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Abstract
 We formulate and estimate a small new-Keynesian model for the Israeli economy. 

Our goal is to construct a small but still realistic model that can be used to support the 
inflation targeting process. The model contains three structural equations: An open 
economy Philips curve for CPI inflation (excluding the housing component), an 
aggregate demand curve for the output gap and an interest parity condition for the 
nominal exchange rate. The model is closed with an interest rate reaction function 
(Taylor type rule) and an ad-hoc equation for the housing component of the CPI, 
which is dominated by exchange rate changes. In the specification of the model we 
had to pay special attention to the crucial role of the exchange rate in the transmission 
of monetary policy in Israel, which has a direct effect on almost 60 percents of the 
CPI. The model is estimated by the GMM method, using quarterly data for the period 
1992.1 to 2005.4. In the estimation of the structural equations we tried to remain as 
close as possible to the theoretical formulation by restricting the dynamics to one lag 
at most. We use the model to characterize an "optimal" simple interest rate rule. We 
find that the monetary authority should respond to an hybrid backward-forward 
looking rate of inflation and does not benefit from direct reaction to exchange rate 
measures. 
 
 

                                                 
*  This is a corrected version of the Hebrew discussion paper from February 2006. We would like to 
thank Michael Beenstock, Douglas Laxton, Akiva Offenbacher, and the participants of the seminars of 
the monetary and research departments who's comments contributed to the paper. The views expressed 
in this paper are those of the authors only, and should not be interpreted as reflecting the views of the 
Bank of Israel.  
 



1. Introduction 
In this paper we formulate and estimate a small New-Keynesian model for the Israeli 

economy. Our goal is to construct a small but still realistic model that can be used for 

forecasting, policy analysis, risk assessment and to support the inflation targeting 

process. The model contains three structural equations: A Philips curve for CPI 

inflation (excluding the housing component), an aggregate demand curve for the 

output gap (of the business sector) and an interest parity condition for the nominal 

exchange rate. The model is closed with an estimated reaction function (Taylor type 

rule) for the Bank of Israel's interest rate.  

 The model developed here is the smallest one with which it is still possible to 

describe the main ingredient of the transmission mechanism in a small open economy. 

An important advantage of a small model is its simplicity and clarity which help to 

enhance the communication among the various groups that are related to the monetary 

policy and its outcomes.   

  The theoretical framework and part of the empirical specification of the model 

is based on the works of Svensson (2000), Adolfson (2001), Linde et al. (2004) and 

Monacelli (2005). Our aim at this paper is to implement this framework to the 

characteristics of the Israeli economy and to arrive at a workable practical model that 

could support the inflation targeting process.  

The New-Keynesian model in a closed economy contains (at least) three basic 

equations: for inflation, for the output gap and for the nominal interest rate.1 In a 

small open economy the exchange rate has an important role in the transmission 

mechanism of monetary policy. As described in Svensson (2000), the exchange rate 

affects both the aggregate demand (output gap equation) and supply (inflation 

equation) sides. On the demand side the exchange rate affects the relative price of 

both imports and exports of goods and services. On the supply side it affects 

consumer price directly, through the price of imported consumption goods which are 

part of the consumption basket, and indirectly through the price of imported raw 

materials.  

In the Israeli economy there is another important and unique channel through 

which the exchange rate affect prices – by affecting the housing component of the 

consumer price index (CPI). In the next section we shall describe this unique 
                                                 

1  For an extensive  presentation of the theory of the new-Keynesian model in a closed economy 
see Woodford(2003). For theory and empirical implementation see Rotemberg and Woodford(1998).  
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phenomena. However, we precede to note that this component makes about 20 

percents of the CPI and that the pass-through from the exchange rate to this non-

traded component is nearly immediate and complete.   

 In the analysis of inflation in an open economy one has to distinguish between 

the prices of locally produced goods, which are mainly affected by aggregate demand, 

and the prices of imported goods which are influenced directly by the exchange rate. 

If one assumes a gradual pass-through from the exchange rate to import prices, than 

one has to specify and estimate separate equations for the locally produced goods 

(home goods) and for the imported goods (see, for example, Monacelli [2005]). In 

most, if not all, empirical works, the New Keynesian Philips Curve is estimated in 

terms of the GDP deflator (for home goods inflation equation) and the national 

account's total import price deflator (for the imported goods inflation equation).2 In 

this paper we concentrate on specifying and estimating an inflation equation in terms 

of the CPI.3 The difficulty that one has to face is that the two components of the CPI 

(i.e. locally produced goods and imported goods inflation) are unobservable. We try 

to overcome this difficulty by specifying the imported goods inflation equation as a 

distributed lags on the world import price inflation adjusted to exchange rate changes, 

and augmenting this equation in the CPI inflation Phillips curve. Outcomes of such an 

exercise are estimates of the price index of the two components, which could serve as 

indicators in the analysis of the CPI inflation developments.   

 Another Issue to which we pay attention, in the specification and estimation of 

the inflation equation, is the distinction between the effects of the price of imported 

raw material (which affects aggregate supply) and the price of imported consumption 

goods (which affects aggregate demand). This distinction, which is usually neglected 

in most of the empirical works (Battini et al. [2005] is an exception), enables us to 

asses the effect of a shock to the world's relative price of raw material.4  

 The main equations of the model5 are based on micro structure. As is well 

known such an emphasis strengthens the theoretical consistency of the model but it 

                                                 
2 For examples, see Litemo (2006a), Batini et al. (2005)  

3  There are several reasons that a CPI oriented model will be more concurrent to support inflation 
targeting. At first the inflation target is in terms of CPI. Moreover the CPI is published with a relatively 
short lag and is not revised.    

4  Such as a rise in the price of oil, which is an important (imported) raw material for the Israeli 
economy. 

5   As will be detailed below, the output gap and inflation of locally produced goods are derived 
with DSGE formulation. The specification of the interest rate rule, the imported goods inflation 
equation and the housing price inflation equation are ad hoc.   
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may weaken empirical aspects. In the estimation stage we tried to keep the 

specification of the estimated equations as close as possible to the DSGE formulation, 

by starting with the DSGE specification and than allowing some additional dynamics, 

whenever seemed necessary, but restricting it to only one lag of the various 

variables,6 which found to strengthen the robustness of the estimated equations.     

 In the next section we present a short background of the economy. In section 3 

we develop the specification of the model's equations. In Section 4 we present and 

discuses the estimation results. In section 5 we describe the choice of the monetary 

policy rule – based on simple optimization methods. Section 6 describes and discuses 

the characteristics of the model and section 7 offers conclusions. 

 

2. A short background on the economy  
During the estimation period (1992 to 2005) the Israeli economy's real and nominal 

sides experienced several major changes. A short description of those developments 

will highlight several aspects with regard to the concrete implementation of the 

theoretical framework. Specifically, the crucial role of the exchange rate in the 

transmission process and the specific breakdown of the CPI inflation.  

In the real side we can name the large immigration from the former soviet 

union that resulted in an average yearly population growth of 3.6 percents during the 

years 1990 to 1999. Another important development was the prolonged structural 

change in the industrial sector: the high-tech industry grew rapidly while traditional 

industries were stagnating.7  

An Important development in the nominal side was the declaration on inflation 

targets in 1992, and the implementation of the inflation targeting regime since then. 

During the years 1992 to 2000 inflation declined from yearly rate of 9.4 to 0.0 

percents. During 2001 to 2006 the average inflation rate was 1.6 percent, in the lower 

part of inflation target band (1 to 3 percent). Another major development was the 

transition to a flexible exchange rate regime that took place in the middle of 1997. 

That development increased the sensitivity of the exchange rate to external shocks. As 

a result the volatility of the exchange rate and (through it of) prices increased. On the 

other hand, the transition increased the sensitivity of the exchange rate to the interest 

                                                 
6  In the ad-hoc specification of the import price inflation we allowed two lags.   
7   For example, see Justman(2002). 
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rate and thus enhanced the effectiveness of the interest rate as an instrument of 

stabilizing the inflation and the output gap.8  

 

Figure 1: Annual CPI inflation and the inflation target band, 1986-2006 
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As we shall see in the next sections, despite the major changes that 

characterized the Israeli economy during the estimation period, the rather standard 

New Keynesian model fits the data rather well. This conclusion is based on: (1) the 

sign and magnitude of most estimated parameters is in the range of the results 

obtained in similar kinds of models for other economies. (2) A dynamic within sample 

simulation replicates fairly well the paths of the endogenous variables (except the for 

the exchange rate path). (3) Cross correlations produced from stochastic simulations 

of the model are in line with the observed data.9

The Israeli economy is a very open economy10 and as can be expected the 

exchange rate plays a major role in the transmission of monetary policy. As we shall 

see in the next section, the pass-through from the exchange rate to import prices, and 

through it to the CPI, is very high but still gradual, that is, part of the (direct) effect of 

                                                 
8  For a survey on the exchange rate regimes during 1986 to 2005 see Elkayam (2003).  
9  The dynamic simulation and cross-correlation comparison are presented in Argov et al. (2007). 

They are derived using a similar version of the model, though not exact, designated for practical use at 
the central bank.  

10  In 2006 the ratio of export and import to GDP is 45 and 44 percents, respectively. 
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the exchange rate changes comes with a lag. As we shall see, assuming immediate 

pass-through results in biased estimates of the inflation equation.  

