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Abstract

Using momentum threshold autoregressive (MTAR) models, we explore the adjustment mechanism between
US stock prices and fundamentals. Next, we derive non-linear error-correction models and examine whether they
can improve forecasts of stock returns. Results support MTAR model only for data at annual frequency.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Momentum threshold autoregressive model; Forecasting returns; Market timing

JEL classification: G12; G14; C53; E44

1. Introduction

In a precedent work (Boucher, 2006), we estimated the common long-term trend in the US earning—
price ratio and inflation and found that the /inear transitory deviations from this common trend exhibit
substantial out-of-sample forecasting abilities for excess returns at short and intermediate horizons.
Further, some recent studies (e.g. Coakley and Fuertes, 2006) have documented non-linearities in the U.S.
equity ratios. Then, we investigate whether a non-linear model can improve forecasts of stock returns.
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We apply a momentum threshold autoregressive (MTAR) procedure designed to detect asymmetric short-
run adjustments to the long run equilibrium between aggregate stock prices and fundamentals. This
specification is especially relevant when the adjustment is such that the series exhibits more “momentum”
in one direction than the other as it is the case when stock prices are affected by speculative bubbles. US
Annual data from 1871 and quarterly data from 1953 are used to explore the adjustment mechanism
between stock prices and fundamentals.

This paper proceeds as follows: Section 2 describes the MTAR model. Data description and
symmetric/asymmetric cointegration test results are provided in Section 3. Section 4 presents
estimates of the symmetric and asymmetric error-correction models. Section 5 reports the out-of-
sample forecasting exercises and some simple trading strategies. Section 6 offers some concluding
remarks.

2. The MTAR model

Enders and Siklos (2001) extend the Engle and Granger (1987) framework to test for non-linear
cointegration. The MTAR model is given as:

Apy = Mipyfiy-y + (1=My) pafly—y + &, (1)
(1, if Ap, >t
M= { 0, if Af, < )

where /i are the estimated residuals from the estimated cointegration relationship. M, is the zero—one
Heaviside indicator function, T denotes the value of the threshold.'

The no cointegration hypothesis (Hy: p;=p>=0) is tested using specifically derived critical values
provided by ES (2001). The statistic testing this null hypothesis is denoted @. If the null hypothesis of no
cointegration is rejected, the null hypothesis of symmetric adjustment (Hy: p; =p») can be tested using a
standard F-test.

3. Data and cointegration evidence

We use two sets of data. The first consists of annual observations spanning 1871-2002 and the second
consists of quarterly observations from 1953:Q2 to 2003:Q2. Stock prices, dividends per share, and
quarterly earnings per share all correspond to the Standard & Poor’s (S&P) Composite Index.> The
inflation rate, 7, is the percentage change in the Consumer Price Index (All Urban Consumers) published
by the BLS and prior to 1913 by Robert Shiller. The T-bill rate is available from the FRED II database of

' We follow ES (2001), who used Chan’s (1993) grid search method to find a consistent estimate of the threshold.

2 The S&P data are available from Robert Shiller’s home page at http://www.econ.yale.edu/~shiller. The complete
documentation for the data sources is also provided here. Data are updated from the Standard & Poor’s web site (S&P 500
Earnings and Estimate Report).
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the Federal Reserve Bank of St. Louis Real. Let », denote the nominal return on the S&P index. The three
month T-bill rate, ry, is used to construct the log excess return (r,—rz,). Log price, p,, is the natural
logarithm of the S&P price level in year (quarter) . Log dividends, d,, are the natural logarithm of
dividends per share in year (quarter) ¢. Log earnings, e;, are the natural logarithm of earnings per share in
year (quarter) .

Preliminary unit root tests indicate that p, d, and e, as well as e,—p,, d;—p; and i; can be
characterized as I(1) processes. However, we assume that the non-stationarity of the (log) dividend—
price and earning—price ratios reflects the highly persistent behavior of expected returns due to an
inflation conditional risk premium rather than the presence of an explosive rational bubble (see
Boucher, 20006).

