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Are monetary surprises effective?
The view of professional forecasters in Israel
Alex Ilek

Abstract
In this study we analyze the effect of the Bank of Israel (BOI) monetary surprises on
inflation and the exchange rate, in the eyes of professional forecasters (PF) in Israel.
We exploit a unique daily dataset in Israel containing various forecasts of the PF in
sample from April 2001 to October 2016 and derive the monetary surprises of the BOI
by exploiting the specific timing of expectations formation.
We found that although the PF-perceived effect of monetary surprises on the exchange
rate was stable over the past two decades, the pass-through from the exchange rate to
inflation significantly declined after 2007, primarily due to a full dissociation of rent
prices from the shekel-dollar exchange rate. We also provide indirect and partial
evidence that the effect of the BOI monetary surprises on real activity did not change
after 2007. That is, we didn't find evidence that the information channel introduced by
Nakamura and Steinsson (2018) intensified in Israel despite a decline in natural rates
worldwide and the establishment of a monetary committee at the BOI. We found,
however, that after the establishment of the monetary committee there was a significant
increase in interest-rate inertia.
Finally, we found an asymmetric pattern of the PF's assessment of the CB interest rate
after the global financial crisis. Following a positive surprise in the BOI interest rate,
the PFs significantly updated upward their forecasts for the interest rate for the coming
year. In contrast, when the monetary surprise was negative, the PFs barely updated
downward their forecast for the interest rate.
JEL classification: E37, E47, E52.
Keywords: professional forecasters, monetary surprises, policy effectiveness.
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Abstract
In this study we analyze the eﬀect of the Bank of Israel (BOI) monetary surprises on inﬂation and
the exchange rate, in the eyes of professional forecasters in Israel. We exploit a unique daily dataset in
Israel containing various forecasts of the professional forecasters in sample from April 2001 to October
2016 and derive the monetary surprises of the BOI by exploiting the speciﬁc timing of expectations
formation.
We found that although the PF-perceived eﬀect of monetary surprises on the exchange rate was
stable over the past two decades, the pass-through from the exchange rate to inﬂation signiﬁcantly
declined after 2007, primarily due to a full dissociation of rent prices from the shekel-dollar exchange
rate. We also provide indirect and partial evidence that the eﬀect of the BOI monetary surprises on
real activity did not change after 2007. That is, we didn’t ﬁnd evidence that the information channel
introduced by Nakamura and Steinsson (2018) intensiﬁed in Israel despite a decline in natural rates
worldwide and the establishment of a monetary committee at the BOI. We found, however, that after
the establishment of the monetary committee there was a signiﬁcant increase in interest-rate inertia.
Finally, we found an asymmetric pattern of the PF’s assessment of the CB interest rate after
the ﬁnancial crisis in the US. When there was a positive surprise in the BOI interest rate, the PFs
signiﬁcantly updated upward their forecasts for the interest rate for the coming year. In contrast, when
the monetary surprise was negative, the PFs barely updated downward their forecast for the interest
rate.
JEL classiﬁcation: E37, E47, E52.
Keywords: professional forecasters, monetary surprises, policy eﬀectiveness.
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Introduction

Anchoring public expectations in an inﬂation targeting regime is a primary goal of central banks in order to
eﬃciently conduct monetary policy, because public expectations inﬂuence economic outcomes. Therefore,
it is important for the central bank (henceforth, CB) to understand how the public forms its expectations,
and to ﬁnd the channels by which it can aﬀect them. The central bank interest rate is a traditional channel.
There are also other channels: communication with the public (press conferences of a monetary committee), regular publications by the CB (annual reports, staﬀ forecasts, etc.), unconventional monetary policy
measures (interventions in ﬁnancial and foreign exchange markets), and forward guidance. The literature usually examines expectations of ﬁnancial markets/surveys or expectations of professional forecasters
(henceforth, PF), because all these sources somehow reﬂect the expectations of the general public in the
economy.
There are three main approaches to public expectations in the literature. (1) Modeling the expectations
formation of the public. For example, Branch and Evans (2006) and Markiewicz and Pick (2014) modeled
the expectations of the PF in the US by assuming that the PF are adaptive learners. They found that the
constant-gain learning algorithm explains the PF expectations the best. (2) Exploiting public expectations
in the estimation of macro models. For example, Kortelainen et al. (2016) used PF expectations to estimate
a DSGE model for the ECB and they found that inclusion of the PF expectations improves the empirical
performance of the model and to some extent makes redundant habit formation and inﬂation indexation,
which are usually obtained in models with model-consistent expectations. Smets et al. (2014) evaluated
the real-time forecasting performance of the New Keynesian model estimated for the euro area and found
that the model forecasts tend to be generally improved by adding PF forecasts. (3) Examining responses
of public expectations to economic news. For example, Bauer (2015) tested responses of survey-based
inﬂation expectations and PF expectations to macroeconomic news, and found signiﬁcant responses to
most types of news. Similar tests were conducted by Ghysels and Wright (2009). Nakamura and Steinsson
(2018) focused on examining the impact of monetary surprises of the FED on survey expectations of output
growth, as well as on nominal and real interest rates of diﬀerent maturities.
Our study is closely related to the third approach. Our main goal is to examine how PF in Israel react
to monetary policy surprises of the Bank of Israel. Speciﬁcally, we estimate the responses of the average
PF forecasts of the key variables for one month and twelve months ahead to the average PF-perceived BOI
monetary surprises.1 Thus, both responses (to monetary surprises) and calculation of monetary surprises
rely on the same source of expectations, generating consistency in our analysis. This is in contrast to,
for example, Faust et al. (2007) where the measured surprises rely on survey expectations whereas the
reactions to these surprises are derived from capital markets.
It is very important to investigate the average PF forecasts because they are one of the most important variables that the BOI continuously monitors and uses in conducting monetary policy. Thus, these
responses can be seen as indicators of the eﬀectiveness of the BOI policy, at least in the eyes of the PF. It
is particularly interesting to compare the PF responses before and after 2007, because various prominent
foreign and domestic events occurred during the second period that potentially altered the PF-perceived
eﬀectiveness of the BOI policy. We should note that the estimated elasticities here are not contaminated
by risk premia, since the PF expectations do not contain such premia, in contrast to expectations derived
from capital markets.
We now turn to a brief description of the background of Israeli PF and the types of forecasts they
provide. The group of Israeli PF has always included only domestic members but its composition has
changed over time. At the beginning of 2001 the group had only 5 members, mostly the Israeli commercial
1 The average forecasts (of the PF), usually referred to in the literature as the consensus forecasts of the PF, are predictions
of the future that are generated by combining together several separate (PF) forecasts, which may have been created using
diﬀerent econometric or statistical methodologies. Here we focus only on average (consensus) forecasts of the PF, because, as
explained below, they are a very important indicator for the BOI’s monetary policy. An examination of heterogeneity among
the PF and its implication we leave for future research.

banks; in 2008 the group grew to 11 members due to the inclusion of insurance and investment companies;
in 2012 the group reached a peak of 17 members but in 2014 it declined to 13 members: 4 commercial
banks, 8 insurance and investment companies, and one independent forecaster. Since 2015 the group has
consisted of 14 members. We exploit a daily dataset that contains various forecasts of the Israeli PF for
the period from March 2001 to October 2016. This daily dataset contains the average PF forecasts for
inﬂation, interest, and shekel-dollar exchange rates2 (the forecasts for real activity are provided only from
2017 onward and hence they are not used in our analysis). The forecasting horizon is for months t − 1, t,
t + 1, t + 2, and t + 12, as well as for the current and the next calendar year. The forecast for t − 1 is only
relevant for the CPI, which is published with a delay of half a month (see Section 2 for details).
The rest of the paper is organized as follows. Section 2 presents the cycle of expectations formation of
the PF in Israel. Section 3 introduces the methodology to measure the eﬀectiveness of monetary surprises.
Section 4 presents the empirical results and Section 5 summarizes the main results.

