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Speculative Bubbles in the S&P 500:
Was the Tech Bubble Confined to the Tech Sector?
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Abstract

This study tests for the presence of periodically, partially collapsing speculative bubbles in the sector
indices of the S&P 500 using a regime-switching approach. We also employ an augmented model that
includes trading volume as a technical indicator to improve the ability of the model to time bubble
collapses and to better capture the temporal variations in returns. We find that well over half of the
S&P 500 index by market capitalization and seven of its ten sector component indices exhibited at
least some bubble-like behavior over our sample period. Thus the speculative bubble that grew in the
1990s and subsequently collapsed was surprisingly pervasive in the US equity market and it affected
numerous sectors including financials and general industrials, rather than being confined to
information technology, telecommunications and the media. In addition, we develop a joint model for
cross-sectional contagion of bubbles across the sectors and we examine whether there is evidence for

bubble spillovers.
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1. Introduction

Equity markets have historically enjoyed periods of spectacular growth in prices followed by rapid
reversals. Such phenomenal price movements have motivated the development of asset-pricing models that
try to explain the evolution of prices as well as to produce profitable forecasts for investment decisions.
Nevertheless, many of these models often fail to predict the movement of prices in financial markets
accurately, especially in times of high volatility in asset returns. This failure is sometimes attributed to an
inability of these models to capture ‘fundamental values’ accurately. Other researchers claim that, in certain
periods, fundamental values seem to be irrelevant in the pricing of financial assets. The behavior of stock
market prices prior to the 1929 and 1987 stock market crashes are the most frequently cited examples of
such periods of fundamental value irrelevance (see for example White (1990), Rappoport and White (1994),
Shiller (2000)). The evolution of stock market prices in these two periods has inspired the search for other
factors, beyond fundamentals, that might affect market prices and thus cause their ‘apparent’ deviations
from fundamental values. One possible explanation for these deviations is the presence of speculative
bubbles.

Following Shiller’s (1981) seminal paper, several indirect and direct methodologies have been developed to
test for the presence of bubbles in equity, currency and commodities markets and in monetary data. Indirect
tests are based on the identification of bubbles through an examination of the distributional properties of
actual prices (or returns) and fundamental values (see for example Shiller (1981), LeRoy and Porter (1981),
Blanchard and Watson (1982)), through tests for cointegrating relationships between actual prices and
fundamental values (see Meese (1986), Campbell and Shiller (1987), Diba and Grossman (1988a), Hall et
al. (1999)),! or through an examination of the specifications of the present value relationship and the actual
relationship between prices and dividends (see Meese (1986), West (1987), Dezhbakhsh and Demirguc-
Kunt (1990)).

Since indirect tests are usually a joint test of bubble absence and of the validity of the present value model
(see Kleidon (1986a,b), West (1988)), they are usually argued to provide only ‘hints’ of bubble presence
and not proof. Direct tests by contrast examine the presence of specific forms of speculative bubbles by
identifying the presence of bubble-like behavior in financial and macroeconomic data. Direct tests have
focused on the presence of deterministic bubbles (Flood and Garber (1980), Salge (1997)), fads (Summers
(1986), Cutler et al. (1991)) and on the presence of periodically collapsing speculative bubbles (McQueen

! Hall et al. (1999) formulate a test that is able to identify periodically collapsing speculative bubbles and as such, it
can be classified as a direct bubble test. However, because it is based on the identification of periods of explosive
behavior in macroeconomic data through a switching augmented Dickey Fuller test, we have classified it as an indirect
test of bubble presence.



and Thorley (1994), van Norden (1996), van Norden and Schaller (1999), Bohl (2000), Sornette and
Johansen (1997)).

In an important paper, van Norden and Schaller (1999)? (hereafter vNS) propose a switching regime
speculative behavior model that tests for the presence of periodically partially collapsing speculative
bubbles. VNS construct a switching model of returns with a state independent probability of switching
regimes. Although direct tests find mixed evidence of speculative bubbles, all of these tests, with the
exception of Sornette and Johansen (1997), assume that bubble crashes are exogenous events. However, it
is usually thought that bubble collapses are a result of a change in investors’ beliefs concerning the future of
the bubble. Brooks and Katsaris (2005b) augment the model of VNS for testing for the presence of
periodically partially collapsing speculative bubbles by including observed abnormal volume as a predictor
of the time of the crash. They argue that abnormal volume is a predictor and a classifier of returns because
it can provide information to investors about the belief of the market in the future of the bubble. Since all
investors have access to information about past trading volume, upon the observation of increased volume
in the market, they perceive that other investors are liquidating the bubbly asset and thus, they may rush to
liquidate their holdings. This will cause a bubble collapse. Collapses, in this case, are caused endogenously
since more investor selling leads to an increased supply of the asset.

A possible explanation for the initial drop followed by the significant increase in equity prices during the
last 25 years of the twentieth century is offered by Zeira (1999). In his study, Zeira presents a model of
stock market booms and crashes caused by the uncertainty investors face about fundamental values. In
effect, market booms are caused by informational overshooting when new technologies are implemented in
the production process and the limit of such technologies is unknown. Once the limit of this ‘new’
technology is reached, market participants realize that no further growth is possible and thus cause market
prices to crash. This model can be transformed to explain market booms and crashes using the arrival of
new investors to the market (‘greater fools’) or the liberalization of monetary policy by central banks. Zeira
claims that this model is capable of partly explaining the booms and crashes of 1929, 1987 and the boom of
the Information Technology Era, but for his model to be able to explain historical ‘bubble-like’ episodes

would require that the arrival and ‘death’ of new technologies is synchronized and that investors are myopic

2 YNS’s approach is based on previous work by van Norden and Schaller (1993) who examined whether apparent
deviations from dividend based fundamentals are able to predict stock market crashes and rallies. In their original
paper, they used data on the Toronto Stock Exchange Composite Index and found that the speculative behavior model
has significant explanatory power for excess stock market returns, since the ex ante conditional probability of a bubble
collapse increases prior to many actual stock market crashes and rallies.
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and do not adapt their expectations to information about the limits of the technology, revealed before the

limit is reached.

The variation in the prices of S&P 500 stocks during the 1990s is particularly difficult to explain. One
possible approach is presented by Greenwood and Jovanovic (1999) and Hobijn and Jovanovic (2000). In
their studies, they present a model of technological change that can replicate booms and crashes observed in
financial data and can explain stock market valuations during the last 25 years. The main suggestion of the
model is that new technologies destroy old, incumbent firms* once the success of the new technology is
made known to the market. Since new technologies are rarely formed by listed companies, and because
listed companies usually resist their implementation, stock market valuations are depressed once new
technologies are invented. This is because once small innovative firms are listed on the market, investors
shift their attention to such companies and neglect ‘old’ technology firms that have lower growth potential.
However, this transition is smooth through time and thus stock market valuations may appear to be under-
valued for prolonged periods. Hobijn and Jovanovic (2000) present empirical evidence that supports their
theory and state that the low market valuations in the 1970s were a result of the anticipation of the
information technology era, and that during this period, ‘old’ technology firms were rationally being sold
by investors. This was because a large claim to future dividends was not listed in the stock market yet, since
most innovation was performed by small private firms. Furthermore, their model suggests that the
extraordinary growth of stock market valuations in the 1990s is the result of the long awaited productivity
gains from the implementation of IT in the production process and the subsequent ‘third industrial
revolution’. However, the Hobijn and Jovanovic model does not provide any explanation for the 1987 stock
market crash. As a final possibility, they consider whether the evolution of stock prices could be explained
by the presence of a speculative bubble, “Is the stock market bubble-prone? Did a positive bubble burst, or
a negative bubble form some time between 1968-1974? And today, do we see a positive bubble, especially

in internet stocks?””®

In this paper, we will examine the evolution of the S&P 500 and its constituent sectors during the period

January 1973 — June 2004° in more detail in order to see whether the periodically collapsing speculative

® A model of technological growth that leads to booms and crashes, that allows for investor learning through the
reduction of uncertainty about the limits of new technologies as these technologies become older, is presented in
Jovanovic and Rob (1990). However, as uncertainty decreases in this model, so does the size of the ‘bad’ surprise in
investor expectations.

* Hobijn and Jovanovic (2000) claim that the prices of firms in IT-intensive sectors should be better explained by the
model and thus sectors with the highest IT investment after 1973 should experience the largest drops in value and then
the largest increases. These sectors are Finance, Insurance and Real Estate, and the service sector in general.

> Hobijn and Jovanovic (2000) p. 29.

