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Abstract

Coibion and Gorodnichenko (2015) provide a useful framework to test the null
hypothesis of full-information rational expectations against two popular classes of
information rigidities, sticky information (SI) and noisy information (NI). However,
the observational equivalence of SI and NI in average forecast errors gives no power
in the test for one against the other. We identify the source of information rigidities
by estimating the equations for the average forecast errors and variance of forecasts.
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1 Introduction

Coibion and Gorodnichenko (2015) introduce a useful regression framework to test the
null hypothesis of the full-information rational expectations against the alternative hy-
pothesis of rational expectations in the presence of information rigidities. In particular,
their proposed test, which is based on a regression of average forecast errors on the
average forecast revision, has power against two popular classes of information rigidi-
ties frequently employed in the macroeconomic literature: sticky information (SI) and
noisy information (NI). Once deviation from the full-information model is confirmed by
data using Coibion and Gorodnichenko’s regression, it is natural to examine which one
of the two classes of information rigidities is more appropriate in describing the actual
expectation formation process in the next step. However, the observational equivalence
of SI and NI in their regression makes it impossible to construct a testing procedure to
distinguish between the two. In other words, a test for the null hypothesis of NI has no
power against an alternative of SI, and vice versa.

In this paper, we discuss the identification issue of the two sources of information
rigidities in Coibion and Gorodnichenko’s regression framework. To clarify the issue, we
first construct a simple hybrid model of SI and NI and show the implications of the model
for the cross-sectional average of forecast errors. Second, we show the implications of
the hybrid model for the cross-sectional variance of forecasts. We then shut down one of
the two sources of information rigidity to consider the conditions for identifying SI from
NI and/or NI from SI.

The three main outcomes from our analytical exercise are as follows. First, the iden-
tification of the source of information rigidity based solely on the cross-sectional average
of forecast errors crucially depends on the speed of learning in NI models. Specifically,
if an underlying state becomes common knowledge at the end of each period, as in
the case of Lucas (1972), Angelotos and La’O (2009), and Crucini, Shintani, and Tsu-

ruga (2015), among others, additional terms appearing in Coibion and Gorodnichenko’s



regression enable the identification of NI from SI. This result is in contrast with the
observational equivalence of SI and NI in their regression when realizations are never
revealed to agents in the NI model, as in the case of Woodford (2003) and Coibion and
Gorodnichenko (2012, 2015), among others. Second, as appropriately pointed out by
Coibion and Gorodnichenko (2012), the dependence of disagreements among agents on
aggregate shocks is a useful feature in distinguishing NI from SI. We further derive a
simple analytical form for the cross-sectional variance that is useful in identifying SI
from NI, irrespective of the specification of NI. Accordingly, testing the null hypothesis
of NI based on cross-sectional variance has a power against an alternative of SI, and vice
versa.! Third, we point out that the joint estimation of the two equations, one for av-
erage forecast errors and the other for cross-sectional variance, is helpful, not only from
the perspective of identification but also from the efficiency in estimating the structural
parameters.

Basing our analysis on these considerations, we revisit the empirical findings of
Coibion and Gorodnichenko (2015) by using the same dataset on inflation forecasts from
the U.S. Survey of Professional Forecasters (SPF).?> The results of our empirical anal-
yses are summarized as follows. First, from the single-equation estimation for average
forecast errors, we find that the null hypothesis of pure SI is not rejected against the
alternative of pure Lucas (1972)-type NI. Second, from the single-equation estimation for
cross-sectional variance, we find that the null hypothesis of pure NI is rejected against
the alternative of pure SI, while the null hypothesis of pure SI is also rejected against
the alternative of pure NI. Third, from the joint estimation of the two equations for pure
models of information rigidities, the nonnested test suggests that the null hypothesis

of the pure SI model is not rejected against both types of pure NI models, while the

! Andrade and Le Bihan (2013) and Hur and Kim (2016) also use cross-sectional variance to detect
NI.

2Most empirical studies focus on either of the two information rigidities. For example, pure SI is
studied by Mankiw, Reis, and Wolfers (2004), Branch (2007), Crucini, Shintani, and Tsuruga (2010),
and Armantier et al. (2016), while pure NI is studied by Crucini, Shintani, and Tsuruga (2015). An
exception is Andrade and Le Bihan (2013), who consider a hybrid model. However, they do not derive
simple analytical forms as we do.



null hypotheses of the two types of pure NI models are significantly rejected against
the alternative of other pure models of information rigidities. Fourth, from the joint
estimation of the two equations for hybrid models of information rigidities, we find a
nonnegligible degree of information stickiness. At the same time, while the information
noise is relatively small, the formulation of Lucas (1972) better fits the data than that
of Woodford (2003) for the NI part of the hybrid model.

The remainder of this study is structured as follows. We discuss the main implications
of our model of information rigidities on the average forecast errors and cross-sectional
variance of forecasts in Sections 2 and 3, respectively. The joint estimation of the average
and variance equations for pure models of information rigidities is conducted in Section
4, followed by the joint estimation for hybrid models of information rigidities in Section

5. Section 6 concludes our discussion.

2 Cross-sectional Average Forecast Errors

2.1 Models for Cross-sectional Average Forecast Errors

Following the analysis of Coibion and Gorodnichenko (2015), we focus on the two classes
of information rigidities, SI and NI. For the purpose of clarifying the identification issue,
in what follows, we introduce a hybrid model of SI and NI. See Online Appendix A for

the detailed derivation of the results.

Sticky Information and Woodford-type Noisy Information

We let the inflation rate m; follow a stationary AR(1) process that is given by m =
pmi_1 + 14, where |p| < 1 and v, represents an i.i.d. normal shock with mean zero. As for
NI, we follow Woodford (2003) and assume that agent ¢ cannot observe the current and
past values of 7; directly in period t. She can instead receive her individual signal 7;; in
period t, where 7; = 7 +w;; and wy is the mean-zero normal noise, which is i.i.d. across

time ¢ and agent ¢ with variance 0. As for SI, we assume that agent i can update her
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information set and revise her forecasts with probability 1 — A, where 0 < A < 1. Agent
¢ who revises her expectation in period ¢ can incorporate current and past individual
signals m;;_; for all j > 0. The cross-sectional average of h-period ahead forecasts in

period t is then given by
Ftﬂ—t+h = (1 — )\) Z )\thfjﬂ'th,
j=0

where f ;7. denotes the cross-sectional average of F ;;miyp, namely, the forecast of
agent ¢ who revises her forecast in period ¢. By the recursive substitution of the AR(1)

structure, we have

FisToon = pUF ume = p"Grmy + ph(l — G)F i1y

= th'/Tit + (1 — G)Fit_l’iTH_h

where G denotes the Kalman gain (0 < G < 1), which takes a value one when the noise
is absent in the signal (w; = 0). The average forecast error among the agents who revise

their forecasts is given by
Tern — Femeon = (1 — G) (Mg — Feo1ern) + GUiin,

where 14,4 is the weighted sum of the future shocks in the AR(1) process, from vy
to viyp,. Here viyp, is uncorrelated with all the information dated ¢ or earlier. Most
importantly, the average ex post forecast error (FE) in the hybrid model is given by

1—-(1-MNG 1-G)HA
7Tt+h—Ft7Tt+h = ﬁ(Fm—ﬂrh_Ftlﬂt+h)_ﬁ(ﬂ17Tt+h_Ft27Tt+h)+Vt+h,tu

(1)
which depends both on the current and lagged ex ante forecast revisions (FRs). Clearly,
equation (1) nests the cases of pure SI (A > 0 and 1 — G = 0) and pure NI (A = 0

and 1 — G > 0). In particular, the equation reduces to equation (5) of Coibion and



Gorodnichenko (2015) when 1 —G = 0, while it reduced to their equation (9) when A = 0.
This relationship suggests that pure SI and NI models are observationally equivalent. If
the information structure is one of the two models, a test for the null hypothesis of pure
NI (or SI) has no power against an alternative of pure SI (or NI) in the framework of
Coibion and Gorodnichenko’s regression.?