We apply linear and non-linear cointegration tests to test the present value model with a long-term risk
premium and investigate the relation between valuation ratios and the inflation rate. We used not only
dividends as a primary measure of fundamentals but also earnings since dividends can be affected by
shifts in corporate financial policy, that it creates several difficulties for empirical work.> Moreover, we
also estimate non-restricted versions of the present value models that do not constrained the elasticity of
stock prices with respect to dividends or earnings to be equal to one. Specifically, we consider the
following six models:

di=pr = oo + i (3)
e—pr = oo+ Uy (4)
d—p, = oo + oiy + 1 (5)
e—pr = oo + oy + 1y (6)
P = 0o + oy + ood; + 1 (7)
P = 0o + oy + one; + g, (8)

We use the estimated residuals of each model, /i, to estimate a MTAR model and implement the
ADF t-test of the Engle—Granger procedure.* Tables 1 and 2 consider the linear and MTAR models
respectively for the annual and quarterly samples. The estimated long-run equilibrium relationships
indicates that (i) the inflation rate coefficient is positive for the models (3) to (6) and negative for

3 See, e.g. Campbell (2000).
* The lag-length is determined via Hall’s (1994) general to specific approach starting with a maximum lag-length and using
the 5% significance level.
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Table 1
Symmetric and asymmetric cointegration tests (1871-2002)
Model ) 4) 6] (6) (7 ®)
di—p; e~ Pt di—pi i e~ Pr Pi i dy Drire
[o] [-3.11] [-2.60] [-3.11 —0.20] [-2.64 —1.78] [3.11 0.93 —1.17] [2.62 —2.11 1.05]
Engle Granger
ADF r-test -1.04 —3.26* —1.08 —3.99%** -2.87 —4.61%**
MTAR
T 0.0937 0.0980 —0.1608 —0.2533 0.1640 0.2607
p1 0.02 -0.37 —-0.08 —-0.16 0.025 -0.59
(=0.16) (—4.60) (—=2.10) (=2.16) (0.26) (—4.45)
P2 —-0.05 -0.04 0.09 -0.45 -0.20 —-0.16
(=1.21) (=0.52) (1.34) (—4.06) (=3.52) =1.77)
] 0.75 10.7%%* 3.09 10.55%%* 6.24%* 10.29%**
P1=p2 0.37 9.48*** 4.97%* 4.74%%* 4.03%* 8.94%**

Note: [o,] denote estimated long-run coefficients from models (4.1) to (4.6). ADF #-test indicates z-statistics of the augmented
Dickey—Fuller test. MTAR is defined by Egs. (1) with (2). 7 denotes the (consistently) estimated threshold (Chan, 1993); p, and p,,
the estimated parameters of the MTAR model with #-statistics in parentheses. @ and p;=p, denote the F-statistics for the null
hypothesis of no cointegration and symmetry respectively. The lag lengths are selected using the general to specific procedure (Hall,
1994). *, ** and *** denote significance at 10%, 5% and 1% significance level (MacKinnon, 1991; Enders and Siklos, 2001).

models (7) and (8) as expected and; (ii) stock prices move more than one-for-one with dividends or
earnings.’

For the annual sample, only models with earnings and the inflation risk premium (6) and (8) appear to
be cointegrating relationships according to the Engle—Granger test at a 1% level. The F statistic rejects the
null hypothesis of symmetric adjustment toward the long-run equilibrium at a 5% significance level for
models (4), (6) and (8). However, the #-value of p, in model (4) strongly exceeds the 10% critical value.
Comparison of the absolute values of the speeds of adjustment support the hypothesis that stock prices
exhibit run-ups followed by crashes in the short-run.

