
Appendix (Not for publication)

A Rebasing consumption forecasts data

Since the Survey of Professional Forecasters (SPF) began, there have been a number of changes

of the base year in the national income and product accounts (NIPA). The forecasts for levels

of consumption (SPF variable name: RCONSUM) use the base year that was in effect when

the forecasters received the survey questionnaire. This appendix explains how consumption

forecasts data are rebased.

Table A.1 provides the base year in effect for NIPA variables (including consumption expen-

ditures), reproduced from Table 4 of the documentation of the Survey of Professional Forecasters

(p. 23). For rebasing, we use real consumption expenditures data of different vintages from the

Real-Time Data Set for Macroeconomists managed by the Federal Reserve Bank of Philadel-

phia. The year 1996 is used as the common base year for all consumption forecast data. The

data in each window needs to be rebased by multiplying a base ratio. For instance the 1959:Q4

real consumption in the window from 1996:Q1 to 1999:Q3 is 1409.5 while it is 1469.5 in 1999:Q4

to 2003:Q4 window and hence the ratio is 1469.5/1409.5.

Table A.1: Base years and ratios for rebasing

Range of Survey Dates Base Year Ratio
1976:Q1 to 1985:Q4 1972 3.31
1986:Q1 to 1991:Q4 1982 1.48
1992:Q1 to 1995:Q4 1987 1.23
1996:Q1 to 1999:Q3 1992 1.04
1999:Q4 to 2003:Q4 1996 1
2004:Q1 to 2009:Q2 2000 0.94
2009:Q3 to 2013:Q2 2005 0.84
2013:Q3 to present 2009 0.79
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B Cointegration between Realized Stock Prices and Fun-

damentals

This section tests for cointegration between realized stock prices and fundamentals with the

cointegrating vector (1,−1). Data on stock prices (S&P 500 index), aggregate consumption,

dividend, and output for the US are downloaded from the website of Robert Shiller and the

Federal Reserve Bank of St. Louis. The samples cover the same period as those of the survey

forecast data. Table A.2 reports test results by applying the DF-GLS test to log stock prices to

consumption (dividend or output) ratios. Panel A shows that the DF-GLS test rejects the null

of unit root at the 10% level, in favor of cointegration between stock prices and consumption.

Panel B (C) reports similar results for cointegration testing using stock prices and aggregate

dividend (output), respectively.

Table A.2: Tests of the cointegration with the vector (1,−1) using realized data
Test stat. 10% critical

Panel A: Realized (log) stock prices-consumption ratio
DF-GLS -1.705* -1.619
Panel B: Realized (log) stock prices-dividend ratio
DF-GLS -3.155* -2.732
Panel C: Realized (log) stock prices-output ratio
DF-GLS -1.832* -1.619

Note: *: the test statistics with one asterisk indicate that the corresponding

test rejects the null of a unit root at the 10% significance level.

Sample period in Panel A and C is 1957Q1-2017Q2;

sample period in Panel B is 2003Q1 to 2015Q3.

C Sentiment-based models

In asset pricing modeling, another way to deviate from FIRE is incorporating sentiment, such

as in Jin and Sui (2022) and the exchange rate model of Yu (2013). As an example, suppose the

representative agent’s preferences are represented by the Epstein-Zin utility (6) and the actual
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exogenous driving processes are

∆ct+1 = µc + σtηt+1, (A.1)

σ2
t+1 = σ2 + ν(σ2

t − σ2) + σwwt+1, (A.2)

∆dt+1 = µd + πσtηt+1 + φσtud,t+1. (A.3)

Comparing (A.1) - (A.3) with (7) - (10) in the long-run risks model of Bansal, Kiku and Yaron

(2012), we drop the persistent component xt in the actual exogenous driving processes (because

sentiment plays the role of the persistent component xt).28

Now assume that agents have a misperception about the exogenous consumption and divi-

dend process. They perceive consumption and dividend processes as

∆ct+1 = µc + at + σtη̂t+1, (A.4)

at+1 = ρat + φeσtet+1, (A.5)

σ2
t+1 = σ2 + ν(σ2

t − σ2) + σwwt+1, (A.6)

∆dt+1 = µd + ϕat + πσtηt+1 + φσtud,t+1, (A.7)

where (η̂t+1, et+1) are i.i.d joint standard normal under agents’ belief. at is an AR(1) process

and does not appear in the true driving processes (called “sentiment”). When at is positive

(negative), agents are optimistic (pessimistic). Assuming 0 < ρ < 1. If ρ = 1, realized

log(Pt/Ct) will have unbounded volatility (see equation (A.8) below), which is rejected by the

data in the Appendix B. Thus, we require ρ < 1. Note that in this type of models, despite

agents’ misperception of the exogenous driving process, they know the equilibrium pricing

function. The following result provides testable implications for the formation of stock price

expectations.

Proposition 3. Given agents’ beliefs (A.4) - (A.7), agents’ stock price forecasts Ei logPi+j are

cointegrated with their forecasts of aggregated consumption Ek logCk+l with cointegrating vector

(1,−1) for arbitrary i, j, k, l > 0.

28Our proposition below is not affected by adding xt in the exogenous driving processes, as is argued later.
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Proof. Following Bansal, Kiku and Yaron (2012), the equilibrium pricing function delivers the

(approximate) analytical solution for price consumption ratio as

log(
Pt
Ct

) = A0 + A1at + A2σ
2
t , (A.8)

where A0, A1, A2 remain the same constant as in Bansal, Kiku and Yaron (2012). Because

agent can use equation (A.8) to forecast, the trend growth rate of both stock prices forecasts and

consumption forecasts are identical to µc (noting sentiment is a stationary process). Thus, stock

price forecasts and consumption forecasts can be expressed as Ei logPi+j = logPi+ jµc+s(i, j)

and Ek logCk+l = logCk+lµc+s̃(k, l) where s(i, j) and s̃(k, l) are stationary terms and omitted.

Let Ei logPi+j − Ek logCk+l = (logPt − logCk)+ (j − l)µc + s(i, j) − s̃(k, l). It is stationary

because (logPt − logCk) is stationary.29

Stock price forecasts depend on current stock prices and beliefs about the growth rate

of stock prices. Similarly, consumption forecasts depend on current consumption and beliefs

about the growth rate of consumption. Stock price forecasts and consumption forecasts are

cointegrated because (1) realized stock prices and consumption are cointegrated and (2) beliefs

about consumption growth and stock price growth rates are mean-reverting. If beliefs about

consumption growth rates are not mean-reverting (ρ = 1), price consumption ratio will have

unbounded volatility given agents’ knowledge of the equilibrium pricing function. If the con-

sumption driving process (A.1) - (A.3) contains a persistent and stationary component xt as in

Bansal, Kiku and Yaron (2012), (log) price consumption ratio will be a linear function of xt, at

and σ2
t with constant coefficients. The above proposition will still hold because realized price

consumption ratios are stationary and the trend growth rate of both stock prices forecasts and

consumption forecasts are identical to µc.

We can also use the similar proof to show that agents’ stock price forecasts Ei logPi+j are

cointegrated with their forecasts of aggregated dividend Ek logDk+l with cointegrating vector

(1,−1) for arbitrary i, j, k, l > 0.

29(logPt − logCk) = (logPt − logCt) + (logCt − logCk) is stationary because (logPt − logCt) is stationary
(see equation (A.8)) and (logCt − logCk) is stationary (since logCt is I(1)).
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D Proofs

This section provides proofs for Lemmas and Propositions in Sections 3 and 4.

D.1 Proof for Lemma 1

Proof. Given (1)-(5), we have EtXt+i = EtX
P
t+i + EtX

C
t+i = µi + XP

t + EtX
C
t+i. EtXt+i is the

sum of a unit root process and a stationary process and hence a unit root process.

D.2 Proof for Lemma 2

Proof. Let

EtXt+i −Xk =
(
EtX

P
t+i + EtX

C
t+i

)
−Xt + (Xt −Xk)

=
(
EtX

P
t+i −XP

t

)
+
(
EtX

C
t+i −XC

t

)
+ (Xt −Xk)

= µi+
(
EtX

C
t+i −XC

t

)
+ (Xt −Xk) .

(EtXt+i −Xk) is stationary as EtXC
t+i, XC

t and (Xt −Xk) are stationary.

D.3 Proof for Theorem 1

Proof. Let

[a1Ei1y1,i1+j1 + a2Ei2y2,i2+j2 + ...+ anEinyn,in+jn ]

=

[
n∑
k=1

ak (Eikyk,ik+jk − yk,ik) +
n∑
k=1

akyk,ik

]

=

[
n∑
k=1

ak (Eikyk,ik+jk − yk,ik) +
n∑
k=1

akyk,i1 +
n∑
k=1

ak (yk,ik − yk,i1)

]
.

Note Lemma 2 implies (Eikyk,ik+jk − yk,ik) is stationary for k = 1, 2, ...n. In addition, the

cointegration of the vector yt yields
n∑
k=1

akyk,i1 is stationary and yk,t ∼ I(1) gives (yk,ik − yk,i1)

is stationary. Thus, we have a1Ei1y1,i1+j1 + a2Ei2y2,i2+j2 + ...+ anEinyn,in+jn is stationary.
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D.4 Proof for Proposition 1

Proof. The RE version of the model here is a special case of Bansal et al. (2012) with setting

ρ = 0, ν = 0, xt = 0, σt = σ, σw = 0, φe = 0. From the RE version to the learning model, we

replace the actual growth rate of consumption µc by agents’ beliefs about consumption growth

rate µc,t in the analytical solution. The (analytical) solution for log price consumption ratio in

the learning model is

log(
Pt
Ct

) = Ã0,t + Ã2σ
2, (A.9)

where Ã0,t =
1

1−κ1,t

(
log δ + κ0,t +

(
1− 1

ψ

)
µc,t + κ1,tÃ2σ

2
)
, Ã2 = − (γ−1)(1− 1

ψ )
2

, κ0,t = log(1 +

exp(zt))− κ1,tzt, κ1,t =
exp(zt)

1+exp(zt)
, zt = Ã0,t (zt) + Ã2σ

2. Note that Ã0,t is a nonlinear function of

µc,t. Using Taylor expansion, the right hand side of the process (A.9) can be well approximated

by a polynomial function of the AR(1) process µc,t and is again a stationary process.30 Again,

(Ei logPi+j − Ek logCk+l) is stationary because agents use equation (A.9) to forecast, then

the trend growth rate of stock price forecasts and consumption forecasts are identical to each

other.