It should also be noted that the second term on the right-hand side of the equation
does not show up in Coibion and Gorodnichenko’s (2015) regression. However, when
information is both sticky and noisy, the coefficient for the second term is non-zero, so
that the average FE in period t depends on the FR in period ¢t — 1 (the second term on
the right-hand side of the equation) as well as that in period ¢ (the first term). Thus, in
principle, we can obtain the values of 1 — G and A separately from the two coefficients.
However, if one of the two parameters on the degree of information rigidity is small,
namely, either 1 — G or A is close to zero, the second coefficient will be small and the
model is only weakly identified. This situation poses an econometric challenge for the
identification between the two pure models of information rigidities, namely, the model
with only SI (1 — G = 0) and the model with only NI (A = 0). As we will discuss

in Section 3, the identification of Woodford-type NI calls for the use of cross-sectional

variance or joint estimation.*

3Recently, Fuhrer (2018), Angeletos, Huo and Sastry (2020), Bordalo et al. (2020), and Broer and
Kohlhas (2020), have investigated Coibion and Gorodnichenko’s regression at the individual level by
regressing individual FE on individual FR, rather than regressing average FE on average FR. Kohlhas
and Walther (2021), on the other hand, regress individual FE on average FR. However, since a non-zero
coefficient on FR implies the irrationality of forecasters irrespective of information rigidities, running
the regression at the individual level does not solve the issue of identifying the source of information
rigidities.

4An equation similar to equation (1) is also estimated by Coibion and Gorodnichenko (2015) in the
context of forecast smoothing. They estimate the equation using two lags of log changes in oil prices
as instruments. In Column (3) of Table 3 they report that the estimated coefficient for the second
term is —0.05, which is not significant, while the estimated coefficient for the first term is 2.23, which
is significantly different from zero. Our analysis here suggests that the same equation can be obtained
from the hybrid model without assuming a forecast smoothing.



Sticky Information and Lucas-type Noisy Information

There is another well-known type of NI structure, different from the assumption of
Woodford (2003). We again consider a hybrid of two classes of information rigidities, SI
and NI. However, regarding the NI part, we assume that agent ¢ can observe the past
values, m;_1, T;_2, ..., in period t if she can update the information in period t¢. This type
of imperfect information assumption has long been employed in many studies since the
seminal work of Lucas (1972), and recent examples include Angelotos and La’O (2009)
and Crucini, Shintani, and Tsuruga (2015), among others. In principle, the true state
can be revealed to the agent after any j period between ;7 = 1 (the Lucas-type) and
j — oo (the Woodford-type). Therefore, in terms of the timing for agents to find out the
true state, Lucas-type NI and Woodford-type NI can be viewed as two extreme cases of
NI

When SI is combined with Lucas-type NI, the average FE is given by

1 1-@G
Tpan — Fimygp = 1 <>\ + T) (Eymipn — Fioamtn)
-G 1 & 1-G\’ 1-G
- Tm gt (—T) (/\ + T) (Ft—j—lﬂ-t+h - Ft—j—27Tt+h) +

(2)

This equation for the average FE embeds the case of pure SI (A > 0 and 1 — G = 0)
as well as pure NI (A = 0 and 1 — G > 0). As in the hybrid model with Woodford-
type NI, in the case of pure SI, the FE equation reduces to equation (5) of Coibion
and Gorodnichenko (2015). In the case of pure NI, however, the second term on the
right-hand side of the equation does not disappear. Unless 1 — G = 0, the average FE
in period ¢ depends on the FR in period ¢t — 1 and earlier (the second term on the right-
hand side of the equation), as well as that in period ¢ (the first term). For this reason, to
estimate the pure NI model, we need to extend Coibion and Gorodnichenko’s regression

with additional regressors of lagged FRs. Most importantly, in Lucas-type NI, a test for
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the null hypothesis of pure SI (1 — G = 0) has nontrivial power against an alternative of
pure NI (A = 0). This feature of Lucas-type NI differs from the case of Woodford-type
NI discussed above because the identification of pure SI and pure NI has now become

possible by extending Coibion and Gorodnichenko’s regression.’

2.2 Single-equation Estimation for Average Forecast Errors

We now revisit the analysis of Coibion and Gorodnichenko (2015) using the same dataset:
the forecasts of U.S. inflation from the SPF (Online Appendix B contains the descriptive
statistics of the data). The observation period extends from 1970:1Q to 2014:2Q). The
inflation rate is based on the GDP/GNP deflator.

In Coibion and Gorodnichenko’s regression based on FE equation (1), we cannot
conduct a test for the null hypothesis of SI since such a test has no power against an
alternative of Woodford-type NI. However, as discussed in Section 2.1, we can extend
Coibion and Gorodnichenko’s regression using FE equation (2) and conduct a test against
an alternative hypothesis of Lucas-type NI. For this reason, here we consider only the
latter type of NI and determine if the data are more favorable to SI or NI as a sole
candidate of the information rigidity.

Specifically, we can test the null hypothesis of pure SI (Hy: 1 — G = 0) against
an alternative of pure NI (H; : A = 0) by examining whether the coefficients on the
FR in period ¢t — 1 and earlier are all zero in equation (2). Here, we do not impose a
parameter restriction among coefficients on the FR. In Sections 4 and 5, however, we
directly estimate the two structural parameters, 1 — G and A, by imposing theoretical
restrictions of (2) in the regression.

Our strategy is to employ the two-stage least squares (2SLS) method to estimate
FE equation (2) with a constant term and to examine the significance of the estimated

coefficients on lagged FRs. In the SPF, we can observe FR in the previous periods,

5The comparison of equations (1) and (2) shows that the latter serves as a nested model in a reduced-
form regression. The model of Woodford-type NI corresponds to the case in which the coefficients on
the FRs in period ¢t — 2 and earlier are all zero.



Fy_jmiin — Fij 1Ty, only from j = 0 to 3 — h for a certain h. This data limitation
leads to bias for the estimates because the omitted variables are likely to be correlated
with the explanatory variables. To circumvent the omitted-variable bias problem, we
utilize instruments: 7,_; and Uy;,—; for j = 0 to 3 — h, where 7, and 7, represent
estimated shocks to inflation and change in oil prices, respectively, obtained from the
regressions of m; = pm_1 + v and Tt = PoiToit—1 + Voit - Because these instrumental
variables are unexpected shocks in periods from t —3+h to t, they are uncorrelated with
the omitted variables that consist of the forecast revisions in period ¢t — 4 4+ h or earlier,
whereas they are correlated with the explanatory variables.

The new estimate of FE equation (2) is given by

m — By, = —0.143 +1.564 (Fym, — Fyymy)
(0.176) (0.632)
—1.952 (Fy_ym; — Fy_omy) —0.651 (Fy_om; — Fy_3m;)
(1.220) (1.185)
+4.057 (Fy_gmp — Fy_q7my) + residuals,
(1.561)

where the numbers in parentheses are heteroskedasticity and autocorrelation consistent
standard errors. Here, we report the result of h = 0 because we can use the largest
number of regressors. The coefficient on the FR in period ¢ is positive and significant at
the five percent level. This coefficient implies that A = 0.61 for pure SI and G = 0.39 for
pure NI. The Wald test statistic for the zero restrictions on all the coefficients on lagged

FRs is 6.93. Since the statistic is lower than 7.81, the critical value at the five percent

6Coibion and Gorodnichenko (2015) use the forecasts of the inflation rate over the next four quarters
(from h = 0 to 3). Here, we focus on the single horizon forecast using a particular h, because the number
of available regressors decreases with h increases, which complicates the estimation of FE equation (2).
Moreover, it is convenient in deriving equations on cross-sectional variance, which we discuss in the next
section. Note also that the same data for oil prices have been also used to obtain results in Table 3 in
Coibion and Gorodnichenko (2015).



significance level, the null hypothesis of pure SI (1 — G = 0) is not rejected against an

alternative of pure Lucas-type NI (A =0).”

3 Cross-sectional Variance of Forecasts

3.1 Models for Cross-sectional Variance of Forecasts

Coibion and Gorodnichenko (2012) have pointed out that the dependence of disagree-
ments among agents on aggregate shocks is a useful feature in distinguishing NI from
SI. We now revisit this claim and derive an expression for the cross-sectional variance
(CV) based on our hybrid model, which is useful for identifying the source of information

rigidity. We follow Coibion and Gorodnichenko (2012) and employ CV given by

Vi = (1 — Z)\ Vary,—j (F i1—jTeen — Fimn)

7=0

=(1—-M\) Z )\jvart,t—j ((F ig—jTien — F o—jmeen) + (F e—jTeen — Fymen)],
§=0
as a proxy for the disagreement of forecasts, where Var,,_;(-) denotes the cross-sectional
variance of forecasts in period t for agents who last update their forecasts in period t — j.
Online Appendix A shows that, depending on the type of NI, our hybrid model yields

the following CV equation:

A 2 | (1-Np*"G? 2
AV aTeon + ﬁ(FtWHh — Fyamen)” + WU (Woodford-type NI)
AV _aTn + ﬁ(FﬂTHh - Et—17rt+h)2 +(1 - )\)P%GQUU% (Lucas-type NI).