For the quarterly sample, the Engle—Granger test indicates that only the models (6) and (8) are
cointegrating relationships. The value of the ®-statistic confirms that stock prices, earnings and inflation
are cointegrated with and without the elasticity constraint. The @-statistic also indicates that stock prices,
dividends and inflation are cointegrated (model (7)). Comparisons of the absolute values of p; and p, in
the models (7) and (8) suggest convergence such that the speed of adjustment is faster for positive than
for negative discrepancies from the threshold estimated. However, the F statistic rejects the null
hypothesis of symmetric adjustment toward the long-run equilibrium only at a 10% level. For the model
(6), while the comparison of the absolute values of speeds of adjustment suggests asymmetric
convergence, the F statistic is less than the 10% critical value. Thus, for the quarterly sample the
asymmetric adjustment mechanism is less convincing.

5 Wald tests reject the hypothesis that the elasticity of stock prices with respect to dividends or earnings is equal to one, a
feature that is broadly consistent with a model in which investors extrapolate short-run trends when they estimate the time-
varying long-run dividend/earning growth rate (see, Barsky and De Long, 1993).
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Table 2
Symmetric and asymmetric cointegration tests (1953:Q2-2003:Q2)
Model (3) 4) (5) (6) (7N (®)
di—p. [y 27 d—pi i, €~ Pyl De I d Piie
[o] [-3.45] [-2.75] [-3.59 15.78] [-2.98 24.21] [3.17 —17.85 1.28 ] [2.61 —26.91 1.17]
Engle Granger
ADF t-test -1.53 -2.16 -2.01 —4.07%* -3.62 —4,97%%*
MTAR
T 0.0561 0.0160 0.0075 0.0257 0.1475 0.1941
P 0.03 -0.02 -0.00 -0.06 -0.19 -0.27
(0.85) (—0.76) (—0.02) (—1.00) (—2.51) (—2.98)
02 -0.04 -0.05 -0.09 -0.13 -0.06 -0.11
(—2.20) (—2.23) (—2.65) (—2.67) (—1.55) (=2.02)
P 2.79% 2.76%* 3.51%* 3.8%* 4.23%* 5.89%**
P1=p2 3.22% 0.87 2,92% 1.22 2.60* 2.65%

Note: See Table 1.

We next consider the MTAR model using the annual sample 1951-2002 period.® For the models (6)
and (8), 7 is estimated to be —0.22 and 0.18 respectively. The sample value of @ is 8.53 and 11.08 and
the F-statistic for the null hypothesis p;=p, is 9.58 and 8.94 with a p-value of nearly one percent. The
hypotheses p;=p,=0 and p;=p, are both soundly rejected. The point estimates for p,=—0.10 and
p>=—0.59 (respectively —0.84 and —0.24) suggest that negative (positive) discrepancies from long-run
equilibrium are eliminated rather quickly but that others are allowed to persist. The adjustment
mechanism in then asymmetric on the annual sample 1951-2002. This suggests that, for U.S. stock
prices, an accumulation of changes during several quarters in the disequilibrium relationship between
stock prices and fundamentals above the threshold is followed by a sharp movement back to the
equilibrium position both on the 1871-2002 and 1951-2002 samples.

4. Estimated error-correction models

The positive findings of cointegration with MTAR adjustment between stock prices, earnings and
inflation, for at least the annual sample, justify estimation of error-correction models. Since the coefficient
on earnings is statistically different from one, we do not impose any restriction on this coefficient. The
estimated error-correction equations with MTAR adjustment respectively for annual (1871-2002) and
quarterly (1953:Q2-2003:Q2) data are (with z-statistics in parentheses):

Ap® = 0.041— 0.171 M,a® ,— 0.168 (1-M,)i" 2 — 0104 9
P (2.736)  (-2.151) tHi-y (_3.120)( t)/“‘tfl + &, ( )

t—1

Ap! =0.017-0.072 M,27_ | — 0.064 (1-M,)al_, + 0.097 Ap? | + 1.195 Aill | + ¢, R* =0.077
(3.235)  (—2.026) (—3.226) (1.384) (—1.550)

(10)

% Not shown on tables.
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where ;- 1=p;—1.05 e/ +2.11 i —2.62 and ff,=p,—1.17 e +26.91 i/ —2.61. a and ¢ denote res-
pectively annual and quarterly samples. The Heaviside indicator, M,, is set according to Eq. (2) and the
consistent estimates of 7 that appear in Tables 1 and 2.

