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Abstract

This paper thoroughly integrates speculative bubbles to corporate finance literature by

focusing on dividend policy issues. More specifically, we examine the importance of divi-

dend policy when testing for speculative bubbles in the S&P 500 equity index on a data

set spanning 1871 to 2014. Given the phenomenon of dividend smoothing, in particular

in the U.S., we question the usefulness of observed dividend payments as fundamental

factor in testing for bubbles. Circumventing dividend smoothing, we construct hypo-

thetical dividend payouts which are based on reported corporate earnings instead. The

empirical evidence presented here indeed suggests that the dividend policy of firms affects

testing for speculative bubbles. While the dot.com-bubble—commonly seen as the prime

example for a stock price bubble not only in the NASDAQ but also in other, broader

equity indices—is detected with the observed dividend series as fundamental factor, this

is not necessarily the case with our adjusted dividend time series. Some of our results

argue against a speculative price bubble in the broader U.S. stock market in the late 1990s.
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1. Introduction

The Present Value Model of stock prices, with the commonly used Dividend Discount

Model as one example, is still considered to be one of the cornerstones of financial eco-

nomics (see, for example, Blanchard & Watson, 1982, Shiller, 2014). First and foremost,

this approach is a mainstay in corporate finance theory for equity valuation. Addition-

ally, the model is also commonly used as the theoretical foundation in the bubble testing

literature (see, for example, Diba & Grossman, 1988, West, 1988, Evans, 1991). Based

on these seminal contributions to the theory of occurrences and detection of bubbles,

recently published papers predominantly use recursive right-tailed unit root tests to iden-

tify rational bubbles in financial asset prices (see, for example, Phillips, Wu & Yu, 2011,

Phillips & Yu, 2011, Phillips, Shi & Yu, 2015, Pavlidis, Paya & Peel, 2017). One of the

most important recent contributions is the approach by Phillips, Wu & Yu (2011), which

has been very influential for numerous empirical studies as it takes the critique of Evans

(1991) that conventional unit root and cointegration tests have little power for periodically

collapsing bubbles, into account. Given this approach, right-tailed unit root testing has

been used in different segments of global financial markets, ranging from equity markets

to housing markets to commodity futures such as crude oil markets (see, for example,

Homm & Breitung, 2012, Kivedal, 2013, Engsted, Hviid & Pedersen, 2016, Pavlidis, Paya

& Peel, 2017, 2018, Figuerola-Ferretti, McCrorie & Paraskevopoulos, 2019).

For the existence of a rational bubble, the price needs to decouple—explosively—from

the fundamental.

“A rational bubble reflects a self-confirming belief that an asset’s price de-

pends on a variable (or a combination of variables) that is intrinsically irrele-

vant—that is, not part of market fundamentals”—Diba & Grossman (1988, p.

520)

The fundamental of an asset can be described as the sum of the present discounted

values of expected future payoffs received from the ownership of the asset. Hence, the

ex-ante specification of the fundamental affects the results of these types of bubble tests

(see Pavlidis, Paya & Peel, 2017). Traditionally, observed dividend payments are used
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as a proxy for fundamental factors in the literature, affecting the valuation of the stock

market. However, the dividend policy of firms might—at least partly—decouple dividend

payouts from economic fundamentals. According to the concept of dividend smoothing,

managers in firms try to avoid any situation in which they are forced to sharply cut or

even omit dividend payments. As a consequence, it is predicted that firms tend to follow

a dividend policy that smooths dividend payouts with a certain consistency. Phrased

somewhat differently, managers only raise dividends as a reaction to higher corporate

earnings when they believe that an increased level of dividend payments can be sustained

with a reasonable likelihood in the future. Therefore, it could be quite problematic to use

dividend payments as proxy variable for the fundamental value of stocks (see Marsh &

Merton, 1986, Chen, Da & Priestley, 2012).

“Since management’s choice of dividend policy clearly affects the time-series

variation in observed dividends, the development of the relation between the

volatility of dividends and rational stock prices requires analysis of the linkage

between the largely controllable dividend process and the largely uncontrollable

process for intrinsic value.”—Marsh & Merton (1986, p. 488)

Alessandri (2006) reports that some indications for the existence of speculative bubbles

disappear if dividends are replaced by a broader measure of the fundamental situation of

firms.1

The main contribution of this paper is to shed light on the question whether the

results of right-tailed unit root tests for the U.S. stock market remain valid when dividend

policy is taken into account. This empirical study focuses on the broad S&P 500 stock

market index and does not consider the NASDAQ. Hence, we examine annual U.S. data

from 1871 to 2014—more specifically the dividend payments, corporate earnings and

stock prices of the S&P 500 equity index and its predecessors—and construct several

different hypothetical dividend time series that control for the dividend policy of these

1Alessandri (2006) uses Flow of Funds data for the United States instead of S&P dividends. A similar
idea has also been presented by Chen, Da & Priestley (2012). Moreover, there are some earlier discussions
about dividend policy issues and the rationality of the stock market that are of relevance for our paper
(see Marsh & Merton, 1986, Shiller, 1986).
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firms. Given that dividends are paid from earnings, all of these time series are based on

corporate earnings. In short, we use different rule-based approaches to simulate possible

(and therefore hypothetical) dividend payouts of firms in the S&P 500 equity index that

should be more closely related to the fundamental economic situation. For example, we

control for Nixon’s attempt to limit increases of dividends and the changes to the taxation

of dividend payouts in 2003 (see, most importantly, Baker & Wurgler, 2004). As a matter

of fact, the question of reappearing dividends after the U.S. tax reform from 2003 (see

Julio & Ikenberry, 2004) and the effects of the results of Nixon’s Committee on Interest

and Dividends in the early 1970s (Baker &Wurgler, 2004) certainly could affect the results

of bubble tests which are utilizing dividend payouts as proxy variable for the underlying

fundamentals. Other relevant events such as World War 1 & 2, hereafter WW1 & WW2,

the Gold Standard, or major recessions might also matter in this context. Recessions have

strong negative effects on corporate earnings as they translate to lower economic activity

and inflation and therefore, are of significant relevance to the dividend policy of firms.

The monetary system also affects inflation rates. It is, for example, well documented in

the literature that changes to the inflationary environment might have consequences for

the dividend policy of firms, which is documented in Basse & Reddemann (2011) and

Baker & Jabbouri (2017).