D.5 Proof for Proposition 2

Proof. All agents know that (1) aggregate consumption Ct equals to Yt (Ct = Yt) each period

and that consumption process is identical to output process, and (2) the mapping from output

to equilibrium stock prices, i.e., Pt = 1−ω
ρ+ν(1−β)Yt (equation (B60) in EGH), and hence, Pt =

1−ω
ρ+ν(1−β)Ct. Thus, the perceived consumption process for cohort s is dCt/Ct = µ̂s,tdt+ σY dzs,t.

Agents’ heterogeneous beliefs about fundamentals Yt (or Ct) are carried over to stock prices Pt,

which reads as dPt/Pt = µ̂s,tdt + σY dzs,t. Thus, every cohort perceives that the growth rate of

Ct and St are the same stochastic process despite heterogeneous beliefs about the growth rate

across cohorts.

For cohort s, stock price forecasts Es
i logPi+j depends on realized stock prices Pi and per-

ceived stock price growth rates µ̂s,i. Similarly, consumption forecasts Es
k logCk+l depend on re-

30If agents learn use least squares (i.e., gt = 1/t), µc,t will converge to µc and Ã0,t will converge to a constant.
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alized consumption Ck and perceived consumption growth rates µ̂s,k. First, note Pi = 1−ω
ρ+ν(1−β)Yi

and Ck = Yk. Clearly, logPi is cointegrated with logCk with cointegrating vector (1,−1) be-

cause logYi and logYk is cointegrated with cointegrating vector (1,−1). Second, Proposition 1 of

EGH implies that as t→ ∞, µ̂s,t and µ̂s,k will converge almost surely to the true output growth

rate µY . So Es
i logPi+j is cointegrated with Es

k logCk+l with cointegrating vector (1,−1) for

every cohort s. Taking the two features together, the average stock price forecasts Ei logPi+j

is cointegrated with Ek logCk+l with cointegrating vector (1,−1).

E Integration properties of the forecasts

This section studies the integration properties of forecasts of the aggregate stock price index

and aggregate fundamentals (aggregate consumption and dividend).

Forecasts stock price. Table A.3 reports the p-values of Augmented Dickey-Fuller (ADF)

test for median forecasts of stock prices. Panel A shows that for all surveys and all forecast

horizons, DF-GLS test cannot reject the null hypothesis that median stock price forecasts are

I(1) at the 10% significance level.31 In addition, stock price forecasts are not I(2) processes as

shown in Panel B. Similar results are obtained using mean stock price forecasts and reported

in Table A.4. Lemma 1 suggests that forecasts of stock prices, aggregate consumption and

dividend from typical FIRE stock pricing models (e.g., the long-run risks model) are I(1) but

not I(2) processes, consistent with the evidence here.

Forecasts of consumption. Test results for median and mean forecasts of consumption are

consistent with Lemma 1 that aggregate consumption forecasts are I(1) but not I(2) processes.

Results are reported in Tables A.5 and A.6.

Forecasts of dividends. Test results for median and mean forecasts of dividends are

consistent with Lemma 1 that aggregate dividend forecasts are I(1) but not I(2) processes.

Results are reported in Table A.7.

31This result implies that this test cannot reject that stock price forecasts are I(1) at the 5% or 1% significance
level either.
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Table A.3: Integration properties of median stock price forecasts
P values

Median 1Q ahead 2Q ahead 4Q ahead
Panel A: I(1) test
Livingston stock price forecasts (1981Q4-2019Q4)
Dickey–Fuller n.a 0.561 0.577
Shiller stock price forecasts (1999Q1-2015Q2)
Dickey–Fuller 0.692 0.752 0.712
CFO stock price forecasts (2001Q4-2018Q4)
Dickey–Fuller n.a n.a 0.578
Panel B: I(2) test
Livingston stock price forecasts (1981Q4-2019Q4)
Dickey–Fuller n.a 0.00 0.00
Shiller stock price forecasts (1999Q1-2015Q2)
Dickey–Fuller 0.00 0.00 0.00
CFO stock price forecasts (2001Q4-2018Q4)
Dickey–Fuller n.a n.a 0.00
Evidence A.1: Median stock price forecasts are I(1) but
not I(2).

Table A.4: Integration properties of mean stock price forecasts
P values

Median 1Q ahead 2Q ahead 4Q ahead
Panel A: I(1) test
Livingston stock price forecasts (1981Q4-2019Q4)
Dickey–Fuller n.a 0.581 0.607
Shiller stock price forecasts (1999Q1-2015Q2)
Dickey–Fuller 0.704 0.685 0.656
Panel B: I(2) test
Livingston stock price forecasts (1981Q4-2019Q4)
Dickey–Fuller n.a 0.00 0.00
Shiller stock price forecasts (1999Q1-2015Q2)
Dickey–Fuller 0.00 0.00 0.00
Evidence A.2: Mean stock price forecasts are I(1) but
not I(2).
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Table A.5: Integration of median SPF consumption forecasts over different periods
P values

Median 1Q ahead 2Q ahead 4Q ahead
Panel A: SPF consumption forecasts - I(1) test
Period: 1981Q4-2019Q4
Dickey–Fuller 0.830 0.826 0.842
Period: 1999Q1-2015Q2
Dickey–Fuller 0.112 0.125 0.116
Period: 2001Q4-2018Q4
Dickey–Fuller 0.513 0.526 0.563
Panel B: SPF consumption forecasts - I(2) test
Period: 1981Q4-2019Q4
Dickey–Fuller 0.00 0.00 0.00
Period: 1999Q1-2015Q2
Dickey–Fuller 0.00 0.00 0.00
Period: 2001Q4-2018Q4
Dickey–Fuller 0.00 0.00 0.00
Evidence A.3: Median aggregate consumption
forecasts are I(1) but not I(2).
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Table A.6: Integration of mean SPF consumption forecasts over different periods
P values

Median 1Q ahead 2Q ahead 4Q ahead
Panel A: SPF consumption forecasts - I(1) test
Period: 1981Q4-2019Q4
Dickey–Fuller 0.908 0.902 0.912
Period: 1999Q1-2015Q2
Dickey–Fuller 0.113 0.127 0.117
Period: 2001Q4-2018Q4
Dickey–Fuller 0.516 0.509 0.509
Panel B: SPF consumption forecasts - I(2) test
Period: 1981Q4-2019Q4
Dickey–Fuller 0.00 0.00 0.00
Period: 1999Q1-2015Q2
Dickey–Fuller 0.00 0.00 0.00
Period: 2001Q4-2018Q4
Dickey–Fuller 0.00 0.00 0.00
Evidence A.4: Mean consumption and dividend
forecasts are I(1) but not I(2).

Table A.7: Integration properties of median (and mean) forecasts of dividend
P values

1-year ahead Median forecasts Mean forecasts
Panel A: I(1) test
IBES dividend forecasts (2003Q1-2015Q3)
Dickey–Fuller 0.950 0.949
Panel B: I(2) test

IBES dividend forecasts (2003Q1-2015Q3)
Dickey–Fuller 0.00 0.00
Evidence A.5: Median (and mean) aggregate dividend
forecasts are I(1) but not I(2).
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F No cointegration of median and mean forecasts

F.1 No cointegration with deflating with inflation expectation from

Michigan Surveys of Consumers

Table A.8: No cointegration between stock price forecasts and fundamental forecasts,
deflated with inflation expectation from Michigan Surveys of Consumers

Stock price forecasts and consumption forecasts

Livingston & SPF Shiller & SPF
PP (Zt test) -2.732 -2.537
10% critical value -2.890 -2.599
DF-GLS 0.621 -1.971
10% critical value -1.859 -1.995
KPSS 0.257 0.183
5% critical value 0.146 0.146
Engle-Granger -1.735 -3.398
5% critical value -4.334 -4.415
Gregory-Hansen -4.59 -4.76
5% critical value -5.50 -5.50
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F.2 No cointegration with imposing theoretical restrictions

Table A.9: Cointegration tests between mean stock price forecasts and SPF consumption
forecasts with the cointegrating vector (1,−1)

Panel A: Livingston stock price forecasts and SPF consumption forecasts
Mean 1Q ahead 2Q ahead 4Q ahead 4Q P & 1Q C
PP (Zt test) n.a -2.184 -2.042 -2.032
10% critical value n.a -2.586 -2.586 -2.586
DF-GLS n.a -0.085 0.186 0.161
10% critical value n.a -1.839 -1.815 -1.815
KPSS n.a 0.387 0.184 0.183
5% critical value n.a 0.146 0.146 0.146
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Mean 1Q ahead 2Q ahead 4Q ahead 4Q P & 1Q C
PP (Zt test) -2.050 -2.121 -2.157 -2.153
10% critical value -2.594 -2.594 -2.594 -2.594
DF-GLS -1.785 -1.794 -1.803 -1.815
10% critical value -1.895 -1.895 -1.895 -1.895
KPSS 0.421 0.425 0.428 0.429
5% critical value 0.146 0.146 0.146 0.146
Panel C: CFO stock price forecasts and SPF consumption forecasts
Mean 1Q ahead 2Q ahead 3Q ahead 4Q ahead
PP (Zt test) -2.050 -2.121 -2.157 -2.153
10% critical value -2.594 -2.594 -2.594 -2.594
DF-GLS -1.785 -1.794 -1.803 -1.815
10% critical value -1.895 -1.895 -1.895 -1.895
KPSS 0.421 0.425 0.428 0.429
5% critical value 0.146 0.146 0.146 0.146

Evidence A.6: Mean stock price forecasts and consumption
forecasts are not cointegrated with the vector (1,−1).

