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Abstract

We estimate a small DSGE model by full informati®ayesian techniques on Israeli data
from 1995 to 2006. The model was first developed estimated by classical GMM in Argov
and Elkayam (2007). We extend the model by: (1)aBstmg the fuel component from the
CPI; (2) Estimating trends and natural rates siamg@ously with the parameters; (3) Adopting
an optimization-based approach to modeling impoitdidtion. Testing the model's fit we
find that it replicates the main cross-correlati@iserved in the data. In terms of forecast
performance we find that simple VARs outperform owwdel, which outperforms a naive
RW. Analyzing the source of variation in the dedad specifically inflation, we find that
exchange-rate shocks play a major role (accoumting7% of the variation in CPI inflation).
Our baseline model attributes most of the highaiidh in 2007 to supply shocks,
whereas it has been widely accepted that inflatb@e in Israel due to high commodity prices
in the global markets. One conjecture is that thigiral use of the unit value of imported
consumer goods (which do not include unprocessed #nd energy) as the main foreign
price measure was not appropriate. We test thigecture by re-estimating the model with
various other foreign price measures that typicdlyreflect the global rise in commodity
prices and compare the log-marginal likelihoods. ¥Wel that no other price measure
outperforms the original choice in the sample gkrionly the foreign trade-weighted CPI
equals the performance of the original choice, avlihproving the 2007 interpretation of

inflation, and therefore should be considered lierrhain foreign price measure.
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A. Introduction
New-Keynesian dynamic-stochastic-general-equilioriyDSGE) models are the
work-horses of central banks in analyzing monepaljcy. Most of them have been
estimated using the Bayesian approach. Outstarekagples of medium size DSGE
models in use are the Riksbank's RAMSES mbdeé ECB's NWAM the Norges
Bank's NEMGJ and the Bank of Canada's TOTENThe Bank of Israel developed its
own small DSGE model for use in the monetary discussiontkeaBank. Contrary to
the current common procedure, the model was estnby limited information
classical econometrics which yielded reasonablgltsedn order to better fit the data,
some deviations from pure, optimization-based thegere allowed. In this paper we
re-estimate the model using full-information Bagesiestimation. Using the full
information estimation has some advantages: itebethsures that the model will
work properly as one unit, whereas equation-by-gguastimation may ensure that
each equation is properly specified, but workingetber may generate unreasonable
properties; the full information allows us to esiiem model-consistent gaps via the
use of the Kallman filter; it also bases the estiommon model-consistent rational
expectations. The Bayesian estimation has the #ayes that it allows the
econometrician to restrict parameters to theiribdasspace and estimate a model
when only a subset of the parameters is well-ifiedtfrom the data. This enables the
estimation of models with rather short sample mkyiand flat likelihood functions.
These advantages will prove to be important incthrext of this paper's estimation.
The model was developed in Argov and Elkayam (208igov et al. (2007a)
present its operational version and discuss haesvused for regular forecasting at the
Bank of Israel. The model is almost the smallest which can be used to describe
the main ingredients of the transmission mecharisra small open economy. Its
main behavioral equations are an IS curve for titpud gap (as a function of a lead, a
lag, the real interest rate and the real exchaatg),ra Phillips curve for locally
produced good's inflation (as a function of a leadag, the output gap and the real
price of imported production inputs), a UIP coralitirelating the exchange rate to its
expected level and interest differentials, and nemyepolicy-reaction function in
terms of an interest rate rule (as a function ef mlatural rate, expected or realized

! See Adolfson et al. (2005).

2 See Christoffel et al. (2008).

% See Brubakk et al. (2006).

* See Murchison and Rennison (2006).



inflation, the output gap and the lagged rate). imoelel also has ad hoc equations for
the imported good's inflation (which are part oé t6PI) as a function of foreign
prices and the exchange rate, and an equatiomdéonhdusing component in the CPI.
The latter is treated separately due to its clasd @lmost complete) connection with
the exchange rate (see section B-2). In this mddelinterest rate transmission
mechanism works through two channels: the real chi@nnel, in which higher
interest rates reduce demand for private consumptaad the UIP channel where
higher interest rates deliver an appreciation efdtrrency and hence lower the prices
of foreign goods.

In the present paper we extend the model in avays: (1) we separate the
fuel component from the overall CPI because ofcltse relation with global oil
prices. (2) Taking advantage of the full informatiestimation we specify a data-
generating process for some trends and naturahhbtariallowing us to estimate the
model-consistent output gap, real exchange rate agap natural real interest rate
simultaneously. The original model made use ofHRefilter to clean out trends from
all real variables. (3) We follow Monacelli (200%9nd adopt an optimization-based
approach to modeling imported inflation. That t@omade possible only in a full
information estimation procedure.

The model is estimated for the sample of 1995:Q@62Q4. Following the
estimation we run a few applications to study itsperties. To test its fit to the data
we run a cross-correlation test, checking whettagious observed cross-correlations
(across time and variables) might have been prabibgethe model. We check the
model's forecasting ability by comparing its forgicarrors (RMSE) to VARs and
naive random walk or steady state models.

To study the model's interpretation of the past, wport a variance
decomposition and an historical shock decomposibtprecomposing the observed
year-on-year inflation into five groups of shocksugply, demand, monetary,
exchange rate and foreign prices). The decompasisbows that unexpected
exchange rate shocks (deviations from the moddP®) Played a key role in the
variation of inflation, including missing the tatge 2000, 2002, 2003 and 2006.
However the last years of the disinflation procd€97-2001, tell a different story.
Inflation was lower than the target, but not duetcehange rate shocks. Three forces
were at work: (1) moderating foreign prices as gl@ation opened low-cost markets

for imports; (2) supply shocks that presumablyeefireduction of mark-ups due to



increasing competition; and (3) monetary policyc{soreflecting tight policy in those
years.

A troubling fact that emerges from the historicabsk decomposition is that
our baseline model attributes most of the highatidh in 2007 to domestic supply
shocks, where it is has been widely accepted tifltion rose in Israel, as well as
world wide, due to high global commodity prices {nya unprocessed food and
energy prices). Why does the model misinterpret yiear? One conjecture is an ill
choice of the foreign price measure. Following Argmd Elkayam (2007), we used
the unit value of imported consumer goods as thén miaeign price measure.
However its development in the last years did redtect the increase in global
commodity prices, for it does not contain unproedst®od and fuel. Therefore the
model interpreted the rise in inflation as domestitation shocks (categorized as
supply shocks). In the last part of this paper yed check whether the choice of this
foreign price measure was wrong a priori. We raveste the model with various
other foreign price measures that typically doedflthe global rise in commodity
prices. We compare the log-marginal likelihood ¢é& svhich price measure is most
appropriate for the role of foreign price measuithiw our estimation sample.

The paper is organized as follows: in section B present the model,
including the micro foundations from which some &tipn are derived. Section C
discusses the estimation and some post-estimapipircations checking the model's
properties (variance decomposition, historical degosition, cross-correlations test
and forecast error comparison). In section D we g estimations with alternative

foreign price measures, and sections E offers alagsion.

B. The Theoretical and Estimated Model

The model is an extended version of the Argov atk@yam (2007) modél.lt is an
open economy New-Keynesian simplified small DSGEdeholt nests on micro
foundations, to be detailed below, but allows safegiations from pure theory in
order to both simplify and better fit the data. Timddel consists of four main
domestic agents — households, intermediate goods,fimporters and a central bank.
The foreign economy is taken as exogenous.

® The original model was based on Svensson (200fd)|fgon (2001) and Linde et al. (2004).



We extended the model of Argov and Elkayam inftlewing manners: (1)
In contrast to their GMM limited information estiti@n, we employ a full
information (Bayesian) estimation. Therefore weneste the unobservable trends of
the economy simultaneously with the parametershgaakallman filter. We follow an
ad hoc approach of modeling those trends as deskchibsection B-5. (2) In addition
to the housing component, we model the fuel compbio¢ the CPI outside the
theoretical model. We use the CPI excluding hoydingj, fruit and vegetables as our
basic theoretic price level determined by Philljpsves and model the rest of the
index in ad hoc ways described in section B-2. (B closely follow Monacelli
(2005), and take an optimization-based approaahddeling the imported inflation,
rather than specifying its dynamics in an ad hoomea That too is made possible
only in a full information estimation procedure.

In what follows we will present the main structdioe each agent and the log-

linearised equations that constitute the finalneated model.

B-1. Households, foreign demand and output
The domestic economy is populated by a continuunmfaritely-lived households

indexed byj, who consume Dixit-Stiglitz bundles of domestiddamported goods,
denotedC(j)" and C(j), respectively. Each bundle is a continuum of défeiated

locally produced or imported good indexediby

h f
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where ,, (> 1 are the elasticities of substitution betweeads in the same group.

The composite consumption index is defined by:

1 1
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where w; is the long-run share of imports in consumptiard a is the elasticity of

substitution between imported and domestic goots. cbrresponding minimum cost

price aggregator (consumer price index) is:

1
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where P" and P' are the price aggregators of domestically produsredi imported
goods, all in local currency unitslouseholdj chooses a sequence of consumption,
domestic bond holdings and foreign bond holdings ntaximize utility from

consumption:

C(j). hc .’
(14) max E,  *u(C(j),,); u(C(),) () NG,

Clx BOXBUY 4 1

Apparent from (1.4), we allow for external habitrf@tion captured by the parameter

h (01): householdj’s contemporaneous utility depends on its own consion,
C(j),, relative to lagged aggregate consumpt'(ﬁtnl;6 ' is the inter-temporal
elasticity of substitution ané, is the expectation operator.

The household is subject to the budget constraint:

B(j), B, B(i).. B,
@ i) @i) PR F° R

@5  C(), X s

where B(j), is household’s holdings of one-period nominal bonds denominated
the domestic currencyB(j), is its foreign counterpart denominated in the ifpre
currency (dollar); , is an exogenous risk premium paid on foreign assetis the
nominal exchange rate (the price of foreign curyent terms of the domestic
currency); X(j), is household’s share of aggregate real profits in the domestic
economy and, and i, are domestic and foreign nominal risk-free interages, i.e.,
the domestic bonds yield the gross return of {l1S,) and the foreign bonds yield

the gross return of @ i,). is the quarterly discount rate.

We assume the foreign economy is big, so that éinly marginally affected
by the local economy. The world economy's impasta ibundle of exports from all

states apart from our local econom¥, (), and the local economy's exporis() :

1 1

@) Y, @ w) (X,")  (w) (X))

® See Smets and Wouters (2003) and Christiano €2G05).



For simplicity we have assumed that the elastioftyubstitution is the same as in
(1.2), , and that the law of one price holds in the exgedtor so that the price of
exports coincides with the local price of domegfands adjusted for the nominal
exchange rate, i.eR* P"/ ..

Following Adolfson (2001) and Monacelli (2005), vaesume that the pass-
through from the exchange rate and the relevankdwiices (P ) to the import price
at the local market is incomplete. Let us define as a temporary deviation from the
law of one price (L.O.P. gap), that is:

Plf
R

@an

Finally, the economy-wide aggregate resource caimstis:
@) Y, C' G' X' INV",

whereY, is the outputG" and INV," are public consumption and investment (both in

value added terms).

Next we solve the first-order conditions of the &elolds for the level of
consumption and inter-temporal allocation of congtiom. Log-linearizing the first-
order conditions around a time varying trérehd combining equations vyields the
final output gap equation. This equation is similarthat derived in Argov and
Elkayam (2007). Small letters mark logs, uppemdex marks the time varying trend
and letters with a circumflex (*) mark log-deviats from trend. For example

Y.y, Yy’ is the deviation of output from the trend which iwgerchangeably call

the output gap:

.1 _. h . @h. . (W D). h . 1 _.
19 —E <@, E ° rPf E
@9 FEYo Y @ h (. E &orh) L w) 4 7,49 7B
wi(, ) - h . 1 _. . h .. 1 _.
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N h .. 1 . . h . 1 .
1 iv' ——ifv", ——E. ifv" — E
( c g X) t 1 h t 1l 1 h t t1 X yl 1 hyll 1 h lyll

" In the behavior model we do not define a stochastind. Therefore we actually log linearize the
first-order conditions around steady state. Later will assume this steady state is time varying,
including a real trend. The trend specificatiogiigen in section B-5.



The forward looking terms arise from consumptiorosthing characterizing
standard Euler equations, and the backward lookémms come from the habit-

formation. The real interest rai¢ E, °,) lowers the demand for consumption. In
this case we make the trend of the real interdst rd, explicit. The real exchange
rate (q, ) is defined by:

110 g p & P,

whereg is the (log of the) nominal exchange rate gnds the world price in foreign

currency.

A higher real exchange rate (i.e., depreciatioojaases exports and reduces
imports, contributing to a higher output level. Asitive L.O.P gap () means that

the price of imports faced by local householdsighér than the world price, leading
to lower imports and higher output. Government comstion and investment have
direct effects on output. For simplicity only, wellwassume they are exogenous

variables. A higher level of world importsy,() raises the demand for the local

economy's exports, therefore raising output.

