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Is stockmarket overpriced? A benchmark approach
Riza Emekter*1, Robert Beaves1 and Zane Dennick-Ream1

Abstract: The fact that stock market is unpredictable does not deter investors,
pundits, and academicians from speculating about the next market move. This
paper uses multiple benchmarks to judge the current level of the stock market.
Among those benchmarks are bonds; commodities; REITs; international stocks;
company earnings, sales, and profits; and GDP. Ten-year moving averages of
benchmark variables are individually and then collectively compared with S&P 500
index. Although our analysis finds that fundamentals do not support the current
high level of the stock market, we do find evidence that a rational bubble exists in
that market using the duration dependence test.

Subjects: Corporate Finance; Investment & Securities; Property & Real Estate Finance

Keywords: Standard and Poor’s 500 index (SPX); duration dependence test; CAPE

1. Introduction
The behavior of the U.S. stock market since March 2009 has clearly enriched those invested in it.
The recent series of consecutive record highs across all major indexes has generated demon-
strable angst among investors who realize that the bull market could continue for years or
collapse any day. Investors are conflicted between a realization that stocks are pricey and a
concern for opportunities lost should they take gains prematurely, i.e., the classic fear versus
greed conundrum. This paper investigates whether fundamentals support the current stock
market level by benchmarking the stock market levels against multiple macro and micro vari-
ables. Regardless of our conclusions, we cannot solve the investor’s dilemma. We can only hope
to provide useful insight into market valuation.
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The macro benchmarks we use include alternative investment classes such as bonds, commodities,
foreign equities, and real estate as well as economic indicators such as GDP, inflation, money supply,
interest rates, unemployment rates, and industrial production index (IPI). Micro benchmark variables
include aggregate company earnings, sales, assets, and dividends. Ultimately, these benchmarks will
be used to create a single metric for comparison with the current level of the stock market.

Several previous studies have discussed the mean reversion of market multiples to long-term
average levels (e.g., see Coakley & Fuertes, 2006). Some papers confirm that mean reversion does
occur, but note that long-term fundamental averages appear to shift over time. In other words, the
“normal” level for a market multiple can change (e.g., see Balke & Wohar, 2001; Carlson, Pelz, &
Wohar, 2002; Heaton & Lucas, 1999; McMillan, 2009). To address these observations, we use 10-year
moving averages for all variables rather than using a single average for the entire sample period.

Our study is among the few that employ multiple variables beyond the typical dividend and
earnings multiples. Specifically, we believe that the relative value of domestic stocks as compared
to alternative investment classes such as bonds, REITs, and international stocks can provide
further insight as to whether the U.S. stock market is currently overvalued.

Based on our benchmarks, it is apparent that current domestic stock prices are at historically high
level. Indeed, the current level is second only to levels seen immediately before the collapse of the
dotcombubble. Our benchmarks are able to explain 97%of the variation of stock prices over the period
studied and suggest that fundamental factors simply do not justify the current level of stock indexes.

On 1 January 2017, Standard and Poor’s 500 index (SPX) was 2279. Based on the 10-year moving
average of the ratio of SPX to each variables used in this study, SPX is overvalued. The predicted
level of SPX using IPI was 1558. It was 1538 according to total business sales. The overall average
using all the variables in the study was 1521. Therefore, SPX level is much higher than the overall
benchmark using all the variables.

Furthermore, we find evidence of a rational market bubble based on the “duration dependence”
test. A short literature review is presented in the next section followed by sections on data
description, and methodology. The paper ends with our conclusion.

2. Literature review
The literature on valuing stocks based on fundamentals is vast, but we found the following
common threads. First, many studies focus on micro variables, particularly the price-earnings (P/
E) and price-dividend ratios. For example, Barsky and De Long (1990) argue that high stock market
prices are not driven by irrational exuberance but by fundamentals, in particular expectations of
higher economic growth. Furthermore, Campbell and Shiller (1988) find that the long moving
average of real earnings is very effective predicting the stock returns. An international example
of fundamentals factor explaining the stock price would be Nasseh and Strauss (2000). They
observed strong relationships between macroeconomic factors and stock prices in 6 European
countries. Industrial production, manufacturing orders, and interest rates were found to signifi-
cantly affect stock market levels in France, Germany, Italy, Netherlands, Switzerland, and UK.

