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Abstract
The current consensus is that central bank communication in the form of forward guidance

has a profound e�ect on monetary policy e�ectiveness. Forward guidance a�ects private

sector expectations about the future path of the short-term interest rate, which in turn

a�ects interest rates with longer maturities, thus shaping economic decisions of households

and companies. There is no consensus, however, on the degree of forward guidance a central

bank should exercise. My dissertation, titled “Essays on Monetary Policy in Israel”, and

comprised of two essays, explores this question by using Israel as the case study.

In one of its recent annual publications, the Bank of Israel evaluates its past policy

decisions using a Taylor-type policy rule. A policy rule can be thought of as an ultimate

forward guidance instrument, because it provides both an explicit policy objective and a

clear strategy for achieving that objective. In the first chapter of my dissertation titled

“Policy Rules in Practice: The Case of Israel”, I study whether this level of openness helps

policymakers conduct monetary policy consistent with their long term objectives. I use this

published policy rule to find that, with the exception of the 2008 financial crisis, monetary

policy in Israel can be systematically described as rules-based in the past fifteen years.

Immediately after the 2008 crisis, however, the policymakers have exercised flexibility in

terms of their primary goal, price stability, as there was more focus on stabilizing economic

activity as opposed to inflation.

I then assess how market expectations about the future path of the short-term interest

rate respond to both the increase in policy transparency and the exercised flexibility during

the financial crisis. To examine the increase in policy transparency, I use futures contracts

on short term interest rates from the inter-bank market, and find that monetary policy

predictability improves in the period following the publication of this rule. This result

reveals the value of a simple policy rule as a tool of communication, enabling policymakers

to anchor market expectations even in times of greater economic uncertainty.
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The second chapter of my dissertation, “Text Mining and Central Bank Communication”,

extends the question of how much central banks should reveal, by assessing qualitative

information in the form of interest rate statements, published by the Bank of Israel. Using

modern text mining techniques, I extract the informational content from the set of monthly

interest rate decision statements, published from 2006 to 2016. I con- struct a dictionary

based sentiment measure, and estimate it in a Taylor type forward looking reaction function.

I examine whether the sentiment measure can provide a clear signal about the future direction

of monetary policy, and find that, in combination with standard macroeconomic variables,

i.e. output gap and inflation, the sentiment measure improves short-run predictability of

policy rate decisions.

Overall, I find evidence that increased communication has a positive e�ect on mone-

tary policy e�ectiveness, with financial markets able to correctly anticipate monetary policy

decisions in Israel.
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Chapter 1

Monetary Policy Rules in Practice:

The Case of Israel

1 Introduction

The current consensus is that central banks need to be transparent to be e�ective.1 Market

interest rates react to the expected future path of the target interest rate, and monetary

policy is transmitted through this channel. Consequently, how a central bank communicates

its future course of action plays a crucial role in the evolution of market interest rates.

However, there is no consensus regarding the degree of forward guidance a central bank

should exercise.

Central banks signal their future intentions in di�erent ways. Some use speeches and

publications, others employ quantitative forward guidance, by publishing the projected path

of the target rate.2 The projected path of the target rate is typically represented in a form
1See Woodford (2005).
2The Reserve Bank of New Zealand (RBNZ) has published its projected interest rate path since 1997
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of a fan chart to show that it is state-contingent. A natural extension to this is to publish a

rule that produces these projections. A policy rule is an ultimate communication instrument

because it provides both an explicit policy objective and a clear strategy for achieving that

objective.3 However, central banks do not usually publish their policy rules.4 Because of

this, there is no analysis on how a policy rule performs as a communication instrument.

This paper fills the gap by studying how a specified policy rule performs in practice. In

one of its recent annual publications, the Bank of Israel (henceforth, “the Bank”) describes

its policy decisions by using a Taylor-type policy rule.5 I study whether this level of openness

helps policymakers conduct monetary policy consistent with their main long term objective

– price stability. As a first step, I use this rule to evaluate Israel’s monetary policy stance in

years between 2000 and 2015, and find that with the exception of the recent financial crisis,

it systematically describes Israel’s policy path.

To account for this deviation, I study the e�ect of international monetary policy spillovers

by including a response to monetary policy in the U.S., finding a considerable amount of

feedback. Recent research argues that only the United States, and perhaps the European

Union, can set monetary policy by considering solely domestic variables.6 Other countries

pay attention to, and experience a partial dependence on these core economies. I study how

monetary policy in Israel responds to policy decisions of these economies by measuring the

degree of pass-through of the U.S. Federal Reserve (the “Fed”) and European Central Bank

(the “ECB”) key interest rate to policy rate in Israel. I find that there is a large degree

of U.S. policy contagion, particularly in the years following financial crisis. Specifically, for

every percentage point increase in the U.S. federal funds rate, there is an 0.57 percentage

followed by Norway (2005), Sweden (2007), the Czech Republic (2008) and the United States (2012).
3See Blinder et al. (2001), Woodford (2005), Plosser (2014).
4Mishkin (2004), Goodhart (2006).
5See The Bank of Israel 2012 Annual Report, Ch. 3, p. 102.
6See Edwards (2015).
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point increase in the Israel’s target interest rate. However, I find that this result does not

hold for the ECB. In addition, I consider how Israel’s policy rate responds to the U.S. short

term growth forecast. I find a statistically significant response to the deviation of the U.S.

growth forecast from its multi-year average. In the period following the 2008 financial crisis,

for every percentage point deviation the target interest rate in Israel increases by roughly 1.5

percentage points. This implies a degree of dependency on not only what the U.S. monetary

authorities are doing today, but also on its anticipated future actions – at least during times

of unusual economic conditions.

Having accounted for this source of deviation, I assess whether market participants have

responded to the deviation of the policymakers from their strategy, and to the later increase

in policy transparency. I use market expectations to gauge the extent to which central

bank’s commitment to price stability is perceived as credible by the economic agents. First,

I use futures contracts on short term interest rates from the inter-bank market as a proxy

for market expectations, and find that monetary policy in Israel becomes more predictable

with the publication of this rule. In addition, I look at long-term inflation expectations to

measure the degree of credibility the Bank has, finding that those expectations were firmly

anchored during the period of the deviation. While this increase in policy transparency leads

to a more predictable policy in the short run, long-term inflation expectations were firmly

anchored throughout the sample period. This points to the evidence that the Bank was

successful in articulating how its main goals are to be achieved.

There is a discrepancy between theory and practice when it comes to policy rules. As

a decision making tool, some central bankers consider policy rules problematic because a

simple policy rule excludes many variables that are considered when making policy decisions.

That being said, simple policy rules can serve as a foundation for a more systematic and
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transparent policy.7 There is an evident need for establishing an institutional framework

where the central bank would have a clear, publicly available strategy.

The idea of establishing such framework was recently brought before the U.S. congress

in the form of the Federal Reserve Transparency Act of 2015. This bill seeks to require more

disclosure by the Fed about its monetary policy. Specifically, the bill would require the Fed

to adopt a specified rule in setting monetary policy, and require the Fed Chair to testify

before congress whenever it deviates from the rule. The existence of this legislation points

to the need for having a transparent strategy for which monetary policy authorities can be

held accountable.8 This paper is a case study of putting such a strategy into practice.

Section 2 talks about the evolution of rules-based policy in Israel, and describes the rule

used in the analysis; Section 3 examines, using real-time data, how Israel’s monetary policy

has been conducted; Section 4 estimates policy rules for di�erent time periods; Section 5

evaluates the e�ects of international monetary spillovers; Section 6 examines the rule as

a measure of forward guidance; Section 7 presents a small scale open economy model and

evaluates welfare, and Section 8 concludes.

2 Background: Monetary Policy in Israel

Throughout the 1970’s, the economy of Israel su�ered from persistent inflation, which turned

into hyperinflation in the early 1980’s.9 This period was dubbed Israel’s “lost decade” with

near zero per capita growth. In 1985, with annual inflation rate approaching 450%, the

government implemented a stabilization program, bringing inflation down to about 20% in

the early 1990’s.
7See Plosser (2014).
8See Taylor (2015b).
9See Helpman (2003).
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Israel was the third country in the world to formally adopt inflation targeting in late

1991, following New Zealand (1990) and Canada (1991). The target range for 1992 was set

at 14-15%, relative to the Consumer Price Index (CPI). Israel was very index-dependent at

the time, and many contracts in the economy were indexed to the CPI: rents, mortgages,

government bonds and wages.

This explicit inflation target became a key nominal anchor for inflation expectations in

the economy, and proved to be a transparent guide to monetary policy as well. The dis-

inflationary process in Israel was completed in 1997 with capital flows fully liberalized and

a floating exchange rate regime instituted. Overall, over the course of the 1990s, annual

inflation rate decreased from 18% to 4%.

With price stability attained in the late 1990’s, and having gained some credibility, pol-

icymakers in Israel adopted an element of inflation forecast targeting. Inflation forecast

targeting implies setting the interest rate so as to equate the one-year to two-year inflation

forecast with the inflation target. Inflation forecast targeting is needed because the lags

in transmission mechanism of monetary policy require policymakers to act in response to

current and expected future developments that could lead to deviations of inflation from

target.

The Bank of Israel relied on inflation forecasts as early as 1998.10 Inflation forecasting

in Israel is based on a market-based measure, where inflation expectations for the term are

derived from the spread between yields to maturity on non-linked shekel bonds and CPI

linked bonds. Leiderman and Bar Or (2000) show that inflation forecasts were incorporated

in the Bank’s reaction function by estimating it for year 1990 to 2000. They find a significant

response to inflation expectations in the reaction function for the later years. Melnick (2005)
10See Bufman and Leiderman (1998) and Leiderman (2000).
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studies the interest rate setting in the same time period, and produces a similar result. He

compares three policy rule specifications, and finds that the path of interest rate in Israel

can be best described by a strict (inflation-only), forecast targeting rule.

In the early 2000s, inflation in Israel reached low single digits, and for 2001 the inflation

target was set to a 3% - 4% band. However, with the onset of the financial crisis following

the “dot-com” bubble and deteriorating security situation in Israel, the Bank’s strict anti-

inflationary policy came under criticism. In mid-2001, the Israeli government attempted

to interfere with the Bank’s independence, by suggesting amendments to the existing Bank

of Israel Law. The intention of the government was to alter the definition of the Bank’s

primary objective of price stability by including growth and employment as secondary goals.

This conflict morphed into an agreement between the Bank and the government, where in

exchange for freezing the proposed amendment to the Bank of Israel Law, the Bank would

make a one-time, 200 basis point interest rate cut. This dramatic move, however, had a

strong and negative impact on the financial sector and overall state of the economy. The

Bank reversed the course of action by sharply raising the target rate.

When Stanley Fischer started his term as the new governor in 2005, the conflict over the

Bank’s mandate was still unsettled. Fischer e�ectively resolved this by de facto implementing

an explicit mandate of “flexible” inflation targeting. In one of his early speeches as the Bank’s

governor, Fischer explained flexible inflation targeting in terms of how fast one responds to

potentially having the inflation rate outside of the target, considering, at the same time, the

tradeo� in output costs.11 In that same speech, Fischer related flexible inflation targeting

in terms of a Taylor-type rule. He argued that while expected inflation rate is one element

included in the rule, the feedback on economic activity should also be considered.
11See http://www.boi.org.il/deptdata/neumim/neum206e.pdf.
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Fischer (2007) gave a speech at the Research Conference of the Central Bank of Chile in

November 2007, where he discussed monetary policy in Israel and presented an estimated

policy rule of the following form:

(1) it = fiT
t+12 + (fit≠1 ≠ fiT

t+11)fl + „fi(Et≠1fit+11 ≠ fiT
t+11)(1 ≠ fl) + „yyt≠1 + „e(�et≠1 ≠ fiT

t≠1).

