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ABSTRACT

A nodified version of Wst's (1987) nethod for investigating the

possi bility of specul ative bubbles in stock prices is reconmended that is

conputationally sinmpler and, unlike West's nethod, tests the "no bubble"

The proposed nethod is applied to long-termannual US

to Wst's findings, no evidence of specul ative

hypot hesi s directly.

stock-market data. Contrary
bubbl es in stock prices during 1871-1981 or 1871-1988 is found.



[. 1 NTROCDUCTI ON

It is widely believed that fluctuations in the equilibrium price of an
asset reflect changes in corresponding narket fundanentals. Accordingly,
st ock- mar ket boons, depressions and crashes can be explained by changes in
stock price fundanentals defined as the expected present value of future
dividends. It is possible, however, that self-fulfilling expectations, called
specul ative bubbles, cause a persistent deviation in stock prices fromthe
path consistent with these fundamentals. Since specul ative bubbles are argued
to have substantial real effects, it is of interest to investigate their
exi stence (Bl anchard and Watson [1982]). This possibility has been enpirically
investigated by F ood and Garber (1980), Leroy and Porter (1981), Shiller
(1981), Grossman and Shiller (1981), D ba and Grossman (1988), Flood, Hodrick
and Kaplan (1986) , Santoni (1987), and \West (1984); evidence in support of,
as well as against, the presence of speculative bubbles in stock prices are
reported.

The nerit of these enpirical investigations has been questioned on
interpretive grounds by Grossman and Shiller (1981), Blanchard and Watson
(1982), Marsh and Merton (1984), Hamlton and Whiteman (1985), and V\est
(1987). These critics enphasize that test procedures have failed to
differentiate between the no-bubbl e hypothesis and the hypothesis that the
tested nmodel is incorrectly specified. Mre specifically, these procedures
test the joint hypothesis of "no m sspecification and no bubbles,” so that a
significant test statistic mght be incorrectly interpreted as evidence of

specul ative bubbles when it nerely reflects nodel msspecification. West



(1987) proposed a procedure for separating the "no-msspecification" and the
"no- bubbl " hypot heses, so that a rejection of the "no-bubble" hypothesis when
the "no-m sspecification" hypothesis is not rejected would constitute evidence
for specul ative bubbles. Wst's procedure conbines a direct test of the "no-
m sspeci fication"” hypothesis, wth an indirect and conputationally el aborate
test of the "no-bubble" hypothesis. Because of the indirect nature of the
second test, however, incorrect interpretations can still arise. Thisis
exactly the problemthat Wst's procedure seeks to remedy by testing the two
hypot heses separately. Therefore, Wst's result is itself anbiguous and
subject to interpretation criticism

This paper nodifies VWst's procedure. Qur modified procedure tests the
"no- bubbl e" hypothesis directly, thus avoiding anbiguity of interpretation.
The nodification is based on a nethod by Pl osser, Schwert and Wite (1982)
and by Davidson, Godfrey and Macki nnon(1985). This nethod is particularly
poverful in detecting specification problens in distributed-lag equations of
the form considered here(Thursby [1988]). The proposed procedure is then
applied to long-term annual data to test for the presence of specul ative
bubbl es in stock prices. Two sanple periods with the sane starting point were
chosen so that one covers the recent market boom and crash and the other does
not. Contrary to Wst's findings, no evidence of specul ative bubbles in stock
prices during 1871-1981 or 1871-1988 is uncovered.

The plan of the paper is as follows. Section II defines speculative
bubbles in the context of the standard efficient nmarket nodel and explains the
proposed test procedure. Section III presents and interprets enpirical

results. Section IV concl udes the paper.