In the estimation we will neglect the structuralgmeters of equation (1.9)
and rather estimate reduced forms of the parameéteather words we, release some
cross-coefficient restrictions existing in the thedaal derivation. In addition, we will
not impose the homogeneity of the equation (ndtiet in equation [1.9] the sum of
the forward and backward looking components isyynih order to generate some lag
between interest rate changes and output gap #itichs due to pre-commitments
and incomplete information, we will assume the piled expectations of the interest

rate, E (i, [, r°) appear in the equation rather than the realiaéel Finally,

t1
we will add a serially correlated demand shock assidual to the equation above.
The estimated equation is therefore:
(11]) 9’[ bllEtyt 1 b.LZ (1 b.Ll) 9’[ 1 bZEI l(it tcl rtp) b3 q blltht 1 b.LZ (1 b.Ll)qt 1
(b, b) "7 BET, b, b)Y, Y BEY, b,A b)Y,
b iy bEIRV, b, b)iv, b § bEG, b,(Q b)§, 2z

where
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In equation (1.11)b, is the degree of deviation from homogeneity (1 reduces to

the homogeneity of the Euler condition).

B-2. Inflation block
We characterize overall CPI inflation as a weighsagrage of four components:

housing services (*°"), Fuel ( ™), fruit and vegetables (*°) and the CPI
excluding those components {); w' is the average weight of componerin the

CPI basket.

Cpi Housin Housin Fuel Fuel Veg Ve CcC C
2y owroene foshe oy wee W

The last term, &, which we will refer to as "core" inflation, iseghheoretical
part of the CPI which will appear in the behavicgguations. The rest are subtracted
due to special mechanisms governing their dynamigsh are not explained by pure
theory®

The housing component accounts for approximatebp 28 the CPI. It has
very special characteristics in Israel: due toteer-inflation era of mid-1980s most
rental contracts are nominated in dollars. Theeeftiie housing price inflation was
almost ultimately determined by the fluctuationghia NIS/dollar exchange ratave
use approximately the same specification as ArgavElkayam (2007):

(22)  fowsno Howng e T 1 townd gpe ., Tz,

t t

We allow the current and first lag of the nominalpckciation rate £e ) to
affect the housing price inflation. The foreignlation target ([ ) was included to

ensure that all CPl components grow in steady stthe same rate (local inflation

target). z*" is a serially correlated shock to the price of logts

Housing " Housing Housing
(23) zt Housing zt 1 '/l 1

where /" is an i.i.d, zero-mean shock.

8 It should be clear that we use the term "core"tabiy. We do not attribute any special "core"
characteristics to the CPI excluding housing, ffielits and vegetables. We are only implying that
these three components behave differently.

° During 2007 this link began to weaken. For detsdle Bank of Israel (2007).



The fuel component accounts for approximately 2.6f6the CPI. It is
basically determined by the global price of oil @ttng to a supervised scheme. The
fixed tax on fuel serves as a buffer, making Idoal prices less volatile than global
oil prices. This tax is adjusted, once a quarterthie change in overall CPI. We
specify the following equation for the fuel compaotse

(24) tFueI 0/5.7 U/Q #pt o #Q 1 O/Q #pt Y?.“ #e[ 1 1 0/5.7 tC '/tFueI *

The parameter?s controls for the sensitivity of the fuel componehthe CPI
to the global dollar price of oil#p®, adjusted for depreciation#é§). The
complementary part is adjusted according to thee"cmflation rate (). /™ is a
shock to the relative price of fuel in the domesttonomy. %5 controls for the degree
of sensitivity to current developments in globdlpyices relative to previous quarter.

The fruit and vegetables component constitutescqamiately 5% of the CPI.
It is a very noisy component due to changes in lsuppnditions, with irregular
seasonality. Therefore, in line with Argov and Bi&a (2007), we treat it as white

noise around the inflation target/():

@5 = 1 one,

t

where 7/ is a shock to the prices of fruit and vegetables.

In what follows we shall treat the remainder ok ticPl, ¢, as the

theoretically consistent part of inflation. Log@arizing equation (1.3) and first-
differencing we derive the identity relating cordlation to imported goods inflation

( 1) and locally produced goods inflation/\():
26) O @ wp) [owy

The first will be derived from the optimization lafcal intermediate goods firms and

the latter from the optimization of the importingis.

B-2-1. Local intermediate-good firms
The economy is populated by infinite symmetric lofitems facing a Rotemberg
(1982) price adjustment cost. They minimize thelofwing quadratic costs of

changing their price at a different rate from th#aition target and costs of deviating



from their optimal flexible price levelp™"™, which they would have chosen in the

absence of adjustment costs:

|
(27)  min (&Og(Rh() log(R"'*) " clog(R") log®",)) [,

t( '
(co( o0

wherec is the relative weight of the price adjustmenttcétad prices been flexible,
the representative firm would have maximized pedogrofits subject to her
production function and the aggregate constraimeéting all demand:

(28) max P"™C" P*™gX" P°G’ P™INV" P?Z

Bh, fi B X, t t
P exvplx exyzt

wi w?l)
st. Y, AZY  A@)'(Z)

Y, C" X' G'" INV".
In (2.8), income is derived from sales to local suomers and foreign
households. In addition the price and quantity @iegnment goods and investments

are exogenously given to the firms. The firms wee kinds of inputs — localZ") and
imported ') paid P™ and P” respectively;Z, and P* are the aggregate quantity
and price of inputs andy measures the level of technology that is relatethe
potential level of output.

Solving these sets of problems yields a purelwéod looking, Adolfson
(2007) type, local-inflation Phillips curve in whidhe driving forces are the output
gap and the real price of imported production isfdgf’ p). In order to allow some
inertia in inflation we will assume not all produsedollow this optimal scheme, but
rather index their price to past year-on-year dv€R8l inflation. A price shock {, "),
reflecting temporary changes in mark-ups was intced to the equation. Our final
local inflation equation is:

@9 [ ! AE L L @ s 4aT 4]
1
@ wp)

ql t “t
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where

219 47, (L [ s [)%025,



(211) 4?? CPI CPI CPI tCIZI $025 .

t1 t2 t3

* is the weight of optimizing producers, governs the elasticity of inflation
with respect to the output gag,(); it is inversely related to the price adjustmensts
c and the returns to scalg¢ )). The last term is a decomposition of the realepat
imported inputs into one exogenous and two endagemmmponentsp® is the

stationary gap between the world price of imporitgouts and imported consumer

goods (p,* p,), introduced in order to allow a deferential betwethese two
exogenous pricesy, is the real exchange rate; angd is the Law of One Price gap
defined by log-linearization of equation (1.7)hls been assumed that the LOP gap
in the inputs sector is identical to that in theswmer goods sector. The parameter
governs the elasticity of locally-produced-goodtation with respect to the real price
of imported inputs. It is positively related to tieeight of imported inputs in the

production function @;) and inversely related to the price adjustmentscds.

Further details on the derivation of this equatian be found in Argov and Elkayam
(2007). We deviated from their original specificatiby: including the inflation target
in the equation, not assuming that the discourtbfas one, assuming that the LOP
gaps are identical across sectors and, similar ittyagnini (2007), assuming the
indexation is to year-on-year overall CPI inflatioather than first lag of local
inflation. This choice was supported by estimatiesults not reported in this paper.

B-2-2. Importing firms

Following Monacelli (2005), we introduce price ddy in the imported goods sector
which generates the L.O.P gap. Monacelli (2005uma&sl importers face the Calvo
(1983) problem in which they have a constant prdibalof receiving a signal to re-
optimize their local currency price. Under this mabdhe following Phillips curve

arises for the local currency price of imported dgio
12 [ [ E L 5T
where /, ' is a shock to the imported goods inflation ratesgibly reflecting mark-up

shocks in the imported goods sector or temporaangés in the pass-through. The

L.O.P. gap, ¢, is actually the inverse of the importers' realrgiaal cost. Log-



linerising (1.7) and taking first differences werigte the law of motion for the L.O.P.
gap:
(213) Alc Alcl lf t #e[ '/lLOP ’

where /°" is a shock allowing a permanent shift in the po¢émports relative to

their foreign price. This shock allows the modelattcount for permanent deviation

from the law of one price.

B-3. The nominal exchange rate
Households first-order conditions with respect doal and foreign bonds form the
well-known uncovered interest rate parity (UIP) dion, adjusted for the exogenous

risk premium ¢ ). As in Argov and Elkayam (2007) we will assuthat exchange-

rate expectationse(”) are partly rational £, ,) and partly sticky up to the inflation

target differential €* [ [);, is the weight of rationality:

@y e @.)e® [ [ ,Ee,.

Using (3.1) we derive a UIP condition which inclade lag of the exchange
rate, the interest rate differential and the risknpium. We add a depreciation shock
(77°) reflecting movements in the exchange rate nosiragi from interest rate

movements.

B2 & ,Eg, @ )&, G i) @ ), k) A @)% /7.

It was found that allowing, to be bigger than}é may introduce model

indeterminacy. Therefore, as an ad hoc solution, imice this restriction by

1

replacing, by2 -,

and restricting™ - 0.

B-4. Monetary policy
We assume that the central bank follows a hybridvéod-backward looking

inflation-based rule of the form:

@D i @ )% T BCAT D) 0] 8



where the official inflation target,;, evolves according to

42 [ o1 7T

In estimation we will set’ very close to unity in order to render stationarit
on inflation on the one hand, and to capture tls¢ $dages of Israel's disinflation
process on the other.

E 47, defined in (2.11), is the partly forward lookingartly simultaneous
and partly backward looking yearly inflation ratrgov and Elkayam (2007) found
this formulation empirically better, as well as ogisuperior in terms of policy loss
function, to rules that look further in the futuoe the past. Notice that while the
behavioral model related almost exclusively to @l excluding housing, fruit and
vegetables — the interest rate rule relates tateeall CPI. The motivation is clear:
the inflation target is defined on overall inflatioand therefore monetary policy is
likely to react to overall inflation.

B-5. Trends — output, real interest rate and real xchange rate

Though the heart of model is derived from microustire, we take an ad hoc
approach to modeling the real trends in the econdrhg purpose is to estimate the
model's parameters and the unobservable trenddyjoirsing the Kallman filter.
Unlike Argov and Elkayam (2007), we will reduce thees of the univariate Hodrick-
Prescott filter as much as possible.

The log of per capita GDPy() can be decomposed to potentigf J and gap

(y,) according to

G v ¥ V.

We will assume that potential output growth is pased of a one-time shock
(/") and a persistent growth rater():
(52) #y! o /Y,
where the growth rate is a stationary AR proceds wilong run ofgr and i.i.d.

shock (¢):



(53) gr; 1 ”gr a "grgrt 1 '/tgr "

Similarly we decompose the log of world tradg X into potential ¢ ) and

gap (¥,) according to

G4 v, v" V.

We will assume that potential world trade growtlamsauto-regressive process

with long-run value ofg_r:

(55 #y,® ".#yr L 7, gr /)

y P

P

In addition we decompose the log of the real exghamate ¢, ) into potential

(g°) and gap § ) according to
56 a 9 4.

We will assume that the potential real exchange daes not incur a trend, but
it may change according to productivity growth €iffntials expressed in local or
foreign potential growth rates. The potential reathange rate may also change due
to permanent changes in the law of one prig&°( see equation 2.13). The weight of
each determinant is related to the relative weigfhtocally produced goods and
imported goods in consumption:

(B7) #g° 1 W #y? gr #y " gr W/,

We decompose the relative price of production isgyk* ) to trend (p° ")

and gap @) according to

(5.8) ptZC ptZC N F’:‘)tZC .

Although not a natural assumption, we will assuheettend corrects itself so

that it gradually closes the gap, but that it magyvdue to a shock/{° *):

59 p*” PG TP



Due to the upward trend in the relative price giuts observed in the data
(largely due to the rise of oil prices) we foundhiportant to estimate the trend jointly
with the model, rather than use some univariaterfilThis will enable us to learn to
what extent the upward trend in the relative patenputs reflected a permanent shift
and to what extent it reflected a gap-generatieggure on prices of consumer goods.
We assumed the trend would correct itself towaedabtual relative price. This was
essential in order to render stationarity on the @earing in mind that this is a world
relative price and therefore unlike the real exgjearate, it does not converge due to
domestic monetary policy). Alternately we could uass that the dynamics of the
consumer goods price or inputs price are diredfigcted by the gap. We refrained
from pursuing this option in order to estimate dyiaequations for the price indices,
which potentially could serve as the consumer gaous input prices in the model,
independent of its parameters or structure. Thistmhould become clearer after we
discuss the choice of world prices in section B-8.

The natural real interest rate is assumed to biéypalated to the expected
potential growth rate, as implied by standard DS@Edels® and partly auto-

regressive with a shock():

G100 r» "r°, 1 " — EO0 /!

t rtl r t1 Tt

B-6. Identification block
In this block we specify simple macroeconomic tietad that will help the Kallman
filter identify the output gap, the natural realeirest rate and inflation expectations.
The output gap and the natural real interest raée igportant macroeconomic
variables in the conduct of monetary policy. Thepoti gap directly affects local
inflation as in equation (2.9), and usually appersto the central bank's loss
function™ The natural real interest rate is a reference tpiminmonetary policy
decision making, as illustrated in equation (4.1).

In order to improve the identification of the outgap, we will use data on the

unemployment rate as well as the real unit labst¥oThe connection with the first

9 For example Erceg et al. (2000) or Gali (2000).

1 See Rotemberg and Woodford (1998) for a theolaiedvation and Segal (2007) for an application
to Israel.

2 The weight of the wage bill in nominal output.



is derived by Okun's lat¥ and the connection with the latter appears incobigiw-
Keynesian models such as Gali (2003).