 

Figure 2: Quarterly Percent Change in the CPI Housing Component and the 

Shekel/Dollar Exchange Rate , 1999-2006 
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In the Israeli economy, the exchange rate also  has a direct effect on part of the 

locally produced goods and services (even non-traded ones). That effect is a result of 

habits that developed during the high inflation era (1974 to 1985), in which inflation 

reached a yearly rate of 400 percent in 1984-1985. One of the ways to avoid the 

consequences of the high inflation was to link prices of goods and services to the 

exchange rate of the shekel against the US Dollar.11 A relatively large market in 

which that habit still exists is the real estate (the price of houses and the rent of 

dwellings is nominated in US Dollar and are linked to it, at least in the short- and 

medium-runs). The housing component consists of 20 percent of the CPI and since 

1999 most of it is based on the price of rent dwelling.12 In figure 2 we can see the 

high (and almost perfect) correlation between the change in the housing component 

                                                 
11  In 1985 a stabilization program took place and inflation declined to 16-21 percents in the years 

1986 to 1992. From 1999 the average yearly inflation rate is 1.4 percent.  
12  The CPI housing component is made of owner-occupied housing (77%),  rental housing (20%) 

and other related expenditures (3%). The price of owner-occupied housing is measured by the rental 
equivalent approach (which is based on the rental market). As a result 97% of the CPI housing 
component is based on the price of rent dwelling.   
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and the exchange rate changes. This unique phenomena, which complicates the 

inflation targeting process in Israel, led us to specify and estimate a separate equation 

for the inflation of the housing component (since 1999). The theory of the New 

Keynesian Philips Curve was applied to the CPI excluding housing.13  

 
 

3. The theoretic model 
The model described below is largely based on Svensson (2000), Adolfson (2001) and 

Linde et al.(2004). At several stages we deviate from other formulations, in order to 

adjust the model to the special characteristics of the Israeli economy. For the sake of 

completeness, and in order to highlight the meaning of the structural parameters that 

we try to estimate, we shall present the main stages of the model's development, even 

at the cost of some repetitions of previous papers. For more background on the 

formulations the reader is referred the papers above. 

 

3.1 Households (output demand) 

The domestic economy is populated by a continuum of infinitely-lived households 

indexed by j, who consume Dixit-Stiglitz bundles of domestic and imported goods, 

denoted  and h
tC f

tC  respectively. Domestic goods are produced by a continuum of 

firms producing differentiated goods marked by index i. Let  denote the quantity 

consumed of good i, define: 
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Where ηh > 1 is the elasticity of substitution between domestic goods.14 Cost 
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13  We also excluded the component of fruit and vegetables (whose weight in the CPI is 3.4 

percents) which is noisy and unpredictable. 
14   A similar aggregating equation holds for the imported consumption bundle. 
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Where  is the price of good i and the corresponding cost minimizing price 

aggregator of locally produced goods is given by: 
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The composite consumption index is defined by: 
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where  is the long run share of imports in consumption, and c
fw η  is the elasticity of 

substitution between imported and domestic goods. The corresponding minimum cost 

price aggregator (consumer price index) is: 
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Where  and  are the price aggregators of domestically produced and imported 

goods, all in local currency units. 
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where the parameter  represents the extent of habit formation,)1,0(∈h 15 and  is the 

inter-temporal elasticity of substitution. Household j chooses a sequence of 

consumption, domestic bond holdings and foreign bond holdings to maximize utility: 
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15   See Smets and Wouters (2003) and Christiano et al. (2005).  
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where  is household j’s holdings of one-period nominal bonds denominated in 

the domestic currency,  is its foreign counterpart denominated in the foreign 

currency (dollar); 

tjB )(

f
tjB )(

tΦ  is a risk premium paid on foreign assets; tξ  is the nominal 

exchange rate (the price of foreign currency in terms of the domestic currency);  

is household j’s share of aggregate real profits in the domestic economy; and  are 

domestic and foreign nominal risk-free interest rates, respectively (i.e. the domestic 

bonds yield the gross return of shekels and the foreign bonds yield the gross 

return of  dollars); β is the quarterly discount rate. is the expectation 

operator. 
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 After aggregating the log-linearized first order conditions of the maximization 

problem, one obtains the following equations (the Euler equation, the uncovered 

interest parity condition, the optimal intra-temporal allocation across domestic and 

imported goods bundles and the aggregate price level). Lower case letters denote log 

deviation from steady state.  
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where  is the log of the nominal exchange rate;  is the CPI inflation 

rate.

te c
t

c
t

c
t pp 1−−=π

16 Notice that in reality we do not have observations on the CPI components,  

and , only  is measurable. In the empirical part we shall try to overcome this 

problem by assuming a specific structure of the imported inflation equation (we shall 

return to that issue in the next subsection).      
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16  As discussed in the previous section πc is the CPI excluding housing, fruits and vegetables. 

Below, describing monetary policy, we will mark the overall CPI by πcpi.  
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 Assuming the demand for world trade is characterized by the same intra-

temporal elasticity of substitution, η , the demand for the local economy's exports, , 

is given by:

h
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where  is the world's trade and  is the price of consumption goods in the foreign 

economies. Following Monacelli (2005) We assume that in the export sector, prices 

are flexible and follow the law of one price (L.O.P.). Therefore   is the export 

price in foreign economies currency (dollar).    

∗
ty *

tp

t
h
t ep −

 Let us define the real exchange rate as:  

.  

 

 Following Adolfson (2001) and Munacelli (2005) we assume that the pass-

through, from the exchange rate and the relevant world's prices, to the import price at 

the local market is gradual. Let us define c
tψ  as a temporary deviation from the law of 

one price (L.O.P. gap), that is:   
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 Log-linearization of the national account identity yields:    

 

 

where  is the output gap,  and inv  are the log deviations from equilibrium of 

public consumption and investment (both in value added terms), and 

ty h
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iγ  is the long 

run share in output of component i. 

 

 Using equations (7)-(14) we derive the output gap equation: 

                                                 
17  is also a continuum of differentiated goods with constant elasticity of substitution ηh

tx h. Similar to 
equation (1). 
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Equation (15) can be written more compactly as:  
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Equation (15a) illustrates the basic variables determining the output gap: the 

real interest rate, the real exchange rate, the temporary deviation from the L.O.P, the 

government spending, investments and world trade, all in deviation form. Notice that 

we still have to specify how the L.O.P. gap, c
tψ , is measured. 

 

3.2 Domestic producers (Inflation equation) 

Following Rotemberg (1982) domestic firms face menu costs. they choose a price 

sequence to minimize the cost of price changes and the cost of deviating from their 

flexible price. Formally all firms face the following problem:  
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where  is the price set by the domestic firm i;  is the optimal flexible price 

(i.e. the price that would have been chosen in the absence of adjustment costs); δ  is a 

discount factor. 

h
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 The first order condition for the firm's minimization problem is given by: 
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where  is solved from profit maximization under flexible prices: h
tip )(ˆ

 

, 

 

Constraint (19) is the aggregate output identity and (20) is the production 

function.  and are intermediate domestic and imported inputs respectively. 

 is its aggregate price and 

h
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z
tP  is the share of imports in intermediate goods. We 

assume the price and quantity of government spending and investments is given to 

each firm identically and exogenously. 

 Solving the flexible price optimization problem given in (18)-(20), using the  

local demand function (2) and its equivalent for exports, yields the optimal flexible 

price (in log-linear form, averaged across all firms): 
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The RHS side of (21) is the log deviation of nominal marginal costs, Where the cost 

minimizing  input price aggregator is given by: 

 

 

Where  and  are the prices of domestic and imported inputs to production (in 

domestic currency).  
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tp zf

tp

Following Svensson (2000) we assume that the local price of inputs is similar 

to it's consumption counterpart:  

 

 

Averaging (17) across all firms, and plugging in (21)-(23) we arrive at the 

following equation for the inflation in the domestically produced consumption goods: 
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 This equation is distinct from the basic closed-economy New Keynesian 

model in that the real price of imported inputs affects inflation in addition to the 

output gap. This is a source of influence of the exchange rate on the domestic prices. 

Now, Following Gali and Gertler (1999) we assume that only a fraction λ of 

the firms set their price accordingly, while a fraction (1–λ) use a simple rule of 

adjusting their price according to last periods domestic inflation. We also assume δ=1, 

and get: 
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Recall that neither  nor  are observable. In the following we shall 
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Where ∗  represents a temporary deviation (from trend) in the world's 

relative price of inputs.  is the L.O.P. gap in the inputs sector and defined by: 

  

 

Equation (26) is the Phillips curve for the inflation in locally produced goods. 

As mentioned earlier the local inflation is unobservable and therefore it is impossible 

to directly estimate equation (26). We will use equation (10) in first difference to 

eliminate the local inflation in favor of the CPI inflation and imported inflation: 

 
18   For derivation of equation (26) see appendix A. 
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Now, equation (13), in first difference, can be used to replace the (unobserved) 

imported inflation by it's determinants – the change in world import prices of 

consumption goods ( ), the nominal depreciation (∗Δ tp teΔ ) and the change in the L.O.P 

gap ( ):  c
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where . ttt epdec Δ+Δ= ∗

 Our next step is to specify an equation for the local prices of imported 

consumption goods ( ) which shall define the L.O.P. gap ( ). One possibility is to 

assume immediate (and complete) pass-through, that is:  (as in Svensson 

(2000), for example). In that case  and equation (29) is fully measurable. A 

more reasonable possibility is to follow Adolfson (2001) and Munacelli (2005), who 

assumed price stickiness in imported goods as well as in the domestic goods. 

Consequently a dynamic equation arises, linking the imported goods inflation, , to 

it's real marginal cost . Direct estimation of  such an equation is possible only if 

there exists data on both the local and imported goods in the CPI. However, typically 

there are no statistics on this separation. One approach, taken in Leitemo (2006a) and 

Linde et al. (2004), is to use the national accounts deflators. For  they used the 

GDP price deflator and for  they used the import price deflator. However, This 

kind of approach is not free of problems. First, the pricing theory obove relates to 

market prices, i.e. either consumer prices or producer prices, so the components of the 

CPI or the WPI are more relevant than the national account deflators. Second, at least 

in Israel, the quarterly data of the national accounts are noisy and relatively unreliable 

in comparison with CPI series. Thirdly, the inflation target is in terms of the CPI. Due 

to these reasons we choose to estimate an equation in terms of the CPI alone.  

f
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 The solution we choose is in the spirit of Adoldson (2001) and Munacelli 

(2005), but rather ad-hoc. We assume that  and  evolve according to the 

following distributed lag process, through which we can calculate  and :   
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Namely, we assume the existence of some rigidities in the price setting of imported 

goods so that the final price (  or ) is influenced partly by the expected relevant 

world price (adjusted for exchange rate currency), partly by the contemporaneous 

level and partly by the first two lags. In the following we shall estimate the α

f
tp zf

tp

1, α2 and 

α3. Of course, we can add more leads or lags to this equation and test their 

significance. The choice of the first two lags is based on empirical results.  