Other factors such as market participation, the level of interest rates, and expected economic
growth are discussed as possible justifications for high stock prices but are not generally used as
direct explanatory variables. For example, Heaton and Lucas (1999) find that the typical investor
now has a better diversified portfolio due to the wide spread use of mutual funds. This diversifica-
tion may decrease the equity risk premium demanded by investors and thereby justify higher stock
prices. Similarly, Carlson and Sargent (1997) assert that high stock prices are not justified by the
fundamentals. These authors suggest that the high price levels may be justified by expectations of
higher future returns given recent high rate of earning growth. Another possible explanation is
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lower returns expectations due to lower required risk premiums for stocks in general. They make
no assertions as to whether these expectations are rational or not.

Second, many papers investigate whether stock returns or stock price fundamentals (mainly the P/E
and price-dividend ratios) revert to a long-term average. Here the conclusions are mixed. Some studies
support mean reversion. For example, Coakley and Fuertes (2006) conclude that although stock prices
can deviate from the fundamentals in the short term, in the long run they revert to the levels justified by
the fundamentals. Cochrane (1998) finds that the stock prices are high based on the fundamentals and
predicted that future stock prices would probably be lower. Also, He (2009) finds mean reversion in the
stock returns between 1886 and 2008 with different sub-periods exhibiting different mean reversion
patterns. Although mean reversion is strong for the sub-periods 1886–1941 and 1990–2008, no mean
reversion was found during the period 1942–1989. In another mean reversion study, Campbell and
Shiller (2001) investigate whether low dividend yields and high P/E ratios are the “new normal” or
whether these ratios are likely to revert to historical norms. The authors suggest that fundamentals did
not support the high level of the stock market and predicted a correction in stock prices. In an
international example of mean reversion, McMillan (2009) found that UK stock price multiples revert
to long-termmeans. The study concludes that the current high level of P/E and price-dividend ratiosmay
represent a new normal that is justified by historically low interest rates and inflation.

Additional studies suggest the mean may shift and have structural break points from time to
time. In other words, high stock prices can be justified if the “normal” level of the P/E ratio has
shifted upward. For example, Carlson et al. (2002) ask whether fundamental valuation ratios mean
revert. The study finds that although price/earnings and price/dividend ratios mean revert, both
experienced break points from historical norms. In other words, these ratios seem to establish
higher “new normal” averages over time rather than reverting to a single long-term average. Balke
and Wohar (2001) observe that deviations from long-term average P/E and price-dividend ratios
are very persistent and conclude there are no long-term norms for these two ratios. They are
unable to conclude whether or not unusually high stock price levels can be explained by funda-
mentals or are simply the result of irrational exuberance.

Third, some studies find that high stock prices, particularly the level of prices observed during the
dotcom bubble, simply cannot be explained by fundamental factors. For example, Phillips, Wu, and
Yu (2011) find that high levels of NASDAQ stock price index between 1995 and the dotcom crash
can be attributed to financial exuberance rather than market fundamentals. Also, Manzan (2007)
concludes that the high stock market levels of the late 1990s was a stock market bubble due to the
persistence of large deviations from fundamental norms.

From the literature review, it is not conclusive whether fundamentals, mean reverting funda-
mentals, fundamentals with structural breaks, irrational exuberance, or rational bubbles are the
answer to the question of whether stocks are overpriced or fairly priced. Our study aims to
contribute to this literature and help investors to make more informed investment decisions.

