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Summary*

This study presents a small New Keynesian model of Israel’s economy
describing the relationships among the main variables relevant to the
transmission mechanism of monetary policy. The model encompasses three
structural equations — for inflation, the output gap, and the exchange rate — and
an interest rate rule, that describes how the interest rate should be adjusted in
order to eventually achieve the inflation target. The theory underlying the
model is broadly in line with the current monetary theory prevailing in
academia and central banks. The model is small, yet it includes the main
channels through which the central bank’s interest rate affects inflation in a
small open economy. An important advantage of a small model is its ability to
describe, clearly and simply, the interrelation between the main variables that
are related to the transmission mechanism of the monetary policy, while
maintaining theoretical coherence. The model presented is intended to serve as
an operational tool that can aid policy makers to assess the interest rate path
required to achieve the inflation target, but it can also serve others interested
in monitoring monetary developments or in forecasting the evolution of the
relevant variables. The model can also help to focus the monetary-policy
discussion and enhance the communication between the various entities, both
within and outside the central bank, involved in monetary policy and its
outcomes. To improve the forecasting ability of the model, in formulating the
equations we tried to strike a balance between the need to maintain economic
logic and the need to obtain an adequate empirical description of the relation
between the relevant variables. The parameters of the model were estimated

using quarterly data of Israel’s economy in the years 1992 to 2005.

* We would like to thank Akiva Offenbacher, Douglas Laxton, Michael Beenstock, Alex Ilek,
Guy Segal and the participants of the seminars in the Monetary and Research Departments,
whose comments contributed to the development of the model.
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1. Introduction

In this study we formulate and estimate a small macroeconomic model which
is intended inter alia to assist the central bank in assessing the interest rate that
is required to achieve the inflation target. The model is quarterly and is the
smallest model possible for describing the transmission mechanism of
monetary policy in a small and open economy. The model contains four
equations, which describe the determination of inflation, the output gap, the
nominal exchange rate and the interest rate.

An important advantage of a small model is its ability to describe clearly
and simply the interrelationships between the main variables related to the
transmission mechanism while maintaining theoretical consistency. This
simplicity and clarity helps to focus the discussion and improves the
communication between the different entities interested in monetary policy
and its outcomes both within and outside of the central bank.

We endeavored, when formulating the empirical model and estimating the
parameters, to strike a balance between the desire to adhere to the pure
economic theory and the desire to reach a good empirical description of the
relationships between the relevant variables. A good fit of the model to the
data is an important condition for its operative use — generating forecasts for
short and medium terms of up to three years, examining policy alternatives
and performing risk analysis. It should be emphasized, however, that every
model is a simplistic description of a complex reality. Accordingly, the model
can serve as only one of the tools employed in assessing the present and future
state of the economy. There will always be some special circumstances and
forces affecting the economy which are not expressed in the model. Therefore,
one of the challenges when using the model is to integrate external

information in simulations of the model.
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In this study we obviously rely on models that were developed and
formulated for other economies. The emphasis here is on paying special
attention to the characteristics of the Israeli economy and the quality of the
data available for Israel. In contrast to most of the studies of the subject
worldwide, the emphasis here is on an empirical (classical) estimation of the
model’s parameters.

In the second section we will briefly describe the roles of monetary models
under an inflation targeting regime. In the third section, we will provide an
abbreviated verbal description of the model’s equations and of the
transmission mechanism of monetary policy according to the model (that is,
we will detail the channels whereby the interest rate and exchange rate affect
prices). The fourth section provides a detailed description of the model’s
equations and the economic thinking on which they are based. In the fifth
section, we will examine the properties of the model (the dynamic elasticities),
and in the sixth section we will demonstrate the use of the model for
forecasting. In the seventh section, we will examine the empirical fit of the
model (a dynamic simulation within the estimation period and a comparison
of moments by means of a Monte Carlo simulation), and in the eighth section
we will summarize the main findings and indicate directions for further

research.

2. Roles of a monetary model under an inflation targeting
regime

The principal task of monetary policy is to provide an anchor for inflation.

The policy instrument, which the central bank uses for achieving this
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objective, is the interest rate.' The main problem facing monetary policy is to

assess the rate of interest that is required to achieve the inflation target, under

the constraints that will be detailed below. This is actually the task of most
central banks in the Western world.

Implicit in the fact that central banks are imposed with the task of attaining
the inflation target by means of the interest rate, is the assessment held by
governments in the Western world that inflation can be stabilized via the use
of this instrument. This assessment reflects the development of a theoretical
framework that evolved over the past 20 years. This framework, the New
Keynesian theory, describes the principal relationships characterizing the
transmission mechanism of monetary policy — the mechanism that relates the
interest rate and the inflation rate.>

A monetary model is a system of equations describing the transmission
mechanism of monetary policy. Monetary models based on the New
Keynesian theory have been developed at the majority of central banks in the
Western world during the last decade. Although the models differ in the extent
of their complexity, they have a number of common features:

1. The principal variables, essential for describing and understanding the
transmission mechanism in a small and open economy, are inflation, the
output gap,’ the exchange rate and the interest rate.

2. Due to a temporary rigidity of prices and wages, changes in the nominal
interest rate generate changes in the real interest rate, and these generate a

temporary deviation of real variables from their trends. However, changes

' The interest rate on monetary loans to commercial banks or on the banks’ deposits at the
Bank of Israel.

2 For a detailed presentation of this theory, see Svensson (2000), Walsh (2003) and Woodford
(2003).

> The output gap is the gap in percent between actual output and potential output. Potential
output in this context is a theoretical concept: the output that would have prevailed in a situation
of price flexibility. In this study, it is estimated by means of the HP Filter method (as will be
detailed later).
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in the interest rate do not impact the trends of real variables such as the real

interest rate, the real exchange rate, output and employment.

3. The economy (and inflation in particular) is subject to unexpected shocks.
By constantly adjusting the interest rate in response to these shocks, relative
stability in the pace of inflation can be achieved, meaning that it is possible
over time to reduce the deviations of inflation from its target.

4. Monetary policy is the sole factor that eventually determines the inflation
rate.* Suppose, for example, that policy-makers wish to reduce the pace of
inflation. In such a case, an increase in the nominal interest rate leads to a
temporary rise in the real interest rate and to a temporary decrease in real
activity and in the real exchange rate. These have the effect of permanently
reducing inflation (and the nominal interest rate). In other words, in the
short run, a reduction in inflation has a real cost in terms of output and
employment: for some time, the level of the latter two will be below their
potential level. However, the effect on activity and employment is
temporary, while the decline in inflation is permanent.

Because of the tradeoff, in the short run, between the deviations of inflation
from the target and the deviations of output from its potential level, in most
countries monetary authorities adopt a flexible inflation targeting policy. A
flexible policy refers to policy-makers’ attempts to achieve a balance between
the objective of reducing the deviations of inflation from the target and the
objective of reducing the deviations of output from its potential level. In most
cases, policy-makers have an additional objective — to moderate the

fluctuations in the interest rate, due to concern for financial stability. A

* This is assuming that a situation of fiscal dominance does not emerge. If this does happen, an
interest rate hike could actually lead to a rise in inflation. A situation such as this, which
effectively reflects a loss of control by monetary policy, could arise when the ratio of the
government debt to GDP and/or the proportion of the debt in foreign currency to the total debt
increases to a major extent (see for example Blanchard [2004]). Since the 1985 stabilization
program, the probability of such a development in Israel has been low. (See for example
Liviatan [2003]).
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balance between these objectives (or constraints) implies that the response of
the interest rate to shocks affecting inflation will be gradual, and hence the
convergence of inflation to its target will also be gradual. This is in order to
moderate fluctuations in output and the interest rate.

Given a model that describes the transmission mechanism, numerical
values for the model’s parameters, and the objectives of monetary policy
(attainment of the inflation target while reducing the deviations of output from
its trend and moderation of interest rate fluctuations) — it is possible to
calculate the interest rate path that is required in order to keep inflation as
close as possible to the target, subject to the previously mentioned constraints.
This is the principal role of a monetary model, but not its only role.

A monetary model assists in analyzing the present condition of the
economy and in identifying the shocks affecting it. Given an assessment
regarding the present state of the economy, the next step is using the model to
forecast the future developments of the relevant variables, such as the interest
rate, the inflation rate, the exchange rate and the output gap. All this in a
structural and consistent manner.

Another important application of the model is the examination of policy
alternatives and the analysis of risks. The model can be used to assess the
appropriate policy action required in response to different shocks that may hit
the economy.

Finally, a monetary model assists in focusing the discussion and improving
the communication between the different entities interested in monetary policy
and its results, both within and outside of the central bank. As an example, the
central bank is required to publish a semi-annual inflation report, which details
the considerations behind the policy conducted during the preceding months.

A monetary model could serve as an important tool for facilitating a clear and
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consistent analysis of recent developments in the economy, and thereby

contribute to increased communication and credibility.

3. An overview of the model (the transmission
mechanism)

The model presented below belongs to the class of New Keynesian models. In
these models, under an inflation targeting regime, the role of monetary policy
is clearly defined: to provide the economy with an anchor for inflation and for
inflation expectations. In these models, if monetary policy functions properly
(as will be defined in more details below), the economy converges to an
equilibrium in which real variables converge to their potential values (as
detailed below), inflation converges to its target, and the other nominal
variables adjust in accordance with the inflation target.’

It is also assumed that due to nominal rigidities, changes in the nominal
interest rate have short run real effects. Changes in the nominal interest rate
are reflected, in the short run, by changes in the real interest rate, and these
affect the real (and nominal) exchange rate, real activity and employment.
However, these effects are only short-term in nature. In the medium run (one
to three years) and the long run, the impact of these rigidities is exhausted, and
the real variables revert to their potential levels, which are determined by
supply factors that are not affected by monetary policy.

For these reasons, all the real variables in the model are expressed in terms
of deviations from their trends (hereinafter: “gaps”). As stated, this
formulation is based on the perception whereby nominal variables in general

and monetary policy in particular have no effect on the trends of real

5 As stated, this is on condition that a situation of fiscal dominance does not emerge.
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variables. It should be noted that the present model is not intended to provide
an explanation for the trends in the real variables. For example, the model
does not explain the growth rate of potential output, the natural interest rate
and the trend in the real exchange rate. These values are determined outside
the model. However, changes in the nominal interest rate do, as stated, have
the effect of creating deviations of real variables from their trends, and these
deviations affect the inflation rate (as detailed later).

Before we present the model equations, we will describe the nature of the
economy to which the model relates. We assume a small and open economy
(the Israeli economy) with four main groups of agents: households, firms, the
rest of the world (households and firms) and the central bank.® Households
(which are identical) derive utility from two types of goods — goods that are
produced in the domestic market, whose price is determined by domestic
firms, and imported goods, whose price is determined abroad. Households
save in order to allocate consumption over time, and can invest their savings
in domestic assets bearing a sheqel interest rate or in foreign assets bearing a
dollar interest rate. The allocation of their savings between domestic and
foreign assets is determined according to the interest rates in Israel and abroad,
the expected depreciation in the exchange rate and the relative risk of

domestic assets.

® The government is not included here because its function in a model that describes inflation is
limited. Due to the existence of a law that prohibits the government to print money, the
government does not exert a direct effect on the money supply in the economy, which is
determined solely by the central bank. The government can finance its deficit only by means of
loans from Israeli residents or from nonresidents. An increase in the deficit and the government
debt will be reflected by a higher real interest rate, and this will affect the trend in other real
variables such as investment and the pace of growth. The increase can also affect the level of
the (nominal and real) interest rate that will be necessary in order to attain the inflation target,
but not the pace of inflation that will eventually prevail. Government demand directed at the
business sector is reflected in the model in the output gap equation (see later).
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Figure 3.1: Schematic Diagram of the Model
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Households abroad import goods from different countries. The goods
imported from each country, and in particular from Israel, are not identical.
The exporting country exerts an effect on the price of its exports, and demand
from abroad for Israeli exports is dependent on the price of Israeli exports,
which is related to the prices of the goods produced in Israel, relative to the
prices of other countries’ exports.

The firms in the model act under monopolistic competition. This means
that there are many firms, each of which manufactures a product that is unique
to some extent, with the result that it can determine the price of its product.”
Each firm employs domestic inputs and imported inputs, and offers its
products to the domestic market (to households) and to markets abroad
(exports).

The model is aggregative. It contains four dynamic behavioral equations
that are derived from the solutions to the optimization problems of households
and firms together with a rule for the central bank’s interest rate. A schematic
diagram of the model is presented in Figure 3.1.

The first equation describes CPI inflation as a function of inflation
expectations, the output gap, the real exchange rate gap and the changes in the
(shegel) price of imported goods. Inflation expectations reflect the effect of
price rigidity in the short run. As a result of this rigidity, when a firm revises
its price, it takes into account the fact that its price will not be readjusted for a
while, hence the price decision in the present is affected by the expectations
for future inflation. The output gap reflects the effect of aggregate demand on
prices. An increase in aggregate demand leads to a rise in prices resulting from
the increased production costs deriving from a rise in the demand for factors

of production (labor, capital and raw materials), and from (monopolistic)

7 The extent of the demand for the product of a single firm is determined according to its price
relative to the other firms’ prices.
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firms’ tendency to exploit an increased demand in order to increase their profit
rate. An increase in the nominal exchange rate or in world prices has the direct
effect of increasing the prices of imported goods in the consumption basket.
Such an increase also has an indirect effect on the prices of goods that are
produced in the domestic market. This is because it increases the demand for
domestic goods and for domestic factors of production (a substitution effect),
leading to an increase in their prices (as detailed in the next section).

The second equation describes the deviations of output from its trend (the
output gap). The output gap is affected by the real interest rate gap, which is
the difference between the (ex-ante) real interest rate® and the natural real
interest rate, by the real exchange rate gap,” by the world trade gap, which
represents world demand, by the domestic public consumption gap, and by the
domestic investment gap.

Assuming temporary price rigidity, a rise in the nominal interest rate leads,
in the initial stage, to an increase in the real interest rate, and this has the effect
of reducing demand for consumption in the present (inter-temporal
substitution effect), implying a downward deviation of consumption from the
trend and with it a downward deviation from the trend of business-sector
output. A rise in the nominal interest rate also has the effect of reducing the
nominal exchange rate (see below). This decrease is also reflected in the initial
stage by a downward deviation of the real exchange rate from its trend. By
increasing the dollar price of the domestic economy's exports and reducing the
relative price of imports, the decrease in the real exchange rate leads to a
decline in world and domestic demand for domestically produced goods'® (all

in terms of deviations).

8 The Bank of Israel interest rate less inflation expectations.
® The deviations of the real exchange rate from its trend.

"9 It is assumed that in the initial stage, the price of Israeli exports in sheqel terms remains
unchanged. If the nominal exchange rate falls, the price increases in dollar terms. From the
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A rise in the interest rate obviously affects investment as well. The present
model lacks an equation for investments. We intend to address this matter in
the future.

The third equation describes the dynamic relationship between the
nominal exchange rate of the sheqel against the dollar, and the differential
between the short-term dollar interest rate and the domestic nominal interest
rate. A rise in the domestic interest rate increases the attractiveness of
domestic assets compared to foreign assets: investors will want to convert
dollars to shegels, and the exchange rate will appreciate.

The fourth equation describes the manner in which the central bank
adjusts the nominal interest rate in order to ultimately attain the inflation
target. Appearing in this equation are long-term factors — the inflation target
and the natural interest rate — and short-term factors: the difference between
inflation expectations and the inflation target, and the output gap. According
to the interest rate equation, the adjustment of the interest rate to changing
conditions (reflected in the inflation gap and the output gap) is gradual rather
than immediate. This means that the interest rate is adjusted in a manner
whereby in response to shocks hitting the economy, the reversion of inflation
to the target and of current output to potential output will be gradual."'

Before proceeding to describe the transmission mechanism of monetary

policy, it should be noted that the quantity of money does not appear explicitly

worldwide perspective, an increase in prices leads to substitution with other goods which the
world imports and thereby to a drop in the demand for goods from Israel.

" The interest rate is adjusted in a manner whereby generally within a term of two years the
output gap zeroes and inflation is expected to revert to its target. For this reason, the forecasts
for inflation or for the output gap are usually not the interesting product of monetary planning,
as these are expected to revert to their prescribed paths within a certain period. Rather, the
major interesting product of monetary planning is the forecast or assessment regarding the
future course of the Bank of Israel interest rate which will be necessary in order to attain the
inflation target and to ensure that output reverts to its trend.
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in the model, although it does exist in the background.'? As sole supplier of
the monetary base to the economy, the central bank can determine either its
amount or its price (the nominal interest rate). For important reasons, the
discussion of which is outside the scope of this study,'® most central banks in
the Western world have chosen to use the price of money as the policy
instrument. The determination of a particular level for the interest rate implies
that the central bank is willing to supply the public (usually via the
commercial banks) the entire amount of money which the public wishes to
hold at this particular interest rate. Put differently, in a regime where the
interest rate is the monetary policy instrument, the supply of money is
determined by the public’s demand. Theoretically, and on the assumption that
a stable relationship exists between the interest rate and the demand for
money, it would have been possible to select the money supply as a policy
variable, and to formulate a response rule for the money supply which would
lead to the convergence of inflation to the target. In such a case, the money
supply would have appeared explicitly in the model, and the interest rate

would have remained in the background.

The transmission mechanism in the model
In the model, a rise in the nominal interest rate has the effect of reducing
inflation in a number of channels:

1. The direct channel of private consumption. Assuming temporary
price rigidity, a rise in the nominal interest rate results in an increase in the
real interest rate. This leads to a decline in the demand for private

consumption in the present, due to inter-temporal substitution, and

'2 More precisely, money (rather than a specific amount of it) exists in the background. For a
discussion of the role of monetary aggregates in the transmission mechanism in the New
Keynesian model see for example Woodford (2006).

13 See for example Clarida et al. (1999).
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consequently to a decline in the demand for business-sector output and to a

decrease in prices.

2. The exchange rate channel. A rise in the interest rate increases the
relative attractiveness of holding sheqel as compared to dollar assets. The
public will therefore tend to convert dollars to sheqels, and the exchange rate
will appreciate. An appreciation has a deflationary effect through four
channels:

a. The price of consumption from imports will fall. Since this price is part of
the consumer price index, the index will fall as well.

b. A decrease in the price of consumption from imports implies a decrease in
the relative price of imports (relative to the prices of domestically produced
goods). This increases the demand for consumption from imports and
reduces the demand for consumption from domestic production due to the
intra-temporal substitution between consumption from domestic production
and consumption from imports. The decrease in domestic demand leads to a
decline in the domestic component of the consumer price index and thereby
to a decline in the index.

c. An appreciation also has the effect of reducing world demand for Israeli
exports. Suppose that initially, the price of Israeli exports in sheqel terms
remains unchanged. As a result of the exchange rate appreciation, the price
in dollar terms increases. A relative reduction in the dollar price of other
countries’ exports leads to a drop in world demand for Israeli exports. The
demand for domestic production falls, and the price of the domestic
component of the CPI falls with it.

d. An appreciation reduces the price of imported inputs. This reduces the cost
of domestic production, and the price of the domestic component of the CPI

falls with it.
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A rise in the interest rate leads to a decline in inflation, in the output gap
and in the exchange rate. Assuming that at the starting point the inflation gap
and the output gap were zero, these gaps have become negative and under the
interest rate rule, the interest rate must be cut. At the next stage, the interest
rate will be reduced gradually, and inflation, the output gap and the real
exchange rate will gradually revert to their rates at the starting point.