Using these assumptions we can characterize the L.O.P. gaps in the imported 

consumption goods and imported intermediate inputs as follows: 

 

 

 

where  and   z
tt pdez Δ=

plugging (32) and (33) in equation (29) we derive a fully observable equation 

for the CPI inflation. In the equation below all the parameters can be identified and 

estimated:  
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3.3 Foreign currency market (the exchange rate equation) 

t order conditions. 

t+1
)'8(

 

Preliminary experiments showed that lags of the exchange rate, foreign and 

local i

 

Combining (8)' with (35) yields the following equation for the exchange rate: 

)36( e

 

.4 Monetary policy (interest rate rule)    

tion forecast based rule of the form: 

  

here  is year on year overall inflation rate at t+θ,  is the 

n target, rt is the n

We start with the UIP condition derived from the households firs

Accordingly, the spot nominal exchange rate is affected by future rate expectations, 
exp

1+t
e , and the adjusted interest rate differential: 

tttt iiee φ+−+= ∗exp   

nterest rates also contribute to the explanation of the spot exchange rate. 

Accordingly, we assume that household’s expectations with respect to the exchange 

rate next period are rational with gradual adjustment: 

1t
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We assume that the central bank follows an infla
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inflatio atural real interest rate and zt represents additional variables 

that might enter the rule. The inflation forecast horizon is θ quarters. Notice that while 

the behavioral model related only to CPI excluding housing, fruits and vegetables, the 

forecast relates to overall CPI (excluding only fruits and vegetables). The motivation 

is clear: the inflation target is defined on overall inflation and therefore monetary 

policy is likely to react to overall inflation. In order to close the model a simple, ad-

hoc, equation shall be specified and estimated for the CPI housing component. In the 

next sections we shall devote detailed discussion on: the estimated rule's parameters, 

the possibility of including the exchange rate in the rule and the choice of θ.   
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Table 1: The Model Equations 

 
The (non-housing) inflation Equation (33): 
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The housing price inflation equation: 

 

The CPI identity: 
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4. Model Estimation  
The a between 1992.1 and 2005.4. The variables 

that were used For the local economy, Israel, are: the consumer price index (excluding 

housing, fruits and vegetables), the CPI housing component, the Shekel/Dollar 

nominal exchange rate, the effective Bank of Israel nominal interest rate, business 

sector GDP, gross investment, government purchases and the forward 5 to 10 year 

real yield on government indexed bonds (which serves as a proxy to the time varying 

natural rate of interest). For the foreign economy we used: the unit value of imported 

consumption goods and imported inputs to production, 1 month LIBID dollar interest 

rate and the industrial country's volume of imports (to approximate the world's 

dem ition, the unit value of industrialized country's imports was used as an 

instrumental variable. In order to construct the gap variables the Hodrick-Prescott 

filter was e ata, their source and constructing the 

final variables is available in appendix B.  

For convenience we summarized the operative equations of the model in table 1. Each 

equation was estimated separately by the GMM method. In the estimation procedure, 

we assume rational expectations, meaning all variables indexed t+1 or t+2 are 

repl riable in that quarter. 

 

4.1 Estimation of the inflation equation 

The inflation equation was derived in section 3 above and can be viewed in 

table 1 equation (F.1) . The d to CPI excluding housing, 

frui  and v etables. To the estimated equation we added a constant (which turned 

out insignificant) and seasonal dummy variables. The estimation results seem more 

robust when replacing the leveled variables with moving averages. Therefore, the 

output gap term (yt) and the real price of imported inputs (all terms in curled brackets) 

were replaced with a two period moving average, for example, instead of yt we used 

les were multiplied by 4, so the dependent variable is the 

annualized quarterly inflation. 

 

 

 

 estimation is based on quarterly dat

and). In add

mployed. More information on the d

aced with the actual va

estimated equation is relate

ts eg

)( +⋅ tt yy .  All variab5.0 1−
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Table 2: Estimation of the Inflation Equation (F.1) 
Estimation for the period 1992:1-2005:4 (56 observations)*

Gradual Pass-through 

Excluding 98Q3 

F.1c 

Gradual            

Pass-through 

F.1b 

Immediate   

Pass-through 

F.1a 

 

0.565 
(14.8) 

0.591 
(12.6) 

0.580 
(17.5) 

λ 

0.556 
(5.4) 

0.464 
(4.7) 

0.091 
(12.3) 

c
fw  

0.102 
(2.0) 

0.086 
(2.2) 

0.018 
(1.6) 

by

0.030 
(1.1) 

0.039 
(1.3) 

0.122 
(6.12) 

bq

    
0.123 097 
(3.7) (2.3) 

0.0.0 α1

0.416 
(15.6) 

0.424 
(13.6) 

1.0 α2

0.337 
(16.4) 

0.0 α3 0.328 
(19.2) 

0.849  0.8220.792 R2

2.15 2.31 2.42 .E. S

2.38 3.08 2.65 DW 

0.237 
(0.951)**

0.231 
(0.953)**

0.252 
(0.996)**

Jstat 

* The numbers in parenthesis are t-statistics. 
** The number in parenthesis is the p-value for the test where the null hypothesis is that the over 
identifying restrictions are satisfied. The statistic for the test,  JT ⋅ ,  is asymptotically 2χ  with 
degrees of freedom equal to the number of over identifying restrictions (number of instruments less 
estimated parameters). 

As mentioned above, In

 

 the estimation procedure, we replaced the variables 

that represents expectations with there actual realizations. As a result, the unexpected 

factor of each such realization is included in the error term of the estimated equation, 

and these elements are potentially correlated with any variable that appears at the 

same date (including the exogenous variables). For example, we replaced and 1+ttdecE
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21 ++ tt decE with e dated t+1 or 

t+2 cannot ser  includes

which is replaced by e various variables (including 

the exogenous variables  be incorporated  the set of the ins ntal variables. 

Through out the sets of instrum ntal variab r each estimation, are documented in 

appendix C.  

We begin by assuming immedia ect) pass-throug  

rate and the world prices to the domestic t price, i.e. we as . In 

equation (F.1) this m

1+tdec and 2+tdec , respectively. As a result, any variabl

ve as an instrument. Notice that the above equation  tt decE 1−  

 tdec . As a result, only lags of th

) can in

les, fo

trume

e

te (perf h from the exchange

 impor sume 0== z
t

c
t ψψ

eans  and 12 =α . 0, 31 =αα

The estimates of the parameters o tion (F.1a) under mediate pass-

through assumption are presented in the first column of table 2.19 dent from the 

table, the equation has a good explanatory power, all the estimates have the right sign 

and are all, apart from by, significant (at the 5 percent significance level). However, 

for the weight of imports in consumption goods ( ) we obtained an estimate of 0.09 

that appears too sm e would exp alue closer to 0. er trials with 

several alternative specifications sugge at the bias in t ate may be 

related e, presum  false, assump  immediate (perfect) pass-through. To 

account for this, we proceeded by assu hat the pass-through in the prices of 

imported goods (consumption goods and inputs to production) is gradual and of the 

form ations nd (31), whic ns that the L.O.P s in imported 

consum  goods ported inputs are in the form of equations (32) and (33). 

Hence ill estim  α parameters

The estim e ation (F. ing gradual pass-through are 

le 2. As we can see, the parameters α1, α2 and α3 

both 

er 

e would expect. The weight of imports we obtain 

is 0.46

f equa  the im

 As evi

 
c
fw

all. W ect a v 4. Earli

sted th his estim

to th ably tion of

ming t

of equ (30) a h mea . gap

ption and im

 we w ate the . 

ates of qu 1b) when assum

presented in the second column of tab

are significant, supporting the conjecture of gradual pass-through. Furthermore, 

the weight of imports in consumption and the coefficient of the output gap are larg

and of a magnitude closer to what w

, which is in the order of magnitude of what we would expect. However this 

estimation seems to deliver some extent of serial correlation.20 It is found that 

omitting the third quarter of 1998 (equation (F.1c) in the third column of table 2) 
                                                 

19  Under the assumption of complete pass-through, Et-1dect is not included  in the equation and 
thus we can include exogenous variables dated at t in the instrumental variables set. 

20  This can be inferred from the high value (close to 3) of the Durbin-Watson statisti ugh cs. Altho
this statistics does not provides a formal test in our case.  
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relives a xtent

ations, we use the actual inflation of 98Q4 as an 

unbiased proxy for the inflation expectations

poor proxy in that quarter and as a consequence caused the undesired serial 

for getti  ide on the reasonability (of the order of 

magnit

GDP deflator CPI CPI 

good e  of the serial correlation without changing the magnitude of the 

estimated parameters. 

The reason that 98Q3 is problematic lies in the unexpected 15% depreciation 

of the exchange rate, in the last quarter of that year (following the LTCM crisis). That 

depreciation was behind the 5% increase in the CPI in that quarter. Under the 

assumption of rational expect

 generated in 98Q3. Obviously, it is a 

correlation. 

A possible mean ng an a 

ude) of the estimated parameters is to compare to other similar works. 

However, the comparison is not trivial since the specification of the equations is not 

exactly the same in all papers. Further more, we compare different economies in 

deferent time periods. Nevertheless, we choose three works, in which the parameters 

were estimated by classical methods: Lopez (2003) estimated a model for Colombia, 

Caputo (2004) estimated a model for Chile and Leitemo (2006a) estimated a model 

for England. In the following comparison we shall use the estimates of equation 

(F.1b) in table 2. Table 3 summarizes the comparison. 

 

Table 3: Cross Country Comparison of the Inflation Equation 

Leitemo 

England 

Caputo 

Chile 

Lopez 

Colombia 

Equation 

F.1b 

CPI 

Parameter 

0.352 0.591 
oefficient on 

expected inflation 
0.562 0.580 

C

 0.067 0.027 
0.086*0.5 = 

0.051 

output gap affect on 

the CPI  

0.07   0.086 

output gap affect on 

the  domestic prices

by

0.039 

Coefficient of real 

exchange rate - 0.035 -

bq
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  First we shall compare the coefficient on expected inflation (λ in equation 

F.1). As can be seen the estimate here (0.591) is quiet similar to that of Caputo 

(0.562)

h estimated 0.035 in comparison to 0.039 here. 