3. Data description
The data used in this study are primarily from the Federal Reserve Bank of St. Louis Economic Database
(FRED), Bloomberg, and Robert Shiller’s data base. Themonthly data are collected from February 1950 to
May 2017. The regression data are for a shorter period because some data series start later. Descriptive
statistics of the data are presented in Table 1. Only SPX, earnings per share, and the IPI run for the entire
period with 805 monthly observations for these series. GDP data are quarterly therefore producing a
smaller number of observations. REIT series and foreign country stock data represent the real limitations
of the data used since some major foreign stock index series started in the 1990’s (e.g., China).

We benchmarked stock market performance against the performance of alternate investments,
specifically bonds, commodities, foreign stocks, and REITs. Macro variables such as GDP growth, GDP
per capita, and the IPI were also included in the belief that the growth of market capitalization should
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not outpace the growth of the economy for sustained periods of time. Finally, company specific
aggregate variables like earnings, sales, and net income are included in the study. Dividend yield
was not included because dividends are discretionary and yields vary between mature and emerging
growth industries. Thus, changing dividend yields may simply reflect a change in industrial composi-
tion of an economy. Ultimately, we believe earnings to be more reliable and should capture the effect
of dividend yields. This choice finds some support in Barker (1999).

A simple ratio of SPX to each chosen variable is calculated for every month in the study period. Then
a 10-yearmoving average of these ratios is calculated to identify the normal level of the ratio. For each
period, the level of the variable (e.g., earnings per share) is multiplied back with the smoothed average
ratio (10-year average). This product is deemed to represent a fair value for the SPX and provides our
definition for the normal level of SPX. For example, P/E ratio for SPX in February 2017was 23.26 and the
10-year moving average of P/E ratio on the same date was 26.2938. The earnings in the next period
(March) was $100.29. Applying the 10-year average multiple to the March earnings suggests that the
fair value SPX level would be 2637whereas the actual level was 2363.64. In the next few pages, all the
variables that are defined and the normal level of SPX based on each is compared with the actual SPX.

3.1. SPX/earnings (P/E ratio)
This is the traditional P/E ratio for SPX which has an average of approximately 18 since 1950. The sharp
upward spike in 2009 was due primarily to the low level of corporate earnings during the “great
recession” (Figure 1). The current P/E ratio is high by historical standards but is not yet at a record level.
Based on the 10-yearmoving average value of the P/E ratio, stocks are near their fair value (see Figure 1).

3.2. SPX/corporate profit (PROFIT)
This ratio relates stock prices to before tax corporate profits as provided by the U.S. Bureau of
Economic Analysis. Although this ratio is related to the P/E ratio, it is currently high by historical
standards, suggesting that stock prices are currently overvalued (see Figure 1).

3.3. SPX/industrial production index (IPI)
This ratio is currently at its highest point. Stock prices would be expected to grow as industrial
production grows. However, the growth in stock prices is significantly greater than the growth in
industrial production (see Figure 1). This growth disparity may simply reflect the fact that recent
economic growth had come primarily from the service side of the economy.

3.4. SPX/total sales (SALES)
This ratio relates stock prices over time to total business sales. This ratio is currently at its highest
point, slightly above its level in 1999. The gap between SPX and fair value has been expanding
since 2013 and is currently at its widest, suggesting the stock market is richly valued.

3.5. SPX/bond index ratio (BOND)
Bonds should provide a useful benchmark since they represent the most direct investment alter-
native to stocks. The BofA Merrill Lynch US Corp Total Return Index is used to represent the
performance of corporate bonds. The SPX/Bond ratio is not particularly high. However, stock prices
are relatively high when the historical moving average of the bond index is used to find fair value.
More specifically, it appears that stocks were relatively cheaper between 2002 and 2013 and
relatively more expensive since then with a growing gap between current market levels and the
value suggested by a long-term average of this ratio. (See Figure 2).