® We were only able to obtain sector data after January 1973 and thus we will restrict our analysis to this period. In
addition, the definition of the GICS sectors changed substantially during our sample period and since the time elapsed
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bubble models can explain the apparent bubble deviations of actual prices from fundamental values.
Furthermore, in order to examine whether all sectors within the S&P 500 displayed bubble behavior during
this period, we will estimate a speculative behavior model using sector data in an effort to see which sectors
are responsible for the bubble like behavior of the aggregate S&P 500. If we find that only the IT sector, or
the high growth sectors in general, contain a speculative bubble, then this could imply that bubbles are a
statistical artefact caused by the use of dividend-based fundamentals.” If, however, we find that other
sectors that could be valued more accurately using dividends also contain bubble deviations, this could be
evidence that bubbles are endemic rather than being caused by the presence of bubbles in one or two
fashionable sectors. To our knowledge, we are the first to test whether sector market prices contain bubbles
and to see whether bubble-like behavior is present throughout the entire S&P 500 Composite Index. In
addition, we develop a joint model for cross-sectional contagion of bubbles across sectors and we examine
whether there is evidence for bubble spillovers.

The rest of this paper is organized as follows: Section 2 describes the methodology used to construct the ten
sector indices and provides descriptive statistics. Section 3 presents the bubble models that we employ,
while Section 4 discusses the empirical results. Section 5 presents the multivariate bubble model and
Section 6 provides some concluding remarks.

2. Definitions and Discussion of the S&P 500 and GICS sectors

This paper employs data on the 10 S&P 500 Global Industry Classification Standard (GICS) sector indices.
The GICS is an industry classification system created by Standard & Poor’s in collaboration with Morgan
Stanley Capital International that is used to classify firms into 10 sectors, 23 industry groups, 59 industries
and 122 sub-industries according to their principal business activity. The sectors we examine are: Cyclical
Services, Financials, Basic Industries, General Industrials, Cyclical Consumer Goods, IT, Non-Cyclical
Consumer Goods, Non-cyclical Services, Resources, and Utilities. The indices that correspond to these
sectors are calculated using the same principles as the S&P 500 Composite Index. The appropriate series
are then transformed into real series using the monthly CPI, and the implied cash dividends are obtained
from the dividend yield, using the methodology described in Brooks and Katsaris (2005a). We obtain all

our data from Datastream.

following the modification is insufficient for us to estimate the models, we are forced to restrict the sample period to
end in 2004.

" The Information Technology sector is the only sector in which more than 50% of its member firms do not pay
dividends. Note, however, that this percentage has decreased dramatically since the 1990s and that for all other sectors
the percentage of dividend payers remains higher than 50%. But in order for the results of our analysis to be directly
comparable across sectors, we still construct dividend-based fundamentals for this one as well.
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We now examine the evolution of sector prices and implied dividends across time. As examples, in Figures
1 to 3 we present the monthly real GICS sector indices and the monthly real dividend yields for the
Information Technology (IT), General Industrials and Resources sectors respectively. From Figure 1, we
note that the IT Sector had only grown by around 40% until January 1996, yielding most of its
extraordinary growth of 650% to the peak in the following five years of the sample before the equally
spectacular collapse in value from April 2000. By contrast, the S&P 500 Composite Index (not shown) had
grown by just over 200% in the same period. Furthermore, from the graphs we can see that the dividend
yields decreased to all time lows in 2000 before recovering only slightly by 2004. Interestingly, the General
Industrials sector (Figure 2) shows a remarkably similar pattern to the IT sector, although the price growth
of the former is somewhat less spectacular than the latter. Thus many “old economy” sectors also appeared
to show bubble-like growth in the 1990s. The only sector that does not exhibit such behavior in the slightest
is Resources (Figure 3). In that case, the run up in prices is far less pronounced and there appeared to have
been no substantial fall in valuations by the end of the sample period.

Other periods of very low dividend yields (1929, 1973, and 1987) have been followed by significant
corrections in S&P 500 market values, and this fact can also be observed for the individual sectors. The
General Industrials index has a very similar evolution to the S&P 500 Composite, although it grows at a
higher average rate, and the implied bubble deviations (see below) have a similar evolutionary pattern to the
S&P 500 Composite. Note that this sector has a stable participation in the S&P 500 over the last 25 years
that ranges between 10 and 15%. When, however, we examine the Information Technology sector, we find
that until 1995, this sector had a fairly constant participation in the S&P 500, and the implied bubble
deviations were fairly average in size. Nevertheless, after 1993 there is a persistent and increasing positive
bubble deviation that reaches 90% before it begins to deflate, causing the IT index to lose around two thirds

of its value.

As stated above, some critics may argue that the comparison of prices and dividends is not an effective
measure of the relative performance for all sectors, especially for high technology sectors. For this reason,
we also examine the evolution of prices relative to earnings-price ratios.® We find again that the earnings-
price ratio is low prior to several corrections in prices, whereas it is quite high before significant market
advances. Overall, in the last 10 years of our sample, the earnings-price ratios are quite low for most sectors
and especially low for IT. Note that traditionally, high P/E ratios denote a market expectation of high future
earnings growth. Therefore, we should expect that the E/P ratio for the high growth sectors in our sample
should be lower than the E/P ratios of the Utilities and Materials sectors. However, several researchers and

market practitioners argue that the evolution of prices in the 1990s resulted in unrealistically low E/P ratios

® Not shown due to space constraints but available from the authors on request.
5



(high P/E ratios) in both technology and traditional sectors. For example, several dot.com companies had
P/E ratios larger than 1000 at the peak of the internet ‘bubble’.

Overall, from the graphs, we note that the GICS sector indices display behavior that could be considered
consistent with the existence of speculative bubbles. That is, an apparent under-valuation relative to
dividends in the 1970s, an increasing over-valuation up until 1987, and an ever increasing overvaluation
after that. However, some sector indices display significantly more variation around dividends than others.
In the next sections, we will construct and describe the statistical properties of these bubble deviations and
then test whether the evolution of market values of the 10 sectors is consistent with the presence of

speculative bubbles.

3. Models for Periodically Partially Collapsing Speculative Bubbles in Asset Prices

Under the assumptions of rational expectations, risk-neutrality, constant discount rates and market
equilibrium, the no arbitrage condition must hold and thus the price of a stock must be given by the present
value of its future cash flows:

a _ Et(ptil +dt+1)

Pt @) 1)

In equation (1), p; is the actual price of the stock at time t, d, is the dividend paid by the stock in period t,

E,(.)is the mathematical expectations operator, and i is the constant expected real rate of return in

equilibrium that is equal to the discount rate.” Equation (1) shows that the actual price of a stock must be
equal to the present value of the expected future price at which the security will be sold plus the expected

dividend the investor will receive at time t+1.

If we allow for multi-period horizons, then equation (1) can be updated with the expectation of the price at

t+1 and substituted into the original equation. Substituting recursively for all future prices in an infinite

planning horizon and using the property of rational expectations that E,[E,,(...,)]=E,(.,,) will yield

the fundamental value of a stock, ptf :

© 1
f_
P, —gZ P E,(dy.,) )

If we allow the actual market price of the stock to deviate from its fundamental value, the actual stock-price

can be described by the relationship:

pta = ptf +bt +U; (3)

% Fama and French state that the expected or required return of an asset is the discount rate that relates a present value
with its future cash flows (Fama and French (1988)).
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where b, is the bubble component at period t, and u, is a zero mean, constant variance error term that

contains the unexpected innovation of both the bubble term and of the fundamental component. The bubble

component (b,) is simply the difference between the actual price and the fundamental price of the security

and is assumed here to have an evolutionary process that causes the systematic divergence of actual prices

from their fundamental values.

Blanchard (1979), and Blanchard and Watson (1982) formulate a speculative bubble model in which the
bubble component continues to grow with explosive expectations in the next time period with probability g,
or crashes to zero with probability 1-g. If the bubble collapses, the actual price will be equal to the asset’s
fundamental value. In their model, the explosive behavior of bubble returns compensates the investor for
the increased risk of a bubble crash as the bubble grows in size. However, according to this specification, if
the bubble term in period t+1 crashes to zero then it cannot regenerate since the expected bubble is equal to
zero. This implies that there can be only one observed bubble in any financial time series (Diba and
Grossman (1988a)). Furthermore, the model requires the assumption that the bubble crashes immediately to
its collapsing state value. These are restrictive assumptions, since it is plausible that there could be several
bubble episodes in a financial time series or that a bubble could slowly deflate for several time periods. In
1929 and 1987, the market peaked in late August and crashed in October whereas the strong correction in
the Tokyo Stock Exchange took several months after January 1990. Moreover, the explosive nature of
bubbles leads Diba and Grossman (1988b) to conclude that under rational expectations, negative bubbles
cannot exist since investors cannot rationally expect the value of a stock to become negative in finite time.
This arises since if a negative rational speculative bubble exists, the bubble will grow geometrically causing

the stock price to decrease without bound and become negative in finite time.