We decompose the unemployment rate) (nto the natural rateuf) and gap
(4, ) according to

62 u u” G .

Notice that a positive gap means that the actuahyoyment rate ibelow
the natural rate so as to coincide, in sign, with output gap. We will assume the

natural rate evolves in an auto-regressive proaétssa long-run value ofu and an

i.i.d. shock/" :

p

62 u “uw, 1 "u /.

u

The unemployment gap is also auto-regressivedbuén by the output gap
and a shock ("):

(6.3) Gt /10t1 1 /1/29t ‘/ta'

The estimated parametés controls for the degree of connection between the
output gap and the unemployment rate.

The unit labor cost Wlc,) is assumed to be a stationary auto-regressive
process, driven by the second lag of the outputagapa shock 4"), with long-run
value of ulc. The choice of the second lag of the output gapased on empirical
considerations:

(64) ulc, Oule, 1 0, ulc 0,9, /".

The estimated parameté; controls for the degree of connection between the
output gap and the unit labor cost.
In order to improve the identification of the natureal interest rater(), we

will take advantage of the yields to maturity onvgmment CPI-indexed bonds.

These could serve as good proxies for medium- ng-toin risk-free real interest

13 See Prachowny (1993).



rates. Specifically we will assume that 5-year dgeto maturity (>**) are partly
linked to the natural real interest rate accordong

Syear " Syear " p r5
(65) rt r5 $“t 1 1 r5 rt ‘/t

The existence of CPI-linked bonds (as well as mgabminal bonds) allows
us to derive market-based inflation expectatiomsdk-even inflation). At times, the
one-year ahead inflation expectations were a keicator in the conduct of monetary
policy. For example, Argov and Elkayam (2007), Bk (2001) and Barnea and
Djivre (2004) estimated good econometric monetaslycp reaction functions using
year ahead market-based inflation expectationshdncontext of this study, we will
use these expectations to help filter out the madeisistent year ahead inflation

expecations. We add to the model the followingtiaha

66) ¢ LIS 4, 187, /.

In (6.6) we assume that the one-year ahead madssteb inflation

expectations () is characterized by partial adjustment to the eh@dnsistent year-

ahead inflation expectationg( 4, ,).

B-7. Exogenous variables

In addition to the inflation target and the tremtiscussed in section B-5, the model
includes 8 exogenous variables: Three domestiabi@s — foreign exchange risk
premium (% ), government consumption gag() and gross investment{'), which
was assumed to be exogenous; Five related to thid woonomy — world trade gap

(¥,), dollar interest ratei(), oil price inflation ¢p,*'), world consumer goods price
inflation (#p, ) and world inputs price inflation#p,*).

In general, auto-regressive equations were estdrfateeach variable. Some
were estimated within the whole model and some weaneariately estimated by OLS
in order to reduce the parameter space in the ¢omsuming Bayesian estimation
procedure.

To estimate the exogenous process of the exchatgeisk premium we use
the measure developed by Hecht and Pompushko (280&)assume an AR(1)
process:



For the government consumption gap and investmapt \ye assume an
AR(2) and AR(1) process, respectively. We calcutht gaps by applying the HP
filter on the log of real government purchases #rallog of gross investment. We
used the estimated process from Argov et al. (2007a

~h ~h ~h
(72) & 023, 023, !

(012)

R*> 0.18 S.E. 2.87 DW. 2.32 Sample94q92-05q94,

o h A h inv
(73 inv, (()0.124;$|th N

t

R* 0.06 S.E. 9.08 DWW 1.98 Sample94g2-05q4,

where ¢ is a shock to government consumption arfti is a shock to gross
investment.

The world trade gap is assumed to follow an AR(&cpss with a shock
(27 ):

@4 9 "y Y "% Ve

The annualized dollar interest rate is assumedltov an AR(2) process. We

use the estimation from Argov et al. (2007a):
(75) 49, 1 095$43 095ME,, O74MS$i;, i, |

R?> 097 S.E. 032 DW. 217 Sample:94ql-0594.

We will use two measures of price indices to expri® world input price

inflation (#p,*) — price of imported oil #p,*') and the price of non-oil raw materials
(#p? ™™"). We will assume it is a linear combination:
(76) #ptz Wp z#pz ,nonoil 1 Wp z ;{_.’_/.pt Joil ]

t

In the formal series of total raw materials prigagolished by the Central
Bureau of Statisticsw® * is approximately 0.87, reflecting the weight ohroels in

raw material imports. However, we would like tooadli for a different degree of effect



on consumer prices, and therefore estiméfe For the two observable price
components we adjust simple equations.

The annualized import price of non-oil raw materialas estimated to follow
an AR(1) process and to be affected by laggedrakp. We estimated the following
equation, assuming that the long-run annualizedgéas two percent:

(78) A#p”™ 1 053 005$20 O528MHp/"™ 0058agp o ~ro

(0114) (0.021)

R* 035 S.E. 573 D.W 191 Sample95ql-06qg4.

We were unable to adjust any simple equation wittdigtive power to the
world price of oil. This is not surprising sincaghs not just a price of a commodity
but also a traded asset (like currency). Therefeeeassumed it was white noise
around an annualized two-percent change:

(77) Ap®™ 20 /1

In the next section we discuss the role of worlatgs of consumer goods

(#p,) and their specification.

B-8. World prices

We are left with one final variable to specify —ndoprices of consumption goods —
p,. This (together with the nominal exchange rateXhis price governing the
unobservable imported CPI inflation (see equati@$2] and [2.13]). Although we
attributep, to consumption, it has a wider role in our modelaffects the relative
demand for locally produced consumer goods — gdharices go up, demand will be
shifted from imports to local production. Therefoiteis price measure captures
imported substitutes for locally produced goods;ifistance, that could be the case
with some textile commodities but is certainly tioé case with oil or vehicles which
Israel does not manufactuteThis role is the first reason that the real exgearate

(in terms of p,) appears in the output gap equation (1.9) andl)1.The second
reason is thatp, is the exporters' competitors' price: if it iseS8s so does the relative

demand for Israeli exports. Therefore this priceusth also reflect the equivalent

foreign prices of goods exported by Israel.

14 the price of oil rises, we will hardly see anypwement to locally produced substitutes.



Naturally, there is no single price index thatfeetly matches all those
conditions. Israel, like every other nation, imgorproduces and exports different
products. In what follows we would like to test faarious variables that could serve
as the world consumer goods price inflation ( p, p,,). Argov and Elkayam
(2007) used the percent change in the unit valuenmgforted consumer goods
(#p,°-™). This may seem like a natural choice, howevés ot necessarily so. This
price measure includes goods that the Central Burafa Statistics defines as
consumer goods. They constitute only 10% of thalficonsumption basket. For
example they do not include fuels used for privedbicles (these are included in the
import oil price —#p,®'). This price does not include services either. sfeted, p,
also has a role in explaining output — it is assitiat it affects exports and overall
imports, which is not necessarily the case. Theeeifois not obvious that this is the
optimal measure oftp, .

Other candidates will be the percent change intrde-weighted foreign CPI
inflation (#p, ™-""), US inflation #p,"*), the unit value of world trade#f”" ) and the
national accounts imports deflator in dollar ter(#g,"). For each series we will
estimate a simple characterizing equation using lagd the oil price inflation
(#p,*"). These equations were estimated by OLS outsilenthdel's main system:

(82) 4%p™-°" 1 044 004 005$20 %{}gmwp?f“—“' %%ﬂwpii”
005MAgp 5 -

(0.022)

R* 0.28 S.E. 557 DWW 212 Sample96ql-06g4 ;

(83) 4®p” 1 037 012 028 $20 9631172)4$4$#p§“f 90111%)$4$#pfuf
027 A% S

(0112)

R* 0.17 S.E. 138 DMW 181 Sample85ql-06qg4 ;

(84) 4sp” 1 031 0.055%0 %3:35)4&4$#pt>’*1 96%%534$#p:,2i| o
R®* 022 S.E. 777 DMW 183 Sample95ql-06q4 ;

(85) 4®p" 1 0409 0047520 040AR05S#P #p' 004maAspY

(0.022)

R*> 0.21 S.E. 584 D.W 185 Sample95ql-06qg4 .



As in Argov et al. (2007a), we were not able touatlan acceptable equation

for the unit value of imported consumer goodsp t-"). We assumed it is white

noise around a long-run value of two percent:

86) 4A%pC-™ 20 /M,

Finally to close the model we need to define toolhmeasure the world price
of consumer goods is related. In the baseline Spaton we will follow Argov and

Elkayam (2007) and attribute it to the unit valdénaported consumer goods:

cC_IM

@7 . #p

C. Estimation

C-1. Data and sample

We apply Bayesian estimation techniques to evaltleggosterior distribution of the
parameters. For that we use the DYNARE software.

We use the following set of quarterly observablgaldes:'°

- Annualized quarterly inflation rates — overall CPI), CPI
housing component (***"?), CPI fuel component (**') and CPI
excluding Housing, fuel, fruit and vegetables”§. The fruit and
vegetables component is derived residually fromaé&qo (2.1).

- The formal inflation target ().

- The annualized quarterly depreciation rate of th&s/dbllar
exchange ratetg, ).

- The Bank of Israel's effective key nominal intémage ¢, ).

- The per capita business sector GDP quarterly groet (#y, );
gross investmentiﬁvth) and government purchase@t“(), both per
capita in deviation from HP-filter.

- The seasonally adjusted unemployment rate, (the unit labor cost
(ulc, ) and the yield to maturity on 5-year CPI indexedernment

bonds ¢>*). These serve to help identify the output gap tred

15 For reference see Dynare web site: www.cepremepfodynare.
1% For extensive data description, see appendix 1.



natural real interest rate. The one-year ahead etvdsed inflation
expectations () serve to identify the model-consistent
expectations.

- For the foreign exchange risk premium+ ), we use the
computation developed and presented in Hecht amdpBshko
(2006).

- The one-month LIBID dollar interest ratg ). For world trade we
use the annualized quarterly growth of the indabked countries'
imports, divided by their unit valuety, ).

- We use the following set of foreign annualizedatiin measures
(all in dollar terms): the unit value of importednsumer goods
(#p,°-"™), the unit value of imported inputs (excluding I8)eand
investment goods#p; ™™"'), the price of imported fuelp, '), the
trade-weighted foreign CPI inflation#p,™-“""), US inflation
(#p,”®), the unit value of the industrialized countriegports —
world trade — ¢p’ ) and the national accounts import deflator in
dollar terms ép," ).

In total we use 24 observable variables. Variablege seasonally adjusted as

necessary. As stated, all the nominal change laggnflation, depreciation)

are annualized quarterly changes. The equationasdfusted accordingly.

Our data is from 1994:Q2 to 2006:Q4. However, t@leate the
posterior likelihood we drop the first four obsdrgas, which serve only to
initialize the Kallman filter. Inflation targetinggas adopted in 1992; however,
in the first two years the target was only impli¢ite slope of the exchange-
rate crawling-band was set to equal the desirddtioh differential between
Israel and the United States (see Elkayam, 2003dé&bails). Data for the
foreign exchange risk premium is only availablenfrd994:Q2. For these
reasons we chose to begin our sample in 1994:QReSaveats are in place:
(1) until 1997 the exchange rate band was effectiive the Bank of Israel
intervened in the market also inside the band. @iflgrwards was the zone
widened and the Bank avoided intervention. Thsuiely a structural break in

monetary policy. (2) In 1999 the measurement ofGRé¢ housing component



changed from actual prices of second-hand housinghé imputed rent
approach. This might have changed the sensitivitthts component to
changes in the NIS/dollar exchange rate. We wilhtio& that in 2007-08 the
proportion of dollar rental contracts has droppegegly from 90% to 20%.
Obviously this brought a disengagement of the GRising component from
the exchange rate. We do not come up against thislgmn, for our sample
ends in 2006. Regardless of these two caveatsee® a sufficient number of
observations, so we proceed to estimate the maodel 1994:Q2 and keep
those potential problems in mind.
In what follows we will discus the pre-estimatiocalibrated

parameters, the choice of priors and the postemsults of the baseline

specification.

C-2. Calibration
We calibrated parameters that are hard to idemtifype data, parameters controlling
weights that are identifiable by sample means axmhenous processes that were
estimated by observable variables outside the sy&ee section B-7 and B-8).

The weights of housing, fuel and fruit and vegetabin the CPI index

(w9 w™e and w'*) were calibrated to their sample mean: 23%, 2.5% 47%

respectively. Accordingly, the "core" inflation nseeie, °©, captures approximately

70% of the CPI.

Israel began a disinflation process in 1986, adtgreriencing a 400% hyper-
inflation. As of 1992, the disinflation process wesnducted within an inflation
targeting framework (see figure C).During the process, it was not known what
the final low-digit level of inflation rate woulde) and how many years it would take
to reach it. In some cases the inflation targettiernext year was set at the very end
of the previous year, possibly taking an opportiimiapproach to actual drops in
inflation. Only in 2000 a multi-year path for redug the target from 4% to 2% by
2003 was announced publicly. Therefore we wardedddel the inflation target as a

random walk process. However a non-stationary tioftatarget seemed to create

" The first implicit inflation target was set at 5 in 1992. By 1995, the beginning of our samgie, t
target was 9.5%. In 2000 the target was 3.5%, themas announced that the target would be reduced
so that as of 2003 the inflation target would be 296hould be noted that in some years there was a
point target and in some a range; we always uspdhe or middle of the range.



some difficulties in the estimation. Our solutioasmo approximate the random walk

by setting the persistence parameter in equatid),(4 , to be very close to unity —

0.999.