In Equation (1), it is the Bank’s monthly target interest rate, fiT
t+12 is the inflation target

for the next 12 month, yt≠1 is the output gap, �et≠1 is the change in nominal exchange rate

with respect to the U.S. dollar, and term fl is the speed of adjustment of the actual interest

rate toward the target rate. The rule was estimated on a monthly data, from 1999:01 to

2007:09. The estimation coe�cients stand at 4.8 for the inflation term, 0.1 for the output

gap term, and 0.0 for the nominal exchange rate. In addition, the smoothing element stands

at 0.92. Overall, this result is consistent with previous research on policy stance in that

period, pointing to a strict, forecast based approach in the early to mid-2000’s. During the

speech, Fischer considered another rule, presented in Ilek (2006). Ilek (2006) estimates a

similar rule for Israel, derived from a small structural model of Israel’s economy:

(2) it = “�it≠1 + flit≠1 + (1 ≠ fl)(rn
t≠1 + fiT

t+12 + „fi(Et≠1fit+11 ≠ fiT
t+11) + „yyt≠1),

where it is the Bank’s monthly target interest rate, �it≠1 is the change in the target rate,

fiT
t+12 is inflation target for the next 12 month, rn

t≠1 is the “natural” real interest rate, and

yt≠1 is the lagged output gap. This rule was also estimated on a monthly data, from 1997:10

to 2006:04. The estimation produced the coe�cients of 2.7 for the inflation term, 0.5 for the

output gap term, and coe�cient on the smoothing element stands at 0.92.

Estimation results for Equations (1) and (2) share key similarities; the coe�cient on

inflation, „fi is significantly larger that one, and coe�cient on output gap, „y is of much
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smaller magnitude. In addition, the smoothing coe�cient, fl, is quite large, pointing to a

substantial degree of interest rate smoothing in that period.

While transparency was an important element during the early years of Fischer’s gover-

norship, a major change came with the new Bank of Israel law, that turned flexible inflation

targeting framework from de facto into de juro.12 The important innovations contained in

this new law was to formally define the bank’s objectives and ranks them in the order of im-

portance: price stability, growth, employment, and supporting the stability of the financial

system. The Bank of Israel law became e�ective on June 1, 2010. This law also imposed

greater transparency and accountability on the Bank, with new reporting responsibilities

and new mechanisms for internal and public control. Among other things, the law required

the Bank to publish economic forecasts, and its views on expected economic developments.

The rule published in 2012 was an additional step in the direction of greater transparency.

This published rule is in many ways similar to Equations (1) and (2). In the report, the

following response is suggested for the Bank’s short term interest rate:

(3) it = 0.2 ú (rfwd
t + fiT

t + 2.5 ú (fit ≠ fiT
t ) + 0.8 ú gapt) + 0.8 ú it≠1.

In Equation (3), it is the nominal short term rate, rfwd
t is the equilibrium level of the

real interest rate, fiT
t is the inflation target, gapt is the output gap and fit is the inflation

rate. The coe�cient on the inflation term is bigger than one, meaning that when inflation

exceeds its target level, in order to restrain demand, the Bank raises its nominal interest rate

more than one-for-one with inflation, that leads to an increase in the real interest rate. This

mechanism is known as the Taylor Principle. The expression inside the bracket specifies the

rule that produces the target interest rate.
12See https://www.boi.org.il/en/AboutTheBank/Law/Documents/new_law_2010_eng.pdf
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The policy rule described in Equation (3) includes a persistence parameter, that puts

the weight of 0.8 on the lagged interest rate. This parameter is a standard augmentation,

and can be thought of as a speed with which the central bank adjusts its nominal interest

rate to reach a level that would close the gaps in inflation and output, as a way of exercising

caution.13 The target interest rate is the rate that, if set at time t, would immediately close

the gaps in inflation and output gap. The smoother the adjustment of interest rates the less

the monetary authority must be reacting to shocks.

Of course, as the report stresses, the provided rule should be regarded as a simplified

representation of the assessments behind interest rate decisions. No central bank would

follow an interest rate rule mechanically. Nevertheless, the rules based framework is impor-

tant, because it allows central banks to anchor market expectations, while still having some

flexibility in terms of achieving their mandate.

3 Policy Rule Evaluation with Real-Time Data

As argued by Orphanides (2001), it is imperative to use real-time data for monetary policy

evaluation because this data reflects information that was available to policymakers at the

time of their decision. To examine whether the Bank of Israel was consistent in following

the rule postulated in the report, I use real-time data. Specifically, I look for any systematic

policy deviation from the rule postulated in Equation (3). My sample begins in the first

quarter of 2000, after the Israeli economy has reached relative price stability, and ends in

the fourth quarter of 2015.

In Israel, interest rate decisions are made on a monthly basis, where the target interest
13See Woodford (2001).
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rate for the upcoming month t + 1 is set during the last week of the current month t. I

use quarterly observations in my dataset and construct a measure of the quarterly interest

rate by taking a simple arithmetic average of interest rates over the three previous months.

Figure 1 shows the target interest rate evolution over the sample period.

Unlike in the original Taylor rule, where both the equilibrium level of the real interest

rate and the inflation target are set fixed at 2%, here they are time varying.14 The Bank’s

researchers use real forward interest rate on government bonds as a proxy to the equilibrium

real interest rate, due to the same government bond being traded as both indexed and

unindexed.15 Figure 2 illustrates how this proxy evolves over time.

The inflation target in Israel is set as a numerical range and is expressed in terms of

headline Consumer Price Index (CPI). Since 2003, the inflation target range stands at 1%-

3%. The inflation target is plotted in Figure 3. The inflation specification, fit, is constructed

as a simple average of inflation rate in the past four quarters and inflation forecast for the

next four quarters. The rate of inflation is measured as a year on year change in CPI. Data

on CPI is released monthly by the Central Bureau of Statistics (CBS), with a half-month lag,

and is not subject to revisions. Figure 3 plots the quarterly inflation measure by averaging

the CPI index over the past 3 month, with 2010 prices as the inflation basis.

The measure of inflation forecast used in fit is derived from the capital markets. This

measure is defined as the di�erence between the yield to maturity on unindexed bonds,

representing the nominal yield, and the yield on CPI-indexed bonds, representing the real

yield. This measure provides inflation expectations for the next four quarters. This proxy is

plotted, together with the inflation rate, in Figure 4.
14See Taylor (1993).
15The Bank of Israel Statistical Department.
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The output gap is included in Equation (3) as the measure of economic activity. Theoret-

ically, the output gap shows how far the economy is from its productive potential. However,

potential output is not directly observable, and neither is the output gap. While the Bank

has its own internal output gap estimates, they are not publicly available. For the analysis

in the 2012 report, the output gap is measured as the deviation of logged GDP from the

Hodrick-Prescott trend.16 In the absence of internal estimates, I follow this approach.

Specifically, I estimate the output gap by using the data series of quarterly real GDP

observations, provided by Israel’s Central Bureau of Statistics (CBS). There is a forty-five

day lag in the publication of the GDP estimates. These estimates then undergo several

revisions in the subsequent months after the publication, with this process continuing for

the next several quarters. Therefore, the available data on real activity incorporates ex-post

information.

Output gaps estimated with real-time data might di�er from output gaps estimated

with ex-post data specifically because of subsequent revisions in the output data series.

Orphanides and van Norden (2002) argue that those revisions can be of the same size as the

estimated gap itself. They propose a solution by constructing quasi real-time output gaps,

where estimation is based on ex-post revised data, but ignores the end-of-sample estimates

of the trend in output. They show that the correlations between real time and revised

output gap estimates are low, while the correlations between real time and quasi real time

output gap estimates are high, implying that data revisions play a small role in the di�erence

between real-time and revised output gaps. Ince and Papell (2012) demonstrate that this

result holds for other countries besides the United States.

In the absence of real-time output gap estimates, I use the estimation approach described
16See: Hodrick and Prescott (1997).
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in Orphanides and Van Norden (2002). I apply the Hodrick-Prescott (HP) filter, which

separates the actual output data series into an elastic smoothed trend and a cycle, to the

revised output series on a rolling basis, adding one observation at a time, and reestimating

the trend. As a result, the estimated trend does not contain future observations, because

the gap at period t is calculated using only observations through period t. Figure 5 shows

the quasi real time output gap estimates. It can be seen that the periods where the quasi

real-time output gap estimate is negative overlap with the recognized recessionary periods

in Israel, one in 2001-2003 and the second one in 2008-2009.

I compare the interest rate derived from Equation (3) against the actual target interest

rate. Figure 6 illustrates that the interest rate derived from the specified rule describes

the time path of the target interest rate closely until 2008. After 2008, however, the actual

interest rate set by the Bank was lower than what the rule dictated. In Figure 7, I plot policy

rule deviations, the absolute value of the di�erence between the target and the implied rates.

The deviations are the largest during the recent financial crisis, reaching up to two percentage

points in the years immediately after the 2008 financial crisis. In the period following the

crisis the actual target rate is kept below the rate prescribed by the rule. Overall, the

magnitude of the deviation was above 2.2 percentage points within the year following the

financial crisis of 2008.

During 2007 and 2008, Israel’s interest rate trajectory di�ered from that of the United

States and Europe. The inflation rate in Israel increased significantly in 2007 and early 2008,

largely due to changes in global prices of oil and raw materials. A counteracting consideration

came from the early signs of global slowdown in growth. In view of these developments, it

was assumed that, at some stage, prices of energy and food in Israel would stop rising.17

17Stanley Fischer, June 2008: “We are living in a very interesting period from the point of view of monetary
policy. We must decide how strong a dosage of treatment we should apply to deal with inflation, when we
expect that in a short time we will be in a less favorable real economic situation.”
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The Bank cut the interest rates for March and April of 2008 by a total of 100 basis points,

to deal with the potential negative e�ect of the crisis on economic activity in Israel. The

assessment was that the expected global growth slowdown would stall the rise in prices and

return inflation to the target range. At the same time, however, inflation kept rising faster

than anticipated, and its deviation from the target range increased. The cumulative raising

of the interest rate by 100 basis points starting in June reflected these factors, as well as

reconsidering the severity of the crisis.18 The turning point in the crisis following events of

September 2008 prompted the policymakers to lower the rate rapidly. From then until year’s

end, the rate was lowered by a total of 2.5 percentage points.

Overall, the expectations of the future global conditions were among the reasons that

led to the deviation from the level of interest prescribed by the rule. In times of unusual

economic developments, there exists a need for an element of flexibility around the inflation

target, and that flexibility was exercised by the Bank’s policymakers at the time of the 2008

financial crisis. In April 2010, the Bank of Israel was the first in the world to retreat from

monetary accommodation and raise its target interest rate. Given the fact that deviations

grew smaller in 2010, we can presume that policy started to converge to its rules based level.