While the so-called dot.com-bubble—as most important example for a possible spec-

ulative bubble in U.S. equity markets—has certainly affected the NASDAQ, it should

also have had consequences for all other equity indices in North-America. By using the

observed dividend payments as fundamental factor, we confirm the results by Phillips,

Shi & Yu (2015) and Phillips & Shi (2020) identifying the existence of stock price bubbles

in the S&P 500. However, using our hypothetical dividend payments as a proxy for the

fundamental, this is not the case anymore. We still find some evidence for bubbles, but

these results are significantly less striking with dividend payments which are controlled

for dividend policy than for the observed dividend process in the sense that bubble peri-

ods appear to be much shorter or fully disappear (depending on the specification of the

parameters). It is important to note that these results resemble the findings by Pavlidis,
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Paya & Peel (2017) for certain parameter specifications. Pavlidis, Paya & Peel (2017)

proposed a bubble testing procedure that makes the specification of the fundamentals

obsolete. Hence, this approach might be better suited to provide conclusive evidence of

bubbles compared to procedures which require the specification of the fundamental (see

Pavlidis, Paya & Peel, 2018, Gronwald, 2016, Kruse & Wegener, 2019, for the discussion

on the role of the specification of the fundamental for bubble testing in the oil market.).

The paper is structured as follows. In Section 2, we examine the Present Value Model

of stock prices and its extensions. Further, we review the literature on dividend policy

issues and introduce the data sets examined. Methodological approaches and questions

are discussed. Here, we motivate the construction of our hypothetical dividend payouts.

Section 3 focuses on different bubble testing approaches and introduces the identification

procedure carried out in this research. Results are presented and discussed in Section 4

with a detailed evaluation of the empirical evidence. Section 5 concludes this paper.

2. Methodological framework

2.1. The present value model of stock prices

We begin with the classical definition of the Present Value Model for share price

evaluation in the context of corporate finance, which reads

Pt =
1

1 + rt
Et [Pt+1 +Dt+1] , (1)

where Pt is the price of a stock under investigation, rt denotes the (positive) discount

rate, Dt refers to the dividend process of the respective stock, and Et[·] := E [·|Ωt] labels

conditional expectations with respect to the information set Ωt available at time t, with

t = 1, . . . , T . We focus on the effect of dividends and corporate earnings on bubble testing.

Hence, given that we examine dividend policy issues we consider an adjusted version of

Eq. (1)

Pt =
1

1 + rt
Et

Pt+1 + qt+1CEt+1︸ ︷︷ ︸
Dt+1

 , (2)
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where CEt denotes corporate earnings and qt is the dividend payout ratio. Thus, firms

pursue dividend policy by setting the payout as a share of corporate earnings. By ap-

plying the law of iterated expectations to Eq. (1) up to period l, we obtain the following

decomposition into fundamental and bubble part, which reads

Pt =
l∑

i=1

1

(1 + rt)i
Et [qt+iCEt+i]︸ ︷︷ ︸
Ft

+
1

(1 + rt)l
Et [Pt+l]︸ ︷︷ ︸

Bt

, (3)

with Ft as the fundamental and Bt as the bubble component. If the transversality condi-

tion

lim
l→∞

Et

[
(1 + rt)

−l Pt+l

]
= 0 (4)

holds, the price equals the fundamental component—translating to Bt = 0—and the

stochastic trending behavior of the price process equals the stochastic trending behavior

of the fundamental—which is the dividend process. Then, the stock price should equal the

sum of the discounted future expected dividend payouts. Empirical evidence suggests that

in this case, the price behaves like a random walk (with drift). If Eq. (4) does not hold,

the price exceeds the fundamental for Bt > 0 and the price process behaves explosively

as the bubble satisfies

Et (Bt+1) = (1 + rt)Bt, (5)

where Bt is now a submartingale process (see Diba & Grossman, 1988). In this case, the

price process decouples from the fundamental process explosively. Therefore, the basic

approach for testing bubbles by recursive right-tailed unit root tests applied to stock

prices is to test against explosiveness of the (log) price-dividend ratio. Apparently, the

specification of the fundamental (or dividend) process is pivotal for the bubble test results.

Hence, in what follows we discuss the specification of the dividend process in the light of

dividend policy.

2.2. On dividend policy

While there is no question that many firms regularly pay dividends, it is not clear—

from a theoretical perspective—why those firms do so (see Allen, Bernardo & Welch, 2000,
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Bonaimé, Hankins & Harford, 2014). In their seminal paper, Miller & Modigliani (1961)

have argued convincingly that the dividend policy of a firm under certain assumptions

should be of no economic relevance to the valuation of the firm. It is reasoned that the

value of a firm is only determined by its ability to generate cash flows and not by its payout

policy. Phrased differently, given a certain investment policy of a firm, dividends ought

to be irrelevant for investors when perfect capital markets exist and taxes are absent.

Under these circumstances, an increase to dividends should simply result in lower capital

gains for stockholders equalizing the received dividend. Mann (1989), for example, has

summarized this idea very pointedly arguing that—in perfect capital markets with given

operation policies of firms—dividend policy is merely a vehicle to package the return of

a firm’s cash flows to its shareholders. Consequently, the volume of dividend payments

made by firm should not be of any importance for financial markets when investors do not

prefer dividends to capital gains or vice versa. This important idea is commonly known as

Dividend Irrelevancy Hypothesis or Dividend Irrelevance Proposition (see Handley, 2008,

Guan, Li & Ma, 2018).

However, many firms do pay dividends and also spend resources on implementing the

dividend policies that they consider to be optimal in one way or another. Moreover, in

many countries there is a legal environment which leads to a tax disadvantage of dividend

income relative to capital gains (Baker, Farrelly & Edelman, 1985). Consequently, the

phenomenon of the so-called dividend puzzle arises (see Black, 1976, Floyd, Li & Skinner,

2015). In summary, it can be concluded that the key question in this context is why firms

allocate resources to formulate a dividend policy that is assumed to be appropriate for

the management and the shareholders and—at least in some countries—even decide to

pay dividends in spite of a tax disadvantage to shareholders of this payout policy.

Corporate finance theory meanwhile has developed some approaches to explain why

dividends may not be irrelevant after all. Agency theory is very important in this con-

text as outlined in Short, Zhang & Keasey (2002) and Leary & Michaely (2011). The

relevance of agency costs for the dividend policy firms has, for example, been discussed

by Alli, Khan & Ramirez (1993) as well as Agrawal & Jayaraman (1994). In brief, this
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theoretical framework assumes that managers of a firm do not necessarily act in the best

interest of the owners of the company. In order to cope with this imbalance, the owners

could have an incentive to demand dividend payments which reduce the amount of free

cash flow that is available to the management of the firm. As a result of the dividend

payments, the firm is forced to obtain additional funds from external sources more fre-

quently in order to finance new investment projects. Given that the process of raising

new capital requires the firm to give information to investment bankers, regulators and

prospective investors paying dividends should help to handle problems with information

asymmetries. In fact, any need for the disclosure of relevant additional information to the

public might reduce agency costs and consequently, could help the owners of a firm to have

better control over their management. In this context, it is interesting that Agrawal &

Jayaraman (1994), amongst others, have reported empirical evidence indicating that divi-

dend payments and managerial ownership are substitute mechanisms for reducing agency

costs in firms. Creditors could also matter. In fact, while firms that have issued debt

(respectively their owners) may have an incentive to pay dividends their creditors should

try to restrict the ability of their debtors to pay dividends (see, for example, Black, 1976,

Wald, 1999).