Another important channel through which the interest rate affects prices is
the expectations channel. We assume that expectations are rational,'* meaning
that they develop in a manner consistent with the model. As will be explained
later, the effect of expectations in the model is reflected by an increase in the
speed at which monetary policy impacts prices.

It should be noted at this stage that the formulation of the model does not
enforce an immediate pass-through from the exchange rate to the import prices
in the domestic market. The fact that we lack data on the prices in the
domestic market of the relevant imported products, makes it difficult to

address this matter. We will describe how we cope with these difficulties later.

4. The model's equations

A detailed discussion of the theoretical framework of the model’s equations is
presented in a previous study, by Argov and Elkayam (2006), which also
contains references to relevant sources. In the present study we employ the
equations developed there, with certain adjustments that are intended to
simplify the equations and enhance their fit to the data of the Israeli economy.

All this was done without losing the theoretical basis of the model. Below we

' More precisely, as will be detailed later, we assume that at least part of the public have
rational expectations.
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will present the model's equations and the corresponding estimated
coefficients. Further explanation for the particular specification that was
chosen and a presentation of the estimation results are contained in

Appendices A and B.

4.a The inflation equation

The inflation target in Israel is defined upon the consumer price index. For the
purpose of analyzing consumer prices in an open economy, it is common to
regard the consumer price index as comprised of two main components: the
price index of goods and services that are produced in the domestic market
(¢") and the price index of imported goods and services (p). The consumer
price index (p°) is a weighted average of these two components, that is: °

@1 pi=vwp +1-wh)p"

where w' is the weight of the import component in the consumer price index.

It should be realized that while data on the general index (p“) obviously
exist, there are no data on the two previously mentioned components, which
are unobservable variables. We will subsequently describe more extensively
how we attempted to overcome this difficulty. Here, we note that the estimate
obtained for the weight of the imported goods and services in the general
index (w/) is 0.45. This estimate is derived from the effect of exchange rate
depreciations on the consumer price index inflation (as detailed later). At a
first glance, this weight appears to be high. As an example, the proportion of
direct imports of consumer goods in total private consumption is only about

10 percent. However, there are other import components that are not included

15 All the variables in equation (4.1) are in log terms.
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in this measurement, such as certain energy components and overseas travel.'®
Similarly, the housing component (which accounts for about 20 percent of the
index) is heavily affected by the exchange rate of the sheqel against the dollar.
In the previously mentioned partition therefore, it probably belongs to the
component of imported products.'’

For domestic prices, we assumed the following equation:

(42) d=aud+ (1 —aw) 7o +a, (0.5 y,+0.5y.) + ay (p?, - p")

The estimates obtained for the parameters are:

ay=053 a,=006 as=0.06

where 7, = p”, — p"., is the inflation in the prices of domestic goods, y; is the
business-sector output gap and p?, are the prices of the imported inputs used
for domestic production.'® The variable z,,; represents the expectations at
time ¢ for inflation at time #+1.

A detailed derivation of an equation similar to this, based on
microeconomic foundations, is presented in a previous study, by Argov and
Elkayam (2006). The theory of equations of this type for a closed economy is
presented in Woodford (2003), and for an open economy in Svensson (2000).

'S Although a number of imported energy components are included in the category of imported
inputs to production, the added value which some of them acquire in the transition from the
importers to the final consumers is very small. As an example, the vehicle fuel and oil
component (weighted at 4.7 percent in the index) is effectively an imported product. The same
applies to oil and diesel for heating (weighted at 0.4 percent) and a large proportion of gas and
service fees (which are weighted at 0.6 percent). Another component that is effectively an
imported service is the component of expenditure on overseas travel (which is weighted at 4.2
percent). It is reasonable to assume that there are other components which are effectively direct
imports, and exclusive of the housing component (see below), we asses that their weight in the
index is around 6 percent.

17 Since the housing component is not an import component and is not a tradable product either,
and due to the high degree of correlation between it and the exchange rate against the dollar, it
would be desirable to compile a separate equation for it. We hope to do this in the future.

18 (pzf, - pht) represents a price ratio. Like the output gap, this expression is also in terms of the
deviation from its natural trend.



22 Bank of Israel, Monetary Department

The underlying concept behind the effect of inflation expectations on
current inflation is the assumption (currently accepted as fact) that firms incur
a cost when changing their price. Accordingly, when producers set their price
they take into account the fact that for a certain period in the future, they will
refrain from changing their price. The extent of the change at the time of
change is therefore affected by the increase in prices expected during the time
in which the producer believes that he will refrain from changing his price.
These considerations lead to an equation in which inflation is a function of
inflation expectations, and where the coefficient of the latter equals 1 (a;; = 1).

The majority of empirical studies worldwide find that inflation is affected
by lagged inflation as well. This finding may reflect indexation arrangements,
or the existence of adaptive elements or a learning process in the formation of
expectations. In such cases, the coefficient of lagged inflation (1 — a;,) reflects
the extent of indexation to inflation or the proportion of those with adaptive
expectations among the public. The restriction stating that the coefficients of
inflation expectations and of the lag amount to 1 is of special significance, in
that at long-term equilibrium (namely, in a state where inter alia the output
gap and the price ratio gap are zero), any rate of inflation fulfills the
requirements of the equation. The actual inflation rate that will prevail will
obviously depend on the inflation target. Given the inflation target, the central
bank adjusts the interest rate (see below), thereby affecting the output gap and
the nominal and real exchange rates, so as to attain the desired target. As
expected in accordance with the theory, when we estimated the equation with
no restrictions, the sum of the relevant coefficients we obtained was very close
to 1.

The larger is the coefficient of inflation expectations (@), the more rapid

will be the reaction of inflation to changes in monetary policy."”” The greater

1 By means of their impact on the output gap and on the price ratio gap (p7; — p").
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the credibility of monetary policy, the larger will be the coefficient which we
would expect to obtain. A value of less than 0.5 is not uncommon. In our
study, we obtained a value of 0.53, which is indicative of a relatively rapid
response of prices.

The extent of the change in prices is also a function of the extent of
demand for output relative to its trend (the output gap). It is assumed that
firms operate in a market of monopolistic competition and each of them can
therefore affect the price it charges. A growth in demand has the effect of
increasing firms’ demand for factors of production (labor, capital and
intermediates) thereby increasing their cost, and the increase in marginal cost
leads in turn to a rise in the price of the final good. In addition, firms may
exploit a growth in demand to increase their price and with it their rate of
profit — the difference between price and marginal cost (the markup). The
coefficient of the output gap (a,) reflects these effects on prices. In the
empirical estimation, we found that the output gap affects prices both
contemporaneously and with a lag of a quarter.”’ Walsh (2003)*' cites a
number of studies on the US economy where a coefficient of between 0.01
and 0.1 was estimated. Leitemo (2006b) estimated an equation for the UK and
obtained a coefficient of 0.07. In our study, a coefficient of 0.06 was obtained,
which is definitely a respectable place in the middle.”

Another factor affecting domestic prices in an open economy is the price of

imported production inputs relative to the price of domestic output. An

2 In the empirical estimation we found that the coefficient of the effect of the output gap on
prices is not stable. For some periods the contemporaneous effect is stronger, while for others
the lagged effect is stronger. For the final equation we put in the average effect.

2! Chapter 11, page 527.

2 The comparison with other studies is not simple, because the specification of the equations in
each study differ. Nevertheless, we shall note that Caputo (2004) obtained a coefficient of 0.067
from data on the Chilean economy and Lopez (2003) obtained a coefficient of 0.027 from data
on the Columbian economy. These two authors estimated the coefficient with respect to
inflation of the CPI. In our study, the analogous coefficient is 0.033 (0.55%0.06).
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increase in the price of imported inputs implies an increase in production costs
— both directly and through a substitution effect, which increases the prices of
non-imported inputs — that leads to an increase in the price of domestic output.
The size of the coefficient of the relative price of imported inputs (p7, — p") is
inter alia a function of the proportion of imports in inputs. When estimating
the equation here, we obtained a value of 0.06 for this coefficient. Worldwide
studies usually obtain a coefficient of less than 0.1, although the comparison
is not simple due inter alia to the fact that in most cases, a distinction is not
made in the empirical estimation between the prices of imported inputs and
the prices of imported consumer goods.

The relative price of production inputs (p7, — p”,) can be written as the sum
of two expressions: the price of imported inputs relative to the prices of
imported consumer goods (p7, — p/)), and the price of consumption from
imports relative to domestic prices (p/, — p";). There is an advantage to this
breakdown when building a forecast and running a simulation, because the
first expression is an exogenous variable** (the price ratio determined abroad)
and the second expression is a central endogenous variable in the model,
which appears in the output gap equation as well (see below).

We will assume for a moment that p/ (and therefore also 7’) is measurable.
By means of a number of algebraic operations with equations (4.1) and (4.2),
which are detailed in Appendix A, the inflation equation of consumer prices

can be expressed in terms of measurable variables as follows:

3 Leitemo (2006b) and Caputo (2004) for example, obtained a coefficient of less than 0.05.
Svensson (2000) assumed a coefficient of 0.3, although this is an assumption rather than an
estimate or a calibration.

# Assuming similar rates of pass-through in the prices of imported consumer goods and
imported inputs.
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(42) 7%=+ (1 —aw) 7% + (1 -w) a, (0.5y,+0.5 y.1)

+ay [(1-w) @7, - p)+ @ - p°)]
+ W[[ﬂft— Qg ﬂ[m (1 -au) 71fx-1]

As stated, we do not have data on the price which the consumer pays in the
domestic market for imported consumer goods (p/) although we do have data
on the dollar price paid by the importer. We will denote this latter price as p”
and will denote by e the exchange rate of the sheqel against the dollar (both of
them in log). The assumption of immediate pass-through to domestic prices
implies p/, = ¢, + p”.. Usually, it is reasonable to assume that the pass-through
is gradual rather than immediate. We assumed a gradual pass-through of the

following form:

43) pi=ai (e +p7p) +ar (e, +p7) + (1 =01 —a) (e +p71)

The estimates obtained for the parameters are:

01=020 0a,=0.63

According to equation (4.3), the price of imported consumer goods in the
domestic market is adjusted (by the importer) partly to the expected cost in the
future, partly to the contemporaneous cost and partly to the cost in the
previous quarter.

By Substituting () and (7) in equation (4.2') by the right hand side of
(4.3), and applying a number of algebraic operations as detailed in Appendix
A, the following equation is obtained for the inflation in the consumer price

index, in terms of measurable variables:
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44) 75 =aun‘m+ 1 -ag) 7a+1-w)a, (0.5y,+0.5y.)
+ay[(1-w)up™, + ¢/
+ W [ dep*fm + a dep*f, +(1—a;—a) dep*ft_l]

where

dep”, = (de, + Ap™) — awy (dey + Ap”1) — (1 — aig) (dey + Ap™.)

7, = p°,— p“.1 is inflation in the consumer price index, ¢, = e, + p’f’(t — pfiis the
real exchange rate gap, up 7, = p¥, — p”, is the difference between the world
price of imported inputs (p ¥) and the world price of imported consumer goods
(p7) and 4 is the difference operator.” Initial examination showed that with
respect to the price ratios (¢, — p%) and (p7, — p), the results are similar if
either a gradual or immediate pass-through is assumed. For reasons of
simplicity therefore, we assumed immediate pass-through. Of course, with
respect to imported inflation rate (7,), we assumed a gradual pass-through.

Equation (4.4) is the model’s inflation equation. The estimates are presented

in Appendix B.

4.b The output gap equation

The output gap equation describes the excess demand of the relevant entities
(the public, the government and abroad) for the output of the business sector.
It will be recalled that the output gap (y,) is the difference between actual
output and potential output, the latter being defined as the output that would
have prevailed under flexible prices and wages. In practice, potential output is

measured via the trend of the actual output.

% 1t should be realized that the values of the coefficients presented above refer to the equation
where all the variables are expressed in similar terms (quarterly or annual).
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Behind the output gap equation are equations derived from the
optimization of domestic households and foreign households, as well as the
identity of national accounts.”® Domestic households consume domestically
manufactured and imported goods. These households are able to invest in
interest-bearing sheqel assets or interest-bearing dollar assets. The Euler
equation (4.5) below describes how domestic households allocate their total
consumption (¢;) over time as a function of the real interest rate:

(4.5) ¢, =ci—(1/0)025 (r,—1")

where (r; = i, — 4*x°,4) is the annualized real interest rate, (")) is the natural
real interest rate,”’ and o is the inverse of the inter-temporal elasticity of
substitution in consumption. According to this equation, the higher is the
current interest rate, the lower will be the contemporaneous level of
consumption (¢,) compared with the next period (c,;). This is because the
higher is the current interest rate, the greater will be the future return on the
forgoing of consumption in the present (that is, an increase in saving), making
it possible to increase future consumption at a higher rate.

Equation (4.6) describes the allocation of consumption between domestic
production and imports as a function of relative price (which is related to the

real exchange rate):

(4.6) cht =G—H (Pht -p%)

where ¢”, is consumption from domestic production and 7 is the elasticity of

substitution between consumption from imports and consumption from

% We will present here the equations forming the basis for the output gap equation. For a
precise derivation of these equations, see Argov and Elkayam (2006).

27 The natural interest rate is a concept analogous to potential output — the real interest rate that
would have prevailed in a state of flexible prices and wages. In this study, we estimated it via
the real yield to maturity on 5 to 10 year CPI-indexed bonds.
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domestic production. The logic in this equation is quite simple: the proportion
of consumption from domestic production to total consumption will fall as its
price (relative to the general price of consumption) increases.

Just as with the allocation of households’ consumption between domestic
production and imports, foreign households distribute their imports between
Israel and other countries. Equation (4.7) describes this as a function of the

relative price of Israeli exports:*®

@7 X=y,-nl@"-e)-p 1=y +n(e+p’i-p"

where x" is Israeli exports and y*, is world trade.”

The national accounts identity links consumption from domestic
production (¢"), public consumption® (g"), investment (inv") and exports (x")
to total production of the business sector (all in value added terms and in the
form of gaps):

(4.8) yi=p. "+ p. &+ Y iV + p X,

where y; is the proportion in total product of component i (i = ¢, g, inv, x ).

We will substitute (4.6) — (4.8) in equation (4.5), using the identity of the
consumer price index. Assuming immediate pass-through in the prices of
consumption (¢, = e, + p”, ) we obtain:*'

(4.9) ¥, =y + 5,025 —1") + by (g — qi1)

* * . h . h h h
+ b’y*(y 1=V 1) T b (V' —imV'1) + b’g(g 1= g 1+1)

28 ph, — e, is the price of Isracli exports, meaning the prices of goods from domestic production

in dollar terms, and p7, is the price of world imports. It should be noted that the latter is also the
relevant price of imports of consumer goods to Israel.

¥ For the purpose of simplicity, we assume that the elasticity of substitution in countries
worldwide between Israeli exports and other goods is equal to the elasticity of substitution in
(4.6).

3% Here we relate to the procurement (from the business sector) component.

31 It transpired in the estimation that in the output gap equation, as in the inflation equation,
forcing immediate pass-through in relative prices does not affect the results.
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where:

b.=y.lo b'q:ﬂ(VchJer)/(l—wf) b/y*:)’x D'y = Yinv b’g:Vg

This equation describes the development of the output gap as a function of
the expected output gap and other variables which exert an effect via their
present and expected values. In the majority of empirical studies worldwide, it
was found that the output gap is also affected by its lags and by the lags of
other variables. Such an effect can be attributed to consumption habits and/or
the existence of adjustment costs, and/or the existence of adaptive
expectations among at least part of the public. One way to integrate a lag of
the output gap in the equation is to assume that the above equation is correct
for a desired output gap®> (which we will denote as y’). We will assume that
the actual gap gradually converges to the desired gap, according to the

following equation:*®

(4-10) Ve = byldy’t + (1 - byld) RZA

By substituting (4.9) into (4.10), an output gap equation is obtained in
which the lagged output gap appears in addition to the factors appearing in
equation (4.9). In an initial estimation, it was found that apart from the lag in
the output gap, a lag of the real interest rate gap also exerts an effect.
Accordingly, the final output gap equation is the following:

4.11) yi=byayen + (1 = bya) ye1 — b, 0.25[0.5 (r,— ") + 0.5 (11 — 7"11)]
+ by (g — i) + bye (V= ¥ 11) + by (i — i)
+ by &' —&")

32 Namely the output gap that would have been obtained in the absence of one or more of the
previously mentioned impeding factors.

33 This approach is employed by Svensson (2000), for example.
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where:

br = byld*b 'r bq = byld*b lq by* = byld*bly* binv = byld*b linv bg = byld*b,g

The estimates obtained for the parameters are:

biu=080 b,=045 b,=024 b.=022 b,,=0.12 b,=022

According to the equation, the output gap is negatively affected by the real
interest rate gap (r — "), contemporaneously and with a lag, and positively
affected by the real exchange rate gap (¢). An increase in the real interest rate
has the effect of reducing the demand for business-sector product in the
present compared with the subsequent period and the previous period. (This is
for reasons of inter-temporal substitution in consumption.) An increase in the
real exchange rate reduces the relative price of Israeli exports as perceived by
buyers worldwide, and increases the relative price of imports, thereby
increasing world demand and domestic demand for domestic production.
Other factors affecting the output gap are the expected output gap (for
consumption smoothing reasons), the lagged output gap, the world demand
gap (y"), which affects demand for domestic exports, the gap in government
demand for business-sector product (g") and the investment gap (inv").

In most economies, the effects of the monetary policy on the output gap is
gradual, which is reflected inter alia by a positive coefficient (usually greater
than 0.5) for the output gap lag.** Here, a coefficient of 0.20 was obtained,
indicating that in our case the effect of monetary policy is more rapid than
elsewhere. The interest rate gap coefficient’ (which is largely a function of

the inter-temporal elasticity of substitution in consumption) is similar in size

3% As an example, Lopez (2003) obtained a coefficient of 0.89 for Columbia, Caputo (2004)
obtained 0.55 for Chile and Leitemo (2006b) obtained 0.47 for the UK.

35 The interest rate in the equation is in annual terms while the other variables are in quarterly
terms. As part of the coefficient, therefore, the interest rate gap is multiplied by 0.25.
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to that in other economies.’® With respect to the coefficient of the real
exchange rate, the variability between different studies is considerable.’” The
coefficients of world trade, the procurement component of domestic public
consumption and investment are mainly a function of the proportions of these
factors in total product.’® Since investment is affected by the interest rate, a
separate equation should be formulated for it. We are planning to address this

matter in the future.