F.3 No cointegration without imposing theoretical restrictions

This section tests cointegration between forecasts of stock prices and aggregate consumption (or

dividend) without imposing the theory-implied cointegrating vector (1, -1), using the Engle–

Granger (EG) test. Again, the last column of Panel A and B are the testing results of using

4-quarter-ahead stock price forecasts and 1-quarter-ahead consumption forecasts.
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The test results uniformly suggest that we cannot reject the null hypothesis that stock price

forecasts are not cointegrated with consumption (or dividend) forecasts at the 10% significance

level and over the same or different forecasting horizons, as all test statistics are greater than

the corresponding 10% critical values.

Median forecasts (stock price and consumption). Table A.10 reports the results

of testing the cointegration between median stock price forecasts and median consumption

forecasts over the same or different horizons.32 The test results uniformly suggest that we cannot

reject the null hypothesis that stock price forecasts are not cointegrated with consumption

forecasts at the 10% significance level and over the same or different forecasting horizons, as all

test statistics are greater than the corresponding 10% critical values.

Table A.10: No cointegration test between median stock price forecasts and consumption
forecasts (without imposing any vector)

Engle–Granger test
Panel A: Livingston stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q P &1Q C
Test stats. n.a -1.695 -1.662 -1.686
10% critical value n.a -4.014 -4.014 -4.014
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q P &1Q C
Test stats. -3.317 -3.337 -3.144 -3.233
10% critical value -4.038 -4.038 -4.038 -4.038
Panel C: CFO stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 3Q ahead 4Q ahead
Test stats. -2.654 -2.793 -2.950 -3.087
10% critical value -4.031 -4.031 -4.031 -4.031

Evidence A.7: Median stock price forecasts are not cointegrated with
consumption forecasts without imposing any cointegrating vector.

Mean forecasts (stock price and consumption). Similarly, Table A.11 reports the

32We report the Engle–Granger test results without incorporating the trend component. Our test results are
robust when the trend is included. The Engel-Granger test’s critical values have been calculated by MacKinnon
(1996).
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results of testing the cointegration between mean stock price forecasts and mean consumption

forecasts over the same or different horizons. We do not find cointegration between mean stock

price forecasts and consumption forecasts.

Table A.11: Cointegration test for mean SPF forecasts without imposing the cointegrating
vector (1,−1)

Engle–Granger test
Panel A: Livingston stock price forecasts and SPF consumption forecasts
Mean 1Q ahead 2Q ahead 4Q ahead 4Q P &1Q C
Test stats. n.a -1.977 -1.994 -1.997
10% critical value n.a -4.000 -4.000 -4.000
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Mean 1Q ahead 2Q ahead 4Q ahead 4Q P &1Q C
Test stats. -3.334 -3.283 -3.102 -3.140
10% critical value -4.038 -4.038 -4.038 -4.038
Panel C: CFO stock price forecasts and SPF consumption forecasts
Mean 1Q ahead 2Q ahead 3Q ahead 4Q ahead
Test stats. -3.334 -3.283 -3.102 -3.140
10% critical value -4.031 -4.031 -4.031 -4.031

Evidence A.8: Mean stock price forecasts are not cointegrated
with consumption forecasts without imposing any cointegrating
vector.

Forecasts of stock price and dividends. Table A.12 reports the results for testing the

cointegration between stock price forecasts and dividend forecasts. Test results also suggest

that stock price forecasts are not cointegrated with dividends forecasts.
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Table A.12: No cointegration between stock price forecasts and dividend forecasts (with-
out imposing any vector)

Engle–Granger test
Median forecasts Mean forecasts

Engle-Granger test -1.038 -1.051
10% critical value -3.130 -3.130

Evidence A.9: Median (and mean) stock price forecasts
and dividend forecasts are not cointegrated without
imposing any cointegrating vector.

G No cointegration properties of individual-level fore-

casts

G.1 No cointegration between stock price forecasts and aggregate

output forecasts made over different horizons

This section tests cointegration between individual-level forecasts of output and stock prices

over different forecasting horizons and with imposing the theory-implied (1, −1) cointegrating

vector. Figure A.1 (or A.2) reports the test results produced by the PP, DF-GLS and KPSS

tests, using 2-quarter (or 4-quarter) ahead stock price forecasts and 4-quarter (or 2-quarter)

ahead output forecasts for 11 forecasters. Similar to the results in Section 4.2, the test statistics

of PP and DF-GLS tests for all forecasters stay above the critical values in all cases. For KPSS

tests, the test statistics for all forecasters are above the corresponding critical values (except for

the forecasters with the ID number 171 and 378). These results suggest that for all forecasters,

there is no cointegration between stock price forecasts and output forecasts made over different

horizons.
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Figure A.1: Cointegration tests between individual-level 2Q-ahead stock price forecasts and
4Q-ahead output forecasts
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Figure A.2: Cointegration tests between individual-level 4Q-ahead stock price forecasts and
2Q-ahead output forecasts
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Evidence A.10: Individual stock price forecasts and output forecasts over different horizons are not
cointegrated with the vector (1, -1).

G.2 Individual-level cointegration tests without imposing theoreti-

cal restrictions

This section tests cointegration between individual-level stock price forecasts and output fore-

casts without imposing any cointegrating vector. Figure A.3 reports the testing results produced

by EG test, using 2-quarter (or 4-quarter) ahead stock price forecasts and output forecasts for

11 forecasters made over the same forecasting horizon. Figure A.4 reports the same results us-

ing forecasts made over different forecasting horizons. The test statistics of EG tests stay above

the critical values in all cases. This suggests no cointegration between stock price forecasts and

output forecasts for any cointegrating vector.

56



The forecasters in Livingston survey are experts from various sectors. According to their

IDs in Figure 1, these sectors include academic institutions, commercial banking, investment

banking and nonfinancing business. Overall, our results imply that all professional forecasters,

regardless of their sectors, do not utilize the cointegration relation between stock prices and

output implied in standard asset pricing models to forecast.

Figure A.3: Cointegration tests between individual-level forecasts of output and stock prices,
made over the same horizon

-5

-4

-3

-2

-1

0

T
es

t 
st

at

Engle-Granger test, 2Q ahead

14 28 75 104 118 126 134 136 171 288 378

Forecaster ID

Engle-Granger
5% crit. value

-5

-4

-3

-2

-1

0

T
es

t 
st

at

Engle-Granger test, 4Q ahead

14 28 75 104 118 126 134 136 171 288 378

Forecaster ID

Engle-Granger
5% crit. value

Evidence A.11: Individual stock price forecasts and output forecasts over the same horizon are not
cointegrated without imposing any cointegrating vector.

Figure A.4: Cointegration tests between individual-level forecasts of stock prices and output,
made over different horizons
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Evidence A.12: Individual stock price forecasts and output forecasts over different horizons are not
cointegrated without imposing any cointegrating vector.
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H Additional tables and figures for several testing issues

This section provides additional tables and figures for Section 8.

H.1 Structural breaks

H.1.1 Recursive Cusum tests for forecasts of stock price and consumption

Table A.13: Test for structural break in median forecasts of stock price-consumption
ratios

Cusum test (OLS residual)
Panel A: Livingston stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q Y &1Q C
Test stats. n.a 0.713 0.7643 0.7609
5% critical value n.a 1.358 1.358 1.358
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q Y &1Q C
Test stats. 1.037 1.044 0.978 0.988
5% critical value 1.358 1.358 1.358 1.358
Panel C: CFO stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 3Q ahead 4Q ahead
Test stats. 1.165 1.155 1.147 1.139
5% critical value 1.358 1.358 1.358 1.358

Evidence A.13-1: No structural break is detected in median forecasts of
stock price-consumption ratio.
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Table A.14: Test for structural break in mean forecasts of stock price-consumption ratios
Test for structure break - Cusum test (OLS residual)
Panel A: Livingston stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q P &1Q C
Test stats. n.a 0.580 0.706 0.698
5% critical value n.a 1.358 1.358 1.358
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q P &1Q C
Test stats. 1.059 1.019 0.991 1.001
5% critical value 1.358 1.358 1.358 1.358
Panel C: CFO stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 3Q ahead 4Q ahead
Test stats. 1.278 1.276 1.274 1.271
5% critical value 1.358 1.358 1.358 1.358

Evidence A.13-2: No structural break is detected in mean forecasts of
stock price-consumption ratios.
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H.1.2 Gregory-Hansen tests for forecasts of stock price and consumption

Table A.15: Gregory-Hansen cointegration tests between median stock price forecasts
and consumption forecasts

Gregory-Hansen cointegration test (assuming structural break)
Panel A: Livingston stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q P & 1Q C
Test stats. n.a -5.08 -5.20 -5.23
5% critical value n.a -5.50 -5.50 -5.50
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q P & 1Q C
Test stats. -3.52 -3.94 -3.64 -3.52
5% critical value -5.50 -5.50 -5.50 -5.50
Panel C: CFO stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 3Q ahead 4Q ahead
Test stats. -5.47 -5.39 -5.24 -5.34
5% critical value -5.50 -5.50 -5.50 -5.50

Evidence A.14-1: Median stock price forecasts are not cointegrated
with consumption forecasts assuming the existence of a structural
break.
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Table A.16: Gregory-Hansen cointegration tests between mean stock price forecasts and
SPF consumption forecasts

Gregory-Hansen cointegration test (assuming structural break)
Panel A: Livingston stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q Y & 1Q C
Test stats. n.a -5.21 -5.26 -5.13
5% critical value n.a -5.50 -5.50 -5.50
Panel B: Shiller stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 4Q ahead 4Q Y & 1Q I
Test stats. -3.51 -3.50 -3.56 -3.53
5% critical value -5.50 -5.50 -5.50 -5.50
Panel C: CFO stock price forecasts and SPF consumption forecasts
Median 1Q ahead 2Q ahead 3Q ahead 4Q ahead
Test stats. -5.16 -5.14 -5.09 -5.05
5% critical value -5.50 -5.50 -5.50 -5.50

Evidence A.14-2: Mean stock price forecasts are not cointegrated
with consumption forecasts assuming the existence of a structural
break.