Following the above framework, any piece of relevant additional information that the

management provides to its investors and to financial markets in general can be the key

to handle principal-agent problems in firms more efficiently. In this context changes to

dividend payouts might also be helpful to mitigate information asymmetries. In fact,

the so-called dividend signaling theory assumes that managers can use dividend changes

to signal revisions to earnings expectations to the general public (see, amongst others,

Beer, 1993, Goddard, McMillan & Wilson, 2006). However, investors could also interpret

dividend cuts or omissions as negative signals that indicate future problems of the firm

(see, for example, Ghosh & Woolridge, 1989, Lie, 2005). In fact, there could be an

overreaction of stock prices to dividend reductions and omissions. Empirical evidence

shows that this might be the case (see, amongst others, Michaely, Thaler & Womack,

1995, Lie, 2005). There seems to be a concern in firms that investors are reacting too
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strongly to negative signals. Historical experience shows that the sentiment of investors

changes quickly and that worries about unexpected negative news in particular might lead

to large price swings in the stock market. As a consequence, managers of firms could have

an incentive to try to avoid the need to cut or omit dividends. Subsequently, firms should

only consider to increase their dividend payouts when it can assumed with reasonable

certainty that the current business environment will allow the company to maintain the

higher payout level in the near future (at least without major economic shocks). Lintner

(1956) has noted that managers usually are reluctant to make erratic changes to dividend

payments and—as a consequence—seem to have incentives to ensure a sufficient stability

of their payout policies. Therefore, firms often seem to make only minor adjustments

to their dividend distributions when current corporate earnings increase. More recent

empirical studies also seem to support this point of view. The findings reported by

Hoang & Hoxha (2016), for example, indicate that managers have an incentive to keep

adjustments to the payouts of their firms small. According to Lintner (1956), this behavior

of managers could be interpreted as a reaction to the unavoidable uncertainties with regard

to future developments. Of course, corporate earnings still remain to be an important

determinant for the payout policies of companies.

There is a lot of related work that is of relevance in this context. Most importantly,

in order to offer a basis for the considerations of Lintner (1956) that is more strongly

focused on economic theory, Acharya & Lambrecht (2015) develop a theoretical model for

income and dividend smoothing in the presence of asymmetric information. This model

is based on the idea that insiders try to manage the expectations of outsiders. It predicts

that the degree of smoothing should depend on the economic relevance of asymmetric

information. Moreover, it is shown that—consistent with observations of Lintner (1956)—

the volume of dividend payouts should grow over time. In fact, the model demonstrates

that the growth to dividend payments ought to be closely linked to the growth of corporate

earnings. Additionally, this model also predicts that an increase to the outside ownership

of firms should lead to more dividend more smoothing. Furthermore, in the context of the

target adjustment payout model of Lintner (1956), Lambrecht & Myers (2012) suggest a
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dynamic agency model in which all payout, investment, and financing decisions of a firm

are made by the managers of this company who try to smooth and maximize their flow

of rents by smoothing the payouts to the owners of the business enterprise. Fliers (2019)

demonstrates how financial flexibility of a firm affects decisions on dividend changes and

finds a nonlinear relationship.

Managers of firms only try to avoid the need to cut or even omit dividends in order

not to unnecessarily irritate investors. This behavior is called dividend smoothing in the

corporate finance literature (see, for example, Goddard, McMillan & Wilson, 2006, Leary

& Michaely, 2011). Empirical evidence from surveys of corporate financial managers

(see, for example, Baker, Farrelly & Edelman, 1985, Baker, Veit & Powell, 2001) as

well as from past experiences with dividend payouts employing cross sectional and time

series regression techniques (see, amongst others, Dewenter & Warther, 1998, Basse &

Reddemann, 2011) points in the direction that dividend smoothing is a phenomenon of

economic relevance in the U.S.

As a consequence, the dividends actually paid by firms ought to have decoupled from

corporate earnings—at least to a certain extend—due to the fact that managers try to

smooth dividend payouts. Therefore, the observed dividend payout time series should un-

derstate earnings and economic activity in the corporate sector on average. This results

in a situation in which realized dividend payouts would appear to systematically under-

estimate the fundamentally justified level of stock prices. In fact, aggregate dividends in

the U.S. have been smoothed more strongly in the period after WW2 than before (see,

most importantly, Leary & Michaely, 2011, Chen, Da & Priestley, 2012). According to

Reddemann, Basse & von der Schulenburg (2010), dividend smoothing can be interpreted

as dividend signaling with some precaution. Without any doubt, the two theories both

assume the existence of a strong link between dividend payments and corporate earnings.

Nevertheless, Goddard, McMillan & Wilson (2006) have made it clear that the signaling

and smoothing hypotheses make diametrically different predictions with regard to the

temporal relationship between dividend payments and corporate earnings.

While the first hypothesis assumes that dividends should lead corporate earnings, the
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second hypothesis forecasts that earnings should lead dividend payments. In any case,

the dividend smoothing hypothesis seems to be of relevance in the U.S. Consequently,

managers that try to formulate an adequate dividend policy for their firm seem to have an

incentive to not immediately react to an improvement of the business environment because

they want to avoid the need to cut or even omit dividend payments in more difficult times.

Accepting this point of view—which at least from the perspective of the corporate finance

literature should most probably not be too controversial (see, most importantly, Leary &

Michaely, 2011, Chen, Da & Priestley, 2012)—does have consequences for the new and

more recent asset price bubble literature. In fact, the practice of dividend smoothing

in firms seems to question the use of dividends as fundamental factor in bubble tests

because of the obvious fact that this time series should understate economic activity in

the corporate sector when firms smooth their dividend payouts.

2.3. Data and methodological issues

We examine annual stock market data from the U.S. More specifically, we focus on

the three time series: dividends per index share, earnings per index share, and stock

prices of the S&P 500 equity market index and its predecessors from 1871 to 2014. The

data is obtained from Robert Shiller’s web page.2 The time series under investigation

are not adjusted for inflation. Using annual data helps to avoid problems due to the

strong seasonal patterns in the dividend time series.3 We make use of nominal data

and do not calculate real prices as stock markets determine nominal equity prices and

investors commonly use fundamental valuation approaches based on nominal data (e.g.

P/E-ratios amongst others). As a consequence and from the perspective of information

flows among market participants, it is consistent to focus on nominal data—especially

when dividend smoothing is examined. In fact, while there is literature that analyzes the

role of inflation in this context (Basse & Reddemann, 2011, Baker & Jabbouri, 2017),

dividends are smoothed in nominal terms.