(3)

This equation suggests that CV depends both on the variance of forecasts made in the

V157Tt+h =

previous period and the squared forecast revisions, (Fymi, — Fy_1m4p)?, with common

coefficients for both types of NI. This result is consistent with Coibion and Gorodnichenko

"However, the hypothesis is rejected at the ten percent significance level. See Online Appendix B for
the additional analyses for the robustness of this result.
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(2012), Andrade and Le Bihan (2013), and Hur and Kim (2016), who explain that CV is
state dependent in the SI model with A > 0. The coefficients on two regressors, lagged
CV and squared FR, can be used to test the null hypothesis of pure NI (A = 0) against
an alternative of pure SI (1 — G =0).

With the same regression, switching the null and alternative hypotheses is also pos-
sible. As shown in Online Appendix A, Kalman gain GG is a decreasing function of the
variance of noise o, and as og,, approaches zero, G approaches one. This fact implies that
the third term in (3) disappears when the noise is small, regardless of the type of NI. For
this reason, testing for the zero restriction on the intercept term is equivalent to testing

the null hypothesis of pure SI (1 — G = 0) against an alternative of pure NI (A = 0).

3.2 Single-equation Estimation for Cross-sectional Variance

We use the same dataset as before. To obtain the CV of inflation forecasts, in each quar-
ter, we collect each professional’s inflation forecasts and calculate their cross-sectional
sample variance after dropping the top and bottom one percent of samples. We estimate
CV equation (3) using the OLS without imposing a parameter restriction between the
two coefficients on the lagged CV and squared FR. Since the number of regressor does
not change for any forecast horizon in the CV equation, in what follows, we simply set

h = 1. Our estimate is given by

Vimeer = 0.463 +0.489V,_1m1 +0.678(Fymey — Fy_ym1)? 4 residuals,

(0.098)  (0.060) (0.151)

where the numbers in parentheses are heteroskedasticity and autocorrelation consistent
standard errors. We obtain the Wald test statistic of 119.6 for the restriction that the
coefficients on the lagged CV and squared FR are zero. Since the statistic is greater than

9.21, the critical value at the one percent level, the null hypothesis of pure NI (A = 0)
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is rejected against an alternative of pure SI (1 — G = 0). Online Appendix B provides
the details. We also find that the constant term is significantly different from zero at
the one percent level. Thus, the null hypothesis of pure SI (1 — G = 0) is also rejected

against an alternative of pure NI (A = 0).

4 Joint Estimation of Pure Models of Information
Rigidities

In the previous section, we noted that the CV equation is useful to identify the source
of information rigidity. Given the fact that the CV contains additional information, it
seems natural to combine the CV equation with FE equation (1) or (2) in the estimation
of the model. The joint estimation of the two equations is helpful, not only from the
perspective of identification but also from the efficiency in estimating the structural
parameters. In this section, we jointly estimate the FE and CV equations for pure
models of information rigidities (i.e., either pure SI or pure NI). We then employ the
nonnested GMM test proposed by Smith (1992) to test the null hypothesis of one of the

pure models of information rigidities against the other.

4.1 Estimation

To evaluate the empirical performance of pure models of information rigidities, we jointly
estimate FE equation (1) (or (2)) and CV equation (3) by applying the generalized
method of moments (GMM) to the orthogonality condition for two equations. In partic-
ular, for the pure SI model, the restriction 1 — G = 0 is imposed on two equations. In
contrast, for the pure Woodford-type NI model, we use equation (1) for the average FE
and impose A = 0 on two equations. Likewise, for the pure Lucas-type NI model, we use
equation (2) for the average FE and impose A = 0 on two equations.

Recall that we used 2SLS in the estimation of the FE equation for the pure Lucas-

12



type NI model to circumvent the omitted-variable bias in Section 2. For the purpose of
applying the nonnested GMM test, we use the common set of instruments to estimate
the FE equation for all the three classes of pure models of information rigidities.® For the
CV equation, the regressors, the lagged CV and squared FR, correspond to instruments
in the GMM. We also impose parameter restrictions on A and 1 — G so that their values
satisfy the theoretical requirements of 0 < A< land 0 <G < 1.7

Columns (1) to (3) in Table 1 show the estimation results.'® In the pure SI model,
the estimate of A is 0.51 and significantly different from zero. The point estimate implies
that agents update their information set every six months on average. Our estimate of A
is close to 0.54, the value reported by Coibion and Gorodnichenko (2015). In the pure NI
models, the estimate of 1 —G is similar and significantly different from both zero and one.
The value is 0.54 and 0.45 in Woodford-type NI and Lucas-type NI, respectively, while
Coibion and Gorodnichenko (2015) report the value of 0.54 for 1 — G in Woodford-type
NI

8Note that this set of instruments is also valid in the estimation for the other classes of pure models
of information rigidities.

9Specifically, we impose parameter restrictions using the following reparameterization. First, we
introduce parameter \* to replace A with 1 — exp(—\*?). With this transformation, the range of A
becomes 0 < A\ < 1 for —co < A* < co. No information stickiness (A = 0) corresponds to the case of
A* = 0. Second, we introduce parameter G* to replace G with exp(—G*2). With this transformation,
the range of G becomes 0 < G < 1 for —oo < G* < co. Information noise is absent (1 — G = 0) when
G* = 0. See Online Appendix B for the estimation results without the parameter restrictions.

10While the parameters we estimate are \* and G*, we report the values of A and 1 — G in the table
because the latter values contain clearer economic meanings. Figures in square brackets represent the
95% confidence intervals. We calculate the point estimates and 95% confidence intervals as follows.
Denote the point estimates for A* and G* by M* and é*, respectively. Then, the point estimates for A
and 1—G are 1—exp(—A*2) and 1—exp(—G*2). Further, denote the heteroskedastic and autocorrelation
consistent standard errors for \* and G* by o, and o¢, respectively. Then, the 95% confidence intervals
X and 1 — G are calculated as 1 —exp(—(A* +2073)2) and 1 —exp(—(G* £20¢)?), respectively. The lower
end of confidence intervals becomes zero for A or 1 — G when \* or G* takes zero within its confidence
interval.
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4.2 Relative Performance of the Pure SI, Pure Woodford-type

NI, and Pure Lucas-type NI Models

In the joint estimation of the FE and CV equations, neither pure SI nor pure NI nests the
other model. Thus, we cannot test for the null hypothesis of a pure model of information
rigidity simply by imposing some restriction on the coefficients of some other model, as
we did in Sections 2 and 3. For this reason, we follow Smith’s (1992) approach and
employ a nonnested GMM test to compare two competing models, say, models A and
B. Under the null hypothesis of model B against the alternative hypothesis of model
A, the Cox-type statistic asymptotically follows normal distribution N(0,1).}! The null
hypothesis of model A can be also considered by switching the order of two models.
Table 1 also shows the results of the nonnested GMM test. The figures in the table
indicate the p-value, based on the Cox-type statistic for the null hypothesis of model B
against an alternative hypothesis of model A. Because there are three pure models of
information rigidities, we compute 6(= 3 x 2) statistics. The table shows that the null
hypothesis of pure SI is not rejected (column (1)), while both the null hypotheses of two
types of pure NI are always rejected (columns (2)(3)). Thus, the pure SI model seems
to be preferable to the pure NI models, according to the results of the nonnested test.
At the same time, however, the J test for the overidentifying restrictions is rejected in
all three models (p-value is shown in the table). This result motivates us to investigate

the hybrid model that allows for the combination of SI and NI.