4.c The nominal exchange rate equation
The starting point for the exchange rate equation is the uncovered interest
parity equation (UIP) whereby the exchange rate (e, is a function of the

exp

expected exchange rate in the subsequent period (¢”?,+;) plus the differential
between the interest rate abroad and the interest rate in the domestic market,
adjusted for the domestic currency risk:

4.12) e,=¢€""41+0.25 (i*t —i,+rp)

where i, is the shegel interest rate, i *, is the dollar interest rate, and rp; is the
exchange rate risk premium. (Since the interest rates are in annual terms, the
coefficient of the nominal interest rate differential is 0.25.) This equation is
actually obtained together with equation (4.5), and reflects a first order
condition in the solution of households' optimization problem with respect to

the allocation of households’ savings between domestic and foreign assets.*

36 We obtained a value of 0.45, Leitemo (2006b) obtained a value of 0.28 for the UK and Lopez
(2003) obtained a value of 0.67 for Columbia. Svensson (2000) assessed this value at 0.35.

37 We obtained a coefficient of 0.24 as compared to 0.11 in Leitemo (2006b), 0.016 in Caputo
(2004) and 0.002 in Lopez (2003). Svensson (2000) assessed this value at 0.30.

38 The coefficient of world trade is related to the proportion of exports in output. From domestic
public consumption, we took the procurement component, which represents demand for
business sector product.

% See for example Argov and Elkayam (2006).
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Many studies worldwide find that the extent of this equation’s fit to the
data is low.*” One possible reason for this, that is mentioned in the literature, is
the presence of large variability in the risk premium, which is obviously an
unobservable variable. Another possibility suggested is that the expectations
regarding the future exchange rate are not rational. We will assume that these
expectations are rational with a gradual adaptation®' as follows:

(4.13) e =cuen + (1 —cu) e

We will substitute (4.12) into (4.13) to obtain:
(4.14) e, =cuen + (1 —cu) e

+0.25 [ — i) — (1 = cia) (rr — ier) + (rpe— (1 = cia) 7p11)]

A value of ¢;; = 0.45 was obtained in the estimation, implying that slightly less
than half the public form expectations rationally. (With respect to inflation, we
found that slightly more than half — 0.55 — have rational expectations.) The

results of the equation estimation are detailed in Appendix B.

4.d Monetary policy (a rule for the interest rate)

The objective of monetary policy is to minimize the deviations of inflation
from the target and the deviations of output from its potential. The policy
instrument used for this purpose is the central bank’s interest rate. At every
point in time, shocks occur that cause inflation to deviate from the target and
output to deviate from potential output. Hence, in order to attain the monetary
policy objective, a continues adjustment of the central bank's interest rate, in

response to these shocks, is necessary. Since large and frequent changes in the

0 The exchange rate in a small and open economy is subject to large shocks. This is one of the
reasons that led to a regime of intervention in the foreign exchange market that characterized
many countries in the past.

' See for example Leitemo and Soderstorm (2005b).
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interest rate could undermine financial stability, a secondary objective (or
maybe an additional constraint) of monetary policy is to moderate the changes
in the interest rate.

In principle, it would be desirable to formulate a loss function and by
means of this function and on the basis of the model, to derive the optimal
interest rate rule. At this stage, we chose to formulate an interest rate rule
similar to the one common in many other models.* We assume an (extended)
forward-looking Taylor rule, of the following form:

4.15) =1 —du) {1+ ”ttarget +d, (Eﬂ'ct - ”ttarget) +dy yi} + diag i
g y g

where:
Eﬂ'ct = pcz+3 *pcz-l
dig=0.6 d,=15 d,=0.5

According to this rule, the interest rate (i) is adjusted with respect to three
factors: the differential between inflation expectations for the next four

¢y which is defined in annual

quarters (Ezx“) and the inflation target (=,
terms, the output gap and the level of the interest rate in the previous quarter.
This kind of rule is called a "Forecast-Based Rule" and is an extension of
the original Taylor rule — Taylor (1993). In the original rule, the interest rate is
adjusted with respect to past inflation while here, the interest rate is adjusted
to the inflation expected in the coming year. It transpires that such a rule is
robust to model uncertainty, that is, the rule performs well in different

models.* This is because the inflation expectations derived from the model

*2 The rule below is similar to the one formulated for Israel by Epstein et al. (2006). For the
various characteristics of such kind of rule see Batini and Haldane (1999), Batini et al. (2003),
Levin et al. (2003) and Leitemo (2006b).

# Levin et al. (2003) analyze the characteristics of robust forecast based rules and conclude that
for robustness the rule should: respond to a short horizon forecast (up to one year) of a
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contain all the information relevant to the future development of inflation — on
the assumption, naturally, of rational expectations. This rule is commonly
used also due to the fact that the response to a deviation of inflation
expectations from the target helps in anchoring these expectations, and thereby
enhances the credibility of monetary policy. It should be noted however that
alertness is necessary when using this rule, because cases may arise in which
its use could impair economic stability.**

Since inflation expectations are inter alia a function of the current interest
rate, the above rule is actually an implicit equation that is solved together with
the other equations of the model. For this reason, the equation cannot
explicitly reflect the behavior of the central bank, and constitutes merely an
attempt to simulate its conduct. An interesting question in this respect is the
extent to which the past activity of the Bank of Israel can be characterized by
means of such an equation. When we attempted to estimate this equation with
ex-post inflation figures, as an approximation to expectations, the results
obtained were not good.* This may be due to the difficulty in identifying, in a
relatively small sample, the effect of inflation expectations, that are
presumably embodied in future (ex-post) inflation data. Support for this
possibility can be obtained from the fact that when inflation expectations
derived from capital market data are used as a proxy for expected inflation,
significant estimates are obtained with the correct signs and at orders of
magnitude close to those expected (see Appendix B). However, significant
results are also obtained when instead of expectations, inflation in the previous

four quarters is used. These results raise important and interesting questions

smoothed measure of inflation, and incorporate response to current output gap lagged interest
rate.

* See for example Leitemo (2006b) and Levin et al. (2006).
> The coefficients of both the inflation gap and the output gap were not found to be significant.
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regarding the nature of the inflation expectations derived from different
sources and the pattern of behavior characterizing the conduct of monetary
policy. The answers to these questions are beyond the scope of this study.

The above equation is, as stated, the reaction function with which we chose
to close the model, for the purpose of generating forecasts and examining
alternative scenarios. In order to examine the extent of the model’s fit to the
data (Section 7) however, we used an empirical reaction function. This
function is similar in its characteristics to the previously-mentioned equation,
with one exception: instead of expected inflation in the next four quarters, we
used inflation in the previous four quarters (see Appendix B for details). The
coefficients obtained for this equation are:

dig=0.80 d, =170 d,=036

When we replaced actual inflation by inflation expectations data, that are
derived from the capital market, a slightly lower coefficient for the interest
rate lag is obtained (0.73), together with a slightly higher coefficient for the
inflation gap (2.04) and a lower coefficient for the output gap of 0.12 (see
Appendix B). For the policy rule used for forecasting — that is, equation (4.15)
above — we selected the generally accepted coefficients recommended by
Taylor in the original rule: we selected a coefficient of 1.5 for the inflation
gap, and a coefficient of 0.5 for the output gap. Since the inflation gap
coefficient selected is lower than those obtained from the estimation, we
reduced the extent of the interest rate smoothing and chose an interest rate lag

coefficient of 0.6.
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4.e The complete model
We collect below the model equations with the estimated parameters.

Subsequently, for the sake of convenience, we collect also the list of variables.

The inflation equation:

F.l) 7°=aun' i+ (1 —aw
+(1=w) a, (0.5 y,+0.5 y1) + ay[gq,+ (1w up™]
+w [y depvm + o dep*f, +(l—0;—a) dep*f,_l]

where: depvt = (de, + Ap*f,) —ay (de;; + Ap* 1) — (1 —ay) (e, + Apff,_l)

The output gap equation:

(F2) yi=byayer + (1 =byg) yr1—b,025[0.5 (r,— ") + 0.5 (ry — "1)]
+ by (qi— qir1) + by (V*t _J’*Hl) + biny (invh,— i”Vht+l)
+ b, (g — ')

The exchange rate equation:
(F3) e =cuyer1 +(1—cu) e
+0.25 [(i*t —i)— (1 —cu) (i*t—l — i) + (rpi— (1 = ca) 7p11)]

The nominal interest rate equation
(F4) =1 —dup) (¥ + m/"*" + dp (En,— /") + d, y.} + diug i1

where: En‘,=(a" + 7 + 70 + 713)

The model is closed by means of an identity for the real exchange rate
(F.5), assuming that the equilibrium real exchange rate is fixed, and
definitions for the nominal depreciation (F.6) and the real interest rate (F.7):
(F.5) q=qu +4p”, + de,— 7,

(F.6) de,=e —ey
(F.7) ro=i—4%75,
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Table 4.1: Collection of Model Parameter Values
Eq. (F.1) | a4=0.53 | a,=0.06 | a,,=0.06 wW=045 [ 0,=020 |a,=0.63
Eq. (F.2) | ,,s=0.80 | b,=045 | b,=0.24 | b«=0.22 | by, =0.12 | by=0.22
Eq. (F.3) | cu=0.45
Eq. (F4) | digg=0.6 | d,=15 |d,=05

List of the model's variables

a. The endogenous variables:

n°, — rate of change in the consumer price index.
y: —output gap.
e, —log of the nominal exchange rate.

i; - nominal interest rate (annualized).

b. The identities:

q: — real exchange rate gap.
Ae; — depreciation in the nominal exchange rate.

r, — ex-ante real interest rate (annualized).

c. The exogenous variables:

Ap”, - rate of change in world prices of imported consumer goods.

vy, — world trade gap.

inv", — investment gap.

g", - public consumption gap.

K
Ly

— dollar interest rate (annualized).

rp, — exchange rate risk premium (annualized).
¥  — natural real interest rate (annualized).
n/%" — inflation target (annualized).

up™?, — gap of the ratio between world price of imported inputs and prices

of imported consumer goods.
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5. Model properties - impulse response functions

This chapter describes the impulse response functions for the main
endogenous variables of the model, i.e., the way these variables develop over
time in response to various shocks that the economy may undergo. This is a
conventional way of examining the characteristics of macroeconomic models.
We examine the responses of the inflation rate, the interest rate, output, the
nominal exchange rate, and the real exchange rate (all in terms of deviations
from long-run equilibrium values) to an exogenous shock that affects each of
the following variables: monetary policy (the Bank of Israel interest rate), the
exchange rate, the output gap, the inflation rate, the prices of imported inputs
(e.g., oil prices), and the dollar interest rate (alternatively, the risk premium).*®
In each case, we use long-run equilibrium as our starting point in order to
isolate the effect of the specific shock at issue. At the beginning of the
simulation, the relevant variable is affected by an exogenous shock (of one-
quarter duration only) of a magnitude of 1 percentage point, and we examine
the development of the endogenous variables from this point onward — until
the long-run equilibrium is restored.” The examination is both qualitative
(shape of response) and quantitative (intensity of response and time that lapses
until equilibrium is restored).

The impulse response functions are described in Figures 5.1-5.6. The
tables that correspond to the figures show the response values during the year

following the shock and two years after the shock. The variables in the figures

* Throughout this article, we use the expression “shock to” in the sense of “a shock that
affects....”

47 A shock to one of the endogenous variables in the model (Bank of Israel interest rate, the
exchange rate, inflation, or the output gap) is manifested in the residual of the equation that
corresponds to this variable. The residual acquires the value of 1 percentage point for the period
of the shock only, and maintains the value of 0 for all other periods. When the variable at issue
is exogenous (the dollar interest rate or import price ratio), the shock is manifested in a
deviation of this variable from its equilibrium value during the shock period only.
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and tables are expressed in terms of deviations from their long-run equilibrium
values. Deviations of rates of interest, inflation, and depreciation are expressed
in annualized percentage points. Output gaps, the real exchange rate, and the
ratio of imported input prices to imported consumption prices are expressed in
terms of ordinary percents.

The results described below pertain to shocks of a 1-percentage-point
magnitude.*® Since the model is linear, the responses to an x-percentage-point
shock are simply the products of the responses to a 1-percentage-point shock
multiplied by x. It should be borne in mind, however, that since the linear
model is derived from a log-linear approximation of the equations of the
underlying theoretical model around the steady state, it is valid only in a close
vicinity of the steady state; therefore, it is not designed to describe responses

to large shocks.

Sa. Impulse response functions relating to a 1-percentage-point
shock to the Bank of Israel interest rate

Figure 5.1 and Table 5.1 describe the development of the relevant variables in
response to a l-percentage-point shock to the Bank of Israel interest rate.
Shocks that affect monetary-policy decisions may originate in various random
factors that are not expressed in the interest-rate rule, or in errors in measuring
the variables that influence policy.

As the figures show, the shock induces a hike in the nominal interest rate
(by 0.8 percentage points: the decrease in the output gap and in inflation
expectations mitigates the effect of the original shock). Due to price rigidity in
the short run, the rise in the nominal interest rate generates a rise in the real

interest rate as well. The increase in the Bank of Israel interest rate causes the

8 Another common practice is to study a shock of a magnitude of one (estimated) standard
deviation in each case.
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Figure 5.1: Impulse Response Functions relating to a 1-Percentage-Point Shock
to Bank of Israel Interest Rate
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The variables are expressed in terms of deviations from long-run equilibrium. Rates of inflation, interest
rates, and nominal depreciation — in annualized percentage points. Output gap and real exchange-rate gap —

in terms of ordinary percents.

Table 5.1: Impulse Response Functions relating to a 1-Percentage-Point Shock to
Bank of Israel Interest Rate

Deviation from equilibrium*

Quarter 1 2 3 4 8 Convergence
Nominal interest rate 0.8 0.3 0.1 0.0 0.0 0.0
Inflation in quarter -0.5 -0.2 -0.1 -0.1 0.0 0.0
Inflation in past 4 quarters -0.1 -0.2 -0.2 -0.2 0.0 0.0
Nominal exchange-rate depreciation -1.2 0.3 0.1 0.0 0.0 0.0
Real interest rate 1.0 0.5 0.2 0.1 0.0 0.0
Output gap -0.3 -0.3 -0.2 -0.1 0.0 0.0
Real exchange-rate gap -0.2 -0.1 0.0 0.0 0.0 0.0

* Deviation — in percentage points. Rates of interest, inflation, and nominal depreciation — in annualized
percentage points. Output gap and real exchange-rate gap — in terms of ordinary percents.
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sheqel/dollar exchange rate to decline immediately and non-recurrently (by
1.2 percent in annual terms); this, in turn, manifests itself in real
appreciation. The increase in the real interest rate and the real appreciation
reduce the output gap (by 0.3 percentage points).* The declines of the
exchange rate and the output gap cause the inflation rate to fall (by about 0.5
percent in annual terms).

The existence of inertia in the interest-rate rule (reflecting the motive of
interest smoothing by the central bank) manifests itself in a gradual decrease
in the interest rate (deviation), which remains positive for about a year despite
the negative deviations of inflation and the output gap during that time. As the
figures show, the inflation rate and the output gap gradually converge after
falling due to the aforementioned shock to the interest rate, so that their
deviations remain negative until convergence occurs about a year and a half
after the shock. As for the behavior of the exchange rate, after the appreciation
during the shock period, moderate depreciation occurs starting in the next
quarter, induced by the downward path of the interest rate.”® The interest-rate
shock results in a cumulative loss of 0.2 percent of output in the year after the
shock and a 0.25-percentage-point decline in inflation during that year.

Examining the behavior of inflation and the output gap, we see that the
most vigorous response of inflation and the output gap occurs during the
period of the interest-rate shock. Empirical studies worldwide have found that
inflation and output respond to shocks in a hump-shaped pattern: the strongest

response takes place not immediately but several quarters after the shock.

* Most (more than two-thirds) of the decline in the output gap during the period of the shock
stems from the effect of the output gap in the succeeding period (the effect of expectations).

% In the exchange-rate equation, the exchange rate is a positive function of the interest rate
spread (the difference between the dollar interest rate plus a risk premium and the sheqel
interest rate) and the change in this spread (and also a function of the lagged exchange rate and
the rate expected in the next period). As a result, a declining path of the domestic interest rate
has a pro-depreciation effect.
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Accordingly, attempts to develop models that generate similar responses have
been made (e.g., Christiano, Eichenbaum, and Evans [2005], hereinafter:
CEE).5 ! Notably, however, CEE concern themselves with a closed economy;
in a small and open economy such as Israel’s, where the exchange rate has a
perceptible contributory effect on rapid transmission from the interest rate to
inflation, a large immediate response, at least of the inflation rate, may be
more reasonable. Indeed, the steep immediate decline in the inflation rate,
observable in the upper right-hand figure, traces largely to the immediate
appreciation occasioned by the upturn in the interest rate. We should also note
that the rapid transmission mechanism of monetary policy also stems from the
large coefficients of the expectation variables in the inflation and output gap

equations.

S5b. Impulse response functions relating to a 1 percent (annualized)
shock to the nominal exchange rate

Figure 5.2 and Table 5.2 describe the responses of the variables following a
non-recurrent 1 percent shock to the nominal exchange rate.>

As Figure 5.2 shows, the shock to the exchange rate is reflected in 0.75
percent annualized depreciation. (The immediate response of the interest rate
mitigates the original shock.) The depreciation triggers an immediate 0.25-

percentage-point increase in inflation, thus, one-third of the depreciation

3! To obtain inertia in inflation, it is customary to assume indexation to past inflation; to obtain
inertia in output, one assumes habit in consumption and adjustment costs associated with
changes in the level of investment in capital stock.

32 The discussion here pertains to a shock to the exchange rate of 1 percent in annual terms (an
increase of 0.25 percent in the average quarterly exchange rate). To assess the reasonability of
the intensity of the responses, it is more convenient to refer to a 10 percent annualized
depreciation—close to the standard deviation of the residuals in the estimated exchange-rate
equation. Since the model is linear, one may obtain the responses to a 10 percent shock by
multiplying the responses to a 1 percent shock by 10. For a dollar exchange rate of around 4.5
sheqgels, a 1 percent annualized depreciation reflects an increase of about 0.01 sheqgels in the
average dollar exchange rate per quarter.
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Figure 5.2: Impulse Response Functions relating to a 1 Percent (Annualized)
Shock to the Sheqel/Dollar Exchange Rate
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The variables are expressed in terms of deviations from long-run equilibrium. Rates of inflation, interest
rates, and nominal depreciation — in annualized percentage points. Output gap and real exchange-rate gap —
in terms of ordinary percents.