 

 and Leitemo (0.580) and larger than that obtained by Lopez (0.352). regarding 

the coefficient of the output gap, our estimate with regard to CPI inflation is similar to 

the one obtained by Caputo and larger than the one obtained by Lopez. Litemo 

estimated equation using the GDP deflator and got a value of 0.067. The analogous 

value here is (by) 0.086. 

As for the real exchange rate coefficient, it can only be compared with Caputo 

(2004), whic

4.2 Estimation of the CPI housing component equation 

The above equation relates to the inflation of the CPI excluding the housing, fruits 

and vegetables components. Since the inflation target is in terms of the overall CPI we 

need to specify and estimate an equation for the housing component as well. As is 

evident from Figure 2 (section 2), this component is influenced mainly by the 

(Shekel/Dollar) exchange rate developments. Based on this we estimated equation 

(F.2a) where the housing component inflation ( house
tπ ) is explained by the (current, 

lead and lagged)  exchange rate depreciations ( eΔ ), a constant and seasonal dummy 

variables (not reported). All variables we  multiplied by 4, so that the dependent 

variable i equation 

was es m MM. T d esti re sho le 4. 

For purposes of the model's long run properties and convergence, In the 

simulations we will use an homogeneo sion of quat rate 

coeffic ne) i  we om ad of nge ra  insures 

that m anent effect on the relative price of housing. 

The estim  o ted

colum

 

 

 

 

 

re

s the annualized quarterly CPI housing component inflation .The 

ti ated by G he resulte mates a wn in tab

us ver  the e ion (exchange 

ients sum to o

onetary policy will not have a perm

n which it the le  the excha te. This

ation results f the restric  equation (F.2b) are presented in the second 

n of table 2. 
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Table 4: Estimation of CPI Housing Component Inflation Equation (F.2) 
Estimation for the period 2000:1-2006:3 (27 observations) *

Without Lead  

Homogeneous Restriction 

F.2b 

With lead 

 

F.2a 

 

-0.833 -0.979 b0

(-2.4) (-4.17) 

0.0 0.166 

(1.76) 

b1

0.864 0.774 b2

(54.85) (18.14) 
1- b20.148 

(3.77) 

b3

0.936 0.923 R2

2.834 3.243 S.E. 

1.91 1.53 DW 

0.315 
(0.383)

0.312 
(0.209)

Jstat 
****

* The numbers in parenthesis are t-statistics. 
** The number in parenthesis is the p-value for the test where the null hypothesis is that the over 
identifying restrictions are satisfied. The statistic for the test,  JT ⋅ ,  is asymptotically 2χ  with 
degrees of freedom equal to the number of over identifying restrictions (number of i

 
nstruments less 

estimated
 

ly in levels terms (in the output gap equation). Hence, we shall 

roceed estimating the equation under the assumption of immediate pass-through. For 

the sake of simplicity we shall write the final output gap equation (15) in a compact 

form (F.4), where all parameters can be dentified and estimated. The equation is 

further simplified by defining, for any variable xt ( ),  

 parameters).

4.3. Estimation of the output gap equation (F.4) 

Estimation of the output gap equation, allowing for gradual pass-through of the form 

described in equation (32), did not yield reasonable results. It need not necessarily 

indicate the lack of gradual pass-through, but rather signals week identifying power 

when it appears on

p

i
∗
t

h
t

h
ttt yinvgqy  , , , ,
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11 1 −+ + th t

1
−−= xxEhx , i.e. x

1+ tttt h
x) )  is the deviation of x from a weighted avert age 

of its lead and lag.  

In the following, we a e o the ns, a constant 

(which turned out insignifica  the first three versions) and seasonal dummy 

variables. In the estimation, 

as to express all iables in ly term. The equation was estimated by GMM 

method.  

The estim  results ation (F.4a) are p ted in the first column of 

table 5. The results show an i iate value of habit persistence (0.542). We used 

the estimated value of  from

derive estimates of the structural parameters (σ, η and 

Comparing the estima meters that express long run shares in GDP (γx, 

γg, γinv, and γc) with the actual average share we find that the consumption share is 

estimated exactly. However, the estimated share of exports seems too low (estimated 

0.156 compared to 0.3 actual) and the share of govern purchases seems too high 

(estimated 0.225 ared to 0.06 actual). We should note that what we call 'actual' is 

not necessarily the correct p The long run shares relates to the components 

of which actual data are not available. The 

re in 

he 

osing that assessment with regard to the actual shares. As can be 

ain quite similar to those in 

obtained in the other papers.    

dd d, t  various estimated equatio

nt in

the annualized real interest rate gap was divided by 4, so 

var  quarter

ation  of equ resen

ntermed
c
fw  the inflation equation (F.1b) (in table 2) in order to 

γc).  

ted para

ment 

 comp

arameter. 

of the GDP in value added terms, 

assessment regarding the value of the 'actual' is based on each component's sha

total uses. In the second column of table 5 (equation F.4b), we present estimates of t

equation, when imp

seen the estimated value of the other parameters rem

equation (F.4a).  

In equations (F.4c) and (F.4d) we present estimates, analogous to (F.4a) and 

(F.4b), when eliminating habit persistence. i.e. under the constraints that h=0. As can 

be seen, under this restriction, the explanation power of the equation is reduced, the 

coefficient of the interest rate (ai) increases and that of the real exchange rate (bq) 

decreases.  

In table 6 we compare the estimated parameters of (F.4a) to those obtained by 

Lopez (2004), Caputo (2004) and Leitemo (2006a). As can be seen, the coefficients 

on expected output gap, and on the real exchange rate are larger, here, than those 
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Table 5: Estim o
Estimation for the period 1992:1-2005:4 (56 observations)

With Output No Output With Output tput 

ation f the Output Gap Equation (F.4) 
 *

No Ou 
weight 

Restrictions, 
h = 0 
(F.4d) 

weight 
Restrictions, 

h = 0 
(F.4c) 

weight 
Restrictions, 

With h 
(F.4b) 

weight 
Restrictions, 

With h 
(F.4a) 

0.0 0.0 0.542 0.542 h (-) (-) (5.9) (5.9) 

-0.703 
(-7.4) 

-0.819 
(-6.2) 

-0.399 
(-4.07) 

-0.424 
(-3.5) ai

0.060 
(1.5) 

0.125 
(2.6) 

0.173 
(4.2) 

0.268 
(5.6) aq

0.30 a (-) (7.1) (-) (1.5) x
0.392 0.30 0.156 

0.06 
(-) 

0.222 
(6.3) 

0.06 
(-) 

0.225 
(5.4) ag

0.16 
(-) 

0.167 
(7.4) 

0.16 
(-) 

0.139 
(7.7) ainv

Solving for deep parameters by plugging in  464.0=c
fw . 

0.683 
(7.4) 

0.266 
(2.5) 

0.336 
(3.5) 

0.336 
(2.8) σ 

0.062 
(1.5) 

0.136 
(2.7) 

0.275 
(5.6) 

0.379 
(3.8) η 

0.48 
(-) 

0.218 
(3.3) 

0.48 
(-) 

0.480 
(4.5) γc

R2 0.536 0.503 0.699 0.712 

2.50 2.67 2.04 2.05 S.E. 

2.66 2.59 3.01 2.90 DW 

0.261 
(0.974)**

0.257 
(0.937)**

0.221 
(0.988)**

0.221 
(0.964)**Jstat 

* The numbers in parenthesis are t-statistics. 
** The number in parenthesis is the p-value for the test where the null hypothesis is that the over 
identifying restrictions are satisfied. The statistic for the test,  JT ⋅ ,  is asymptotically 2χ  with 
degrees of freedom equal to the number of over identifying restrictions (number of instruments less 
estimated parameters). 
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Table 6: Cross Country Comparison of the Output Gap Equation 

mo

Eng bia(F.4 

param Leite Caputo Lopez Equation eter

landChile Columa)

     

0.53  .1090.649 0.4530 
h+1

1 

-0.28 .668-0.424 -0 ai -

0.11  0020.268 0.0160. aq

0.25  0.156 0.0260.092 ax

 

 

4 .5. Estimation of the exchange rate equation 

From e midd 997 on, the  of Israel did not intervene in the foreign 

exchange market, so that the exchange rate has been determined by market forces. 

The final exchange rate equation (35) was modified ing that the, unobserved, 

risk F 5).21 The equation was estimated by 

GMM method for the period 1997.3 to 2005.4. The annualized interest rate 

differ ials wer ed by 4.  Th lts are summ  in table 7. 

 

Table 7: Estimation of the Exchange Rate changes Equation (F.5) 
ation for the p 97:3-2005:4 vations) *

 th le of 1  Bank

 assum

 premium is a fixed parameter (see equation .

ent e divid e resu arized

Estim eriod 19 (34 obser

ω  0.569 

(9.53) 

φ  3.383 

(2.43) 

R2 0.428 S.E. DW  Jstat 
14 

3)**2.52 2.78
0.1

(0.69

* The numbers in p is are t-statist
** T ber e the test w ll hypoth the over 
identifying restri  tisfied. T ic for the t J

arenthes ics. 
he num in parenthesis is th

ctions are sa
p-value for 
he statist  

here the nu
est,  

esis is that 
T ⋅ ,  is asy  with 

over identifying restrictions (number of instruments less 

estimate of the average annualized risk premium is 3.383 percents. Additional 

                                                

mptotically 2χ
degrees of freedom equal to the number of 
estimated parameters). 
 

The parameter of the future exchage rate is estimated to be 0.569, and the 

 
21  In the estimated equation et is 100*log(Nominal Exchange Rate). 
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experim rds the 

end of the es r ren e d he ate.   

 

4 .6. Estimation of the interest rate rule 

We  considered equation (F.6) where in addition to the inflation gap, 

the monetary authority may react directly to the output gap, the real exchange rate gap 

and the nomin eprec l in f two ters m

equation was estimated b   the ntal variables are listed in appendix C. 

The equation was estimated with various θ ranging from 0 to 4.22 Only for θ equal to 

0 and 1 we rec ed rea and esul ssible explanation of that 

sult is that the actual yearly inflation for three and four quarters ahead is "bad" 

stimate of expected inflation, due to the large fluctuations of the inflation rate during 

ost yearly inflation with one year 

 exchange rate 

ap or exchange rate changes. As can be seen, for the outcome based rule (i.e for 

θ=0) w ve and 

significant coeffic of 0.772 for the 

lagged interest rate. When w  yearly inflation one quarter ahead (i.e for θ=1) 

the coefficients of the inflation and output gaps increases but e inertia 

increases. When we use CM expectations instead of actual inflation (which can be 

interpreted as moving to θ=4) the coefficients on the inflation and output gaps 

s to a similar rate of that in the case of θ=1.  