Figure C.1: Annual CPI inflation and the inflation target band, 1986-2008
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We set the following long-run values to approximsaenple means: domestic
per capita annual growth ratgr() — 2.2%, world trade annual growth rat? 0-

6.4%, domestic and foreign inflation rate™(,~ ) — 2.0%, foreign exchange risk

premium (#) — 2.0%, and the dollar interest ratE)(— 4.3%. These imply that
0.994, so that the domestic long-run real interest m# 3%. The long-run values

of the unemployment rateu] and real unit labor costulc) are set at 8.8% and

37.7%. These serve to better identify the outppt ga

C-2. Priors

In the choice of priors we lean on the experiemoenfprevious studies of the Israeli

economy (mainly, Argov and Elkayam, 2007 and Argbwal., 2007a), some great-
ratios and judgmental assumptions. Where possileldeft the priors rather loose,

allowing posterior distribution adjustment wheréonmative data are present (as we

will see, this is not always the case). The prisihsipes were chosen in order to match



each parameters' support to its theoretical feassiplace. All priors, as well as
estimation results, are summarized in table C.1.

For the import weight in consumption our prior38%, approximately the
weight from input-output tables (unfortunately tlast available table is from 1995).
We set the prior on rational expectations in tH&aiion and output gap at 0.5 — for
inflation this is close to the results of the pmms studies, but for output it is
somewhat lower. We set the pass-through to impaddeg prior at 0.5, which
generates a similar pass-through speed to thakesfqus studies. The prior weight on
current exchange rate depreciation in the housimgponent inflation equation is set
at 0.75, similar to estimation results of Argov dllayam (2007). The coefficients
of investment and government purchases on the bgaqureflect their added value
weight in output. Therefore we set the prior to Weght of the overall component in
uses (16% and 10%). Similarly, the coefficient airid demand on the output gap
reflects the added value weight of exports in outp/e set the prior at 30%
approximately the weight of exports in total uses.

We set the prior on interest rate smoothing tos@mewhat close to that found
in Argov et al. (2007a) — 0.8. They found the itila reaction parameter to be in the
range of 1.6-2.5, Elkayam (2001) estimated it td eand Barnea and Djivre (2004)
estimated 2.0-2.6. We chose a prior of 1.9.

Our prior for the output gap effect on unemploymsas set at 0.5, as implied
by Okun's law. For the persistence/rational expiecta weight in the market based
inflation expectations equation we set a uniform1)Oprior in order derive
information solely from the data. The priors foe tharameters of the world demand
gap equation were set according to the estimatigkrgov et al. (2007a) which relied
on an HP filter gap. The prior weight of non-fueput prices in the "model relevant”
input price measure was set according to its aeteaiht in imports of raw materials
(87%).

As apparent from Table C.1, for the standard dmnatof some shocks we
chose a very tight prior. This was done because tisenot enough information in the
data to pin down the relative variances betweerstadicks, presumably due to the
large amount of unobservable variables. The chatehose almost calibrated
standard deviations was made in order to achievky femooth potential variables,

i.e, we applied a tight prior on the smoothnesgaténtial variables.



Table C.1: Parameters — Priors and Posterior Estimion Results

Parameter Prior Distribution Posterior Distribution
Type Mean| Std | Mode| Std | Mean 5% | 95%
Import weight W? beta 0.3 0.1 0.315 0.07¢Q 0.33% 0.228 0.447
Local inflation equation
Rational expectations * beta 0.5 0.1 0.529 0.089 0.47 0.331 0.618
Output gap * gamma 0.2 0.1 0.109 0.056 0.13 0.038 0.238
Real price of inputs * gamma 0.05 0.025 0.036 0.01 0.03 0.010 0.064
Pass-through to imported ¥
inflation § gamma 0.5 0.3 0.435 0.195 0.48 0.163 0.8[L3
in
Current EX on housing housing beta 0.75 0.15 0.812 0.026 0.812 0.765 0.8p9
Persistence in housing "
) Housing beta 0.5 0.2 0.592 0.091 0.57 0.425 0.732
price shock
Oil effect on CPI fuel % beta 0.25 0.1 0.306 0.0472 0.30: 0.234 0.3]3
Current oil on CPI Fuel %, beta 0.5 0.2 0.796 0.085 0.782 0.652 0.9%20
Output gap equation
Rational expectations b, beta 0.5 0.2 0.641 0.173 0.49 0.157 0.8%5
Homogeneity b, beta 0.7 0.2 0.875 0.139 0.74 0.495 0.991
Real interest rate b, gamma 0.5 0.2 0.275 0.121 0.31 0.121 0.5[12
Real exchange rate b, gamma 0.2 0.1 0.099 0.054 0.11 0.028 0.2p6
LOP gap b, gamma 0.3 0.1 0.169 0.054 0.18 0.093 0.2[2
World demand b, gamma 0.3 0.1 0.262 0.085 0.29 0.147 0.44
Investment b, gamma 0.16 0.05 0.092 0.022 0.09 0.060 0.181
Government b, gamma 0.1 0.05 0.053 0.029 0.06] 0.018 0.1{L5
Persistence in Output ga "
hock W beta 0.5 0.2 0.802 0.088 0.734 0.529 0.921
s
EX eq.: rational exp. ;7 gamma 0.5 0.25 0.709 0.30¢ 0.72 0.239 1.179
Monetary policy
Interest rate smoothin i beta 0.7 0.1 0.732 0.042 0.73 0.670 0.808
Reaction to inflation gamma 1.9 0.5 1.217 0.234 1.28 0.842 1.6P1
Reaction to output gay] v gamma 0.05 0.02 0.054 0.02 0.05] 0.025 0.gp0
Growth persistence o beta 0.5 0.2 0.464 0.224 0.48 0.182 0.7f6
Potential world demand " |
stence yP beta 0.5 0.2 0.604 0.198 0.50 0.246 0.783
persis
Natural relative input "
) fion to gap . beta 0.3 0.2 0.059 0.061 0.26 0.003 0.561
price reacti
Natural rate persistence i beta 0.7 0.15 0.732 0.111 0.705 0.519 0.9p1
Natural unemployment " |
stence u beta 0.8 0.1 0.932 0.03§ 0.88 0.788 0.979
persis




Table C.1: Parameters — Priors and Posterior Estimi@gon Results(cont.)

Parameter Prior Distribution Posterior Distribution
Type Mean| Std | Mode| Std | Mean 5% | 95%
Unemployment ga
mployment gap /., | beta 07 0.1 0711| 0111 0747 0593  0.9]3
persrstence
Output effect on |
/, gamma 0.5 0.1 0.384 0.076 0.42p 0.290 0.556
unemployment
ULC persistence 0, beta 05 0.05 0.574 0.045 0.569 0.493 0.642
Output effect on ULC A gamma 0.2 0.05 0.178 0.034 0.18P 0.120 0.246
Persistence in inf. exp. 1 Unif (0,1) 0.5 0.289 0.557 0.074 0.561 0.438 0.6%4
5 year yield persistence " beta 0.6 0.15 0.462 0.058 0.476 0.37 0.583
Risk-premium persistence ", beta 0.8 0.1 0.873 0.069 0.851 0.752 0.9%5
World demand gap - lagl "y 1 beta 0.75 0.1 0.799 0.087 0.787 0.653 0.924
World demand gap —lagd ", , | normal 0.39 0.2 0.463 0.128 0.46¢ 0.210 0.7%8
Non-fuel weight in
) ) ) WP Z | beta 0.87 0.1 0.964 0.058§ 0.880 0.747 0.999
imported input prices
Shocks' std.
Exchange rate 1l inv. gamma 10.0 Inf. 11.36 1.14 11.78 9.71 13.43
7*TW_CPI
Effective world CPI ot inv. gamma| 10.0 Inf. 6.27 0.627 6.46| 5.37 7.5
Fuel in CPI /F | inv. gamma| 6.0 Inf. 10.38 1.04 10.91 9.04 12.13
/ Housing
Housing in CPI ot inv. gamma 3.5 Inf. 4.27 0.427| 4.47| 3.68 5.2p
Fruits&vegetables in CPI| /Y9 inv. gamma 16.0 Inf. 16.93 1.69 17.37 14.48 20.25
Imported inflation !, ' inv. gamma| g o5 0.05 0.229 0.041 0.250 0.171 0.343
Local inflation 1" inv.gamma| 5 g Inf. 2.64 0.400 2.95 2.23 3.67
C ds import | inv.
ONSUMErGoods TMPOT | —yrc_m | V- gammay - 7, Inf. 6590 | 0658| 6.75 5.62 7.86
price
Oil import price rel | inv.gammal 40,0 Inf. 38.71 3.87 | 39.72| 3309  46.4p
Imported non-oil-input / znonaill | inv. gamma
i Tt 6.0 Inf. 5.22 0.525 5.35 4.47 6.24
prices
Natural relative imported 2,p inv. gamma
) , 17 0.25 Inf. 0.115 0.047 0.206 0.059 0.38f
inputs price
Im. deflator inflation o inv. gamma| 58 Inf. 5.62 0.562 5.77 4.80 6.69
Inflation target 10 inv.gamma| 1 g Inf. 0.668 0.067 0.686 0.573 0.80p
US inflation U8 | inv.gamma) 13 Inf. 1.24 0.124 1.28 1.06 1.48]
World trade prices I inv.gamma| 100 Inf. 7.37 0.737 7.57 6.29 8.81
Natural world trade Jywp | inv.gammal  gg 0.6 0566 | 0.220| 0.809  0.404 11
Market based inf. exp. - inv.gamma| 1 g Inf. 0.726 0.084 0.756 0.617 0.89f
FX risk premium 1! inv.gamma| g Inf. 0.642 0.065 0.658 0.545 0.76]L




Table C.1: Parameters — Priors and Posterior Estimi@gon Results(cont.)

Parameter Prior Distribution Posterior Distribution
Type Mean| Std | Mode| Std | Mean 5% | 95%

Potential growth rate 19 inv. gamma| 19 0.1 0.959 0.126 1.00 0.787 1.2
Dollar interest rate 1" inv. gamma| o5 Inf. 0.300 | 0.030| 0307 0.255  0.35
Monetary policy /! inv.gamma| g5 Inf. 0.719 0.075 0.755 0.621 0.886
LOP gap Jfop | inv.gamma| g5 01 0.464 | 0085/ 0.516  0.35 0.683
Natural real interest rate ./t' inv. gamma 0.8 0.01 0.808 0.041 0.81Q 0.742 0.8717
5-year yield 1 inv.gamma| g2 Inf. 0.088 0.033 0.128 0.05( 0.20f
Government purchases 18 inv.gamma| 15 Inf. 1.944 0.194 1.987 1.65 2.30
Investment R inv. gamma| g g Inf. 5825 | 0.581| 5.961 4.97 6.91
Unit labor cost 1 inv. gamma| o3g Inf. 0.729 0.086 0.767 0.610 0.92D
:T;”ra' unemployment | yw | V.-GaMMA| o5 | g01 | 0206| 0021 0207 0172 0242
Unemployment gap /0 inv.gamma| g5 Inf. 0.286 0.060 0.312 0.207 0.411
World trade gap 1) inv.gamma| 1 Inf. 0.995 0.169 0.851 0.423 1.21
Output gap 1) inv.gamma| g5 Inf. 0.209 0.068 0.413 0.152 0.69
Potential output 1Y inv. gamma| o 0.01 1.01 0.052 1.02 0.933 11

C-3. Main estimation results
The estimation results are reported in Table C.&.pfésent the mode of the posterior
distribution, the mean and the 90% highest prolighiiterval. Figures (C.2a)-(C.2d)
depict the prior and posterior distributions of tlestimated parameters. The
distribution was calculated through the Metropdlissting Monte-Carlo Markov-
Chain. For the baseline estimation we conducted ecks of 600,000 iterations
(half of which were burned out). Convergence wasitooed through the Brooks and
Gelman (1998) procedure. All of these were donagugie DYNARE version 4.0.2
application.

The estimation results clearly show that many & prarameters, whose
posterior distribution replicates the prior, arecakly identified by the data. However,
some results do come up. We start by inflationteelgparameters. The import weight

(we) is well identified and close to the prior — OlB.contrast, Argov and Elkayam

(2007) found it higher — 0.45 to 0.85The data are somewhat indicative of the

8 Their "core" inflation measure included fuel, whiahe mainly imported. However this cannot
account for the difference.



coefficients of the output gap () and the real price of inputs {, pointing to a lower
value than our prior. Compared to Argov and Elkayame estimate a somewhat
stronger effect of the output gap on inflation {thestimated coefficient is 0.1
compared to our mean of 0.14). The speed of passgh to import prices« ) is,
unfortunately, identified only weakly. It turns othiat the data do not contain enough
information to jointly estimate the import weights() and the speed of pass-through,
so that, given the estimation of the import weighg pass-through speed is more of a
calibration. Naturally the parameters of the inflatcomponents equation (housing
and fuel) are well identified because it containy@bservable variables.