In order to lift the requirement for these unrealistic restrictions, van Norden and Shaller (hereafter VNS,
1993) formulate a periodically partially collapsing, positive and negative speculative bubble model that has
a time varying probability of collapse. Brooks and Katsaris (2005b) propose an extension of their model to
incorporate a measure of abnormal volume in the equations for returns in the surviving regime and in the
probability of bubble collapse. Their model may be expressed as:

@+1)b, 1= a(B,,V,")

q(B..Vi")  a(B,.V/")

Et (bt+1) = 4)

u(B,)p; with probability 1—q(B,,V,)

u(B,)p  with probability q(B,,V,”)

In (4), q(B,,V,*) is the probability of the bubble continuing to exist that is a function of the relative

absolute size of the bubble and the measure of abnormal volume where oq(B,,V,*)/d|B,|<0 and



oq(B,,V,*)/oV,* <0, and V," is a measure of unusual volume in period t. Following VNS, in equation (4)
the expected size of the bubble is a function of the probability of a crash, the size of the bubble at period t
and the function u(B,), which is the relative size of the bubble in the collapsing state. The probability of
the bubble continuing to exist is a negative function of the absolute (since we allow negative bubbles to
exist) size of the bubble, and the measure of abnormal volume. From (4) we can derive the gross returns on

the stock when a bubble is present under the assumption that dividends follow a geometric random walk

with a constant drift.> Under this assumption, we can show that the expected next period gross returns are

given by:
M 1-q(B,,V,")
Et lia t+l:S =M 1_Bt X Bt_ U Bt 5
( ) { R AR CR A ©)
E, (r..W,,, =C) =[M(@-B)+u(B))] (6)
P(Vvt+1 =S)= q(Bt ’Vtx) = Q(ﬂq,o + q,b|Bt| +7q,vvtx) (7)

where ry; denotes the gross return of period t+1 conditioning the state at time t+1 being the surviving (S) or

collapsing (C) state and on all other information at time t, y,, is the sensitivity of the probability of

survival to the measure of abnormal volume, M is the gross fundamental return on the security and Q is the
standard normal cumulative density function. Note that the measure of abnormal volume affects the
expected returns on the asset only indirectly through the probability of the process being in state S or C in
period t+1. Abnormal volume is thus suggested to signal an increase in the size of the tail of the distribution

of expected returns that would signify a collapse of the bubble. We follow VNS and select a probit model

for the probability of survival (P(W,,, = S)) since it satisfies the conditions set above and it ensures that

probability estimates are bounded between zero and one. Furthermore, it should be noted that equations (5)
through (7) satisfy the no-arbitrage condition since the ex ante expected gross return on the bubbly asset is
equal to the expected gross return on the bubble-free asset (M) and therefore it is rational for a risk-neutral
investor to hold the bubbly asset. The realized return if the bubble survives is greater than the required gross
return (M), whereas if the bubble collapses it yields negative actual returns (positive in the case of a

negative bubble).

Equations (5)-(7) are non-linear and so for estimation they are linearized by taking the first order Taylor

series approximation around an arbitrary B, and V,* to arrive at a linear switching regression model:
X S
= :Bs,o + :Bs,b B, + :Bs,vvt +Upy 8)

g = :Bc,o + :Bc,b Bt + utc+1 9)

19 This is a common assumption in the literature; see for example Fama and French (1988), Kleidon (1986a).
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P(\Nt+l = S) = q(Bt 'Vtx) = Q(ﬁq,o + ﬂq,b|Bt| +7/q,vvtx) (10)
where uts+l is the unexpected gross return in the surviving regime and ugl is the unexpected gross return in

the collapsing regime.

Equation (8) states that the returns in the surviving regime are a function of the relative size of the bubble
and of the measure of abnormal volume. In effect, equation (8) implies that as the bubble grows, investors
demand higher returns in order to compensate them for the probability of a bubble collapse and since
abnormal volume signals a possible change in the long run trend in equity prices, investors want to be

compensated for this risk as well. The above linear switching regression model has a single state-
independent probability of switching regimes P(rHl|S) that is a function of the relative size of the bubble

and of the measure of abnormal volume. We estimate the augmented model under the assumption of

disturbance normality using maximum likelihood.™*

From the first order Taylor series expansion, we can derive certain conditions that must hold if the
periodically collapsing speculative bubble model has explanatory power for stock market returns. If the
above model can explain the variation in future returns, then this would be evidence in favor of the presence

of periodically collapsing speculative bubbles in the data. These restrictions are:

Bso # Peo (a)
Bep <0 (b)
Bsp > P (©
By <0 )
Yy <0 ©
Bsy >0 ()

Restriction (a) implies that the mean return across the two regimes is different, so that there exist two
distinct regimes, although we cannot say anything about the relative size of these coefficients. Restriction
(b) implies that the expected return should be negative if the collapsing regime is observed. This means that
the bubble must be smaller in the following period if the bubble collapses. Note that the opposite holds for
negative bubbles: the larger the negative bubble, the more positive the returns in the collapsing regime.
Restriction (c) ensures that the bubble yields higher (lower) returns if a positive (negative) bubble is
observed in the surviving regime than in the collapsing regime. Restriction (d) must hold since the

probability of the bubble continuing to exist is expected to decrease as the size of the bubble increases.

1 Fyll details of the estimation procedure are presented in Brooks and Katsaris (2005a).
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Restrictions (a) to (d) are equivalent to the restrictions derived by vNS. The additional restriction (e) must
hold so that abnormally high volume signals an imminent collapse of the bubble. Finally, restriction (f)
states that the coefficient on the abnormal volume measure in the state equation must be greater than zero

since, as volume increases, investors perceive an increase in market risk.

We examine the power of the model to capture bubble effects in the returns of the S&P 500 and its sectors
by testing the model against three simpler specifications that capture stylized features of stock market
returns. These models are nested within the speculative bubble model. Firstly, we examine whether the
effects captured by the switching model can be explained by a more parsimonious model of changing

volatility. In order to test this alternative, we follow VNS and jointly impose the following restrictions:

,Bc,o = :Bs,o (11.1)
Bsp =Bcp =DBsy :ﬁq,b =7qv =0 (11.2)
Oy # O (11.3)

Restriction (11.1) implies that the mean return across the two regimes is the same and restriction (11.2)
states the bubble deviation has no explanatory power for next period returns or for the probability of
switching regimes. The later point suggests that there is a constant probability of switching between a high

variance and low variance regime as this is stated in restriction (11.3).

In order to separate restrictions (11.1) and (11.2), we examine whether returns can be characterized by a
simple mixture of normal distributions model, which only allows mean returns and variances to differ
across the two regimes. This mixture of normal distributions model implies the following restrictions:

Bsp =Bep =Psy = ﬁq,b =Vqv = 0 (12)

Another possible alternative is that of mean reversion in prices (fads) as described by Cutler et al. (1991).
Under the fads model, returns are linearly predictable although mean returns do not differ across regimes.
Furthermore, the deviation of actual prices from the fundamentals has no predictive ability for the
probability of switching regimes. The returns in the two regimes are characterized by different variances of

residuals but are the same linear functions of bubble deviations. The fads model is thus:

rti1 =+ BB + Us i

=B+ BB +lca (13)
G = Q(By0)

In the above equations, u,,; ~ N(0,o,) with probability g, u,,, ~ N(0,0.) with probability 1-g..

Measures of Fundamental VValues

A number of methods for constructing measures of fundamental values can be found in the literature,
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including approaches based on dividend multiple measures, or based on an augmented Gordon growth
model. The Campbell and Shiller (1987) methodology can allow for predictable time-variation in the
growth rate of dividends, although the approach assumes that both the actual spread and the dividend
growth rate are stationary. However, if the actual spread is not stationary, this may lead to spurious
regression problems and inefficient forecasts of the theoretical spread for those sectors. We therefore adopt
the dividend multiple measure of fundamentals employed by van Norden and Schaller (1999).** Before
describing this approach, we should state that we recognize the limitations of using dividend-based
fundamentals to value high growth sectors such as Information Technology. It is a common view that such
high growth sectors should not be valued according to tangible assets or balance sheets since most of the
value added in such sectors originates from ‘soft’ variables, such as intellectual human capital, patents,
strategic alliances, joint ventures, market share, and in the case of internet companies, other variables such
as web traffic and number of unique visitors (see, for example, Rajgopal, Kotha and Venkatchalam (2000)).
Nevertheless, Damodaran (2000) and Hand and Landsman (1999) argue and empirically show that the
fundamentals of equity valuation still apply to high technology firms and that classic accounting variables
are relevant in the pricing of such stocks. However, such valuations are very noisy and other ‘soft’ variables
often complement high technology stock valuations.