κi , κπ , κy the results are analogous to those in the first three 

column

ents hint to the possibility that the average risk premium declined towa

timation pe iod, concur t with th ecline in t  inflation r

)( ,4 T
t

cpi
ttE ππ θ −+ , 

al d iation (al  terms o  quar oving average). The 

y GMM, instrume

eiv sonable stable r ts. A po

re

e

the estimation period. When we replaced actual ex-p

ahead inflation expectations which are derived from the capital market (CM) we got 

better results. As can be seen in table 8 the estimated equations using CM 

expectations is not "worse" (in terms of fit) even than those that use yearly inflation 

with θ equal to 0 and 1.   

 In the first three columns of table 8 we present the results of the estimated 

equations under the restrictions: κq = 0, κΔe = 0, that is without the real

g

e get for the inflation gap a coefficient above 1 (1.39) a positi

ient for the output gap (0.233) and coefficient 

e move

also th

increases further but the inertia reduce

 In the last three columns of table 8 we present the results when we add to the 

equations the real exchange rate gap and the exchange rate changes. For the estimates 

f the parameters o

s. The effect of the exchange rate gap is significant in the three equations and 

the exchange rate changes is significant in F.6d and F.6f.    
                                                 

22  The use of a smoothed measure of inflation and the restriction of θ to at most 4 quarters ahead 
is based on the conclusions of the paper by Levine et al. (2003). 
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 According to the results above it seems that the Bank of Israel reacted to the 

exchange rate, in addition to the inflation and output gaps. The natural question is 

hy? Is it because exchange rate fluctuations appear as a factor in its loss function? 

 rate fluctuations helps to reduce the 

 

w

Alternatively, is it because reducing the exchange

fluctuations of the inflation and or the output gap. In the next section we shall use the 

model to answer that question. However the main challenge of the next section is the 

choice of the parameters value of a forecast base rule for the model.   

   

Table 8: Estimation of the Interest Rate Equation (F.6) 
Estimation for the period 1992:3-2005:4 (54 observations) *

CM 
 

 (F.6f) 

θ = 1 
 

 (F.6e) 

θ = 0 
 

 (F.6d) 

CM 
κq = κΔe = 0 

 (F.6c) 

θ = 1 
κq = κΔe = 0 

(F.6b) 

θ = 0 
κq = κΔe = 0 

(F.6a) 

0.806 
(33.0) 

0.873 
(35.4) 

0.804 
(35.8) 

0.807 
(29.7) 

0.876 
(29.6) 

0.772 
(40.3) κi

2.841 
(6.55) 

1.619 
(3.37) 

1.255 
(9.91) 

3.391 
(7.23) 

2.526 
(4.13) 

1.390 
(9.97) κπ

0.625 0.764 0.448 0.397 30 
y (4.02) (3.06) (3.60) (3.55) (1.83) (2.80) κ 0.30.233 

0.452 
(2.37) 

1.120 
(2.90) 

0.422 
(2.83) -- -- -- κq

0.193 
(5.02) 

0.121 
(1.47) 

0.083 
(2.12) -- -- -- κΔe

0.944 0.932 0.944 0.943 0.927 0.945 R2

1.03 1.13 1.02 1.02 1.15 1.00 .E. S

1.73 1.54 1.57 1.74 1.85 1.69 W D

0.181 
(0.939

0.224 
(0.794)

0.166 
(0.941)

0.229 
(0.903)

0.228 
(0.872)

0.203 
(0.925) )**Jstat **********

 
* The numbers in parenthesis are t-statistics. 
** The number in parenthesis is the p-value for the test where the null hypothesis is that the over 
identifying restrictions are satisfied. The statistic for the test,  JT ⋅ ,  is asymptotically 2χ  with 
degrees of freedom equal to the number of over identifying restrictions (number of instruments less 
estimated parameters). 
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5. Deriving an Optimal Simple Monetary Policy Rule 
In this section we will search for an optimal-simple monetary policy rule. Simple in 

the sense that the rule takes the form of equation (F.6), optimal in the sense that it will 

be based on a central bank loss function (to be defined below). Specifically, we would 

like to choose the inflation forecast horizon (defined by the θ parameter) and test 

whether the model justifies direct reaction to the exchange rate. 

 The simulations held for this purpose consists of the following equations: 

on equation (F.1b) which allows for gradual pass-through. 

b. We use ho vergence to 

the general inflati  –  relative prices 

are co s  d t ry p can not t the lon  

relative p housin

c. We use output gap equation (F.4a) which allows for habit formation in 

nsump  does on the weights of the GDP components.  

d. We m nners. first, we found that 

wing rward t (ω)  grea n 0.5 ies p  

determinacy problems. Therefore we rate the t to be  Second, we 

ume an exogenous v risk pr rather onstan

e. For all exogenous variables we fit an auto regre quation ount for their 

namics. estima

quations s Argov et al 007).24

f. In order to hold stochastic simulations, standard deviations mu

ck (e  resid hese w sed on the estimated equations. In all 

lations we assume ce of m ry polic cks and stant in

t. De n the sta  deviatio  presen appendi

 T ective onetar cy is inimize the variat  

roe ria get  ta ts d d

f key model variables under various values of θ, i.e., the inflation forecast horizon.26 

three parameter estimates from equation F.6f (κi 

a. We use inflati

using component equation (F.2b), adjusted for long run con

on target. These insure that the model converges

n t theant in lon  ang run,  ha netat mo olicy  affec g run

rice of g. 

co tion and not impose restrictions 

odified the exchange rate equation in two ma

allo  the fo  weigh  to be ter tha embod
23

otential

 calib  weigh  0.45.

ass arying emium than a c t term. 

ssive e  to acc

dy In general the equations were ted by OLS. For details on these 

e ee . (2

st be defined for each 

sho quation ual). T ere ba

simu  absen oneta y sho  a con flation 

targe tails o ndard ns are ted in x D. 

he obj of m y poli to m ion in

mac conomic va bles.25 To  first taste, ble 9 presen the standar eviation 

o

In these simulations we used the first 

                                                 
23  In Argov et al. (2007) ω was estimated to be 0.45 in a similar specification. In their estimatio

a larger set of instrumental variables was used. 
n 

25   To be even more exact – to minimize variation of macroeconomic variables around their 
exible price level. 

26  θ = 0 is a backward looking rule, θ = 1,2 are hybrid backward-forward looking rules and  θ = 3 
is a forward looking rule. Current inflation is included in each rule. For details see equation (F.6). 

24  Section 7. 

fl
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= 0.81, κπ = 2.84, κy = 0.63); we assumed no direct reaction to the real exchange rate 

's loss function. The 

t is 

sen so that 

nor the nominal depreciation (κq, κΔe = 0). The last row of table 9 is the following 

weighted sum of variance:  

)(0.4)(5.0)(0.1 iVaryVarVarL cpi Δ⋅+⋅+⋅= π  

 

This weighted sum (L) will later serve as the monetary policy

weights in L are somewhat non-standard, particularly, the interest rate weigh

usually calibrated to be less than unity.27 In our case, the weights were cho

the standard deviations under the simple-optimal rules fall in the neighborhood of 

those under the empirical (estimated) rules. Specifically, only interest rate weights far 

greater than 1 generate interest rate variations close to those observed in the data. 

 

Table 9: Standard Deviations of Main Variables Using Estimated Parameters 

Under Various Forecast Horizons  
κi =0.81,  κπ =2.84,  κy =0.63  

θ = 3 θ = 2 θ = 1 θ = 0 S.D. of 
variable1

4.23 3.86 3.72 3.75 πcpi

4.52 4.13 3.94 3.92 πc

4.35 y 3.77 3.95 4.15 

1.02 1.04 1.02 1.00 Δi 

3.80 3.90 4.02 4.15 q 

8.75 8.75 8.86 9.09 Δe 

29.16 27.02 26.61 27.52 
Weighted 
Sum of 

Variance2

 
1. Inflation and depreciation rates are annualized, Δi is quarterly change in annualized interest rate. 
2. 1.0*Var(πcpi) + 0.5*Var(y) + 4.0*Var(Δi). 
 

 θ = 

It is evident from the table that the greater the forecast horizon, the smaller is 

the variance in the output gap, real exchange rate and nominal depreciation (up to

                                                 
27   For example Svensson (2000) uses a value of 0.01, Leitemo and Soderstrom (2005b) use 0.1. 
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2). In contrast, the standard deviation of CPI inflation is lowest with a one period 

ahead forecast horizon (θ = 1). The standard deviation of interest rate changes is not 

very sensitive to the forecast horizon. To a big extent, these are the result of the fast 

and strong pass-through from exchange rate shocks to CPI prices.28 Following such 

ocks inflation rises sharply for one quarter. The peek in Year on Year inflation is in 

tion 

xpectations, current inflation and two lags of inflation realizations.  θ = 1 being 

su  

as the weight on the outp ight on the interest rate 

is smaller than 33!). however i stinguish between   θ = 1 and 

θ = 2. If the loss function weight on the output is 0.8 than  θ = 2 is superior. 

Table 10 presents standard deviations of key variables (and a weighted sum) 

using θ = 1 and the parameters of estimated equation (F.6f) when gradually allowing 

for direct reaction to the nom

It is seen el of r change κq > 0) reduces 

the variance in i ation w sing th ance in output. In p is is due to the 

dominance of shocks that generate negative real-exchange rate – output gap 

correlation: nom l exch ate an ign int ate shocks. Therefore it is 

found by the weighted sum to be sub-optimal (as long as the output weight in L is 

bigger than 0.25). Direct reaction to the nomina eciatio  > 0) slightly 

improves the variance in inflation while generating moderately larger interest rate and 

output standard deviations. In sum, it doesn' seem to contribute m  

performance. The results outlined here  for θ = 1 hold for other  θ values as well. 