3.6. SPX/REIT ratio
Like bonds, REITs are traditionally viewed as an alternative investment. Indeed, many researchers have
found that REIT performance is similar to that of small cap stocks. The SPX/REIT ratio is currently at a
relatively low level suggesting that stocks are not currently overpriced. Although REITs have been
observed to behave like small cap stocks, this is still and interesting and somewhat unexpected result
(see Figure 2).
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3.7. SPX/Gold
Many consider gold to be a store of value and a hedge against inflation. Furthermore, gold is an
alternative investment and as such represent an important benchmark for stocks. The SPX/Gold
price ratio is not currently high. From 2002 until 2014 gold prices were very high and the ratio was
low, particularly during the “great recession.” Now, however, stock prices are higher relative to the
price of gold.

3.8. SPX/Commodity (COMOD)
Although gold and oil are considered individually, there is merit in looking at commodities in
general. SPX/Commodity price ratio is very high at this time although it has yet to reach its 1999
record level. Current stock prices are significantly higher than the fair value suggested by the
global commodity index suggesting that the stock market is overvalued (Figure 2).
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3.9. SPX/Oil
Oil is an important commodity and its price is a factor in the price ofmost consumed goods. The SPX/Oil
price ratio is currently high suggesting that the stock market might be relatively expensive.(Figure 3).

3.10. SPX/GDP per capita (GDPCAPITA)
One might expect parallel movement between stock price levels and GDP per capita and/or GDP.
The current SPX/GDP per capita ratio represents a historic high. When one compares the actual
value of SPX with the fair value of SPX based on GDP per capita, it is apparent that stock prices have
grown much faster than GDP per capita. The current high level of the GDP per capita ratio is
consistent with a stock market that is overvalued (Figure 3).

3.11. SPX/GDP
Similar to the GDP per capita ratio, this ratio is currently high although not at its highest point.
When the current value of SPX is compared with the fair value of SPX based on GDP, the stock
market appears to be overpriced (Figure 3).
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3.12. SPX/international stock indexes
This ratio relates the US stock values to the average stock market levels of the 20 largest
economies in the world and is currently very high. If the stock prices of other countries are used
as a benchmark to calculate the fair value of SPX, the current US stock prices are overvalued. US
stock market is also high relative to stock market levels in all of the major world economies if
compared individually. Relative value of Chinese market has spiked higher than in 1999, 2000,
2007, 2009, and 2015. Currently, the US stocks are relatively expensive compared to those of China
and all of the other individual stock markets (Figures 3 and 4).
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3.13. Overall average
Finally, an index is created using the average of all the ratios discussed so far. The current level of this
index is at a high level, which is very close to the highest point recorded around years 1999 and 2000.

Two main crossovers can be observed. Before May 2002, the actual value of SPX was higher than
the fair value estimate. Between 2002 and 2013, the fair value of stock was higher than SPX
including the period just the before mortgage crisis. The second crossover happens at the end of
2013. Since that time, the SPX index is higher than its fair value.

In other words, using some of the most important benchmarks (company related variables,
economy-wide variables, bond indexes, alternative investments, and other countries), it is safe to
conclude that current stock prices are high (Figure 4).

4. Methodology
Each of the ratios discussed so far in the data section can be considered a fair stock valuation
model in itself. However, our objective is to identify models that best explain the data. The Fed
model and modified fed model by Yardeni (2003) are the models that aim to find the fair value
of stocks.
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4.1. Yardeni’s model
Yardeni’s (1999, 2003) model modifies the Fed model1 by combining it with the Gordon growth
model (the model uses earnings rather dividends):

P0 ¼ E1
r � g

(1)

where E1 is the expected stock earning for the following year, r is the required rate of return for the
stock, and g is the expected long-term growth rate of earnings.