VNS (1999) show that if the discount rate is constant, then stock market prices follow the period-by-period
arbitrage condition given by equation (1). Assuming that dividends follow a geometric random walk, i.e.
that log dividends follow a random walk with a drift, it can be shown that the fundamental price of a stock

will be equal to a multiple of current dividends:

ptf = pdt (14)

1+r . . . .
where p=——. We use the sample mean of the price-dividend ratio to approximate p. In this

(a‘*?) _1
setting, the relative bubble size is given by:
f
Bt =&= pt pt =1— pdt (15)
P P Py

4. Empirical Evidence
In this Section we will present the results of the models presented above for the S&P 500 Composite and

the 10 GICS sector indices. The models we estimate are the original van Norden and Schaller model, and

12 However, for the Cyclical Services, Financials, General Industrials, Cyclical Consumer Goods, IT and Non-
Cyclical Services sectors, the Campbell and Shiller methodology produces more robust results and so the results from
their approach are presented for those sectors.
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the augmented model that contains volume as a predictor and classifier of returns.’® In order to test for the
no-bubble hypothesis, we perform likelihood ratio tests for the implied model restrictions on the coefficient
estimates, and in order to ensure that we are not misinterpreting stylized facts about stock market returns
such as volatility regimes, mixtures of normals and mean reversion as evidence in favor of bubbles, we use
likelihood ratio tests in order to statistically verify that we are capturing more of the variability of returns

than these simpler alternatives.

In Table 1, we present the results for the S&P 500 Composite index and each of the sectors for the
augmented VNS model using the dividend multiple measure of fundamental values for the period January
1973 — June 2004. The first panel of the table contains the coefficient estimates for the nine models, the log-
likelihood function values at the optimum, and the three information criteria. The second panel contains the
results of the likelihood ratio tests for the speculative behavior coefficient restrictions. Finally, the last panel
of the table contains the LR test results of the alternative model specifications. Therefore, we test whether a
mixture of normals can explain returns better than a simple volatility regimes model, and in turn whether a

fads model captures any additional characteristics in the data.

From the results, we can see that for the S&P 500 as a whole, the null hypothesis of no-bubbles can be
rejected since most of the speculative behavior models’ restrictions are satisfied by the data (i.e. their
respective nulls are rejected in favor of bubble behavior). Specifically, the bubble deviation is significant in
predicting the levels and the generating state of returns (since fsg and S, are both statistically significant
respectively), and as the bubble grows, the returns in the surviving regime become increasingly higher
(when a positive bubble is present) whereas the returns in the collapsing regime are a negative function of
the bubble size (since fcg is negative). As the bubble grows, the probability of being in the surviving
explosive regime (S) decreases and the expected return in the collapsing state becomes even smaller (when
a positive bubble is present). Furthermore, the model identifies two distinct regimes of stock market returns:
one in which small positive returns with small variance (og) are observed and one in which returns are large
and negative and have large variance (oc). The coefficient estimates appear to be consistent with the
periodically collapsing speculative bubbles model, and it appears that the augmented model can capture an
additional proportion of the variability of returns when we compare it to the three stylized alternatives of
volatility regimes, fads and mixture of normals (although the latter test statistic is not quite statistically
significant). Overall, there is a very small probability of being in the collapsing regime (/,0) when the
bubble size is zero and volume is normal. Nevertheless, as the bubble increases, this probability increases
dramatically. From the above, we can conclude that the divergence of the S&P 500 from the dividend

multiple fundamental values can be considered the result of speculative behavior. Therefore, the Hobijn and

13 In the interests of brevity, only the results from the augmented model are presented.
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Jovanovic (2000) assertion that a bubble would not be able to explain the evolution of the S&P 500 in the

last 25 years is not supported.

Turning our attention to the sector indices, overall, the results are indicative of the presence of bubbles in
several of the sectors, namely Financials, General Industrials, Information Technology and Non-Cyclical
Services. There is also some evidence in favor of periodic, partially collapsing speculative bubbles in the
Cyclical Services, Basic Industries and Utilities sectors. This leaves only three sectors for which there is

virtually no evidence for bubble-like behavior. Let us now consider these results in greater detail.

When we examine the Financials index, the collapsing explosive regime has a significantly lower average
probability of occurring. Nevertheless, as the bubble grows, the probability of observing the collapsing
regime increases dramatically since, if the measure of abnormal volume and the spread of actual returns are
equal to zero, when the bubble size is equal to 50%, the probability of observing the collapsing regime is
close to 50%. More importantly, all the coefficients have the right signs and are significantly different from
zero, and the LR test results imply that the augmented model captures additional information contained in
the index returns, so that the volatility regimes, mixture of normals and fads specifications are all rejected.

Considering now the Resources index, a sector that is commonly considered to contain a bubble in the early
1980s, the bubble deviations in the surviving state equation are statistically insignificant and not all of the
theoretical restrictions are satisfied by the data, although all of the coefficient signs and magnitudes are
correct. From the estimates of the model, we calculate that the probability of the next period returns being
generated by the collapsing state in January 1982 was over 50%, a value much higher than it had taken
previously during our sample period. The index lost 13% in February 1982, which provides anecdotal
evidence that the speculative behavior model could potentially be used to predict the level and the

generating state of returns.

The same conclusions can be drawn if we examine the General Industrials and the Non-Cyclical Services
sectors, since the information criteria indicate that the augmented speculative behavior model can better
capture the variability of returns than alternative specifications. Furthermore, the coefficients in the state
and classifying equations are significantly different from zero and have the correct sign, and the LR tests

again reject the more parsimonious alternatives (in the latter case).

Let us now examine the Information Technology sector. As noted earlier, this index experiences the largest
increase over the sample period and contains the largest bubble deviation. All of the speculative behavior
model coefficients have the correct sign and are statistically significant. Note that when the bubble
deviation and the measure of abnormal volume are equal to zero, the probability of observing the collapsing

regime is small although larger than for any other sector. But the responsiveness of the probability of being
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in the collapsing regime to a growth in the size of the bubble is relatively modest. So it would take a bubble
size in excess of 50% for the probability of the bubble surviving to fall below 50%. This result can be
attributed to the fact that the estimated bubble deviation was extremely large in the 1990s but continued to

grow even larger before eventually bursting.

Turning now to the Resources and the Utilities sectors, we find that, contrary to common opinion that the
Resources index contained a bubble in the early 1980s, this index is better explained by a simple volatility
regimes model. However, we note that the speculative models’ coefficients are mostly still significant, and
all have the expected signs. Similarly, when we examine the Utilities sector results, we find that the mixture
of normals or fads models are able to capture the characteristics of returns better than any of the more
complex specifications. This result is perhaps expected since this sector contains “old economy” stocks and
the actual index varies around its fundamental values, so that the bubble deviations do not expand or
collapse abruptly and thus there is only limited evidence for bubble-like behavior.**

From the above, we can conclude that the bubble deviations of the S&P 500 from its dividend based
fundamental values are a result of the deviation of not only the Information Technology sector but of the
deviations of other, more traditional sectors from their fundamental values. This finding is in contrast to
Hobijn and Jovanovic’s (2000) claim that the undervaluation of the 1970s can mainly be attributed to the
Financials and the IT sectors. However, their model suggests that these sectors and the services sector in
general should experience the highest growth in the 1980s and 1990s because of the listing on the stock
market of new, high growth firms that contain a large share of the claim to future dividends. Unfortunately,

we do not have the data to examine this hypothesis directly.