In view of this result, it would make sense to estimate the policy rule, in order to better

understand what factors drove policy decisions during that period.

4 Policy Rule Estimation

As shown in Section 3, the postulated rule does not necessarily reflect Bank’s policy at all

points in time. Instead of using the specified coe�cients provided by the Bank, I estimate
18Stanley Fischer, July 2008: “That was at a point when we thought, along with the Fed, that we might

be in for a financial crisis of the scale we haven’t seen since World War II. That danger was alive until the
Bear Stearns rescue. And it took awhile to see that was a turning point.”
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a policy rule with non-linear least squares regression (NLLS) over the time period between

2000 and 2015. Using real-time data described in the previous section, the estimated rule is

as follows:

(5) it = 0.2 ú (0.70 ú (rfwd
t + fiT

t ) + 1.52 ú (fit ≠ fiT
t ) + 0.42 ú gapt) + 0.8 ú it≠1.

Equation (5) can be interpreted as the rule that provides the best fit for the target

interest rate, given the sample data. I impose the level of stated policy persistence, by

keeping smoothing coe�cient on the lagged interest rate constant at 0.8. The advantage of

this setup is that the fit of the estimated equation is based on the coe�cients of the policy

rule.

The estimation results are presented in Table 1, column 1. The coe�cient on the inflation

gap is equal to 1.52, is significant and larger than one, meaning that the Taylor Principle

holds. The coe�cient on output gap is 0.42. These estimated coe�cients are much smaller

than the Bank’s stated coe�cients.19

The results from Section 3 imply that there was a change in how the monetary policy was

conducted in the period around and immediately after the third quarter of 2008. Therefore,

I divide my sample into two parts. The first part of the sample contains all observation from

the first quarter of 2000 up to, and including, the second quarter of 2008. The second part

of the sample starts with the fourth quarter of 2008, immediately after the failure of Lehman

Brothers. I re-estimate the Bank’s reaction function separately for these two periods, and

estimation results yield the following two equations:

“Pre-Crisis” Equation:
19In addition, the null hypothesis that the estimated coe�cients are equal to the ones postulated by the

Bank is rejected.
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(6) it = 0.2 ú (0.9 ú (rfwd
t + fiT

t ) + 1.93 ú (fit ≠ fiT
t ) + 0.34 ú (gapt)) + 0.8 ú it≠1,

and “Post-Crisis” Equation:

(7) it = 0.2 ú (0.24 ú (rfwd
t + fiT

t ) + 0.82 ú (fit ≠ fiT
t ) + 0.53 ú (gapt)) + 0.8 ú it≠1.

The estimation results are presented in Table 1, columns 2 and 3. In Equation (6),

the estimated coe�cient on inflation is 1.93, which is closer to the coe�cient stated in the

Bank’s report. The coe�cient on output gap is at 0.34, consistent with the notion that the

policy in the period before 2008 has put higher emphasis on price stability. The estimated

coe�cient on inflation in Equation (7) stands at 0.82, meaning that for that period, the

Taylor Principle does not hold. The estimated coe�cient on output gap is 0.53, signifying

more focus on real activity. The results of this estimation further reiterate a deviation from

the rate prescribed by the policy rule in that period. Immediately after the crisis, there was

more focus on stabilizing economic activity as opposed to inflation.

This result is consistent with the reports stating that the Bank had di�erent considera-

tions at the time.20 The policymakers were able to let inflation temporarily deviate from its

target, in order to stabilize economic activity.21 Although the main goal was to support real

activity, the rate reductions made in the fall of 2008 supported both objectives.22

Figure 8 plots the target interest rate against the interest rate implied by an estimated

policy rule given in Equation (6) and Equation (7). Figure 9 depicts deviations, the absolute
20For example, in the Inflation Report for October - December 2008: “The objective of these rate reductions

is to support real economic activity and limit any deviation of inflation below target in light of the severe
drop in demand and the fall in commodity prices in the last quarter of 2008, along with assessments that
the slowdown will continue in 2009. ”

21The Bank of Israel Annual Report, 2008
22Stanley Fischer, August 2009: “As soon as it became clear after the failure of Lehman that economies

were heading for negative inflation, the inflation targeting approach dictated that monetary policy should be
expansionary, thus being consistent with both [maintaining price stability] and [promotion of employment
and growth].”
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value of the di�erences between the actual and the implied interest rates. Overall, with

the exception of the crisis, the baseline model seems to provide a good characterization of

the Bank’s reaction function. It can be seen that in the period before the crisis the rule

has been followed closely. Deviations from the interest rate postulated by rule in Equation

(6) increase right after the beginning of the crisis, reaching up to 5 percentage points in

di�erence between the actual and the prescribed rates. At the same time, deviations from

the rate implied by the post-panic rule begin to diminish, reaching zero.

As a small open economy, Israel’s economic activity is significantly a�ected by global

developments. As a way to avoid excessive exchange rate volatility, central banks might

consider taking the policy setting of the core economy into account, when determining their

own policy rates. It is possible that the policy rule will react to movements in other central

banks’ policy rate, at least during unusual economic times. In the following section I examine

how monetary policy in Israel directly responds to policy determination in the United States

and European Union, to account for the deviation experienced following the events of 2008.

5 Monetary Policy Spillovers

In an attempt to control the consequences of the recent financial crisis and meet its policy

mandate, the U.S. Federal Reserve implemented a number of steps. One of them was to

lower the federal funds rate to e�ectively zero. A subsequent response in the Euro area

was of a similar nature. As the policy rates reached zero lower bound, forward guidance

and quantitative easing were adopted, both in United States and European Union. This

massive simultaneous interest rate decline in these core economies had a considerable e�ect

on interest rates elsewhere.
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In its 2013 annual report the Bank of Israel discusses an augmented policy rule. This

augmented rule includes a response to the short term U.S. growth forecast. The report

states that this forecast reflects the rough estimate of the global economy risk factors. When

the crisis began, and the expected risks from abroad became stronger, the domestic interest

rate was reduced to an extent that deviated from what would have been pointed to by the

benchmark policy rule. To approximate for the events that were taking place, the report

suggests including a response to the deviation of the growth forecast from its multi-year

average in the postulated rule.

I estimate an equation which includes a response to the U.S. growth forecast. The forecast

data is taken from the Livingston survey. This survey provides a forecast of the expected

growth rate in the United States for the next six months. I include a deviation of this forecast

from its multi-year average, represented by the variable ForecastGapt in Equation (8):

(8) it = 0.2 ú (– ú (rfwd
t + fiT

t ) + „fi ú (fit ≠ fiT
t ) + „y ú (gapt) + —1 ú ForecastGapt) + 0.8 ú it≠1.

I estimate Equation (8) and find that there was a strong response to the U.S. growth

forecast in the years following the 2008 financial crisis. Figure 10 plots the actual target

interest rate against the estimated policy rule rate implied by Equation (8). Figure 11

depicts deviations, the absolute value of the di�erences between the actual and the implied

interest rates. Specifically, for every percentage point deviation of growth forecast from its

multi-year average, the interest rate set by the Bank responds by roughly 1.5 percentage

points. There is no significant response to this forecast in the years before the financial

crisis. This results points to the evidence that the Bank does consider risk factors from the

global economy. In a forward looking manner, it considers how future changes in economic

activity abroad will a�ect the domestic interest rate. Regression results are presented in

Table 2.
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There is a growing body of literature on spillover e�ects of monetary policy in advanced

economies onto the rest of the world. For example, Edwards (2015) looks at how several

Latin American countries react to monetary policy in United States, finding a considerable

feedback to these developing economies. I examine how monetary policy in Israel directly

responds to policy determination in the United States and the European Union. I use an

econometric model of spillover e�ects, by extending Equation (3) to include a direct response

to the interest rate decision of the relevant central bank (iF
t ). In addition, I add a response

to the level of real bilateral exchange rate (RERt):

(9) it = 0.2 ú (– ú (rfwd
t + fiT

t ) + „fi ú (fit ≠ fiT
t ) + „y ú gapt + —1 ú iF

t + —2 ú RERt) + 0.8 ú it≠1.

Estimation results for Equation (9) are presented in Tables 3 and 4. An estimated

response to the U.S. federal funds rate is positive and highly significant, standing at 0.64,

which is reasonable magnitude considering the amount of trade Israel does with United

States. Even when controlled for the level of exchange rate, the response stays significant

at 0.61. The interpretation is that for every 100 basis points increase in the Federal Funds

rate, the interest rate set by the Bank would increase roughly by 60 basis points.

An estimated response to the ECB key rate stands at 1.01, which is also a reasonable

result, given the proximity and trade interconnectedness of Europe and Israel. When I

control for the level of real exchange rate, the estimated response does not change. The

interpretation for this result is that for every 100 basis points increase in the ECB Repo

rate, the interest rate set by the Bank would increase roughly by 100 basis points as well. To

control for confounding factors, I estimate Equation (9) by simultaneously including the ECB

key rate and the federal funds rate. I find that Israel’s interest rate significantly responds to

the U.S. federal funds rate only.

Although the Bank tried to convey its reasoning behind the deviation from its strategy
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during the events of 2008 and 2009, there still is a chance that taking the actions of another

bank into consideration can result in the potential loss of credibility. In the next section,

I assess whether market participants responded to this deviation. I measure the degree of

Bank’s predictability by using futures contracts on the short term interest rates derived from

Israel’s capital market. In addition, I measure the extent of Bank’s credibility by looking at

long-term inflation expectations, proxied by the ten year forward market inflation forecasts,

and the survey of professional forecasters.23

6 Monetary Policy Predictability

There exists a literature that argues that transparency increases the ability of market partic-

ipants to correctly anticipate current and future policy actions. This is because information

provided to financial market and the public should make them familiar with how a central

bank operates. It is important to facilitate the formation of publics’ expectations because

the e�ects of a particular policy depend critically on the publics’ expectations about this

policy.

For example, if the public expects the rise in the short-term interest rate to be temporary,

the response of long-term interest rates will be negligible. If the public expects the rise to

be more permanent, the response of long-term rates will be far greater. Therefore, greater

predictability of policy gives the central bank more leverage over long-term interest rates. To

measure the extent of Bank’s predictability, I examine the Bank’s record in managing interest

rate expectations by studying whether financial markets were able to correctly anticipate the

Bank’s monetary policy decisions.
23Source: The Bank of Israel.
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Market expectations of the future policy path are not directly observable. I use a market

based measure of expectations, derived from the Tel Aviv Inter-Bank O�ered Rate (“Telbor”)

market. The Telbor market is a market for futures contracts, with maturities for up to a

year. Telbor rates are based on interest rate quotes by a number of commercial banks in

the inter-bank market. Telbor interest rate quotes are based on the short term interest rate,

expectations regarding its future path, and a term premium. These contracts are pictured

in Figure 12.

Following Lange et al. (2003), I use these futures contracts to see how predictable the

changes in the Bank’s target rate is to the markets. Since these futures contracts have a

payout that is based on the average e�ective target rate for the current month, a contract

for i month ahead can be expressed as:

(10) Et(it+i) ≠ it ≠ c = iF
t+i ≠ it,

where iF
t+i is the Telbor futures rate for the contract i months ahead, taken at the end of the

current month and Et(it+i) is the expected average target rate in month t + i. Variable c

represents a term premium, which is assumed to be constant across time for contracts with

the same maturity. Based on this definition, changes in the expected policy rate should be

explained by the futures rate one-for-one, and the futures rate should be a good predictor

of future movements in the policy rate.