Yardeni uses Moody’s A rated corporate bond yield for r (10-year maturity) (similar to the Fed
model) and uses the consensus 5-year growth estimate compiled by Thompson Financial. This
growth estimate is called LTEG. Yardeni does not use the raw growth in the model but instead use
a weighted LTEG in the formula. Yardeni finds that investors do not put a large weight on the
growth estimates (LTEG) since it usually exceeds the actual growth. The typical weight used in
Yardeni’s models is 0.1. Therefore, the final version of the model is given as follows:

P0 ¼ E1
rA�rated � d� LTEG

(2)

where d is the weight. Using the Yardeni’s model, a fair value for SPX is calculated. Then the log
ratio of actual SPX index value and fair value from the Yardeni’s model is calculated. For example,
in August 2016, the earnings estimate for SPX index was $89.09, the long-term earnings growth
rate estimate (LTEG) was 10.19%, and A rated corporate bond yield was 4.24%. Given these
figures, Yardeni’s model would estimate the value of SPX as 2766, much higher than the actual
SPX value of 2171 at the time. The log ratio of SPX value to the value estimated by Yardeni’s model
is negative (ln(2171/2766)). The negative ratio suggests that the SPX is relatively cheaper as
compared with the value suggested by Yardeni’s model in August 2016.

According to this measure, SPX currently is slightly undervalued (Figure 4). This is true for if the d
value is assumed to be higher than 1.6%. However, if the d value is assumed to be less than 1.6%,
then SPX is overvalued. The Yardeni’s model recognizes only bonds as an alternative to stocks and
benchmarks the stock value to A-rated corporate bonds. A model using the commodities, foreign
equity, real estate, and some macroeconomic variables may provide better stock valuation.

4.2. Cyclically adjusted price/earnings ratio (CAPE)
Shiller (2000, 2005, 2015) calculates cyclically adjusted price/earnings ratios of stock prices (CAPE).
The real SP-500 index is divided by the past 10-year moving average of real earnings. CAPE level
was around 30 in the first half of 2017 which is high by historical standards except for the few
years around 2000 (Figure 4). Because the CAPE utilizes the earnings only, the inclusion of other
possible benchmarks may provide a more accurate assessment of stock market valuation.

4.3. Alternative stock valuation models
Next, we tested whether all these variables as a group can explain a significant part of the variation
in SPX. To develop a successful model, we first looked at the correlations between SPX and all the
variables in the data sample. The correlation between SPX and most of these variables are significant
and high, which is promising for the development of a successful model. The highest correlation
(97%) is between SPX and Swiss stock market index. GDP, earnings, profits, and IPI are also highly
correlated with SPX. Oil and commodities in general have low correlation with SPX. This low correla-
tion confirms the importance of oil and commodities in diversifying risk. It is interesting to note that
the correlations between US stock market and Swiss, UK, Canada and Australian stock markets are
very high while the correlation between US market and those of Spain and Sweden are very low. The
foreign stock market indexes were converted to dollars using the exchange rate at the time. The
correlation would have been higher if the indexes were in domestic currency (see Table 2).
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Using 10-year moving averages of the ratios of SPX to each variable, we calculated a fair value for
SPX as it is explained above. A positive difference between SPX and our fair value shows that the stock
market is overpriced. Using country averages and all other variables described in the data section, the
overall fair value and the difference between the fair value and SPX is calculated for each month. We
created a dummy variable that takes a value of 1 if the SPX is greater than the fair value at a given
month. The value of the dummy variable would be 0 if the fair value is greater than the value of SPX.

To explain how this process works, assume that only two variables are used as benchmark instead of
12 variables actually used in the study. On 31 January 2017, the value of SPXwas 2278.87; the IPI 103.5;
and gold priceswere 1203. Ten-yearmoving average of SPX/IPIwas 15.06 and SPX/GOLDwas 1.34 at the
same date. So justified SPX levels using the 10-year averages of these two variables can be computed.
This number using IPI is (15.06*103.5) 1558.71. The justified level of SPX using GOLD is 1612.02
(1.34*1203). Now let’s average these two numbers (in the paper we would have 12 such numbers and
wewould average 12 numbers to find the fair value of the SPX for thatmonth). The average is 1585. This
number is the fair value we computed for SPX. The actual SPX for that month was 2278.87. The value of
SPX is greater than the fair value we computed using all the variables we used. Thus, for that month the
dummy variable will take a value of 1. Had SPX value been smaller than the computed fair, the dummy
variable would have taken a value of zero. In a regression, the coefficient of the dummy variable should
be positive since there is a greater chance that SPX is overpriced as it is level gets relatively higher.