H.1.3 Tests for stock price and dividend forecasts

Table A.17: Test for structural break in forecasts of stock price-dividend ratio
Addressing issues related to structural break
Panel A: Cusum test (OLS residual) for structural break

Median forecasts Mean forecasts
Test stats. 0.557 0.539
5% critical value 1.224 1.224
Panel B: Gregory-Hansen cointegration test

1Q ahead 2Q ahead
Test stats. -5.21 -5.24
5% critical value -5.50 -5.50

Evidence A.15-1: No structural break is detected in median (or mean)
forecasts of stock price-dividend ratio.
Evidence A.15-2: Median (or mean) forecasts of stock price are not cointegrated
with forecasts of dividend assuming the existence of a structural break.
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H.1.4 Tests for individual-level forecasts

Figure A.5: Illustration of individual-level Recursive Cusum tests for structural break
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Evidence A.16-1: No structure break is detected in individual forecasts of stock price-output ratios.

Figure A.6: Illustration of individual-level Gregory-Hansen cointegration tests
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Evidence A.16-2: For almost all forecasters, individual-level forecasts of stock prices are not coin-
tegrated with forecasts of output assuming the existence of structure break.
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H.2 Sample size

H.2.1 Recursive Johansen Trace testing for stock price forecast and dividend fore-

cast

Figure A.7: Recursive Johansen trace test (rank = 0) for median and mean forecasts of stock
prices (CFO) and dividend (IBES)
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Evidence A.17-1: Forecasts of CFO stock prices are not cointegrated with IBES forecasts of divi-
dends.

H.2.2 Recursive Johansen Trace testing for median forecasts

Figure A.8: Recursive Johansen trace test (rank = 0) for median forecasts of stock prices
(Livingston) and consumption (SPF)
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Evidence A.17-2: Median forecasts of Livingston stock prices are not cointegrated with median SPF
consumption forecasts.
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Figure A.9: Recursive Johansen trace test (rank = 0) for median forecasts of stock price (Shiller)
and consumption (SPF)
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Evidence A.17-3: Median forecasts of Shiller stock prices are not cointegrated with median SPF
consumption forecasts.
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Figure A.10: Recursive Johansen trace test (rank = 0) for median forecasts of stock prices
(CFO) and consumption (SPF)
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Evidence A.17-4: Median forecasts of CFO stock prices are not cointegrated with median SPF
consumption forecasts.
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H.2.3 Recursive Johansen Trace testing for mean forecasts

Figure A.11: Recursive Johansen trace test (rank = 0) for mean Livingston stock price forecasts
and SPF consumption forecasts
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Evidence A.17-5: Mean forecasts of Livingston stock prices are not cointegrated with mean SPF
consumption forecasts.
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Figure A.12: Recursive Johansen trace test (rank = 0) for mean Shiller stock price forecasts
and SPF consumption forecasts
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Evidence A.17-6: Mean Shiller forecasts of stock prices are not cointegrated with mean SPF con-
sumption forecasts.
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Figure A.13: Recursive Johansen trace test (rank = 0) for mean CFO stock price forecasts and
SPF consumption forecasts
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Evidence A.17-7: Mean CFO forecasts of stock prices are not cointegrated with mean SPF con-
sumption forecasts.
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H.2.4 Recursive Johansen Trace testing for individual forecasts

Figure A.14: Recursive Johansen Trace test for individual-level forecasts (ID:126)
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Figure A.15: Recursive Johansen Trace test for individual-level forecasts (ID:136)
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Figure A.16: Recursive Johansen Trace test for individual-level forecasts (ID:288)
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Figure A.17: Recursive Johansen Trace test for individual-level forecasts (ID:378)
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H.2.5 Cointegration between forecasts made on different dates

Table A.18: No cointegration between Ei1 logPi1+j1 & Ei2 logCi2+j2 : i1 ̸= i2

Panel A: i1 = 57H1, 57H2, ..., 19H2; i2 = 84Q1, 84Q2, ..., 15Q2

I(1) test j1 = j2 = 2 j1 = j2 = 4 j1= 2, j2 = 4 j1= 4, j2= 2

PP (Zt statistics) -0.961 -0.858 -0.963 -0.856
10% critical value -2.578 -2.578 -2.578 -2.578
DF-GLS -0.714 -0.602 -0.708 -0.607
10% critical value -1.781 -1.781 -1.781 -1.781
KPSS test 2.25 2.32 2.25 2.33
1% critical value 0.739 0.739 0.739 0.739

Panel B: i1 = 57H1, 57H2, ..., 19H2; i2 = 87Q4, 88Q1, ..., 19Q1

I(1) test j1 = j2 = 2 j1 = j2 = 4 j1= 2, j2 = 4 j1= 4, j2= 2

PP (Zt statistics) -0.872 -0.773 -0.870 -0.775
10% critical value -2.578 -2.578 -2.578 -2.578
DF-GLS -0.715 -0.613 -0.718 -0.610
10% critical value -1.781 -1.781 -1.781 -1.781
KPSS test 2.17 2.22 2.16 2.23
1% critical value 0.739 0.739 0.739 0.739

Panel C: i1 = 59H1, 59H2, ..., 19H2; i2 = 88Q4, 89Q1, ..., 19Q1

j1 = j2 = 2 j1 = j2 = 4 j1= 2, j2 = 4 j1= 4, j2= 2

PP (Zt stat.) -0.825 -0.732 -0.825 -0.733
10% critical value −2.579 −2.579 −2.579 −2.579
DF-GLS -0.842 -0.755 -0.840 -0.757
10% critical value -1.786 -1.786 -1.786 -1.786
KPSS test 2.17 2.23 2.16 2.24
1% critical value 0.739 0.739 0.739 0.739

Note: cointegration tests utilize 126 pairs of observations in panel A and B and 122 pairs of
observations in panel C.

Evidence A.18: Median stock price forecasts and consumption
forecasts made at different dates are not cointegrated with the vector (1,-1).
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Table A.19: No cointegration between median and mean forecasts of P and C

KPSS test 2Q ahead 4Q ahead
Panel A: median Livingston forecasts
Test statistic 0.500 0.240
5% critical value 0.146 0.146
5% critical value (corrected) 0.185 0.185
Panel B: mean Livingston forecasts
Test statistic 0.512 0.242
5% critical value 0.146 0.146
5% critical value (corrected) 0.185 0.185

Evidence A.19: Median/mean forecasts of stock price
are not cointegrated with forecasts of consumption
from the Monte Carlo study.

H.3 Multiple testing problem

Table A.20: Individual-level cointegration testing adjusted for multiple testing problem

PP tests Using FDR sharpened q-values

Forecasts of stock prices and output No. of no cointegration Proportion of no
cointegration

2Q ahead 11 100%
4Q ahead 11 100%
2Q ahead & 4Q ahead 11 100%
4Q ahead & 2Q ahead 11 100%

Evidence A.20: Individual-level forecasts of stock price are not cointegrated with
output forecasts, after adjusted for the multiple testing problem.
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Table A.21: Test results of Pesaran panel cross-sectional dependence test
Number of panels: 11 in each test
H0: forecasts are cross-sectionally independent.
H1: forecasts are cross-sectionally dependent.

2Q ahead 4Q ahead 2Q & 4Q ahead 4Q & 2Q ahead
Forecasts of stock price-output ratio
P-values 0.000 0.000 0.000 0.000
Average correlation coeff. 0.84 0.91 0.83 0.86

Table A.22: P-values of Pesaran panel cointegration test with the cointegrating vector
(1,−1)

CADF panel unit root test Number of panels: 11 in each test
H0: All panels are non-stationary;
H1: At least one panel is stationary

1Q ahead 2Q ahead 3Q ahead 4Q ahead
P-values 0.510 0.288 0.412 0.367

Evidence A.21: The CADF panel cointegration tests suggest that individual
forecasters’ forecasts of stock prices are not cointegrated with forecasts of
output.

I The model

This section develops a Lucas-type asset pricing model with adaptive learning and sentiment

shocks, which simultaneously replicates the survey evidence and a set of equity pricing facts,

such as the observed risk premium, high volatility of stock returns and high persistence and

volatility of the price-dividend ratio.

I.1 Model setup

Consider an economy with a unit mass of infinitely lived investors, endowed with one unit of

a stock that can be traded competitively in a stock market in each period. Each unit of stock

pays dividend Dt, consisting of a perishable consumption goods. Besides, each investor receives

extra wage income of endowment Wt of non-storable consumption goods at the beginning of
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each period. The wage income follows

log(1 +
Wt

Dt

) = (1− p)log(1 + ρ) + plog(1 +
Wt−1

Dt−1

) + logϵwt , (A.10)

for t = 0, 1, 2, .... logϵwt ∼ iiN(−σ2
w

2
, σ2

w) and 1 + ρ is the mean consumption-dividend ratio,

with quarterly persistence of p. Similarly, E(ϵwt ) = 1. The aggregate supply of consumption

goods in this economy satisfies the feasibility constraint

Ct = Dt +Wt (A.11)

in each period. Dividends evolve according to

Dt

Dt−1

= aϵdt , (A.12)

for t = 0, 1, 2, ..., where logϵdt ∼ iiN(−σ2
d

2
, σ2

d). This indicates E(ϵdt ) = 1, σ2
∆D
D

= a2(eσ
2
d − 1) and

the expected dividend growth E∆D
D

= a− 1.