Therefore, I replace Et(it+i) with the actual change in the monthly target rate, and

estimate the following equation in order to capture market expectations:

(11) it+i ≠ it = – + —(iF
t+i ≠ it),

where it is again the Bank’s average monthly target rate for period t and iF
t+i is the futures

rate for the contract i months forward. I estimate futures contracts with the maturity horizon
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of one, three and six months. A regression of the future change in the policy rate on the

current futures rate should yield a coe�cient of one on —.

I estimate this equation for two sub-periods to examine whether predictability of mone-

tary policy improved with the publication of the rule. I use monthly data, beginning March

2007 and ending in November 2016. I divide my sample into two sub-periods surrounding

May of 2013, when the specified rule was published. Regression results are reported in the

first subsection of Table 5. Here, R-squared statistic measures the predictability of changes

in the target interest rate over the next t + i months. It can be seen in Table 5 that the

adjusted R-squared statistics has increased in the second subsample for all three contracts.

In the period between 2007 and 2013, these futures contracts explain around 70 to 90 percent

of the variance of changes in the target interest rate. However, in the years following the

publication of the rule, they explain around 97 percent of the variance. The results indicate

a pronounced improvement in monetary policy predictability in the second period.

These results point to a significant change in the relationship between market prices

and movements in the target rate. One of the explanations of this change can be the im-

proved predictability of actions taken by the Bank. An important step towards increased

transparency took place in 2013, when the Bank published a report containing a descrip-

tive policy rule. This action could have contributed to the improved understanding of the

determination of monetary policy by market participants.

To examine the Bank’s predictability in times of economic uncertainty, I divide the first

sub-sample period into two parts. The first part includes observations starting March 2008,

when financial crisis became more prominent, and up until September 2009, when the Bank

was the first in the world to raise the target rate since the beginning of the recession.

The second part of the subsample includes observations starting September 2009 and up
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until October of 2011, when the Bank had to lower the target rate since the first time of

raising it, citing the slowdown of economic activity, and a negative turnaround in the global

economy.24 I estimate Equation (11) over these two sub-samples. The second part of Table

5 shows estimations results. The results in Table 5 point to lowered predictability of Bank’s

actions following the post-crisis increase in the target interest rate. Although the sample size

is small, it can be seen that during the period surrounding the crisis, monetary policy was

relatively predictable, indicating the fact that policymakers were transparent about their

actions during that time.

An alternative way to study policy transparency is to look at how market interest rates

react in days in which policy decisions are taken. There is a widespread evidence that

transparency monetary policy makes these reactions smaller. This evidence has been found

for the U.S. (Poole and Rasche, 2003; Lange, Sack and Whitesell, 2003), European Union

(Bernoth and von Hagen 2004), United Kingdom (Haldane and Read, 2000) and Canada

(Muller and Zelmer, 1999).

I use data on estimated yield curves for Israel’s short term government bills, Makam.

These central bank bills are short term securities issued by the Bank of Israel. Makam bills

are issued for various terms up to one year, are unindexed and bear no coupon interest. I

derive forward rates based on these yields using methodology described in Svensson (1994).

I then examine the change in the yield before and after the monthly interest rate meetings.

The behavior of this forward curves shows what the markets think will the policy path of

the interest rate be in the near future. If the central bank is successful in its communication

e�orts, market participants should anticipate its future actions, at least in the short run.

There are few key dates in the sample period, when the policy action might be considered
24See Interest Rate Discussion, October 2011, The Bank of Israel Monetary Committee.
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unanticipated. One point of interest is October 7th, 2008, when the Bank’s Monetary Com-

mittee held an unscheduled discussion, and decided to lower the target interest rate for the

first time since April 2008. The interest rate report describing the decision states that this

was due to “sharp increase in uncertainty” in global financial market, and the purpose of this

reduction is to support economic growth and financial stability in Israel. Figure 13 shows

that the market expectations adjusted by about 30 basis points, but further reductions in

the target interest rate were not anticipated.

Another point of interest is in May 2013, which takes place after the Bank published its

rule in April 2013. On May 13th, 2013, the Bank’s Monetary Committee held an emergency

meeting, and decided to reduce the interest rate by 25 basis points e�ective May 17th,

2013. The decision was explained by a combination of domestic and global factors that

called for interest rate reduction. After that, they held a regular monthly meeting on May

27th, when they decided to cut the nominal interest rate by an additional 25 basis points.

Figure 14 shows the situation for May 2013. It can be seen in the picture that market

expectations on May 14th and May 17th overlap, and are not too far o� from the actual

interest rate path. This means that the market adjusted its expectations quicker than it did

in previous situations. Similarly, when the Monetary Committee held its regular meeting on

May 28th, 2013 and decided to lower the interest rate further by 25 basis points, the market

expectations prior to the decision followed an actual interest rate path closely. After the

decision was announced, the market expectations were reasonably in line with the new path.

Emergency actions taken during and immediately after the crisis may damage central

bank’s credibility with respect to its long term inflation goals. If the public’s expectations

diverge from the path intended by the Bank, the actual policy becomes tighter or easier

than planned. One way to capture credibility is to look at how closely inflation expectations

match the central bank’s inflation target (Demertzis et al 2012).
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There are several suggested ways in the literature to measure central bank credibility.

One common suggestion is to measure central bank credibility as a function of the di�erential

between observed inflation, or inflation forecast, and some estimate of inflation target. For

example, Bordo and Siklos (2016) suggest a measure of central bank credibility that captures

the essence of flexible inflation targeting. Flexible inflation targeting suggests that a useful

indicator of credibility should not penalize a central bank the same way for missing the stated

target each and every period as opposed to exceeding or undershooting its target range. In

Israel, inflation target is expressed in the form of a range, and there is usually su�cient

flexibility in the mandate of the central bank to miss the target range over some horizon

that is at least 2 years, or longer.

In addition, Bordo and Siklos (2016) assume that the loss of credibility increases non-

linearly the further away observed inflation is from its target. Here is the proposed credibility

measure:

(12.1) Credibilityt = (fiF
t+i ≠ fiú

t ) if fiú
t ≠ 1 Æ fiF

t+i Æ fiú
t + 1.

Or,

(12.2) Credibilityt = (fiF
t+i ≠ fiú

t )2 if fiF
t+i < fiú

t ≠ 1 or fiF
t+i > fiú

t + 1,

where fiF
t+i is expected inflation in year i, proxied by the market based fixed horizon inflation

forecast and fiú
t is the explicit time-varying inflation target.

I calculate the measure of credibility postulated by Equation (12) for two alternative

measures of inflation forecast. The first measure is a one year forward market based inflation

forecast, defined as the ratio between the yields on unindexed government bonds and the

yields on CPI-indexed government bonds. The second measure is an average of one year
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forward forecasts derived from the survey of professional forecasters in Israel. The data

comes from the Bank of Israel. The third measure I consider examines market expectations

about long term inflation, and is a tenth year forward inflation forecast, also market based.

These forecast measures are summarized in Figures 15 and 16.

I plot the derived credibility measure, given the above-mentioned expectation proxies in

Figure 17 and Figure 18. When looking at the short-term inflation forecast measures, except

for a couple of episodes, the credibility measure was low, meaning that credibility itself was

high. It can be seen that during the 2008 crisis there was a dip in the credibility measure,

shown both by the market based forecast and the survey based forecast. And even in both

of those episodes, the credibility measure returned to low values quite rapidly.

Overall, there is a progression of credibility over time in the following sense: following

the events of 2003, there was a spike in the measure because the inflation forecast was high.

After this episode, and right up to the events of 2008 financial crisis there were no episodes of

increased credibility measure. This holds for the period after the crisis as well. In addition,

the spike that occurred during the crisis was because the inflation forecast was low, which,

considering Israel’s past experience with high inflation, is another sign of well-anchored

inflation expectations.

When the long term inflation forecast is used, credibility measure stays constant, even

during the great financial crisis. Overall, both long term and short term inflation forecast

measures suggest that credibility was increasing over time. Well anchored inflation expec-

tations are considered to be a reflection of credible monetary policy, and this results can be

interpreted as an indicator for well-anchored inflation expectations by the Bank. Considering

this result, in the next section I study the implications of di�erent monetary policy regimes

on welfare.
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7 Welfare Analysis: Small Open Economy

In this section I conduct a welfare analysis of the temporary deviation from the prescribed

rule. I use a model presented in Galli and Monacelli (2005), which is a small open economy

version of the Calvo sticky price model. The authors use this model as a framework for

analyzing the properties and macroeconomic implications of alternative monetary policy

regimes. In this model, the small open economy is one among a continuum of infinitesimally

small economies making up the world economy.

The model consists of the following equations. A forward-looking IS equation character-

izes the demand side of the model and the forward-looking Phillips-curve the supply side.

To include the exogenous world in the model, CPI inflation for the home country as well as

for the rest of the world is implemented assuming that the relative purchasing power parity

holds. Monetary policy depends on one of the considered interest rate rules. The canonical

representation of this model is as follows:

The Philips curve (PC) shows how current inflation relates to expected future inflation

and to the current output gap:

(13) fiH,t = —Et{fiH,t+1} + k–xt,

where fiH,t is domestic inflation and Et{fiH,t+1} is anticipated inflation. The output gap, xt,

shows the di�erence between supply and demand so that current inflation reflects whether

it is expansion or recession.

The dynamic IS curve is represented in Equation (14). It is a log linearization of the

Euler equation that describes the inter-temporal allocation of consumption of agents in the

economy:
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(14) xt = Et{xt+1} ≠ 1
‡a

(rt ≠ Et{fiH,t+1} ≠ rn
t ),

where xt is the output gap, Et(yt+1} is the expected future output gap, r̂t ≠ Et{fît+1} is the

real interest rate, with rn
t equal to:

(15) rn
t = fl ≠ ‡a(1+„

‡a
+ „)(1 ≠ fla) + (–�‡a

‡a
+ „)Et[yú

t+1].

Open economy parameters are the following:

‡a = ( ‡
(1≠–)+–Ê ; Ê = ‡“ + (1 ≠ –)(‡‘ ≠ 1) ;

ka = (1≠—›)(1≠›)
› (‡a + „); � = Ê ≠ 1.

The monetary policy rule is based on the rule represented by Equation (3). It links the

nominal interest rate, that is controlled by monetary authorities ,to the inflation rate and

to the output gap:

(16) it = „fifiH,t + „xxt + ‘R
t ,

where ‘R
t is a monetary policy shock. This shock identifies monetary policy decisions which

imply deviations from the standard rule. The coe�cients on inflation and output gap are

the ones given by the specified rule in Equation (3) in Section 2. The coe�cient on inflation,

„fi is equal to 2.5, while the coe�cient on output gap, „x is equal to 0.8.

I solve this model by using the Blanchard-Kahn (1980) approach, that selects a unique

stable dynamic path to describe the reaction of the variables following the occurrence of

exogenous shocks. I specify the choice of initial parameters following Gali (2008) and the
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Bank of Israel literature25. The choice of parameters is a main feature of the analysis because

it both represents the economic features and contributes to the Blanchard-Kahn condition.