2Data is freely available from http://www.econ.yale.edu/~shiller/data.htm.
3For robustness checks, we use also the monthly price-dividend ratios by Phillips & Shi (2020) which

are available within the R package psymonitor.
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We motivate our relatively long observation period starting in 1871 with the observa-

tion of Frankfurter & Lane (1992) who have argued that old habits of firms are important

in analyzing dividend policy issues. Wilson & Jones (2002) have discussed data problems

due to biases in the early monthly S&P historical data. This is an additional impor-

tant reason to focus on annual data. Given that firms seem to smooth their dividend

payments raises doubts about the ability of the dividend time series to provide adequate

information about the level of economic activity and the profitability of the U.S. corporate

sector (see, most importantly, Alessandri, 2006, Chen, Da & Priestley, 2012). In fact, the

dividend time series should systematically underestimate the level of stock prices when

firms engage in dividend smoothing. Therefore, we construct several different hypothetical

dividend time series that control for the dividend policy of the firms and that thus are

better suited to be used as fundamental factors in bubble tests. Given that dividends are

paid from earnings as formalized in Eq. (2), all of these constructed time series are based

on corporate earnings.

It is, of course, possible that broad trends in the dividend policy of firms provide ad-

ditional relevant information about the business environment and the fundamental value

of firms that are included in the S&P 500 equity market index (respectively its predeces-

sors). As a consequence, we use a number of different rule-based approaches to simulate

dividend payouts which should be more closely related to the fundamental economic situ-

ation and—at least in some cases—try to obtain additional clues about the fundamental

economic environment by examining different averages of dividend payout ratios. In this

context, events that could have caused structural change affecting the relevant parameters

obviously is of central importance. In some cases, we also exclude some periods while cal-

culating the average payout ratios. Given extraordinary circumstances that might create

a situation where there are doubts with regard to the question whether the observed data

really is representative, we circumvent any possible bias by excluding these times.

In what follows, we outline six different alternative dividend series which are adjusted

for different forms of dividend policies. These alternatives, subsequently referenced as

hypothetical dividend series, are then utilized in the tests for bubbles as fundamental,
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translating to dividend policy-adjusted tests thereof.

The first hypothetical dividend time series (called HDREIT ) assumes that all firms be-

have like real estate investment trusts (REITs) and pay 90% of their income as dividends.

While this is a legal requirement for the very special equity market segment REITs in the

U.S., the time series is thought to simulate a behavior of firms where almost all cash flows

are returned to investors as dividends. Therefore, examining this variable assumes that

there is no applied dividend policy other than paying out the majority of earnings.

The second hypothetical dividend time series (referred to as HDWW1 ) is constructed

by calculating the average payout ratio with data from the time before and after the

start of WW1. This time series therefore should control for parameter instabilities in

the relationship between dividends and corporate earnings that are a result of this war.

Moreover, given that WW1 effectively put an end to the classical gold standard, this

hypothetical dividend time series should also help to cope with possible data problems

that may have resulted from the switch to fiat money after WW1. This might be of some

relevance given that inflation, and therefore possibly also the monetary system, seems to

matter examining the dividend policy of firms (see, for example, Basse & Reddemann,

2011, Baker & Jabbouri, 2017).

The third hypothetical dividend time series (denoted HDWW2 ) is calculated on the

basis of average payout ratios for the time before and after the start of WW2. Chen,

Da & Priestley (2012) have reported empirical evidence that WW2 has affected the div-

idend policy of U.S. firms. Therefore, we try to control for these effects of WW2 on the

relationship between dividends and the profits of the U.S. corporate sector. However, it

might be interesting at this point that we have estimated a very simple regression model

explaining the first difference of the dividend time series with the first difference of the

corporate earnings time series and an constant. Then we perform the test for structural

changes with unknown break dates suggested by Bai & Perron (1998). This test has not

been able to detect structural change in the 1940s but in the mid 1990s.4

4For the sake of the focus of this research, detailed results and empirical evidence on this test is not
reported but available upon request.
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The fourth hypothetical dividend time series (referenced as HDBW ) is based on the

idea that major economic booms and busts or stock market crashes in general can affect

the dividend policy of firms in a way that might lead to an atypical behavior of the

payout ratio. Hence, we exclude specific years of market turmoil. This idea is based on

a paper by Baker & Wurgler (2004). More specifically, we use the average payout ratio

before WW1 to calculate hypothetical dividends from reported earnings prior to the year

1914. When determining the average payout after the start of WW1, we exclude data

points that correspond with the stock market crash in 1929 (the years 1930 to 1933), the

turbulences in 1987 (the years 1988 and 1989), the dot.com-bubble and its bursting (the

years 1996 to 2003), and the subprime debacle (the years 2009 to 2011).

The fifth hypothetical dividend time series (labeled HDNIX03 ) controls for policy

changes and is constructed by firstly splitting the data in two subsets similar to HDWW2.

For these subsets, the average payout ratio before the start of WW2 and after are calcu-

lated. Most importantly, we control for Nixon’s attempt to limit dividend increases in the

early 1970s and the changes to the taxation of dividend payouts in 2003 by excluding the

data for the years 1972 to 1974 and 2003 to 2014 to calculate the average payout ratio in

the second subset after start of WW2.

The sixth hypothetical dividend time series (denoted HDMID) is simply calculated

using 5-year non-overlapping averages of the dividend payout ratio in combination with

the variable current corporate earnings. This way, we construct a dividend time series

which is—to some extent—robust against dividend smoothing activities of firms but is

still very similar to the observed dividend payouts. Before we move on to a more detailed

analysis, we first examine the relevant time series (see Figures 1 to 4).

– insert Figure 1 here –

– insert Figure 2 here –

– insert Figure 3 here –

– insert Figure 4 here –
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First and foremost, it has to be stressed that the dividend payout ratio in the U.S.

has declined steadily over time. In fact, Goetzmann, Ibbotson & Peng (2001) noted that

compared to the 20th century the dividend policy of U.S. firms was quite different in the

19th century where a large share of profits were paid out. The practice of retaining earn-

ings was not that common and corporations back then seem to have paid high dividends

in order to avoid capital gains. This phenomenon is visualized in Figure 1. The effects of

dividend smoothing become very visible during the Financial Crisis in 2008, in which the

dividend payout ratio spikes. This sudden increase is due to the fact that the earnings

per share is dropping significantly while dividend payouts remain largely unchanged.

Moreover, Figure 2 seems to suggest that a focus on averages of the dividend payout

ratio when calculating the hypothetical dividend payout time series is justified. Figures 3

and Figure 4 show stock prices (S&P 500 equity index and its predecessors), historically

observed dividend payouts, and the hypothetical dividend time series that have been

constructed from the corporate earnings time series.

3. Bubble Testing

In the following, we use the real-time monitoring procedure as proposed by Phillips &

Shi (2020). Compared to previous testing approaches, the main advantage of this novel

approach is that the empirical size can be controlled ex ante for a defined period of time.

In order to introduce this procedure, we adapt the Data Generating Process (DGP) of

Phillips & Shi (2018). In this framework, the DGP for (log-)prices pt reads as

pt =



c0T
−η + pt−1 + εt, t < a = bA× T c , normal times,

ρpt−1 + εt, t ≥ a = bA× T c , bubble,

γpt−1 + εt, t ≥ b = bB × T c , burst,

c0T
−η + pt−1 + εt, t ≥ c = bC × T c , normal times.