HEach of the models, A and B, is estimated by the GMM using moment functions E[g4(w;, )] = 0
and Elgp(w, B)] = 0, where ga(w, @) and gp(wy, B) are ka x 1 and kp x 1 function vectors, respec-
tively; o and B are pa X 1 and pg X 1 parameter vectors, respectively; and w; is a vector of observable
variables including instruments z;. Here, we use the same instrumental variables z; and the same obser-
vations for models A and B. Then, the Cox-type statistic is given by Cr(B|A)/&p where Cr(B|A) =
gj47TWB\/TgB7T, ga,r equals ga (&), & is the GMM estimator of o in model A (ng,T is defined simi-

larly), T is the number of observations, and Wg represents a consistent positive semi-definite estimator

of the weight matrix in model B, and @]23 = QA’TWBQA,T - gﬁq’TWBGB (G/BWBGB)7 G/BWBQA,Ta
where G represents the Jacobian matrix in model B evaluated by /3 . Further, we set the A matrix in
Smith (1992) at W;&WB, where W4 is the limit of W 4 when model B is correct.
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5 Joint Estimation of Hybrid Models of Information
Rigidities

In this section, we allow for the combination of NI and SI and simultaneously estimate
FE and CV equations of the hybrid model. We then evaluate the relative performance

of hybrid models based on the model selection criterion proposed by Andrews (1999).

5.1 Estimation

As for the hybrid model of SI and Woodford-type NI, we jointly estimate the FE and
CV equations given by (1) and (3) by employing the GMM. For each equation, the
instruments correspond to regressors. As for the hybrid model of the SI and Lucas-type
NI, we jointly estimate the FE and CV equations given by (2) and (3). As before, we use
instruments 2;_; and Dy;,—; for j = 0,1,2, in FE equation (2). As for the CV equation
(3), the instruments correspond to regressors.

Columns (1) and (2) in Table 2 show the estimation results for the hybrid model where
ST is combined with Woodford-type and Lucas-type NI, respectively. In the hybrid model
of SI and Woodford-type NI, the estimated value of A is 0.42 and is significantly different
from zero. This result provides support for SI. In contrast, evidence of Woodford-type
NI is rather weak since the point estimate of 1 — GG is zero, namely, it is on the lower
boundary of the parameter range. When we turn to the hybrid model of SI and Lucas-
type NI, the estimate of A is 0.43, which is similar to the one obtained with the hybrid
model of SI and Woodford-type NI. The estimate of 1 — G is 0.11. Although this value
is not significantly different from zero, the estimate is not on the boundary of parameter
range. Moreover, the J test shows that the overidentifying restriction is not rejected.

Let us now examine the robustness of our results using different forecast horizons h.!2

While our benchmark estimation focuses on the case of h = 1, we can conduct a similar

12Tn Online Appendix B, we provide further estimation results by using different equations and/or
instrument variables.
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joint estimation by pooling equations for different h’s from zero to two. Specifically, we
use three equations for the FE equation and three equations for the CV equation, which
differ in h (h = 0,1,2). When the hybrid model is based on the combination of SI and
Woodford-type NI, the FE equation is given by equation (1). Instruments correspond
to regressors of the equation, irrespective of h. When the hybrid model is based on SI
and Lucas-type NI, the FE equation is given by equation (2). The number of regressors
differs, depending on h owing to data availability. The explanatory variables we can use
in the SPF data are Fi_; 17y, — Fy—j_omyp from j = —1 to 2 — h, and the instrument
variables are 7;_; and Uy;—; for j = 0 to 3 — h. The CV equation is given by equation
(3), where instruments correspond to regressors, for both models.

Columns (3) and (4) of Table 2 show that the parameter estimates do not change
much. For the hybrid model of SI and Lucas-type NI, the estimates of A and 1 — G are
about 0.4 and 0.2, respectively, suggesting a large degree of information stickiness and
a small degree of information noise. It should be noted that the estimate of 1 — G is
now significantly different from zero, showing the presence of Lucas-type NI. However,
the overidentifying restriction is rejected by the J test for the hybrid model of SI and
Lucas-type NI. For the hybrid model of SI and Woodford-type NI, the estimate of 1 — G

is zero, suggesting the absence of Woodford-type NI.

5.2 Relative Performance of Pure and Hybrid Models of Infor-
mation Rigidities
Which model performs the best in explaining the FE and CV equations together? To

answer this question, in the bottom two rows of Tables 1 and 2, we report the GMM-BIC,
the model selection criterion proposed by Andrews (1999).' The GMM-BIC is defined

13We can also apply the nonnested GMM test again and we report the results in Online Appendix B.
However, repeating the same test too many times should be avoided because the results may be subject
to a multiple testing problem. As the number of tests increases, it becomes more likely that the null
hypothesis will be rejected at some point, even if the null hypothesis is correct. If we want to compare
all the pairs in five models (the pure SI model, the pure Woodford-type NI model, the pure Lucas-type
NI model, the hybrid model of SI and Woodford-type NI, and the hybrid model of SI and Lucas-type
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by J — (|c| — p)log(T), where J is the J test statistic for overidentifying restrictions, and
lc|, p, and T represent the number of moment conditions, the number of parameters, and
the number of observations, respectively. The model with the lowest GMM-BIC should
be selected as the best model.

Comparing the GMM-BIC in Tables 1 and 2, we find that the hybrid models of SI and
NI (both the Woodford- and Lucas-types) yield smaller values than the pure models of
either SI or NI. Therefore, the hybrid model is preferable to pure models of information
rigidities. Between the two types of hybrid models of SI and NI, the one with Lucas-type
NI yields the lower value (i.e., —20.6) than the one with Woodford-type NI. This result
seems reasonable when we consider the fact that respondents of the SPF are professionals
rather than households. It is more likely that they have easier access to the data and
would learn the value of m_; in period ¢. Columns (3) and (4) of Table 2 show the
robustness of our results. When we pool equations for different A’s from zero to two, we
find that GMM-BIC of the hybrid model of SI and Lucas-type NI is lower than that of
the hybrid model of SI and Woodford-type NI.

6 Concluding Remarks

For the purpose of identifying the source of information rigidities in the analysis of
Coibion and Gorodnichenko (2015), we have constructed a hybrid model of SI and NI
and derived a very simple form showing the cross-sectional average forecast errors and
the cross-sectional variance of inflation forecasts. We find that the hybrid model of SI

and Lucas-type NI is useful in explaining the actual expectation formation process.
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Table 1: Joint Estimation for the Average Forecast Errors and Variance: Pure Models
of Information Rigidities

0 @) 3)
Pure model of Pure model of Pure model of
SI Woodford-NI Lucas-NI
A 0.510 - -
[0.453, 0.566)
1-G - 0.536 0.450
[0.374, 0.68] [0.262, 0.628]
c1 -0.059 -0.046 -0.104
[-0.243, 0.125] [-0.248, 0.156] [-0.292, 0.084]
c2 - 0.856 0.856
[0.68, 1.032] [0.68, 1.032]
# of obs 172 172 172
# of moments 10 10 10
# of params 2 3 3
J test 0.0000 0.0002 0.0002
Nonnested test
against Hiy:
Pure SI - 0.002 0.005
Pure Woodford-NI 0.458 - 0.000
Pure Lucas-NI 0.446 0.000 —
GMM-BIC -1.89 -7.52 -7.16

Notes: SI represents the sticky information, while Woodford-NI and Lucas-NI represent the Woodford-type noisy infor-
mation and Lucas-type noisy information, respectively. The coefficients, ¢; and ca, represent intercepts for the equations
of average forecast errors (FE¢) and cross-sectional variance (C'V}), respectively. The instrumental variables used for the
FE: equation are ¢ j, Do;,¢—; for j = 0, 1,2, while those used for the C'V; equation are CV;_1 and squared F'R:, where
F R represents the forecast revision. Figures in square brackets show the 95 percent confidence intervals. The J test
shows the p-value for the test of overidentifying restrictions. The nonnested test shows the p-value, based on Smith (1992),
for the null hypothesis of a pure model of information rigidity against another type of model. GMM-BIC indicates the
model selection criterion based on Andrews (1999), where smaller values are preferable.
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Table 2: Joint Estimation for the Average Forecast Errors and Variance: Hybrid Models
of Information Rigidities