Using this model I compare the original and the alternative policy rule specifications. My

welfare calculations are based on the premise that the best monetary policy is one that will

achieve the lowest expected value of a discounted loss function.26 I define the loss function

as a present discounted value of a quadratic loss function in inflation and the output gap,

given by the following equation:

(17) L = qn
t=1(—t ú (InflationDeviation2 + OutputDeviation2)).

Table 6 reports summarizes the results for this ad-hoc loss function, based on deviations

of output from its potential and inflation from its target following a monetary shock.

My preliminary findings are that the rule specified by the Bank performs best in terms

of minimizing the welfare loss in the model. The rule estimated during the post crisis period

has slightly higher welfare losses, while the pre crisis rule performs the worst. The next

step would be to calibrate the model parameters to Israel’s economy and see whether these

results change.27

8 Conclusion

This paper is a case study of how a simple policy rule performs in a flexible inflation targeting

framework. The policy rule published by the Bank of Israel is used as a descriptive device,

finding that monetary policy in Israel can be systematically described by as rules-based
25Following the Model for the Israeli Economy (“MOISE”)
26See Gali and Monacelli (2005), Gali (2008)
27In particular, the Taylor rule specification needs to be modified to allow for a time varying intercept, as

was followed by the Bank of Israel.
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in the years between 2000 and 2015, with the exception of the 2008-2009 period. Given

that the postulated rule does not reflect Bank’s policy at all points in time, I estimate and

derive a policy rule for that sample period. I find that, immediately after the crisis, the

policymakers in Israel have exercised flexibility in terms of their goals, as there was more

focus on stabilizing economic activity as opposed to inflation. To account for monetary policy

spillovers, I include a response to monetary policy in the U.S., finding a strong evidence that

the Fed actions are being passed into monetary policy interest rates in Israel.

I then assess how market expectations about the future path of the short-term interest

rate respond to both the increase in policy transparency and the exercised flexibility during

the financial crisis. To examine the increase in policy transparency, I use futures contracts

on short term interest rates from the inter-bank market, and find that monetary policy

predictability improves in the period following the publication of this rule. To measure the

Bank’s credibility, I use a proxy for long term inflation expectations. I construct a central

bank credibility measure and find that long term inflation expectations did not respond

to events during the 2008 financial crisis, indicating that inflation expectations in Israel

are well-anchored. Overall, this result reveals the value of a simple policy rule as a tool

of communication, enabling policymakers to anchor market expectations even in times of

greater economic uncertainty.

Finally, I use a macroeconomic model of a small open economy, following Gali and Mona-

celli (2005), and measure the degree of welfare change in response to deviations from this

benchmark rule. Using this model I compare the original and the alternative policy rule

specifications, assuming that welfare of the central bank is a present discounted value of a

quadratic loss function in inflation and the output gap. I find that the rule specified by the

Bank performs best in terms of minimization of welfare loss.
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Figure 1.1: Target Interest Rate: 1999-2015

Notes : Target interest rate is set by the Bank’s Monetary
Committee on a monthly basis, graph shows quarterly aver-
ages.
Source : The Bank of Israel.
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Figure 1.2: Proxy for Equilibrium Real Interest Rate

Notes: Market based proxy for the equilibrium real interest
rate is derived from the one-year forward real interest rate
on government bonds, average for 5 to 10 years.
Source : The Bank of Israel.
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Figure 1.3: Inflation Rate (CPI Based)

Notes: Inflation rate is a year-on-year change, derived from
the Consumer Price Index (CPI). The graph is showing quar-
tely averages. The red line is the middle point of an annual
inflation target.
Source : The Bank of Israel.
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Figure 1.4: Proxy for Inflation Expectations

Notes: Red dotted line represents inflation expectations for
the next 12 months, proxied by a market based inflation
forecast.
Source : The Bank of Israel.
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Figure 1.5: Quasi Real-Time Output Gap Measure

Notes: Shaded grey areas correspond to recognized recessions in Israel (2000-
2003, and 2008-2009). Quasi real-time output gap is negative during recession-
ary periods.
Source : The Bank of Israel.
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Figure 1.6: Calculated Interest Rate, Rule Based

Notes: Interest rate derived from the Bank’s specified rule
plotted against the target rate.
Source : The Bank of Israel.
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Figure 1.7: Interest Rate Deviations, Calculated Rule

Notes: The dashed blue line represents the absolute di�er-
ence between the target interest rate and the interest rates
implied by the specified rule.
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Figure 1.8: Interest Rates, Estimated Rule

Notes: The dashed blue curve represent the target rate set
by the Bank. The red curve is the interest rate implied by an
estimated rule for a pre-crisis period. The green curve is the
interest rate implied by an estimated rule for a post-crisis
period.
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Figure 1.9: Interest Rate Deviations, Estimated Rule

Notes: The dashed blue curve represents the absolute dif-
ference between the target interest rate and interest rate
implied by an estimated rule for pre-crisis period. The red
curve represents the absolute di�erence between the target
interest rate and interest rate implied by an estimated rule
for post-crisis period.
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Figure 1.10: Interest Rate, U.S. Growth Forecast Augment
Rule

Notes: The dashed blue curve is the target interest rate as
set by the Bank, red curve is the interest rate implied by
the Bank’s specified rule, and the green curve is the interest
rate implied by the specified rule augmented by response to
U.S. growth forecast.
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Figure 1.11: Interest Rate Deviations, Estimated Rule

Notes: The blue curve represents the absolute di�erence be-
tween the target interest rate and interest rate implied by
an estimated rule, augmented by response to U.S. growth
forecast.
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Figure 1.12: Proxy for Market Expectations, Futures Contracts

Notes: Market expectations are proxied by short term futures contracts derived
from the Telbor market. The dashed blue line represents the actual target in-
terest rate. The red line represents interest rates on 1-month futures contracts.
The green line represents interest rates on 3-month futures contracts, and the
red line represents interest rates on 6-month futures contracts.
Source : The Bank of Israel.
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Figure 1.13: Forward Yield Curves, Case of October 2008

Notes: Forward yield curves are based on government issued short term
bills, Makam. They represent market expectations regarding the future
path of the target interest. In the top graph, the green like is the path of
the target interest rate, from end of October 2008 to October 2009. The
black and red curves are forward yield curve for October 7th, 2008 and
October 13th, 2008, respectively.
Bottom graph: the black curve is the forward yield curve for Makam
on October 27th, 2008, and the red curve is the forward yield curve for
October 28h, 2008.
Source : The Bank of Israel. 46



Figure 1.14: Forward Yield Curves, Case of May 2013

Notes: The green curve in the top graph is the path of the target interest
rate, from end of May 2013 to May 2014. The black, red and green curves
are the forward yield curve for Makam for May 13th, 2013, May 14th,
2013 and May 17th, 2013, correspondingly.
In the bottom graph, the forward curves are for May 24th, 2013 and May
28th, 2013, correspondingly.
Source : The Bank of Israel.
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Figure 1.15: Inflation Forecasts, Market vs. Forecasters

Notes: The red curve shows one year forward market
based inflation forecast, and the blue curve shows one
year forward average forecast given by professional fore-
casters in Israel. Market based inflation forecast is defined
as the ratio between the yields on unindexed government
bonds and the yields on CPI-indexed government bonds.
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Figure 1.16: Inflation Forecasts, One vs. Ten Year
Forecast

Notes: The red curve shows market based inflation fore-
cast for the coming year, and the blue curve shows market
based inflation forecast for the 10 years forward.
Source : The Bank of Israel.
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Figure 1.17: Credibility Measure, Calculated

Notes: Credibility measure as defined by Equation (12).
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Figure 1.18: Credibility Measure, Market Based Inflation
Forecasts

Notes: Credibility measure as defined by Equation (12).

51



Table 1.1: Estimated Policy Rules, Real-Time Data

Specification:
it = 0.2 ú (– ú (rfwd

t + fiT
t ) + „fi ú (fit ≠ fiT

t ) + „y ú gapt) + 0.8 ú it≠1

(1) (2) (3)
Full Sample (1999-2015) Pre-Crisis Post-Crisis

–
Constant 0.70*** 0.90*** 0.24***

(8.42) (8.49) (3.95)
„fi

Inflation Gap 1.50*** 1.99*** 0.82**
(3.71) (3.78) (2.87)

„y

Output Gap 0.42 0.34 0.53
(1.70) (1.17) (1.79)

Observations 68 38 29
R2 68 38 29
t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
Notes: Pre-crisis sub-sample includes quarterly observation from 2000:Q1
t0 2008:Q2. Post-crisis sub-sample includes observations from 2008:Q4
to 2015:Q4. The above specification was estimated by a nonlinear least
squares regression, with coe�cient on the lagged interest rate, fl, fixed at
0.8.
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Table 1.2: Estimated Policy Rules, Response to U.S. Growth Forecast

Specification:
it = 0.2 ú (– ú (rfwd

t + fiT
t ) + „fi ú (fit ≠ fiT

t ) + „y ú gapt + “ ú ForecastGapt) + 0.8 ú it≠1

(1) (2) (3)
Full Sample (1999-2015) Pre Crisis Post Crisis

–
Constant 0.61*** 0.84*** 0.19***

(6.76) (6.35) (4.56)
„fi

Inflation Gap 1.31** 1.77** 0.98***
(2.87) (2.80) (3.84)

„y

Output Gap 0.14 0.15 -0.24
(0.56) (0.55) (-1.44)

“
Growth Fore-
cast Gap

0.71* 0.36 1.53***

(2.11) (1.24) (4.05)
Observations 63 35 28
t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
Notes : Forecast of the expected growth rate in the next six months in the
US is provided by Livingston survey. ForecastGapt represents a deviation
of the forecast from its multi-year average in the above specification.Pre-
crisis sub-sample includes observation from 2000:Q1 to 2008:Q2. Post-
crisis sub-sample includes observations from 2008:Q4 to 2015:Q4. The
above specification was estimated by a nonlinear least squares regression,
with coe�cient on the lagged interest rate, fl, fixed at 0.8.