Table 5.2: Impulse Response Functions relating to a 1 Percent (Annualized)
Shock to the Sheqel/Dollar Exchange Rate

Deviation from equilibrium*

Quarter 1 2 3 4 8 Convergence
Nominal interest rate 0.07 0.07 0.06 0.05 0.01 0.00
Inflation in quarter 0.24 0.09 0.04 0.04 0.00 0.00
Inflation in past 4 quarters 0.06 0.08 0.09 0.10 0.01 0.00
Nominal exchange-rate depreciation 0.75 -0.14 -0.09 -0.05 0.01 0.00
Real interest rate -0.02 0.03 0.02 0.02 0.01 0.00
Output gap 0.02 0.01 0.00 -0.01 -0.01 0.00
Real exchange-rate gap 0.13 0.07 0.04 0.02 0.00 0.00

* Deviation — in percentage points. Rates of interest, inflation, and nominal depreciation — in annualized
percentage points. Output gap and real exchange-rate gap — in terms of ordinary percents.
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passes through to inflation immediately. Monetary policy responds to the
upturn in one-year-ahead inflation expectations by raising the interest rate
(by 0.07 percentage points, i.e., a 0.7-percentage-point increase in response to
a 10 percent annualized depreciation). The response of monetary policy,
reflecting the wish to avoid sharp changes in the interest rate, allows the real
interest rate to decline temporarily (by 0.02 percentage points during the
shock period). In the succeeding quarter, however, the real interest rate rises
and its deviations remain positive until convergence occurs about two years
after the shock. The nominal depreciation is also reflected in real
depreciation, albeit milder than the nominal depreciation (0.5 percent in
annual terms) due to the upturn in inflation. The output gap widens (to 0.02
percent) mainly due to the increase in the real exchange rate.

The deviations of inflation remain positive, i.e., the inflation rate exceeds
the 2 percent target, for about two years. The nominal and real interest rates
also surpass their equilibrium levels for two years after the shock. The positive
deviations of the interest rate lead to appreciation. The combination of
nominal appreciation and positive deviations of the inflation rate cause the real
exchange rate to decline, so that it converges to its equilibrium level five

quarters after the exchange-rate shock.

S5c. Impulse response functions relating to a 1-percentage-point
shock to inflation (per quarter, annualized)

A shock to the inflation rate reflects price increases (or decreases) occasioned
by shocks to firms’ production costs or monopoly power. (The greater the
monopoly power, the higher the price that the producer charges beyond his
(marginal) production costs, i.e., the larger the markup.)

As Figure 5.3 shows, the shock causes the inflation rate to rise by 1.1

percentage points (slightly greater than the original shock, due to the effect of



A Small Macroeconomic Model to Support Inflation Targeting in Israel 45

expectations for inflation in the succeeding quarter). In response to the upturn
in inflation expectations, the nominal interest rate rises (by 0.25 percentage
points). The real short-term interest rate, perversely, declines because the
interest-smoothing motive mitigates the increase in the nominal interest rate,
but it already surpasses equilibrium in the succeeding quarter. The increase in
the nominal interest rate induces appreciation (by 0.25 percent in annual
terms), and the nominal appreciation, coupled with the upturn in inflation,
causes real appreciation (by 0.35 percent, i.e., 1.4 percent in annual terms).
The low real exchange rate and positive deviations of real interest (starting in
the second quarter) induce a negative output gap.

In the aftermath of the inflation shock, the inflation rate remains above-
target for three quarters. However, from one year after the shock until
convergence to the target, the inflation deviations are actually negative due to
the negative deviations of output and the real exchange rate. The nominal
interest rate, which also rose in response to the shock to inflation, also slips
below equilibrium a year later and remains under equilibrium until
convergence occurs about two and a half years after the shock. Negative
deviations of nominal interest (and the decline in the interest rate after its
initial upturn) induce depreciation starting in the second quarter after the
shock. (The entire process results in cumulative depreciation of 0.3 percent.)
Nominal depreciation is needed in order to return the real exchange rate to
equilibrium after the price shock drove it down. The negative deviations of the
inflation rate starting one year after the shock also abet the increase in the real

exchange rate.
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Figure 5.3: Impulse Response Functions relating to a 1-Percentage-Point
(Annualized) Shock to Inflation Rate
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The variables are expressed in terms of deviations from long-run equilibrium. Rates of inflation, interest
rates, and nominal depreciation — in annualized percentage points. Output gap and real exchange-rate gap —
in terms of ordinary percents.

Table 5.3: Impulse Response Functions relating to a 1-Percentage-Point
(Annualized) Shock to Inflation Rate

Deviation from equilibrium*

Quarter 1 2 3 4 8 Convergence
Nominal interest rate 0.2 0.2 0.1 0.0 -0.1 0.0
Inflation in quarter 1.1 0.5 0.2 0.0 -0.1 0.0
Inflation in past 4 quarters 0.3 0.4 0.4 0.4 -0.1 0.0
Nominal exchange-rate depreciation -0.3 0.2 0.4 0.4 0.0 0.0
Real interest rate -0.3 0.0 0.1 0.1 0.0 0.0
Output gap -0.1 -0.1 -0.2 -0.1 0.0 0.0
Real exchange-rate gap -0.3 -0.4 -0.3 -0.2 0.0 0.0

* Deviation — in percentage points. Rates of interest, inflation, and nominal depreciation — in annualized
percentage points. Output gap and real exchange-rate gap — in terms of ordinary percents.
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Figure 5.4: Impulse Response Functions relating to a 1-Percentage-Point Shock

to the Output Gap

03 ———— 015 :
0.25 : : : o

sk 0.1
0415

0.05
005 ,
00— :
-0.05 S S S S U 0,05
T 2 3 4 5 & 7 8 9 .

Quarter

el & ¢ o4 3§ § sk b 0 B 2 8 =

1 2 3 4 5 8 T 8 4@ 1 2 3 4 5 6 7 8§ 9
Quarter Quarter
n° — inflation in quarter i — nominal interest rate
74 — inflation in past four quarters r —real interest rate
Ae —nominal exchange-rate depreciation q — real exchange-rate gap

y — output gap
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rates, and nominal depreciation — in annualized percentage points. Output gap and real exchange-rate gap —
in terms of ordinary percents.

Table 5.4: Impulse Response Functions relating to a 1-Percentage-Point Shock to

the Output Gap
Deviation from equilibrium*
Quarter 1 2 3 4 8 Convergence
Nominal interest rate 0.2 0.2 0.1 0.0 0.0 0.0
Inflation in quarter 0.0 0.1 0.0 0.0 0.0 0.0
Inflation in past 4 quarters 0.0 0.0 0.0 0.0 0.0 0.0
Nominal exchange-rate depreciation -0.5 0.0 0.1 0.1 0.0 0.0
Real interest rate 0.2 0.1 0.1 0.1 0.0 0.0
Output gap 1.1 0.2 0.0 -0.1 0.0 0.0
Real exchange-rate gap -0.1 -0.1 -0.1 -0.1 0.0 0.0

* Deviation — in percentage points. Rates of interest, inflation, and nominal depreciation — in annualized
percentage points. Output gap and real exchange-rate gap — in terms of ordinary percents.
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S5d. Impulse response functions relating to a 1-percentage-point
shock to the output gap

A positive shock to the output gap expresses an increase in demand for output
that may originate in an upturn in public consumption or an exogenous
increase in export or private-consumption demand.”

As Figure 5.4 and Table 5.4 show, the output gap widens by 1.1
percentage points during the shock period. (The rate of increase exceeds the
original shock due to the effect of expectations for the output gap in the
succeeding period.)’* The nominal interest rate rises by 0.25 percentage
points in response to the positive output gap; consequently, the real interest
rate also climbs (by 0.15 percentage points). The upturn in interest causes
appreciation (i.e., the exchange rate falls) of nearly 0.5 percent in annual
terms. The nominal appreciation is manifested in a similar rate of real
appreciation. The deviation of inflation approximates zero during the shock
period due to the contrasting effects of the positive output gap and the
appreciation occasioned by the response of monetary policy.

One may see that output converges rapidly after the shock that it absorbed,
owing to the relatively low coefficient of the lagged output gap in the output
gap equation.” We may recall that a more gradual convergence of the output

gap was found in response to a shock to the interest rate or to inflation.

>3 A conventional way of modeling the latter is by inserting a shock to households’ preferences,
i.e., to their utility function.

> The output gap widens at a rate greater than the original shock due to the effect of
expectations for the output gap in the succeeding period, whereas the output gap in the
succeeding period widens under the influence of the shock during the current period, via the
lagged-gap factor. In other words, the positive effect on the current output gap of both the
lagged output gap and the expected output gap in the next quarter generate a mechanism that
amplifies the original shock to output. This mechanism is also at work in the inflation equation.
Since the sum of the coefficients of the lagged variable and the expected variable is 1, the closer
the coefficients are to .5, the stronger the effect.

%% Examination of the main factors that affect the behavior of the output gap shows that the
significant developments in the gap trace to the direct effect of the exogenous shock, whereas
the effect of monetary policy, via the real interest rate and the real exchange rate, is small. In
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The nominal interest rate remains above equilibrium for about a year (due
to interest smoothing) and slips slightly below equilibrium in the successive
year. The declining path of the interest rate and its subsequent negative
deviations cause the sheqel to depreciate until it converges to a constant
exchange rate approximately two years after the shock to the output gap.

Thus far, we have examined impulse response functions relating to shocks
to the endogenous variables of the model: interest rate, exchange rate,
inflation, and the output gap. Next we ask how the endogenous variables
respond to changes in variables that are exogenous to the model — prices of
imported inputs (e.g., oil prices) and the dollar interest rate (or Israel’s risk

premium).

Se. Impulse response functions relating to a 1 percent shock to
imported-input prices

A 1 percent shock (in quarterly terms) to prices of imported inputs (e.g., oil) is
reflected in the model in a 1-percentage-point shock to the gap in the ratio of
imported-input prices to imported consumption prices (in quarterly terms).”
Here, as in the previous exercises, we assume that the shock is short-lived, so
that the ratio of imported-input prices to imported-consumption prices returns
to its equilibrium level in the succeeding quarter.

The ratio of imported-input prices to imported-consumption prices appears
as a factor in the inflation equation. Thus, the direct effect of the shock is

borne by inflation and the effects on the other variables flow from it. A 1-

other words, the rapid convergence of the output gap is brought on not by an aggressive
monetary policy that seeks to stabilize the output gap but rather by the intrinsic dynamics of the
output gap as a result of the shock.

%% Note that the real exchange-rate gap (which relates to domestic and foreign consumption
prices) does not absorb a shock concurrently. Thus, a shock to the price ratio of imported inputs
and imported consumption reflects a shock to imported-input prices but no shock to imported
consumption prices.
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percentage-point shock (in quarterly terms) to this variable brings on a 0.15-
percentage-point annualized increase in inflation during that quarter. Hence,
the impulse response functions of the various variables are identical to those
obtained for a shock to inflation that raises the inflation rate by 0.15
percentage points in annual terms. (See above: impulse response functions

relating to inflation.)

5.f Impulse response functions relating to a 1-percentage-point
shock to the dollar interest rate (or the risk premium)’’

We now examine the response of the economy to a shock to the dollar interest
rate. Note that when we examined a shock to an endogenous variable in the
model, we assumed that it was non-recurrent and had no inertia. However, the
variable that absorbed the shock developed in subsequent periods as
prescribed by the model; in particular, it did not return to equilibrium
immediately. In contrast, if we assume a non-recurrent shock to the dollar
interest rate — an exogenous variable in the model — we would then assume
that the dollar interest rate already returns to its original value by the next
quarter. Such an assumption does not stand to reason; we know that there is
some inertia in monetary policy;>® therefore, such an exercise does not easily
lend itself to an economic interpretation. Accordingly, we also examine, in
Subsection (b), the case of a shock to the dollar interest rate on the assumption
that the behavior of this interest rate does include some inertia.

The premise of a non-recurrent shock may be more reasonable if we

interpret the event as a shock to the risk premium.” In such an interpretation,

57 The two shocks are equivalent because the dollar interest rate and the risk premium appear in
one form only: the sum of both.

¥ Including US monetary policy.

> In this sense, a shock to the dollar interest rate is not equivalent to a shock to the risk
premium — if we assume that they have different degrees of inertia. Thus far, we assumed no
inertia in the shocks.
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however, we implicitly assume that investors expect the risk premium to
return to its prior level by the next quarter. Accordingly, the effect of such a

shock is relatively minor, as we will see below.

a. Impulse response functions relating to a non-recurrent 1-percentage-
point shock to the dollar interest rate or to the risk premium

An increase in the dollar interest rate or the risk premium directly affects the
shegel/dollar exchange rate and, via it, the other variables. The verbal
description that follows treats this shock as an interest-rate shock.

As Figure 5.5 shows, the non-recurrent shock triggers an abrupt change in
the (nominal) exchange rate: (annualized) depreciation of about 1 percent in
the period of the shock, an appreciation of a similar rate in the succeeding
quarter, and a return to a constant exchange-rate in the quarter afterward.
Thus, the exchange rate rises by 1 percent (annualized) during the period of
shock to the dollar interest rate, due to the sheqel/dollar interest differential
during the quarter, and returns to its original level in the succeeding quarter,
when the interest spread is eliminated.®

The behavior of inflation is mainly a result of the changes in the exchange
rate. Thus, the deviation of inflation is positive during the period of the shock
(0.2 percentage points) and negative in the succeeding quarter. The deviations
in inflation during the past four quarters are minuscule. (In particular, the

inflation deviation during the year after the shock is nil.)

5 The exchange rate is also affected by the expected exchange rate in the next quarter. (See
exchange-rate equation 4.14.) The deviation of the exchange rate in the quarter following the
shock to the dollar interest rate is zero due to the offsetting effects of the lagged dollar interest
rate and the lagged exchange rate. Note that in the exchange-rate equation derived from the
standard UIP condition (assuming purely rational expectations), the lagged components do not
appear and the exchange-rate deviation in the succeeding quarter, when the interest spread has
been closed, is zero.
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Figure 5.5: Impulse Response Functions relating to a 1-Percentage-Point Shock
to Dollar Interest Rate

02 T T T 03 T T
] : | : ] ! r
0.15 SreEt E—t
005} —
0 -
005 — i
1 2 3 4 5 g 7 8 9 i 8 9
Quarter Quarter
02 s 15 — ;
SIS S B g o e R
(00l s 0]
\ 7
g
0 05
_0.05 : . L L L L L k| L L L L L
1 2 3 4 5 g 7 8 9 1 4 g 6 7 8 9
Cluarter Cluarter
n° — inflation in quarter i — nominal interest rate
74 — inflation in past four quarters r — real interest rate
Ae — nominal exchange-rate depreciation q — real exchange-rate gap

y — output gap
The variables are expressed in terms of deviations from long-run equilibrium. Rates of inflation, interest
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in terms of ordinary percents.

Table 5.5: Impulse Response Functions relating to a 1-Percentage-Point Shock to

Dollar Interest Rate
Deviation from equilibrium*
Quarter 1 2 3 4 8 Convergence
Nominal interest rate 0.0 0.0 0.0 0.0 0.0 0.0
Inflation in quarter 0.2 -0.2 0.0 0.0 0.0 0.0
Inflation in past 4 quarters 0.1 0.0 0.0 0.0 0.0 0.0
Nominal exchange-rate depreciation 1.0 -1.0 0.0 0.0 0.0 0.0
Real interest rate 0.2 0.0 0.0 0.0 0.0 0.0
Output gap 0.0 0.0 0.0 0.0 0.0 0.0
Real exchange-rate gap 0.2 0.0 0.0 0.0 0.0 0.0

* Deviation — in percentage points. Rates of interest, inflation, and nominal depreciation — in annualized
percentage points. Output gap and real exchange-rate gap — in terms of ordinary percents.
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Since the temporary shock to the dollar interest rate has a negligible effect
on inflation in the coming year and on the output gap, it has almost no effect
on the Bank of Israel's interest rate.

The increase in the real exchange rate during the shock period and the
upturn in real interest have contrasting effects on the output gap: the gap
widens very slightly during the shock period and falls back to the vicinity of

zero in the succeeding quarter.

b. Impulse response functions relating to a persistent shock to the dollar
interest rate

The source of the acute dynamic of change in the exchange rate, as stated, is
the brief (one-period) duration of the shock to the dollar interest rate. In
reality, of course, the rate behaves with some inertia. Therefore, we also
examined the effect on the economy of a protracted shock to the dollar interest
rate, in which the rate remains 1 percentage point above equilibrium during
four quarters and then gradually returns to equilibrium. The behavior of the
variables in the aftermath of these shocks to the dollar interest rate is shown in
Figure 5.6.

In response to the shocks to the dollar interest rate, the sheqel nominal
interest rate rises gradually (due to the interest-smoothing motive) — by 0.4
percentage points immediately and by another increment in the next two
quarters as well. As the increase in sheqel interest is smaller than the increase
in the dollar interest rate, the sheqel depreciates immediately by 1.7 percent
in annual terms. The exchange rate continues to rise during the coming year as
a result of the protracted interest spread. The nominal depreciation is also
reflected in real depreciation. Due to the higher exchange rate, inflation rises
by 0.7-0.8 percentage points (annualized) in the course of the year following

the shock. Later, inflation rates subside gradually until convergence occurs.
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Figure 5.6: Impulse Response Functions relating to a Persistent Shock to dollar
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The variables are expressed in terms of deviations from long-run equilibrium. Rates of inflation, interest
rates, and nominal depreciation — in annualized percentage points. Output gap and real exchange-rate gap —
in terms of ordinary percents.

Table 5.6: Impulse Response Functions relating to a Persistent Shock to dollar
Interest Rate**

Deviation from equilibrium*

Quarter 1 2 3 4 8 Convergence
Nominal interest rate 0.4 0.7 0.7 0.6 0.1 0.0
Inflation in quarter 0.7 0.8 0.8 0.7 0.0 0.0
Inflation in past 4 quarters 0.2 0.4 0.6 0.7 0.2 0.0
Nominal exchange-rate depreciation 1.7 0.7 0.7 0.6 -0.2 0.0
Real interest rate -0.3 -0.1 0.0 0.2 0.1 0.0
Output gap 0.0 0.0 -0.1 -0.1 -0.1 0.0
Real exchange-rate gap 0.2 0.2 0.2 0.2 0.0 0.0
Dollar interest rate 1.0 1.0 1.0 1.0 0.0 0.0

* Deviation — in percentage points. Rates of interest, inflation, and nominal depreciation — in annualized
percentage points. Output gap and real exchange-rate gap — in terms of ordinary percents.

** A l-percentage-point shock to the dollar interest rate over four quarters and gradual convergence (over
an additional year).
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The slower upturn in nominal interest, than in inflation, is reflected in negative
deviations of the real interest rate in the first two quarters, followed by more
than a year of deviations above equilibrium. Consequently, the output gap

remains negative for about two years.

6. Use of the model for forecasting and simulations

In this section we explain in detail, and demonstrate by example, how the
model may be used to generate forecasts and perform simulations. The
simulations may be helpful in estimating the intensity of inflation pressures
and characterizing their origin. Based on past developments in the economy
and predicted developments in the exogenous variables, the model derives an
interest-rate path that assures the attainment of the inflation target within one
to two years.

Obviously, the model does not offer a precise description of reality;
instead, it provides a simplified presentation of important relationships in the
transmission mechanism of monetary policy. Therefore, the forecasting and
simulations of the model neither express a full analysis of the economy nor
provide an unequivocal prescription for policy management. However, the
model is unique in one sense (relative to other tools or indicators): it refers
directly, transparently, and consistently to the underlying factors that (in our
view) determine inflation. Accordingly, the results of the simulation can be
analyzed. One may ask, for example, why inflation would be expected to rise
or fall, why the interest rate should be raised or lowered, and so on.
Furthermore, a model — unlike other tools — allows us to examine various
scenarios and alternatives. For example, inflation expectations as derived from

the capital markets are an important indicator that the Bank of Israel examines
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before it makes interest decisions.®’ While the interest rate that corresponds to
these expectations may be derived — for example, from the term structure of
Treasury-bill (Makam) yields, one cannot identify the underlying factors that
cause the capital market to entertain these expectations. Furthermore, one
cannot derive inflation expectations assuming an alternative interest-rate path
or a given shock to the economy (e.g., an increase in oil prices). A model such
as ours is unique in that it is able to answer this kind of questions.