In the output gap equation the lead's parameiey &nd the world trade's
coefficient (b,) are not identified. However, the data turned toube informative on
the remaining parameters. The data support thehoamegeneity of the equationb;

was estimated to be 0.74, somewhat higher thampmaor. The coefficient of the real
interest rate was estimated to be 0.32 lower tharmpdor of 0.5 and lower than the
results of Argov and Elkayam (2007) — 0.4. The date also indicative of the

coefficients of the real exchange ratg)( the L.O.P. gapy,), investment ) and
government purchases ). They all turned out smaller than our prior angyév and
Elkayam's estimation results. It is also appardrmdt tthe data support strong
persistence in the demand shoak); The posterior mean of was estimated at 0.73

and the prior of 0.5 is just below the 90% highgsbability interval.
The data were informative regarding the monetatjcpaeaction function.

The interest-rate smoothing § was estimated to be 0.74, in the region of ouwrpr

(0.7) and Argov and Elkayam's estimation. The aggjveness regarding inflation
(. ) was reduced in the estimation to 1.29, in theelowound of Argov and

Elkayam's estimation. The data do not posses irdtbam on the degree of reaction to

the output gap.
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Figure C.2a: Prior and Posterior Distributions
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Figure C.2b: Prior and Posterior Distributions (cort.)
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Figure C.2c: Prior and Posterior Distributions (cort.)
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Figure C.2d: Prior and Posterior Distributions (cort.)
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Figure C.3a: Impulse Response to 1 Std. Monetary Roy Shock
(0.75 percentage points shock/tg



Figure C.3b: Impulse Response to 1 Std. ExchangeteaShock
(Annualized 11.7% shock to*)



Figure C.3c: Impulse Response to 1 Std. Foreign e Shock
(Annualized 6.75% shock to “-" )



C-4. Impulse response functions

In this section we present dynamic elasticitiesp{iilee responses) of some key
endogenous variables, with respect to each ofdhewfing shocks: monetary policy,
nominal exchange rate and a foreign price shock.

Figure C.3a presents the impulse response withectsfp one standard
deviation shock to the nominal interest rate (ikad 0.75 percentage point shock to
). Notice that all the endogenous variables are ediately affected by the shock,
and for most of them, the immediate response idatgest. For the output gap, we
find a mild hump-shape, where the peak of the nespds in the second quarter.
Usually in estimated models one would expect ta fmnhump-shaped response of
inflation and the output gap to the interest rdteck where the peak effect is after

four quarters? The large and quick response of the endogenoisbles apparent in
our model is partly due to the existence of theharge rate channel and the fast
exchange rate pass-through. The unexpected incieabe interest rate causes an
immediate decline of the exchange rate throughutifecondition, which immediately
affects inflation and the real exchange rate, anouigh it — the output gap. The quick
response is also due to the relatively large coiefits of expectations in the inflation,
output gap and exchange rate equations (thatddatbe degree of which the model is
forward looking).

In Figure C.3b we present the impulse response mgpect to an unexpected
one standard deviation shock to the exchange thi (s an annualized 11.7
percentage points shock to®). Notice that here as well (as in Figure C.3a) the
immediate response is the largest. Due to the coerdupositive response of the
interest rate, the 12 p.p. shock ends in only @.p0depreciation in the first quarter.
CPI inflation increases by 3.5 p.p, indicating intia¢e pass-through of 0.35 with
respect to the CPI inflation. The pass-throughdre dnflation is somewhat smaller,
0.2, but still higher than common in other econami®ue to the inflationary
consequences of the depreciation, the nominalasteate increases immediately by
0.4 p.p. and peaks at 1.0 p.p. above the steatdy Jtae real rate temporarily drops in
the first quarter; however, as the nominal ratetiooes to rise and inflation re-
converges, the real rate peaks at 0.6 p.p. (aheveasyear after the shock. The output
gap shows an interesting feature: The real degrecianduces only a mild expansion

19 See Smets and Wouters (2003) and Christiano €G05) for a closed economy. See Adolfson et all.
(2005) and Brubakk et al. (2006) for an open econom



of the economy which is followed by a long-lastirggluction of output. This stems
from the fast pass-through to prices which mitigatee affect of the nominal
depreciation on the real exchange rate, and thieliat monetary policy is tightened
in order to offset the strong effect on inflation.
The above simulations highlight the role of the lextge rate in the transmission
mechanism of monetary policy in an open economye filygh exchange rate pass-
through means high sensitivity of the inflationeréd shocks to the exchange rate. On
the other hand, the high exchange rate pass-thralsgrenhances the effectiveness of
the nominal interest rate as a tool for stabilizimitation.

The last figure, C.3c, presents the impulse respamsh respect to a one
standard deviation shock to foreign inflatiowp-"-" (that is an annualized 6.75

percentage points shock td™—™

). Recall that the characterizing equation for the
imported consumer good's unit value (foreign imblatin the baseline model) has no
persistence; therefore we are describing a onegancrease in foreign inflation. We

can see, once again, that the immediate resportbe imrgest. However, the pass-
through to CPI inflation is considerably smalleraththe exchange rate shock
(immediate pass-through of 0.1 compared to 0.3bat TS because foreign prices do
not affect the housing component, as opposed t@xhbange rate which is its main

determinant. As a result monetary tightening is ematé and the real exchange rate is
under-valued for a few years, so that the outpptigapositive for one year and does

not overshoot to negative values.

C-5. Variance decomposition

C-5-1. Forecast error variance decomposition

In this section we will decompose the variancehef (infinite limit horizon) forecast
error by the various shocks. In order to avoid nmean-stationary inflation, we will
assume no shocks to the inflation tarfJefhe results for five key observable
variables are reported in Table C.2. We present simbcks that contribute more than
1.0% to one or more of the forecast error variar{ties oil price shock is included

anyway).

% Recall that the inflation target was modeled aglpeandom walk in order to estimate the model
through the last stages of the disinflation procéswer this assumption the variance of the irdlati
level is infinite and it is all attributed to theflation target shock. In order to asses the vasan
decomposition around a stable inflation rate, weltsevariance of the inflation target to zero.



Table C.2: Forecast Error Variance Decomposition

CPI "Core" Nominal Output Depreciation
Variable . . . . .
inflation | inflation | interestrate | growth rate
Shock — - -
t t It #yt #el
Exchange rate ./t#e 67.8 47.7 50.4 55 94.0
/ Housing

Housing in CPI ot 5.6 0.4 5.1 0.4 0.6
Fruit&vegetables in CPI 1Yo 2.9 0.1 0.7 0.1 0.1
Local inflation 10 9.5 24.2 2.2 05 0.2
Consumer goods' import .

_ g PO reom 3.7 123 5.4 18 0.7
price
Oil import price oo 0.5 0.3 0.4 0.0 0.1
Natural world trade !ty*'p 0.2 1.1 1.3 0.3 0.2
EX risk premium 17 1.7 1.8 3.3 0.1 1.0
Potential growth rate 1y 0.2 0.4 0.2 2.2 0.0
Dollar interest rate !:* 5.0 6.1 13.1 0.2 1.3
Monetary policy /! 1.1 1.2 10.4 0.7 1.0
Natural real interest rate /" 0.8 1.0 2.7 0.0 0.3
Investment s 0.0 0.1 0.1 16.1 0.0
Output gap Al 0.3 15 35 42.0 0.5
World trade gap T 0.0 0.1 0.2 2.8 0.0
Potential output 1Y 0.1 0.5 0.5 26.6 0.1

It is clearly seen that the depreciation shocky plaenormous role in Israel's
monetary system. The shock contributes nearly 68%eovariance in CPI inflation.
In part, that is due to the housing component whihentirely related to the
NIS/dollar exchange rate (see equation 2.2). Howealso the "core" inflation (that
excludes the housing sector) is largely affecteegighange rate shocks (48%). That
is a reflection of the strong and fast pass-throumglsrael. As a consequence, an
inflation targeting central bank must react to depments in the exchange rate.
Apparently, the exchange rate shock contributes 6D&be interest rate variance.

An interesting result is the contribution of thdldointerest rate to the local
nominal interest rate, 13%, even higher than ita shhock. The channel working here
is the uncovered interest rate parity. Changefeénforeign interest rate may cause
variation in the exchange rate that would passugiindo inflation. However, the table
reveals that the dollar interest rate does notrimrie much to the variance of the



depreciation rate. That means that the Bank ofelspaiobably reacted with its
nominal rate to changes in the dollar interest rnateorder to prevent interest-
differential effects on the exchange rate.

The last point that emerges from the table is tireonrole of oil price shocks
in Israel's inflation, at least based on 1995-268&. They contribute only 0.5% to
the variance of inflation. The reason might befte that for a significant part of the
sample oil prices were characterized by large @lattbns around some stable level. In
this environment there is no need to adjust domesices to a hike in the oil price,
for it presumably will drop back in the followingugrters. However, at the beginning
of the decade oil prices began rising rapidly vatmon-reversing trend. We assess
that only in 2006-07 was the non-reversing trertdrimalized in firms' decisions so
that oil prices took a major role in the rise ofiation. We can see from Table C.2
that unlike oil prices the unit value consumer impgoods (world prices in the
baseline specification) did play a significant raiethe variance of "core" inflation —
12.3%.

C-5-2. Historical decomposition

To supplement the general forecast-error decomipos#tbove, we discuss here an
historical decomposition of inflation by shocks. aths, we will decompose the
deviation of inflation from the target though olietdecade of 1997-2007 by the
contributions of groups of shocks. The decompasit®presented in Figure C.4. In
order to make the presentation clearly visible wedéd the shocks into five groups:
supply shocks (that generate negative correlatietwéen inflation and outputy,
demand shocks (that generate positive correlatiemvden inflation and outputj,
monetary policy shocks, foreign price shocké and exchange rate sho®sIn
addition we will present the results for year-omyflation (as deviations from the

target) by calendar years, for they capture mogtt@high-low inflation eras.

f

The shocks included in the group arg’, /7, /17, 78, 1", 1", 1Yo, gHessno |y el
The shocks included in the group arg:, 7>, /™, 718, 1", 17, 17",

The shocks included in the group arg; /, .

The shocks included in the group arg.e, szt grol e,

The shocks included in the group arg..



Figure C.4: Historical Decomposition of Annual Inflation (Deviation from
Target), 1997-2007

Once again we can see the significance of excheatgeshocks in inflation
determination. They explain a main part of not agimg the inflation target in 2000,
2002, 2003 and 2006. The year 2002 is a speciat aaghe last week of 2001, the
interest rate was reduced unexpectedly by an excgbttwo percentage points. The
reduction was part of a fiscal-monetary packages Thme as a surprise, along with
the fact that fiscal policy was not tightened aead, and generated a sharp reduction
in the credibility of macro-economic policy, thasulted in a large depreciation of the
NIS versus the dollar (14% within 2 quarteé®sPue to the strong pass-through the
depreciation resulted in high inflation (4 percgetapoints above the target).
Although monetary easing certainly had a significasle in this depreciation, the
linear UIP condition cannot attribute it to intereste differentials. Therefore we can
see that the exchange rate shock is the main batdri to missing the target in
2002%" Negative demand shocks expressing the globabfahe high-tech sector and

the deteriorating security situation also contrdolit The recession in demand

% The year was also characterized by sharp detéidora Israel's security situation in the facetié
second Intifada.

27 Argov et al. (2007b) adjust the IMF's resemblingdeicdo account for monetary policy credibility. It
is calibrated to produce a significant contributiminthe erratic interest rate reduction to the hike
inflation.



continued throughout the next two years and wemypeesponsible for the low
inflation in 2003-04. In these years we can seeéni@netary policy made a negative
contribution to inflation. During the 2002 exchargge crisis, interest rates were
increased sharply from 3.8% at the begging of thar yo 9.1% in the second half.
Only a drastic change in policy stance was ablsttép the depreciation process.
However it seems that rates were kept high fottk ltoo long, causing a negative
contribution to inflation.

It can be seen in Figure C.4 that throughout treesy@997-2001 inflation was
lower than the target. The first two years wer@alfstage in the disinflation process
(inflation in 1997-08 was around 8%, in 1999 it plved below 2%). The low
inflation was not a result of the exchange rate,tlo@ contrary, it had positive
contributions to inflation throughout the first &&r years. These years were
characterized by three main processes that gedetiatelow inflation. (1) Foreign
price shocks: the increased globalization and meveraf manufacturing to low-cost
countries (China, India) brought a global reductodrprices which lowered inflation
in Israel through their effect on import prices) &upply shocks: a large part of these
shocks are negative inflation (equation) shocksciwhinany models interpret as
reduction of mark-ups. Therefore their contributit;m low inflation may express
increased competition in the Israeli economy. (®nktary shocks: it was a common
assessment at the time that monetary policy wdn, tajpd interest rates have been
reduced slowly. This feeling generated part of gnessure leading to the sharp
interest rate reduction in the end of 2001. As barseen, the model also attributes
part of the low inflation to positive interest ratieocks, i.e., interest rates being higher
than implied by the monetary policy rule.

As for 2007, when inflation was higher than targt0.8 percentage points,
we can see the model attributes most of the cartob to negative supply shocks
(positive inflation shocks). However, it is commyprasserted that the global rise in
inflation was due to rising commodity prices in thebal markets. In the baseline
model we can see foreign inflation shocks contgbomly 0.6 percentage points to
inflation. We will return to the issue of 2007 ircsion D when comparing the

baseline estimation to alternatives.