(6)

The innovation process εt is an independent and identically distributed random variable

with E(εt) = 0 and variance σ2 for t = 1, . . . , T . The parameters A < B < C ∈ (0, 1)
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denote the first observation in the corresponding regimes. The process pt is initialized

with p0 as a martingale process with a negligible trend c0T−η, where c0 is a constant and

η > 1/2, for t = 1, . . . , a−1. Then, the autoregressive parameter ρ = 1+δ/λT , with δ > 0

and λT as a sequence which increases to ∞ with λT = o (T ), renders the price process

to be mildly explosive for t = a, a + 1, a + 2, . . . , b− 1. Hence, the asymptotic theory by

Phillips & Magdalinos (2007) for autoregressive time series with a root close to unity is

applicable. The collapse is modeled by the stationary autoregressive parameter | γ |< 1

for t = b, b+ 1, b+ 2, . . . , c− 1. Finally, the log price follows a martingale process with a

negligible trend until the end of the sample.

In the first stage we test explosiveness in the price process. If we cannot reject the

null hypothesis of the unit root against the explosive alternative, further testing in the

price-dividend ratio would no longer be necessary. Given that we find evidence for price

explosiveness in the first stage, we test explosiveness in the ratio of the price and the

fundamental, or its proxy, dt, in the second stage. Phillips, Wu & Yu (2011) have discussed

the degree of integration of the price-dividend-ratio in “normal times” and in bubbles

situations. They have pointed out that the price-dividend-ratio is a function of the time-

varying discount rate, which might be I(0) or I(1). This plays a subordinate role in

times of a bubble as the explosive price—which is an submartingale process—renders the

price-dividend-ratio explosive. Hence, the degree of integration of the discount factor is

always lower. In “normal times” it plays a role as we have an I(0) or I(1) process for the

price-dividend-ratio. However, we specify under the null an I(1) process. This approach is

unproblematic since we obtain more conservative results for an I(0) process as the critical

values are greater than for an I(1) process (see Phillips, Wu & Yu, 2011).

The specification of the Augmented Dickey Fuller (ADF ) test regression (see Dickey

& Fuller, 1979)

∆yt = µ+ θyt−1 +

p∑
j=1

φj∆yt−j + ut (7)
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allows to test the pair of hypotheses

H0 : µ = c0T
−η and θ = 0,

HA : µ = 0 and θ > 0

in the framework of Phillips & Shi (2018) with

yt =


pt, for the price,

pt/dt, for the price-dividend-ratio.

Hence, under the null hypothesis, yt follows a random walk (with drift) and under the

alternative, the process becomes explosive (without drift). The error term ut is allowed

to be serially correlated such that

ut = ψ(L)εt =
∞∑
j=0

ϕjεt−j (8)

with
∑∞

j=0 j |ϕj| <∞ and εt is a martingale difference sequence. Hence, εt is potentially

conditionally heteroskedastic like in the case of ARCH or GARCH errors. Under the

alternative, stock prices show temporary explosive behavior and deviate explosively from

the fundamental.

As start and end points of the bubble process are unknown in our case, we apply the

recursive evolving algorithm by Phillips & Shi (2020). This approach computes the ADF

t-ratio of the least squares estimate of coefficient θ (see regression Eq (7)) recursively from

a backward expanding sample sequence. We denote τ1 and τ2 as the start and end points

of the regression, respectively, where τ1 = [r1T ] and τ2 = [r2T ] with [x] denoting the

integer part of x. Hence, the ADF t-ratio for the sample between r1 and r2 is labeled as

ADF r2
r1
. Following Phillips, Shi & Yu (2015), the end point is fixed r2 = r† and the start

point is allowed to vary over a feasible region
[
0, r† − r0

]
. Here, r0 denotes the minimum

required window size to initiate the regression. We follow the rule by Phillips, Shi & Yu

(2015) and set r0 = 0.01 + 1.8/
√
T . The test statistic for this approach is the supremum
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over the sequence of ADF t-ratios

BSADFr† (r0) = sup
r1∈[0,r†−r0],r2=r†

{
ADF r2

r1

}
. (9)

The procedure is called recursive evolving algorithm because the recursive computation

evolves as r† is shifted forward until the end of the sample. Hence, we receive a sequence

of BSADFr† (r0). Suppose the sample contains one explosive regime, start and end point

are given by

r̂e = inf
r†∈[r0,u]

{
r† : BSADFr† (r0) > cvr† (βT )

}
, and

r̂f = inf
r†∈[r̂e,1]

{
r† : BSADFr† (r0) < cvr† (βT )

} (10)

respectively. The procedure indicates the start of the explosive regime when the test

statistic, BSADFr† (r0), exceeds the critical value cvr† (βT ) and the end of the explosive

regime when the test statistic falls below the critical value.

Critical values are calculated by using the composite bootstrap by Phillips & Shi

(2020) which has been designed to cope with the influence of heteroskedasticity by using

a wild bootstrap (see Harvey, Leybourne, Sollis & Taylor, 2016) and in order to deal with

the multiplicity issue in recursive testing procedures (see Shi, Hurn & Phillips, 2016).

Phillips & Shi (2020) and Shi & Phillips (2020) describe this approach in five steps:

1. Estimate regression model in Eq. (7) under the imposition of ρ = 0 and obtain the

estimated residuals ût.

2. Generate a bootstrap sample with initial values ybi = yi for i = 1, . . . , j + 1 as

∆ybt =

p∑
j=1

φ̂j∆y
b
t−j + ûbt

where φ̂i are estimated coefficients from the first step. The residuals are ûbt = wtûl

whereas ûl is randomly drawn with replacement from the estimated residuals ût and

wt is randomly drawn from a standard normal distribution.

3. Compute the BSADF test statistic sequence
{
BSADF b

t

}τ0+τb−1
t=τ0

and its maximum
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value denoted by

Mb
t = max

t∈[τ0,τ0+τb−1]

(
BSADF b

t

)
from the bootstrapped series.

4. Repeat steps 2− 3 for Bn times.

5. The 95% percentiles of the
{
Mb

t

}B
b=1

sequence gives the critical value for this pro-

cedure.

The parameter τb denotes the number of observations for which the size of the test is

controlled. There is a trade-off between the power of the test procedure by Phillips, Shi &

Yu (2015) using the (wild) bootstrap by Phillips & Shi (2020) and the choice of τb as the

period for which the size is controlled becomes longer, power to detect explosive regimes

decreases, ceteris paribus. Hence, we report the results for a range of τb ∈ {4, 5, 6, 7, 8, 9}.

Thus, we control the size for time spans between 4 and 9 years.5

4. Empirical Results

4.1. Testing for Bubbles using hypothetical Dividends

In order to test against bubble behavior in the S&P 500, we have first applied the real

time monitoring procedure by Phillips & Shi (2020) to the price series. The results that

can be found in Figure 5 indicate that there are explosive phases. Thus, the necessary

condition for a bubble is fulfilled and we consider the sufficient condition in the following.