If we now turn our attention to the 1990s, several sectors — namely the Cyclical Services, Non-Cyclical
Services, Resources, General Industrials, Cyclical Consumer Goods, Non-Cyclical Consumer Goods and
Information Technology indices — were overvalued by at least 30% in January 1996. These sectors
represented more than 60% of the S&P 500 Composite index, which was overvalued in the same period by
almost 40%. More importantly, we note that in January 2000, the estimated bubble deviation of the
Composite index was 60%. One point worth noting is that after March 2000, when the bubble deviations in
the aforementioned sectors began to deflate, sectors that were overvalued by less than 40% relative to the
dividend multiple fundamental values in January 2000 (namely the Utilities, Financials and Basic Industries
indices) experienced a relatively significant increase in their bubble deviations until the end of our sample

period. These sectors accounted for around a quarter of the total capitalization of the Composite index in

1% We also estimated all of the models using the Campbell and Shiller measure of fundamental values in order to
examine the robustness of our results against fundamentals that allow for predictable variation in the dividend growth
rate. These results are not presented here for brevity but can be obtained from the authors on request and are
qualitatively identical to the results for the dividend multiple fundamental values.
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January 2000, and by January 2001 their share had grown to over 30%. This could be taken as evidence that
once investors realized that the bubble deviation was bursting, they shifted funds to relatively “safe” sectors

with a smaller risk of observing a bubble collapse.

5. Bubble Spillovers between Sectors

Even a casual examination of Figures 1 to 3 reveals some divergence between the sectors in terms of when
the fast growth phase of the bubble started and when the price index hit its peak. For example, the Basic
Industries sector arguably started its strongest expansion phase in March 1995; it began its collapse in May
1999 and then started to recover by October 2000 although it remained volatile. While General Industrials
started its ascent at around the same time, the reversal in this case did not take place until September 2000.
Similarly, the Information Technology sector, widely attributed as being the root of the tech bubble,
showed no signs of slowdown until September 2000, more than a year after Basic Industries but a month
before Utilities. The Resources sector grew fairly rapidly from February 1995 and became volatile from
May 1998 although it largely avoided a full-scale collapse. The downfall in Financials did not start until
February 2001 although it had fully recovered by April 2004. These anecdotal observations suggest that,
contrary to popular opinion, even if the formation of the tech bubble can be attributed to Technology,
Telecommunications and the Media, the subsequent collapse started with faltering prices in more
conventional sectors that one might expect to be affected at the early stages of an impending economic
slowdown (Basic Industries and Resources). This motivates us to examine whether a bubble that is present

in one sector may subsequently spread to other sectors.

We now proceed to build an empirical model that can allow for spillovers in both the levels of returns in the
sectors and in the generating equations. While there is potentially a large number of ways that this could be
achieved, we focus on a natural extension of the models that were described in Section 3. We also rule out
contemporaneous spillovers between sectors, allowing only for lagged effects. Not only is this in the spirit
of reduced form VAR modeling, but more importantly, it ensures that the equations do not suffer from
under-identification. We let the returns in the surviving regime (equation (8)) depend on the lagged size of
the bubble in all sectors (not just the lagged bubble size in that sector as was the case above) and on the
lagged abnormal volume in all sectors; likewise, the return in the collapsing regime also depends on the one
period lagged value of the size of the bubble in all sectors. The probability of being in the surviving regime

will also be dependent upon the bubble sizes and volumes in all sectors:

10 10
s
fa = ﬂs,o + Zﬁs,b,j Bt,j + Z:Bs,v,jvt,xj + Uy 8)
j=1 j=1
10 c
fa = ﬂc,o + Zﬁc,b,j Bt,j + Uy 9)
j=1
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where all notation is as above and the additional j subscript denotes each individual sector. The likelihood
function used to estimate such a model will still have the same “shape” as for the analysis of each separate

sector, but it will now be extended in the same spirit as the return equations:

10 10 10 7
1) _,Bs,o _Zﬂs,b,jBt,j - Zﬂs,v,j t,xj la _ﬂc,o - Zﬁc,b,jBt,j
o j=1 j=1 o j=1
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T
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t=1 Os Oc
) (16)

The approach defined by equations (8")-(10") and (16) must be estimated ten times — one for each sector.
For each of these ten models, the dependent variable would be different but the independent variables
would be exactly the same. This model is likely to be tricky to estimate given that it contains a total of 55
parameters. There are a number of ways we could simplify it, and some obvious possibilities are:

1. Remove abnormal volume from the surviving regime equation (8') (and thus also in equation (16)).

2. Remove abnormal volume from the state-determining equation (10).

3. Remove volume from both (8') and (10").

4. Make the model dependent on the bubble in the sector under consideration and in the market as a

whole rather than all the other sectors. Equations (8') to (10") would thus become

a = ﬂs,o + ﬂs,b Bt + ﬂs,vvtx + ﬂS,b,I Bt,l + ﬂS,V,IVt,XI + uts+l (8"
i = ﬂc,o + ﬂc,b Bt + ﬁc,b,l Bt,l + utc+1 9
P(\Nt+1 = S) = q(Bt ’Vtx) = Q(:Bq,o + q,b|Bt| + 7q,vvtx + ﬂq,b,l ‘Bt,l ‘ + 7q,v,|Vt,X| ) (10")
M _:Bs,o _ﬁs,b Bt _ﬂs,vvtx M _ﬁc,o _:Bc,b Bt
)| w

T GS GC
g(rtﬂ‘g) = Zh’l P(Wt+l =3) + P(Wt+1 =C)

t=1 O O¢

(16")

where the additional subscript I denotes the stock index for the whole market.

In order to avoid the inclusion of an excessive number of tables, we only report the results for the model
corresponding to restriction 4 and the unrestricted case in Tables 2 and 3 respectively. It is clear from Table

2 that both the levels equations and the probabilities of bubble collapse in a number of individual sectors
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respond to the size of the bubble in the market as a whole as well as that in their own sector, and most of the
additional parameters are statistically significant for the Cyclical Services, Information Technology, Non-
Cyclical Services, Resources and Utilities sectors. For example, in the case of the resources sector, the
return in the surviving regime is a positive and significant function (fsg,) of the market-wide bubble
deviation, while for the return in the collapsing regime (fcg,), it is negative as expected, albeit not
significantly so. The probability of being in the surviving regime is, as expected, a negative and highly
significant function of the size of the market bubble. The second panel of Table 2 reports the likelihood
ratio test statistics for restrictions of the model to several simpler alternatives as discussed above. In
addition, the final row tests the null hypothesis that the lagged market-wide bubble size and volume terms
are not statistically significant. The latter restriction is clearly rejected for nine of the ten sectors, indicating
that not only sector-specific changes in the size of the bubble and of abnormal volume but also market-wide
influences are important determinants of subsequent bubble behavior at the sector level.

In order to determine more specifically whether the bubble-like behavior in the sectors and the market as a
whole emanate from a small number of specific industries, Table 3 reports the analysis for the unrestricted
model where the next period returns are a function of the current size of the bubble and of abnormal volume
not only in that sector but also in all of the other sectors. The table is organized so that each column
represents estimation for the next period returns to the sector given by the column header, with the blocks
of rows representing the lagged variables. Thus the parameter estimates corresponding to the own lags are

on the leading diagonal.

Table 3 shows that the expected returns in the surviving and collapsing regimes and the probability of the
bubble surviving respond to a much greater extent to the lagged bubble sizes and lagged volumes in some
sectors than others. Notably, Cyclical Services, Financials, Basic Industries and General Industries seem to
be highly responsive while Non-Cyclical Consumer Goods and Utilities appear to be relatively isolated.
Perhaps more importantly, in terms of the statistical significance of the parameter estimates, it appears that
the bubbles in the Basic Industries, Cyclical Consumer Goods, Information Technology and Resources
sectors are particularly contagious from the perspective that the bubbles in these sectors influence the levels
and probability of collapse of a considerable number of other sectors. For example, the size of the bubble in
the IT sector affects either the size of the return in the surviving or collapsing regime or the probability of
the bubble surviving for the Cyclical Services, Financials, Basic Industries, General Industrials, Cyclical
Consumer Goods, Non-Cyclical Services and Resources sectors. On the other hand, bubbles specific to the
Utilities and Non-Cyclical Services sectors, for instance, have very limited spillovers to other industries.
Although the very large number of parameters involved in this model makes interpretation a difficult task,
the most salient feature is that bubble transmission at the sector level is multi-directional and did not

originate purely from Information Technology and related industries.
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The final panel of Table 3 shows likelihood ratio tests of restrictions of the general model that incorporates
lagged influences from all other sectors to five simpler alternatives. The last two of these restrictions are to
the augmented model with no spillovers and to the augmented model with market-wide bubble size and
volume terms respectively. The results show that the model with spillovers is preferred to the univariate
augmented model for all ten sectors, although it is preferred to the much more parsimonious model with
market-wide terms for only four of them at the 5% significance level (Basic Industries, Cyclical Consumer

Goods, Financials and Resources).