2

The expectations formation cycle

We ﬁrst explain in detail the diﬀerent timing of the announcements of the BOI interest rate, the consumer
price index, and the shekel-dollar exchange rate.
1. The BOI interest rate: On the Monday before the last Wednesday of each month, the BOI
announced the interest rate for the forthcoming month.3 That is, the interest rate for month t is
already known at the end of month t − 1. To illustrate, the interest rate for February 2012 was
announced on 24 January 2012.
2. Consumer price index (CPI): On the 15th of each month, the Central Bureau of Statistics (CBS)
announces any change in the CPI for the previous month. That is, a change in the CPI for month t
is published with a delay of half a month. To illustrate, the CPI for February 2012 is announced on
March 15, 2012.
3. The shekel-dollar exchange rate: In contrast to the previous two variables, the exchange rate
data is continuous and updated on a daily basis. To illustrate, on February 15, 2012, the exchange
rate was known up to this date.4
It is convenient to illustrate graphically the data arrival of the three mentioned variables over time.
Speciﬁcally, Figure 1 presents the cycle of the PF expectations formation split into four timings (denoted
by T1—T4), such that in each timing new information arrives. The cycle spans two subsequent months,
t − 1 and t. Next we explain the four timings of the PF expectations in detail.
Timing 1 (T1) covers a time window from one day after the announcement of the CPI for month t − 2
(on the 15th of month t − 1) up to one day before the announcement of the interest rate for month t (at
the end of month t − 1).
Timing 2 (T2) covers a time window from one day after the interest rate announcement for month
t up to the second day of month5 t. The new data available at T2, relative to T1, includes, among other
things, the interest rate for month t. The time window between timings 1 and 2 is about one week.
2 The data is collected daily, but the PF do not necessarily update their forecasts on a daily basis. The PF update their
forecasts in diﬀerent timings during each month.
3 From 2018 the BOI reduced the number of interest rate decisions per year from 12 to 8, and the timing of the interest
rate decisions was changed. However, this period was not included in our analysis.
4 More precisely, the representative exchange rates are published at 13.15—15.15 each day. On Fridays and holidays they
are published at 10.15—12.15.
5 It is evident from the data that some of the PF update their forecasts on the ﬁrst or second day of each month.

Timing 3 (T3) covers a time window between the second day of month t up to the 14th of month t
(one day before the announcement of the CPI for month t − 1). The new data available at T3, relative to
T2, includes, among other things, a realization of the exchange rate for the ﬁrst half of month t.
Timing 4 (T4) covers a time window from one day after the announcement of the CPI for month t − 1
(on the 15th of month t) up to one day before the announcement of the interest rate for month t + 1. The
new data available at T4, relative to T3, includes, among other things, the CPI for month t − 1.
As can be seen from Figure 1, T4 is equivalent to T1, except that it is one month later. That is, the
cycle of expectations formation is closed and repeats itself in months t and t + 1; t + 1 and t + 2; t + 2 and
t + 3; and so on.
Since our purpose is to evaluate the eﬀect of monetary surprises on PF expectations, it is enough to
consider the forecast updates from the end of T1 to the end of T2. A one-week time window after the
interest rate announcement provides enough time for the PF to update their forecasts, as not all of them
update their forecasts immediately after the announcement.6 However, the time window should neither be
too wide nor cover domestic and foreign news in month t and afterward, because in that case the updated
forecasts would be aﬀected by a large quantity of news, making identiﬁcation of the eﬀect of the monetary
surprises diﬃcult.7
There is international empirical evidence of the inattentiveness and delayed responses of PF to macroeconomic news (see for example, Coibion and Gorodnichenko (2012); Andrade and Bihan (2013); Clements
(2012)). If such inattentiveness exists also among the PF in Israel, there is a potential concern that the
estimated eﬀect of monetary surprises on PF expectations is biased. There are two implications of this
inattentiveness. (1) Assume that the PF forecasts that we derive one day before the BOI interest rate
announcement are not based on the most updated information up to this point, but instead rely on the
information, say, up to the beginning of month t − 1 (see Figure 1). Then, the forecast update at the
beginning of month t captures all information derived during month t − 1, including the time window
between the beginning of month t − 1 and the end of timing T1 (just before the announcement of the
BOI interest rate). Assume further that based on the information in this time window, the BOI decided
to increase the interest rate. In this case, the forecast update of the PF and the BOI monetary surprise
are driven by the same news and as a result, the eﬀect of the monetary surprise on the forecast update is
circumstantial rather than causal. (2) The other implication of the inattentiveness of PF to macroeconomic
news is that even if the PF expectations at the end of T1 are based on the most updated information, but
most of the PF are reluctant to update their forecasts after the BOI announcement, this can also lead to
an attenuation bias in the estimated eﬀect of the monetary surprise on the forecast update. Section 4.3
elaborates on testing for the inattentiveness of the PF in Israel and ﬁnds no robust evidence of it.
6 This is in contrast to capital markets where the reaction to monetary surprises is measured in very narrow time window
(see Nakamura and Steinsson (2018), Faust et al. (2007), and Faust et al. (2004)).
7 Bauer (2015) notes that "long windows substantially lower the precision of the estimated sensitivities, since a host of
news and noise that we cannot control for also aﬀect agents’ expectations over these intervals."

Figure 1: The cycle of expectations formation of the PF
We now return to our framework and derive the monetary surprise for month t. To do so, we exploit
the PF forecast for the interest rate for month t recorded one day before the announcement, and compare
it to the realization rt . The interest rate surprise is
urt = rt − E1 rt ,

(1)

where E1 rt is the conditional expectation at the end of T1.
The series of monetary surprises (as perceived by the PF) is shown in Figure 2. It can be seen that the
volatility of the monetary surprises is quite stable over the whole sample, with an SE of 0.15 b.p., except
for the years 2001—2002, when large monetary surprises were generated by the BOI (for a discussion of the
causes and consequence of those surprises see BOI (2002)). In the years 2001—2002 the SE of changes in
the BOI interest rate was 0.84 b.p., whereas in the period 2003—2010 it fell to 0.26 b.p.. Ruge-Murcia and
Riboni (2017) noticed that after 2010 the volatility of changes in the BOI interest rate declined further
due to the establishment of a monetary committee.8 The stability of the BOI monetary surprises over the
whole sample, except for the years 2001—2002, along with the decline in the volatility of the BOI interest
rate after 2010, can be explained by a decline in the volatility of the interest rate forecasts of the PF, which
indeed signiﬁcantly fell after 2010 (from 2001 up to 2010 the SE of PF expectations was 2.24 b.p., whereas
after 2010 it fell to 1.12 b.p.).
8 Ruge-Murcia and Riboni (2017) report in Table 1 that prior to the establishment of the monetary committee in 2010 the
SE of the changes in the BOI interest rate was 0.472 whereas after 2010 the SE decreased to 0.141. It should be noted that
although the committee was established in June 2010, it only began acting in 2011.