The forecast and the simulations are generated in several stages. First, the
latest available data have to be gathered (data updating). Then, the
assumptions that will underlie the simulation must be determined (Phases A
and B below). Next, a baseline scenario is generated on the basis of the
assumptions made in the previous phases (Phase C). Finally, several
alternative scenarios are examined (Phase D).

Below we describe these phases in detail. To illustrate the process, we
interject at each phase, as an example, a simulation that was carried out in the
middle of September 2006 (after the release of the August CPI). The example
is presented in indented italics in order to distinguish it from the main
description of how the forecast is prepared. In this section, as in the previous
one, we express not only the interest-rate figures but also the rates of inflation

and depreciation in annual terms.

Phase A: Updating the data of the endogenous variables

Before we perform the simulation, we need to collect data on the endogenous
and exogenous variables up to the quarter preceding the beginning of the
simulation. These data constitute the initial state of the simulation. One may

understand their role, for example, by observing inflation equation (4.4). One

" One year ahead expectations for inflation, as derived from the capital markets, are calculated
by the difference between the (nominal) yield to maturity of an un-indexed one-year bond
(Makam) and the real yield to maturity of a one-year CPI-indexed bond.
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of the factors in the equation is lagged inflation (z“.;). Thus, the inflation rate
at the initial state affects the derived inflation rate in the first quarter of the
simulation.

At the beginning of this phase, we need to determine the quarter in which
the simulation will begin. The choice is not trivial because at the time the
forecast is produced, some of the data are known in real time (e.g., nominal
exchange rate and interest rates) while other statistics are published at a lag of
several months. (GDP data, for example, are released at a two-month lag.) For
the most part, we begin the simulation in the following quarter. Therefore,
when updating the data (for both endogenous and exogenous variables), we
have to make some assumptions that will allow us to “close” the quarter

preceding the beginning of the simulation.®®

In the example that follows, the simulation was performed in the middle of
September 2006. Since the interest rate for the entire third quarter was already

known, we chose to begin the simulation in the fourth quarter.

In what follows we describe the sources of data for the four endogenous
variables of the model:

Inflation (z°) is the quarterly percent change in the Consumer Price Index
(annualized). Adjustment for seasonality is made on the basis of seasonal
factors that are estimated in the inflation equation. The CPI is reported at a
two-week lag. To close the quarter preceding the beginning of the simulation,

we must fill in up to two CPIs that were not published. We do this by availing

82 For example, if at the end of September 2006 we wish to perform a simulation starting from
the fourth quarter of 2006, we must make an assumption about the September CPI (which is not
published until October 15) — in order to determine the rate of inflation in the third quarter,
which is a part of the initial state for the simulation.
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ourselves of professional forecasters’ outlooks and a monthly model

developed by the Bank of Israel's Monetary Department.®

In the example, we assumed that the September CPI (not published at the time
that the forecast was performed) declined by 0.2 percent. The assumption was
based on the aforementioned Monetary Department monthly model. Following
this assumption, we found that inflation in the third quarter (annualized,

seasonally adjusted) was 1.1 percent.

Nominal sheqel/dollar exchange rate (e, from which the (annualized)
nominal rate of depreciation is also derived. We assume that there is no
seasonality in the evolution of the exchange rate. The rate is reported in real
time. To close a quarter, we need to make an assumption about the behavior of
the rate up to one or one-half months ahead. For the most part, we assume that

it will remain at the average level that it had established in recent weeks.

In the example, we assumed an average dollar exchange rate in the second
half of September 2006 of 4.39 sheqgels. (In the first half of September, it
fluctuated in the 4.36—4.40 sheqgels range.) Accordingly, we found that
appreciation continued in the third quarter of 2006 much as it had in the second
quarter (9.6 percent in the third quarter as against 13.2 percent in the second
quarter, both in annual terms). These appreciations explain the relatively low

inflation rate in the third quarter of 2006.

The output gap (y,) is based on domestic gross product of the business
sector in constant prices. Initial output data are reported at a two-month lag.

Accordingly, the closing of a quarter for the initial state is based on the Bank

% See Ilek (2007).
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of Israel’s growth outlooks. We calculate the gap using the HP filter® as
follows:

v, =[log(¥,) - HP(log(¥,))]*100

where Y, is business-sector output in constant prices.

To surmount the end-of-sample problem of the HP filter, we extend the
output series, prior to applying the HP filter, on the basis of real development
outlooks by the Bank of Israel's Research Department and judgment
assumptions. By so doing, we dampen the effect of the latest output data on

the output gap estimate at the initial state of the simulation.

In the example: By September, National Accounts data had been released for
the first half of 2006 only. We “extended” the output series on the assumption
that business-sector product would grow by 4.5 percent during the entire year
and by 4.0 percent in subsequent years. By using the HP filter, we found that the
output gap in the third quarter of 2006 was —0.3 percent.”’

Nominal interest rate (i) — We use the Bank of Israel’s (effective)
nominal interest rate, which is known in real time. Occasionally, in order to
close a quarter before the simulation begins, we need to make a judgmental

assumption about the interest rate for the next month.

The nominal interest rate, as stated, was known for the entire third quarter of

2006 and rested on average at 5.4 percent.

5 Hodrick-Prescott filter.
% Meaning that business-sector product in this quarter was 0.3 percent below its potential level.
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Phase B: Updating the data on the exogenous variables and
establishing their future paths

As with the endogenous variables, we need to gather data about the exogenous
variables up to the beginning of the simulation. In addition, we must make
assumptions about their paths throughout the simulation period. Thus, each
forecast actually hinges on specific paths of development of the exogenous
variables.

Below we describe the sources of data for the ten exogenous variables in
the model and explain how we determine their path:

Change in the world price of imported consumption goods (4p?) is
based on the change in the price index of imported consumption goods (in
dollar terms), published by the Central Bureau of Statistics as part of Israel’s
foreign-trade statistics. Since the data are released at an average lag of five
months (!), we already have to base ourselves on assumptions (as opposed to
published data) in determining the initial state of the simulation. To
accomplish this, we use auxiliary equations that help us to predict the index
change in view of data reported on a current basis, including the behavior of
global foreign exchange rates (dollar/euro and dollar/yen).

Future trading in forex abroad allows us to derive the foreign markets’
expectations of developments in cross-currency exchange rates. With the help
of these expectations and the auxiliary equation, we produce a forecast for
several quarters ahead of the change in the world price of imported
consumption goods. Farther on, we assume that the rate of change in import
prices will converge toward the long-term inflation rate abroad (which we

estimate at 2.0 percent).

The most recent import prices reported pertain to the first quarter of 2006.
The auxiliary equation shows that due to dollar depreciation against many

currencies in the second quarter of 2006, the prices of many goods increased in
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dollar terms. (Prices of imported goods are usually denominated in the currency
of the country from which they are imported. When the dollar depreciates
against these currencies, the dollar price of the goods rises.) Therefore, we
assumed that the index of imported consumption-goods prices rose at a rather
hefty 6.0 percent (annualized) rate in the second quarter of 2006. We used the
auxiliary equation to derive the expected change in the index up to the second
quarter of 2007. From the third quarter of 2007, we assumed an annual rate of

change of 2 percent per quarter.

Gap (deviation from trend) of the relative price of imported inputs for
domestic production (up¥) — First we calculate the ratio of the weighted
average of the index of imported inputs and investment goods prices to the
index of imported consumption goods prices (obtained from the Central
Bureau of Statistics foreign-trade statistics). We use the HP filter to derive the
gap, as we did for the output gap, as described above.

The problem of lag in the release of foreign-trade data also exists in regard
to this variable. Therefore, as with the prices of imported consumption goods,
we use auxiliary equations to predict the change in the index of import prices
of inputs and investment goods. These equations make use, in addition to
global exchange rates, of prices of commodities that are reported on a current
basis, especially oil, and that are traded in future contracts.

We use the auxiliary equations mainly to estimate the value of the variable
at issue at the initial state of the forecast, and to estimate how it will develop
to a range of several quarters ahead. After several quarters, we use judgment

to determine the pace of the narrowing of the gap.

In the example, prices of imported inputs were published up to the first
quarter of 2006. In the second quarter of 2006, oil prices rose by a steep 60

percent (annualized). Furthermore, dollar depreciation against other world
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currencies during that quarter caused the dollar price of imported goods to rise.

Accordingly, we used the auxiliary equation to determine that input prices

climbed by 12.6 percent (annualized) in the second quarter of 2006. We

performed a similar analysis for the remaining quarters up to the middle of

2007. By using the HP filter and the aforementioned assumptions, we calculated
the gap in the relative price of imported inputs (relative to the prices of imported
consumption goods) at 2.7 percent in the third quarter. Applying judgment, we
assumed that this gap would contract in the fourth quarter to 1.4 percent (it
being found that the foreign financial markets expected oil prices to decline) and
would fall to zero in the first quarter of 2007. Thus, we assumed that the high
level of input prices still implies some built-in pressure on domestic prices.
Examining this, we found that this pressure contributed 0.2 percent to inflation

in the first four quarters of the forecast.

The world trade gap (y) is based on real import data for the

industrialized countries, published by the IMF (the IFS database). The gap is

derived by the use of the HP filter, much as the output gap is derived.

The world trade data are reported at an average lag of half a year! To

establish the initial state of the simulation and estimate the future path of the

gap, we avail ourselves of auxiliary equations, the IMF outlooks, and

estimates based on judgment.

In the example, world trade data were known up to the first quarter of 2006.

According to the IMF outlooks and our auxiliary equations, global trade was

expected to grow in 2006 at a healthy 5.6—6.4 percent pace. Thus, we derived a

positive world trade gap of 0.4 percent at the initial state. We expected the gap

to widen to 0.9 percent in early 2007 and then to converge slowly toward zero.

Dollar interest rate (i) — We use the one-month LIBID dollar interest

rate, which is reported on a current basis. We derive the expected path of the
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dollar interest rate from the yield curve of US Treasury bonds. After four to
eight quarters, we apply judgment to converge the interest rate to its long-term
value (estimated today at 4.5 percent: a natural interest rate of 2.5 percent plus

2.0 percent long-term inflation).

The average dollar interest rate in the third quarter of 2006 was 5.2 percent.
Trading in foreign capital markets showed that the rate was expected to begin
declining gradually in the first quarter of 2007 and to settle at 4.7 percent in the
middle of 2008. Farther on, we assumed convergence to 4.5 percent — its long-

term level.

The natural real interest rate (") — To approximate the natural real
interest rate for the estimation of the parameters of the model, we used the
forward real yield derived from five- to ten-year Galil indexed bonds.
However, since there are empirical reasons to assume that the natural interest
rate has been lower in recent years, we apply judgment in assuming the initial

conditions and the future path of the natural interest rate.

In the example, we assumed a natural interest rate of 3.0 percent throughout

the simulation period.

Exchange-rate risk premium (rp)) — To estimate the exchange-rate
equation, we assume a constant risk premium. Estimating the equation for the
period 1997-2005 yields an estimate of a 5.8 percent risk premium. When we
shorten the estimation period to 1999-2005, the risk-premium estimate
decreases to 3.6 percent. There is empirical reason to assume that in the last
few years it has been even lower; hence we apply judgment in assuming the

initial conditions and future path of the risk premium.
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In the example, we assumed an exchange-rate risk premium of 0.5 percent
throughout the simulation. Support for this assumption may be found in Hecht
and Pompushko (2006), whose calculations set the risk premium at 0.5-1.0

percent since April 2006.

Inflation target (z,"*"') — Since 2003, the midpoint of the inflation-target

range has been 2.0 percent.

The long-term rates of dollar interest and real natural interest, the risk
premium, and the inflation target determine the long-term rates of inflation,
nominal interest, and exchange-rate depreciation. To make sure that the model
will converge, we must assume that in the long run the dollar interest rate plus
the risk premium will equal the domestic natural real interest rate plus the
inflation target: i* + rp = " + 7%,

This assumption expresses the theoretical principle that in the long run,

absent inflation differentials, the nominal interest spread will reflect the risk

premium.

The investment gap (inv")) is based on the gross investment component of
the National Accounts data. We obtain the initial conditions of the investment
gap by using the HP filter, similarly to the output gap. The future path of the
investment gap is determined by judgment, assisted by the Bank of Israel

Research Department’s short-term forecasts of real economic developments.

In the example, by using the HP filter we found that the gap was (-8.5)
percent at the initial state. Since the estimate of this gap is unstable, we assumed

that it would be 0 from the beginning of the simulation.
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Public-consumption gap (g") — Since it is business-sector product that we
are interested in, we base ourselves on the domestic-procurements component
of public consumption in the National Accounts data. The initial conditions
for the public-consumption gap, like the output gap, are derived by means of
the HP filter. The future path of the public-consumption gap is determined by
judgment, assisted by the Bank of Israel's Research Department’s short-term

forecasts of real economic developments.

In the example, the HP filter shows that the gap was 1.6 percent at the initial
state (third quarter of 2006). We assumed that the gap would remain slightly
positive in the first quarters of the simulation because of government
expenditure for post-war rehabilitation of northern Israel. From the second

quarter of 2007, it will zero out.

The equilibrium real exchange rate, like the output gap, is derived by
means of the HP filter. The equilibrium real exchange rate® is needed in order
to determine the real exchange-rate gap at the initial state. In generating the
forecast, we assume that the equilibrium real exchange rate would remain

constant throughout the simulation period.

In the example, the real exchange rate fell due to the nominal appreciation of
the sheqel against the dollar. By using the HP filter, we found that the real
exchange-rate gap in the third quarter of 2006 was (-2.4) percent, i.e., the rate

was below its trend.

5 The real exchange rate in the model (e, + p”, — p°,) is based on the index of prices of imported
consumption goods, the nominal sheqel/dollar exchange rate, and the Consumer Price Index.
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Phase C: Generating the forecast

After filling in the data for the initial state (for the quarters preceding the
beginning of the simulation), and assuming the future paths of the exogenous
variables, we may draw up a forecast. This forecast, called the “baseline
scenario,” is based on the most plausible assumptions about the future
behavior of the exogenous variables.

The model contains several forward-looking variables (expectations). For
example, in the exchange-rate equation (4.14), the rate in the current quarter is
explained (among other things) by the rate that is expected in the next quarter.
Theoretically, one may apply several approaches in dealing with these
variables when performing simulations. One possibility is to assume that
expectations are adaptive, i.e., that the expected exchange rate is equal to the
past rate. Another possibility is to formulate an equation that describes how
the expectations are formed, i.e., to explain the development of the
expectations by means of other variables in the model. We chose the rational-
expectations approach, which posits that the future exchange rate will equal
the expected rate plus a random error. If one assumes zero error (no new
shocks), the model will resolve by adding a condition — that the expected rate
for the next period will be identical to the rate derived by the model for the
next quarter. (The literature refers to this assumption as “model-consistent
expectations.”) Here another difficulty emerges: one of the exogenous
variables that affect the exchange rate in a given quarter is the dollar interest
rate in that quarter. Therefore, the dollar interest rate that prevails in the next
quarter will affect the exchange rate in the next quarter. To derive (rational)
expectations about the exchange rate in the next quarter, one must assume the
current level of expectations about the dollar interest rate in the next quarter.
The same pertains to the remaining exogenous variables. In producing the

forecast, we assume that the expectations about the behavior of the exogenous
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variables are consistent with the paths that we described in the previous sub-
section — i.e., that the future development of the exogenous variables, in
accordance with the foregoing assumptions, is foreknown and manifested in
the creation of (rational) expectations about the endogenous variables.

When we generate the baseline scenario, we focus on the forecasted path of
the endogenous variables: the nominal interest rate, inflation, the exchange
rate, and the output gap. Since the model is closed by means of an interest rule
that assures convergence of inflation toward the target, the most important
variable in the forecast is the derived path of the nominal interest rate. To
demonstrate this point, let us assume that inflationary pressures exist. An
interest rate hike that we derive from the model may leave the derived
inflation rate close to the target. If we inspect the derived inflation only, we
may get the misleading impression that there are no inflation pressures.
Examining the derived path of the interest rate, however, will reveal the
existence of inflation pressures that are being restrained by the rising interest-
rate path.

After examining the numerical results of the simulation, particularly the
paths of the interest rate and inflation, we analyze the major factors underlying
the simulation results. Underlying factors may lie at the initial state of the

variables or along the future paths of the exogenous variables.

Table 6.1 describes the actual development of the relevant variables and their
paths as derived from the illustrative simulation. The table reports inflation,
depreciation, and interest rates in annual terms and gaps in terms of (regular)
percents.

The results of the simulation show that the interest rate will edge downward
to 5.2 percent in the fourth quarter of 2006 and to 5.0 percent in the first quarter
of 2007, that inflation in the next four quarters will be 2.2 percent, and that the

shegel/dollar exchange rate will climb gradually to 4.50 shegels one year ahead.
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Table 6.1: Assumptions and Derived Paths of Main Variables in the Baseline
Scenario
(Shaded cells are actual data)

Inflation in Inflation Nominal Shegel / Real Import price-  Business Ex-ante Bol Dollar
quarter, . dollar S real . .
in past 4 exchange rate exchnage ratio (inputs / sector . interest  interest
seasonaly . exchange . interest
adiusted quarters  depreciation rate rate gap  consumption) output gap rate rate rate
T 4 Ae e q up ¥y r i i*
2005:4 3.4 2.6 10.4 4.65 1.5 2.1 2.2 4.1 4.1
2006:1 1.9 32 1.8 4.67 1.7 2.8 3.9 4.7 44
2006:2 23 3.6 -13.2 451 0.0 2.7 4.1 52 5.0
2006:3 1.1 22 -9.6 4.40 2.4 2.7 -0.3 3.7 54 52
2006:4 2.7 2.0 2.8 4.43 -2.0 1.4 -0.4 2.9 5.2 5.3
2007:1 25 22 2.6 4.45 -1.6 0.9 -0.2 33 5.0 52
2007:2 1.8 2.1 22 4.48 -1.2 0.8 -0.2 32 4.7 5.1
2007:3 1.7 22 1.7 4.50 -0.7 0.4 0.0 3.1 4.6 5.0
2007:4 1.6 1.9 1.1 4.51 -0.3 0.2 0.1 3.0 4.6 4.9
2008:1 1.7 1.7 0.6 4.52 -0.1 0.0 0.1 3.0 4.6 48
2008:2 1.7 1.7 0.2 4.52 0.0 0.0 0.1 2.9 4.7 4.7
2008:3 1.8 1.7 0.0 4.52 0.0 0.0 0.1 2.9 4.7 4.6
2008:4 1.9 1.8 -0.1 4.52 0.0 0.0 0.1 2.9 4.8 4.5

At first glance, since inflation is close to the midpoint of the target range and

the interest rate is gradually returning to equilibrium (5.0 percent), one may

infer that there are no expansionary or contractionary pressures — but this is not

so. Analysis of the simulation reveals that opposing forces are at work. On the

one hand, there was nominal and real appreciation in the second and third

quarters of 2006, the resulting negative real exchange-rate gap at the initial

state is the main factor of restraint in the model — the factor from which the

decline in the nominal interest rate is derived. On the other hand, several

expansionary factors keep inflation from falling under the midpoint of the target

range:

a. It is true, under the assumptions of the baseline scenario, that the dollar

interest rate is no longer rising (after two years of steady increase) but it

remains over its long-term plateau during most of the simulation as it

converges to its equilibrium level slowly. Since the simulation derives a

decrease in the domestic nominal interest rate, the shegel is expected to

depreciate moderately, contributing to an upturn in inflation.