II. THE TEST PROCEDURE

Economi sts usual |y believe that the price of an asset must sinply reflect
market fundanental s. For stock prices, these fundanental s are the expected
present value of the future streamof dividends, and they are believed to
determine the path of stock prices. It is argued, however, that a deviation
fromthis path is possible even if nmarket participants have rational behavior
and expectations (Bl anchard and Watson [1982]). Such deviations, if induced
by self-fulfilling expectations, are called speculative bubbles (Flood and
Garber {1982]). Price bubbles have received considerable enpirical attention
in recent years. Nonetheless, the issue of bubbles or no bubbles is still
considered wunsettled given the mxed nature of the results and, nore
inportantly, the criticismthat enpirical studies on bubbles have received on
interpretive grounds. By modifying West's (1987) procedure to test the "no-
bubbl " and "no-misspecification" hypot heses separately and directly, we hope
to avoid thiscriticism 1In the rest of this section, a brief reviewof the
standard efficient-market nodel and the proposed procedure that utilizes this
model are presented.

According to the linear rational expectations nmodel of stock-price
determi nation, the expected real return from hol di ng stocks equal s a required
real risk adjusted rate of return. Assuming this rate to be constant, a stock
price is determned by the arbitrage relationship:

P, = 6-E((P,_ ,+ dt+1)|9t) ¢y
where 6 - (1+r)'1< 1 is the real discount factor, r is the constant required-
risk-adjusted rate of return, t denotes tinme period, P and d are the rea

stock price and dividend, and E(~|Qt) is the mathematical expectation



conditional on the informationset @ availableat time t to all market
partici pants.

The forward-1ooking solution to equation(l) 1is

P 1 ob-r 12,) (2)
t t+i!7t”?

% 1

wher e P, "isthe present value of the expected real dividend stream and is

referred to as the market fundanmental value of 2 stock in the literature;
sunmations are over i hereafter. It is noted that P, is not the only solution
to (D). The general solution is

P, = P* + B (3)

t t t
where B solves the homogeneous expectational difference equation:
6-E(Bt+1|9t) - B, =0 (4)
B, enbodies the notion of a rational specul ative bubble and if present, it
will cause P, to deviate from the nmarket fundanental path defined by P:.l
To develop a test for the "no bubble hypothesis, it is necessary to
transform(1l) and(3) into regression equations.
Equation (1) nay be rewitten as
P.,q* dt+l ) . U (5)
O[E((P 3+ di )[R - (P g+ di ]

Py

wher e ut

6(

Wien expectations are rational, u ‘s are uncorrel at ed.

Equation (3) may be transformed into a regression equationin the

followi ng manner. Rewite equation(2) as:
*_ 1ot
Pt = h . ( t+i|Ht) + 2

. (6)

1. Various specifications for B, are discussed by Blanchard and Watson
(1982).



wher e
2 - 1 o'[E( 2
t 1 t+1

and H, IS a subset of o and includes information only on current and past

di vi dends. It is noted that E(dt+i|H

t) - E(dt+iIHt)]

t) is the forecast of future dividends

conditional on past dividend history or, nore specifically, the autoregressive
*

i ntegrated noving average(AR MY forecast of diir Consequent |y, P, can be

expressed as a distributed lag of current and past dividends where the order
of this distributed lag is the same as the order of the AR part of the schene
characterizing the dividend process. For exanple, when the dividend process is
identified as:

d = 6, + A g +ees $d o+ oot @)

we can wite equation(6) as:

P* =B + Bldt +.... B d

t o Ctoqer * Voo (8)

wher e Ve = Z, I's orthogonal to dt-i for i > 0.2 The regression form of

equation (3), which is obtained by substituting(8) into (3), is

Pt = Q) + Bldt +.... B.d

dtoqel + Bt + V. (9

t

Based on the regression equations (5), (7) and (9), the "no-bubble"
hypot hesi s can be tested according to the follow ng procedure. Equation(5) is
rigorously tested for msspecificationusing a nunber of tests. [f this
equation is correctly specified, obviously the arbitrage relationship as
stated in equation(l) holds. This, in turn, indicates that equation (9),

which is derived fromthe solution of equation (1), is well-specified provided

2. Wien the dividend process is integrated, the distributed |ag equations
(8)and(9) are witten in differenced form For brevity, we only set forth
the undifferenced version of these equations. For a nore detailed discussion
of the equations derived in this section, see Hansen and Sargent (1981) and
st (1987).