The error correction terms are statistically significant and the associated coefficients are negative.
However, adjustment coefficients, p; and p,, do not appear noticeably different.

The symmetric error correction models estimated are quite similar (R* statistics and estimated
coefficients) to the asymmetric ones on both samples (Egs. (11) and (12)). The error correction models
with MTAR adjustment does not improve stock prices forecasts.

Ap? =0.041— 0.169 g, + R> =0.104 11
e (2.846)  (-3.875), =1 e (11)
Ap? =0.017—0.066 fi +0096A + 1. 185 AL+ R* = 0.076. 12
Py Goan) (379 K-y (1 3584) D1 i Ly T é (12)

We report next estimates from symmetric and asymmetric error-correction models that include control
variables known to contain predictive power for stock returns, namely the consumption—wealth ratio,
cay,, and the relative T-bill rate, rrel;’

Apf = 0.01 = 0077 Myiil.,= 0.045 (1=M)A, + 1.10S cay. = 1.229 rrely.,

(3.592)  (-2.026) (-2.196) (2.604) (-2.563) (13)
—|—(()O82Ap[  + (1 665 A+, R* = 0.146
1.198

Ap? =0.018 - 0.052 fi 1.107 —1447 1 0.083 Ap?
Dy (3.518)  (22.799) 714_(2 )Caytl =y )rret 1+( th \Pr— (14>
+ 1.584 Al,1+5ta ]_3 = 0.143.

(-2.032)

The points estimate on cay, and rrel, are strongly significant, the R? statistic increases to 15% and,
noticeably, the spread between error correction coefficients increases. However, the predictive power of
the asymmetric error-correction model as measured by the R statistic is still similar to the symmetric one.

5. Check the robustness: out-of-sample forecasts and economic values of market timing

Goyal and Welch (2004) cast doubt on the in-sample evidence of stock return predictability because
they find that the predictive variables used by the early authors have negligible out-of-sample predictive
power. Ferson, Sarkissian, and Simin (2003) have also cautioned about spurious regression and data
mining problems. To address these issues, we conduct out-of-sample analysis. We denote, pei,, the
deviation of (log) stock prices from its predicted value based on the cointegrating relationship between
stock prices, earnings and price inflation estimated recursively.®

7 Lettau and Ludvigson (2001) find that they are strong predictors of stock market returns and subsume the information
content of many others macro-financial variables.

8 To estimate the coefficients of the cointegration relationship, we employ the Dynamic Ordinary Least Squares (DOLS)
developed by Stock and Watson (1993), a method that generates optimal estimates of the cointegrating parameters in a
multivariate setting.

Please cite this article as: Boucher, C. Asymmetric adjustment of stock prices to their fundamental value and the predictability of US stock
returns. Economics Letters (2007), doi:10.1016/j.econlet.2006.11.004



http://dx.doi.org/10.1016/j.econlet.2006.11.004

C. Boucher / Economics Letters xx (2007) xxx—xxx 7

Table 3

One-quarter-ahead forecasts of excess returns: nested comparisons

Row Comparison unrestricted MSE,/ ENC-NEW MSE-F
vs. restricted MSE, Statistic Statistic

Panel A: Stock returns (excluding dividends)

1 pei;—1 vs. const 0.9883 3.606%* 1.462*

2 pei;—, Vs. const 0.9866 5.215%%* 1.677*

3 pei,—1 vs. AR 0.9818 4.736%** 2.393%**

4 pei;—> vs. AR 0.8768 4.975%** 3.239%*

Panel B: Excess returns

5 pei,— 1 vs. const 0.9853 4.147%* 1.959%*

6 pei;—, Vs. const 0.9869 5.769%** 1.688*

7 pei,—1 vs. AR 0.9771 5.362%** 3.024%*

8 pei;—> vs. AR 0.9771 S 1% 3.230%**

Note: The nested comparisons are made by alternately augmenting the benchmark with either the one-period lagged value of pei,,
or the two-period lagged value. The ENC-NEW statistic is used to test the null hypothesis that restricted model forecasts
encompass the unrestricted model forecasts. The MSE-F statistic is used to test the null hypothesis that the MSE for the restricted
model forecasts is less than or equal to the MSE for the unrestricted model forecasts. We estimate the cointegration parameters
recursively. Observations from the period 1953:Q2 to 1968:Q1 are used to obtain the initial in-sample estimation, and the
forecasting error is calculated for the remaining period 1968:Q2 to 2003:Q2, recursively. A * (**) (***) denotes significance at
the ten (five) (one) percent level.