Figure 2: The BOI interest rate, its changes, and monetary surprises as perceived by the
PF in Israel

3
3.1

Eﬀectiveness of monetary surprises
Short-run elasticities w.r.t. monetary surprises

In this section we measure the eﬀectiveness of monetary surprises by PF-perceived elasticities of inﬂation,
exchange rate, and interest rate. Starting with inﬂation, we use the forecast update of the PF from the
end of T1 to the end of T2:
E2 π t − E1 π t = β π urt + ξ πt ,
(2)
where urt is as given in eq. (1). Other news, ξ πt , can also aﬀect the forecast update in this time window.
The important point here is that ξ πt is assumed to be uncorrelated with monetary surprises and therefore,
OLS and SUR estimators of β π are consistent under this assumption (we elaborate on the estimation
method in Section 4). The main justiﬁcation for the orthogonality assumption is that any release of new
information after the BOI announcement cannot aﬀect the interest rate for month t, because the latter is
already predetermined (but the new information can still aﬀect the PF forecasts during T2; see Figure 1).
To illustrate, an unanticipated shock to oil prices (occurring between the beginning and the end of T2) can
aﬀect the inﬂation expectations of the PF, but this shock is of course orthogonal to the monetary surprise.
Applying the same methodology to the shekel-dollar exchange rate forecast yields the following equation:
E2 st − E1 st = β s urt + ξ St ,

(3)

where as before the orthogonality assumption (cov(urt , ξ St ) = 0) holds.
The PF-perceived short-run elasticity of the interest rate in month t w.r.t. monetary surprises is 1
by deﬁnition. Yet, it is possible to measure the eﬀect of monetary surprises in month t on the expected
interest rate in month t + 1, which reﬂects to some extent inertia in the interest rate:
E2 rt+1 − E1 rt+1 = β r urt + ξ rt .

(4)

We also considered another version of eq. (4) where we also included E2 st − E1 st and E2 π t − E1 π t as
explanatory variables, in addition to urt . In that speciﬁcation β r has a more structural interpretation of
interest-rate inertia. We obtained similar estimators of β r under both versions, and hence we don’t report
them here.

3.2

Medium-run elasticities w.r.t. monetary surprises

We are also interested in measuring the PF-perceived medium-run elasticity (say, for a one-year horizon)
of inﬂation, exchange rate, and interest rate w.r.t. monetary surprises. This is especially important
for inﬂation, because monetary policy might aﬀect inﬂation with a delay and therefore, the short-run
(monthly) elasticity of inﬂation w.r.t. a (contemporaneous) monetary surprise might be uninformative
about the eﬀectiveness of the monetary policy.
Denote by E1 yt+12 the forecast of the endogenous variables for 12 months ahead (i.e., at the end of
T1), where yt+12 = [π t+12, st+12 , rt+12 ] . Denote by E2 yt+12 the forecast of y for 12 months ahead (i.e., at
the end of T2). Using the forecast update (between the end of T1 to the end of T2) we can measure the
medium-run (one-year) elasticity of the endogenous variables with respect to monetary surprises:
y

E2 yt+12 − E1 yt+12 = β̂ urt + ξ y12
t ,

(5)

y

where parameter β̂ , y = {π, s, r} represents the (one-year) elasticities of inﬂation, exchange rate, and
represents other
interest rate with respect to monetary surprises, as perceived by the PF. The residual ξ y12
t
factors aﬀecting forecast updates, which are assumed to be uncorrelated with urt .

4

Empirical setup

Our goal is to estimate eqs. (2), (3), (4), and (5). Because residuals ξ πt , ξ St , ξ rt , and ξ y12
are potentially
t
cross-correlated due to mutual dependence on the same news, SUR will provide more eﬃcient estimators
than OLS. However, since the regressors are the same across all equations (monetary surprises, urt , and a
constant term), SUR estimators are identical to the OLS estimators.
In the estimation we split the sample period into two subsamples: the ﬁrst subsample is 2001.M4—
2007.M12 (henceforth, Sample 1) and the second subsample is 2008.M1—2016.M10 (henceforth, Sample
2).9 These subsamples diﬀer in the following four aspects. (1) Until 2008 rent prices in Israel were almost
fully linked to the shekel-dollar exchange rate. This had a noticeable eﬀect on the pass-through from the
exchange rate to CPI inﬂation, because the weight of the rent prices in the CPI was about 25%. (2) After
the ﬁnancial crisis of 2007—2008 a substantial decline in the natural interest rates in Israel and worldwide
was recorded (see Holston et al. (2017) and Segal (2019)). (3) In 2010 there was a fundamental change in the
monetary regime of the BOI: a monetary committee was established to conduct monetary policy, whereas
before 2010 the governor alone set the interest rate (see Ruge-Murcia and Riboni (2017) for details). (4)
From 2008 the BOI started intervening in the foreign exchange market by purchasing foreign currency.
To provide empirical support for splitting the sample in 2007, we estimate the responses of the PFs’
inﬂation expectations for 1 month and 1 year ahead to monetary surprises by rolling regression (with time
window of 5 years, with eqs. (2) and (5)), using the whole sample 2001.M4—2016.M10. Figure 3 shows the
estimation results. To illustrate, the ﬁrst observation in Figure 3, for 2006.M4, reﬂects the average PF’s
response to the monetary surprises in the sample 2001.M5—2006.M4, the second observation in 2006.M5
reﬂects the average response in the sample 2001.M6—2006.M5, and so on. The main point that emerges from
Figure 3 is that before 2007-8 the responses of the inﬂation expectations for 1 month and for 1 year ahead
9 The ﬁrst date (2001.M4) is the period when the PF started reporting their forecasts. The last date in the sample was
chosen about one and half years after the BOI interest rate reached its lowest level of 0.1%, where it stayed from March 2015
to February 2019. The estimation results up to March 2015 barely diﬀer from those of our chosen sample.

to monetary surprises were signiﬁcantly negative, as expected. However, after that period, the responses
became although positive but insigniﬁcant (see Tables 1 and 2 in Section 4.1). That is, Figure 3 indicates
that after 2007 the eﬀect of the BOI monetary surprises on the PF inﬂation expectations weakened. Section
4.1 elaborates on this ﬁnding.

Figure 3: The estimated responses of the PFs’ inﬂation expectations for 1 month and 1
year ahead to monetary surprises, rolling regression with window of 60 months.
Taking into account the break in 2007, estimating equations (2), (3), (4), and (5) for the subsamples
yields
(6)
E2 Zt − E1 Zt = 1 − Dum2008 [cA + ̥A urt ] + Dum2008 [cB + ̥B urt ] + ǫt ,
where Ej Zt = Ej [st , π t , rt+1 , yt+12 ], j = 1, 2, the dummy Dum2008 equals 0 up to 2007.M12 and 1 therey
after, ̥j = [β π , β s , β r , β̂ ], j = A, B, are estimated elasticities in Sample 1 (j = A) and Sample 2 (j = B),
respectively, and cA and cB are constant terms.

4.1

Results

Tables 1 and 2 below present the estimated short-run and medium-run elasticities, respectively. The
elasticities are shown separately for Samples 1 and 2.