There is a continuum of identical investors with measure one, i ∈ [0, 1]. The representative

investor has an identical constant-relative-risk-aversion (CRRA) expected utility function

Ẽt

∞∑
t=0

δt
(C i

t)
1−γ

1− γ
, (A.13)

where Ẽt stands for the representative investor’s subjective expectation, γ ∈ (0,∞) the co-

efficient of relative risk aversion and C i
t the consumption at period t. She makes contingent

plans for consumption C i
t , bond holding Bi

t, and stock shares holding Sit , subject to the budget

constraint

C i
t + PtS

i
t +Bi

t ≤ (Pt +Dt)S
i
t−1 + (1 + rt−1)B

i
t−1 +Wt, (A.14)

where Pt is stock price, rt−1 is the real interest rate on risk-free bonds issued in period t − 1

and Wt is the exogenous income. The initial endowments of stock shares and bonds are given:

Si−1 = 1 and Bi
−1 = 0.

To avoid Ponzi schemes and ensure the existence of a maximum, the following finite lower
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and upper bounds for Sit and Bi
t are assumed to always hold

SL ≤ Sit ≤ SU , (A.15)

and

BL ≤ Bi
t ≤ BU , (A.16)

where SL < 1 < SU and BL < 0 < BU .

The representative investor is assumed to have perfect knowledge about the process of ag-

gregate consumption supply (A.11), dividends (A.12) and wage (A.10), and can derive the

correct consumption process.The fundamental shocks are jointly realized from a bi-variate nor-

mal distribution:

logϵdt

logϵwt

 ∼ iiN


−σ2

d

2

−σ2
w

2

 ,

 σ2
d ρd,wσdσw

ρw,dσwσd σ2
w


 . (A.17)

The representative investor faces the problem of finding a sequence of demand functions

{C i
t , S

i
t , B

i
t}∞t=0 to maximize her subjective expected utility function (A.13), subject to the bud-

get constraint (A.14) non-ponzi schemes constraints (A.15) and (A.16). Given a concave objec-

tive function (A.13) and a convex feasible set, optimal decisions of the representative investor

can be characterized by two first-order conditions:

Pt = δẼt(
Ct+1

Ct
)−γ[Pt+1 +Dt+1], (A.18)

1 + rt =
1

δ
Ẽt(

Ct+1

Ct
)γ. (A.19)

Both conditions are standard, except that the expectations may not necessarily be rational;

this will be discussed in detail below.33

33When deriving this equation, we also follow AMN (p.43 - 44) by assuming Ci
t,t+j

Ci
t

≈ Ct,t+j

Ct
.
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I.2 Adding judgement in forecasting

Two features of the model are crucial for replicating the survey evidence. First, we follow

the literature on asset pricing with adaptive learning and assume investors have imperfect

knowledge about stock markets so that they do not know other investors’ preferences and stock

price beliefs, as in Carceles-Poveda and Giannitsarou (2008), Lansing (2010, 2019), and AMB.

They cannot correctly deduce the equilibrium law of motion for asset prices. Instead, they form

subjective price beliefs and learn from market prices.

We note that the usual belief specifications in asset pricing models with adaptive learning

may be insufficient to replicate the survey evidence. Stock pricing models with adaptive learning

usually work with detrended variables and incorporate learning about (detrended) stock prices;

see Lansing (2010) and Carceles-Poveda and Giannitsarou (2008). This implies that agents

know the evolution of the trend in the growth rate of stock prices and consumption exactly, and

hence, stock price forecasts are cointegrated with consumption forecasts, as in FIRE models.34

Some models allow for learning about the growth rates of stock prices. For instance, AMB

develop a model of stock pricing, which quantitatively replicates some survey evidence and

many asset-pricing moments and endogenously generates boom-bust asset price dynamics. In

this model, stock price forecasts and consumption forecasts are cointegrated, because realized

stock prices and consumption are cointegrated, and agents’ beliefs about the long-run growth

rate of stock prices will mean-revert to the long-run growth rate of consumption, despite agents’

lack of knowledge of both features. Note that it is not desirable to reconcile the survey evidence

by adding a non-stationary sentiment component to the consumption process in the AMB

model, because it will yield price consumption ratios with unbounded volatility.

Second, we deviate from the literature on asset pricing models with adaptive learning in

terms of modelling investors’ stock price forecasts. Motivated by the discussion in Section 9.2,

we assume that investors make forecasts about stock prices based on an econometric model, as

seen in AMN and AMB, and add judgement to their forecasts.

34This can be proved following Section 7 of Kuang and Mitra (2016).
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I.3 Subjective forecasts of stock prices

Following Svensson (2003, 2005), Bullard et al. (2008), and Milani (2011), we incorporate judge-

ment into investors’ forecasts in modelling their expectation formation. Denote by ẼtlogPt+j

the investor’s forecast of (log) stock prices made at period t over horizon j, j > 0. The investor’s

stock price forecasts consist of two components and, mathematically, follow

ẼtlogPt+j = ÊtlogPt+j + Ẽtlogζt+j, (A.20)

logζt+j = logζt+j−1 + logvt+j. (A.21)

The first component, ÊtlogPt+j, is generated by adaptive learning from past stock prices as

seen in AMN and explained below. The second component, Ẽtlogζt+j, is the judgement com-

ponent (also called “sentiment”) and is new relative to AMN; we use “judgement” and “sen-

timent” interchangeably hereinafter in the paper. When Ẽtlogζt+j is positive (or negative),

the investor is more optimistic (or pessimistic) than the stock price forecasts produced by

her econometric model. logvt+j is an i.i.d innovation following a normal distribution, i.e.,

logvt+j ∼ iiN(−σ2
v

2
, σ2

v).

Two assumptions are made regarding the sentiment (judgement) variable. First, logζt is

assumed to be non-stationary and contain a unit root. Second, logζt is independent of the

aggregate consumption process. Both assumptions are in the spirit of those made in Svensson

(2003, 2005), Bullard et al. (2008), and Milani (2011). In those papers, the judgement variable

is not intrinsically related to economic fundamentals at all. Moreover, the judgemental variable

is stationary and an AR(1) process (given those papers work with detrended variables), while

it is an (1) process in our model because we work with a model with non-stationary variables.

Both assumptions are needed to reproduce the survey evidence that stock price forecasts are

not cointegrated with consumption forecasts, as is shown later. Appendix H.5 shows that the

quantitative results of the model are robust to a more generalized sentiment process.

The first component of stock price forecasts, ÊtlogPt+j, is generated as in AMN. Specifically,

the investor has the following forecasting model for risk-adjusted stock price growth
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(
Ct+1

Ct
)−γ

Pt+1

Pt
= bt + et, (A.22)

bt = bt−1 + µt, (A.23)

where et and µt are i.i.n regression errors. Shocks are independent of each other and all

fundamental shocks. The investor is uncertain about bt and needs to learn about it using

historical stock price data. She then makes forecasts using the estimated model. We define the

investor’s belief about bt from learning as

βt = Êt[(
Ct+1

Ct
)−γ

Pt+1

Pt
]. (A.24)

As in AMN, the following constant-gain learning algorithm is from a Bayesian perspective

βt = βt−1 + g((
Ct−1

Ct−2

)−γ
Pt−1

Pt−2

− βt−1). (A.25)

There exists an upper bound U ∈ (a1−γρϵ,t,
1
δUζ

), such that:

0 < βt−1 + g < U, (A.26)

for any t, where U ζ is the upper bound for sentiment ζt. Property (A.26) guarantees the

existence of positive equilibrium PD ratios.

I.4 Model mechanism

I.4.1 Analytical solution and no cointegration between P and C forecasts

Substituting equation (A.20) and (A.21) into equation (A.18) yields

Pt = δζtÊt[(
Ct+1

Ct
)−γPt+1] + δẼt[(

Ct+1

Ct
)−γDt+1], (A.27)

where we assume that agents believe that non-adjusted stock price growth is uncorrelated with

fundamental growth. Using equation (A.24) and defining the forecast of risk-adjusted dividends
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growth as

βd,t = Ẽt[(
Ct+1

Ct
)−γ

Dt+1

Dt

], (A.28)

equation (A.27) implies that the equilibrium PD ratio is

Pt
Dt

=
δβd,t

1− δβtζt
, (A.29)

where βd,t = a1−γρϵ,t.35 If ζt = 1 for all t, our learning model with sentiment collapses to a

version of AMN.36 Moreover, following AMN and to ensure feasible and positive PD ratios, a

projection facility is constructed to ensure expected utility to remain finite.

The following proposition facilitates understanding why stock price forecasts are not coin-

tegrated with consumption forecasts in the model, as is in the survey data.

Proposition 4. . Given the investor’s price beliefs (A.20) - (A.23), we have (1) stock price

forecasts ẼilogPi+j and consumption forecasts ẼklogCk+l are not cointegrated for any integer

i, j, k, l > 0.