6. Conclusions

In this paper, we examined the presence of periodically collapsing speculative bubbles in the S&P 500 and
its constituent sectors. Market practitioners and academic researchers have suggested that the Information
Technology and Resources sectors were significantly affected by speculative bubbles in the last 25 years,
but by implication, that other sectors remained bubble-free. To our knowledge, we are the first directly to
test for the presence of bubbles in specific stock market sectors, and we believe that our findings shed light
on the behavior of these sector indices.

We employ data for the 10 GICS sectors for the period January 1973 — June 2004. These indices represent
the ten major economic sectors of the member firms (Cyclical Services, Financials, Basic Industries,
General Industrials, Cyclical Consumer Goods, IT, Non-Cyclical Consumer Goods, Non-cyclical Services,
Resources, and Utilities). Using a fundamental measure based on dividend-multiples, we estimate two
speculative behavior models: a model by van Norden and Schaller (1997), and an augmented model
proposed by Brooks and Katsaris (2005b). Furthermore, we estimate five alternative models that capture
stylized facts about securities returns and that are nested within the speculative behavior models. This is
done in order to test whether the speculative behavior models capture any additional information about the

variation of returns.

From the results, we can conclude that the augmented speculative behavior model has superior explanatory
power to all of the alternative models for 4 out of 10 sectors. Thus, for the sample examined, the S&P 500
Composite and these 4 sectors appear to contain a bubble. The bubbly sectors are Financials, Information
Technology, General Industrials and Non-Cyclical Services. There is also some evidence of bubble-like
behavior in 3 other sectors. In most cases, we found that the size of the bubble deviation and the measure of
abnormal volume are significant predictors of returns. Although the relationships between the probabilities
of being in a particular regime and the size of the bubble, the measure of abnormal volume and the spread
of actual returns vary considerably across sectors, for all sectors, the probability of observing the collapsing
regime is positively related to the absolute bubble size and the measure of abnormal volume. We find that

the probability of the bubble continuing to exist decreases dramatically for large bubble sizes and abnormal
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volume realizations. Even though the augmented model yields a large and persistent probability of the
collapsing regime for five years of the sample without a crash actually occurring, in 2000 the IT index lost
50% of its value, and by August 2002, the IT index was down 80% from its all time high. Note that the
estimated bubble deviation when the IT index peaked in March 2000 was 91%. This could be evidence that

investors have now driven prices in this index back towards its dividend-based fundamentals.

We show that a mixture of normals and a fads model better explain the Resources and the Utilities indices
respectively than a speculative bubble model. Although some practitioners claim that a bubble was formed
in the early 1980s in the global basic materials sector, we find no evidence that the perceived bubble
deviations displayed periodically collapsing speculative bubble behavior during our sample period since the

size of the bubble is unable significantly to predict the level or the generating state of returns.

One particularly interesting observation is that towards the end of our sample after the IT bubble had begun
to deflate, there is an increase in the deviations of actual prices from fundamental values in the four sectors
with the lowest bubble deviations in March 2000. These sectors were Non-Cyclical Consumer Goods,
Financials, Resources and Utilities. This could be taken as evidence that investors shifted their capital to
sectors with a smaller probability of a bubble collapse, since very few investors would completely liquidate
their holdings in the S&P 500. This could also be thought of as suggesting that market participants were
aware that some sectors had a smaller bubble deviation than others, and were thus less at risk from the
bubble bursting in 2000 and 2001.

We additionally propose and implement an approach that can allow for contagion in bubbles between one
sector and another. Since such models are highly parameter-intensive, we demonstrate several ways in
which they can be simplified. The results show that bubble-transmission over our sample period arose from
several sectors including Cyclical Consumer Goods and Basic Industries and not just from IT as popular

opinion might suggest.

To summarize, our central conclusion is that bubble-like behavior is not confined to a small segment of the
stock market, but appears to be present in more than 70% of it. A key implication of this result is that if
market participants believe dividend-based fundamental measures not to be appropriate for valuing the
technology stocks, they are equally inappropriate for companies in other, more conventional, sectors and for

the market as a whole.

This research suggests several potentially useful lines of further research enquiry. First, it ought to be
worthwhile to consider further refinements to the bubble spillovers model so that it might be parameterized
more parsimoniously. For example, an approach based on principal components could be used to reduce the

dimensionality of the system. Second, from an asset allocation perspective, it would be of interest to
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determine whether approaches based on estimating separate bubble models for each sector could be used to
time the market. A trading rule so-formed would buy into sectors where a bubble was in the early stages of
growing and would switch into less bubbly sectors when the probability of bubble collapse became
unacceptably high. Brunnermeier and Nagel (2004) suggest that hedge funds were implicitly able to do this
in the context of the recent rise and fall of the technology sector.
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Table 1: Results of Augmented Bubble Model Including Volume for S&P 500 Composite Index and Individual Sectors, 1973-2004

. Non-
S&P 500 Cyclical = . Basic General Cyclical Cyclical Nqn- —_—
Composite Services inancials Industries Industrials Consumer T Consumer cycl_lcal Resources Utilities
Goods Services
Goods

Bso 1.0186*** 1.0092*** 1.0066*** 1.003*** 1.0136*** 1.0101*** 1.0224*** 1.0095%** 1.0119%+* 1.006*** 1.008***
Bss 0.0227** 0.0073 0.0246* 0.0116 0.0825** 0.0186* 0.0582*** 0.0056 0.0225** 0.0049 -0.0265**
Bsy -0.0287* 0.0192 -0.0351* 0.0021 -0.0271* -0.0068 -0.0108*** -0.0091 -0.0163 -0.0067 -0.0308**
Beo 0.9874*** 0.9896*** 1.0746*** 1.0225*** 1.0074+* 0.9927*** 0.9624*** 1.0025%** 1.0001*** 1.0212%* 1.1009%***
Bes -0.0308** -0.0619* -0.2063*** -0.1014* -0.0434** -0.093** -0.0394*** -0.0464 -0.0394** -0.0542* -0.0611**
Bao 1.0596** 1.375* 2.3178%** 1.2909** 0.9866** 1.2927*+* 5.6283*** 1.7204** 2.0864*** 1.2189** 2.8254%*
Bae -1.7218** -0.4902 -4.2231** -1.0328 -7.2097** -1.6744** -7.9493*** -0.9381 -3.6056*** -2.131* -3.4791%+*
Yoy 1.7475 -1.1952 -2.0186* 0.0599 4.0695** 1.4841 3.3336** -2.3560 -0.0743 -0.2023 -1.4393*
o 0.0309*** 0.0455%** 0.0458*** 0.0466*** 0.0345*** 0.0437*** 0.0644*** 0.0395*** 0.0333*** 0.0404*** 0.0378***
oc 0.0482%** 0.081*** 0.0725%** 0.0999*** 0.062*** 0.0773** 0.0642%** 0.0877*** 0.0649*** 0.0809*** 0.0263***
Log-Likelihood 585.6404 498.3641 551.9367 520.1957 529.3589 529.8356 420.4412 602.2093 587.2085 551.2288 642.4781
AlIC -3.4993 -2.9688 -3.0108**** -2.8344 -3.1193 -2.8880 -2.4215 -3.2901 -3.3461 -3.0068 -3.5138
SIC -3.3840 -2.8534 -2.9028 -2.7265 -3.0049 -2.7800 -2.3086 -3.1821 -3.2347 -2.8989 -3.4058
HQIC -3.4533 -2.9227 -2.9678 -2.7915 -3.0737 -2.8451 -2.3765 -3.2471 -3.3018 -2.9639 -3.4708
Bso # Beo 4.0789** 0.6926 7.1171%** 0.8743 0.5808 0.5804 17.4077*** 0.1142 1.3053 0.9479 8.8072%*
Pes <0 1.6865 3.9269** 9.0845*** 3.227* 3.9908** 2.3599 16.2619*** 0.6558 5.0344** 1.7849 2.1925
Bsg > Pes 3.6458* 2.7878* 9.101%** 3.3051* 6.6319** 2.5068 28.7586*** 0.7210 6.4252** 1.2187 0.7986
Bsy >0 4.5432** 0.4256 5.7825** 0.7481 12.3438*** 0.1997 45.2912*+* 0.3513 11.4435%* 2.7657* 4.8396**
B <0 6.4481** 0.2476 2.2665 0.0022 7.4216*** 0.0038 4.7633** 1.7532 0.0070 0.0366 0.9632
Vv <0 1.4474 0.5390 3.2597* 0.0140 1.6353 0.3598 0.0984 0.1751 1.3676 0.1260 0.3806
Volatility Regimes 14.2581** 7.4978 20.3043** 1.5772 11.1616* 2.0901 42.0594** 2.3541 30.5537** 3.6851 11.5185*
Mixture of Normals 7.1192 6.8909 16.9410%** 4.8116 15.1737*** 3.2830 45.4128*** 4.3627 30.8772%* 4.9927 4.9710
Fads 16.5008*** 6.5592 17.1395*** 5.0683 13.9322** 3.3936 45.3888*** 4.4522 34.6006*** 4.0123 7.9823