Finding a good regression model is important. A good model should be simple but powerful and
econometrically sound. In this section, youwill find theprocess of finding thismodel. A readerwhowould
like skip this discussion and want to see the final model, can look at the model in Equation 5 directly.

First, we used a regression model without a dummy variable. We used all countries individually
and all other variables and used stepwise selection method to decide which variables to include in
the regression:

SPXt ¼ aþ bBt þ cCt þ dRt þ e0Et þ F0Mþ εt (3)

where SPX is the Standard and Poors’ 500 index, Bt is the bond index, Ct is the commodity index, Rt
is REIT index, e′ is the vector of coefficients of foreign stock exchanges, Et is the vector of foreign
stock indexes, F is the coefficient vector of macro-economic variables, and M is the vector of the
macro-economic variables. The results are presented in Table 3.

Table 2. Correlations among Spx and all other variables

BOND 0.89*** AUS 0.88*** NETHER 0.46***

COMOD 0.52*** BRAZ 0.32*** NZEL 0.83***

EARNING 0.94*** CANAD 0.89*** RUS 0.25***

GDP 0.96*** CHIN 0.53*** SAFRICA 0.79***

GDPCAPITA 0.90*** FRANCE 0.51*** SAUDI 0.34

GOLD 0.72*** GERMAN 0.75*** SPAIN 0.10

IPI 0.90*** INDI 0.85*** SWEDEN 0.10

OIL 0.58*** INDO 0.62*** SWISS 0.97***

PROFIT 0.93*** ITALY −0.07 TUR 0.71***

REIT 0.85*** JAP 0.54*** UK 0.93***

SALES 0.85*** KORE 0.68*** COUNTRY 0.92***

MEX 0.68***

***, **, * Significant at 1%, 5%, and 10% level, respectively. These are the pairwise correlations between SPX and all
the variables listed in the table. The largest correlation is between Swiss Stock Market Index and SPX. GDP, earnings
and profit are also highly correlated with SPX. Italy’s stock market index is negatively correlated with SPX.
Commodities and oil have low correlation with SPX. These alternative assets could be valuable for diversification.
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Not surprisingly, most of the variables are significant2 and the R2 is very high (97%). Swiss, South
African, Dutch, Sweden, and Canadian stock market indexes are significant in the equation. Oil, bond
and commodities are other significant variables. In this format, the model is somewhat complex and
have seriousmulticollinearity. To simplify themodel, the foreign stock indexeswere excluded.R2 in this
model is a bit lower (96%) compared to previous model but the model is much simpler. This result
suggests that, furthermodels should use an average of the indexes for all foreign countries rather than
using separate indexes for each country. Next the dummy variable is added to the regression model:

SPXt ¼ aþ bBt þ cCt þ dRt þ eEt þ F0Mþ gDt þ εt (4)

where D is the dummy variable we created using our moving average fair value and E is the
country index created with averaging all country indexes. When the dummy variable is added
to this regression, the R2 now improves to the point that this model has the potential to explain
97% of the variation in SPX. In this second regression model Bonds, the dummy variable,
earnings, commodities, country indexes and IPI were the significant variables. All coefficients
are positive except the coefficient of commodities. This result suggests that commodities could
be invaluable in portfolio diversification. After further tests, we had to remove the variable
COUNTRY and EARNING to correct the multicollinearity problem in the regression. All the
variables used in this regression have unit roots. The first difference of each variable is
stationary. The regression model with the differenced variables can only explain 27% of the
variation in differenced SPX. On the other hand, we found some cointegration equations among
variables SPX, COMOD, COUNTRY, EARNING, IPI, GOLD, and SALES. Therefore, canonical coin-
tegrating regression is used to solve the spurious regression problem. The resulting model can
explain almost 96% of the variation in SPX:

SPXt ¼ aþ bBt þ cCt þ eIt þ gDt þ εt (5)

where Bt is bond index, Ct is commodity index, It is the IPI, and Dt is the dummy variable.