Proof. Given (A.20) - (A.23), stock price forecasts are ẼilogPi+j = ÊtlogPt+j + Ẽilogζi+j =

γj∗loga+logPi+S̄(i, j)+logζi, where S̄(i, j) is a stationary term and irrelevant to the proof and

hence omitted.37 The consumption forecasts are ẼklogCk+l = ẼklogDk+l + Ẽklog(1 +
Wk+l

Dk+l
) =

logDk + l ∗ loga+ Ẽklog(1 +
Wk+l

Dk+l
). Therefore, we have

ẼilogPi+j−ẼklogCk+l = (logPi−logDk)+logζi+(γj−l)loga+S̄(i, j)−Ẽklog(1+
Wk+l

Dk+l

). (A.30)

Given logζi is an I(1) process and not cointegrated with consumption forecasts, we have

(ẼilogPi+j − ẼklogCk+l) is I(1).

Equation (A.30) suggests that even if price-to-dividend ratios are stationary, stock price

forecasts are not cointegrated with consumption forecasts. Introducing the sentiment compo-

nent directly to the investor’s stock price forecasts, which is unrelated to consumption forecasts,

35ρϵ,t = [(1+ρ)Dt−1

Ct−1
]−(1−p)γEt[(ϵ

w
t+1)

−γ(ϵdt+1)
1−γ ] = [(1+ρ)Dt−1

Ct−1
]−(1−p)γeγ(1+γ)

σ2
w
2 e−γ(1−γ)

σ2
d
2 e−γ(1−γ)ρw,dσwσd .

36Also, if ζt = 1 holds for all periods and the investor’s subjective expectations uniformly equal the RE level,
that is βt = βRE

d,t = a1−γρϵ,t, the equilibrium PD ratio reduces to the PD ratio under RE, PDRE =
δa1−γρϵ,t

1−δa1−γρϵ,t
.

37The long-run growth rate of stock price growth is γjloga as in AMN.
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is the key to breaking the tight cointegration link between stock price forecasts and consumption

forecasts and reconciling the survey evidence.38 Note that the stationarity of stock price-to-

consumption (or price-to-dividend) ratios arises mainly from the mean-reversion property of

the model, as explained in the later sections.

I.4.2 Phase diagram

Consider the belief updating equation (A.25). When we shut down shocks by imposing an

assumption that all stochastic shocks only fluctuate weakly around their unconditional mean

values, jumps in βt from updating are sufficiently small. Based on the forecast-updating scheme

and using equilibrium PD ratio equation, we obtain the stock price growth as

Pt
Pt−1

= a
ρϵ,t
ρϵ,t−1

(1 +
δ(βtζt − βt−1ζt−1)

1− δβtζt
)ϵdt . (A.31)

and

(
Ct
Ct−1

)−γ = a−γ[(1 + ρ)
Dt−1

Ct−1

](1−p)(−γ)(ϵdt )
−γ(ϵwt )

−γ. (A.32)

After leading the forecast-updating equation one period ahead and combining it with equilib-

rium price ratio (A.31) and consumption growth (A.32), a second-order difference equation can

be derived:

∆βt+1 = ht+1[a
1−γ[(1 + ρ)

Dt−1

Ct−1

](1−p)(−γ)(ϵwt )
−γ(ϵdt )

1−γ(1 +
δ(βtζt − βt−1ζt−1)

1− δβtζt
)
ρϵ,t
ρϵ,t−1

− βt; βt]

(A.33)

Given initial conditions for aggregate states (W0, D0, P−1), the initial forecast state β0 and

the initial sentiment state ζ0, equation (A.33) describes the equilibrium dynamics of the forecast

of price growth through learning. Further, given a sufficiently high persistence of consumption-

dividend ratio ppostwar ∈ {0.95, 0.99}, we have a second order difference equation:

38Note if investors learn about stock price growth instead of risk-adjusted stock price growth, the no cointe-
gration between stock price forecasts and consumption forecasts will still hold.

80



∆βt+1 ≈ ht+1[a
1−γ(ϵwt )

−γ(ϵdt )
1−γ(1 +

δ(βtζt − βt−1ζt−1)

1− δβtζt
)− βt; βt]. (A.34)

If we shut down shocks by imposing an assumption that all stochastic shocks only fluctuate

weakly around their unconditional mean values (fundamental shocks (ϵwt )
−γ(ϵdt )

1−γ fluctuate

around ρϵ = E[(ϵwt )
−γ(ϵdt )

1−γ] and the sentiment shock vt changes relatively small from ρv =

E(vt) = 1, i.e. ζt = ζt−1), jumps in β across periods are sufficiently small.39 Therefore, equation

(A.34) approximates to a second-order difference equation

∆βt+1 ≈ ht+1[a
1−γρϵ(1 +

δζt∆βt
1− δβtζt

)− βt; βt]. (A.35)

Thus, we have an approximate second-order difference updating system:

∆βt+1 ≈ g[a1−γρϵ(1 +
δζt∆βt
1− δβtζt

)− βt]. (A.36)

Figure A.18 illustrates the evolution of the vector (βt−1, βt) from this belief updating system.

Consider an initial, low sentiment ζL. Four feasible areas are divided by the the 45◦ line

(βt−1 = βt) and the curve “βt = βt+1” and are denoted by I, II, III, and IV . Arrows indicate

the direction of evolution in each area. Suppose the evolution initiates from area I. Area I,

where βt−1 > βt and βt keeps decreasing, shows downward momentum in the price change until

βt enters area II. Once in area II, βt starts to increase and in the next period, beliefs will move

towards area III. In area III, βt−1 < βt and βt keeps increasing, which shows upward momentum.

The upward and rightward movement in area III alters beliefs across time until βt enters area

IV. There, βt starts to decrease, so that it goes back to area I and thereby displays mean

reversion. Therefore, our model preserves the same mechanism as AMN and AMB that βt is

oscillating around its RE level, generating momentum and mean-reversion in stock prices. The

latter contributes to generate stationary price-to-dividend (or price-to-consumption) ratios.

Now consider an increase in sentiment from ζL to ζH (a positive sentiment shock). The new,

39This is also justified by our estimation results, as the sentiment shock only has around 0.001 standard
deviation, implying a small change in sentiment across periods.
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I: βt−1 > βt, βt > βt+1; II: βt−1 > βt, βt < βt+1;
III: βt−1 < βt, βt < βt+1; IV: βt−1 < βt, βt > βt+1

Figure A.18: Phase diagram with a sentiment shift

higher level of sentiment changes the slope of the curve “βt = βt+1”: it creates a new dashed

curve labeled as “β∗
t = β∗

t+1”. As a result, the right-hand-side point of intersection between the

45◦ line (βt−1 = βt) and the curve β∗
t = β∗

t+1 slides downwards along the 45◦ line. Its projection

on the X-axis moves leftward from δ−1(ζL)−1 to δ−1(ζH)−1, while the left-hand-side point of

intersection remains at the point “RE”. After this shift, area III expands by taking over some

space from the old area IV (when sentiment is ζL), meaning that upward momentum is more

likely to happen (and thus the PD ratio more likely to increase) after a positive sentiment shock.

Similarly, area I expands by taking over some space from the old area II, meaning downward

momentum is also more likely. Conversely, when the level of sentiment (judgement) is lower,

both upward and downward momentum are less likely to happen.

I.5 Quantitative results

We calibrate some model parameters to the US data and estimate other (free) model parameters

by the Simulated Method of Moments (SMM). This section evaluates the model’s ability to

explain the survey stock price evidence and other US stock market facts. Test results suggest
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that our estimated model robustly matches facts about stock markets (even equity premium)

and forecasts of stock prices. Moreover, the estimated model passes the formal overall goodness

of fit test based on asymptotic distribution.

I.5.1 Calibration

Following AMB, we set the mean US postwar consumption-to-dividend ratio 1+ρ to 23 and its

persistence p to 0.95. Moreover, as in AMB, the relation between consumption supply growth

and dividends growth is calibrated as follows: the standard deviation of consumption supply

growth is 1/7 of the standard deviation of dividends growth, i.e. σdt > σct = 1
7
σdt , and their

correlation is 0.2, i.e. ρd,c = 0.2.40 Following Hall (1988), the relative risk aversion coefficient γ

is calibrated to 5.

I.5.2 Estimating and matching

The SMM approach simulates the model to estimate free parameters (which are not fixed in

the model and free to change), attempting to match selected sample statistics. Similar to the

Generalized Method of Moments (GMM), it has an objective function:

[Ŝ − S̃(θ)]′Ŵ−1[Ŝ − S̃(θ)], (A.37)

where Ŝ is a vector of selected sample statistics, S̃(θ) is a vector of simulated statistics given a

set of free parameters θ, and Ŵ is the estimated weight matrix. In line with AMB, we choose

the variance-covariance matrix (the efficient matrix) of sample data as the weight.

After calibration, there remain five free parameters in the model: the discount factor δ, the

constant gain parameter g, the mean and standard deviation of dividends growth (a and σ∆D
D
),

and the standard deviation of sentiment shocks σζ . From simulations, SMM finds a set of free

parameters θ̂,

θ̂ = (δ̃, g̃, ã, σ̃∆D
D
, σ̃ζ), (A.38)

40In the specification of parametric relations between dividend growth and wage income growth, σ2
w =

[ 1
49 − 1− 2( 0.27 − 1)]σ2

d and σw,d = ( 0.27 − 1)σ2
d in the bi-variate distribution (A.17); see AMB for details.
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such that

θ̂ = argmin
θ

[Ŝ − S̃(θ)]′Ŵ−1[Ŝ − S̃(θ)], (A.39)

where Ŝ is a subset of data statistics for the US stock markets, and S̃(θ) is a vector of cor-

responding statistics implied by the model, given θ. Therefore, the SMM estimate θ̂ selects

model parameters such that the model moments S̃(θ̂) fit the observed Ŝ as closely as possible.

In terms of statistical inference, individual and overall tests are performed. The individual

test examines if the difference between each pair of observed statistic and simulated statistic

is statistically significant. The overall test, based on asymptotic distribution, examines the

joint goodness of fit between the simulated statistics and observed facts under the null that the

estimated model is correct; see AMN for details.