(1) (2) 3) (4)
Hybrid model of Hybrid model of | Hybrid model of Hybrid model of
SI/Woodford-NI SI/Lucas-NI SI/Woodford-NI SI/Lucas-NI
h 1 1 0,1,2 0,1,2
A 0.423 0.433 0.411 0.434
[0.355, 0.491] [0.363, 0.502] [0.362, 0.461] [0.381, 0.486]
1-G 0 0.114 0 0.174
[0, 0] [0, 0.689)] [0, 0] [0.02, 0.414]
c1 (h=0) - - -0.004 -0.125
[-0.164, 0.156] [-0.293, 0.043]
c1 (h=1) -0.032 -0.074 -0.042 -0.088
[-0.224, 0.16] [-0.268, 0.12] [-0.234, 0.15] [-0.274, 0.098]
c1 (h=2) - - -0.094 -0.134
[-0.326, 0.138] [-0.352, 0.084]
c2 (h=0) - - 0.500 0.461
[0.33, 0.67] [0.287, 0.635]
ca (h=1) 0.460 0.454 0.454 0.436
[0.31, 0.61] [0.302, 0.606] [0.308, 0.6] [0.288, 0.584]
ca (h=2) - - 0.661 0.632
[0.435, 0.887] [0.406, 0.858]
# of obs 172 172 167 167
# of moments § 10 18 30
# of params 4 4 8 8
J test 0.583 0.114 0.614 0.000
GMM-BIC -8.346 -20.611 -42.094 -60.668

Notes: See Table 1 for the notations. Here, h indicates a forecast horizon (the unit is a quarter). The instrumental
variables used for the F'E; equation from the hybrid model of SI and Woodford-type NI are FFR; and F R;_1, irrespective
of h. Those from the hybrid model of SI and Lucas-type NI are D¢ ; and 0,4 ; for j = 0 to 3 — h. The instrumental
variables used for the C'V; equation are CV;_1 and squared F R for all the specifications.
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Appendix for “Identifying the Source of Information Rigidities in

the Expectations Formation Process”

Mototsugu Shintani* Kozo Uedal

2021

A  Model Detalils

A.1 Average Forecast Errors
A.1.1 Sticky Information and Woodford-type Noisy Information

We introduce the hybrid model which combines the sticky information and noisy information.
We let an aggregate variable x4, such as the inflation rate 7y , follow a stationary AR(1) process
that is given by x; = px;—1 + 11, where |p| < 1 and v; represents an i.i.d. normal shock with
mean zero. As for information noise, we follow Woodford (2003) and assume that agents cannot
observe the past actual value z;—; (in the main test, it is the inflation rate m;_1) in period ¢.

An agent i can instead receive an individual signal z;; in period t, where x;; = x; + w;r and
2

w; is the mean-zero normal noise, which is i.i.d. across time ¢ and agent ¢ with variance o7.
Regarding sticky information, we assume that agent ¢ can update her information set and revise
her forecasts with probability 1 — A, where 0 < A < 1. The agent ¢ who has an opportunity to
revise her forecasts f ;;z; in period ¢ can gather all past information (z,2i—1,%i—2, ) up
to t. She thus revises her forecasts F ;;x; based on F ;;_17; as if she revised her forecasts every
period up to t — 1 to form F ;4_1x¢.

The average of forecasts is given by

Fpn = (1=X) ) NI jwin, (A.1)
=0

where F; denotes average forecasts among the agents who revise their forecasts as F ;; in period

*University of Tokyo (Email: shintani@e.u-tokyo.ac.jp)
"Waseda University (Email: kozo.ueda@waseda.jp).



Fitxipn = P e = p"Gyi + ph(l — G)F it—1x¢
= p"Gyi + (1 — G)F jy—124 41,

which yields

Fixin = p"Goy 4+ (1 — G)F —1344n

=Grip+ (1= G)F t-12e4n — GUignyg.

Here, Kalman gain G depends on the degree of information noise o, and the size of the aggregate

shock o, as

G =P/(P+02)
P = p*c2P/(P 4 02) + o2

v

This outcome implies that G' equals one when o, = 0 (information is not noisy) and that G
decreases as o0, increases.

We have

Tiph — FiTepn = (1 — G)(@pgn — F 1—1%e1n) + GUyn g (A.2)

Note that

o0
Fi 1z = (1= X) Z NFt_1—jTin
=0

=(1-)) Z N7V,
j=1

tht+h — >\Ft—1$t—|—h = (1 - )\)Ftl‘t—f—h' (A3)

Using equations (A.2) and (A.3), we have

F; — \F;_ Fi_ — AF;_
Torn — tLi+h — )\t 1Xt+h _ ( Q) ($t+h A 195t+h1 = t 2~’Ct+h> + GUpny
1—-(1-MNG 1-G)\
Tiph — Fyopyp = (1(_)\)G)(Ft$t+h — Fyqxpyn) — E1_>\))G,(Ft—1$t+h — Fyoxiin) + Vight
(A.4)

They embed both the case of only sticky information, G = 1, and the case of only noisy



information, A = 0. Unless information is both sticky and noisy, the second term on the right-

hand side would not appear.

A.1.2 Sticky Information and Lucas-type Noisy Information

As for information noise, we now follow Lucas (1972) and assume that agents can observe the
past actual value z;—1 in period . In terms of sticky information, we assume that agent ¢ who
has an opportunity to revise her forecasts F ;;x; in period t can gather all past information,
including z;_1.

The average of forecasts is given by
tht—i—h == ]. - Z )\JFt G Lt+hy (A5)
7=0

where F; denotes average forecasts among the agents who revise their forecasts as F ;; in period

t:

Faze = G(yit — pri—1) + pri-1,
Fixy = G(xe — pri— 1) + pxi-1,
Fiaeen = Glp"zy — p" Moy y) + p" oy
= G(To4n — Vignt) + Ph+1(1 G)ri_1,

where G represents the Kalman gain (again, G' equals one when information is not noisy (i.e.,

0, =0)) and vqp = Z?:l p" vy ;. We further have
_ h+2
Fio12tin = G(@epn — Vipng—1) + 0777 (1 — G)we—2,
and

Fexin — Fe—1Teeh = G(Vepht—1 — Vignt) + phﬂ(l — G) (-1 — pri—2)

= Gpth + ph+1(1 — G)I/t_l,

where vipp -1 — Vignt = p"vy. This result leads to

1 (r r ) — 1-G
Vg = — T — T Vi_
t G,o tLt+h t—1Lt+h P e t—1
> 1-G\’ 1
= Z ( P G > Gph+i (Fi—jTirn — Fi—j—1%e1n), (A.6)

<
Il
o



if (1-@)/G < 1.

Because
m .
Frampn=01-X)_NFi1 o
§=0
w .
= (1= Ny,
j=1
we have

Fixpn — A _1xq, = (1= N Fxiq.

Using this, we rewrite equation (A.6) as

1 1-G
=— (Il —(L+MNF_ PV — _
Y= G (Fizeen = (14 N Fia@een + AFt2@e4n) = p—5— Vi1
- 1-GY’ 1
= Z G GO =Nt (Fi—jxien — (L + N Fj12in + AFy_j_ox4p) -
=0
Using
Fixein = G(@ion — verng) + " (1 — Gy
= G(Tt1n — Verng) + (1 = G)(@epn — Virhi—1)
= Tt4h + Gphl/t = Vitht—1;
we have
Fixgp — A 12, = (1= )) {$t+h + Gphl/t - Vt+h,t—1}
=(1-X) {xt+h + Gp'vy — vpng — Phl/t} ;
or
Tpn — Fragen = ﬁ(tht—i-h — Fqzeen) + (1= G)p"vi + vig s,
that is,
A
ern — Fraren = 7 (Fiern — Fio12i4n)
1-G 1-G)?
+ Ga-n (Fiopn — (L4 N Froa@in + AF_aey) — ' ( )

(A.8)

(A.9)

—— V-1t Vit
G e

(A.10)



It becomes

Tiph — Frxpon = —— (Fixepn — Fr—12e4n)

1-—A
1-GX/ 1-GY 1
+ = Z <_G> T (Fr—jrien — (L 4+ N F—jo1@in + AE—j—2%in) + Vigny,
j=0
(A.11)
and then
A
Tt+h — Ft3?t+h = ﬁ(thtJrh - Ft—1$t+h)
1-G/ 1-GY 1
+ T <_G> 1 (Ft—j$t+h - Ft—j—1$t+h)
=0
1-G & ( 1— G)J A
—— ——— | —— (F—j1%n — Fij_oxiin)
G = G 1—A
+ Vithts
or
1 1-G
Toin — Fymeey, = T <)\ + G> (Fyveen — Fio1aeqn)
1-G 1 &/ 1-GY’ 1-G
TG 1o <_G> <>\ + G) (Fr—j—1Zt4n — Froj—2%ein) + Vesnt-

(A.12)

The coefficients on forecast revisions depend on both A and G.