Notes: The model is given by I, = ,Bs,o + ﬂs,b Bt + ﬁs,vvtX + uts+1' i = ﬁc,o +,Bc,b B, + utc+l’ P(\Nm =S)= q(Bt 'Vtx) = Q(ﬂq,o +ﬂq,b‘Bt‘+7/q,thx) with variable definitions given in

the text. The second and third panels present likelihood ratio statistics which test restrictions that should hold for the bubble model to be a useful predictor and classifier of returns and to a set of
simpler models respectively. *, ** and *** denote rejection of the null at the 90%, 95% and 99% confidence levels.
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Table 2: Results of Augmented Bubble Model Including Volume and Lagged Market Bubble Size and Market VVolume for Individual Sectors, 1973-2004

. . Cyclical Non- Non-
Cycl'lcal Financials Basu; Gener_al Consumer IT Cyclical cyclical Resources Utilities
Services Industries Industrials G Consumer yel
oods Goods Services
Bso 0.9905*** 1.0139%** 0.9812*** 1.0059*** 1.0066*** 1.9351*** 0.9899*** 1.0128*** 1.0005*** 1.0112%**
Bse -0.2644*** -0.1846*** -0.2004*** -0.2904*** -0.0370 5.0721%*= -0.1367*** -0.1290%** -0.1048*** -0.1339***
Bsy 0.0875*** -0.0149 0.0368 0.0601 0.0143 -4.4209*** 0.0359 0.0048 0.0351 -0.0070
Beo 1.0081*** 5.1304 1.0447*** 2.0282%** 1.4387*** 1.0128*** 1.1540%** 1.0303*** 1.0401*** 0.7529%**
Bes -0.3895*** -8.5613 -0.0786 -3.9612*** -0.4547* 0.0464* 0.0675 -0.1150 0.3155** -0.2160*
Pao 3.6805*** 7.0812 1.4824** 4.5520 2.6108 -23.1501*** 2463.4632 4.1505*** 6.2739%** 6.3754***
Bus 32.0605*** -0.8042 1.3570 -21.8595 0.9888 -15.9948%*** -2599.1907 9.7092** 29.1776** -0.8078
Yav -11.5645%** -1.0157 -0.9073 -3.8705 -4.6352* -2.4918*** -2442.1464 0.9234 -2.4473 1.1361
o 0.0474*** 0.0518*** 0.0398*** 0.0468 0.0545%*=* 1.1310%** 0.0423**=* 0.0357*** 0.0487*** 0.0361***
oc 0.0144**=* 0.3891 0.0605%** 0.0010 0.0010 0.0758** 0.04147*= 0.0659*** 0.0610%** 0.0470%**
Bse 0.3558*** 0.1436%** 0.2872%*= 0.2605 0.0429 7.6491%** 0.1780%*** 0.1680*** 0.0968*** 0.1009***
Bsy.i -0.0826** 0.0199 -0.0481 -0.0442 -0.0179 -1.9571%** -0.0441 -0.0388* -0.0585** -0.0280*
Bes. -0.4085*** -0.9301 -0.0665 0.8795** -1.5729*** -0.0753* -0.3179** 0.0269 -0.0306 0.5862***
P -34.1712%** -1.0361 -5.3814*** 16.5431 -0.6100 -10.5800%** -2528.0929 -18.6835*** -28.6416*** -11.5833**
Yav.i 8.9132** -0.8296 3.8272** 8.4727 5.8865 -2.1070** 2132.0731 1.5539 0.5002 4.5067*
Volatility Regimes 112.9696%** 23.7536*** 65.8893*** 84.9888*** 12.8359 0.3169 51.7346*** 61.4459*** 30.5902*** 50.9033***
Mixture of Normals 114.2201%** 20.3904*** 69.1237*** 87.2057*** 14.0287 2.6648 53.7431*** 62.1038*** 31.8977*** 44 .3559%**
Fads 114.2609%** 20.5889*** 69.3804*** 87.3704*** 14.1393 2.4465 53.8326*** 65.5218%** 30.9174%* 47.3671%**
Augmented Model 98.1606*** 13.7874*** 64.3122*** 80.5064*** 10.4131* 0.0000 78.3386*** 27.1848*** 52.7603*** 47.5413%**

Notes: The model is given by N = Bso + BspBy + By + Bsp Buy + By Vo + Ugy M1 = Beo+ BepB + Bepa B + Ugy? PW,,; =S) = (B, V) = By + Bep|B + 7qu Vi + B ‘Bm ‘ +VqvaVer) with

variable definitions given in the text. The second panel presents the likelihood ratio statistics for tests of restrictions to a set of simpler models. *, ** and *** denote rejection of the null at the 90%,
95% and 99% confidence levels.
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Table 3: Results of Bubble Spillovers Model Including Lagged Bubble Size and Lagged Volume from All Ten Sectors, 1973-2004

Dependent Variables

Independent
Variables Parameter
Constant Bso
Constant Beo
Constant Bao
Constant o
Constant oc
Cyclical Services Bss
Cyclical Services Bes
Cyclical Services Pos
Cyclical Services Bsy
Cyclical Services Yav
Financials Bse
Financials Pes
Financials Bae
Financials Psy
Financials Yav
Basic Industries Bse
Basic Industries Bes
Basic Industries Bae
Basic Industries Psy
Basic Industries Yav
General Industrials Bse
General Industrials Bee
General Industrials Bas
General Industrials Bsy
General Industrials Yav
Cyclical Consumer Goods Pss
Cyclical Consumer Goods Pes
Cyclical Consumer Goods Bas
Cyclical Consumer Goods Psy
Cyclical Consumer Goods Yav
IT Bse
IT Bes
IT Bie
IT Bsu

Cyclical
Services

1.0208***
0.8511**
5.3630***
0.0500%**
0.0012**
-0.0850*
-1.9818***
-4.0061
0.0677*
-8.5597**
0.1006**
-0.0052
-2.5090
0.0244
-8.7254***
-0.0071
0.2667**
3.1526
0.0928***
1.0375
-0.0910*
-1.0422***
-23.9235%+*
-0.0467
-0.9577
-0.0551*
-0.3131***
7.0866**
-0.0630**
0.0171
0.0695***
0.9081**
7.4795*
0.0048

Financials

1.0225+
1.1086*+
94.0263%*
0.0487%+
0.0010
-0.0417
-3.6896*+
-23.9527
0.0251
-106.7719%*
-0.0083
-2.2209%+
-100.2294%*
-0.0191
11.7304*
0.0081
-4.9518%++
118.2383%*
0.0215
-13.2562%+
-0.0393
0.8706
-237.6526%*
-0.0457
103.9577%*
-0.0493*
5.6310%*
-27.3120%*
-0.0273
-33.5130%*
0.0732%+
-3.5741%+
-3.5430*
0.0532%

Basic
Industries

1.0242%%*
1.1787%*
47,3579
0.0505%+
0.0010
-0.0288
-3.9395%**
-43.0219**
-0.0088
-0.1950
0.0638*
4.3325%++
-58.8132**
-0.0024
123.2583*
0.0378
-4.7453%%
3.9511
0.0332
-71.7334%*
-0.1341%
-2.5255%+
-94.5220%*
-0.0059
42.2771%
-0.0863**
-2.6936%+
31.8614
-0.0482+
6.7443
0.0849%+
-1.9164%+
-2.5529
0.0084

General
Industrials

1.0139%**
0.9822+*
6.9964*
0.0476%+*
0.0011%+*

-0.0176
-2.8932%%*
-6.3126*
0.0705**
0.9015
0.0596*
0.3823*
-0.8735
-0.0342
0.4161
0.0351
-1.8866%**
-1.9280
0.0350
0.7331
-0.1420%**
-0.5948%**
-6.9172
0.0310
1.4426
-0.0395
0.4596%
1.3046
-0.0548*
2.2407+
0.0480**
-0.2351%**
5.4524*
0.0070