Table 4
Annualized returns and switching strategies

Buy and Switching strategy

hold without Transaction Costs with Transactions Costs

pei;— pei;—» pei;— pei;—

Panel A: 1968:02-2003:02
Mean 0.1052 0.1207 0.1119 0.1196 0.1105
SD 0.0769 0.0691 0.0669 0.0691 0.0671

Panel B: 1968:02-1979:04
Mean 0.0444 0.0444 0.0444 0.0444 0.0444
SD 0.0833 0.0833 0.0833 0.0833 0.0833

Panel C: 1980:01-1989:04
Mean 0.1735 0.1987 0.1907 0.1981 0.1901
SD 0.0787 0.0649 0.0641 0.0649 0.0642

Panel D: 1990:01-2003:02
Mean 0.0981 0.1213 0.1035 0.1189 0.1003
SD 0.0701 0.0567 0.0504 0.0568 0.0508

Note: The table reports returns on switching strategies, which require holding stocks if the predicted excess return is positive and
holding bonds otherwise. We assume that investors have to pay a proportional transaction cost of 25 basis points when they
switch from stocks to bonds or vice versa.
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We use three statistics to compare the out-of-sample performance of our forecasting model with a
benchmark of constant expected returns and a benchmark of autoregressive returns: the mean squared
forecasting error (MSE) ratio, the Clark and McCracken’s (2001) encompassing test (ENC-NEW) and the
McCracken’s (2004) equal forecast accuracy test (MSE-F). Moreover, we present out-of-sample
predictability results using the two-period lagged value of pei, because this variable is available with a
one-quarter delay. We use the first one-third observations for the initial in-sample estimation and form the
out-of-sample forecast recursively in the remaining sample. Since symmetric and asymmetric error-
correction regressions yield similar qualitative results at a one-quarter horizon, we only consider linear
forecasting models.

We report results of the out-of-sample one-quarter-ahead nested forecast comparisons of both stock
returns (excluding dividends) and excess returns in Table 3. We find that the unrestricted model (which
include pei;) has smaller MSE than the constant restricted model or the autoregressive restricted model.
Regardless whether the one- or two-period lagged value of pei, is used as a predictive variable, both ENC-
NEW and MSE-F tests reject the null hypothesis that pei, provides no information about future stock
returns at better than the five percent level in almost every case.

We also investigate whether we can exploit the forecasting ability of pei, using a simple trading
strategy, i.e., hold stocks if the predicted excess return is positive and holding bonds otherwise. We
consider a proportional transaction cost of 25 basis points. Table 4 reports that over the period 1968:Q2 to
2003:Q2, managed portfolios have returns of higher mean and lower standard deviation than those of the
buy-and-hold strategy.’

6. Conclusion

In this paper, we applied symmetric and asymmetric (MTAR) cointegration tests to the present value
model with an inflation conditional time-varying long-term risk premium for U.S. stocks. MTAR test
results indicate that the adjustment mechanism is asymmetric on annual samples (1871-2002 and 1951—
2002) and provide support for the hypothesis that, in the short-run, stock prices exhibit run-ups followed
by crashes. For the quarterly sample (1953:Q2-2003:Q2), however, the asymmetric adjustment me-
chanism is less convincing. This suggests that an accumulation of changes during several quarters in the
disequilibrium relationship between stock prices and fundamentals above the threshold is followed by a
sharp movement back to the equilibrium position. A promising direction of future research would be to
investigate whether an asymmetric model with a long difference threshold variable, such as Caner and
Hansen (2001) proposes, instead of a first difference one can identify the timing of the adjustment
mechanism.