– insert Figure 5 here –

Therefore, we present the results of the monitoring procedure by Phillips & Shi (2020)

applied to the price-dividend (monthly and yearly) ratio and the (yearly) ratios between

prices and hypothetical dividends for a significance level of α = 0.05. As mentioned above,

potential issues due to heteroskedasticity and to the effect of family-wise size control in

5The R-code for this procedure has been implemented in the package psymonitor (Caspi, Phillips &
Shi, 2018). We thank the authors for making the code publicly available.
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recursive testing algorithms are mitigated by the bootstrap approach by Phillips & Shi

(2020).6 Lags are selected by the Bayesian information criterion (BIC).7

– insert Figure 6 here –

Figure 6 shows the bubble test results for the yearly price-dividend ratio. As noted above,

the size control parameter varies from four to nine years. The trade-off between longer

sized controlled periods and power leads to less years within the bubble period for larger

values of τb. Nonetheless, the bubble testing procedure indicates strong evidence in favor

of a financial bubble in the early 2000s—which is often interpreted as the dot.com-bubble—

and coincides with the results by Phillips, Shi & Yu (2015) and Phillips & Shi (2020).

In order to show the robustness of these results around the period of the dot.com-bubble,

we also report the results of the test by Phillips & Shi (2020) applied to monthly data in

Figure 7.

– insert Figure 7 here –

Start and end periods are consistent with the results for yearly data. Hence we proceed

with yearly data for the hypothetical dividends. As motivated above, we use yearly data

to avoid seasonal patterns and due to limitations of data availability.

However, if we assume that all firms behave like REITs and pay 90% of its income as

a dividend, the results in favor of financial bubble becomes less striking. Figure 8 shows

the results of the test by Phillips & Shi (2020) applied to the ratio of the price and the

hypothetical REIT dividend. For τb ∈ {5, 6, 7} we find only one explosive period each.

For τb ∈ {8, 9}, the bubble disappears completely.

– insert Figure 8 here –

This result holds also when we control for parameter instability due to WW1 (HDWW1 )—

as presented by Figure 9—and for WW2 (HDWW2 )—as presented by Figure 10.

6The procedures by Phillips, Shi & Yu (2015) and Phillips & Shi (2020) are implemented and available
within the R package psymonitor.

7Our results remain robust by using the Akaike information criterion (AIC). Results are not reported
in order to conserve space and are available on request.
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– insert Figure 9 here –

– insert Figure 10 here –

When we control additionally for major economic booms and bursts (HDBW ), we receive

maximum two explosive period as shown by Figure 11.

– insert Figure 11 here –

Figure 12 presents the results when we control for WW2, Nixon’s attempt to limit dividend

increases, and the tax reform of 2003. Also in this case, there is only weak evidence for

explosiveness. Again, for τb ∈ {8, 9}, the bubble disappears completely.

– insert Figure 12 here –

If we use the 5 year non-overlapping averages of the dividend payout ratio combined with

corporate earnings such that the dividend process is not that strongly affected by the

dividend smoothing activities of firms, we receive comparable results as for the price-

dividend ratio.

– insert Figure 13 here –

Finally, we form an equally weighted average over the hypothetical dividends (without

HDMID) denoted by MidProxies and test against explosiveness here as well. Figure 14

reports the results which are very similar to the hypothetical dividend series—also in this

case evidence for a shorter bubble phase is found.

– insert Figure 14 here –

Nonetheless, even if we cannot rule out the bubble completely, the majority of our results

indicate much less compelling evidence for bubbles compared to commonly adapted testing

approach based on observed dividends. Table 1 and Table 2 summarize the results by

presenting the start and end points of the explosive regimes.

– insert Table 1 here –

– insert Table 2 here –
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We have also considered the properties of the differences between actual and hypothet-

ical dividends. First of all, as mentioned above, managers in firms try to avoid situation

in which they need to cut sharply or even to omit dividend payments. Assuming that

dividends are smoothed, the time series of realized dividend payouts should in total show

less momentum than the time series of the hypothetical dividends. In principle, this might

not lead to a reduction (or increase) in the degree of integration. Only the dynamics of

the explosive behavior might be different for the realized and the hypothetical dividend

series. Furthermore, in situation in which the price-dividend ratio fails to provide con-

clusive evidence about bubbles as the rejection of the null hypothesis of no bubble is due

to a miss-specification of the fundamental caused by dividend smoothing, the difference

between the actual and the hypothetical dividend which accounts for dividend smoothing

should be explosive. Therefore, we have tested against explosiveness in the series con-

structed as the difference between the actual and hypothetical dividends. The following

figures show the results for HDNIX03, HDWW1, HDWW2, and HDBW. The parameter

τb is set to 7 in all cases.8

– insert Figure 15 here –

As expected, the hypothetical dividends are systematically larger than the realized div-

idends in “regular” times. Further, the gray shaded areas in Figure 15 indicate periods

of explosive behavior which coincide with the explosive price phases. Hence, we conclude

that accounting for dividend smoothing leads to less persuasive evidence in favor of a

bubble in the S&P during the early 2000s.9

4.2. Granger Causality between (hypothetical) Dividends and Spot Prices

According to Eq. (2), today’s stock prices should help to forecast future expected

dividend payouts, respectively hypothetical dividends—which, in our case, are functions

8Note that the results do not vary qualitatively with the choice of τb in this case. Therefore, we omit
additional results here for several specification in order to conserve space. Nonetheless, these results are
available on request.

9Our approach involves the log-linearization by Campbell & Shiller (1988). In the presence of large
explosive bubbles, Engsted, Pedersen & Tanggaard (2012) show that the Campbell-Shiller approximation
is very accurate. For additional robustness, we test for explosiveness in the difference between log prices
and the log (hypothetical) dividend series. The results lead to exactly the same conclusions and are not
reported in order to conserve space, but are available on request. We thank reviewer 1 for this comment.
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of corporate earnings. Therefore, there should be Granger causality running from stock

prices today to future dividends/hypothetical dividends. However, there are dividend and

earnings surprises which are—by definition—not expected by investors. Therefore, past

values of dividends and hypothetical dividends, which are calculated from corporate earn-

ings, could also Granger cause stock prices. In fact, finding empirical evidence pointing in

this direction would indicate that a time series could be a “good” or suitable fundamental.