53



Table 1.3: Estimated Policy Rules, Response to Federal Funds Rate

Specification:
it = 0.2 ú (– ú (rfwd

t + fiT
t ) + „fi ú (fit ≠ fiT

t ) + „y ú gapt + —1 ú FFRt + —2 ú RERt) + 0.8 ú it≠1

(1) (2) (3)
Federal Fund Rate Real Exchange Rate Both

– 0.45*** 0.62*** 0.45***
Constant (7.93) (7.04) (7.60)

„fi 1.41** 1.06** 1.27**
Inflation Gap (3.18) (2.86) (3.34)

„y -0.007 0.27 -0.05
Output Gap (-0.02) (1.06) (-0.18)

—1 0.64*** 0.61***
FFRt (3.84) (3.77)

—2 -0.27 -0.22
RERt (-1.42) (-1.20)
Observations 63 63 63
t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
Notes : Sample includes quarterly observations from 2000:Q1 to
2015:Q4. The specification includes a response to the federal funds
rate, —1, and the bilateral real exchange rate (USD/NIS), —2. The
above specification was estimated by a nonlinear least squares regres-
sion, with coe�cient on the lagged interest rate, fl, fixed at 0.8.
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Table 1.4: Estimated Policy Rules, Response to ECB Key Rate

Specification:
it = 0.2 ú (– ú (rfwd

t + fiT
t ) + „fi ú (fit ≠ fiT

t ) + „y ú gapt + —1 ú ECBt + —2 ú RERt) + 0.8 ú it≠1

(1) (2) (3)
ECB Key Rate Real Exchange Rate Both

– 0.25* 0.62*** 0.25*
Constant (2.49) (6.72) (2.36)

„fi 1.25** 1.22** 1.25**
Inflation Gap (2.87) (2.80) (2.88)

„y 0.15 0.36 0.15
Output Gap (0.51) (1.44) (0.48)

—1 1.01* 1.01*
ECB Key
Rate

(2.40) (2.29)

—2 0.01 -0.007
RERt (0.17) (-0.06)
Observations 63 63 63
t statistics in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001
Notes: Sample includes quarterly observations from 2000:Q1 to
2015:Q4. This table includes a response to the ECB Key Rate, —1,
and the bilateral real exchange rate (Euro/NIS), —2. The above spec-
ification was estimated by a nonlinear least squares regression, with
coe�cient on the lagged interest rate, fl, fixed at 0.8.
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Table 1.5: Predicting Interest Rate Changes with Futures Contracts (Telbor)

Specification: it+i ≠ it = – + —(iF
t+i ≠ it)

Horizon Observations — Coe�cient R2

1stcontract, i = 1
2007 : 09 ≠ 2013 : 04 1 68 0.775*** , (10.85) 0.70
2013 : 05 ≠ 2016 : 11 1 42 0.991*** , (81.15) 0.98

2ndcontract, i = 3
2007 : 09 ≠ 2013 : 04 3 68 0.850*** , (15.69) 0.84
2013 : 05 ≠ 2016 : 11 3 42 0.930*** , (37.06) 0.97

3rdcontract, i = 6
2007 : 09 ≠ 2013 : 04 6 68 0.912*** , (19.06) 0.88
2013 : 05 ≠ 2016 : 11 6 42 0.940*** , (34.09) 0.97
Crisis Period:

1stcontract, i = 1
2008 : 01 ≠ 2009 : 09 1 20 0.878*** , (13.42) 0.94
2009 : 10 ≠ 2011 : 10 1 24 0.949*** , (15.91) 0.92

2ndcontract, i = 3
2008 : 01 ≠ 2009 : 09 3 20 0.923*** , (20.02) 0.96
2009 : 10 ≠ 2011 : 10 3 24 0.742*** , (6.83) 0.82

3rdcontract, i = 6
2008 : 01 ≠ 2009 : 09 6 20 0.986*** , (28.61) 0.96
2009 : 10 ≠ 2011 : 10 6 24 0.705*** , (4.17) 0.55
* p < 0.05, ** p < 0.01, *** p < 0.001
t statistics in parentheses
Notes : Regressions predict the change in the target interest rate over the
horizon indicated. Data for Telbor futures contracts is monthly, and spans
2007:03 to 2016:11. All standard errors are corrected for heteroskedasticity
and serial correlation using the Newey-West procedure.
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Table 1.6: Loss Functions, based on SOE model

Quadratic Loss Function:
L = qn

t=1 —t ú ((InflationDeviation)2 + (OutputDeviation)2)

Rule Type Total Loss
Specified Rule Report
(„fi = 2.50, „y = 0.8) 5.54

Estimated Rule, Pre Crisis Period
(„fi = 1.99, „y = 0.32) 16.10

Estimated Rule, Post Crisis Period
(„fi = 1.01, „y = 0.54) 8.80
Notes : Deviations of inflation and output in response to 1% monetary
shock.
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Chapter 2

Text Mining and Central Bank

Communication

1. Introduction

Over the past two decades, central banks have become increasingly more transparent about

their decision making process.1 One of the reason behind this is an increased understanding

of the role that publics’ expectations play with respect to the e�ectiveness of monetary policy.

Its been shown that central bank transparency influences the short-run dynamics of private-

sector expectations.2 The reason for this is that market interest rates do not necessarily

react to changes in the short term policy rate, per se. It is the expectations about the path

of future policy actions that drive the determination of market interest rates.

Central banks control monetary policy with a set of instruments, with the overnight

interest rate among main ones. Although a central bank can directly influence only a very
1Geraats, 2002
2Blinder et al. (2008)
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short-term interest rate, it indirectly influences other, longer-term rates. Peculiarly, the

changes in these long-term rates are often associated with economic data or statements

releases, even when there is no direct change in the target rate.3 In a world where policy

expectations drive interest rates, what central banks say about its future goals and the

economic outlook may be as important, or even more important, than what it does directly.

In a way, central bank communication becomes a policy tool in itself.

Consequently, how a central bank communicates with financial market participants plays

a crucial role in the evolution of market interest rates, and subsequently the state of the

economy. For example, after the speech given by the former Federal Reserve Chairman

Ben Bernanke in May of 2013 regarding the possibility that the Fed would be tapering

its purchases of financial assets, many emerging economies experienced sharp capital flow

reversals. This example provides intuition about the importance of managing expectations

in the execution of monetary policy.

Hence, this increased understanding of how market expectations play an important role

in the determination of market prices has led to a new definition of what constitutes as a

monetary policy tool. Today, central bank communication is deemed an important instru-

ment of central banking, maybe even a key one. For example, Blinder et al. (2008) provide

a comprehensive survey of the topic, and conclude that communication is a powerful part of

central banks toolkit. Heinemann and Ullrich (2007), Rosa and Verga (2007) and Sturm and

De Haan (2011) suggest that communication e�orts make market expectation of monetary

policy decision more accurate. Overall, central banks have also become remarkably more

transparent in the last decade and are placing much greater weight on their communication.

Given that central bank communication has emerged as a viable tool, there has been an
3Grkaynak et al. (2005)
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interest and a need to quantify it. In the past decade, various interdisciplinary tools have

emerged and have been applied to the study the e�ect of central bank communication on

policy outcomes. Recent advances in textual analysis and machine learning have sparked

interest in some macroeconomist to applying those techniques to the central bank publica-

tions. For example, Bholat et al., (2015) provides a comprehensive primer on how to apply

text mining techniques to central bank documents, discussing both merits and problems of

this approach. My paper contributes to this new and growing literature.

Specifically, this paper studies the extent to which central bank communication con-

tributes to the notion of managing expectations. I extract informational content from the

corpus of reports containing 126 monthly interest rate decision statements published by the

Bank of Israel in the past ten years, from mid 2006 to 2016. I then analyze the content

of this corpus with modern text mining techniques, and quantitatively assess the e�ect of

communication on monetary policy e�ectiveness. Specifically, I construct two sentiment in-

dicators, and estimate a Taylor type forward looking reaction function. I examine whether

the sentiment measure can provide a clear signal about the future direction of monetary

policy. I find that, in combination with standard macroeconomic variables, i.e. output gap

and inflation, the sentiment measure improves short-run predictability of policy interest rate.

The rest of the paper is as follows; Chapter 2 contains literature review and description of

most common text mining methodologies; Chapter 3 contains the descriptive analysis of the

interest rate reports; Chapter 4 talk about specific methodologies used; Chapter 5 presents

the model; Chapter 6 presents the results and Chapter 7 concludes.
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2. Literature Review: Text as Data in Monetary Eco-

nomics

It’s not easy to quantify text. In order to assign a quantitative measure to an unstructured

data, there needs to be a uniform approach to such measurement. This is needed in order

to overcome the matter of subjectivity, among others. Therefore, in order to quantify and

compare texts, they need to be measured in a uniform kind of way. One way to approach this

issue is to use modern text mining techniques. Broadly speaking, text mining is the study

of the quantitative representation of text. Text mining has been widely used disciplines like

political science. However, there is an emerging body of literature that uses it in the analysis

of macroeconomic issues.

For example, a paper by Bholat et al. (2015) summarizes developments in text mining

applications that has been widely used in other fields, and provides an excellent overview

that demonstrates the value added that central bank can gain from applying various text

mining techniques in the analysis of their communication approach. This paper also provides

a comprehensive guide to using this set of techniques and is set to demonstrate the potential

value of it to central banks.

There has been many ongoing developments in the complexity of text mining techniques,

but several simple approaches have been used in the not so distant past. For example, a

paper by Heinemann and Ullrich (2005) examines the informational content of the European

Central Bank (ECB) communication, specifically the published monthly press conferences.

The authors use a simple sentiment indicator which is based on an ad hoc dictionary -

counting of certain signal words - and assign this score for each press conference publication,

reflecting the degree of hawkishness of monetary rhetorics. The authors then estimate this
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indicator in a standard Taylor type ordered probit model for the explanation of the interest

rate and show that the wording indicator can improve the model fit when added to the

standard explanatory variables.

Another example of an earlier work is a paper by Gorodnichenko and Shapiro (2007) that

makes a simple use of word counts for reflecting policy objectives during Alan Greenspan

and Ben Bernanke periods.

Similarly, Rosa and Verga (2007) provide an ad hoc dictionary that converts the quali-

tative information of the press conferences into an ordered scale. The authors find that the

predictive ability of these statements is similar to that implied by market-based measures of

monetary policy expectations. Moreover, they find that their constructed wording indicator

provides complementary, rather than substitutable, information with respect to the tradi-

tional macroeconomic variables. In addition, they show that the market expectations react

to the unexpected component of the information released by the ECB, after controlling for

monetary policy shocks.

Apel and Grimaldi (2012) use dictionary based text mining analysis to explore another

important question. The authors measure to what extent does the central bank’s commu-

nication reflect the full spectrum of opinions among its committee members. In order to

capture the information about the spectrum of views within a Swedish Riksbank committee,

as reflected in the minutes, they construct a dictionary based indicator, that quantifies com-

binations of words (i.e. sluggish recovery) rather than single words. This is done in order to

capture the degree of hawkishness-dovishness in each document for each committee member.

Valles and Schonhardt-Bailey (2015) provide another good example of the kind of research

that can be conducted using text mining techniques. The authors conduct an exploratory
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text analysis that looks closely at the two years of Bank of England’s Monetary Policy Com-

mittee (MPC) speeches and minutes in the last year of Mervin King’s governorship and the

first year of Mark Carney’s governorship. Using several dictionary-based measures, the au-

thors demonstrate a change in policy discourse that follows the change in governorship, where

the focus of speeches and minutes shifts to emphasize forward guidance in the formulation

of monetary policy.

A more sophisticated set of techniques has been borrowed from computational linguistics

literature. For example, Jansen and de Haan (2010) apply a text mining algorithm called

Wordscores to evaluate the consistency of the European Central Bank (ECB) communica-

tion. Wordscores uses word frequencies to extract information from texts with known policy

positions. Wordscores uses this information to estimate the unknown policy positions of the

so-called virgin texts. The authors apply Wordscores to the ECB President’s introductory

statements following the Governing Council meetings. Their first step is to code the pol-

icy positions of statements from the first three years of the Economic and Monetary Union

(their predefined reference texts) using various indicators of ECB communication, published

in years between 1999 to 2002. They treat introductory statements from 2002 to July 2009 as

virgin texts. Looking at actual policy outcomes, they show that the Wordscores methodology

is able to present a fairly accurate picture of ECB policy decisions during that period.