that q has been correctly chosen. Therefore, conditional on correct
specification of equation(5) and the order of equation (7), testing the "no-
bubbl e" hypothesis is equivalent to testing the specification of equation(9.
I f bubbles do not exist, B, =0 and omtting the unobservabl e bubbl e term does
not affect .the consistency of é, the least squares estimate of
B=(Bo,61,--.6q)- But if bubbles do exist, omtting the bubble term ,
Bt,renders B i nconsi stent.
Therefore, the "no bubbl e" hypothesis nay be reformlated as:

H : plimg - B (10)
agai nst

H,: plinlé £ B
where plimdenotes probability limt. |f properly inplemented, this procedure
is not subject to interpretation criticism since it verifies the "no-
m sspeci fication" hypothesis before testing for the presence of bubbles.
Besi des, this procedure does not require paranetric specification of the
bubble term  Therefore, it can detect any bubble that is not orthogonal to
the divi dend process.3

Although Weést (1987) does not specifically formlate the "no-bubble"

hypot hesis in terns of the consistency of k , he is, in fact, testing for the

consi stency of é indirectly. Based on a nethod suggested by Hausman (1978), he

conpar es é wth another estimate of B, B, which is derived fromthe estinated

3. If B, is orthogonal to the dividend process, its om ssion fromequation
{9) does’ not affect the consistency of g and its presence cannot be tested
or. The possibility of such a bubble is remote since an overreaction to
dividend news is said to be an inportant factor contributingto the
formation of a rational bubble(Shiller {[1984}).



coefficients of equations(5 and(7) wusing a set of constraints from Hansen

and Sargent (1981). In the presence of bubbles, there would be a

statistically significant difference between g and B due to the inconsistency

of é and since ; my still be consistent. This indirect test for the
consi stency of é has two shortcomngs: it is inconsistent, and its indirect
conput ational procedure nmay cause the likelihood of a typel error to be mch
| arger than the designated significance | evel (see Wst [1987], footnote 3 and
Vst [1985], footnote 7 and appendi x II).4 The former could result in a
failure to detect bubbles when bubbles are present. The latter could result

in a rejection of the "no-bubble" hypothesis when there are no bubbles; this

~

stens from the fact that g is a nonlinear function of & and ¢’s, and its
covariance could only be approximated from the variance of g and

the covariance of ¢’s. This could exaggerate the chi-square statistic used by
Wst that utilizes the difference between the covariances of g and B to

standardize 8 - 8. Therefore, it is possible that equations(5) and(7) are

correctly specified and their paraneters are consistently estimted, yet the

difference between g and g turns out to be statistically significant. @G ven
that the small sanple perfornmance of Wst's application of Hausman method is
not known, the results reported in Vst (1987) are hard to interpret.

To overcome these problems, we recomend a nodification of West's

procedure that retains the specification tests for equations(5) and(7) but

4. This test is simlar to Hausman (1978) test in spirit but quite

different in formulation. The Hausman test conpares two estinmates of the
paraneters of the sane regression equation rather than different equations.
Hauseman's test is consistent in general



tests the specification of equation(9) directly by applying the differencing
test of Plosser, Schwert, and Wite(1982) (hereafter PSW to this equation

This test is based on the difference between tw different |east squares
estimates of the parameters of a regression equation, one obtained using the
undi fferenced data and the other using the differenced data. 1f the equation
is correctly specified, the difference between these two estinates, which are
both consistent, would be statistically zero. PSWis a consistent test wth
good small sanple performance and high power for detecting specification
problens in equations with distributed | ags(Plosser, Schwert and Wiite [1982]
and Thursby [1988]). A nodified and conputationally sinple version of this
test devel oped by Davidson, Godfrey and MacKinnon (1985) is used in this
st udy.