A.2 Cross-sectional Variance of Forecasts
A.2.1 Sticky Information and Woodford-type Noisy Information
The variance of forecasts is given by
o0
Vizern = (1= A) Z NVary;—; (Fit—j@ern — Fizeon)
j=0

= (1 — )\) Z )\jVaI'ut_j ((Fi,t_jxﬂ_h - Ft_j$t+h) + (Ft_j$t+h - tht—i-h)) . (Alg)
7=0



Regarding the first term, we define V,Vz;,, as

ViV h = (1= X ZAJVar” i (Fit—jTern — Ft—jTesn)
7=0

- A) Z )\jvart,t—j (ﬂhHGwi,t—j +(1=G)(Fip—j—1Ten — Ft—j—1$t+h))
— ) Z A <p2h+2jG203> 4 (1= G2V 2
(1- A)p
= WGZ 2+ (1= @V g

Regarding the second term, we define VtS Tyth AS

Viapn =(1 - Z/\jvartt i (Fi—jTeyn — Fivegn)

7=0
e .
=(1-2) Z N (F e—jaipn — Fraen)?
j=0
e .
=(1= X)) N (Frojazern — Fertern — (Fitgpn — Froazign))’
j=1

+ (1= N (Ftzeyn — Frwen)?

oo
=A1-2X) Z N (Ft—ja1@isn — Fo1mi4n)” + M F@eon — Fro1min)®
=0
Fiwip — AFy1240p
1—A

2
+ (1 — )\) — Ftl't—s—h)

A
:)\%ﬁlxt+h + ﬁ(tht—i-h — Ft_l.TH_h)Q

using equation (A.3). Note that the interaction term of the first and second terms in equation
(A.13) is zero because the first term is determined essentially only by the history of idiosyncratic
shocks w;;—;, while the second term is their aggregation.

Inserting these two equations to equation (A.13), we have

Vizern = Vo + Vi, (A.14)



where

VN = (11__/\)\)pp22hG203; +(1 =GPV @, (A.15)
Vizion = AV mepn + T Fizen = Fiamen)®. (A.16)

The variance can be also written as follows:
Vit = (ll_AA)pp;hGQUg + o (Feen = Fy qxip)* 461, (A.17)

where ¢,-1 = (1 — G)QVt]XlxtJrh + )\Vt*ilxprh. They embed both the case of only sticky infor-
mation, G = 1, and the case of only noisy information, A = 0.
The above equation can be further simplified in the following way. Equation (A.15) can be

written as

(1=N)p*

1 — Ap?
1—\)p?"

(1—N)p* G? o2

1—=Xp2 1—-(1-G)%p2"¥

1— )\)pQ(h—l-l)

VNwy = Gl + (1 - G)? { ( =22 GPol + (1 - G)2V15N237t+h}

and, thus, V,V ;. converges to a constant. Hence, we have

N s
Vizerh = V5 xppn + V0w

(1—Np*" G? 2 S A 2
T 21— (1-G)2p2 0+ AVZ 1@ + m(FwEHh — Fi124p)

(1- /\)P2(h+1) G? 2 S A 2
=\ { 1— )\p2 1_ (1 — G)2p2 (2% + V;f—lxt-i-h + 1 A(tht-i-h — thlxt-l—h)
T L A UL

122 1-(1-G)2p2%

A 1 —\)p*hG?
=AVi1Tpyn + f(thwh — Ft—1$t+h)2 + ( )p (A.18)

) 1—(1-G)2p2’™

This result suggests that the disagreements of forecasts depend on the past disagreements, the

constant term (02), and the revision of forecasts.



A.2.2 Sticky Information and Lucas-type Noisy Information

We have

Fit—j®irh — Bwpen = (Fig—j@ipn — F—j@ien) + (F —jTeen — Frxpen)

MG+ (Fegrin— Forn).

Thus, the variance of forecasts is written as

Vizgn = (1 — ZA Vary s (Fit—jZern — Fiepn)
7=0

> N2
- A) Z N {(PHJG) i+ (F - jern — thvt+h)2}

||
M8 L

N phﬂG) o2

J=0 (

+1=0D N { (Fi—jesn)® = 2(Fe—jmern) (Fewepn) + (FtIt+h)2}
7=0

= Z}\J (pthjG) O' + Z)\J Ft ]flft+h) (tht+h)2‘
j=0 7=0

Similarly, we have

SN2
Vicippn = (1 - Z X {( h+1+JG) 00+ (Fi1-jTegn — Ft—113t+h)2}

=(1- A)nyl (PhHG) 0 + ( ZAJ (Fe- j$t+h) (Ft—1$t+h)2'
j=1 J=1

Thus, we have
2
Vizein = Wicaziin = (1= ) (6"G) 02+ (1= X) (F iween)? = (Fizeen)® + A (Forzen)?.

Using equation (A.7), we have

2 Fix — AF_1x 2
Vizesn — AVio12ap = (1 — A) (pha) o2+ (1-N) ( Ltth - ; ! t*") — (Fyzeen)® + A (Fr_1m4)?

2

A
= (]_ — )\) (th) 0'3_) + ﬁ (tht—l-h — Ft—lxt+h)2 s



which yields

_ A 2 he\? 2
V;g:lft_’_h = )\V;gfll‘t_kh + ﬁ (tht—i-h — thll't—i-h) + (1 — )\) 1% G Oy- (Alg)

Importantly, this disagreement equation based on the hybrid model of SI and Lucas-type NI is
expressed in the same form as that based on the hybrid of SI and Woodford-type NI provided
in equation (A.18).

B Estimation

B.1 Data

Table B.1 shows the basic statistics of the SPF data we use.

B.2 Estimation Results
B.2.1 Single-equation Estimation for Average Forecast Errors

Table B.2 shows the estimation results of FE equation (1) or (2) that are shown in the main
text. Depending on the type of NI models and the forecast horizon of h, we use different
equations and explanatory variables. In columns (1), (2), (3), (6), and (7), we assume Lucas-
type NI (i.e., the pure Lucas-type NI model or the hybrid model of SI and Lucas-type NI).
Specifically, in column (1), we set h = 1 where explanatory variables are Fymy41 — Fi—1m41,
Fy w1 — Fy_ompyq, and Fy_omy 1 — Fy_3m 41, and instrumental variables are 2;_; and Dy ¢—;
for j =0, 1,2 in employing the 2SLS (i.e., the number of instrumental variables is six, which is
denoted by IV(6) in the table).

The last row represents the Wald test statistics for the zero restrictions on coefficients on
the forecast revisions in periods ¢ — 1 and ¢t — 2. This statistic can be used to test the null
hypothesis of pure SI (Hp: G = 1) against an alternative of pure Lucas-type NI (Hj : A = 0).

Alternatively, we use instrumental variables of #;_; for j = 0,1,2 (IV(3) in column (2))
or conduct the OLS (column (3)). If we estimate equation (2) in the main text using the
finite number of regressors, the omitted variables lead to a bias. This is the reason we use the
instrumental variables, but this bias may be small if one of information rigidities is small (G ~ 1
or A ~ 0) because the coefficient on the past FR approaches zero quickly as j increases. If this
is the case, we do not need to use instrumental variables. We run a regression of FE on current
and past FRs, namely, Fymyp1 — Fro1mep1, Fr—1me41 — Fr—omeq1, and Fy_omey — Fy_smeqq; that

is, we employ the OLS.



In column (4), we assume either SI or Woodford-type NI. In this case, the FE equation
does not embed FRs in period ¢t — 1 and t — 2, and thus, we cannot test the null hypothesis of
pure SI (Hp: G = 1) against an alternative of pure Woodford-type NI (H; : A = 0). Thus, the
Wald test statistic is not reported in the table. In column (5), we assume the hybrid model
of ST and Woodford-type NI. Columns (6) and (7) show the estimation results when we use a

different forecast horizon of h = 0 and 2, respectively.

B.2.2 Single-equation Estimation for Cross-sectional Variance

Table B.3 shows the estimation results of the CV equation (3) in the main text (equation (A.18)
in the appendix). In column (1), we set h = 1 and employ the OLS.