Hansen, McMahon and Prat (2014) explore the question of how central bank transparency

a�ect the deliberation of monetary policymakers. They make use of a natural experiment in

the Federal Open Market Committee in 1993, when the Fed agreed to publish all past and

future transcripts on policy deliberation. The authors use a computational linguistic model

called Latent Dirichlet Allocation (LDA) to measure the e�ect of increased transparency

on debate.4 LDA model proposes the following underlying concept. It suggests that each
4Blei, Ng, and Jordan (2003)
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document in a set of documents is a mixture of a given number of underlying set of topics,

meaning that the document is simply a combination of various topics in di�erent proportion.

Topic assignment in the LDA model is probabilistic and is based solely on the document’s

word content. By looking at the proposed topics, the authors find that the net e�ect of

increased transparency appears to be a more informative deliberation process and that the

evidence available from the 1993 natural experiment points toward an overall positive role

of transparency.

Luangaram and Sethapramote (2016) continue the trend of estimating latent policy posi-

tion by looking at the monetary policy committee statements (MPC) published by the Bank

of Thailand. Their proposed estimation is based on word frequencies (so-called Wordfish,

which shares the same underlying concept as the Wordscores algorithm).5 This method

is applied to extract informational content embed in the MPC statements during the first

decade of inflation targeting in Thailand. Among other things, the authors asses the impact

communication on monetary policy e�ectiveness by estimating an augmented communica-

tion measure within various Taylor-type rule specifications, and find that monetary policy

statements help to improve short-run predictability of policy interest rate.

While I employ both dictionary-based and latent algorithm techniques in my analysis,

which are similar methodologically to the existing literature, this paper di�ers from the

existing literature. In my analysis I use Israel as the case study. Israel is unique in the

following way. Typically, central banks signal their future intentions by using speeches and

publications, while others employ quantitative forward guidance, by publishing the projected

path of the target rate. A natural extension to this is to publish a rule that produces these

projections. However, central banks do not usually publish their policy rules and because of

this, there is no analysis on how a policy rule performs as a communication instrument.
5Slapin and Proksch, 2008
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The Bank of Israel stands as an exception. In one of its recent annual publications, the

Bank of Israel describes its policy decisions by using a Taylor-type policy rule. This way,

I can study whether monetary policy statements published by the Bank of Israel help to

improve short-run predictability of policy interest rate, assuming that the economic agents

are familiar with the exact reaction-function used by the bank.

3. Text as Data: Interest Rate Statements for Israel

As was previously stated, text data mining is concerned with data mining methodologies

applied to unstructured text. Text mining is an umbrella of terms. One of the main tasks of

textual analysis is to transform unstructured texts into some type of numerical data. It is

used to extract useful information from text documents in a uniform and automatic way. This

growing field of text mining techniques sparked an interest in some macroeconomist to apply

these techniques to the analysis of central bank communication. Since there are numerous

approaches to text mining, and one needs to decide on proper instruments, considering

the specifications of task at hand. Below, I describe my dataset and some of the relevant

concepts.

In this paper, I analyze a set of documents published by the Bank of Israel on a monthly

basis. Each of these documents can be thought of as a sequence of words and punctuation,

following the grammatical rules of the language. A document is any relevant segment of text

and can be of any length. A term is usually a word, but it can also be a word-pair or phrase.

In this paper, I use both term and word interchangeably.

My first step is to define a corpus, which is a relevant set of documents. My corpus
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consists of documents summarizing the Bank’s monthly Monetary Committee (MC) meet-

ings spanning a period of over 10 years, from July 2006 until August 2016, a total of 126

documents. Each report is formally referred to as the Summary of Discussions on Interest

Rate Decisions and is provided in accordance with Section 19(a) of the Bank of Israel Law.

The Monetary Committee makes a decision about the target interest rate for the upcoming

month during the last week of the preceding month, and subsequently publishes a report

that summarizes its discussions regarding the interest rate. The reports are published within

two weeks of the date of the decision.6

Once I define the relevant corpus, I transform it into an appropriate format. As mentioned

previously, each document can be though of as a set of tokens. Tokens are sets of words,

numbers, punctuation marks, and any other symbols present in the given document. The

first step of any text analysis is to reduce the dimensions of each document, making it more

uniform. Therefore, I remove punctuation marks, numbers, idiosyncratic characters, and the

so called stop words.7 Stop words usually refer to the most common words in a language,

and carry no specific informational content.

The next step is to stem the remaining words. Stemming is a process which is a process

of turning several words that mean the same thing into one: banking, banks, banked become

bank. In essence, stemming reduces inflected or derived words to their word stem or root.

The last step is to turning all of the remaining words into lowercase. The process of the text

transformation is shown step by step in Figures 5-6.

An additional step in text transformation involves a process called weighting. Each term

within each document needs to be counted in order to estimate its frequency. Here, a simple

counting approach may be inappropriate because it can overstate the importance of a small
6link: http://www.boi.org.il/en/NewsAndPublications/RegularPublications/Pages/ProtocolProtribh.aspx
7(For example: and, then, it, a, the, of, ..)
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number of very frequent words. There are several approaches to calculating word frequencies

in is each document. Term frequency is the most straightforward one, where it measures

how frequently a term occurs in a document. This measure is then divided by the document

length as a way of normalization:

(1) TF (t) = Number of times term t appears in a document
Total number of terms in the document .

A more appropriate way to calculate word frequencies is to employ tf -idf , which stands

for Term Frequency, Inverse Document Frequency. It is a way to weight the importance of

terms in a document based on how frequently they appear across multiple documents. If a

term appears frequently in a document, it is important and it receives a high score.8 But

if a word appears in many documents, it’s not a unique identifier and it will receive a low

score. Words that appear frequently in a single document will be scaled up. This weight is a

statistical measure used to evaluate how important a word is to a document in a collection or

corpus. The importance increases proportionally to the number of times a word appears in

the document but is o�set by the frequency of the word in the corpus.9 Therefore, common

words which appear in many documents will be scaled down:

(2) IDF (t) = log( Total number of documents
Number of documents with term t in it).

Accordingly,

(3) TF ≠ IDF (t) = TF (t, d) ◊ IDF (t, D).

I calculate the term frequency for each term in the document using tf -idf weighting

scheme, I proceed to analyze the corpus in terms of content. Once I have the relative word
8The tf part in the tf -idf
9The idf part in the tf-idf
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frequency for each term in each document, I construct the so-called document-term matrix.

The document-term matrix consists of i rows and j columns. For example, the element Xij

represents the jth term in document i. Table 2 demonstrates an excerpts of a document-term

matrix as constructed for this paper’s corpus.

The next step of my analysis can be roughly divided by their purpose, analysis within

texts and analysis between texts. Techniques such as dictionary and weighting can be used

for the first purpose. Second group is used for the purpose of comparison between texts,

and refers to techniques related to Latent Semantic Analysis (LSA) and Latent Dirichlet

Allocation (LDA). I use a specific dictionary methodology for the first goal and Wordscores

algorithm for the second goal. I describe these techniques in more detail in the next section.

4. Measuring the Document Sentiment: Dictionary

Dictionary-based text analysis is a very popular technique due to its simplicity. Dictionary-

based text analysis begins with setting a predefined list of words that allegedly matter for

the analysis of that particular text. For example, the most commonly used source for word

classifications in the literature is the Harvard Psycho-sociological Dictionary, specifically,

the Harvard-IV-4 TagNeg (H4N) file. However, word categorization for one discipline (for

example, psychology) might not translate e�ectively into another discipline (for example,

economics or finance). Therefore, one of the drawbacks of this approach is the importance

of properly choosing an appropriate dictionary, or a set of predefined words.

For example, Loughran and McDonald (2011) demonstrate that some words that may

have a negative connotation in one context may be neutral in others. The authors show

that dictionaries containing words like tax, cost, liability that convey negative sentiment in
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a general context, are more neutral in tone in the context of financial markets. The authors

construct a finance-specific dictionary and show they predict asset returns better than other,

generic dictionaries.

In my analysis I use this finance-specific dictionary as proposed by Loughran and McDon-

ald (2011). Loughran and McDonald (2011) construct a list of specialized financial words in

order to analyze company 10-K reports. Specifically, there are two sets of words, negative

and positive. I use their finance specific dictionary to score my corpus, by measuring the

relative frequency of each word in each monthly report.

I assign a value of one to each positive term (P ) in the document, and a value of minus

one to each negative term (N) in a document, and measure the overall sentiment score for

each document i by the following formula:

(4) Scorei = (P ≠ N) ÷ (P + N), Bounds : [≠1, 1].

For example, a word is a positive term if it belongs to a positive, or “hawkish” category:

for example, “increas”, “rais”, “tight”, “pressur”, “strength”, etc. A word is a negative term

if it belongs to a negative or “dovish” category: for example, “decreas”, “lower”, “loos”,

“unsatisfi”, “worse”, etc.

A document is classified as positive if the count of positive words is greater than or equal

to the count of negative words. Similarly, a document is classified as negative if the count

of negative words is greater than the count of positive words. The constructed indicator is

presented in Figure 10.
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5. Measuring the Document Sentiment: Wordscores

Wordscores is an algorithm that estimates policy positions by comparing two sets of texts

using the underlying relative frequency of words. This approach was first proposed by Laver

et al. (2003). Essentially, Laver et al. (2003) propose an alternative way to locate the

policy positions of political actors by analyzing the texts they generate. This algorithm

has been used mainly in political science. It is a statistical technique for estimating policy

position based on word frequencies and the underlying idea is that relative word usage within

documents should reveal information of policy positions.

The authors assume that their corpus can be divided into two sets. The first set of

documents has the political position that can be either estimated with confidence from

independent sources or assumed uncontroversially. This set of documents is referred to as

the “reference” texts. The second set of documents consists texts with unknown policy

positions. These are referred to as the “virgin” texts. The only thing known about the

“virgin” texts is the words in them, which are then compared to the words observed in

“reference” texts with known policy positions.

Specifically, the authors use relative frequencies observed for each of the di�erent words

in each of the “reference” texts to calculate the probability that we are reading a particular

“reference” text, given that we are reading a particular word. This allows to generate a score

of the expected policy position of any text, given only the single word in question. Scoring

words in this way replaces and improves upon the predefined dictionary approach. It gives

words policy scores, without having to determine or consider their meanings in advance but,

instead, by treating words purely as data associated with a set of “reference” texts whose

policy positions can be confidently estimated or assumed.

The authors then use the word scores that they generate from the “reference” texts to
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estimate the positions of “virgin” texts on the pre-specified policy dimensions. This produces

a conditional expectation of the “virgin” text’s policy position.

I use this approach in my analysis. I pick two “reference” text that have a negative or

“dovish” position, and two “reference” text that have a strong positive or “hawkish” position

in in regards to the economy in that specific corresponding month. I assign the score of ≠1

to the “dovish” reference texts, and the score of 1 to the “hawkish” reference texts. I then

use these known scores to infer the score of the “virgin” texts. Terms in “virgin” texts are

compared with the words observed in “reference” texts with known policy positions. Each

“virgin” text is assigned a score, Wordscorei.

The Wordscorei indicator is plotted in Figure 11, and is compared against the dictionary-

based indicator in Figure 12. In the next chapter I explain how I use both of these indicators

in the estimation of the specified policy rule.

6. Communication and Policy Rules: The Model

As mentioned in Chapter 2, one of the reasons I use Israel as the case study in my analysis is

because the Bank of Israel have described its past policy via publishing a Taylor-type policy

rule with specified numerical coe�cients. One specific advantage of studying a central bank

that has published a specified reaction function is that one can assume that the financial

markets and the public has familiarized itself with the bank’s decision making process. This

way, one can be sure that in estimation all policy surprises come from the changes in central

bank communication, and not from an improperly specified reaction function.