The nodified procedure for testing for the presence of bubbles is
conprised of the following steps. First, the dividend process is identified
and estimated using Box and Jenkins(1976) analysis and the Hannan and Quinn
(1979) procedure for selecting the order of the autoregressive process(g. 5
Then, diagnostic checks for adequacy of the fit are performed on the residual s
by neans of the Portmanteau test proposed by Box and Pierce(1970) and
modi fied by Ljung and Box (1978). The stability of the coefficients over the
sanple period is also exanmined using a chi square procedure. Secondly, three
specification tests are performed on the arbitrage relationship, which is

based on the rationality of expectations and a constant discount rate.

Rationality is tested by enploying Hansen's (1982) specification procedure to

5. Hannan and Quinn(1979) demonstrate that their procedure yields strongly
consistent estimates of g and underestinmates q less often than other
procedures in noderate sanpl es.



equation(5. This procedure uses the fitted values of the dividend process as
instruments to estimate the paraneters, and then tests instrunent-residual
orthogonality.6 The stability of the discount rate (6) is tested by a chi
square procedure that exam nes the possibility of, different rates for the
first and second half of each sanple. To see if the residual of this equation
are approximately white noise, the standardized first-order residua
autocorrelation is tested using the standard normal procedure.  Provided that
the dividend process and the arbitrage relationship are correctly specified,
the "no Dbubble" hypothesis, as formulated in (10) may be tested by applying
Psu’s differencing test to equation (9). Asignificant test statistic would

lead to rejecting this hypothesis.
ITI. THE EMPI RI CAL RESULTS

The proposed procedure is applied to US annual stock-narket data
provided to us by Robert Shiller. The price data is Standard and Poor’s
conposite price index for January, divided by the January Producer Price
I ndex, and scaled so that the 1982 price index equals 100. The dividend
series is a four-quarter total dividend per share adjusted to index and nade
real using the Producer Price Index. ” Two sanples were used, one covering

1871-1981 and the other 1871-1988.

6. It is noted that the disturbances of equation (5) are heteroskedastic
and correlated with the explanatory variable. A consistent estimation of
this equation using Hansen's two-step, two-stage instrumental variable
method is necessary for testing instrument-residual orthogonality.

7. The dividend data used here is slightly different from those used by
Shiller (1981 and 1984) and Vst (1987). The difference is due to
corrections nmade by Canpbell and Shiller as explained in Canpbell and
Shiller (1987, footnote 21).
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The test procedure is carried out in the following order: First, the
dividend process is identified, estimted, and checked for m sspecification.
We | et data determ ne the specification of the process using Box and Jenkins
analysis and Hannan and Quinn’s Procedure. A second-order AR process
adequat ely characterizes the dividend process; however, since the values of
Hannan and Quinn’s criterion for selecting the order are very close for g=
and q=2, both specifications are considered. Gven the values of @, equation
(7) is estimated using the Maxi mum Likelihood Method, and di agnostic checks
are performed on the residuals. Estimates of the residual autocorrelation
function up to 24 lags are used to conpute the nodified Box-Pierce statistic
recommended by Ljung and Box (1978).8 The statistic is insignificant at the
five-percent level for AR(1) and AR(2) specifications in both sanples,
i ndi cating the adequacy of the fits. The chi-square test for stability of the
process is also insignificant at the five-percent |evel, indicating that the
no-structural -change hypothesis cannot be rejected. Therefore, the test
procedure proceeds using g=I and gq=2 as the possible orders for the dividend
process.