25

Cyclical
Consumer
Goods
1.0263***

1.4400%+
5.5706%*
0.0468%+
0.0010
-0.0276
-3.3476%++
0.4281
0.0449
-8.0186**
0.0671
-3.4180%++
0.1188
0.0445
-1.0598
0.0444
-5.0B59*+
9.9398
0.0635*
-2.7629**
-0.0577
1.5183%+
-7.1158
-0.0242
7.5886
-0.0908**
3.1439%*
-2.3029
-0.0363
0.8306
0.0753*
-1.1318%+
1.8895
-0.0519

IT

1.3264%+
1.0081%+
-3.0636
0.2495
0.0745**
-0.1633
0.0085
-1.6582
0.2546
0.0331
-0.0916
0.0350
-1.2145
0.5736
0.1426
0.4987
0.0232
-1.1774
-0.0260
-0.0212
-0.1503
-0.1893%+
-1.2536
0.1494
0.1380
0.2177
-0.0180
-1.3104
-0.0190
0.2094
-0.1839
0.0443*
-3.4684
-0.1382

Non-Cyclical
Consumer
Goods
1.0143**

-0.0178
26.9564
0.0422
0.0010
-0.0036
-5.2194
-4.8420
0.0236
44.2501
0.0564
-1.0737
-58.4438
0.0037
18.1092
0.0259
-5.5617
16.4504
0.0329
42.3712
-0.0870
0.1632
-3.3474
-0.0065
-14.5121
-0.0787
3.8262
15.2511
-0.0319
-51.3280
0.0611
4.7513
-18.0153
-0.0015

Non-
Cyclical
Services
1.0163***

1.1746
21.3602%+
0.0439%+
0.0010
-0.0512
-1.2263
-2.9367*+
0.0255
4.5244%
0.0060
0.8763
-5.6785*+*
0.0154
0.7556
0.0098
-11.8384*
5.8971%+
-0.0092
-4.6970%+*
-0.0008
5.6994
5.6445%+
0.0084
0.8238
0.0104
7.8083*
-8.5779**
-0.0210
-20.6840%*
0.0296*
0.2190
-4.7060*+
-0.0323*

Resources Utilities
1.0179*** 1.0101***
1.0476*** 2.6601

2151.2003 5.1465
0.0473*** 0.0393***
0.0189*** 0.4113

-0.0055 0.0143
0.9037*** -5.1549
-2428.7887 -0.2566
-0.0058 0.0018
-1653.6901 0.3681
-0.0097 -0.0231
2.0505*** -5.7700
-1018.0476 -0.5453
0.0198 0.0019

3158.6089 -0.1282
0.0880*** -0.0199

-3.1893*** -0.6015

1296.1547 -0.1096

-0.0218 -0.0263
-2288.9338 0.0622
-0.0258 0.0126
-1.5786*** 1.7607
-313.9704 0.0827
-0.0123 0.0043
-586.9348 -0.1694
-0.0500* -0.0026
1.4890*** -5.5961

2259.5074 -0.1795

-0.0701*** -0.0488**

-1522.8705 -0.7357

0.0377** 0.0049
-0.6873*** 9.3789
3540.4437 0.2565
0.0160 -0.0032



Dependent Variables

Independent Cyclical Financials Basic General Cyclical IT Non-Cyclical Non- Resources Utilities
Variables Parameter Services Industries Industrials Consumer Consumer Cyclical
Goods Goods Services

IT Yav 2.8881* 9.9841** 5.8563 3.3995** 2.8964 -0.8976 -5.0175 15.9634*** 1911.7878 0.4755
Non-Cyclical Consumer Goods Bss 0.0713* 0.0237 0.0215 -0.0084 0.0159 0.2862 -0.0404 0.0515* -0.0367 0.0223
Non-Cyclical Consumer Goods Bes -0.4757%* -1.3710 2.9596*** 0.1127** 4.6554*** -0.0208 -4.0444 -2.2972 1.2815** 1.8025
Non-Cyclical Consumer Goods Bae 6.5905** 11.4096 34.5454* -0.8434 -6.4834 -1.1988 -15.3163 -3.8383*  -5922.0681 0.1660
Non-Cyclical Consumer Goods Bsy -0.0346 -0.0187 0.0263 -0.0350 -0.0366 0.1752 -0.0176 -0.0316 0.0411 0.0266
Non-Cyclical Consumer Goods Yav -4.4806*  -134.3989*** -71.5682**  -12.4497*** -6.1719 0.1286 -19.0856 -0.3591 -128.1544 0.4792
Non-Cyclical Services Bse -0.0482 -0.0400 -0.0707** 0.0371 -0.1515%* -0.1113 0.0082 -0.0317 -0.0436 0.0458
Non-Cyclical Services Bes 2.4376*** 4.8498** 4.6147% 3.7269*** 2.1327%* 0.1012* -0.5018 1.6950 0.7705*** 3.4895
Non-Cyclical Services Bas 2.4774 -62.9097*** -1.8750 -3.2554 -4.2270** -1.3774 60.5460**  -15.8206***  -3789.8572 0.3127
Non-Cyclical Services Bsy -0.0292** -0.0074 0.0075 -0.0135 -0.0112 -0.0666 -0.0112 -0.0113 -0.0133 -0.0070
Non-Cyclical Services Yav 0.6619 47.3218** -54.9774* -0.1756 2.6090 0.1148 5.6562 23.3812%** 888.0552 0.0893
Resources Bse -0.0456* -0.0673*** -0.0757*** -0.0450** -0.1045%** -1.0305 -0.0539 -0.0520*** -0.0662*** -0.0360**
Resources Bes -0.4737%* 5.0891*** 5.0672** 0.6703*** 0.0104 -0.0388 6.4065 -6.5111* 0.6321*** -3.5904
Resources Bas 0.3222 31.4004* -5.6513 3.6990** -7.9814 -1.3119 -12.9559 8.4456*  -1363.0846 0.6758
Resources Bsy -0.0355* 0.0116 -0.0227 -0.0318 -0.0162 0.4347 -0.0020 0.0305* 0.0424** 0.0271
Resources Yav 8.5458*** -11.4180* 34.1881%* 3.3013** -1.4795 0.1313 -22.1181  -14.2386*** 285.8898 -0.0260
Utilities Bse 0.0690* 0.0842** 0.1271%** 0.0237 0.2106*** -0.0665 0.0587 0.0080 0.0762* -0.0704**
Utilities Bes 0.3450*** 1.2004** -0.6448*** -0.0156 0.6860*** -0.0033 0.5190 0.6783 -2.9751%** -7.0657
Utilities Bas -1.2781  249.9852** 124.6569** -3.2515* 10.9064 -1.0204 -5.0214 2.8133* 5178.5693 -1.4498
Utilities Bsy -0.0066 -0.0195 -0.0022 0.0114 -0.0297 0.9266 -0.0215 -0.0130 -0.0079 -0.0057
Utilities Yav 11.1089***  106.6774*** -4.5222 0.5734 3.3115 0.0293 17.1441 13.8373*** 515.7842 -0.2057
Volatility Regimes 150.0727**  154.8886***  182.8337***  129.5272**  175.3643*** 12.4096 102.4392** 87.8353**  106.4341*** 30.7490
Mixture of Normals 151.3232**  151.5254**  186.0681***  131.7440***  176.5571*** 14.7575 104.4477** 88.4932%*  107.7417*** 24.2015
Fads 151.3639***  151.7239**  186.3248***  131.9087***  176.6677*** 14.5393 104.5372%* 91.9112**  106.7614*** 27.2128
Augmented Model 135.2637**  144.9224**  181.2565**  125.0447**  172.9415%** 0.0000 129.0432** 53.5742  128.6043*** 27.3870
Agumented model + market-wide bubble terms 37.1031  131.1350***  116.9444**= 445383  162.5284** 12.0928 50.7046 26.3894 75.8440*** 0.0000

Notes: The model is given by

confidence levels.

10 10 L0 X < N xy with variable definitions
i =Pso +zﬂs‘b‘jBl,j +zﬂs,v,jvx‘xj Uy " T =B JrZ‘,ﬂC,b,jBt,j + ut‘il ' P(W‘+1 =3)= q(Bth ’VLJ') = Q('quo + Zl:ﬂqvai‘B‘vi‘+ Zl:]/qnyiVlyJ)
= = j=1 j= j=

given in the text. The second panel presents the likelihood ratio statistics for tests of restrictions to a set of simpler models. *, ** and *** denote rejection of the null at the 90%, 95% and 99%
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Figure 1: S&P 500 Information Technology Price Index and Dividend Yield
January 1973 — June 2004
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Figure 2: S&P 500 General Industrials Price Index and Dividend Yield
January 1973 — June 2004
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Figure 3: S&P 500 Resources Price Index and Dividend Yield
January 1973 — June 2004
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