C-6. Filtered unobserved variables

The original model of Argov and Elkayam (2007) edlicrucially on univariate HP
filtered trends. That is, the gaps that appeareddrtheoretical model were deviations
from HP filter trends calculated prior to the esttion procedure. This was essential
as they used limited information GMM estimation.olar case, we took advantage of
our full information system estimation and speciffead hoc equations for the trends
and gaps (see Section B-5). Therefore, throughkdileman filter, we are able to
smooth out the model consistent trend and gapssenbich are based on all the
observables and the structure of the model. In $bigion we report the obtained
smoothed output gap (Figure C.5), the natural irdalest rate (Figure C.6) and the
potential real exchange rate (Figure C.7) for thieation and out-of-sample period
of 1995 through 2007.

Figure C.5: Output Gap — Model Derived and HP Filteed, 1995-2007
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Figure C.5 reports the model derived output gap.démparison we added an
HP filtered gap. Overall the series are similare Thain differences are in 2000 and
2007. In 2000 the output gap is notably positivetgat above potential). This result
is derived from strong growth figures in the datf]ecting, in part, the high-tech
boom. In addition, the real interest rate of ab6¥% and the historically appreciated

real exchange rate are consistent with demand shibek pushed up the output gap.



However, the output gap peaks at 5% rather tharc8@ulated from the univariate
HP filter. In part that is a result of the observed inflation (three percentage points
below mid-target) which implies that demand-sidie@t on prices could not have
been too strong. In fact, it is evident from thetbwical decomposition that demand
shocks were the sole positive contributors to tidta whereas negative exchange rate
shocks and low import prices drove inflation down.

Also, in 2007 the model consistent gap is veryitp@swith a peak of 4.5%,
once again consistent with high growth figures andappreciated real exchange rate
that can be generated from demand side shocks. \owas is apparent from the
historical decomposition in Figure C.4, demand &bkognade only a minor
contribution to inflation in 2007. How is this costent? As it turns out from the
model, local direct output gap shocks ) have only a limited inflationary effect. In
2000 the demand shocks included high foreign isterates and risk premiums
which, ceteris paribus, are inflationary througteithdepreciative pressure on the

exchange rate.

Figure C.6: Real Interest Rate — Natural Rate, Ex-Ate Rate and 5-Year Yield
on Government Bonds, 1995-2007
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Figure C.6 depicts the smoothed natural real ister@e ("), the observed
yield on 5-year CPI-indexed government bond¥*{) which serves as a proxy for
the natural rate, and the smoothed ex ante reaessitrate ii ). It is clear that

the smoothed natural rate is almost identical ®odhserved 5-year yields. This can
result if the 5-year yield is a very good indicatdrthe natural rate in the context of
our model, or, alternatively if the data contaitidi information on the natural rate —
the Kallman filter will return the proxy as the sotibed series. We re-estimated the
model with the 5- to 10-year forward real rate seg\as a proxy instead of the 5-year
yield. In this case too the smoothed natural raté turned out close to the proxy.
Therefore we conclude that the data contain littfermation on the natural real rate,
so that, de-facto wassumedhat the natural real rate is (to some approxiomtthe
5-year yield.

As we can see from the figure, throughout a deeadiéng in 2004 the ex ante
real rate was held above the natural one. Thisenglain, in part, the deep recession
Israel experienced once the high-tech boom explogiedl the security situation
deteriorated in year 2001.

Figure C.7: Real Exchange Rate — Actual and Poterai, 1995-2007
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Baseline model potential rate = 4= Actual rate




Figure C.7 plots the observed real exchange ra#ngtl as the foreign price
measure relative to the local "core" inflation)ddhe smoothed potential rate. We can
see the significant negative gaps around years 20002007, consistent with the
positive output gaps. It can be seen that the paterate appreciated from 1997-99
mainly due to excess world trade growth in the fatglobalization. The potential
rate was rather stable until 2004; in the recessiear of 2001 this reflected a
balanced reduction of world trade and local po&rutput growth. As of mid-2004
the potential real exchange is depreciating, evéenwthe observed rate started
appreciating in mid-2006. The potential deprecrati® mainly a result of the high
potential output growth during those years, anddme extent a reduction in world

trade growth.

C-7. Goodness of fit
C-7-1. Forecasting errors
In order to assess the model's forecasting abiléywill inspect its root mean square
forecast errors (RMSE) for various horizons. Todeminterpretability, we will
compare the RMSE to four alternatives: two staisdtVAR models and two naive
models.

We estimate 1l-lag and 2-lag VAR models with thdofwing variables:

Cpi

quarterly CPI inflation (), quarterly business sector GDP grow#y,(), quarterly

depreciation #e ) and the nominal interest rate ); we also added to each equation

lags of the dollar interest rate J, quarterly change in the imported consumer goods

C_IM

unit value ¢p,"-" ), world trade growth#y, ), foreign exchange risk premiur (),

5-year real yields ) and the inflation target (T).28 The VARs were estimated
for the same sample used in the baseline struatuwdkel estimation above (1995:Q2-
2006:Q4). To calculate forecasts (and forecast&rme used the same characterizing
AR(1) equations for the exogenous variablies £p,“-" , #y,, + , r>, ). Since
the equations for the world trade growth and 5-yeat yield are determined within

the model in the structural baseline case, we astich simple auto-regressive

equations for them.

% The number of lags corresponded to the VAR lengtwever, in both cases we included only one
lag of the inflation target.



We also compare the RMSE results to two naive nsoddie first is a random
walk model (in which the forecast is always thet ldata point). The second is a
"steady state" forecast model. That is, for inflatithe forecast is the last known
inflation target, for the interest rate the fordcesthe 5-year real yield plus the
inflation target, for the growth rate the forecasthe mean growth rate, and, for the
depreciation rate the forecast is the inflatiogéadifferential. Although both models
are naive they represent two distinct projectioffse random walk model assumes
that inflation (or any other variable) will stay @&$ current level regardless of the
monetary authority's efforts, whereas the "steddie's model assumes inflation will

revert quickly to the desired target.

Table C.3: Comparison of RMSE:
Baseline Model vs. Alternative VARS and Naive Modsl

Variable Forecast Sample Baseline] VAR | VAR RwW SS
Horizon model (1) (2) model | model

Inflation 95:Q2-06:Q4] 3.92 3.060 280 473 3.9
« ™ ' 00:Q1-07:Q4| 3.16 250 217 336 3.4y
Inflation 95:Q2-06:Q4| 4.35 403 394 566 4.1p
C ™ ? 00:Q1-07:Q4| 3.65 2.94 287 436 349
YoY Inflation 95:Q2-06:Q4| 2.89 246 232 468 255
( 47 ‘ 00:Q1-07:Q4| 2.66 1.74f 163 385 248
Interest rate ) 95:Q2-06:Q4| 1.50 1.62] 167 119 1.7
(i) 00:Q1-07:Q4| 1.02 1.19] 128 106 1.33
Interest rate ) 95:Q2-06:Q4| 1.74 1.76] 1.77 1.82]3 1.90
(i) 00:Q1-07:Q4| 1.22 1.28] 1.27 1.78 1.6p
Interest rate A 95:Q2-06:Q4| 2.26 215 217 260 2.4
(i) 00:Q1-07:Q4| 2.00 164 168 273 218
Output growth . 95:Q2-06:Q4| 1.55 1.29] 111 191 157
(#Y,) 00:Q1-07:Q4| 1.37 1.13] 121 143 154
Output growth X 95:Q2-06:Q4| 1.56 141 121 174 157
(#Y,) 00:Q1-07:Q4| 1.55 1.35] 1.43 165 154
Output growth A 95:Q2-06:Q4| 1.53 1.55| 1.43 255  1.57
(#Y,) 00:Q1-07:Q4| 1.43 1.31] 124 226 154
Depreciation ratel 95:Q2-06:Q4| 11.24| 856 7.87 167 11.55
(#e) 1 00:Q1-07:Q4| 1211 981 9.67 16.09 124




Table C.3 summarizes the RMSE for two samplesfitbeis the estimation
sample 1995:Q2-2006:Q4. The second sample coven®réer and more recent era,
2000:Q1-2007:Q4. This sample starts after disimilatwas achieved around low
levels. Notice it includes 2007, which is not pafrthe estimation periods.

The general result arising from the table is that baseline model does a
better forecasting job than the naive models (aafpgdhe random walk) but falls
behind the VARSs. In terms of inflation forecast, wan see the VARs ultimately do
better. Our baseline model is level with the "s{eathte” model and performs much
better than the naive random walk. This is probablyesult of the large shocks
characterizing the exchange rate and the strongtthasugh to inflation. As a result,
in many points in time inflation jumped above aert below the inflation target. That
is why the no-change random walk model performpaarly. That can explain why
such a naive model as the "steady state" is sirtdland for some horizons better (in
term of forecast) than the structural baseline rhod#ereas the latter predicts a
typically gradual reversion to the inflation targéhe naive "steady state" model
predicts an immediate return (in many cases, the sfaow oscillations to the counter
side of the target). Part of the explanation far shperior forecasting properties of the
VARSs is related to the exchange rate. As we can theeVARs outperform other
models, including the "steady state" model whichasother than a classical random-
walk model in the level of the nominal exchangeerdt may be that the VAR is a
reduced form of a structural model that is ablefa@ecast the exchange rate, in
contrast to the general finding of Meese and Ro(k#83). However, it may also just
be the case that in the limited observation motiel, VARs are able to produce a
linear combination that incidentally explains theclgange rate's in-sample variation
better than the random walk or structural model.

In terms of interest rate predictions, we cantbatall models are in the same
neighborhood, where our baseline model is somewbk#er than others for short
horizons (1 and 2 quarters). Interestingly, at Ihguarter horizon the random walk
model seems to do relatively well. That might syinbwe strong interest rate
smoothing applied by the Bank of Israel during saenple, in which case a short-run

no-change forecast will perform well. In terms eftut growth the baseline model

2 The estimation of the baseline model or the VAREhéssame for both samples. Only the sample of
the forecast errors is different.



performs worse than the VAR models, similar to ‘tsieady state” model and better
than the random walk.

It can be summarized that for pure forecastingopses, statistical models
might be more adequate, though they do not generatherent story as structural
models do, demand additional identifying assumpgtiam order to conduct risk

analysis, and are not fit for policy exercises.

C-7-2. Cross-correlations test

To test the dynamics of the model, in this secti present a test comparing the
observed cross-correlations (across variables anel) tof key model variables to

those implied by the model. A significance test ¢@nperformed by constructing

confidence intervals to the model's cross-correfeti The step-by-step description of
the test is available in Argov et al. (2007a); wié# mention that a similar procedure

was originally taken in Smets and Wouters (20893).

In Figure C.8 we present a comparison of the oleskoross-correlations in
the sample period 1994:0Q2-2007:Q4 (including théiaiization period 1994Q:2-
1995:Q1 and the out-of-sample year — 2007) to tiposduced by the baseline model.
We present the test for the following variablesamerly depreciation rate (DE),
quarterly CPI inflation (DCPI), quarterly "core"fiation (DP) and nominal interest
rate (IMA). The vertical axis of each diagram reganmets the correlation coefficient
between the variabbe and the variable.y, that is, between two variables separated
by k periods. The horizontal axis represekt3hus, for example, the far-left diagram
in the second row, titled(DCP DE.), presents the coefficients of cross-correlation
between the rate of CPI inflation (DCPI) and eatthe first five lags of the nominal
depreciation (DE), as well as its contemporaneas. rThe continuous line is the
observed correlation, whereas the broken linesherenodel's correlations (5%, 50%
and 95% confidence interval).

We can see that almost all correlations are withi confidence interval,
meaning (in a somewhat over-stated manner) thatanaot reject the hypothesis that
the true data were generated by our model. Théeouithre the auto-correlation of the
interest rate with its fifth lag and the cross-etation of the depreciation rate with the
fourth and fifth lag of the interest rate. The fficsitlier is an expression of the strong

%0 The author thanks Alon Binyamini for providing tMatlab programs used to compute and present
the results.



interest rate smoothing observed in the data; waalattribute any special meaning
to the second.

These results might be positively biased due tadtbiaflation process (in the
model it is expressed by a nearly random walk efitfflation target). Therefore in
Figure C.9 we will present the test for the samiglkowing the stabilization of
inflation (1999:Q1-2007:Q4). In that period thesenio clear trend in inflation. The
model was adjusted by assuming a constant inflaaoget. As expected, the results
in this case are somewhat less definitive; howewest of the cross-correlations are
still within the confidence interval. For the exolge rate (first row), we can see that
the data, as well as the model, show lack of catieis with lagged variable. This
result is not surprising given highly liquid andrfget market characteristics familiar
in exchange-rates markets. In the second row fdrifRtion, we can see that the
model captures the contemporaneous correlation tvéhexchange rate; however, it
does not reproduce the strong observed cross-atoelwith the first lag of the
depreciation. From the third row we can learn th& is a result of the fact that the
model does not explain the correlation of the lalgdepreciation rate with "core"
inflation. This might mean that the pass-througlimeport prices is somewhat slower
than implied by the model. (Remember that the patamof the speed of pass-
through was not well identified in the data, aneréfore was calibrated de-facto.)