Table 1: Short-run elasticities (one month)10
Sample 1 (2001.M4-2007.M12)

The variables

Inﬂation
β π =−0.12

Exchange rate
β s =−1.12

Sample 2 (2008.M1-2016.M10)

β π = 0.05

β s =−1.11
(0.08)

(0.00)

χ2 statistic [p-value] H0 :̥B = ̥A

5.78[2%]

0.01[92%]

3.52[6%]

(0.00)
(0.47)

Interest rate
β r = 0.61
(0.00)

(0.00)

β r = 0.78

Remark: The upper two rows present the estimated elasticity (and its p-value, the upper and lower values in each
cell, respectively). The bottom row presents the χ2 statistic (and, in brackets, its p-value), which tests whether
there was a signiﬁcant diﬀerence in the estimated elasticities between Samples 1 and 2.

Table 2: Medium-run elasticities (one year)
Sample 1 (2001.M4-2007.M12)

The variables

Inﬂation
π
β̂ =−0.19

Sample 2 (2008.M1-2016.M10)

β̂ = 0.12

β̂ =−0.82

χ2 statistic [p-value] H0 :̥B = ̥A

7.29[1%]

0.17[68%]

π

(0.00)
(0.23)

Exchange rate
s
β̂ =−0.54
s

(0.06)
(0.17)

Interest rate
r
β̂ = 0.40
(0.00)

r

β̂ = 0.61

(0.00)

3.51[6%]

Remark: The upper two rows present the estimated elasticity (and its p-value, the upper and lower values in each
cell, respectively). The bottom row presents the χ2 statistic (and, in brackets, its p-value), which tests whether
there was a signiﬁcant diﬀerence in the estimated elasticities between Samples 1 and 2.

The key result from Tables 1 and 2 is that the impact of monetary surprises on inﬂation, in the eyes of
the PF, signiﬁcantly weakened after 2007, both in the short-run and in the medium-run (the diﬀerence is
signiﬁcant at a p-value of 2%).11 Speciﬁcally, in Sample 1 the short-run elasticity is -0.12 and it increases
to a positive value close to zero in Sample 2, although it is not signiﬁcantly diﬀerent from zero. The
medium-run elasticity also increases from -0.19 in Sample 1 to 0.12 in Sample 2. In fact, the one-year
positive elasticity of inﬂation we obtain here is similar to that obtained in Nakamura and Steinsson (2018)
from the US capital market.12 Thus, there is a signiﬁcant decline in the eﬀect of monetary surprises on
inﬂation after 2007. Our main goal is to explain this reduction.
In a small open economy, like Israel, the CB has two main channels by which it can aﬀect the economy
through the interest rate. The ﬁrst channel is by aﬀecting the current and expected nominal exchange rate,
1 0 The estimation results in Sample 1 are strongly aﬀected by the period 2001—2002, where the BOI sharply and unexpectedly
changed the interest rate several times (see Figure 2). That is, the estimated parameters for Sample 1 minus the years 2001—
2002 (i.e., 2003.1—2007.12) are quite diﬀerent from the estimated parameters for all of Sample 1 (2001.1—2007.12). Most
importantly, the structural break in the pass-through from the monetary surprises to inﬂation between Sample 2 and Sample
1, as described previously, is not robust unless the years 2001—2002 are included. However, including these years in the
estimation helps identify the causal eﬀect of the BOI monetary surprises on PF expectations, especially in this period of
frequent monetary surprises.
1 1 This diﬀerence is signiﬁcant also when we consider various samples around the original sample, either when we end Sample
2 sooner (say, in 2014) or start it later (say, in 2011). We also checked the hypothesis under which, in Sample 2, β π = − 0.12
(monthly elasticity) and β π = − 0.19 (annual elasticity), as estimated in Sample 1. These equality hypotheses were strongly
rejected.
1 2 Nakamura and Steinsson (2018) examined the reaction of break-even inﬂation for diﬀerent horizons in the US capital
market to monetary surprises. As in our analysis of Sample 2, Nakamura and Steinsson (2018) found the reaction of break-even
inﬂation to be positive but insigniﬁcant for a majority of horizons.

and the second channel is by aﬀecting current and expected real activity. Both channels have an eﬀect on
inﬂation and inﬂation expectations. We will try to examine shifts in these two channels, from the point of
view of the PF in Israel.
The eﬀect of monetary surprises on the shekel-dollar exchange rate
From Tables 1 and 2 it can be seen that the eﬀect of monetary surprises on the nominal exchange rate
is quite similar in both subsamples: the short-run elasticity is about -1 and the medium-run elasticity is
about -0.54 (in Sample 2 the medium-run elasticity is higher but it is not statistically diﬀerent from the
value in Sample 1 at p-value of 68%).13 Despite the similar eﬀect of monetary surprises on the exchange
rate in the two subsamples, the PF-perceived eﬀect of the exchange rate on inﬂation is much smaller in
Sample 2 compared to Sample 1. The main reason for this decline is that rent prices in Israel were no
longer linked to the nominal exchange rate after 2007, whereas before that the shekel-dollar exchange rate
explained almost all variation in the rent prices.14 We should clarify one point: the calculation of rent
prices for month t by the CBS relies on data from two consecutive months, t − 1 and t. This means that
before 2007, a depreciation of the shekel-dollar exchange rate in month t, say of 1%, increased rent prices
in month t by 0.4% (the eﬀect of depreciation in month t − 1 was predetermined11 ). Since the weight
of rent prices in CPI is about 25%, the depreciation of 1% had to increase the CPI in month t by 0.1%
— the value that explains the diﬀerence in monthly elasticity between Sample 1 and Sample 2 (see Table
1). A similar explanation applies also to the eﬀect of the exchange rate on annual inﬂation. Cukierman
and Melnick (2015) provide a comprehensive analysis of the noticeable drop in the pass-through from the
exchange rate to inﬂation in Israel due to de-dollarization of rent prices. While we do not claim that the
diﬀerent behavior of rent prices after 2007 was the unique factor behind the reduction of the pass-through
from the exchange rate to inﬂation in Israel, it is highly probable that it was the major factor. The opposite
(expanding) eﬀect on the pass- through during the last years of our sample period may have been caused by
increased competition due to the higher exposure of domestic consumers to online purchases from abroad,
because the price for consumers is aﬀected by the exchange rate (see discussion in BOI (2016)). However,
the numerical evaluation of this eﬀect exceeds the scope of the present analysis.
The eﬀect of monetary surprises on real activity
We now turn to the second main channel through which the monetary interest rate aﬀects inﬂation,
namely, the channel of real activity (output gap). Since no forecasts of real activity were provided by the PF
in Israel during our sample period, we cannot conduct a direct empirical examination of possible changes
in the eﬀect of monetary surprises on real activity. However, we will examine an indirect indicator of
such changes, as explained later. There are many possible factors that can change the impact of monetary
surprises on real activity, such as shifts in the degree of the economy’s openness, in the preferences of agents,
and in other fundamental parameters of the economy. Nevertheless, here we focus on a very speciﬁc angle
that in our opinion was the most relevant during the sample period. Our hypothesis is that the eﬀect of
monetary surprises on monetary stance,15 and in turn, on real activity declined in Israel after 2007 due to
two factors: (1) the sharp and steady decline in natural rates worldwide after the global ﬁnancial crisis,16
and (2) the decline in classic monetary shocks (such as Klein-type shocks as in 2001—2002; see details in BOI
(2002)) due to the establishment of the monetary committee in 2011. Appendix A shows theoretically how
1 3 The

estimated elasticity of the exchange rate to monetary surprises is similar to the value obtained in Faust et al. (2007).
the 1999—2007 period, changes in the shekel-dollar exchange rate (∆st ) explained about 90% of changes in rent
H
2
prices (π H
t ) (seas. adj.) in Israel, where the sum of elasticities was 0.82, i.e., π t = 0.42 ∆st + 0.40 ∆st−1 , R = 0.90
1 4 In

(0.00)

(0.00)

(p-value in parentheses). After 2007 the eﬀect of the exchange rate on rent prices almost disappeared, i.e., π H
t = 0.028∆st +
(0.15)

0.02 ∆st−1 , R2 = 0.08.