Secondly, we estimate equation (5 and test its specification using
Hansen's nethod described earlier. The results are reported in table 1. The
estimates of the discount rate © are very simlar in all cases. The rea
return rates inplied by these estimates are approximately four and. five

percent, the higher rate for 1871-1988 period. The residuals are white noi se

8. Lejung-Box nodification inproves the performance of Box-Pierce test in
moderate sanple sizes by wusing a nore accurate rmeasure  of t he
autocorrel ation variance.

9. For brievity, the statistics and estimates conputed while identifying
the order of the dividend process are not reported here.



as indicated by the insignificance of Z2(p¢) which is an asynptotically standard
normal statistic under the null hypothesis of independent errors; this
supports the assertion of expectational rationality. The equation al so passes
the stability test since the statistics reported in the fourth col unm, which
are distributed as x(q'), ,ara@ll insignificant at the five-percent |evel.
Hansen’s test statistic for instrunent-residual orthogonality,'which reflects
the consistency of & as inplied by rational expectations, is insignificant at
the five-percent level for all cases, indicating that the predicted dividends
obtained fromequation(7) are orthogonal to the residuals. 10 This statistic
is distributed as X(qse1)" Gven the results of the specification tests
perforned on equations(7) and (5), it 1is reasonably concluded that the
arbitrage relationship and the order of the dividend process are correctly
specifi ed.

Finally, we proceed to test the "no bubbl e" hypothesis by applying the
sinplified version of the PSWs differencing test proposed by Davidson,
Codfrey and MacKinnon (1985) to equation(9). The sinplified differencing
test is a sinple F-test that examnes whether the coefficients of the added
variables in the augnented version of equation(9) arejointly zero. 11 The
coefficient estimates and the test statistic are reported in table 2. In all
cases, the nodified PSWstatistic , which is distributed as F(q,T_zq_l)under
the null, is insignificant at the five-percent level, indicating a failure to

reject the null hypothesis that g is consistent. Therefore, it is concluded

10. See Hansen and Sargent (1981) and West (1987) for details of the
inplications of rational expectations.

11. The added variabl e correspondi ng to each original regressor is the sum
of one period lag and one period |ead values of that regressor, except for
the constant termfor which no variable is added.



that equation(9) is also correctly specified and the unobservabl e bubble term
B, does not belong to this equation

These results support the no-bubble hypothesis for both periods under
study. An inplicationof this finding is that the market boom of 1982-87 and
the Qctober crash do not provide evidence for speculative bubbles in stock

prices.
V. CONCLUDI NG REMARKS

Economi sts have long conjectured that novements in stock prices can
i nvol ve specul ative bubbl es as speculation is often said to be responsible for
overpriced nmarkets and their inevitable crashes. Many econom sts, however,
bel i eve that stock-price fluctuations reflect changes in the values of the
underlying mnarket fundanentals; bubbles vs. no bubbles is inherently an
enpirical issue that is yet unsettled.

This study provides evidence that the behavior of stock prices can be
expl ained by market fundanentals, as the enployed tests support the view that
the standard arbitrage relationship holds and bubbles do not exist. The test
procedure advocated here is not subject to the criticismof testing the "no-
bubbl e", "no-m sspecification" hypotheses jointly and is capabl e of detecting
a Wi de class of bubbles. It is also possible to use this test procedure to
test for bubbles in any linear rational expectations nodel. For future
research, it may be of interest to apply this test to the US exchange-rate

dat a



TABLE 1

REGRESSI ON RESULTS FOR EQUATI ON ( 5) *

Sampl e Period q 2] Z(p) Stability Statistic Hansen’s Statistic

1871-1981 1 0.9634 0.695 2.692 3.904
(0.0156)

2 0.9632 0.685 2.863 4.043
(0.0156)

1871-1988 1 0.9521 0.673 3.671 1.818
(0.0149)

2 0.951¢9 0.674 3.698 2.265
(0.0149)

*Standard errors are in parentheses. p is the estimated first-order residual
autocorrel ation coefficient.

Source: Authors.
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