In the last diagram of the second row we can saettie data show slight
negative correlation between inflation and the eormgoraneous interest rate;
however, the model implies a positive correlatidhis means that in the model the
effect of inflation on the interest rate is strongen the effect of the interest rate on
prices. The data do not support this. In the last of the figure we can see that the
model captures most of the remaining correlatioits thie interest rate.

To conclude this section, it can be said that teehis able to reproduce most of the
correlations observed in the data. When lookinghat post-disinflation era, some
work might be needed to calibrate the speed of-prassigh.



Figure C.8: Observed Cross-Correlations vs. Modeifldence Interval, 1994:Q2-2007:Q4

—— Observed ---- 5,50,95 percent confidanterval

DE — Quarterly depreciation €) DCPI — Quarterly IGiflation ( ©P"
DP — Quarterly “core” inflation (©) IMA — Nominal interastte ()



Figure C.9: Observed Cross-Correlations vs. Modaglfldence Interval, 1999:Q1-2007:Q4

—— Observed ---- 5,50,95 percent confidanterval

DE — Quarterly depreciation €) DCPI — Quarterly IGf#flation ( ©P')
DP — Quarterly “core” inflation (©) IMA  — Nominal interastte ()



D. Alternative foreign price measures
A troubling fact that emerged from the historicaicdmposition (Section C-5-2) is
that our baseline model attributes most of the hightation in 2007 to domestic
supply shocks, where it is has been widely accefitatlinflation rose in Israel, as
well as world wide, due to high commodity pricesa{ntly raw food and energy
prices) in the global markets. Why does the maddinterpret that year? One
conjecture is an ill choice of the foreign price asere. Following Argov and
Elkayam (2007), we used the unit value of importetisumer goods as the main
foreign price measure. However its developmentn last years did not reflect the
rise in global commodity prices for it does not in raw food and oit* Therefore
the model interpreted the rise in inflation as detneinflation shocks (categorized as
supply shocks). In this part we will check whetliee choice of this foreign price
measure was wrong a priori, and try to determihelwobservable inflation measure
best describes threign inflation in the model (,). We will test the following
alternatives:

(B) Baseline: Using the unit value of imported camer goods.

(1) Using the trade weighted foreign CPI inflatitnanslated to dollar terms.

(2) Using the CPI inflation in the United states.

(3) Using the world trade unit value.

(4) Using the national accounts imports deflatodatiar terms.
To get a better sense of the results, we will alonate the model with the following
controlling assumptions:

(5). Assuming the world inflation rate is constanhis will tell us whether

using any of the price indices contribute to th@lamation of the inflation

process.

(6) Reversing the roles of imported input priced amported consumer prices.

In this alternative we will test whether the separaof input and consumer

prices is identifiable. We will reverse the baselispecification so that the

change in the unit value of imported consumer gdaeigs™"') is the price of

31 Raw food and fuel are categorized by the CentrmeBu of Statistics as production inputs. Thisepric
measure is used in the model within the local tidffaPhillips Curve, but has a limited role.



inputs ( ,*), and that the weighted average of imported impiges @¢p; """')
and oil price ¢p,*") is the general world price inflation ().
For each alternative, we re-estimated the wholeehdtlote that all estimations are
based on the same set of observable variablesntiiglifference is which observable
price measure is equal to world inflation — seeatiqu 8.7). Table D.1 summarizes
the estimated log marginal density of the varidteraatives. This statistic is mainly a
measure of the one-step-ahead forecasting propestithe model. A higher value

(less negative) is attributed to better forecastiraperties’”

Table D.1: Log Marginal Density of Alternative Modds

Number of iterations| Log marginal Log marginal
and blocks density density
(after 50% burn-out) (modified (Laplace
harmonic approximation)
mean)
(B) | Baseline . #p M 300,000 x 2 -2543.0 -2546.8
(1) | Trade-weighted . #p ™ 300,000 x 2 -2543.3 -2547.0
CPI
(2) | CPI-US . #p“® -- -- -2556.9
(3) | World trade price . #pY -- -- -2553.6
(4) | Import deflator . #pM -2552.3
(5) | Constantinflation| 20 -- -- -2554.2
(6) | Reverse roles . WP Egp? ! -- -- -2550.6
@ wP)p,®
‘z #p‘CJM

It turns out that our baseline specification in ethiwe use the unit value of
imported consumer goods delivers the best realttspugh this price includes only a
subset of the imported consumer goods basket. Hquank is the trade weighted
world CPI inflation (alternative 1). The estimatioesults using the trade weighted
CPI are also similar to the baseline in terms ohpeeter valued® This stems from

the fact that until 2006 the series behaved vemilaily (see figure D.1). The

32 For the better performing models according to theplace approximation, we calculated the
modified harmonic mean using the Metropolis Hastfgprithm.

% Appendix 2 reports the estimation results undeeraative 1, including some of the main
applications presented earlier for the baselinee.cdhe main reported results hold under this
alternative.



coefficient of correlation between the two inflatimeasures is 0.65. Therefore, on an
econometric basis, it is not possible to determsioene preference. However,
comparing the forecasting results of the modePRfa®d7, using the two world inflation
series gives different results. Figure D.2 depibts model's forecast of inflation for

2007 conditional on the realization of all shocksept those of the domestic inflation

h f

block (zfewre sFet pyeo "1 15°7), That is, we include the realization of the
foreign inflation shocks so as to see how the useach foreign inflation measure
changes the predictions of the model. We comparddiecast of the baseline model

and alternative 1 model to the ex post realization.

Figure D.1: World Price Inflation:
Unit Value of Imported Consumer goods vs. Trade-Wegjhted CPI

Quarterly change in the unit value of imported consumer goods

=& = Quarterly change in trade-weighted foreign CPI

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 20056 2007

Comparing the forecast results of the models irufeigD.2 it is clear that
using the CPI foreign trade-weighted inflation betxplains Israel's 2007 inflation,
especially "core" inflation which is most affectied foreign inflation. Contrary to the
baseline model, using the trade-weighted CPI atera would have predicted the
rise in core inflation in the second half of 2007 he different results we get for 2007
lie in the fact that the behavior of the foreigflation measures were different: while

31t should be clarified that these forecasts araditimmal on using some ex post smoothed shocks, so
it does not mean the model could have predicted 200y on the basis of data known before 2007.
The purpose of this exercise is to see which iinfftameasure fits better the outcomes of 2007.



the trade-weighted world CPI inflation was 9.092007, due to the weakness of the
dollar and the rise in raw food and energy prities,unit value of imported consumer
goods rose by only 4.6%, which is mainly due to tinst reason. The imported

consumer goods unit value does not include enengyaw food, and therefore is not

predictive of the 2007 rise of inflation in Israel.

Figure D.2: Dynamic Simulation of the Model for 200 Conditional on the
Realization of Shocks Excluding Local Inflation Shoks

Quarterly CPI inflation (°P) YoY CPI inflation ( 4°F)
/\ /
T ’ -
\N'
NS -
N o
\’/ <
Quarterly “core” inflation (©) YoY “core” inflation ( 4°)

| — Actual - -- Forecast: baseline -+- Forecast: alternativel 1

A different perspective on the 2007 issues carsd®n by returning to the
historical data decomposition presented in sectib-2. We re-computed the
historical decomposition based on alternative-1 ehothat is, using trade-weighted
foreign CPI inflation. Figure D.3 depicts the degmsition of 2007 inflation
according to the baseline model and alternativAslmentioned before, counter to
common perception, the baseline model attributég asmall contribution to foreign
inflation shocks in the high 2007 inflation. Howeyvthe alternative model more than
doubles the contribution of foreign price shoclsr0.7 to 1.6 percentage points. As
a result, the local inflation shocks, classifiedsapply shocks, are smaller. For that
reason the alternative model's conditional forengsif 2007 inflation is superior (as

was presented in figure D.2).



Can we conclude that the trade-weighted foreign @R&tion is a better
measure than our baseline unit value of importatsgmer goods? No, it may very
well be coincidental that its 2007 forecasting perfance is better. In the future, the
foreign CPI inflation might reflect developmentst melevant to Israel. However it
does possess a few more advantages. First, CResdre better measured in most
countries than unit values. Second, the publicatilme-lag is shorter. Taking those
into account may very well justify the future usktbe trade-weight foreign CPI

inflation as the main foreign price index.

Figure D.3: Decomposition of 2007 Inflation:
Unit Value of Imported Consumer Goods (Baseline) vsTrade-Weighted CPI (Alternative 1)

Returning to Table D.1, it is apparent that usiitges the unit value of world
trade or the US CPI inflation rate does no bettantnot using any inflation measure.
Using the import price deflator does somewhat belten those two, but still worse
than our baseline unit value or the alternativald@raveighted CPI. In terms of
parameters, all three estimations deliver somevdmaaller share of imports in
consumption (25% compared to 32% in the baselintenason), due to lower
relevance of their foreign prices to the Israelil.CPable D.1 also confirms our
separation between general foreign inflation amdiirprices. Reversing their roles, as

was done in alternative 6, worsens the baselirsldts.



E. Conclusions

The small approximate DSGE model outlined in Arganwd Elkayam (2007) is

regularly used for monetary analysis at the Banksdel. We have taken the model
one step further by applying full-information Baigs techniques to evaluate its
parameters and likelihood. The estimation reswdtsrs fair — some, though not all,
parameters are well identified from the data, palérly the share of imports in

consumption (30%) and the interest rate's effecthenoutput gap. To some extent,
the estimation confirms our prior on the output'gagifect on prices. Unfortunately,
the data were not informative on the speed of gasaigh from world prices or the

exchange rate to import prices. Prior empiricablerce hints that it is relatively fast
in Israel, but a comparison of the model's crossetation with the observed shows
that it might be somewhat slower than estimateth& past. In general the cross-
correlation analysis shows that most data momergsreplicated by the model.

However, the model's forecasting ability is weaknpared with that of statistical

models that do not impose structure (VARS). Thitsdar future research in order to
improve forecasting ability while maintaining a wsttural model that enables
consistent forecasting and monetary analysis.

The full-information Bayesian estimation inheritsnmse advantages over the
limited information GMM approach taken by Argov aBtkayam (2007). It enables
more internally consistent analysis by deriving ®loctonsistent trends and
unobservables via the Kallman filter. From that Weve learned that by the end of
2007 the output gap in Israel was significantlyifpes, mainly due to demand shocks
which were accommodated by real interest rateswbgdotential. However, the
historical decomposition shows that high inflationthat year (approximately one
percentage point above mid-target) was not duestoathd shocks. This is a result of
the minor effect the output gap has on locally picwdi prices in Israel. The historical
decomposition attributes the high inflation to negasupply shocks (direct inflation
shocks). This could be interpreted as increasetesired mark-ups triggered by the
positive output gap. However, it is more commomgsess that local factors were not

the main reason behind rising inflation, but thebgll boom in commodity prices. In



this paper we tried to tackle the presumption #maérroneousness choice of a foreign
price measure caused this misinterpretation. Ogellyee price measure, the unit
value of imported consumer goods, did not rise @tarally in 2007, as it does not
contain direct energy products or raw food. Revesiing the model with various
other foreign price measures which are affectethbyglobal rise in energy and food
prices shows that no alternative clearly outperforour baseline choice. On the
contrary, during our sample period it seems en@mpes have a minimal effect on
consumer prices. Why did the economy react diffdyem 2007? We raise the
possibility that only in 2006-07 was the positivenid of oil prices internalized in
firms' decisions, whereas for a significant part tbe sample oil prices were
characterized by large fluctuations around somielestigvel. In such an environment
there is no need to adjust domestic prices to & Imkthe oil price, for it most
presumably will drop back in the following quarte’s a result, the estimation
delivers a minor effect of oil prices on inflatioexplaining this shift endogenously
by some state-dependent pricing model could bataneisting research program.

One price measure is comparable in its performémair baseline choice —
the trade-weighted CPI inflation rate. In estimafid delivers the same log-marginal
likelihood because in the past it behaved similadyour baseline unit value of
imported consumer goods. However, it does possaag sundamental advantages:
(1) It better explains 2007 inflation because fgneCPI rates rose for the same reason
as in Israel; (2) CPI data are usually better memkthan unit values, and therefore
contain smaller measurement errors; (3) Finallpitblication time-lag is shorter than
foreign trade unit values or national accounts .dbtze to all these, the adoption of
the trade-weighted CPl as the model's main forgigice measure should be

considered for regular use in concrete monetargyahalysis.



Appendix 1 — Description of the Data

For the estimation of the model, 24 data serieewesed, of which 16 were rates of
change. In general, interest rates and quartetgsraf change of nominal variables
(prices and exchange rates) were annualized. Howavéhe estimation procedure

we adjusted all equations so the variables areesgpd in the same terms (divide or
multiply by 4), thus allowing the direct interprétm of the estimated parameters.

1-1. Quarterly rates of change

1-1-1. Nominal variables (annualized)

The percentage rate of change in nominal variahledéfoted by x (or %), is
calculated as follows:

(A1) #x (log(X) log(X ;)) 100 4,

Multiplying by 100 transforms the rate of changwipercent and multiplying
by 4 annualizes it. Except for the exchange ratkéthe inflation target, price levels
were seasonally adjusted by the multiplicative Xpt@cedure. Data with higher than
guarterly frequency were averaged prior to seasadjalstment or percentage change
transformation. Following is a description of thmminal change variables included in

the model:

P — inflation in headline consumer price index (CFMpurce: Central Bureau of

Statistics (CBS).