 

                                                

sh

the second quarter. Therefore, the longer the forecast horizon the quicker the interest 

rate starts re-adjusting to it's pre-shock level, and a smaller output sacrifice is 

generated. Immediate and direct reaction to the peek of year on year inflation (θ = 1) 

minimizes the variance in quarterly inflation.   

It is seen that the loss function L is minimized with θ = 1, i.e., using a hybrid 

backward-forward looking inflation measure of one period ahead infla

e

perior to θ = 0 and θ = 3 is rather robust to the loss function choice (it holds as long

ut gap is smaller than 1.75 and the we

t is some what harder to di

inal and real exchange rate. 

 that direct reaction to the lev eal ex  rate (

nfl hile ri e vari art, th

ina ange r d fore erest r

l depr n (κΔe

t uch to central bank

 

 

 
28   Due to the dollarized hosing price component and a rather short import price pass-through lag 

structure (see equation 30). 
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Table 10: Standard Deviations of Main Variables Using Estimated Parameters 

and Implications of Direct Reaction to the Exchange Rate, 
κi =0.81,  κπ =2.84,  κy =0.63, θ = 1 

κq = 0.45 
κΔe = 0.19 

κq = 0.00 
κΔe = 0.19 

κq = 0.45 
κΔe = 0.00

κq = 0.00 
κΔe = 0.00 

S.D. of 
variable1

3.51 3.64 3.59 3.72 πcpi

3.81 3.94 3.80 3.94 πc

4.49 4.15 y 4.48 4.18 

1.10 1.06 1.05 1.02 Δi 

4.24 3.96 4.35 4.02 q 

8.55 8.56 8.85 8.86 Δe 

27.19 26.48 27.38 26.61 
Weighted 
Sum of 

Variance2

1. Inflatio
2. 1.0*V

e turn to formally derive an 

optima

i

  

d. steps (a)-(c) are repeated for each forecast horizon  (θ = 1,2,3,4). 

                                                

n and depreciation rates are annualized, Δi is quarterly change in annualized interest rate. 
ar(πcpi) + 0.5*Var(y) + 4.0*Var(Δi). 

 

Having the results of tables 9 and 10 in mind w

l-simple rule, based on minimizing the loss function L. We take the following 

steps:  

a. We find the inflation and output reaction measures (κπ, κy) that minimize the 

loss function while calibrating the smoothing parameter (κi) to 0.829 and the 

exchange rate reaction parameters (κq, κΔe) to zero. 

b. Taking the optimal parameters found in step (a), we minim ze the loss 

function by means of the exchange rate reaction parameters. In this we 

follow the approach taken by Leitemo and Soderstrom (2005b). 

c. For comparison purposes we optimize on all four parameters (κπ, κy, κq, κΔe).

 
29  Optimizing on all three parameters drives the optimal parameters to unreasonable areas in 

which the reaction and smoothing parameters are very high. Especially when the forecast horizon 

se to calibrate to this value.    
grows. Since it was found in this study, like others,  that a smoothing parameter value of 0.8 reflects 
central banks' actual conduct, we cho
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Tables 11-14 report the optimized parameters, the resulting standard deviations

ction values. For comparison, we found that using the globa

 

and loss fun lly optimal 

interest rate rule (assuming c value is 24.10.  

Similar to what we found with the estimated rule, the hybrid backward and 

one-period- a ru ee er  (optimized) 

loss function values. In this case we f the opt nflation reaction parameter 

(κπ) is 2.93, larger than what was found in the estimation assuming a short forecast 

horizon. Similar the esti , we le om the tables that as the forecast horizon 

increases, the optimal infla action eters grows.  

The optim eter (  

estimated values. This result might have a simple operational reason: the model 

assumes perfect knowledge of the current state of th ut gap; urse, in reality, 

not only that the central bank does not know the tru sure of the gap, it does not 

even have a precise real time HP Filter estimate due to lags in data publication and 

well documen of-s ilterin lems. 

For all forward looking rules (θ > 0) we find that direct reaction to exchange 

optimized parameters are negative! We conclude that the forecast of CPI inflation 

summa

e benefit in nominal exchange rate reaction in backward looking rules (θ = 

0).

i =  

0.8,  κ ge rate measures. The output 

gap re 

due t s 

functi al-simple rules 

fou

 

 

 

 

ommitment) the loss function 

ahead forw rd looking le (θ = 1) s ms to deliv  the lowest

ound imal i

 to mation arn fr

tion re  param

al output gap reaction param κy) is 0.9, again, higher than the

e outp  of co

e mea

ted end- ample f g prob

rate measures does not contribute in reducing the loss function. In some cases the 

rizes the relevant information, even in a very open economy, even when some 

inflation components are eccentrically linked to the exchange rate.  In contrast, we 

find som

  

Based on these results we  will employ a simple-optimal-rule with θ = 1, κ

π =  2.93,  κy = 0.5 and no direct reaction to exchan

 reaction parameter was reduced from the one found in the optimization procedu

o the operational considerations mentioned above. This rule generates a los

on value of 26.8, only 1.4% higher than the best of the optim

nd above and 11.1% higher than the global optimal rule. 
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Table 11: Optimal Forecast-Based Rules, Standard Deviations of Main Variables 

and Loss Function2,3  

θ = 0 

Optimizing 
on: 

κπ , κy , κq , κΔe

Optimizing 
on: 
κΔe

Optimizing 
on: 
κq

Optimizing 
on: 

κi , κπ , κy 

0.80 0.80 0.80 0.80 κi

2.54 2.81 2.81 2.81 κπ
0.99 0.99 0.99 κy 1.03 

0.18 -- 0.16 -- κq

0.24 0.24 -- -- κΔe

    
S.D. of 

variable1

3.77 3.73 3.78 3.83 πcpi

3.99 3.95 4.00 πc 4.03 

4.04 4.08 4.11 4.04 y 

1.05 1.07 1.05 1.04 Δi 

3.95 3.94 4.07 4.01 q 

8.69 4.68 9.07 9.10 Δe 

26.78 26.83 27.16 27.21 Function 
Value

Loss 

2

 
1. Inflation rates are annualized, Δi is quarterly change in annualized interest rate. 
2. We find the κ parameters that minimize the objective function: 
    1.0*Var(πcpi) + 0.5*Var(y) + 4.0*Var(Δi)  
3. For all simulation, κi is calibrated to 0.8. 
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Table 12: Optimal Forecast-Based Rules, Standard Deviations of Main Variables 

and Loss Function2,3  

θ = 1 

Optimizing 
on: 

κπ , κy , κq , κΔe

Optimizing 
on: 
κΔe

Optimizing 
on: 
κq

Optimizing 
on: 

κi , κπ , κy 

0.80 0.80 0.80 0.80 κi

2.81 2.93 2.93 2.93 κπ
0.90 0.90 0.90 0.90 κy

0.02 -- 0.01 -- κq

0.12 0.12 -- -- κΔe

    
S.D. of 

variable1

3.71 3.68 3.72 3.73 πcpi

3.98 3.96 3.95 3.96 πc

3.96 3.98 3.96 3.95 y 

1.09 1.11 1.09 1.09 Δi 

3.89 3.90 3.94 3.93 q 

8.66 8.66 8.84 8.84 Δe 

26.40 26.41 26.48 26.48 
Loss 

Function 
Value2

 
1. Inflation rates are annualized, Δi is quarterly change in annualized interest rate. 
2. We find the κ parameters that minimize the objective function: 
    1.0*Var(πcpi) + 0.5*Var(y) + 4.0*Var(Δi)  
3. For all simulation, κi is calibrated to 0.8. 
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Table 13: Optimal Forecast-Based Rules, Standard Deviations of Main Variables 

and Loss Function2,3  

θ = 2 

Optimizing 
on: 

κπ , κy , κq , κΔe

Optimizing 
on: 
κΔe

Optimizing 
on: 
κq

Optimizing 
on: 

κi , κπ , κy 

0.80 0.80 0.80 0.80 κi

3.38 3.12 3.12 3.12 κπ
0.80 0.81 0.81 0.81 κy

-0.13 -- -0.05 -- κq

-0.09 -0.06 -- -- κΔe

    
S.D. of 

variable1

3.76 3.81 3.79 3.78 πcpi

4.04 4.07 4.08 4.06 πc

3.87 3.86 3.85 3.87 y 

1.14 1.12 1.14 1.14 Δi 

3.87 3.89 3.84 3.87 q 

8.77 8.77 8.68 8.68 Δe 

26.94 26.96 26.97 26.98 
Loss 

Function 
Value2

 
1. Inflation rates are annualized, Δi is quarterly change in annualized interest rate. 
2. We find the κ parameters that minimize the objective function: 
    1.0*Var(πcpi) + 0.5*Var(y) + 4.0*Var(Δi)  
3. For all simulation, κi is calibrated to 0.8. 
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Table 14: Optimal Forecast-Based Rules, Standard Deviations of Main Variables 

and Loss Function2,3  

θ = 3 

Optimizing 
on: 

κπ , κy , κq , κΔe

Optimizing 
on: 
κΔe

Optimizing 
on: 
κq

Optimizing 
on: 

κi , κπ , κy 

0.80 0.80 0.80 0.80 κi

3.20 3.46 3.46 3.46 κπ
0.93 0.99 0.99 0.99 κy

0.16 -- 0.12 -- κq

0.06 0.04 -- -- κΔe

    
S.D. of 

variable1

4.05 4.03 4.02 4.05 πcpi

4.36 4.35 4.33 4.36 πc

3.69 3.64 3.67 3.68 y 

1.18 1.22 1.22 1.19 Δi 

3.81 3.75 3.82 3.78 q 

8.58 8.56 8.62 8.61 Δe 

28.81 28.85 28.84 28.85 
Loss 

Function 
Value2

 
1. Inflation rates are annualized, Δi is quarterly change in annualized interest rate. 
2. We find the κ parameters that minimize the objective function: 
    1.0*Var(πcpi) + 0.5*Var(y) + 4.0*Var(Δi)  
3. For all simulation, κi is calibrated to 0.8. 
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6. Model's Impulse Response Functions  
ic elasticity's (impulseIn this section we present dynam  responses) of the endogenous 

variables, with respect to each of the ing shocks: monetary policy, nominal 

exchange rate and the output gap (dem

equations (F.1b), (F.2b), (F.4a) and (F.5) as described in section 5. To close the model 

we used the optimal le cali d in sect 5. (Th  rule 

are: θ = 1, κ  0.8, κπ = 2.93, κy = 0 = 0.0 an

present the  impulse responses when monetar  is ope ing to 

estimated equation (F.6a). This alternative employ ckward lo  rule (θ = 0) 

and less agg siveness i eaction to tion and output gap.  In the following 

we shall re briefly to me interesting charact s of the , that can be 

inferred from the impulses.    