As we noted in our presentation of the assumptions about imported-input

prices, these prices still imply moderate upward pressure on domestic prices.
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c. At the initial state (third quarter of 2006), the inflation rate was 1.1 percent.
With the help of Equation 4.1 (the CPI identity) and Equation 4.3 (inflation
of import prices), one may separate the CPI inflation into its two
components: domestic inflation (n") and imported inflation (). This shows
us that while imported inflation was strongly negative (6.7 percent) due to
the exchange-rate appreciation that occurred, domestic inflation was high
(7.4 percent). As Equation 4.2 (the domestic-inflation equation) shows,
lagged domestic inflation affects present domestic inflation. Therefore, the
high domestic inflation rate obtained in the third quarter of 2006 is an
expansionary factor in the determination of inflation from the fourth quarter

onward.

Phase D: Examining alternative scenarios
The main power of models lies not in producing forecasts but in the possibility
of using them to examine the implications of possible exogenous
developments on the economy (i.e., on the endogenous variables). Therefore,
it is important to present several alternatives to the baseline scenario that
reflect the degree of uncertainty (or risk) with respect to its realization.
Alternatives may pertain to the future path of exogenous variables (e.g., a
different path of the dollar interest rate) or to shocks to endogenous variables

(e.g., a shock that brings on exchange-rate depreciation).

To illustrate this, let us examine two alternatives to the foregoing baseline
scenario.

In Alternative A, we assume that the dollar interest rate will continue rising
in 2007 until it hits 5.75 percent. Thus, this alternative pertains to the future
path of an exogenous variable. The remaining assumptions and the initial state
are identical to the baseline scenario. Table 6.2 shows the results of the

simulation.
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In this alternative, due to the higher path of the dollar interest rate, no
interest rate decrease is derived until the second quarter of 2007, the exchange-
rate depreciation is stronger, and inflation is higher (2.7 percent in the next four
quarters, compared with 2.2 percent in the baseline scenario).

This scenario shows that a continued increase in the dollar interest rate will
delay the reduction in the Bank of Israel rate and contribute to an upturn in

inflation.

Table 6.2: Assumptions and Derived Paths of Main Variables in Alternative A
(Shaded cells are actual data)

Inflation in Inflation ~ Nominal Shegel / Real Import price- Business Ex-ante Bol Dollar
quarter, . dollar S real . .
inpast4 exchange rate exchnage ratio (inputs/  sector interest  interest
seasonaly - exchange . interest
adjusted quarters ~ depreciation rate rate gap ~ consumption) output gap rate rate rate
T 4 Ae e q up -~ y r i i*
2005:4 34 2.6 10.4 4.65 1.5 2.1 2.2 4.1 4.1
2006:1 1.9 32 1.8 4.67 1.7 2.8 39 4.7 44
2006:2 23 3.6 -13.2 451 0.0 2.7 4.1 52 5.0
2006:3 1.1 22 -9.6 4.40 2.4 2.7 -0.3 3.7 54 5.2
2006:4 3.1 2.1 3.4 4.43 -2.0 1.4 -0.4 2.6 5.5 5.5
2007:1 3.0 24 34 4.47 -1.5 0.9 -0.3 32 5.5 5.8
2007:2 24 24 29 4.50 -1.1 0.8 -0.3 32 53 5.8
2007:3 22 2.7 22 4.53 -0.6 0.4 -0.1 32 5.1 5.8
2007:4 2.0 2.4 1.3 4.54 -0.2 0.2 0.0 3.1 5.0 5.5
2008:1 2.0 22 0.8 4.55 0.0 0.0 0.1 3.1 5.0 53
2008:2 2.0 2.1 0.4 4.55 0.1 0.0 0.1 3.1 4.9 5.1
2008:3 2.0 2.0 0.0 4.55 0.1 0.0 0.0 3.1 4.9 4.9
2008:4 1.9 2.0 -0.2 4.55 0.1 0.0 0.0 3.0 4.9 4.7

In Alternative B, we examined the implications of an exogenous shock to the
nominal exchange rate. Let us assume that an exogenous shock in the fourth
quarter lowers the sheqel/dollar exchange rate to 4.30 shegels (8.4 percent
appreciation in annual terms). In this alternative, we examine an implication of
a shock to an endogenous variable. Table 6.3 presents the results of the
simulation.

The nominal appreciation lowers import prices in the Consumer Price Index
and widens (in absolute terms) the negative real exchange-rate gap. The table
shows that this appreciation may drive inflation below the lower bound of the

target range and may bring the interest rate down to as low as 3.9 percent in the

middle of 2007.



A Small Macroeconomic Model to Support Inflation Targeting in Israel 71

Table 6.3: Assumptions and Derived Paths of Main Variables in Alternative B
(Shaded cells are actual data)

Inflation in Inflation Nominal Shegel / Real Import price-  Business Ex-ante Bol Dollar
quarter, . dollar S real . .
inpast4 exchange rate exchnage ratio (inputs / sector . interest  interest
seasonaly . exchange . interest
adjusted quarters  depreciation rate rate gap  consumption) output gap rate rate rate
T 4 Ae e q up - y r i i*
2005:4 3.4 2.6 10.4 4.65 1.5 2.1 2.2 4.1 4.1
2006:1 1.9 32 1.8 4.67 1.7 2.8 3.9 4.7 4.4
2006:2 2.3 3.6 -13.2 451 0.0 2.7 4.1 5.2 5.0
2006:3 1.1 22 -9.6 4.40 -2.4 2.7 -0.3 3.7 54 52
2006:4 -0.8 1.1 -8.4 4.30 -3.9 1.4 -0.7 3.2 4.3 5.3
2007:1 1.2 1.0 4.7 435 2.7 0.9 -0.4 2.8 4.0 52
2007:2 1.2 0.7 35 439 -1.8 0.8 -0.2 29 3.9 5.1
2007:3 1.1 0.7 24 4.41 -0.9 0.4 0.1 2.8 3.9 5.0
2007:4 1.2 1.2 1.5 4.43 -0.4 0.2 0.3 2.7 4.1 4.9
2008:1 1.4 1.2 0.7 4.44 -0.1 0.0 0.3 2.7 43 4.8
2008:2 1.6 1.3 0.2 4.44 0.1 0.0 0.3 2.8 4.5 4.7
2008:3 1.8 1.5 -0.1 4.44 0.1 0.0 0.2 2.8 4.6 4.6
2008:4 1.9 1.7 -0.2 4.44 0.1 0.0 0.1 2.9 4.7 4.5

A clarification is needed about the intensity of the response of the variables in
this alternative. The shock that we assumed is a nominal one, i.e., it lacks the
capacity to change the real exchange rate over time. In the long run, then, the
entire appreciation should be passed through to the Consumer Price Index.
(Note that the interest rate cut leads to depreciation starting in 2007 and, by so

doing, holds back a little of the pressure for a decrease in inflation.)

7. Testing the model's "goodness-of-fit"

The previous section described the primary use of the model as a tool in the
conduct of monetary policy. This involves simulating a baseline scenario, for
the forecast of the endogenous variables and simulations of alternative
scenarios in order to assess the relevant risks. In this section, we will carry out
two tests of the model’s goodness-of-fit, in order to identify weak points, that
need to be improved and taken into account when using the model. The first
test involves an in-sample dynamic simulation of the model, which tests it's

ability to reproduce the evolution of the endogenous variables (the inflation,
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exchange rate depreciation, the output gap and the interest rate) given the ex-
post evolution of the exogenous variables. The second test compares the
moments derived from Monte Carlo simulations of the model (hereinafter MC
simulations)®’ to those appearing in the data. The simulations in both tests
relate to the sample period beginning in the first quarter of 1999 (following
the stabilization of inflation).

Before presenting the methodology and findings for the two tests, three
modifications of the model, which are required in order to carry out the tests,
will be discussed: the handling of the exogenous variables, the employment of

an empirical interest rate rule and assumptions regarding convergence.

Specifying a law of motion for the exogenous variables

Both tests require the solution of a rational expectations model. That is, the
model must be transformed from its structural form (as presented in Section 4)
to its reduced form, in which each variable is dependent only on state
variables, i.e. lagged variables and contemporaneous shocks. With regard to
the exogenous variables, it is assumed that their future paths are unknown
(which is in fact the case) since otherwise their future values would affect the
solution of the model in the present. This assumption requires an attempt to
partition each exogenous variable into its expected and unexpected
components. In order to do this, an assumption will be made regarding the
process generating the exogenous variables, including their shocks. We
assume an autoregressive process, which makes it possible to calculate
expectations conditional on the information available up until the point in time

at which the expectations are formed.

57 Monte Carlo simulations is a method of simulating the behavior of systems with stochastic
variables. Random values for the stochastic variables are drawn by the computer from a
distribution defined by the user.
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The general form of a (linear) structural model with rational expectations is

as follows:

F
(7.1) Y,=E,Y H,*Y, +U,

t+i
i=—L

where Y, is a vector of the n model variables (endogenous, exogenous and
identities), U, is a vector of structural shocks, H; are matrices of order n x n
and £, is the mathematical expectation operator conditional on the information
set at period . As indicated by Equation (7.1), each of the variables can be
influenced both by the lags and by the expectations regarding future values of
all the variables in the system (where L is the longest lag and F is the longest
lead).

In the reduced form of the model, all the variables at time ¢ (Y,) are
functions of the lags in Y, and the shocks (U,):
(72) Y = ZL:A,. *Y,  +BU,

i=1

In order to obtain the reduced form, A; and B must be identified so that the
model represented by (7.2) be made equivalent to the one represented by (7.1).
The methodology, for transforming a (linear) structural model with rational
expectations into a reduced form representation, is described in Blanchard and
Kahn (1980).

In order to solve the model, it must be augmented by specifications for the
dynamic processes of the exogenous variables. (Note that the vector of
variables Y, includes all the system’s variables, including the exogenous ones.)

As already mentioned, an autoregressive equation is estimated for each
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exogenous variable using OLS for the period 1994-2005. Following are the
results:*®

The gap (deviation from trend) of the ratio between the world price of
imported inputs and the price of imported consumption goods (foreign

trade data):
(7.3) up; =077-up, +027-(upy, —up;’, )+
R*=0.73 S.E.=1.54 D.W.=2.09 Sample:94ql-05q4

As an approximation to the natural real interest rate's dynamics (though
not to its level!) an equation was estimated for the law of motion of the

implied 5 to 10 year forward yield to maturity of CPI-indexed "Galil" bonds:

(74) 1 =0781" + (1-0.78)- 45+,

R’ =0.64 S.E.=036 D.W.=191 Sample:94ql-05q4

In order to specify the law of motion for the dollar interest rate, the

following equation was estimated for the short-term dollar LIBID interest rate:

(0.85)  (0.03)

(715) i =(1-095) 43+095.i], +0.74 (i, =i, )+e

R*=097 S.E.=032 D.W.=2.17 Sample:94ql-05q4

The following equation was estimated for the exchange rate's risk
premium (the risk premium in this estimation was calculated according to the
method proposed by Hecht and Pomposhko, 2006):

— . _ . p
(7.6) mp, = g%ﬁ% rp,, +(1-081) %1§+ e,

R’*=0.67 S.E.=058 D.W.=1.65 Sample:94q3-05q4

% In this section, interest rates, inflation and depreciation rates are expressed in annual terms.
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The world trade gap (imports of the industrialized nations, IFS data):
(17) =075y, +038 (7, -y, )+e

(0.08) (0.14)

R*=0.72 S.E.=1.58 D.W.=2.18 Sample:94q2-05q4

The investment gap:
(7.8) inv' = (()0124? inv!' | +e"

t

R*=0.06 S.E.=9.08 D.W.=198 Sample:94q2-05q4

The gap in the domestic-procurement component of public

consumption:
h _ . h . h g
(79) gt - (()0%2:); gt—l +(()0%:); gt—z +gt

R*=0.18 S.E.=2.87 D.W.=2.32 Sample:94q2-05q4

The system includes two additional exogenous equations which were not
estimated: the annualized quarterly change in the dollar price of imported
consumption goods and the inflation target.”” Equations (7.10) and (7.11)

were specified for these two variables, respectively:
(7.10) dp? =2+

(7.11) 7/ =085 7 +(1-085) 2 +¢

Finally, the identity of the real exchange rate gap (F.5) was augmented,

in order to include shocks to the equilibrium level of the real exchange rate:

(71.12) q, =q,, +025dp! + de, —x°)—&!

t

% The equation for the inflation target is only relevant for the within-sample dynamic
simulation. It reflects the fact that in 1999 the mid-point of the inflation target range was 4.0%
and was reduced gradually to 2.0% by 2003. In the comparison of the moments obtained from
the MC simulations, we assume a constant inflation target.
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Employing an estimated interest rate rule:

In routine implementation of the model, we employ a forecast-based interest
rate rule according to the rationale described in Section 4.d. As mentioned
there, the attempt to estimate such a rule was unsuccessful. Since our goal is to
test the model’s goodness-of-fit as an integrated system, we should employ the
rule which the Central Bank actually used, rather than a desirable one. The
tests, that are described below, were carried out using the following estimated
rule:

(713) i =02-{" + 7 +17- (x4, — 2 )+ 04-05-(y, + y,, )}
+(1-02)-i , +é

where 74, is the average rate of inflation during the previous four quarters.
Unlike the interest rate rule employed in routine implementation of the model
— which responds to expected inflation — here the interest rate responds to ex-
post inflation. (For additional details, including a description of the
estimation, see Section 4.d in the body of the paper and Section 4 in Appendix

2)

Additional assumptions required for the convergence of the simulation:
The estimated equations (7.3) — (7.9) were adjusted so that the exogenous
variables would converge to the following long-run values:

The rate of change in import prices converges to 2.0 percent.
The natural interest rate converges to 3.0 percent.

The dollar interest rate converges to 4.5 percent.

The inflation target converges to 2.0 percent.

The risk premium converges to 0.5 percent.

The addition of the equations for the exogenous variables, to those for the
model’s endogenous variables and identities, enables us to solve for the

rational expectations or, in other words, to transform the model from a
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structural representation (as represented by Equation 7.1) into a system of
functions of state variable (as represented by Equation 7.2).
Having discussed the augmentations common to both tests, we now present

the methodology and findings for each of the tests individually.

7.a. In-sample dynamic simulation

This section presents a comparison between the paths of the endogenous
variables derived from a dynamic simulation of the model and their in sample
realizations. The goal is to test the ability of the model to replicate the paths of
the endogenous variables, given the dynamic processes and the shocks that

characterized the evolution of the exogenous variables.

Methodology

In order to simulate a model that contains rational expectations, the exogenous
variables must be decomposed into their expected component (which affects
the system before it occurs) and their unexpected component (which affects
the system only after its realization). In order to do so, the dynamic processes
of the exogenous variables were specified, as described above. For example,
imported energy prices are exogenous variables in the model. Had energy
prices been treated, in the simulation, as if their path was known in advance,
then the increase in energy prices that occurred in 2005, would have already
affected the forecast in 1999 (the year in which the simulation begins).
Obviously, it is not reasonable to assume that in 1999 the market foresaw the
2005 significant increase in energy prices. Therefore, in carrying out the
simulation, only the expected component of the future evolution of the
exogenous variables should be taken into account. As already mentioned, we
estimate the expected component using the forecast derived from an auto-

regression for each of the exogenous variables. If the residuals of the
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estimated equation are not serially correlated, then the estimate of the
expected component is unbiased.

With regard to the endogenous variables, the simulation is dynamic. That
is, the results of the forecast, obtained in each period for these variables, serve
as the input for the forecast of the following period. In contrast, the simulation
for the exogenous variables is static: the actual values, in each period, serve as
the input for the following period (rather than the simulation results).

Formally stated, transformation of the model into the form represented by
Equation (7.2) enables the implementation of dynamic simulations, where the
vector of exogenous variables y, is composed of two components:

y,=E_ (y[)+ u,; where E, (y,) is the component that was expected in
period #—1 and u, is a vector of shocks identified only upon realization. We

treat the endogenous variables in a similar manner, with one exception: we
assume their shocks are nil, even after they have actually occurred.”

Before presenting the findings, it is important to mention a shortcoming in
a test of this sort. The credibility of its results depend on a reasonable
identification of the expected and unexpected components of the exogenous
variables, at each point in time. It is only a working assumption that the
generating process of the exogenous variables is autoregressive; in some cases
it is a reasonable assumption, in others, it is not. Reliable estimation of the
expected and unexpected components requires individual treatment of each
exogenous variable, in each of the simulation’s periods.” Here, it is arbitrarily
assumed, as is commonly done in the literature, that the exogenous variables

are characterized by auto-regressive generating processes.

™ For a more detailed explanation of the concept and the implementation of the simulation, see
Appendix 3.

" Or at least a richer modeling of the exogenous data's generating process.
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Figure 7.1: Dynamic Simulation of the Model for the Period 1999.1 to 2006.2
Endogenous variables: inflation, nominal depreciation, output gap and interest rate
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Figure 7.2: Dynamic Simulation of the Model for the Period 1999.1 to 2006.2
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Findings

Figure 7.1 compares the actual paths of the endogenous variables, to those
forecasted by the dynamic simulation for the period 1999.1-2006.2 (labeled as
F ). The diagrams show that while the trend of each variable is tracked to a
reasonable degree of accuracy by the model, the variables’ higher frequency
volatility is not explained to a satisfactory extent. Thus, for example, the
model does not forecast the increases in inflation and the interest rate in 2002.
Furthermore, the equation for the exchange rate suffers from the lowest
explanatory power. Thus, the model produces a smooth path for the nominal
depreciation rate, while in reality it was characterized by a high degree of
volatility.

The model explains the nominal exchange rate through the expected
exchange rate and the nominal interest rate differential between Israel and the
US (with the addition of a risk premium). The low explanatory power of the
nominal depreciation in the dynamic simulation indicates, that interest rate
differentials provide only a partial, and relatively small, explanation of the
fluctuations in the exchange rate. The sharp depreciation, which took place at
the beginning of 2002, is not predicted by the model and therefore neither are
the high rates of inflation which prevailed in 2002, nor the increases in the rate
of interest which began in that year.”