[eusns _inflation in the CPI housing component. Sou2BS.

[t — inflation in the CPI fuel components (fuel andl for cars, fuel for home

heating). Source: CBS and Bank of Israel calcutatio

C

. — inflation in the CPI excluding housing, fuelyifrand vegetables components.

Source: CBS and Bol calculations.

#e, — depreciation in the nominal NIS/dollar excharafe. Source: Bol database.

#p,“-™ - percent change in the unit value (Fisher's pitaex) of imported
consumer goods (in dollar terms). Source: Bol dzgab
#pZ """ — percent change in the unit value (Fisher's gridex) of imported inputs.

t

Based on a weighted average of imported productipnts, excluding fuel and



diamonds, and investment goods (in dollar termgur&: CBS and author's
calculations.

#p,® — percent change in the unit value (Fisher's gridex) of imported fuels (in

dollar terms). Source: CBS.

#p,”® — percent change in United States headline CRixifich dollar terms). Source:

IFS database.

#p,""-"" — percent change in a trade-weighted average ofif@ices in 34 of

Israel's main trading partners, translated intdadderms. Source: IFS database,
and BOI and author's calculations.

#p," — percent change in the National Account's immtatiator, translated into
dollar terms. Source: CBS.

#p, — percent change in the price of world trade, thage the unit value of

industrialized countries' imports. Source: IFS Hate.

[ — the announceglear-aheadinflation target (in terms of total CPI). Sourdol

database.
°— one-year-aheadbreak-even inflation expectations derived from tbepital

markets. The expectations are based on the differbetween nominal and real

yields to maturity on government bonds. Source: daihbase.

1-1-2. Real variables (non-annualized)
The percentage rate of change in real variable exoted by x , is calculated as

follows:
(A.2) #x (log(X) log(X ,)) 100,

Following is a description of the nominal changeiables included in the
model:

#y, — per capita business sector GDP growth (seagomdjusted GDP at fixed
prices divided by working-age population). Israafficial GDP data contain a
break in 1995 due to definition changes. A contisiseries was built by chaining
the old definition series according to their petcehanges. Source: CBS and

author's calculations.



#y, - world trade growth, based on the industrializedntries' imports divided by

their unit value. World trade was seasonally aédidty the multiplicative X-12
procedure prior to percent change transformatioour&: IFS database and

author's calculations.

1-2. HP filtered gaps

We denote the smoothing of (real, per capita, sedlyoadjusted) series X using the
HP filter as HP(X). The HP filtered gap of seriesd®noted byx is calculated as
follows:

(A.3) X log(X) HP(log(X)) *100.

The term in square brackets is the deviation raté fsom its trend. Multiplying
by 100 expresses the gap in percent. All seriessaasonally adjusted by the
multiplicative X-12 procedure and expressed in gagita terms prior to smoothing.

Following is a description of the gaps includedhia model:
g, — the public consumption gap which is based orrdlaépurchases component of
the public sector @"). Note this is supposed to be based on added salies

which unfortunately do not exist. Therefore we a@pnate it by the whole

component. Source: CBS and author's calculations.

ifv, — the investment gap which is based on real grossstment (NV,"). Note this

is supposed to be based on added value series whfontunately do not exist.
Therefore we approximate it by the whole compon8ource: CBS and author's

calculations.

1-3. Interest rates

The interest rates are annualized quarterly averages the effective Bank of Israel
interest rate and, is the one-month LIBID dollar interest rate. Thelg to maturity

on 5-year government CPI-linked bonds, denoted48', serves to help identify the

natural real interest rate. The source of all agerates: Bol calculations.

For the foreign exchange risk premium,, we use a quarterly average of the

computation developed and presented in Hecht amdpBshko (2006). It nests on

NIS/dollar options traded in the Tel-Aviv stock éange. Source: Bol calculations.



1-4. Labor market data

u, — the official seasonally adjusted unemploymere.r&ource: CBS and author's

calculations.
ulc, — the unit labor cost, is calculated according to:

3*W, <L,

A.4) ulc
(A4) ' PY.Y,

where:
W, — average monthly wage per employee post in thenéss sector.

L,— number of employee posts in the business sector.
PY.Y, — nominal business sector GDP output.

Multiplying by 3 converts the monthly wage to qesly wage. Seasonal
adjustment by the multiplicative X-12 procedure wdsne after the ratio

calculation given by (A.4). Source of all data: C&%l author's calculations.



Appendix 2 — Estimation results and applications usg the trade
weighted foreign CPI index

Table C.1.A: Parameter Sensitivity to Choice of Fagign Inflation Measure

Parameter Prior Distribution Posterior Mode
Type Mean Std Baseline | Alternative 1
Import weight Wi beta 0.3 0.1 0.315 0.326
Local inflation equation
Rational expectations * beta 0.5 0.1 0.529 0.516
Output gap * gamma 0.2 0.1 0.109 0.144
Real price of inputs * gamma 0.05 0.025 0.036 0.026
Pass-through to imported inflation *f gamma 0.5 0.3 0.435 0.423
Current EX on housing housing | pyata 0.75 0.15 0.812 0.812
Persistence in housing price shock “yong | DEta 0.5 0.2 0.592 0.608
Oil effect on CP! fuel % beta 0.25 0.1 0.306 0.306
Current oil on CPI Fuel 2, beta 0.5 0.2 0.796 0.797
Output gap equation
Rational expectations b, beta 0.5 0.2 0.641 0.561
Homogeneity b, beta 0.7 0.2 0.875 0.813
Real interest rate b, gamma 0.5 0.2 0.275 0.255
Real exchange rate b, gamma 0.2 0.1 0.099 0.083
LOP gap b, gamma 0.3 0.1 0.169 0.188
World demand b, gamma 0.3 0.1 0.262 0.266
Investment by gamma 0.16 0.05 0.092 0.089
Government b, gamma 0.1 0.05 0.053 0.053
Persistence in Output gap shock "uy beta 0.5 0.2 0.802 0.862
EX eq.: rational exp. ;7 gamma 0.5 0.25 0.709 0.533
Monetary policy
Interest rate smoothing i beta 0.7 0.1 0.732 0.727
Reaction to inflation . gamma 1.9 0.5 1.217 1.192
Reaction to output gap y gamma 0.05 0.02 0.054 0.055
Growth persistence "gr beta 0.5 0.2 0.464 0.456
Potential world demand "
persistence v beta 0.5 0.2 0.604 0.604
Natural relative input price "
reaction to gap , beta 0.3 0.2 0.059 0.041
Natural rate persistence i beta 0.7 0.15 0.732 0.723
Natural unemployment persistence beta 0.8 0.1 0.932 0.930




Table C.1.A: Parameter Sensitivity to Choice of Fagign Inflation Measure (cont.)

Parameter Prior Distribution Posterior Mode
Type Mean Std Baseline | Alternative 1
Unemployment gap persistence /. beta 0.7 0.1 0.711 0.690
Output effect on unemployment /2 gamma 0.5 0.1 0.384 0.370
ULC persistence 0, beta 0.5 0.05 0.574 0.571
Output effect on ULC o, gamma 0.2 0.05 0.178 0.162
Persistence in inf. exp. 1 Unif (0,1) 0.5 0.289 0.557 0.592
5 year yield persistence s beta 0.6 0.15 0.462 0.462
Risk-premium persistence ", beta 0.8 0.1 0.873 0.866
World demand gap - lagl Yl beta 0.75 0.1 0.799 0.794
World demand gap — lag2 "y 2 beta 0.39 0.2 0.463 0.455
N(-)n—fuel weight in imported input WP beta 0.87 01 0.964 0978
prices
Shocks' std.
Exchange rate 1l inv. gamma 10.0 Inf. 11.36 11.40
/*TW_CF'l
Effective world CPI ot inv. gamma 10.0 Inf. 6.27 6.26
Fuel in CPI sre inv.gamma | 6.0 Inf. 10.38 10.38
Housing in CPI 41w inv, gamma 35 Inf. 4.27 4.26
Fruits&vegetables in CPI 1Yo inv. gamma 16.0 Inf. 16.93 16.93
Imported inflation !, ' inv. gamma 0.25 0.05 0.229 0.229
Local inflation !, ' inv. gamma 25 Inf. 2.64 2.598
Consumer goods' import price /:C-'M inv. gamma 7.0 Inf. 6.59 6.597
Oil import price ./:'°i“ inv. gamma 40.0 Inf. 38.71 38.69
Imported non-oil-input prices '/lzk.nonoill inv. gamma 6.0 Inf. 5.22 5.197
Nétural relative imported inputs -/lw'p inv. gamma 0.25 Inf. 0115 0115
price
Im. deflator inflation ™ inv. gamma 5.8 Inf. 5.62 5.62
Inflation target /A inv. gamma 1.0 Inf. 0.668 0.668
US inflation Jus | inv. gamma 13 Inf. 1.24 1.24
World trade prices 1> inv. gamma 10.0 Inf. 7.37 7.36
Natural world trade gyve | inv. gamma 0.8 06 0.566 0.598
Market based inf. exp. a inv. gamma 1.0 Inf. 0.726 0.749
FX risk premium 1l inv. gamma 0.6 Inf. 0.642 0.641




Table C.1.A: Parameter Sensitivity to Choice of Fagign Inflation Measure (cont.)

Parameter Prior Distribution Posterior Mode
Type Mean Std Baseline | Alternative 1

Potential growth rate 17 inv. gamma 1.0 0.1 0.959 0.959
Dollar interest rate 1" inv. gamma 0.5 Inf. 0.300 0.300
Monetary policy /! inv. gamma 0.5 Inf. 0.719 0.722
LOP gap Jfop | inv. gamma 05 0.1 0.464 0.459
Natural real interest rate /lr inv. gamma 0.8 0.01 0.808 0.807
5.year yield e inv. gamma 0.2 Inf. 0.088 0.088
Government purchases 19 inv. gamma 15 Inf. 1.944 1.94

Investment v | inv. gamma 8.0 In. 5.825 5.83

Unit labor cost e inv. gamma 0.8 Inf. 0.729 0.741
Natural unemployment rate !tup inv. gamma 0.2 0.01 0.206 0.206
Unemployment gap !f inv. gamma 0.5 Inf. 0.286 0.278
World trade gap 1Y inv. gamma 1.0 Inf. 0.995 0.971
Output gap /Y | inv. gamma 05 Inf. 0.209 0.211
Potential output 1y | inv.gamma 1.0 0.01 1.01 1.01

Figure C.4.A: Historical Decomposition of Annual Irflation (Deviation from
Target) Under Alternative 1, 1997-2007



Table C.3.A: Comparison of RMSE:

Alternative 1 vs. Baseline Model, Alternative VARSand Naive Models

Variable Forecast Sample Alternative | Baseline | VAR | VAR RW SS
Horizon 1 model | (1) (2) | model | model
Inflation L 95:Q2-06:Q4 3.94 3.92 3.06 28p 473 397
(M 00:Q1-07:Q4 3.22 3.16 250 21f 336 347
Inflation 95:Q2-06:Q4 4.37 435| 403 394 566 4.10
(™ ? 00:Q1-07:Q4 3.68 3.65 294 287 436 349
YoY Inflation 95:Q2-06:Q4 2.90 2.89 246 23p 468 255
( 47) ‘ 00:Q1-07:Q4 2.73 2.66 174 168 38 248
Interest rate . 95:Q2-06:Q4 1.50 1.50 162 167 119 177
(i,) 00:Q1-07:Q4 1.03 1.02 119 128 106 1.33
Interest rate A 95:Q2-06:Q4 1.73 1.74 176 177 188 1.90
(i,) 00:Q1-07:Q4 1.26 1.22 128 12f 178 1.46
Interest rate A 95:Q2-06:Q4 2.28 2.26 21%  21f 260 217
(i,) 00:Q1-07:Q4 2.10 2.00 164 168 273 213
Output growth . 95:Q2-06:Q4 1.55 1.55 129 111 191  1.%7
(#y,) 00:Q1-07:Q4 1.33 1.37 113 121 143 1.34
Output growth ) 95:Q2-06:Q4 1.54 1.56 141 121 178 157
(#y,) 00:Q1-07:Q4 1.49 1.55 135 143 165 1.34
Output growth A 95:Q2-06:Q4 1.52 1.53 155 145 255 1.57
(#y,) 00:Q1-07:Q4 1.40 1.43 131 124 226 1.34
Depreciation ratd 95:Q2-06:Q4| 11.16 11.24] 85p 7.87 16|7 11|55
(#e) 1 00:Q1-07:Q4| 11.94 12.11] 98l 967 16.p9 1214




Figure C.8.A: Observed Cross-Correlations vs. M@tmtfidence Interval Under Alternative 1,
1994:Q2-2007:Q4

—— Observed - --- 5,50,95 percent confidenterval

DE — Quarterly depreciation €) DCPI - Quarterly IGfflation ( ©F")
DP — Quarterly “core” inflation (©) IMA - Nominal interastte ()



Figure C.9.A: Observed Cross-Correlations vs. M@tmtfidence Interval Under Alternative 1,
1999:Q1-2007:Q4

—— Observed - --- 5,50,95 percent confidenterval

DE — Quarterly depreciation €) DCPI - Quarterly IGfflation ( ©F")
DP — Quarterly “core” inflation (©) IMA - Nominal interastte ()
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