Figure 6.1 presents impulse responses with respect to one percentage point 

(p.p.) shock to the nom terest ra otice tha he endog variables are 

immediately affected by the shock and that the i iate respo s the largest. 

Usually in estimated models one would expect to find a hump shaped response of the 

inflation and the output gap to the interest 

the endogenous variables in this model is partly due to the existence of the exchange 

rate channel and the large immediate exchange rate pass-through. The unexpected 

increase in the interest rate causes an immediate decline of the exchange rate which 

immediately ects inf and the xchang  and thro  – the output 

gap. Another reason for the quick response is the relatively large coefficients on 

expectati  in  output nd exc rate equations (that is, the 

latively high degree of forward looking-ness that characterizes the model). 

to unexpected 10 

tice that here as well (as in figure 6.1), the 

mediate response, is the largest. Due to the concurrent positive response of the 

terest rate, the 10 p.p. shock ends in only 7.5 p.p. devaluation in the first quarter. 

Concurrently, CPI inflation increases by 2.5 p.p, indicating immediate pass-through of 

(1/3) with respect to the CPI inflation. The nominal interest rate increases 

immediately by 0.5 p.p. and peaks at 0.9 p.p. above steady state (in the baseline 

simulation).  The real rate temporarily drops in the first quarter, however, as the 

nominal rate continues to rise and inflation re-converges, the real rate peaks at 1.2 p.p. 

follow

and shock). The simulations are based on 

 " " simple ru brate ion e parameters of the

i = .5, κq d κΔe = 0.0.) In Addition, we will 

same y policy rated accord

s a ba oking

res n r  infla the 

fer  so eristic model

inal in te. N t all t enous 

mmed nse i

rate shock. The large and quick response of 

 aff lation  real e e rate, ugh it

ons in the flation,  gap a hange 

re

In figure 6.2 we present the impulse responses with respect 

p.p. shock to the exchange rate. oN

im

in
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2 quarters following the shock. As a consequence output falls for 2 years, where the 

sensitivity of the inflation rate to shocks to the exchange 

rate. O

 

peak is 2 quarters after the shock.  

In the alternative simulation with the empirical monetary policy rule, the 

interest rate path is 0.2 p.p. lower for 3 periods. As a result, inflation and output are 

higher. In addition, we notice the interest rate starts reverting down to steady state one 

period after the baseline case. This is due to backward looking nature of the policy 

rule. The year on year inflation measure used in the rule, drops 4 quarters after the 

shock – the time in which the interest rate reverts to steady state. Ceteris paribus, this 

causes a deeper output gap reaction.  

The above simulations highlight the role of the exchange rate in the 

transmission mechanism of monetary policy in an open economy. The high exchange 

rate pass-through means high 

n the other hand, the high exchange rate pass-through also enhances the 

affectivity of the nominal interest rate as a tool for stabilizing inflation.  

In figure 6.3 we show the impulse responses with respect to a shock in the 

output gap equation. In the first quarter the nominal interest rate increases in the intent 

to stabilize output. This causes an immediate decrease of the exchange rate, which 

sets off the inflationary effect of the demand shock so that year on year inflation is 

soon bellow steady state. This open-economy phenomenon demonstrates policy 

tradeoff between stabilization of output and inflation in light of demand side shocks. 

This calls for a careful choice of the output gap reaction parameter.  As can be seen 

from the alternative simulation, empirically, interest rates reacted less to output gaps, 

leaving some more short-run inflationary pressures.   
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Figure 6.1: Impulse Response Function to 1 p.p. Interest Rate Shock 
With optimal-simple rule (baseline) Vs. estimated rule (alternative)  

   
            i – Nominal interest rate                                r – Real interest rate 
            πcpi – Quarterly CPI inflation (annualized)         π4cpi – Year on year CPI inflation 
            y – output gap                                                  q – real exchange rate gap 
           Δe – Quarterly depreciation rate (annualized)    e – (log) Nominal exchange rate 
            
           _base – Baseline simple-optimal rule               _alt – Alternative estimated rule 
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Figure 6. e Shock 
With optimal-simple rule (baseline) Vs. estimated rule (alternative) 
2: Impulse Response Function to 10 p.p. Exchange Rat

 
            i – Nominal interest rate                                     r – Real interest rate 
            πcpi – Quarterly CPI inflation (annualized)         π4cpi – Year on year CPI inflation 

 – Quarterly depreciation rate (annualized)     – (log) Nominal exchange rate 

         _base – Baseline simple-optimal rule                 _alt – Alternative estimated rule 

            y – output gap                                                     q – real exchange rate gap 
e e           Δ
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Figure 6.3: Impulse Response Function to 1 p.p. Output Gap Shock 
With optimal-simple rule (baseline) Vs. estimated rule (alternative) 

 
            i – Nominal interest rate                                     r – Real interest rate 
            πcpi – Quarterly CPI inflation (annualized)         π4cpi – Year on year CPI inflation 

 rate 

base – Baseline simple-optimal rule                 _alt – Alternative estimated rule 
 

   

            y – output gap                                                     q – real exchange rate gap 
           Δe – Quarterly depreciation rate (annualized)    e – (log) Nominal exchange
            
           _
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7. Conclusions 
In this paper, or the Israeli 

economy. The specification relies on standard New Keynesian theory, with some 

adjustments to unique Israeli phenomenon's.  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 theory and results obtained for other 

economies. 

One of the main findings is the importance of the exchange rate in the Israeli 

economy’s transmission mechanism. The exchange rate affects CPI inflation directly 

through import prices and housing prices, and indirectly through it's 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. 

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 10 percent, of a one-quarter-ahead expected depreciation, 

is transmitted immediately into higher import prices. Once a depreciation has 

occurred, some 40 percent of it are transmitted into higher import prices in the same 

quarter, while the remaining 50 percent are transmitted in the following 2 quarters.  

The estimation showed that the weight of imported goods and services in 

overall CPI is about 0.37. This estimate is higher than the one obtained for other open 

economies (where it is about 0.3). In addition, the exchange rate affects directly the 

housing component of the CPI (which accounts for about 20 percent of the CPI). The 

pass-th re transmitted 

immed menon, in 

which the price of a component

almost f our 

knowledge, unique to the Israeli economy – a legacy from the era of hyper-inflation 

we specified and estimated a New Keynesian model f

rough in this component is rather fast – some 85 percent a

iately and the rest are passed in the following quarter. This pheno

 that is not imported (and is not even tradable) is 

completely linked to the shekel/dollar exchange rate, is, to the best o
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that prevailed during the years 1978 to 1985. In order to better understand and 

her economies. This finding is further evidence of the Israeli economy’s 

degree 

 a result of two factors: the first is the 

immed

 equations for inflation and the output gap. The 

strong 

or 

real) in

forecast inflation and to reliably estimate the exchange rate – CPI relation, we found it 

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 ot

of openness and its sensitivity to exogenous global shocks.  

The estimation of the inflation and output gap equations yielded a high 

coefficient for the expectations term (0.6 and 0.65 respectively). This indicates a low 

degree of inertia in both variables.  

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

iate 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

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.  

In the search for a simple optimal monetary policy rule we found two policy 

implications: (1) regardless of the strong and fast exchange rate channel described 

above, the central bank does not gain much by directly reacting to it's (nominal 

novations. The CPI inflation incurs enough information for conduct of 

monetary policy. (2) Due to the fast transmission from shocks and interest rates to 

inflation, and the low persistent characterizing it, monetary policy should be based on 

a hybrid backward-forward looking measure of inflation.   
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Appendix A – Deriving Equation (26): 
Equation (25) is the hybrid local prices Phillips Curve in which inflation dynamics are 

determined by the output gap and the real price of imported inputs. 
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For simplicity of simulations we shall re-write the last term. First let us add 

and subtract f
tp , the local price of imported consumption goods: 
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Next we can use the general definition of incomplete pass-through given in 

equations (13) and (27): 
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Finally we define the relative price of imported inputs to production 
∗∗∗ zzc )( − tt pp  and use the definition of the real exchange rate (12): =tp
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 In this form )( h
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a proxy. Plugging (A.4) in equation (25) we derive equation (26):   
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Apendix B – Description of the Data 
The estimation of the model used three types of data: gaps, rates of change and 

interest rates. This appendix will describe each type and its source. In general, 

quarterly rates of change and interest rates are annualized while the gaps are 

expressed in conventional quarterly terms. However, in estimation of each equation 

we normalize all variable to the same term, by that allowing the direct interpretation 

of the e

1. Gaps 

All the gaps were calculated using the HP filter. In what follows, we denote the 

smooth  se es Z 

(for example, business sector real output) is denoted by z (the output gap) and is 

calculated as follows:  

stimated parameters.  

 

ing of series X using the HP filter as HP(X). The gap of the original ri

[ ] 100*))(log(HP)log()B.1( ZZz −=  

 

ets is the deviation rate of Z from its trend. Multiplying by 

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

y – the output gap which is based on the business sector real GDP (Y) . The trend 

was cal

gh – the publi ses component 

of the public sector (Gh). The trend was calculated using data starting from 1964.1. 

Source: BoI database. 

invh – the investment gap which is based on real gross investment (INVh). The 

trend was calculated using data starting from 1964.1. Source: BoI database. 

y* – the world trade gap which is based on 

d on the b

Source: the IFS database. The IFS database series contains an unreasonable break in 

o  possible miss m

versions of the series were used to chain data before 1996 to the reliable database 

                                                

The term in square brack

100 expresses the gap in percent.  

culated using data starting from 1968.1. Source: Bank of Israel (BoI) database. 

c consumption gap which is based on the real purcha

the real imports of the industrialized 

countries30 (Y*). The trend was calculate asis of data starting in 1960.1. 