(0.17)
1 5 Monetary

stance is the diﬀerence between the CB (real) interest rate and the natural rate of interest.
Segal (2019) for a comprehensive review of the evolution of the natural rate in Israel. See Holston et al. (2017) for a
comprehensive review of the evolution of natural rates in several countries.
1 6 See

changes in the source of monetary surprises, as perceived by the public, aﬀects the monetary stance, and in
turn, the ability of the CB to stabilize real activity. Then, it examines empirically the hypothesis described
above. The framework in Appendix A relies on the "information channel" of monetary policy that was
introduced by Nakamura and Steinsson (2018).17 We make two basic assumptions here: (1) the public
perceives that the CB possesses some extra information about the real natural rate in the economy, and (2)
the public doesn’t know whether to attribute monetary surprises to changes in the CB’s natural interest
rate or to classic monetary shocks (which can stem, for example, from changes in the CB’s preferences,
or from reactions of the CB to new economic variables). The main result from the empirical analysis in
Appendix A is that our hypothesis is not validated by the Israeli data. Speciﬁcally, we didn’t ﬁnd any
intensiﬁcation of the "information channel" of monetary policy after 2008, which suggests that the ability
of the BOI monetary surprises to aﬀect real activity was stable throughout those years.
Nominal rigidities and interest-rate inertia
In this subsection we highlight some additional interesting results from Tables 1 and 2. There is some
evidence that PF believe in the existence of price rigidity in the Israeli economy. First, from the estimated
elasticities (implied by the PF forecasts) we see that a higher nominal interest rate leads also to a higher
real interest rate, because the expected inﬂation not only rise but, in fact, declines (the real interest rate
is also higher in Sample 2, since the elasticity of inﬂation is below unity). At the same time, a higher
nominal interest rate also generates appreciation of the nominal exchange rate (for both horizons), which
in turn leads to real appreciation, because the (expected) nominal appreciation exceeds the reduction in
(expected) inﬂation. Thus, it seems that from the perspective of the PF, purchasing power parity does not
hold, at least in the short-to-medium run.
Another interesting point is that since 2007, interest-rate inertia signiﬁcantly increased in the eyes of the
PF.18 This result is consistent with ﬁnding of Ruge-Murcia and Riboni (2017) who also documented higher
inertia in Israel in the second sample and attributed it to the establishment of the monetary committee
(and more generally to status quo bias).

4.2

Robustness test for estimated elasticities

We now run robustness checks on the results in Tables 1 and 2 to see whether the assumption of constant
elasticities is erroneous. To do so, we relax the restriction of constant elasticities in eq. (6) and allow
elasticities to depend on the sign and size of the monetary surprises. Accordingly, we estimate the following
nonlinear equation:
E2 Zt − E1 Zt = 1 − Dum2008

1
1
cA + ̥A urt + ΥA (urt )2 + Dum2008 cB + ̥B urt + ΥB (urt )2 + ǫt , (7)
2
2

y

where ̥j = [β π , β s , β r , β̂ ], Υj = [Υπ , Υs Υr , Υ̂y ], and j = A, B. The estimation results are presented in
Tables 3 and 4 below. The overall picture is similar to the case of constant elasticities: there is a reduction
in the eﬀect of the monetary surprises on inﬂation along with a notable increase in interest-rate inertia.
This raises an interesting point concerning the reaction of the expected path of the BOI interest rate to
monetary surprises after 2007. The Bank of Israel report (see BOI (2016)) describes in detail the real-time
evolution of the public’s assessment of the expected path of the BOI interest rate after 2007 (see Figure 3.14
there). It shows that initially, after each reduction in the BOI interest rate, the PF viewed the interest rate
reduction as temporary, and expected that the interest rate would increase during the coming year. But
over time the PF began to lower their forecasts and perceived the decline in the nominal rate as permanent
1 7 Nakamura and Steinsson (2018) showed that a positive monetary surprise caused the expected output to rise rather than
fall, contrary to what we would expect from a standard monetary shock.
1 8 The higher interest-rate inertia in Sample 2 is not due the fact that the BOI interest rate was stuck at 0.1% from 2015
to 2018. However, signiﬁcantly higher interest-rate inertia is obtained when we estimate the model up to 2014.

over the next years. This asymmetric pattern of the public’s assessment of the CB interest rate was also
observed in the US and in other countries. This asymmetric response of one-year interest rate forecast to
monetary surprises can be seen in the estimated elasticity, which is dependent on the sign of monetary
surprise (see Table 4).

Table 3: Short-run elasticities (one month)
Sample 1 (2001.M4-2007.M12)

Variables

Inﬂation
β π =−0.11; Υπ = 0.14

Exchange rate
β s =−0.91; Υs = 1.81

Interest rate
β r = 0.58 ; Υr =−0.26

Sample 2 (2008.M1-2016.M10)

β π = 0.02 ; Υπ =−0.26

β s = −0.50; Υs = 7.12

β r = 0.83 ;Υr = 0.56

χ2 statistic [p-value] H0 :̥B = ̥A

6.53[4%]

(0.00)

(0.00)

(0.80)

(0.00)

(0.60)

(0.56)

(0.00)
(0.19)

(0.00)

(0.00)

(0.00)

(0.36)

0.98[62%]
5.70[6%]
Remark: The upper two rows present the estimated elasticity (and its p-value (the upper and lower values in each
cell, respectively). The bottom row presents the χ2 statistic (and, in brackets, its p-value), which tests whether
there was a signiﬁcant diﬀerence in the estimated elasticities between Samples 1 and 2.

Table 4: Medium-run elasticities (one year)
Variables
Sample 1 (2001.M4-2007.M12)

Inﬂation
β̂ = −0.18 ; Υ̂π = 0.07
π

π

(0.34)

(0.00)
π

Sample 2 (2008.M1-2016.M10)

β̂ = 0.11 ; Υ̂ =−0.11

χ2 statistic [p-value] H0 :̥B = ̥A

7.25[3%]

(0.40)

(0.89)

Exchange rate
β̂ = −0.46 ; Υ̂s = 0.78
s
s

(0.08)

(0.12)
s

β̂ = −0.39 ; Υ̂ = 4.32
(0.61)

0.73[69%]

(0.36)

Interest rate
β̂ = 0.40 ; Υ̂r =−0.01
r

(0.00)

r

(0.87)

β̂ = 0.87 ; Υ̂r = 2.62
(0.00)

(0.00)

13.94[0%]

Remark: The upper two rows present the estimated elasticity (and its p-value (the upper and lower values in each
cell, respectively). The bottom row presents the χ2 statistic (and, in brackets, its p-value), which tests whether
there was a signiﬁcant diﬀerence in the estimated elasticities between Samples 1 and 2.