The CV equation can be expressed and estimated differently. In columns (2) and (3),
we estimate equation (A.17), rather than equation (A.18), by employing the 2SLS with the
instrumental variables of 7, ﬁf, Uoit ¢, and ﬁgil,t (i.e., the number of instrumental variables is
four, which is denoted by IV(4) in the table). In column (3), we estimate the same equation
as column (2) but with the instrumental variables of 7, and ©? (denoted by IV(2)). Note
that in equation (A.17), the third and fourth terms on the right-hand side of the equation
are not only unobservable but also correlated with the second term because both depend on
past shocks for x, that is, 14_; for ¢ = 1,2,---. Thus, if we regress the equation with the
OLS using (Fizsyn — Fi_124,1)? as an independent variable, the estimate is biased. However,
(Fizgyn — Fy_17444)? depends on today’s shock v, while the third and fourth terms do not.!
Therefore, if we use today’s new information as instrumental variables, we expect to obtain an
unbiased coefficient for the term of (Fywyyp, — Fy_12¢44)?. Considering that the FR is squared
in equation (A.17), we use 7 as well as ;.

Columns (4) and (5) examine the robustness of our results to changes in the measurement of
the CV. We exclude the top and bottom 2.5 percent of samples in column (4) and the samples

in which the inflation forecasts exceed 30 percent in their absolute term in column (5). Finally,

'To be precise, it is shown in the following way. Note that
Fixiin = thxt + (1= G)F t—1Te4n
= PhGVt + pthletfl + (1 =G)Ft-1Tt4n
and

Fixern = (1 —X) Z Ath7j$t+h = (1 = NFxegn + (1 — >\) Z )\th—jthrh
j=1

Jj=0

= (1 - )\)thl/t + (1 — )\) {ph+1G$t1 + (1 — G)Ft71xt+h + Z)\jftjl‘th} .

j=1

The second term is determined at ¢ — 1 or earlier, and is thus independent of v;. Thus, it is clear that (Fixi+n —
Ft_lxtJrh)z depends on v; unless A =1, G =0, or p=0.
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in columns (6) and (7), we estimate the CV equation for h = 0 and 2, respectively.

B.2.3 Joint Estimation of Pure Models of Information Rigidities

We consider one of pure models of information rigidities, SI or one type of NI. The results are
shown in Table B.4. In columns (1) to (3), we use different instrumental variables for the FE
equation, that is, Fym11 — Fi_1mey1, Fi_1m41 — Fy_ompy1, and Fy_omyy1 — Fy_3m41. They are
the same variables as those appearing on the right-hand side of the FE equation based on the
pure Lucas-type NI model, which implies that we estimate the FE equation by the OLS. As we
stated in Section B.2.1, the bias in the estimates will be small if one of information rigidities
is small (G — 1 or A — 0) when using the OLS.

In columns (4) to (6), we estimate the model without imposing parameter restrictions on
A and G, which allows them to take below zero and above one.

The estimation results do not change much. In the pure SI model, the estimate of A is
around 0.5 and significantly different from zero. In pure NI models, the estimate of 1 — G is
around 0.3 to 0.5, depending on the models and significantly different from zero. According to
the J test, the validity of overidentifying restrictions is rejected in all the models. Furthermore,
the GMM-BIC based on pure models of information rigidities is higher, and thus, worse, than
that based on the hybrid model of SI and Lucas-type NI.

B.2.4 Joint Estimation of Hybrid Models of Information Rigidities

We check the robustness of the estimation results when we use a different forecast horizon:
h = 0 or 2. Table B.5 shows the robustness of our main results. The estimate of A is around 0.4
and significantly different from zero. The estimate of 1 — G is 0 (corner solution) when based
on Woodford-type NI, but positive when based on Lucas-type NI. In particular, it is 0.3, which
is significantly positive when h = 0. However, in this model, the validity of overidentifying
restrictions is rejected.

As in Section B.2.3, we also check the robustness of the estimation results when we adopt
a different estimation strategy. Table B.6 shows the results, where columns (1) to (3) indicate
the case of using different equations and/or instrumental variables and columns (4) and (5)
show the case of not imposing restrictions on A and G.

Specifically, in column (1), the hybrid model of ST and Woodford-type NI is estimated based
on the CV equation (A.17), rather than (A.18). As explained in Section B.2.2, we estimate
this equation by using 7, ﬁf, Vil ¢, and ﬁgil,t as instrumental variables. Column (1) shows that
the value of A is 0.54, while the value of 1 — G is zero. Furthermore, the intercept of the CV

equation, co, is significantly different from zero, which is inconsistent with G = 1.
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Columns (2) and (3) show the estimation results for the hybrid model of SI and Lucas-type
NI. In column (2), we reduce the number of instrumental variables for the FE equation from
six to three by using 24— (j = 0,1,2). The estimation results do not change much, compared
to those shown in column (2) in Table 2 in the main text, which is an outcome suggesting the
robustness of our results. In column (3), we estimate the FE equation using the variables on
the right-hand side of the equation (i.e., OLS). In this case, the estimate of 1 — G reaches zero
(corner solution). The intercept of the CV equation, ¢, is significantly different from zero,
which is inconsistent with G = 1. Nevertheless, the estimate of X is robust at around 0.4.

In Columns (4) and (5), we do not impose parameter restrictions for A and G. Specifically,
A and G can take any values (—oo to oo). The estimation results show that 1 — G becomes
negative for the hybrid model of SI and Woodford-type NI. The results are almost unchanged
for the hybrid model of SI and Lucas-type NI.

Last and not least, the comparison of the GMM-BIC shows that column (2) in Table 2 in
the main text yields the lowest value, and thus, the best fit of all the specifications.

B.2.5 Nonnested Test

In Table B.7, we report the p-values, based on the Cox-type statistic proposed by Smith (1992),
to compare five nonnested models. They are the pure SI model, the pure Woodford-type NI
model, the pure Lucas-type NI model, the hybrid model of SI and Woodford-type NI, and the
hybrid model of SI and Lucas-type NI. One-by-one test of five models leads to 20(= 5 x 4)
statistics.

For comparison, we use the same instruments. instrumental variables are 2;_; and Dy ¢
(j = 0,1,2) for the FE equation and CV;_; and FR? for the CV equation. The estimation
results show that all the models tend to be rejected by an alternative. However, it is important
to note that this one-by-one test involves the so-called multiple testing problem. As the num-
ber of inferences increases, the more likely a null hypothesis would be rejected and, in turn,

erroneous inferences are made.
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Table B.1: Descriptive Statistics

Horizon h | Obs Mean  S.D.

Forecast error (FE) 0 182 0.020  1.147
Tt4+h — Ft7rt+h 1 181 0.044 1.487
2 180 0.030  1.685

3 179 0.021 1.823

Forecast revision (FR) 0 181  0.023  0.663
Fimpsn — Fio1mgn 1 181  -0.006 0.520
2 181 0.003  0.410

3 176 0.014 0435

Disagreements (V) 0 182 1420 1.631
Vimegn 1 182 1.297  1.780
2 182 1.367 1.702

3 182 1.462 2.057
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Table B.2: Regression of the Cross-sectional Average Forecast Error

(1) @) 3) (4) )
Pure L-NI Pure L-NI Pure L-NI Pure ST or  Hybrid of
or hybrid of SI/NI  or hybrid of SI/NI  or hybrid of SI/NI  pure W-NI  SI/W-NI
IV (6) IV (3) OLS
FRy -0.586 10.967 0.523 0.655 0.58
(1.254) (33.587) (0.423) (0.455) (0.400)
FRi—1 1.667 -0.287 0.417 0.540%*
(1.278) (9.093) (0.357) (0.313)
FRy_o 2.182 -22.479 0.212
(1.360) (72.893) (0.389)
FRi 3
c1 -0.065 0.488 -0.017 0.04 0.023
(0.174) (1.698) (0.137) (0.143) (0.131)
# of obs 172 173 173 180 179
R? 0.070 0.053 0.077
F for weak ident 2.536 0.030
Wald for zero restr 3.889 0.127 2.418
©) )
Pure L-NI Pure L-NI
or hybrid of SI/NI  or hybrid of SI/NI
h=0 h=2
FRy 1.564%% 1.069
(0.632) (1.221)
FRy_1 -1.952 2.928%*
(1.220) (1.265)
FRi_o -0.651
(1.185)
FRi_3 4.057%**
(1.561)
c1 -0.143 -0.089
(0.176) (0.175)
# of obs 172 172
R2
F for weak ident 1.684 4.230
Wald for zero restr 6.926* 5.36%*