We test for Granger causality between 1945 and 1998 among stock prices and realized as

well as hypothetical dividend payouts using the test by Toda & Yamamoto (1995). On

one hand, there is no evidence at the 5% level—which is of central importance in this

paper—for Granger causality between stock prices and realized dividend payouts. At the

10% level, there is empirical evidence for unidirectional Granger causality running from

stock prices to dividends. On the other hand, there is clear evidence for unidirectional

Granger causality running from the hypothetical dividend time series to stock prices. This

empirical finding implies that these variables should be a more useful fundamental than

the realized dividend payouts.10

4.3. An alternative Approach: Using Market Expectation to test Bubbles

Furthermore, the price-dividend ratio might fail to provide conclusive evidence about

bubbles as the rejection of the null hypothesis of no bubble might be due to the existence

of bubbles or a miss-specified fundamental or both. Pavlidis, Paya & Peel (2017) provide

the most recent approach which does not require the specification of the fundamental. The

authors argue that the futures price is a biased forecast of the spot price in the future

if a bubble exists and hence, the spread between future spot and forwards would behave

explosively in this case. The authors apply the test by Phillips, Shi & Yu (2015) to the

differences between the future spot and futures prices and report empirical evidence in

favor of a financial bubble in the S&P 500 as Phillips, Shi & Yu (2015) do. However, the

results of Pavlidis, Paya & Peel (2017) are less compelling compared to Phillips, Shi & Yu

(2015)—in the sense that the explosive periods in the futures and future spot price spread

10In order to conserve space, these results are not reported in detail but are available on request. We
thank an anonymous reviewer for these detailed comments that resulted in those tests.
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are shorter compared to the explosive periods of the price-dividend ratio—which indicates

that the specification of the fundamental process plays an important role. We apply the

same methodology as in Pavlidis, Paya & Peel (2017) using spot and futures prices11

between 07/1983 and 12/2014 with one exception—we use the bootstrap procedure by

Phillips & Shi (2020) to obtain critical values for the test by Phillips, Shi & Yu (2015).

The results are reported in Table 3.

– insert Table 3 here –

With this modification, a very short explosive period could only be found for the spread

between the spot and the futures price with nine month maturity in the course of the

Dot.com bubble. Hence, the bubble testing results using the hypothetical dividends as

the proxy for the fundamental match the results of the procedure by Pavlidis, Paya &

Peel (2017) better compared the approach where actual dividends are used. Together

with the empirical result that we obtain unidirectional Granger causality between prices

and hypothetical dividends, but not between spot prices and actual dividends, this can

be interpreted as evidence that hypothetical dividends contain more information about

future spot prices than actual dividends do.

5. Conclusions

The main goal of this paper is to link empirical evidence reported in literature of

testing for bubbles more strongly to corporate finance literature. In order to do so, we

focus on dividend policy issues. Given that there is some empirical evidence for dividend

smoothing in the U.S., there could be doubts whether observed dividend payments really

are a useful fundamental factor while using recursive right-tailed unit root tests to identify

bubbles.

Therefore, we have constructed hypothetical dividend payouts which are based on

reported corporate earnings. The empirical evidence presented above does suggest that

11We utilize weekly prices of S&P 500 futures from the Chicago Mercantile Exchange (CME) that
expire on quarterly basis. We construct continuous three-, six-, nine-, and twelve-month futures prices by
spline-interpolation, making use of the next four available quarterly futures as sampling points. CME’s
rollover specifications for the definition of the lead month contract are taken into consideration. All data
is available upon request.
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dividend policy could indeed matter when testing for speculative bubbles. In fact, the

dot.com-bubble, that is commonly seen as the prime example for a stock price bubble not

only in the NASDAQ but also in other broader U.S. equity indices, can be diagnosed with

the observed dividend time series examining the S&P 500. This is not necessarily the case

with our hypothetical dividend time series if we adjust for dividend policy. Given that

both—the efficient market hypothesis, which predicts that there should be no speculative

bubbles in financial market prices, and the dividend irrelevancy theorem—rely on the

assumption of perfect markets, it is interesting to note that the empirical evidence is less

striking for financial bubbles by controlling for dividend policy. With the observation

that firms in the U.S. take measures to smooth dividends, which—under the assumption

of perfect markets—should be regarded as an inefficient waste of time and resources, the

utilization of observed dividends for bubble testing might be misleading. We demonstrate

that by adjusting these observed dividend series with dividend policy, adherents of the

efficient market theory might overcome the problem that the now commonly employed

tests usually indicate the existence of the dot.com-bubble in the S&P 500.

With regard to asset price bubbles, we seek to ascertain whether attention to the ex-

istence dividend smoothing of firms might save the efficient market theory. This central

question is to be answered with a cautious “yes,” under the consideration of additional

factors. Taking into account that firms smooth their dividend payments to a certain de-

gree clearly yields less substantial empirical evidence for the existence of speculative price

bubbles in the S&P 500. The assumption that asset price bubbles should not exist is one

of the fundamentals of the efficient market hypothesis. Therefore, the evidence presented

here is of high relevance to the practical implications of the efficient market hypothe-

sis. In addition, considering that many firms seem to follow a specific dividend policy

could indeed rescue the efficient market theory—at least in parts—in terms of testing

for the existence of speculative bubbles by using dividends as fundamental factor. Some

problems remain. Most importantly, our hypothetical dividend payouts are constructed

from corporate earnings—and firms might also use earnings smoothing (see, for example,

Baker & Weigand, 2015, Gao & Zhang, 2015). At this point, it has to be noted that
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there are close linkages to the accounting literature, for example Khalil & Simon (2014)

and Di & Marciukaityte (2015). In addition, Gao & Zhang (2015) already discuss the

effects of earnings smoothing via accounting discretion from the perspective of corporate

finance theory. Thus, reported earnings are not necessarily a perfect proxy for economic

fundamentals.

In this paper, we develop several techniques to handling the distorting effects of the

dividend policy of firms in the context of valuation models. Thus, the alternative dividend

payout time series constructed in this paper should provide better information about the

payouts expected by market participants. As a matter of fact, we evidently find less

compelling evidence for the existence of a speculative bubble in the S&P 500 when the

hypothetical dividend payments are used as fundamental factors. In any case, our results

which provide a strong link between the financial bubble and dividend policy literature

could indeed proof to be a very promising research direction for future empirical research.
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Appendix

τb = 4 τb = 5 τb = 6 τb = 7 τb = 8 τb = 9

Monthly price-dividend ratio (01/1973 to 12/2014)

r̂e,1 11/1996 11/1996 11/1996 06/1997 06/1997 06/1997
r̂f,1 12/1996 12/1996 12/1996 07/1997 08/1997 08/1997

r̂e,2 01/1997 05/1997 05/1997 09/1997 09/1997 09/1997
r̂f,2 02/1997 08/1998 08/1998 10/1997 10/1997 10/1997

r̂e,3 05/1997 11/1998 11/1998 11/1997 11/1997 11/1997
r̂f,3 08/1998 11/2000 11/2000 08/1998 08/1998 08/1998

r̂e,4 10/1998 10/2008 10/2008 11/1998 11/1998 11/1998
r̂f,4 11/2000 12/2008 12/2008 09/1999 09/1999 09/1999

r̂e,5 10/2008 01/2009 01/2009 10/1999 10/1999 10/1999
r̂f,5 03/2009 03/2009 03/2009 08/2000 09/2000 05/2000

