
exit rate, respectively. The shaded areas indicate the 95% confidence bands. The blue dashed lines report
the responses to a, relatively big, bubble shock that matches the upper-bound effects on real GDP revealed
in the data. Similarly, the blue dash-dotted lines are constructed by shocking the model economy with a,
relatively small, bubble shock that matches the lower-bound effects on real GDP revealed in the data.
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Figure 8: Bubble Shocks and Empirically-identified News Shocks
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Note: This figure plots the true IRFs to a positive bubble shocks in the model (blue dashed line) together
with the estimated IRFs by applying news shocks’ identification strategy to the simulated data (red lines).
The solid red line indicates the median of the estimated IRFs from 1000 simulations. The dotted red lines

represent the 90% intervals out of the 1000 simulations. Each simulated data set consists of 160 periods—
the same sample length as in the data.
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