Notes: *** ** and * indicate that coefficients are significant at the 1 percent, 5 percent, and 10 percent level, respectively.
NI represents the model of noisy information based on either Woodford (2003, W-NI) or Lucas (1972, L-NI), whereas SI
represents the model of sticky information. F'R; represents forecast revisions at ¢ and h indicates a forecast horizon (the
unit is a quarter, benchmark h is one). The figures in parentheses show the heteroskedastic and autocorrelation consistent
(HAC, Newey—West) standard errors. The last two rows represent the F statistics for weak identification and the Wald
statistics for the hypothesis that all the coefficients on the FR in period ¢ — 1 and earlier are zero, respectively.
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Table B.3: Regression of the Cross-sectional Variance

(1) (2) (3) (4) (5) (6) (7)
Omit Omit
OLS IV(4) IV(2) +2.5% || > 30% h=0 h=2
FR? 0.678%**  1.746%**  1.723%¥**  (.582%** 1.302%** 0.800***  (0.934***
(0.151) (0.536) (0.544) (0.135) (0.544) (0.270) (0.340)
CVi1 0.489*** 0.493*** 0.288** 0.373***  (0.342%**
(0.060) (0.081)  (0.134)  (0.120)  (0.123)
c2 0.463***  (0.809***  (0.819***  (0.391***  (.719%**  (0.531*** (.733***
(0.098) (0.195) (0.194) (0.082) (0.164) (0.120) (0.197)
# of obs 181 180 181 181 181 181 181
R? 0.361 0.371 0.269 0.447 0.195
F stat for weak ident 6.467 3.609
Wald for zero restr 119.6%** 83.74***  47.95%** 74 18FF* 18 .89 **

Notes: See Table 2 for the notations. FR? and CV;_1 represent the squared forecast revisions and the cross-
sectional variance of forecasts in the previous period, respectively. In IV(4), the instrumental variables are o,
D7, Doi,e, and 02, ,. In IV(2), the instrumental variables are the first two variables used in IV(4). The Wald
statistic is for the hypothesis that the coefficients on both FR? and CV;_, are zero, respectively.

Table B.4: Robustness Check: Joint Estimation of Pure Models of Information Rigidities

(1) 2) 3) (4) 5) (©6)
Different IV Unrestricted A\, G
Model Pure SI Pure W-NI Pure L-NI Pure SI Pure W-NI Pure L-NI
A 0.489 0.511
[0.433, 0.543] [0.455, 0.567]
1-G 0.354 0.256 0.536 0.450
[0.093, 0.639] [0.016, 0.604] [0.308, 0.62] [0.36, 0.74]
c1 -0.014 -0.069 -0.106 -0.059 -0.046 -0.104
[-0.204, 0.176]  [-0.281, 0.143]  [-0.304, 0.092] | [-0.243, 0.125]  [-0.248, 0.156]  [-0.292, 0.084]
c2 0.856 0.856 0.856 0.856
[0.68, 1.032] [0.68, 1.032] [0.68, 1.032] [0.68, 1.032]
# of obs 172 172 172 172 172 172
# of moments 7 7 7 10 10 10
# of params 2 3 3 2 3 3
J test 0.0000 0.0004 0.0003 0.0000 0.0002 0.0002
Nonnested test against Hi:

Pure SI - 0.018 0.034 - 0.002 0.005
Pure W-NI 0.016 - 0.000 0.458 - 0.000
Pure L-NI 0.007 0.000 - 0.446 0.000 -

Model comparison criteria
GMM-BIC ‘ 7.88 -0.28 0.49 -1.89 -7.52 -7.16

Notes: SI represents the model of sticky information, while W-NI and L-NI represent the Woodford- and Lucas-type model
of noisy information, respectively. The coefficients, ¢; and c2, represent intercepts for the equations of average forecast
errors (FE;) and cross-sectional variance (CV;), respectively. In columns (1) to (3), the instrumental variables used for
the FE; equation are FRy, FRy_1, and FR;_2, where FR; represents the forecast revision. In columns (4) to (6), the
instrumental variables used for the F'E: equation are Dy j, Do ¢—; for j = 0,1,2. The instrumental variables used for
the C'V; equation are C'V;—1 and FR? in all the columns. In columns (4) to (6), no restriction is imposed for the range
of values that A and G can take. Figures in square brackets show the 95% confidence intervals. J test shows the p-value
for the test of overidentifying restrictions. The nonnested test shows the p-value, based on Smith (1992), for the null
hypothesis of a pure model of information rigidity against another type of model. GMM-BIC indicates the model selection
criterion based on Andrews (1999) where smaller values are preferable.
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Table B.5: Robustness Check: Joint Estimation of Hybrid Models of Information Rigidities

(Different Forecast Horizons)

(1) ) 3) ()
Hybrid model of Hybrid model of
SI/W-NI SI/L-NI SI/W-NI SI/L-NI
h 0 0 2 2
A 0.386 0.422 0.434 0.442
[0.297, 0.474] [0.323, 0.519] [0.32, 0.546] [0.316, 0.565]
1-G 0 0.271 0 0.001
[0, 0] [0.1, 0.473] [0, 0] [0, 1]
c1 (h=0) -0.024 -0.13
[-0.184, 0.136]  [-0.308, 0.048]
c1 (h=2) -0.088 -0.159
[-0.318, 0.142]  [-0.385, 0.067]
ez (h=0) 0.549 0.488
[0.341, 0.757] [0.262, 0.714]
ca (h=2) 0.647 0.638
[0.387, 0.907] [0.368, 0.908]
# of obs 172 172 172 172
# of moments 6 12 6 8
# of params 4 4 4 4
J test 0.623 0.000 0.468 0.071
GMM-BIC -8.532 -8.687 -7.753 -11.941

Notes: See Table 4 for the notations. h indicates a forecast horizon (the unit is a quarter). The instrumental variables
used for the F'E; equation from the hybrid model of SI and Woodford-type NI are FFR; and F'R;_1 irrespective of h.
Those from the hybrid model of SI and Lucas-type NI are 23 _; and 44,4 for j = 0 to 3 — h. The instrumental variables
used for the C'V; equation are C'V;_1 and FR? for all the specifications.

Table B.6: Robustness Check: Joint Estimation of Hybrid Models of Information Rigidities
(Different instrumental Variables and Less Restricted Parameters)

(1) @) () (5)
Different IV Unrestricted A\, G
SI/W-NI SI/L-NI SI/L-NI SI/W-NI SI/L-NI
A 0.541 0.432 0.423 0.437 0.433
[0.429, 0.644] [0.362, 0.501] [0.355, 0.491] [0.369, 0.505] [0.363, 0.503]
1-G 0 0.075 -0.222 0.114
[0, 0] [0, 0.898] [0, 0] [-0.76, 0.316] [-0.338, 0.566]
c1 0.031 -0.088 -0.043 -0.022 -0.074
[-0.179, 0.241]  [-0.302, 0.126]  [-0.231, 0.145] | [-0.222, 0.178]  [-0.268, 0.12]
c2 0.804 0.454 0.46 0.486 0.454
[0.564, 1.044] [0.302, 0.606] [0.31, 0.61] [0.324, 0.648] [0.302, 0.606]
# of obs 172 172 172 172 172
# of moments 8 7 6 10
# of params 4 4 4 4
J test 0.11 0.07 0.70 0.45 0.11
GMM-BIC -11.56 -8.42 -13.23 -9.11 -20.61

Notes: See Table 4 for the notations. See the text for the choice of the instrumental variables.
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Table B.7: Nonnested GMM Test

Hy vs Hy ‘ Pure SI  Pure W-NI  Pure L-NI  Hybrid of SI/W-NI  Hybrid of SI/L-NI
Pure SI - 0.458 0.446 0.000 0.000
Pure W-NI 0.002 - 0.000 0.001 0.001
Pure L-NI 0.006 0.000 - 0.001 0.001
Hybrid of SI/W-NI 0.000 0.046 0.012 - 0.001
Hybrid of SI/L-NI 0.000 0.003 0.002 0.001 -

Notes: The nonnested GMM test shows the p-value, based on Smith (1992), for the null hypothesis of a certain model Hy
(each row) against another type of model Hy (each column). The instrumental variables used for the FE; equation are
Ui and Dg4—5 (§ = 0,1,2), while those used for the CV; equation are C'V;—1 and FRZ.
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