Removing COUNTRY and EARNING did not have a significant impact on the model.

Is it possible to further simplify the model by using fewer variable?

Table 3. Various regression models

Equation (3) Equation (5) Equation (6)

Variable Coefficient Variable Coefficient Variable Coefficient
SWISS 950.1433 BOND 1.421976 C −785.8227

SAFRICA −2658.898 DUM 387.8779 FAIR 1.171751

OIL 4.281692 COMOD −0.496559 DUM 850.3824

BOND 1.144757 C −2255.804 GOLD −0.081035

NETHER 555.0292 IPI 29.87364

SWEDEN −507.9976

COMOD −5.829598

CANAD 610.2987

R2 0.972134 0.959721 0.690223

Adjusted R2 0.971209 0.959160 0.686318

Included
observations

219 292 242

Number of
search regressor

33 _ _

All coefficients are significant at 1% precision level. The only exception is COMOD and GOLD. These two variables are not
significant.
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SPXt ¼ aþ bFairt þ cLt þ dDt þ εt (6)

where L is the GOLD prices. This is the only model with the fewest variables and still have
stationary residuals. Using the fair value created using the average of all the variables, gold prices,
and the dummy variable, it is possible to explain 68% of the variations in stock market.

If the dummy variable is removed from this model, then R2 decreases significantly. It is possible
to simply the regression at a cost of significantly decreasing R2. Regression as defined in Equation 5
has only four variables and can explain up to 96% of the variation in SPX. Therefore, we will use this
regression in the next section.

This section is quite lengthy. However, we include all this discussion to show how we arrived to
the model in Equation 5 with only four variables. This section starts with 33 variables. Removing 29
variables simplify the model significantly; solves most of the econometric problems associated
with the regression model; and the cost of removing 29 variables is not significant.

4.4. Duration dependence test
To the extent that fundamentals do not support the current levels of stock prices, one possible
explanation is rational bubble. A rational bubble exists if market participants realize that the prices
are higher than the level supported by the fundamentals but continue to hold the stocks with a firm
belief thatmarket priceswill go higher. This section will analyzewhether the current stockmarket level
represents such a bubble by using the approach taken by McQueen and Thorley (1994). McQueen and
Thorley (1994) assert that a rational bubble exists if the probability of a crash after a series of positive
abnormal returns declines as the number of consecutive positive abnormal returns increases.

Using the residuals from regression model defined by Equation 5, we created an abnormal return
series. The factors used in Equation 5 explain almost 96%of the variation in SPX and the residuals from
this regression should be random and have an expected value of zero. There should be no pattern to
the abnormal returns. If consecutive abnormal returns are all positive, this suggests a possible bubble
in stock market prices. This section will closely analyze the abnormal returns to determine whether or
not this is the case. A series of consecutive positive or negative abnormal returns is considered to be a
run. A series of 10 consecutive positive abnormal returns followed by a negative abnormal return
represents a positive run with a length of 10. When consecutive positive returns are followed by a
negative return or vice versa, a run ends. All returns are classified into positive and negative runswith a
run length are calculated for each. If the abnormal returns are random, then the probability of a long
positive or negative run should be extremely low.