In the following simulation, the exchange rate will be treated as an
exogenous variable though only in a particular sense; that is, we assume
that, as in the case of the exogenous variables, the shocks in the

exchange rate equation are known (from the period in which they are

realized) while the expected path of the exchange rate (which affects

"2 It is worth mentioning that the depreciation which occurred at that time was primarily the
result of the large deviation in monetary policy in December 2001, which was manifested in an
unexpected reduction of 2 percentage points in the Bank of Israel interest rate.
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the other endogenous variables through expectations) continues to be
endogenous, i.e. derived from the exchange rate equation. The results of
this simulation are presented in Figure 7.2.

The improvement in the explanatory power of all the variables is
clearly evident: most of the fluctuations in inflation, the interest rate and
the output gap are now “captured” by the dynamic simulation. The
improvement in this simulation is evidence of the significant influence
of the nominal exchange rate on inflation and the interest rate in Israel,
particularly during the years 2002 and 2003 when the exchange rate

was characterized by significant changes.

7.b. Stochastic simulations — comparison of second moments
One of the methods of evaluating the goodness-of-fit of a dynamic model, is
to examine the extent to which data, produced by MC simulations, can
reproduce the joint distributions of the variables; particularly their coefficients
of correlation (both the autocorrelation and cross-correlation coefficients).
This method is also used for calibration and even for estimation (SMM —
Simulated Method of Moments). The comparison, of observed moments to
those generated by MC simulation, is of particular interest in the case that the
estimation criterion is not the minimization of the distance between the two
types of moments.”

In general, the relevant moments for testing vary according to the model
and the purpose for which it is used. In the case of dynamic models, we are
interested in testing moments that express dynamic relations, such as the

cross-correlation coefficients (which measure the correlation between

3 The equations of the model were estimated using GMM, which has a different estimation
criterion.
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variables at two different points in time). An example would be the coefficient
of correlation between the rate of inflation and the interest rate lagged by four
quarters. The objective of the test is to evaluate the dynamic relations between
the variables, over periods that are longer than one quarter, and the extent to
which the model captures these relations. This test complements the
impression received from the dynamic simulation presented in the previous
section, where we could examine the quality of the model’s forecasts given a
particular path for the exogenous variables (i.e. the actual one, which was
also used for the estimation). In contrast, the present test reproduces the joint
distribution of the data, given the dynamic characteristics of the exogenous
variables rather than their path.

The test is similar to that presented in Smets and Wouters (2003) for the
European economy.”* In this test, the characteristics of the data, produced by
the simulation of the model, are compared to the observed quarterly data for
the Israeli economy during the period 1999.1 to 2006.2 (hereinafter the
comparison period).” The test determines whether the moments observed in
the data are significantly different from the theoretical moments derived from
the model. This is done through the estimation of confidence intervals for the

moments derived from the model.”®

™ They derive and estimate a monetary DSGE (Dynamic Stochastic General Equilibrium)
model for the European economy.

> The moments observed in the data were calculated for the period beginning after inflation
was brought under control. The reason for this is the desire to avoid upward bias in the
correlation coefficients, as a result of the downward trends in the data during the disinflation
era.

" In contrast, Rotemberg and Woodford (1998) present a visual comparison of the moments
observed in the data to the theoretical moments derived from the model (rather than to the
confidence intervals of the estimates for these moments). The theoretical moments were not
calculated analytically; rather, they were calculated from an asymptotic simulated series (of
5000 periods). The theoretical moments of Rotemberg and Woodford (1998) are analogous to
the center of the confidence interval in the Smets and Wouters (2003) approach, which was
employed here.
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Methodology

The confidence interval is estimated in a number of steps:

a. The standard deviation of the model's equation residuals are estimated
for the comparison period.”’

b. Thirty values are drawn for each residual (for thirty quarters in the
simulation period) using normal distributions with the estimated
standard deviations.

c. Using the drawn residuals, artificial time series are generated by
simulating the model in its reduced form. This step produces a time
series of thirty periods for each of the model’s variables (which is the
length of the comparison period).

d. Using the series obtained, the relevant moments are calculated.

e. Steps (b) to (d) are repeated 1,000 times, so that 1,000 estimates are
collected for each moment.

f.  The 90% confidence interval is estimated, for each moment, by
omitting the 50 lowest and 50 highest estimates.

Findings

The results are presented in Figure 7.3. The moments presented are the

coefficients of correlation, both cross-correlation and autocorrelation, up to the

fifth lag, for each of the endogenous variables: the nominal depreciation (de),

the inflation (z°), the nominal interest rate (i) and the output gap ().

"7 Including the equations for the exogenous variables that were presented at the beginning of
this section.
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Figure 7.3: Actual Coefficients of Correlation and the Model-Based Confidence
Intervals
Solid line: Empirical coefficients of correlation
Dotted line: model-based 90% confidence interval
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The vertical axis of each diagram represents the correlation coefficient
between the variable x; and the variable z,;; That is, between two variables
separated by k periods. The horizontal axis represents k. Thus, for example,
the far-left diagram in the second row, titled p(z°, Ade.;), presents the
coefficients of cross-correlation between the rate of inflation (z°) and each of
the first five lags of the nominal depreciation (d4e), as well as its
contemporaneous rate.

Figure 7.3 shows that in most cases the observed moments are located
within the confidence interval, meaning that in general the model successfully
reproduces the serial and cross-correlation functions, that characterize the
endogenous variables in the model.

The first row of the figure presents the coefficients of correlation between
the depreciation rate and each of the other variables, contemporaneously and
for up to five lags. It is worth pointing out that the model “captures” fairly
accurately the nature of the relations — both contemporaneous and lagged —
between the depreciation rate and inflation. The contemporaneous correlation
between the depreciation rate and inflation is high, while the correlation
between the depreciation rate and lagged inflation is negative. According to
the model, this is explained by the fact that a depreciation leads to price
increases and therefore the contemporaneous correlation is positive. At a later
stage, the interest rate increases, in accordance with the interest rate rule,
which acts to lower the exchange rate and thus results in a negative correlation
between the depreciation rate and lagged inflation. The correlation between
the depreciation and the interest rate, both contemporaneous and lagged, is
also captured fairly well. On the other hand, the model does not reproduce the
positive correlation between the lagged output gap (starting from the second
lag) and the depreciation rate. We are unable to explain this correlation (which

may very well be a random phenomenon).
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The second row presents the cross-correlation coefficients between
inflation and the other variables, both contemporaneous and for up to five
lags. It can be seen that the data exhibits a large and positive degree of
correlation between inflation and contemporaneous and lagged depreciation
rates. The model is able to reproduce these relations but not the magnitude
with which they appear in the data. In other words, though the model
reproduces the direction of the pass-through from the exchange rate to prices
quite accurately, the data displays a stronger and more prolonged pass-through
effect. We are unable to offer a complete explanation for this phenomenon,
though one possibility is that the effect of the exchange rate on the housing
component, and through it on the CPI, is underestimated.”® As can be seen
from the diagrams, the model reproduces the serial correlation (that is, the
inertia) in inflation quite accurately, as well as the relation between inflation
and the lagged interest rate. In contrast, the model does not reproduce the
positive correlation observed in the data between inflation and the lagged
output gap (third to fifth lag). It is worth mentioning that, during estimation,
we noticed this relation, but decided to ignore it in the final specification of
the inflation equation.”

The third row presents the coefficients of correlation between the interest
rate and the other variables, both contemporaneous and for up to five lags. As
can be seen from the diagrams, the model reproduces fairly well the
correlation between the interest rate and both lagged depreciation and inflation

rates. Thus, the interest rate is negatively correlated contemporaneously with

" The housing component is particularly influenced by the sheqel/dollar exchange rate,
especially since 1999 when the methodology of measuring it was changed. However, the model
does not relate to this component separately. In the future, we intend to specify a separate
equation for the housing component.

" We assume (though without a great deal of evidence at this stage) that this is the result of the
inability to obtain a satisfactorily reliable estimate of the output gap. It is a known phenomenon
in the literature, that the estimation of potential output using the HP filter method creates a
dynamic of lags in the effect of the estimated output gap on inflation.
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depreciation and inflation, though positively correlated with the lags of these
two variables. This phenomenon, and the fact that the model successfully
reproduces it, is consistent with the conjecture that during the comparison
period, monetary policy reacted to inflation that had already occurred.*® The
model also reasonably reproduces the inertia in the interest rate and the
relation between the output gap (and its lags) and the interest rate.

The fourth row presents the correlation coefficient between the output gap
and the other variables, both contemporaneously and for up to five lags. As
shown by the diagrams, the model quite accurately reproduces the negative
correlation between lagged inflation and the output gap. On the other hand, it
is unable to reproduce the correlation between the output gap and the interest
rate (and its lags). According to the model, there is a negative correlation
between the output gap and the interest rate (and its lags) while in the data
there is no contemporaneous correlation and the lagged correlation is positive.
(The observed moment is located on the upper bound of the confidence
interval.) It is also worth mentioning that the model reproduces the inertia in
the output gap, though its magnitude is smaller than in the data.

We would emphasize that the comparison of moments as presented here is
evidence of correlation but not of causality. Care must be taken while drawing
conclusions from the correlations, with respect to the direction of causality
due to, among other things, the existence of the expectations channel.
Nonetheless, one cannot ignore the strong relations between the rate of
inflation and its own lags, and between it and the nominal depreciation (both
contemporaneously and with lags) that appear in the data and are also
“captured” by the model (as can be seen from the second row of Figure 7.3).

However, while inflation can be forecasted using its own lags, or those of

80 Using MC simulation with a forward-looking interest rate rule in the form of Equation (9), it
was found that most of the positive correlation is between the interest rate and contemporaneous
inflation, rather than lagged inflation.
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other variables such as the interest rate, the nominal exchange rate is harder to
forecast, since it is neither correlated with its own lags, nor with those of the
other endogenous variables (see the first row of diagrams in Figure 7.3). The
graphic presentation indicates that the model does indeed provide
whatever explanatory power (with respect to the exchange rate) that can
be obtained from the joint distributions of the endogenous variables (both
contemporaneous and lagged). Thus, for example, it is possible to identify a
relation between the depreciation and the interest rate, both
contemporaneously and lagged by one quarter.

It is worth pointing out a shortcoming in this kind of test. The
confidence intervals of the moment estimators broaden as the level of
uncertainty with respect to the moments increases, Thus, increasing the
chance that the observed moments will fall within them. Therefore,
attention should be paid to the width of the confidence interval, as well
as to its path. For example, the contemporaneous relation between the
interest rate and the depreciation (which does not appear in the interest
rate rule) is negative; however, the relation between the interest rate and
lagged depreciation rate becomes increasingly stronger and reaches a
peak at the third lag (at which it is already positive). This pattern
characterizes both the confidence interval and the observed moment and
therefore can be viewed as relatively reliable. In contrast, the path of the
coefficients of autocorrelation for inflation that is observed in the data,
does not resemble the one derived from the model and therefore the
conclusions in this case do not have as strong a foundation. (This is also
the case for the autocorrelation coefficients of the interest rate.)

In summary, the results, of the two tests presented here, show that

the exchange rate has a significant influence on prices, though its
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evolution is difficult to explain and predict. If the exchange rate is
treated as a kind of exogenous variable, the model reproduces the
historical evolution of the endogenous variables fairly well. One of the
implications of this finding is that the planning of monetary policy
should take into account a number of alternative scenarios, regarding

possible evolutions of the nominal exchange rate.

8. Conclusions and future research directions

In this study, we specified and estimated a New Keynesian model for the
Israeli economy. Classical estimation® of models like this one is often
unsuccessful. In our case, classical estimation techniques did produce fairly
good results that are consistent with those obtained for other economies.

One of the main findings of the study is the importance of the exchange
rate in the Israeli economy’s transmission mechanism. The exchange rate
affects inflation both directly and through its influence on the output gap. In
addition, the direct influence of the exchange rate on inflation, and its effect
on the output gap, are stronger than in other economies. The sensitivity of
inflation and the output gap to the exchange rate, and to the exogenous shocks
that characterize it, is manifested in their relatively large fluctuations, and as a
result also in the fluctuations of the nominal interest rate (through the interest

rate rule) and the real interest rate.™

81 The term “classical estimation” is used here to include methods such as Maximum
Likelihood, OLS, 2SLS and GMM, as opposed to calibration or Bayesian estimation.

82 1t is worth emphasizing that the sensitivity of the exchange rate to various developments, as
well as its high level of volatility, is not unique to the Israeli economy. The variance of the
exchange rate in Israel is no higher than that in other economies; however, the effect of changes
in the exchange rate is larger than in other economies.
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On the other hand, the intensity of the exchange rate channel increases the
influence of monetary policy on inflation. Thus, changes in the interest rate
rapidly affect prices via the exchange rate.

The estimation of the inflation equation showed that there is a rapid pass-
through, from prices abroad and from the exchange rate, to import prices in
the domestic economy. About 20 percent, of a one-quarter-ahead expected

depreciation,”

is transmitted immediately into higher import prices. Once a
depreciation has occurred, some 60 percent of it is transmitted into higher
import prices in the same quarter, while about 20 percent are transmitted in the
following quarter. Monte Carlo simulations show that the model reproduces
the high correlation between inflation and contemporaneous and lagged
depreciation rates fairly well, though with a certain degree of underestimation.

The estimation showed that the weight of imported goods and services in
the CPI is about 0.45. This estimate is higher than the one obtained for other
open economies (where it is about 0.3) and reflects the strong influence of the
exchange rate on the housing component (which accounts for about 20 percent
of the CPI). This phenomenon, in which the price of a component that is not
imported (and is not even tradable) is almost completely linked to the
shegel/dollar exchange rate, is, to the best of our knowledge, unique to the
Israeli economy — a legacy from the era of hyper-inflation that prevailed
during the years 1978 to 1985. In order to better understand and forecast
inflation and to reliably estimate the import component of the CPI, it would be
worthwhile separating the housing component from the CPI and estimating a
separate equation for it.

Also in the case of the output gap equation, it was found that the exchange
rate (in this case, the real exchange rate) has a larger effect than that found in

similar studies of other economies. This finding is further evidence of the

8 Or an increase in world prices.
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Israeli economy’s degree of openness and its sensitivity to exogenous global
shocks.

As mentioned above, the exchange rate has a major influence on the
system but is subject to large shocks that can’t be forecasted. Thus, for
example, the dynamic simulation of the model shows that the model is unable
to reproduce most of the fluctuations in the exchange rate and, as a result, its
ability to reproduce the evolution of the other variables is also limited. On the
other hand, in a simulation that takes into account the actual evolution of the
exchange rate, the model quite successfully reproduces the evolution of
inflation and the interest rate during the sample period.

The estimation of the inflation equation shows that there is inertia in the
inflation process, but to a smaller degree than in other economies. A relatively
large coefficient for inflation expectations (in the inflation equation) indicates
that monetary policy has a relatively rapid effect on inflation via expectations.

The effect of the output gap on inflation was found to be close to that in
other economies. However, it was found that the coefficient of the output gap,
and the timing of its effect, is sensitive to changes in the estimation period. In
the final specification of the inflation equation, we chose to include the output
gap as a two quarters moving average.

The estimation of the output gap equation yielded a high coefficient for the
expected output gap, which indicates a low degree of inertia both in
comparison to findings for other economies and in comparison to the degree
of inertia in inflation. The timing of the influence of the interest rate on the
output gap was found to be somewhat sensitive to the estimation period and in
the final equation we chose to include a moving average of the interest rate in
the current and preceding quarters. The estimated influence of the interest rate
on the output gap is consistent with the estimates obtained for other

economies.
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In most economies, a relatively long lag is found in the influence of the
interest rate on inflation. In contrast, our study found that the transmission
mechanism from the interest rate to inflation in the Israeli economy is rapid,
even in comparison to other small open economies. This finding is a result of
two factors: the first is the immediate effect of the interest rate on the
exchange rate and the strong and rapid effect of a depreciation on inflation;
and the second is the high coefficients obtained for the expectation variables
in the equations for inflation and the output gap. The strong influence of
expectations in these two equations is consistent with the New Keynesian
theory, which emphasizes the importance of the public’s expectations in the
transmission mechanism.

The output and relative price gaps were estimated in this study using the
HP filter, which is a common statistical technique. This was done primarily
for reasons of convenience and the lack of simple alternative methods. It is
likely that the measurement errors in these variables, assuming they are not
systematic, do not significantly affect the quality of the parameter estimates.
However, these gaps also serve as the starting point of the forecast. In this
case it was found that the results of the forecast are sensitive to the estimate of
the real exchange rate gap at the initial state. When producing a forecast,
especially during periods in which there has been a major change in the
nominal exchange rate, it is difficult to identify the trend in the real exchange
rate and, as a result, the relevant gap. Therefore, it is important to develop
tools that will help identify the trend in the real exchange rate. It would also be
worthwhile improving the estimate of the trend in output, although in this case
the forecast is less sensitive to the estimate at the initial state.

The model in its present form is, as already mentioned, a small one which

includes all the variables required to describe the transmission mechanism of
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monetary policy in a small open economy. Possible improvement and

expansion of the model can take a number of directions:

Specification of a separate equation for the housing component, which
is influenced to a significant extent by the sheqel/dollar exchange rate.
The primary inflation equation will then relate to the CPI excluding
the housing component (which accounts for 20 percent of the index).*
Derivation of an optimal interest rate rule, which is derived from
minimizing a loss function subject to the model.

Estimation of potential output, the natural rate of interest and the trend
of the real exchange rate using a structural model or auxiliary
equations.

Specification of the labor market within the model, with the
possibility of including wage rigidity in addition to price rigidities.
This requires, among other things, the specification of a wage
equation and a change in the characterization of the price equation.
Endogenization of the investment component: a relatively simple
possibility is to omit this term from the right-hand side of the output
gap equation while attempting to improve the characterization of the
equation (by adding variables and/or lags). Another, more
complicated, possibility is to specify an equation for the value added
of investment. In this case, one of the difficulties is to estimate the

relevant stock of capital.

8 The possibility of separating out the component of gasoline and car oil (which accounts for 5
percent of the CPI) should also be considered. This component is essentially an imported good
but its price is not included in the world price of consumption goods (but rather in the price of
imported production inputs). Alternatively, the world price of imported consumption goods
could be adjusted.
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Appendix 1: Derivation of the inflation equation

For purposes of discussion, we decompose the CPI into two main components:
the index of prices for domestically-produced goods and services and the

index of prices for imported goods and services:

(A1) pSi= Wfp/t+ (1 _Wf)pht

where:
p° — (log of) the CPI,
7/ — (log of ) the price index for imported goods and services;

p" — (log of) the price index for domestically-produced goods and services.

First-differencing yields the following equation:

(A2) z=wr,+(1-w)r,

where:
7° — CPI inflation;
7' — Inflation in the price index for imported goods and services;

" — Inflation in the price index for domestically-produced goods and services.
In what follows, we will deal with each component separately.

Domestic price equation (7r")

It is assumed that there are a large number of firms operating in monopolistic
competition. Each firm produces a good that is differentiated to some extent
from the others and therefore the firm can influence the price of its own
product. In addition, it is assumed that a producer incurs a cost in order to

change its price and therefore price adjustment is not a continuous process.
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The question of whether to change the price of the product and by how much
is dependent on two considerations: the cost of the change and the distance
from the desired price (in other words, the price that would be set if the
process were costless).