4.3

Testing for the inattentiveness of the PF in Israel

In Section 2 we raised a concern about the potential inattentiveness of the PF in Israel and its consequences
for the estimated elasticities. In this section we examine whether the PF are inattentive (under the null
hypothesis they are not inattentive). We follow the approach of Bordalo et al. (2018) and Coibion and
Gorodnichenko (2015) by estimating the following regression:
yt+12 − E2 yt+12 = γ y (E2 yt+12 − E1 yt+12 ) + ǫt+12 ,

(8)

where yt+12 − E2 yt+12 is a one-year ahead forecast error, y = {π, s, r}. The explanatory variable E2 yt+12 −
E1 yt+12 is a revision (between T2 and T1) of the variable y being forecasted 12 months ahead. This revision
captures the reactions of the PF to news (e.g., monetary surprises, etc.). Under the null hypothesis, the
forecast error should be unpredictable, i.e., γ y = 0. If inattentiveness exists, we would obtain γ y > 0 (see
Bordalo et al. (2018) for details). The estimation results show that the null hypothesis cannot be rejected
for PF forecasts for inﬂation, interest, and shekel-dollar exchange rates at p-values of 58%, 89%, and 52%,
respectively.19 Nor can the null hypothesis be rejected when we estimate eq. (8) in Samples 1 and 2,
separately.
As an additional test for the existence of inattentiveness, we estimate eq. (6) with a slight modiﬁcation.
Namely, we add an additional explanatory variable uπt−2 , where uπt−2 = π t−2 − Eπ t−2 , which is an inﬂation
surprise for month t−2, and Eπ t−2 is a PF forecast derived one day before the CPI announcement of month
1 9 The

p-values were calculated using Newey—West correction.

t − 2. Notice that π t−2 is announced on the 15th of month t − 1 (see Figure 1), about one week before the
BOI interest rate for month t. If E1 Zt contains the information about uπt−2 (meaning that the PF update
their forecast on time by exploiting all relevant information), the forecast update E2 Zt − E1 Zt should not
be aﬀected by uπt−2 , but should still be aﬀected by urt . Thus, we estimated the following equation:
E2 Zt − E1 Zt = 1 − Dum2008

cA + ̥A urt + θA uπt−2 + Dum2008 cB + ̥B urt + θB uπt−2 + ǫt .

(9)

We tested whether all parameters in vector θA were equal to zero, and conducted the same test separately
for θB .The null hypothesis was not rejected at a p-value of 61% for θA and at a p-value of 38% for θB .
Finally, we also checked whether θA = θB = 0 and the null hypothesis was not rejected at a p-value of
54%. These ﬁndings provide additional support for the attentiveness of the PF, which in turn reduces to
some extent the concern about potential bias in the estimators (see discussion in Section 2).
We also conducted a similar test to that shown in eq. (9), except that instead of a (lagged) inﬂation
surprise we tested for a monetary surprise with one lag20 (see eq. (10) below).
E2 Zt − E1 Zt = 1 − Dum2008

cA + ̥A urt + θA urt−1 + Dum2008 cB + ̥B urt + θB urt−1 + ǫt ,

y

(10)

y

where ̥j = [β π , β s , β r , β̂ ], θj = [θπ , θs , θr , θ̂ ], j = A, B.
As discussed in Coibion and Gorodnichenko (2012), if the lagged monetary surprise is signiﬁcant, it
means that PF do not completely adjust their forecasts to the contemporaneous monetary surprise but also
react to past monetary surprises — behavior that is in line with inattentiveness. The estimation results of
eq. (10) for the PF in Israel show (see Tables 5 and 6 below) that the lagged monetary surprise in Sample
1 was found to be signiﬁcant only for the inﬂation expectations for 1 and 12 months ahead (but not for
exchange rate expectations and the interest rate expectations). In Sample 2, it was found to be signiﬁcant
for the exchange rate expectations and the interest rate expectations for 1 and 12 months ahead (but not
for the inﬂation expectations). Thus, there is some inconsistency in the delayed responses of diﬀerent types
of expectations between Samples 1 and 2. The main results here are in line with those shown in Tables
1 and 2, indicating a signiﬁcant decline in the eﬀect of monetary surprises on inﬂation and a noticeable
increase in the interest rate inertia after 2007, whereas the eﬀect on the exchange rate was found to be
stable over two samples.
Overall, based on the test in eq. (10), we ﬁnd partial evidence of the inattentiveness of the PF in Israel,
but this evidence is weak and not robust to other tests as given in eqs. (8) and (9). Additional evidence
against the inattentiveness of the PF in Israel stems from the high frequency of forecast reporting that
they are requested to provide: the BOI requests to provide forecasts at least twice per month,21 some of
the PF even provide forecasts on a weekly basis. The high frequency of forecast reporting serves as an
incentive to the PF to keep a "hand on the pulse" with respect to the information arrival.

Table 5: Short-run elasticities (one month)
Sample 1 (2001.M4-2007.M12)

Variables

Inﬂation
β π =−0.09; θπ =−0.07

Sample 2 (2008.M1-2016.M10)

β π = 0.04 ; θπ = 0.03

(0.00)
(0.55)

(0.04)
(0.59)

Exchange rate
β s =−0.93; θs =−0.48
(0.00)

(0.18)

β s = −0.83; θs =−1.75
(0.23)

2

(0.01)

Interest rate
β r = 0.61 ; θr = 0.00
(0.00)

(0.99)

β r = 0.74 ;θr = 0.17
(0.00)

(0.04)

χ statistic [p-value] H0 :̥B + θB = ̥A + θA
7.24[0%]
1.47[23%]
13.27[0%]
Remark: The upper two rows present the estimated elasticity (and its p-value (the upper and lower values in each
cell, respectively). The bottom row presents the χ2 statistic (and, in brackets, its p-value), which tests whether
there was a signiﬁcant diﬀerence in the estimated elasticities (the sum of contemporaneous and lagged eﬀects of
monetary surprises) between Samples 1 and 2.
2 0 Higher
2 1 The

lags of monetary surprises were found to be highly insigniﬁcant.
PF provide their forecasts not only to the BOI by also to other institutions and companies.

Table 6: Medium-run elasticities (one year)
Variables
Sample 1 (2001.M4-2007.M12)
Sample 2 (2008.M1-2016.M10)

χ2 statistic [p-value] H0 :̥B + θB = ̥A + θA

Inﬂation
β̂ = −0.13 ; θ̂π =−0.15
π

π

(0.02)

(0.00)

Exchange rate
β̂ = −0.46 ; θ̂s =−0.20
s
s

(0.13)

(0.52)

Interest rate
β̂ = 0.37 ; θ̂r = 0.06
r

(0.00)

β̂ = 0.11 ; θ̂π = 0.07

β̂ = −0.45 ; θ̂s =−1.75

β̂ = 0.57 ; θ̂r = 0.21

10.22[0%]

3.41[6%]

5.69[2%]

(0.29)

(0.52)

(0.45)

(0.00)

(0.00)