If we choose Σ̂ (the efficient matrix) as the estimated weight matrix, we encounter a nearly

singular Σ̂−1, and as a result, only some statistics are targeted and included in Ŝ. In particular,

for realized moments, we exclude the coefficient βPD of excess return predictability and for

forecast moments, we target the coefficient ϕ2 from the 2-quarter-ahead rationality test. Despite

this, our model still explains almost all of the sample statistics individually, including dropped

ones.

I.5.3 Estimation results

We incorporate some survey forecast moments in the estimating and matching process along

with realized stock market moments.41 Table A.23 reports sample statistics and the corre-

sponding statistics in the estimated model. All data moments are taken from AMN.

First, our model preserves the good properties of the models developed by AMN and AMB

by quantitatively replicating a set of stock market moments. In particular, the estimated

model successfully reproduces both the mean stock return Ers and mean bond return Erb,

generating an equity premium of nearly 1.7% per quarter (around 4/5 of the actual mean equity

41We match US data moments by directly targeting the moments: mean stock return, mean bond return,
mean price-dividend (PD) ratio, mean dividends growth, standard deviation of stock return, standard deviation
of PD ratio, standard deviation of dividends growth, autocorrelation of PD ratio, coefficients of 5-year excess
return predictability and coefficient of 2-quarter-ahead rationality test regression.

84



premium), while the AMN and AMB models replicate around half of the equity premium when

the coefficient of relative risk aversion γ equals 5. To see this, the stock return from period 0

to T can be expressed as:

T∏
t=0

Pt +Dt

Pt−1

=
PDT + 1

PD0

·
T∏
t=1

Dt

Dt−1

·
T−1∏
t=1

(1 +
1

PDt

).

Since our estimation produces a lower average PD ratio (relative to AMN but insignificantly

different from the data, according to the t-test), the estimated model generates a higher av-

erage stock return from the last term. The model experiences some difficulty in reproducing

the coefficient of 5-year-ahead excess return predictability, β5
PD, which is not targeted in the

estimation. This difference does not seem substantial. Except for β5
PD, all the other individual

t-statistics are below 2.
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Table A.23: Estimation outcomes with risk aversion γ = 5 and efficient matrix

US data Estimated model (efficient)

data moment std. dev. model moment

ŜN σ̂N S̃N t-stat.

Mean stock return Ers 2.25 0.59 1.93 0.55

Mean bond return Erb 0.15 0.09 0.26 -1.22

Mean PD ratio EPD 123.91 6.94 116.81 1.02

Mean dividends growth

E∆D
D

0.41 0.27 0.01 1.49

Std. dev. stock return σrs 11.44 1.79 12.32 -0.49

Std. dev. PD ratio σPD 62.43 8.01 67.93 -0.69

Std. dev. dividends

growth σ∆D
D

2.88 0.32 2.77 0.34

Autocorr. PD ratio

ρPD,−1

0.97 0.03 0.96 0.23

Excess return predictability: 5-year-ahead

Coefficient of excess

return β5
PD

-0.0041 0.0007 -0.0079 5.36

R2 of excess return R2
PD 0.2101 0.0580 0.2080 0.04

Rationality test: 2-quarter-ahead

Coefficient of RE test ϕ2 0.0558 0.0725 0.0445 0.16

Constant of RE test η2 0.9786 0.0761 0.9702 0.11

4-quarter-ahead

Coefficient of RE test ϕ4 0.0619 0.0720 -0.0723 1.87

Constant of RE test η4 1.0093 0.0800 1.1114 -1.27

Estimated parameters and test statistics

Discount factor δ̃ 0.9926

Filter gain g̃ 0.0024

Sentiment shock σ̃ζ 0.0010

Test stat. ˜Wald 14.29

p-value of ˜Wald 2.7%

Note: this table reports US statistics, associated standard deviation, estimated statistics, parameter

estimates and test statistics (individual and overall) from the estimated models with efficient weight

matrix.

Notably, for stock price forecasts, although only the coefficient ϕ2 from 2-quarter-ahead

rationality test is targeted, all forecast statistics (ϕ2, η2, ϕ4 and η4) are successfully matched.

In particular, 2-quarter-ahead rationality test statistics are replicated with accuracy, as both t

statistics of ϕ2 and η2 are well below 0.2. Despite a negative ϕ4, the individual t-test suggests

that the simulated statistic ϕ̃4 is still close enough to ϕ̂4 from the US sample. Moreover, the
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estimated model comfortably passes the overall goodness-of-fit Wald test at the 1% level. It

is a noteworthy improvement (compared to the AMN model with γ = 5). Overall, the model

replicates the survey evidence that RE is rejected by rationality tests and a standard set of

asset pricing facts. Relative to AMN and AMB, our model requires a smaller gain parameter

(g̃ = 0.0024) due to the introduction of exogenous sentiment shocks, consistent with the analysis

in Section I.4.2.

I.6 Reproducing survey evidence and quantitative role for sentiment

shocks

I.6.1 No cointegration between stock price forecasts and consumption forecasts

This section shows that our learning model is able to simultaneously produce: (1) forecasts

of stock prices are not cointegrated with consumption forecasts made on the same or different

dates, with or without imposing the cointegrating vector (1,−1); (2) unit root tests reject the

null hypothesis that realized stock price-to-consumption ratios are non-stationary (as in the

data); (3) forecasts of stock prices (or consumption) over different horizons are cointegrated

with cointegrating vector (1,−1). This section studies large sample properties of the model,

while the testing results for a shorter sample size (as the actual data) are presented later in

robustness analysis. The estimated model in Table A.23 is simulated at a quarterly frequency

for 5000 + 40000 periods. The first 5000 periods are discarded to reduce the influence of initial

beliefs and the final 40000 periods are used to perform the tests.

Table A.24 suggests that we cannot reject the null hypothesis that stock prices forecasts are

not cointegrated with consumption forecasts with cointegrating vector (1,−1) using PP and DF-

GLS at the 10% significance level. Moreover, using KPSS tests, we can reject the null hypothesis

that stock price forecasts are cointegrated with consumption forecasts with cointegrated vector

(1,−1) at the 1% level. Without imposing any cointegration restriction, we cannot reject that

stock prices are not cointegrated with consumption forecasts at a 10% significance level using

the Engle-Granger test, robust to all combinations of forecasting horizons for the two variables

(Panel C).
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Table A.24: No cointegration between stock price forecasts and consumption forecasts in
the model

Panel A: forecasts made on the same period: Ei1 logPi1+j1 & Ei1 logCi1+j2

Semi-annual j1 = j2 = 1 j1 = j2 = 2 j1 = j2 = 4 j1 = 2,j2 = 4 j1 = 4,j2 = 2

PP (Zt statistics) -0.581 -0.767 -1.114 -0.676 -1.197
10% critical value -1.617 -1.617 -1.617 -1.617 -1.617

DF-GLS -0.635 -0.955 -1.612 -0.792 -1.567
10% critical value -1.622 -1.622 -1.622 -1.622 -1.622

KPSS 38.200 37.677 36.405 37.912 36.075
1% critical value 0.739 0.739 0.739 0.739 0.739

Panel B: forecasts made at different periods: Ei1 logPi1+j1 & Ei1 logCi1+j1

Case 1: i1 = 2, 4, 6, 8, ..., 40000; i2 = 117, 118, 119, 120, ..., 20116

j1 = j2 = 1 j1 = j2 = 2 j1 = j2 = 4 j1 = 2,j2 = 4 j1 = 4,j2 = 2

PP (Zt statistics) 0.946 0.711 0.291 0.705 0.295
10% critical value -1.617 -1.617 -1.617 -1.617 -1.617

DF-GLS -0.576 0.239 0.299 0.458 0.305
10% critical value -1.622 -1.624 -1.624 -1.625 -1.624

KPSS 31.335 31.344 31.359 31.348 31.355
1% critical value 0.739 0.739 0.739 0.739 0.739
Case 2: i1 = 2, 4, 6, 8, ..., 40000; i2 = 130, 131, 132, 133, ..., 20129

PP (Zt statistics) 0.926 0.694 0.277 0.686 0.282
10% critical value -1.617 -1.617 -1.617 -1.617 -1.617

DF-GLS 0.733 0.420 0.299 0.416 0.304
10% critical value -1.625 -1.625 -1.624 -1.625 -1.624

KPSS 31.410 31.419 31.433 31.423 31.429
1% critical value 0.739 0.739 0.739 0.739 0.739
Panel C: test results without imposing restriction: Ei1 logPi1+j1 & Ei1 logCi1+j2
Engle-Granger j1= j2= 1 j1= j2= 2 j1= j2= 4 j1= 2, j2 = 4 j1= 4, j2= 2

Test statistics -1.193 -1.175 -1.177 -1.182 -1.173
10% crit. value -2.460 -2.460 -2.460 -2.460 -2.460

Specifically, Panel A reports the test results when the forecasts of stock prices and con-

sumption are made on the same date. The first three columns are the results when the two

forecasts are made over the same horizons (1-quarter-, 2-quarter-, and 4-quarter-ahead) and

the last two columns are when the two forecasts are made at different horizons. Semi-annual

frequency is used as in our evidence using the Livingston Survey. Panel B reports the results

when the two forecasts (Ei1 logPi1+j1 and Ei2 logCi2+j2) are made on different dates. Two cases

are demonstrated as examples, corresponding to the Livingston Survey forecasts, except with
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a longer sample. In case 1, we choose i1 = 2, 4, 6, 8, ..., 40000 and i2 = 117, 118, 119, 120, ...,

20116. In case 2, we have i1 = 2, 4, 6, 8, ..., 40000 and i2 = 130, 131, 132, 133, ..., 20129. All tests

suggest the same conclusion—forecasts made on different dates are not cointegrated with the

cointegrating vector (1,−1). Similar results are obtained with shorter simulated samples of 122

semi-annual periods; see Section I.6.2.