The firm uses domestic inputs (labor and intermediate inputs) and imported
inputs in the production process. The two types of inputs are not perfect
substitutes and therefore the firm must decide on their appropriate
combination. An increase in the price of imported inputs in the domestic
market acts to increase production costs and therefore affects domestic prices,
both directly and through the substitution effect which increases the price of
domestic inputs.

The considerations discussed above lead to the following equation for the
domestic inflation rate.

(A3) = +ay+ar @ -ph)

where:
y,— business sector output gap

p?,— prices of imported inputs.

This is the conventional equation used for the analysis of domestic prices
in an open economy® and is an expansion of the commonly-used approach to
a closed economy. The relative price of imported inputs is added in the case of
an open economy.

The price ratio (p7, — p”,) can be written as a sum of two terms as follows:

A4 @7 -p'y=0"-P)+ @ -p")

8 For a detailed derivation, see, for example, the appendix in Svensson (1998).
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This formulation has an advantage in simulations since the first term is
exogenous™ and the second is an important endogenous variable that also
appears in the output gap equation. The price ratio (p, — p”)) can also be
written in terms of the CPI (p°) (for which data is available) by using Equation

(A.1) in the following manner:

(A3) @=p") =P =@ =W A=) =@ =p°) /(1 -w)

By substituting (A.4) and (A.5) into (A.3), we obtain:
(A.6) o' =r"i+a,y+ay (07— p)+ @~ p7) 1 (1w

We now assume that some individuals form their expectations rationally
while the rest form them adaptively. This means that instead of 7rh,+1, we
substitute the term ayy 7,4, + (1 -auw 7.,. Since we found (in the estimation)
that the lagged output gap also influences inflation, it was added in order to
obtain the following equation for the rate of change in the domestic
component of the CPL:*’

A7) 7'=aund s+ —ag) . +a,(0.5y,+05y.)
+ay [(p7i =) + (0= p°) 1 (1 =]

Recall that both p" and p/ are unobservable. We continue in two steps: first,
we assume that pf is observable. Thus, we solve for 7, in Equation (A.2),
substitute it into (A.7) and, following some algebraic manipulations, obtain

the equation in terms of overall CPI inflation:

8 This is true if an immediate pass-through is assumed from the exchange rate and from world
prices to prices in the domestic market, or if at least the same speed of pass-through is assumed
for both components.

87 Hereinafter the variable x,.; denotes the rational expectations of variable x in period 7+i based
on the information known up until (and including) period 7.
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(A.8) 7% =aun‘m+ (1 —aw) 7% + (1 = w) a, (0.5y,+0.5y.)
+ay [(1—w) (07, =Pl + P =P
+w [ﬂ/z — Qe — (1 —aw) ﬂ/zl]

The equation for import prices ()

As mentioned earlier, we do not possess data on the prices paid by the
consumer in the domestic market for imported consumer goods (p/). However,
we do have data on the dollar prices paid by importers. We denote this price as
p7 and denote the sheqel/dollar exchange rate as e (both variables are
expressed in log form). If we assume immediate pass-through to domestic
prices, we obtain p/, = e, + p”,. In general, it is reasonable to assume that the
pass-through is not immediate, but rather is a gradual process. We assume,

therefore, a gradual pass-through mechanism of the following form:

(A9) Pi=ai (e +pTi)tar(e+p )+ (1 —a—a) (en +p7)

where:
p.” — (log of) the world price of imported consumption goods (in dollar terms).

e; — (log of) the nominal sheqel/dollar exchange rate.

First differencing this equation yields the inflation component related to
imports:

(A10) @ =ay (deqy +Ap7i) + ax (de, + Ap™) + (1- a1 — a2) (et + Ap™1)

where:

A is the difference operator.
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Derivation of the equation for CPI inflation ()
In the last step, we substitute (A.10) into the second square brackets of
Equation (A.8). Based on empirical considerations,* we impose an immediate
pass-through mechanism on the price ratios (p7, — p/,) and (¢/, — p°)) or, in other
words, we substitute p/[ = ¢ + p*f} and pzf} = ¢ + p*zf; into the equation.
Following these manipulations, we obtain the equation for CPI inflation in
terms of observable variables:
(A1) 7% =aunm+ (1 —aw) 70+ (1 -w)a, (0.5y,+0.5y,)

+tay[(1- w)up”, + q/]

+w [ay dep”iy + oa dep”, + (1 — oy — az ) dep™,1]

where:

dep” = (de, + Ap”) — a (dews + 4p”) = (1 - aw) (devs + Ap” )

q: — real exchange rate gap (p*’; +e,—p);

up™, — the gap of input prices (p 7, — p7).

Appendix 2: Estimation of the Model's Equations

1. The inflation equation
The final equation estimated for the model is Equation (A.11) in Appendix 1.
The equation was estimated using GMM. The results are presented in Table

B.1 below:

8 A pre-test showed that with regard to the price ratios above, there is no difference in the
results between the assumptions of gradual and immediate pass-through.
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Table B.1 — Estimation of the Inflation Equation (Equation A.11)
Parameter Value t-statistic | Parameter Value t-statistic
ay 0.527 12.3 w 0.445 5.9
a, 0.063 1.9 a 0.203 4.8
az 0.058 2.6 o 0.630 16.8

R*=0.799 S.E.=3.007 Jstat=0.20 D.W.=2.58 Sample = 1992Q1-2005Q3

Comments:

a. The gap variables were estimated using HP filter. For details, see

Appendix 4.

b. All the variables were multiplied by 4 in order to express them in annual

terms.

c. The variables were seasonally adjusted. The equation was estimated with

dummy variables for the seasonality of inflation (not reported).

d. In order to estimate the equation, we used the following instrumental
variables (in addition to the constant and the dummy variables): two
lags of inflation, the output gap, the nominal depreciation, the nominal
interest rate and the real exchange rate gap; as well as the gap in the
input price ratio, the change in the world price of imported production
inputs, the change in the world price of imported consumption goods
and the change in the price of world trade — all of which were included

with their contemporaneous value and with two lags.

2. The output gap equation
(41 1) yt = byldyt+l + (1 - byld) yl‘—l - br 025 [05 (l’, - Vnt) + 05 (7}_1 - 7’”,_1)]

We estimated the output gap equation using GMM. The results are

+by (g —qi1) T by*(y*t — ¥ 1) + by (i — im" 1)

+ bg (ghz - ghm)

presented in Table B.2 below:
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Table B.2 — Estimation of the Qutput Gap Equation (Equation 4.11)

Parameter Value t-statistic | Parameter Value t-statistic
by 0.802 21.1 by 0.223 2.6
b, 0.448 5.7 biny 0.121 6.1
b, 0.238 6.3 by 0.221 8.8
R*=0.642 S.E.=2.318 Jstat=0.249 D.W. =251 Sample = 1992Q1-2005Q3

Comments:

a. The gap variables were estimated using HP filter. For details, see
Appendix 4.

b. The real interest rate spread was multiplied by 0.25 since the interest rate
is expressed in annual terms, while the rest of the variables are
expressed in quarterly terms.

c. All of the explanatory variables, apart from the real interest rate, were
seasonally adjusted. The equation was estimated with seasonal dummy
variables (not reported).

d. As an approximation for the natural interest rate, 7, we used the implied
5 to 10 year forward yield to maturity of CPI-indexed "Galil" bonds.

e. As an approximation for expected inflation (which is part of the real
interest rate), we used CPI inflation, excluding fruits and vegetables.

f. In addition to the constant and seasonal dummy variables, we used the
following instrumental variables: two lags of the output gap, the real
exchange rate gap, CPI inflation excluding fruits and vegetables, the
investment gap, nominal depreciation and the nominal interest rate; as
well as the world trade gap, the change in the world price of imported
consumption goods, the gap of public sector procurement, the implied 5
to 10 year forward real yield, the change in world prices of imported
production inputs, the dollar interest rate and inflation in the US — which
were included with their contemporaneous value and with two lags.

3. The exchange rate equation
In order to estimate the exchange rate equation (4.14), we assumed a constant

risk premium:
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B.1) e=cy025rp+cye+ + (1 —cu) e

+0.25 (G —i)— (1 —cg) 0.25 (i iy — i)

This equation was estimated using GMM. The results of the

estimation are presented in Table B.3 below:

Table B.3 — Estimation of the Exchange Rate Equation (Equation B.1)

Parameter

Value

t-statistic

Parameter

Value

t-statistic

P

5.845

5.47

Cid

0.452

11.82

R?=0.453 S.E.=2.488 Jstat=0.240 D.W.=2.84 Sample = 1997Q3-2005Q4

Comments:

a. The nominal interest rate differential and the parameter which captures
the average risk premium were multiplied by 0.25 in order to express
the whole equation in quarterly terms.

b. For purposes of estimation, e,; was moved to the left-hand side of the
equation so that the dependent variable became the quarterly change in
the nominal exchange rate.

c. For purposes of estimation, we used the following instrumental variables
(in addition to the constant): four lags of the exchange rate, the nominal
interest rate, the dollar interest rate and CPI inflation.

4. The interest rate equation

The interest rate equation estimated for the simulations is as follows:
(713) it = (1 - dltlg) {I”nt + ﬁttarget + dn (7[4; - ﬂtmrget) + dy 05 ()/[ + yt—l)}

+ dlag it—l

where:

d, = (7l'ct + 7Tct-1 + 7Tct-2 + 7fct-3)
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This equation was estimated using GMM. The estimation results are

presented in Table B.4 below:

Table B.4 — Estimation of the Interest Rate Equation (Equation 7.13)

103

Parameter Value t-statistic | Parameter Value t-statistic
d, 1.706 3.2 dug 0.794 8.2
d, 0.359 8.2

R*=0.956 S.E.=0.962 Jstat=0.198 D.W.=1.87 Sample = 1994Q3-2005Q3

Comment:

We used the following instrumental variables: a constant, the implied
forward real yield for 5 to 10 years, the inflation target, two lags of the
output gap, the nominal interest rate and the exchange rate. In addition, we
used the change in the world price of imported consumption goods and the
change in the price of world trade (contemporaneously and with two lags).

When ex-post inflation (74,) is replaced by market-based expectations, the

following estimates are obtained:

Table B.5 — Estimation of the Interest Rate Equation (Equation 7.13) with
Market-Based Expectations

Parameter Value t-statistic | Parameter Value t-statistic
d; 2.039 9.9 Aiag 0.726 13.5
d, 0.125 1.6

R?=0.949 S.E.=1.036 Jstat=0.223 D.W.=1.78 Sample = 1994Q3-2005Q3
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Appendix 3: The principles of dynamic simulations Using
a rational expectations model
In this appendix, we will describe the methodology employed in the dynamic
simulation in Section 7.1. For purposes of illustration and without loss of
generality, we will explain the methodology using a very simple model. In this
model, we assume that there are two variables — one endogenous and one
exogenous. The endogenous variable is domestic CPI inflation (z;), while the
exogenous variable is world inflation (z"). The inflation equation is thus as

follows:
(Cl1) n,=a-Enx, +bx +c-7 +é&

In other words, inflation depends on its expected value in the next period,”
on inflation in the previous period and on world inflation, in addition to a
structural shock to inflation (& ). We do not claim any particular economic
meaning for this equation — it is simply being used for purposes of
demonstration.

If a is equal to zero so that expectations do not appear in the equation, then
the method for carrying out a within-sample dynamic simulation would be
straightforward: given 7y and 7", for each +=1...T, inflation derived from the

dynamic simulation (7, ) is a function of the inflation derived for the previous
quarter, as well as contemporaneous world inflation:

(C2) #,=b-7,_ +c-m

t t-1 t

However, when the model does include expectations (a>0), particularly

rational expectations, a problem arises since expectations are not measurable.

% Eux,.; is the expectation of variable x in period ¢+i based on the information known up until
period ¢.
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One possible solution is to carry out a deterministic simulation in which the
actual values of world inflation are perfectly foresighted. In this case, we solve

the following T equations for 7,...7,...7,
A _ A b *
T,=a-7,+b-wy+c-m
A _ A b A *
T,=a-w,+b-w +c-m,

*

T, ,=a-n,+b-7, ,+c-m,

A _— A *
T,=a-m+b-w, +c-m,

Given inflation at the initial state (wp) and long-run inflation (7 ), the
equations have a unique solution.” This simulation assumes that the entire
path of the exogenous variable (z") is known ahead of time and therefore it is
accounted for by the expectations of inflation already from the first quarter of
the simulation. However, this is a problematic assumption. In terms of our
model, we cannot assume that the exogenous shocks to the price of oil in 2005
were implicit in the expectations of inflation already in 1999.

The obvious solution is to carry out a non-deterministic simulation in
which the exogenous variables are not known with certainty ahead of time. In
order to do so, the rational expectations must be solved for. Namely, the
reduced form of the model must be used, in which each variable is dependent
only on the model’s lagged variables and on contemporaneous shocks (¢). The
transformation to the reduced form requires an equation for each variable in
the model, including the exogenous ones.

We specify an autoregressive equation of the following form for the

. *
exogenous variable (7 ;):

(C3) n =d-m +&

%0 Alternatively, instead of 7 , actual inflation at 7+1 can be used on the condition that it is
known.
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The purpose of this equation, which can be estimated using standard
methods, is to calculate the expectations for the exogenous variable in future
periods. Thus, for example, the expectation of the exogenous variable in the

subsequent period is as follows:
En, , =E(d-m +e")=d

Equations (C.1) and (C.3) make it possible to solve for the rational
expectations and to express the model in its reduced form, where the scalars A4,
B, C and D are functions of the structural parameters a, b, ¢ and d:
(C4) =, =Arn,_ +Br, +Ce’ +De”
(C5) n =d-=x +&"

The methodology for solving a model with rational expectations and the
transformation to the reduced form is presented in Blanchard and Kahn
(1980).

We are now interested in carrying out a simulation of the endogenous
variables, given the actual evolution of the exogenous variables. Therefore, in
the first step, we use data on domestic inflation (r,) and world inflation (z ) in

order to derive the in-sample structural shocks (&) and (&) from equations

(C.4) and (C.5). In the second step, we carry out a dynamic simulation of the

reduced form using the shocks from the equations of the exogenous variables

only. This means that for each period =1...T, we derive (#,) and (7,) as

follows:
(C.6) #, =Ar,_ +B#, +0-& +De"
(C7) # =d-z +&"
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Notice that the derived exogenous variable is identical to the actual
one (#, =z, ) so that the system can also be written in the following
form:

(C8) #,=Ar,_, +Br +0-¢ +De"
(C9) = =d-x +e"

In the dynamic simulation, inflation in each period is influenced by the
actual exogenous variable. Furthermore, inflation is dependent on expected
inflation (where the future shocks are unknown). If we add the structural
shock for inflation (&), then the dynamic simulation will exactly produce
actual inflation. Therefore, the comparison of the results of the above
simulation (without &) to actual inflation indicates the share of the

unexplained component in the inflation equation (C.1). The closer that
simulation-derived inflation is to actual inflation, particularly if it does not
diverge from it, the more important is the role of the explanatory variables
(lagged inflation, expected inflation and world inflation) in explaining

inflation.

Appendix 4: Description of the data

In estimating the model we used three types of data: gaps, rates of change and
interest rates. This appendix will describe each type and its source. In general,
rates of change and interest rates are annualized, while the gaps are expressed
in ordinary quarterly terms. This is the case for estimation, simulation,
calculation of the impulse response functions and the testing of goodness-of-

fit. An exception is the presentation of estimates for the inflation equation
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(4.4), in which the reported parameters relate to an estimation in which all the
variables are expressed in annual terms (in other words, the output gap and the

relative price gap are multiplied by 4).

1. Gaps

All the gaps were estimated using the HP filter. In what follows, we denote the
trend of series X calculated using the HP filter as HP(X). The gap of the
original series Z (for example, business output) is denoted by z (the output
gap) and is estimated as follows:

(D.1) z=[log(Z)-HP(log(Z))]*100

The term in square brackets is the rate of deviation of Z from its trend.
Multiplying by 100 expresses the gap in percent.”’

Following is a description of the gaps included in the model:

y — the output gap; based on business sector output in constant prices (Y).
The trend was estimated using data starting from 1968.1.

&" — the public consumption gap; based on the procurement of the public
sector in constant prices (G"). The trend was estimated using data starting
from 1964.1.

im" — the investment gap; based on gross investment in constant prices
(INV"). The trend was estimated using data starting from 1964.1.

y" — the world trade gap; based on the imports of the industrialized
countries in constant prices (Y"). The trend was estimated using data starting in
1960.1. The source of the data is the IFS database.

q — the real exchange rate gap; based on the real exchange rate (Q) which is

calculated as follows:

°! In estimating the inflation equation, this term was multiplied by 4 in order to express it in
annual terms.
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P’ E

(D.2) O=—1

where P° is the consumer price index (CPI), E is the sheqel/dollar nominal
exchange rate and P” is the Fisher price index for imported consumption
goods (in dollar terms). The trend was estimated using data starting from
1991.1.

up™™ — the gap of the world price of imported inputs relative to the price of

imported consumption goods; based on the price ratio calculated as follows:

P*Zf
P*f

(D.3) UP7 =

where P is the weighted average of the Fisher price index for imported
production inputs and investment goods (in dollar terms). The weights are
based on the relative weights of imported production inputs and investment
goods. (The weight of production inputs is 0.75.) P7 is the Fisher price index
for imported consumption goods (in dollar terms). The trend was estimated

using data starting from 1991.1.

2. Rates of change
The percentage rate of change in variable X, denoted by Ax (or =), is
calculated as follows:

(D.4) dx=(x—x_)*100%4

where:

(D.5) x=log(X)
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Multiplying by 100 transforms the rate of change into percent and multiplying
by 4 expresses the change in annual terms.

Following is a description of the rate-of-change variables included in the
model:

7° — CPI inflation; based on the consumer price index.

Ade — the nominal depreciation; based on the nominal sheqgel/dollar
exchange rate.

7 _ rate of change in the world price of imported consumption goods;

Ap
based on the Fisher price index for imported consumption goods (in dollar
terms).

Ap” - rate of change in the price of world trade (serves only as an
instrumental variable); based on the price index for the imports of the
industrialized countries. Source: the IFS database.

7" — inflation in the US (serves only as an instrumental variable); based

on the US CPI. Source: the IFS database.

3. Interest rates

The interest rates appear in annual terms. i is the effective Bank of Israel
interest rate and i " is the LIBID monthly dollar interest rate. i ™ is the interest
rate in the US and is used only as an instrumental variable. The average
forward real yield to maturity for 5 to 10 years, denoted in the equations as 7",
is a proxy for the equilibrium real interest rate. It is derived from the trade in
CPI-indexed government bonds (“Galil”).

The expectations variables also require explanation. Whenever a variable
appears in the estimated equation with a subscript ¢+1 or ¢+2, which is meant
to represent the rational expectations of the variable based on the information
available up until period ¢, we used the actual realization of the variable in

period t+1 or t+2, respectively. An exception is expected inflation as it
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appears in the output gap equation (as part of the real interest rate) where we
used the actual period ¢+1 CPI inflation excluding fruits and vegetables, since

it is freer of unexpected shocks that are not known in period ¢.
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