Remark: The upper two rows present the estimated elasticity (and its p-value (the upper and lower values in each
cell, respectively). The bottom row presents the χ2 statistic (and, in brackets, its p-value), which tests whether
there was a signiﬁcant diﬀerence in the estimated elasticities (the sum of contemporaneous and lagged eﬀects of
monetary surprises) between Samples 1 and 2.
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(0.26)

r

Conclusions

In this paper we examine the eﬀectiveness of the monetary surprises of the BOI through the eyes of
the professional forecasters in Israel. Several conclusions can be drawn. First, the PF-perceived eﬀect of
monetary surprises on inﬂation signiﬁcantly declined after 2007. This mainly occurred due to a dissociation
of rent prices from the shekel-dollar exchange rate, although the eﬀect of the monetary surprises on the
exchange rate was found to be stable over the whole period. We also tested the hypothesis that the
information channel of BOI monetary policy intensiﬁed after 2007 due to a signiﬁcant decline in the
natural rates worldwide after the global ﬁnancial crisis and the establishment of a monetary committee in
Israel. We found no evidence supporting this hypothesis in Israel as the eﬀect of monetary surprises on real
activity did not change. We also found a signiﬁcant increase in interest-rate inertia after the establishment
of the monetary committee. This is because the committee brought more discipline to monetary policy
decisions (due to status quo bias), which naturally increased the degree of smoothness of the BOI interest
rate. Futhemore, we found only partial and not robust evidence of the inattentiveness of the PF in Israel.
Speciﬁcally, the PF seem to rationally form their expectations by fully adjusting them to relevant economic
news. Finally, we identiﬁed an asymmetric pattern of the PF’s assessment of the CB interest rate after the
ﬁnancial crisis in the US. When there was a positive surprise in the BOI interest rate, the PFs signiﬁcantly
updated upward their forecasts for the interest rate for the coming year. In contrast, when the monetary
surprise was negative, the PFs barely updated upward their forecast for the interest rate.
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Appendix A: Eﬀect of monetary surprises on real activity
Here we want to show how the uncertainty of the public as to the source of monetary surprises aﬀects
the ability of the CB to stabilize real activity. We start our analysis with a standard assumption that
the CB is fully transparent about its perceived natural rate in the economy. Then, we turn to the more
realistic full-opacity case, where the CB’s natural rate is unknown to the public, and hence the source of
the monetary surprises is unknown as well. For our analysis, we consider a simple public-perceived New
Keynesian model for a small open economy à la Laxton et al. (2006), which includes the inﬂation equation,
the demand equation, the real exchange rate equation and the policy rule of the CB:
πt

= βEt π t+1 + (1 − β)π t−1 + kxt−1 + γ∆st

xt

rtn ]

= λEt xt+1 + ̺xt−1 − α[it − Et π t+1 −

st

= Et st+1 − [it − Et π t+1 −

it

= r̂t + f (zt−1 ) + ζ t ,

(11)
+ δ(st −

s∗t )

rrtW ]

where π t is the inﬂation, xt is the output gap, st is the real exchange rate (in logs), s∗t is the equilibrium real
exchange rate (in logs), rrtW is the real foreign interest rate, it is the central bank interest rate, rtn is the
real natural rate as perceived by the PF and r̂t is the natural interest rate as perceived by the CB (which
is included in its policy rule). Under full transparency rtn = r̂t , as assumed in standard New Keynesian
models. Denote by ζ t the classic monetary shock, which may reﬂect changes in the CB preferences of the
CB, e.g., reaction of the CB to new variables, etc. Denote by f (zt−1 ) the vector of predetermined variables
included in the CB’s policy rule, such as inﬂation and output gap, which is fully observed by the public.
Under this assumption f (zt−1 ) is not aﬀected by changes in r̂t or in ζ t .
We consider two cases where the CB raises its interest rate:
Case 1: The CB (unexpectedly) raises it only because of the classic monetary shock ζ t .
Case 2: The CB (unexpectedly) raises it only because it updates the natural interest rate r̂t .
We now return to the demand equation in eq. (11) and plug in the third equation for st :
xt = λEt xt+1 + ̺xt−1 − α[it − Et π t+1 − rtn ] + δ(Et st+1 − [it − Et π t+1 − rrtW ] − s∗t ).
To illustrate our main point in the simplest way, we assume that Ext+1 = Eπ t+1 = 0, and the expected
real exchange rate equals 1 implying Et st+1 = 0. Under this assumption:
xt = ̺xt−1 − α[it − rtn ] − δ(it − rrtW + s∗t ).
Let E1 xt represent the forecast for the output gap before the interest rate announcement:
E1 xt = ̺xt−1 − α[E1 it − E1 rtn ] − δ(E1 it − rrtW + E1 s∗t ),
where E1 it is the forecast for the CB interest rate, E1 it = c + f (zt−1 ); E1 rtn and E1 s∗t are the public’s
assessments of the natural rate and the equilibrium real exchange rate in the economy, respectively, before
the announcement.
Let E2 xt represent the forecast for the output gap after the interest-rate announcement:
E2 xt = ̺xt−1 − α[it − E2 rtn ] − δ(it − rrtW + E2 s∗t ),
where E2 rtn and E2 s∗t are the public’s assessments of the natural rate and the equilibrium real exchange
rate in the economy, respectively, after the announcement. From the last two equations, we see that the
forecast update ∆Ext = E2 xt − E1 xt is
∆Ext = −(α + δ)[it − E1 it ] + α[∆Ertn ] − δ[∆Es∗t ],

(12)

where it − E1 it is a monetary surprise, ∆Ertn = E2 rtn − E1 rtn is an update of the public’s assessment of
the natural rate, and ∆Es∗t = E2 s∗t − E2 s∗t is an update of the public’s assessment of the equilibrium real
exchange rate.
Before we consider a realistic case where the source of the monetary surprise is unknown to the public,
let us consider the case where the source is known.

Full transparency (FT)
Case 1: We assume that r̂t = rtn = c (constant value) and it is known to the public. Moreover, we assume
that the public perceives the CB to know the natural rate of the economy. Thus, any unexpected change
in it will surely be attributed to a classic monetary shock ζ t , i.e., it − E1 it = ζ t , where E1 it = c + f (zt−1 ).
From eq. (12) we can derive the elasticity of the forecast update for the output gap w.r.t. an unexpected
increase in the CB interest rate (which is due to ζ t ):
∂∆Ertn
∂∆Es∗t
∂∆Ext
= −(α + δ) + α
−δ
= −(α + δ).
∂(it − Eit )
∂ζ t
∂ζ t
| {z }
| {z }
0

(13)

0

The last two expressions are equal to zero because monetary shock cannot aﬀect the natural interest
rate of the equilibrium real exchange rate.
Case 2: Now we assume that the unexpected increase in the nominal interest rate of the CB is due
only to the CB’s update of the natural interest rate (∆r̂t ↑), which is known to the public. Thus, the public
observes the source of the monetary surprise, it − E1 it = ∆r̂t , knowing that ζ t = 0. The elasticity of the
forecast update for the output gap w.r.t. the unexpected increase in the nominal interest rate (which is
due to the CB’s update of the natural interest rate) is
∂∆Ext
∂∆Ertn
∂∆Es∗t
= −α + α
−δ
= 0.
∂(it − Eit )
∂∆r̂
∂∆r̂
| {z t }
| {z t }
1

(14)

0

s∗t

The last expression is equal to zero because we assume that
is an exogenous process as in Laxton et al.
(2006). From the above equation we see that the public’s forecast for the output gap is not updated,
because the monetary surprise has no eﬀect on the monetary stance.