Suppose Xt is the abnormal return of SPX in the month of t. A positive run with a length of L can
be defined as follows:

RL 2 Xth0jXt�1 > 0; . . . ; Xt�l > 0; Xt�L�1 < 0f g" t � n and L � t (7)

where n is the number of total returns in the sample. The hazard rate (ht) is the probability that the
bubble will burst in the next period given the lag length:

ht ¼ 1
1þ e�dt

(8)

where ht is the probability that the run will end, and

dt ¼ αþ βLn L (9)

The parameters are estimatedwith a logistic regression. The dependent variable is whether the run ends
or not (1 or 0), and themain independent variable is the lag length (L). The likelihood ratio test is used to
test the significance of β, which is asymptotically a chi-square distribution with one degree of freedom.
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If there is a bubble, the hazard rate should decrease as the lag length increase. In other words, the
longer the bubble, the less likely it would burst in the next period. Suppose there is a positive run with
the lag length of 5. That is, there are five consecutive positive abnormal returns. The probability that
the bubble may burst in the next month is about 6.85% assuming both alpha and beta are −1 for
simplicity using the Equations 8 and 9. Now, suppose the run length is 20 instead. The probability of
bubble bursting during the next month would be only 1.81%. If this test is done and the estimated
coefficient of beta is negative and significant, then this would be evidence of a bubble as described
above. If we cannot reject that the probability of bubble bursting is the same regardless of the lag
length and whether the run is positive or negative then there is no evidence of a rational bubble.

Using the monthly abnormal returns (residuals) from the regression as defined in Equation 5,
parameters of Equations 8 and 9 are estimated (see Table 4 for the results).

It is normal to see the largest number of runs would have a run length of 1 and 2. There are nine
positive runs and five negative runs with run length of one. Furthermore, one would expect
numbers of a particular length to decrease as the run length increases. We observed one positive
run with a length of 26 months, which is highly unlikely as a random event. Imagine trying to flip a
fair coin to get 26 heads in a row. Beta is negative and significant for positive runs but not
significant for negative runs. The conclusion we can draw is that a rational bubble is an explana-
tion for positive runs but not for negative runs. Based on the parameters from the Table 4, the
probability that bubble may burst in the next month with a current run length of 5 is 17%. If the

Table 4. Run counts and duration dependence test

Run Length Positive runs Negative runs

1 9 5

2 3 3

3 3 3

4 0 1

5 0 1

6 1 2

7 0 0

8 0 2

9 1 0

10 1 1

11 1 0

12 0 0

13 1 2

14 1 0

24 0 1

26 1 0

Log-logistic test

Alpha (α) −0.61 −1.25***

Beta (β) −0.62** −0.2

LRT of H1 : β ¼ 0 6.21 0.56

p-value 0.01 0.45

Runs are consecutive positive and negative abnormal returns derived from the residuals from the regressionmodel 4. ***, **,
and * Significance of each coefficient at 1%, 5%, and 10% level, respectively. Alpha is the coefficient of the constant and beta
is the coefficient of log run length. Log-likelihood test (LRT) tests the significance of beta. The restrictedmodel assumes that
the beta is zero. That is, there is no relationship between run length and probability of amarket crash. The test is a chi-square
test with one degree of freedom. The significantly negative beta coefficient for the positive runs indicates that there is an
evidence for a rational bubble in the stock market. Negative coefficient suggests that as the run length increases, the
probability of crash decreases.
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run length is 26, the same probability is 6.7%. This represents strong evidence of a rational bubble
which, in turn, represents the only clear justification for the current level of stock prices.

5. Conclusions
This paper uses bonds, commodities, REITS, gold, oil, company earnings, sales, industrial produc-
tion, GDP, and other country’s stock markets as benchmarks to judge the current level of SPX.
According to all these measures, except for earnings, the stock market is overpriced. All of these
measures suggest that the current level of the stock market is high. The only other time relative
stock prices were this high was immediately before the crash of tech bubble in 2000. This paper
also offers an alternative benchmark for the stock market, which can explain 96% of the variation
in SPX. Although fundamentals do not support the current level of the market, a rational bubble
may. Strong evidence of a rational bubble is found in the returns of SPX. All of this suggests that
investors would be wise to carefully limit their exposure to U.S. stocks.
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Notes
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