In a second step, we used symmetric and asymmetric error-correction models to predict stock market
returns (excluding dividends). We found that /inear deviations from the common trend in stock prices,
earnings and realized inflation predict quarterly stock price fluctuations at a one-quarter horizon even if
we include control variables as proxies for time-varying expected returns. To assess the robustness of our
result, we show that the out-of-sample predictability of stock market returns is both statistically and
economically significant.

° Except for the period 1968:Q2—1979:Q4 for which the forecasting model does not recommend to rebalance the managed
portfolio.

Please cite this article as: Boucher, C. Asymmetric adjustment of stock prices to their fundamental value and the predictability of US stock
returns. Economics Letters (2007), doi:10.1016/j.econlet.2006.11.004



http://dx.doi.org/10.1016/j.econlet.2006.11.004

C. Boucher / Economics Letters xx (2007) xxx—xxx 9

Acknowledgements

The author is grateful to Gunther Capelle-Blancard and an anonymous referee for helpful comments
and suggestions on an earlier draft of the paper.

References

Barsky, R.B., De Long, J.B., 1993. Why does the stock market fluctuate? Quarterly Journal of Economics 108, 291-311.

Boucher, 2006. Stock prices—inflation puzzle and the predictability of stock market returns. Economics Letters 90 (2), 205-212.

Campbell, J.Y., 2000. Asset pricing at the millennium. Journal of Finance 55, 1515-1567.

Caner, M., Hansen, B.E., 2001. Threshold autoregression with a unit root. Econometrica 69, 1555—-1596.

Chan, K.S., 1993. Consistency and limiting distribution of the least squares estimator of a threshold autoregressive model. The
Annals of Statistics 21, 520-533.

Clark, T.E., McCracken, M.W., 2001. Tests of equal forecast accuracy and encompassing for nested models. Journal of
Econometrics 105, 85-110.

Coakley, J., Fuertes, A.-M., 2006. Valuation ratios and price deviations from fundamentals. Journal of Banking and Finance 30,
2325-2346.

Enders, W., Siklos, P., 2001. Cointegration and threshold adjustment. Journal of Business and Economic Statistics 19, 166—176.

Engle, R.F., Granger, C.W.J., 1987. Cointegration and error correction: representation, estimation and testing. Econometrica 55,
251-276.

Ferson, W.E., Sarkissian, S., Simin, T., 2003. Spurious regressions in financial economics? Journal of Finance 58, 1393—1413.

Goyal, A., Welch, 1., 2004. A comprehensive look at the empirical performance of equity premium prediction. Working Paper.
(April).

Hall, A., 1994. Testing for a unit root in time series with pretest data-based model selection. Journal of Business and Economic
Statistics 12 (4), 461-470.

Lettau, M., Ludvigson, S., 2001. Consumption, aggregate wealth, and expected stock returns. Journal of Finance 56, 815—849.

MacKinnon, J.G., 1991. Critical Values for Cointegration Tests. In: Engle, Robert F., Granger, Clive W.J. (Eds.), Long-Run
Economic Relationships. Oxford University Press, Oxford.

McCracken, M.W., 2004. Asymptotics for out-of-sample tests of Granger causality. Manuscript. University of Missouri,
Columbia.

Stock, J.H., Watson, M.W., 1993. A simple estimator of cointegrating vectors in higher order integrated systems. Econometrica
61, 783-820.

Please cite this article as: Boucher, C. Asymmetric adjustment of stock prices to their fundamental value and the predictability of US stock
returns. Economics Letters (2007), doi:10.1016/j.econlet.2006.11.004



http://dx.doi.org/10.1016/j.econlet.2006.11.004

	Asymmetric adjustment of stock prices to their fundamental value and the predictability of US s.....
	Introduction
	The MTAR model
	Data and cointegration evidence
	Estimated error-correction models
	Check the robustness: out-of-sample forecasts and economic values of market timing
	Conclusion
	Acknowledgements
	References