Below, is the specified policy rule as published by the Bank of Israel in its Annual

Monetary Report (2012). In the report, the following response is suggested for the Bank’s
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short term interest rate:

(5) iT
t = 0.2 ú (rfwd

t + fiT
t + 2.5 ú (fit ≠ fiT

t ) + 0.8 ú gapt) + 0.8 ú it≠1.

Here, iT
t is the target nominal short term rate, rfwd

t is the equilibrium level of the real

interest rate, fiT
t is the inflation target, gapt is the output gap and fit is the inflation rate.

The coe�cient on the inflation term is bigger than one, meaning that when inflation exceeds

its target level, in order to restrain demand, the Bank raises its nominal interest rate more

than one-for-one with inflation, that leads to an increase in the real interest rate. This

mechanism is known as the Taylor Principle. The expression inside the bracket specifies the

rule that produces the target interest rate.

The policy rule described in Equation (5) includes a persistence parameter, that puts

the weight of 0.8 on the lagged interest rate. This parameter is a standard augmentation,

and can be thought of as a speed with which the central bank adjusts its nominal interest

rate to reach a level that would close the gaps in inflation and output, as a way of exercising

caution.10 The target interest rate is the rate that, if set at time t, would immediately close

the gaps in inflation and output gap. The smoother the adjustment of interest rates the less

the monetary authority must be reacting to shocks.

In my analysis, I use this specified policy rule as described above, extended by the wording

indicator. The main hypothesis is whether wording includes information that will help to

explain the interest rate decision. I want to see whether communication indicator improves

the fit when added to the standard explanatory variables. I examine whether my wording

indicator provides a clear signal about the future direction of monetary policy and whether

it can provide additional information to predict future policy interest rate decision relative

to other relevant macro variables, i.e. output gap and inflation.
10See Woodford (2001).
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The underlying assumption is that the Bank has private information that is relevant

for future monetary decision. I follow Heinemann and Ullrich (2007) econometric setup,

and employ the two indices that measure the Banks current policy stance, constructed by

methodologies as described in Chapters 4 and 5. I estimate these indices in a Taylor-type

reaction function.

Equation (6) below represents a model where the Monetary Committee either increases,

decreases or leaves the target interest rate unchanged, depending on the divergence between

the current target interest rate and the interest rate of the last period, iú
t ≠ it≠1:

(6) iú
t = (1 ≠ fl)iF

t + flit≠1

Here, iF
t is the interest rate of the fully specified unobserved model. This model can

be thought of as a combination of a policy rule used by the Monetary Committee and any

time-varying factors that a�ect the policy decision. Therefore, I assume that the policy rule

published by the Bank of Israel is an incomplete approximation of iF
t .

Then, the fully specified model is a weighted average of target rate implied by specified

rule, iT
t and a second target rate, iO

t , which includes other aspects considered by the Mone-

tary Committee on a monthly basis, and which are not taken into account by the specified

policy rule:

(7) iF
t = ÷iT

t + (1 ≠ ÷)iO
t

This second target interest rate iO
t can be explained by the intended change of the interest

rate, �iO
t , from the interest rate of the last period:

(8) iOt = it≠1 + �iO
t .
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I combine it with Equations (6), (7) and (8) to get:

(9) iú
t = flit≠1 + (1 ≠ fl)[÷iT

t + (1 ≠ ÷)iO
t ] =

[fl + (1 ≠ fl)(1 ≠ ÷)]it≠1 + (1 ≠ fl)[÷iT
t + (1 ≠ ÷)�iO

t ]

Here, �iO
t is proxied by the two wording indicators as constructed in Chapters 4 and 5. I

estimate Equation (8) separately for dictionary and Wordscore based indicators. Estimation

results are reported in Tables 4 and 5, respectively. It can be seen in Table 4 that, in

combination with other macroeconomic variables, such as inflation rate and output gap,

the dictionary based wording indicator adds to the explanatory power of the model. The

adjusted R2 increases from 0.318 to 0.413 when the dictionary based wording indicator is

added. The estimated coe�cient on the wording indicator is significant, stands at 0.27 and

has the expected (positive) sign.

The results presented in Table 5 di�er from the ones presented in Table 4. Here, the

wording indicator based on the Wordscores approach reduces the explanatory power of the

model. The adjusted R2 decreases from 0.318 to 0.312 when the Wordscores based wording

indicator is added. The estimated coe�cient on the wording indicator is insignificant, and

stands at 0.045. The indicator that is based on the Wordscores approach does not seem

to carry any informational content when explaining the interest rate change. This can be

due to several reasons, one of them is the subjective choice of the “reference” texts. While

it can seems that a certain monetary policy statement is representative of a certain policy

position, there can be another, underlying factor that makes the inference based on this

choice problematic.

In sum, the wording indicator based on the dictionary technique seems to be more ac-

curate, and provides a clear signal about the stance of monetary policy as defined by the

model in Equation (9).
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7. Conclusion

This paper studies the e�ect of central bank communication on monetary policy predictabil-

ity. Using text mining techniques, such as dictionary based sentiment measurement and the

Wordscore algorithm, I extract the informational content from the set of monthly interest

rate decision statements, published by the Bank of Israel from 2006 to 2016. I use these sen-

timent measures, and estimate them in a Taylor type forward looking reaction function. I

examine whether the sentiment measure can provide a clear signal about the future direction

of monetary policy.

I find that, in combination with standard macroeconomic variables, i.e. output gap

and inflation, the sentiment measure based on the dictionary technique improves short-run

predictability of policy interest rate. Specifically, the dictionary based measure adds an

additional 30% to the amount of variance explained. The results indicate a pronounced

improvement once the wording indicator is added. The next step in the analysis would be to

extend the dictionary based indicator to account not only for single words, but expressions.

This should increase the precision of the indicator.

In addition, I show that the indicator that is based on the Wordscores methodology does

not seem to carry any informational content when explaining the interest rate change. This

result exposes an underlying weakness of this methodology, the is the subjective choice of

the “reference” texts. While this approach might work in other disciplines, it does not seems

suitable for the analysis of a monetary policy text.
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Figure 2.1: 500 Most Frequent Words, TF Frequency

Source : The Bank of Israel.
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Figure 2.2: 100 Most Frequent Words, TF Frequency

Source : The Bank of Israel.
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Figure 2.3: 15 Most Frequent Words, TF Frequency

Source : The Bank of Israel.
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Figure 2.4: Word frequency for top 25 words in the corpus

Source : The Bank of Israel.
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Figure 2.5: Correlations: 15 Most Frequent Words, TF
Frequency

Notes: Figure shows pairwise correlations between most fre-
quent terms in the corpus. If words always appear together,
then correlation is equal to 1.0.
Source : The Bank of Israel.
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Figure 2.6: Text Preprocessing Example

Notes: Excerpt of an original text.
Source : The Bank of Israel.
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Figure 2.7: Text Preprocessing Example, Step 1

Notes: Step 1: Remove numbers, punctuation marks, idiosyn-
cratic characters. Excerpt, numbers and punctuation removed.
Source : The Bank of Israel.
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Figure 2.8: Text Preprocessing Example, Step 2

Notes: Step 2: Remove “stop words”: and, then, it, a, the, of,
etc. Excerpt, "stop words" removed.
Source : The Bank of Israel.
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Figure 2.9: Text Preprocessing Example, Step 3

Notes: Step 3: Stem the words: increased, increases, increasing
æ increas. Excerpt, words stemmed.
Source : The Bank of Israel.
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Figure 2.10: Dictionary Based Wording Indicator

Notes: Scorei plotted against the change in target interest rate.
Source : The Bank of Israel.
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Figure 2.11: Wordscores Based Wording Indicator

Notes: Wordscorei plotted against the change in target interest
rate.
Source : The Bank of Israel.
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Figure 2.12: Wordscores vs. Dictionary Indicators

Notes: Scorei indicator plotted against Wordscorei indicator.
Source : The Bank of Israel.
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Table 2.1: Documents Term Matrix

Term j
Document i accord activ averag . . .
May 2008 3 9 4 . . .
June 2008 6 4 16 . . .
July 2008 5 3 7 . . .
August 2008 4 9 12 . . .
September 2008 5 8 22 . . .
October 2008 3 20 16 . . .
November 2008 6 5 11 . . .
. . . . . . . . . . . . . . .

Notes: : This matrix represents the frequency for each unique term in each document in
corpus.
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Table 2.3: Sentiment Score over Documents in Corpus, Subsample

Document Score
January 2007 Interest Rate Statement -0.23
January 2008 Interest Rate Statement -0.41
January 2009 Interest Rate Statement -0.64
January 2010 Interest Rate Statement -0.20
January 2011 Interest Rate Statement -0.15
January 2012 Interest Rate Statement -0.48
January 2013 Interest Rate Statement -0.42
January 2014 Interest Rate Statement -0.30
January 2015 Interest Rate Statement -0.42
January 2016 Interest Rate Statement -0.25

February 2007 Interest Rate Statement -0.09
February 2008 Interest Rate Statement -0.59
February 2009 Interest Rate Statement -0.59
February 2010 Interest Rate Statement -0.29
February 2011 Interest Rate Statement -0.14
February 2012 Interest Rate Statement -0.37
February 2013 Interest Rate Statement -0.29
February 2014 Interest Rate Statement -0.30
February 2015 Interest Rate Statement -0.27
February 2016 Interest Rate Statement -0.23

March 2007 Interest Rate Statement -0.25
March 2008 Interest Rate Statement -0.33
March 2009 Interest Rate Statement -0.57
March 2010 Interest Rate Statement -0.36

Notes: The individual sentiment score for a subsample of monthly interest rate statements,
based on the dictionary technique (Chapter 4).
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Table 2.4: Estimation Results, Dictionary Wording Indicator

(1) (2)
With Indicator No Indicator

Target Interest Rate (t-1) -0.178* -0.211*
(-2.30) (-2.66)

Real Forward Rate -0.110 -0.034
(-0.72) (-0.22)

Inflation Measure 0.262* 0.187
(2.51) (1.74)

Output Gap 0.187** 0.166*
(2.95) (2.48)

Wording Indicator, Dictionary (t-1) 0.270*
(2.28)

Observations 37 38
Adjusted R2 0.413 0.318
Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Notes: The wording indicator is based on the dictionary method, as described in Chapter
4. All variables are real-time, quarterly frequencies.

Source : The Bank of Israel.
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Table 2.5: Estimation Results, Wordscores Wording Indicator

(1) (2)
With Indicator No Indicator

Target Interest Rate (t-1) -0.217* -0.211*
(0.085) (0.079)

Real Forward Rate -0.037 -0.034
(0.165) (0.160)

Inflation Measure 0.195 0.187
(0.109) (0.107)

Output Gap 0.163* 0.166*
(0.067) (0.066)

Wording Indicator, Wordscores (t-1) 0.045
(0.205)

Observations 37 38
Adjusted R2 0.312 0.318
Standard errors in parentheses
* p < 0.05, ** p < 0.01, *** p < 0.001

Notes: The wording indicator is based on the Wordscores method, as described in Chapter
5. All variables are real-time, quarterly frequencies.

Source : The Bank of Israel.
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