r̂e,6 10/2008 11/2008 06/2000
r̂f,6 12/2008 12/2008 07/2000

r̂e,7 02/2009 02/2009 08/2000
r̂f,7 03/2009 03/2009 09/2000

r̂e,8 11/2008
r̂f,8 12/2008

r̂e,9 02/2009
r̂f,9 03/2009

Yearly price-dividend ratio (1871 to 2014)

r̂e,1 1918 1918 1998 1998 1998 1998
r̂f,1 1919 1919 2002 2002 2002 2002

r̂e,2 1997 1997 2004 2004 2004
r̂f,2 2005 2005 2005 2005 2005

Table 1: The table presents the start (r̂e) and end dates (r̂f ) of the explosiveness monitoring procedure
by Phillips & Shi (2020) with a significance level of α = 0.05 applied to monthly (01/1973 to 12/2014)
and yearly (1871 to 2014) price-dividend ratios for the S&P 500. The size controlling parameter τb varies
from four to nine.
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τb = 4 τb = 5 τb = 6 τb = 7 τb = 8 τb = 9

Yearly price-HDREIT ratio (1871 to 2014)

r̂e,1 2001 2001 2001 2001
r̂f,1 2002 2002 2002 2002

r̂e,2 2008
r̂f,2 2009

Yearly price-HDWW1 ratio (1871 to 2014)

r̂e,1 2001 2001 2001 2001
r̂f,1 2002 2002 2002 2002

r̂e,2 2008
r̂f,2 2009

Yearly price-HDWW2 ratio (1871 to 2014)

r̂e,1 2001 2001 2001 2001
r̂f,1 2003 2002 2002 2002

r̂e,2 2008 2008 2008
r̂f,2 2009 2009 2009

Yearly price-HDBW ratio (1871 to 2014)

r̂e,1 2001 2001 2001 2001
r̂f,1 2002 2002 2002 2002

r̂e,2 2008
r̂f,2 2009

Yearly price-HDNIX03 ratio (1871 to 2014)

r̂e,1 2001 2001 2001 2001
r̂f,1 2003 2002 2002 2002

r̂e,2 2008 2008 2008
r̂f,2 2009 2009 2009

Yearly price-HDMID ratio (1871 to 2014)

r̂e,1 1996 1996 1997 1998 1998 1998
r̂f,1 2004 2004 2003 2003 1999 1999

r̂e,2 2008 2008 2000 2000
r̂f,2 2009 2009 2003 2003

Table 2: The table presents the start (r̂e) and end dates (r̂f ) of the explosiveness monitoring procedure
by Phillips & Shi (2020) with a significance level of α = 0.05 applied to ratios of prices and hypothetical
dividend series for the S&P 500. The size controlling parameter τb varies from four to nine.
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τb = 4 τb = 5 τb = 6 τb = 7 τb = 8 τb = 9

Spread between spot and futures price (3 months)

r̂e,1 12/2008 12/2008 12/2008 12/2008 12/2008 12/2008
r̂f,1 03/2009 01/2009 01/2009 01/2009 01/2009 01/2009

Spread between spot and futures price (6 months)

r̂e,1 12/2008 12/2008 12/2008 12/2008 12/2008 12/2008
r̂f,1 04/2009 04/2009 04/2009 04/2009 04/2009 03/2009

Spread between spot and futures price (9 months)

r̂e,1 04/2001 04/2001 10/2008 10/2008 11/2008 12/2008
r̂f,1 05/2001 05/2001 04/2009 04/2009 04/2009 04/2009

r̂e,2 10/2008 10/2008
r̂f,2 04/2009 04/2009

Table 3: The table presents the start (r̂e) and end dates (r̂f ) of the explosiveness monitoring procedure
by Phillips & Shi (2020) with a significance level of α = 0.05 applied to monthly (07/1983 to 12/2014)
spreads between spot and futures prices. The size controlling parameter τb varies from four to nine.
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Figure 1: The figure shows the dividends per index share and the earnings per index share of the S&P
500 (respectively its predecessors) as well as the dividend payout ratio.
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Figure 2: This figure displays the historical data on the dividend payout ratio examining the S&P 500
equity index and its predecessors as well as the average dividend payout ratio before and during/after
World War 1 (respectively World War 2).
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Figure 3: The figure shows stock prices and dividends (per index share) of the S&P 500 equity index and
its predecessors as well as three “hypothetical” dividend time series calculated from corporate earnings.
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Figure 4: This figure displays stock prices (S&P 500 equity index and its predecessors) and three “hypo-
thetical” dividend time series constructed from corporate earnings.
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Figure 5: The figures present the trajectories of the yearly price series with the corresponding results of
the pseudo real-time monitoring proposed by Phillips & Shi (2020) for a significance level of α = 0.05.
The size control parameter τb increases from the left upper figure to the right figure at the bottom from
four to nine by steps of one. The number of lags in the Augmented Dickey Fuller regression (see Equation
(7)) is selected by the BIC. Gray shaded areas indicate explosive periods.
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Figure 6: The figures present the trajectories of the yearly price-dividend ratio with the corresponding
results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for a significance level of
α = 0.05. The size control parameter τb increases from the left upper figure to the right figure at the
bottom from four to nine by steps of one. The number of lags in the Augmented Dickey Fuller regression
(see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive periods.
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Figure 7: The figures present the trajectories of the monthly price-dividend ratio with the corresponding
results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for a significance level of
α = 0.05. The size control parameter τb increases from the left upper figure to the right figure at the
bottom from four to nine by steps of one. The number of lags in the Augmented Dickey Fuller regression
(see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive periods.
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Figure 8: The figures present the trajectories of the ratio of the price and the dividend proxy HDREIT
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 9: The figures present the trajectories of the ratio of the price and the dividend proxy HDWW1
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 10: The figures present the trajectories of the ratio of the price and the dividend proxy HDWW2
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 11: The figures present the trajectories of the ratio of the price and the dividend proxy HDBW
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 12: The figures present the trajectories of the ratio of the price and the dividend proxy HDNIX03
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 13: The figures present the trajectories of the ratio of the price and the dividend proxy HDMID
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 14: The figures present the trajectories of the ratio of the price and the dividend proxy MidProxies
with the corresponding results of the pseudo real-time monitoring proposed by Phillips & Shi (2020) for
a significance level of α = 0.05. The size control parameter τb increases from the left upper figure to
the right figure at the bottom from four to nine by steps of one. The number of lags in the Augmented
Dickey Fuller regression (see Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive
periods.
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Figure 15: The figures present the trajectories of series constructed as the difference between selected
hypothetical dividends and realized dividends with the corresponding results of the pseudo real-time
monitoring proposed by Phillips & Shi (2020) for a significance level of α = 0.05. The size control
parameter τb is set to 7 in all cases. The number of lags in the Augmented Dickey Fuller regression (see
Equation (7)) is selected by the BIC. Gray shaded areas indicate explosive periods.
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