1996Q1 due t aintenance. Therefore the IFS yearbook and older 

series following 1996.    

 
30   Volume of imports divided by unit value. 
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q – the real exchange rate gap is based on the real exchange rate (Q) which is 

calculated as follows: 

c
t

t
c

t
t P

P
Q

ξ⋅
=

∗

)B.2(  

where c
tP  is the CPI excluding housing, fruits and vegetables, tξ  is the nominal 

exchange rate and c
tP∗ is the Fisher price index for imported consumption goods (in 

dollar terms). The trend was calculated using data starting from 1991Q1. Source of all 

variables: BoI database. 

 
∗zcp  – the relative world price of imported inputs gap. Based on the price ratio 

calculated as follows: 

c
t

z
tzc

t P
P

PB
∗

∗
∗ =)3.(  

 

where  is a weighted average of the Fisher price index for imported inputs to 

pro

s and investment goods. (The weight of inputs to 

pro nsumption goods (in 

do

 change in variable X, denoted by ∆x (or π), is calculated as 

fol

 

Following is a description of the change variables included in the model: 
cpi – inflation in the consum oI database.  

z
tP∗

duction and investment goods (in dollar terms). The weights are based on the 

relative weights of imported input

duction is 0.75.) c
tP∗  is the Fisher price index for imported co

llar terms). The trend of the ratio was calculated using data starting from 1991Q1. 

Source of all variables: BoI database. 

 

2. Rates of change 

The percentage rate of

lows: 

4100)()B.4( ∗∗−=Δ xxx  1−

where  

)log()5.( XxD =  

 

Multiplying by 100 transforms the rate of change into percent and multiplying by 4 

annualizes it.  

π er price index (CPI). Source: B
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πc – inflation in the CPI excluding the housing, fruits and vegetables components. 

The fruit and vegetables are very noisy data with irregular seasonality. Owner 

occupied housing prices in Israel are measured by the imputed rent approach. 

However rents account for only 15% of the housing market and, due to old habits, are 

no

), and therefore omitted it from the price index. In total, 

e exclude 25% of the CPI. Source: BoI database. 

πhouse

∆e – depreciation in the nominal exchange rate based on the Shekel/Dollar 

oI database.  

∆p*c – percent change in the world price of imported consumption goods based on 

or imported consumption goods (in dollar terms). Source: BoI 

∆p  – percent change in the world price of inputs. Based on a wighted average the 

itional change related variables are included in the model 

e announced year ahead inflation target (in terms of total CPI). Source: BoI 

database.  

πCM – one year ahead inflation expectations derived from the capital markets (in 

f total CPI). The expectations are derived from the difference between the 

yields on nominal and CPI linked government bonds. Source: BoI database.  

 

3. 

es are annualized. i is the effective Bank of Israel interest rate and i* is 

the or 5 to 10 

minated in US dollars. Therefore in the short run housing prices are mainly 

determined by the evolution of the foreign exchange rate despite being a non-traded 

good. We choose not to deal with this complexity in our behavioral  model (Phillips 

curve and output gap equation

w

 – inflation in the CPI housing component. Source: BoI database. 

exchange rate. Source: B

the Fisher price index f

database.  
*z

Fisher price index for imported inputs to consumption and investment goods (in dollar 

terms). Source: BoI database. 

∆py* - percent change in the price of world trade (serves only as an instrument 

variable) based on the unit value of industrialized countries imports. Source: the IFS 

database.  

 

The following add

estimation: 

πT – th

terms o

Interest rates 

The interest rat

 1 month LIBID dollar interest rate. The average forward rate of interest f
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ye

Ap

ars, denoted in the equations as rn, is a proxy for the natural real interest rate. It is 

derived from the trade in government fixed rate CPI linked bonds (“Galil”). The 

source of all interest rates: BoI database. 

The expectations variables also require explanation. Whenever an expectation 

variable appears in the estimated equations (for instance, Etxt+1, Etxt+2 or Et-1xt) we 

followed the rational expectations assumption and used the actual value (xt+1, xt+2 and 

xt respectively) as an unbiased proxy.  

 

 

pendix C – Instrumental Variables 

C.

 instrumental variables: 

of imported consumption goods and inputs to production,  the percent 

gs of the quarterly CPI inflation (excluding housing, 

 instrumental variables. 

 

Eq

he constant and seasonal dummies. 

fruits and vegetables), the percent change in world prices of imported 

the real 

exchange rate gap, the effective BoI interest rate and the dollar interest 

1 - The (non-housing, fruits and vegetables) inflation equation: 

Equation (F.1a) includes the following

- The Constant and seasonal dummies. 

- Current value and first three lags of the percent change in world prices 

change of world trade prices, the relative world price of imported inputs 

(deviation from trend) and the dollar interest rate. 

- The first three la

fruits and vegetables), the nominal exchange rate depreciation, the output 

gap, the real exchange rate gap and the effective BoI interest rate. 

Total of 39

uations (F.1b) and  (F.1c) include the following instrumental variables: 

- T

- The first three lags of the quarterly CPI inflation (excluding housing, 

consumption goods and inputs to production,  the percent change of world 

trade prices, the nominal exchange rate depreciation,  the output gap, the 

relative world price of imported inputs (deviation from trend), 

rate. 

Total of 34 instrumental variables. 
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C.2 - The CPI housing component inflation equation: 

Equation (F.2) includes the following instrumental variables: 

- The constant and seasonal dummies. 

f  the public consumption gap, the 

- 

quarterly CPI inflation 

Total of 33

.4 - The exchange rate equation: 

- 

Total of 8 i

 

C.5 - Inte

Equations (F.6a), (F.6b), (F.6d), and (F.6e) include the following instrumental 

- The constant. 

- Current value and first two lags of the rate of the dollar interest rate. 

- The first two lags of  the CPI housing component inflation, the nominal 

exchange rate depreciation and the effective BoI interest rate.  

Total of 13 instrumental variables. 

 

 

C.3 - The output gap equation: 

Equation (F.4) includes the following instrumental variables: 

- The constant and seasonal dummies. 

- Current value and first two lags o

dollar interest rate and the percent change in world prices of imported 

consumption goods and inputs to production. 

The first two lags of the output gap, the investment gap, the effective BoI 

interest rate, the natural real interest rate, the 

(excluding housing, fruits and vegetables), the nominal exchange rate 

depreciation and the real exchange rate gap. 

 instrumental variables. 

 

C

Equation (F.5) includes the following instrumental variables: 

- The constant. 

- Current value and first two lags of  the dollar interest rate. 

The first two lags of the output gap, the investment gap, the effective BoI 

interest rate, the natural real interest rate and the exchange rate. 

nstrumental variables. 

rest rate equation: 

variables: 
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- Current value of the inflation target. 

- Current value and first two lags of  the dollar interest rate and percent 

nsumption goods. 

the 

e quarterly CPI inflation (excluding housing, fruits 

and vegetables). 

otal of 22 instrumental variables. 

al variables: 

- 

on goods. 

- 

e rate gap and the nominal 

on. 

- The first four lags of the quarterly CPI inflation (excluding housing, fruits 

 

 

 

 

 

change in world prices of imported co

- The first two lags of the output gap, the effective BoI interest rate, 

natural real interest rate, the real exchange rate gap and the nominal 

exchange rate depreciation. 

- The first four lags of th

T

 

Equations (F.6c) and (F.6f)  includes the following instrument

- The constant. 

- Current value of the inflation target. 

Current value and first two lags of  the dollar interest rate and percent 

change in world prices of imported consumpti

- The first lag of the one year ahead inflation expectations derived from the 

capital markets. 

The first two lags of the output gap, the effective BoI interest rate, the 

natural real interest rate, the real exchang

exchange rate depreciati

and vegetables). 

Total of 23 instrumental variables. 
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Apend  chastic simulations ix D – Standard deviations for sto  
The sho s

 

 Var
the s
relat

the shock deviation

ck ' standard deviations and equations structure are presented in table D-1. 

Table D-1: Standard Deviations in Stochastic Simulations 

iable 
hock 

Equation Standard 
deviation

 Variable Equation Standard 

es to relates to 
1 πc (F.1b) 2.30 9 gh AR(2) 2.87 
2 πh 2.80 10 invh AR(1) 9.08 ouse (F.2b) 
3 y (F.4a) 2.00 11 rn AR(1) 0.36 

∆e (F.5) 10.0 12 φ4 AR(1) 0.58 
5 i (F.6) 0.00 13 ∆p AR(0) 7.88 *c

6 ∗zcp  AR(2) 1.54 14 q (D.1) 0.86 
7 i ) 0.32 15 ∆p** AR(2 z (D.2) 0.93 
8 y π* AR(2) 1.58 16 T AR(1) 0.00 

 

a. Pric terms. Gaps are in 

b. The exchange rate equation (F.5) was adjusted so that ω = 0.45.  

c. 

iden

)D επ −.(  

is a white noise shock with standard deviation of 0.86. Similarly, the dynam

input prices ), can be defined through the 

following identity: 

Where  represents changes in the natural imported consumption-input price 

ratio.  W sume  is a white noise shock with standard deviation of 0.93. 

d.  (1)-(4) are based on estimated equations reported in this paper. It should be 

clear that these standard errors are only approximations since the estimated 

residuals include exceptional errors. 

e changes and interest rates are expressed in annualized 

regular quarterly terms. See Appendix B for details. 

The dynamics in the real exchange rate can be defined by the following 

tity: 

( t
c

ttt epqq −Δ+Δ⋅+= ∗
− 25.0)1 1

q
t

c
t

Where qε  represents changes in the natural real exchange rate. We assume qε  

ics 

in the quarterly change in ( z
tp∗Δ

( ) z
t

c
t

zc
t

zc
t

z
t ppppD *

1 44)2.( ε⋅+Δ+−⋅=Δ ∗∗
−

∗∗  
z*ε

e as  z*ε
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e. (6)-(12) are based or the auto regressive estimations reported in Argov et al. 

f. (13)-(15) were estimated using full information maximum likelihood.32 For 

purp le (F.6a).  

                                                

(2007).31 

ose of this estimation we used the estimated monetary policy ru

 
31  Section 7. 
32  To be clear only those standard deviations were estimated. The rest, as well as the models 

coefficients, were based on the limited information estimations.  
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