Full opacity (FO)
Now we examine the main part of the Appendix and consider a more realistic case where the PF don’t
know the source of the unexpected changes in the interest rate. They face the following signal-extraction
problem: when the PF observe an unexpected change in the interest rate, it − E1 it = ∆r̂t + ζ t , where
E1 it = c + f (zt−1 ), they don’t know whether the monetary surprise is due to the change in the natural rate
or to a classic monetary shock. Here we stick to the previous assumption that the CB knows the natural
rate of the economy and, therefore, it is enough for the public to learn the natural rate from the CB policy
rule. The public learns from it − E1 it about the natural rate by taking into account the following two
equations:
it − E1 it
∆r̂t

= ∆r̂t + ζ t , ζ t ∼ N (0, Γ)
= εrt , εrt ∼ N (0, Ω),

(15)

where the ﬁrst line in eq. (15) is the signal equation, which decomposes the monetary surprise into two
unobserved components: the classic monetary shock and the CB’s update of the natural rate. The second

line is the state equation, which describes how changes in the natural rate (∆r̂t ) evolve.22 For simplicity,
we assume that the news aﬀecting the CB’s update of the natural rate is white noise shocks (εrt ) (the PF
perceive the natural rate as r̂t = c + εrt (c is known), where εrt is "news" causing the CB to update its
natural rate). We also assume that the PF either know about (conditional) variances Γ and Ω or they have
an assessment of them. Using eq. (15), the PF derive the best estimator of (change) in the natural rate:
∆E r̂t = G(it − Eit ),

(16)

where the signal-to-noise ratio

Ω
< 1.
Ω+Γ
We now return to cases (1) and (2) and examine their implications under FO.
Case 1: ζ t > 0 and εrt = 0 (but this is not observed by the PF).
Combining eq. (12) and eq. (16), we obtain the eﬀect of monetary surprise on the updated forecast
for the output gap:
G=

∂∆Ertn
∂∆Ext
= − (α(1 − G) + δ) .
= −(α + δ) + α
∂(it − Eit )
∂(it − Eit )
{z
}
|

(17)

G

From eq. (17) we see that in Case 1 under FO, the monetary surprise is less eﬀective in stabilizing real
activity compared to Case 1 under FT (eq. (13)).
Case 2: ζ t = 0 and εrt > 0 (but this is not observed by the PF).
The PF learn from the monetary surprise the updated natural rate as given in eq. (16). The eﬀect of
the monetary surprise on the output gap forecast is
∂∆Ertn
∂∆Ext
= −(α + δ) + α
= − (α(1 − G) + δ) .
∂(it − Eit )
∂(it − Eit )
{z
}
|

(18)

G

From eq. (18) we see that in Case 2 under FO, the monetary surprise is more eﬀective in stabilizing real
activity compared to Case 2 under FT (eq. (14)). This is because under FO, due to the uncertainty, the
monetary surprise has some eﬀect on the monetary stance, whereas under FT this eﬀect is null.

Empirical examination of the information channel in Israel
In the previous section we have seen that the value of G (signal-to-noise ratio) inﬂuences the eﬀect of monetary surprises on real activity. An increase in G can stem from assigning a higher weight to the monetary
surprises attributed by the public to the CB’s updates of the natural rate (higher Ω) or from assigning
a lower weight to classic monetary shocks (lower Γ), both of which occur simultaneously. Technically,
Ω
G = Ω+Γ
increases either when Ω increases and Γ is ﬁxed, or when Γ decreases and Ω is ﬁxed, or when
Ω increases and Γ decreases simultaneously. It can be seen from eqs. (17) and (18) that for a monetary
surprise of a given size (induced by a classic monetary shock or by the CB’s update of the natural rate), the
reaction of output gap becomes weaker23 as G → 1. Since under this assumption the eﬀect of a monetary
surprise on real activity becomes weaker, so does the ability of the CB to stabilize inﬂation, for a given
elasticity of inﬂation w.r.t. output gap in the inﬂation equation (parameter k in eq. (11)).
2 2 The speciﬁcation of the state equation (second line in eq. (15)) is consistent with a random walk of the natural rate as
found empirically in the estimates of natural rates in Israel and abroad.
2 3 A similar point concerning the smaller eﬀect of monetary surprise on output when the information channel is dominant
was also raised by Nakamura and Steinsson (2018) on page 1315.

To examine possible changes in G in the Israeli economy, at the ﬁrst stage we examine the evolution of
conditional variance Ω over time by considering diﬀerent estimates of natural rates in Israel and abroad.24
The ﬁrst measure (notation, T R) is derived from the BOI policy rule (see Elkayam and Segal (2018).
For our purposes this is the most interesting measure because it reﬂects the perceptions of the monetary
committee/governor regarding the natural rate in Israel. The second measure of natural rate in Israel is
presented by a forward real interest rate for 7 years of maturity expected after 3 years (notation, F W 3_10)
and for 5 years of maturity expected after 5 years (notation, F W 5_10) (see Beenstock and Ilek (2010)).
The last measure of the natural rate is derived from an aﬃne term-structure model (notation, AT S; see
Stein (2011)).
By trying to mimic the real-time perceptions of the PF regarding the conditional variance of the
natural rates, we derive real-time estimates of conditional variance of ∆r̂t using the Garch(p, k) model and
natural rate estimates in Israel and abroad.25 We use both domestic and foreign natural rate estimates
for purposes of robustness, because we don’t know what kind of natural rates the PF monitored during
the sample period, but these estimates are common knowledge for all agents. The real-time estimators of
conditional variance Ω of the natural rates in Israel and abroad are shown in Figures A1 and A2 below,
respectively.26 Starting with the estimated conditional variance of the natural rates abroad, we see that it
is quite stable over the whole sample. The only exception is during the ﬁnancial crisis in 2008—2009, when
the variance jumped sharply but then quickly returned to the pre-crisis level. Turning to the estimated
conditional variance of the natural rate in Israel, there was also a jump in the conditional variance of T R
and F W _5_10 around the period of the ﬁnancial crisis. The conditional variance of other versions of the
natural rate is quite stable over the whole sample.
Based on these results, there is a little evidence that Ω changed after 2007 and, therefore, there is no
eﬀect on G from that side. Did Γ change after 2007? Since the volatility of monetary surprises as shown
in Figure 2 (in Section 2) is not signiﬁcantly diﬀerent in Samples 1 and 2 (excluding the years 2001—2002),
and relying on the previous result that Ω did not change after 2007, we can reasonably conjecture that
also Γ was stable over the whole sample. Overall, we don’t ﬁnd compelling evidence that the eﬀect of the
BOI monetary surprises on real activity changed after 2007 due to the information channel of monetary
policy.
2 4 In Israel there are three types of natural rate estimates derived by diﬀerent methodologies: Beenstock and Ilek (2010),
Elkayam and Segal (2018), and Stein (2011). Segal (2019) provides an overview of these estimates. The natural rate estimates
from abroad are taken from Holston et al. (2017).
2 5 Real-time estimates were derived as follows: the ﬁrst sample was based on the period 1995.Q1—2001.Q4, the next sample
contained an additional quarter, 1995.Q1—2002.Q1, and so on, to the ﬁnal sample, which includes the whole sample, 1995.Q1—
2016.Q4.
2 6 The Matlab code for the Garch estimation and the data of the natural interest rates in Israel and abroad are available
from the author upon request.

Figure A1: Real-time estimation of conditional Figure A2: Real-time estimation of conditional variance
variance of the natural rate abroad by
of various estimates of the natural rate in Israel by the
Garch(p, k) model. Sample 1997.Q1—2016.Q4.
Garch(p, k) model. Sample 1997.Q1—2016.Q4.