The literature generally finds that realized price to consumption (or dividend) ratios are

stationary; see Golez and Koudijs (2018). Table A.25 shows that the DF-GLS test rejects the

hypothesis that realized stock price-to-consumption (PC) ratios are non-stationary (column 2),

consistent with the US data (column 1).

Table A.25: Stationarity of realized (log) PC ratios

Stationarity test on realized log price-to-consumption ratio
US data Model

DF-GLS -1.700 -4.015
10% critical value -1.619 -1.624
Note: Column 1 uses quarterly US data on real personal consumption expenditure (non-durable

goods and services) and real S&P 500 stock prices from the sample period 1959Q1-2017Q2.

The results are robust to semi-annual frequency.

Table A.26: P-values from cointegration tests among stock price (or consumption) fore-
casts

Stationarity test among Etlog(Xt+i)− Etlog(Xt+j)
X is stock price or consumption
i & j 1Q & 2Q 1Q & 4Q 2Q & 4Q
PP test
Stock price (quarterly) 0.001 0.001 0.001
Stock price (semi-annual) 0.001 0.001 0.001
Consumption (quarterly) 0.001 0.001 0.001
Consumption (semi-annual) 0.001 0.001 0.001

Finally, Table A.26 suggests that the simulated stock price (or consumption) forecasts over

different horizons are cointegrated with the cointegrating vector (1,−1), for both quarterly and

semi-annual frequencies and different pairs of forecast horizons (i, j) = (1, 2), (i, j) = (1, 4) and

(i, j) = (2, 4). These results are consistent with the Table 2.
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I.6.2 Reproducing survey evidence using shorter samples

We test the cointegration relation between stock price forecasts and consumption forecasts

with a shorter simulated sample of 61 years at semi-annual frequency, which is the same as the

sample size in Panel A of Table 2. The model is simulated for 5000 + 244 quarters and 1000

repetitions. The first 5000 periods are used to generate the stationary distribution of beliefs,

and 122 even quarters from the final 244 quarters are used to conduct tests.

Table A.27: No cointegration between stock price forecasts and consumption forecasts
with short simulated samples: the frequency of rejecting the null hypothesis

Sample length: 122 periods; repetition: 1000 times; Ei1 logPi1+j1 & Ei1 logCi1+j2
j1= j2= 1 j1= j2= 2 j1= j2= 4 j1= 2, j2 = 4 j1= 4, j2= 2

PP test, null: no cointegration
Frequency of rej. 4% 5% 5% 5% 4%
DF-GLS test, null: no cointegration
Frequency of rej. 5% 5% 6% 6% 6%
KPSS test, null: cointegration
Frequency of rej. 96% 96% 97% 96% 96%

Table A.27 reports the frequency of rejecting the null hypothesis for three tests (PP, DF-

GLS and KPSS). In 4% – 5% of the repetitions, the PP test rejects the null of no cointegration

between stock price forecasts and consumption forecasts, which are made over the same or

different horizons with the (1,−1) cointegrating vector; the corresponding frequency of rejection

is 5% – 6% for DF-GLS tests. In 96% – 97% of the repetitions, KPSS tests reject the null of

cointegration between stock price forecasts and consumption forecasts. Therefore, in shorter

samples, it is very likely that standard tests will conclude that the simulated stock price forecasts

and consumption forecasts are not cointegrated. Note that we also find that DF-GLS tests reject

the null of no cointegration between realized stock price and consumption at a 5% significance

level in 80% of the repetitions.

I.6.3 Specifying a generalized sentiment process

We examine the robustness of the model results when sentiment is assumed to follow a more

generalized process
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logζt+j = logζt+j−1 + k∆logζt+j−1 + logvt+j, (A.40)

where k is the auto-correlation coefficient of the changes in sentiment.

Table A.28: Estimation outcomes for low, median and high sentiment growth persistence,
with risk aversion γ = 5

Estimated Model A Estimated Model B Estimated Model C
Data moment (k = 0.1, efficient) (k = 0.5, diagonal) (k = 0.9, diagonal)

ŜN S̃N t-stat. S̃N t-stat. S̃N t-stat.

Ers 2.25 1.94 0.53 1.50 1.26 1.63 1.05
Erb 0.15 0.25 -1.15 0.38 -1.99 0.40 -1.61
EPD 123.91 114.02 1.36 117.86 0.81 113.35 1.42
E∆D

D
0.41 0.00 1.50 0.23 0.63 0.20 0.71

σrs 11.44 12.10 -0.37 7.91 1.97 8.88 1.42
σPD 62.43 68.26 -0.73 65.38 -0.37 65.47 -0.38
σ∆D

D
2.88 2.75 -0.38 3.51 -1.89 3.16 -0.82

ρPD,−1 0.97 0.96 0.14 0.98 0.35 0.96 0.02
Excess return predictability: 5-year-ahead
β5
PD -0.0041 -0.0080 5.55 -0.0055 1.94 -0.0056 2.00

R2
PD 0.2101 0.2045 0.10 0.3214 -1.92 0.3152 -1.81

Rationality test: 2-quarter-ahead
ϕ2 0.0558 0.0470 0.12 0.3172 -3.61 0.3614 -4.22
η2 0.9786 0.9662 0.16 0.6907 3.79 0.6480 4.35

4-quarter-ahead
ϕ4 0.0619 -0.0563 1.65 0.0315 0.42 0.0432 0.26
η4 1.0093 1.0904 -1.02 1.0047 0.06 1.0037 0.07

Table A.28 reports estimation results with low (k = 0.1, estimated Model A), median

(k = 0.5, estimated Model B) and high (k = 0.9, estimated Model C) sentiment growth

persistence. The estimated outcomes are generally similar to the estimated model in Table

A.23, reproducing a standard set of asset pricing moments individually (according to the t-test)

and robust to different choices of k. Specifically, the estimated Model A with low sentiment

growth persistence reproduces the survey findings and almost all other individual moments

(equity premium included), except for the 5-year-ahead excess return predictability coefficient,

β5
PD. With higher sentiment growth persistence coefficients, estimated Model B and C improve

in explaining β5
PD (t statistic no greater than 2) and generating ϕ4 and η4 from the 4-quarter-

ahead rationality test that are closer to data moments. However, they fail to reproduce the
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coefficients in the 2-quarter-ahead rationality test, ϕ2 and η2.

Table A.29: No cointegration between stock price forecasts and consumption forecasts in
the model with a generalized sentiment process

Panel A: forecasts made on the same period: Ei1 logPi1+j1 & Ei1 logCi1+j2

Semi-annual j1 = j2 = 1 j1 = j2 = 2 j1 = j2 = 4 j1 = 2,j2 = 4 j1 = 4,j2 = 2

PP (Zt statistics) -0.535 -0.714 -1.046 -0.627 -1.125
10% critical value -1.617 -1.617 -1.617 -1.617 -1.617

DF-GLS -0.602 -0.918 -1.544 -0.759 -1.525
10% critical value -1.622 -1.622 -1.622 -1.622 -1.622

KPSS 38.285 37.781 36.551 38.009 36.231
1% critical value 0.739 0.739 0.739 0.739 0.739

Panel B: forecasts made at different periods: Ei1 logPi1+j1 & Ei1 logCi1+j1

Case 1: i1 = 2, 4, 6, 8, ..., 40000; i2 = 117, 118, 119, 120, ..., 20116

j1 = j2 = 1 j1 = j2 = 2 j1 = j2 = 4 j1 = 2,j2 = 4 j1 = 4,j2 = 2

PP (Zt statistics) 1.175 0.929 0.494 0.922 0.498
10% critical value -1.617 -1.617 -1.617 -1.617 -1.617

DF-GLS 0.847 0.706 0.531 0.702 0.537
10% critical value -1.625 -1.625 -1.624 -1.625 -1.624

KPSS 33.760 33.769 33.782 33.772 33.778
1% critical value 0.739 0.739 0.739 0.739 0.739
Case 2: i1 = 2, 4, 6, 8, ..., 40000; i2 = 130, 131, 132, 133, ..., 20129

PP (Zt statistics) 1.153 0.910 0.479 0.902 0.484
10% critical value -1.617 -1.617 -1.617 -1.617 -1.617

DF-GLS 0.832 0.661 0.527 0.656 0.532
10% critical value -1.625 -1.625 -1.624 -1.625 -1.624

KPSS 33.827 33.835 33.848 33.838 33.844
1% critical value 0.739 0.739 0.739 0.739 0.739
Panel C: test results without imposing restriction: Ei1 logPi1+j1 & Ei1 logCi1+j2
Engle-Granger j1= j2= 1 j1= j2= 2 j1= j2= 4 j1= 2, j2 = 4 j1= 4, j2= 2

Test statistics -1.989 -1.945 -1.878 -1.972 -1.932
10% critical value -2.460 -2.460 -2.460 -2.460 -2.460

We simulate Model A under the generalized sentiment process (A.40) for 40000 periods

(quarters) and test if stock price forecasts are cointegrated, with consumption forecasts with

or without cointegrating vector (1,−1), similar to Section I.6.42 Table A.29 reports the testing

results and suggests that the findings in Table A.24 is robust to the generalized sentiment

process. In all panels, we find that stock price forecasts are not cointegrated with consumption
42Model B and C yield the same results, which are omitted due to space limitations.
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forecasts.

Finally, we test if there is cointegration among simulated stock price (or consumption)

forecasts over different horizons, with the cointegrating vector (1,−1) from Model A. The test

result table is identical to Table A.26 and hence omitted. Again, forecasts of stock price (or

consumption) over two different horizons ((i, j) = (1, 2), or (i, j) = (1, 4), or (i, j) = (2, 4)) are

cointegrated with vector (1,−1).
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