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THE PASS-THROUGH FROM DEPRECIATION TO
INFLATION: CHILE 1986-2001

CarLos NotoN NORAMBUENA*

Abstract

A microeconomic model of imperfect Cournot competition is used to derive an
explicit endogenous relationship between pricelevel and the nominal exchange
rate. We obtain a mark-up that varies endogenously with consumer real in-
come. Using the model, the estimated pass-through —namely the impact of de-
val uation on inflation— ranges between 9-11% in the short run and between 21-
32% in the long run for the period 1986-2001. However, the data supports a
structural change in 1991, after which the pass-through coefficient declines
significantly. Moreover, contrary to conventional wisdom, we find no evidence
of procyclical pass-through.

Resumen

Utilizando un model o microfundado de competencia oligopolisticaala Cournot,
sederiva unarelacion explicita entre el nivel de precios agregadosy €l tipo de
cambio nominal. De esta forma se obtiene un precio cuyo margen sobre el
costo marginal varia en forma endégena con e ingreso real delosconsumidores,
abandonando los model os ad hoc usuales en la literatura de traspaso. Usando
estemarco tedrico el coeficiente detraspaso estimado, esto es, el impacto dela
devaluacién cambiaria en la inflacién doméstica, alcanza entre 9%y 11% en
€ corto plazo, y entre 21% y 32% en €l largo plazo para Chile en el periodo
1986-2001. Contrario a la creencia generalizada no se encontr6 evidencia de
un traspaso prociclico. Los datos apoyan la existencia de un cambio estructural
en 1991, después del cual los coeficientes de traspaso se reducen signi-
ficativamente desde val ores cercanos al 20% hasta estimaciones que se ubican
en el tramo entre 5%y 7%.
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|. INTRODUCTION

Isthere atheory that supports a pass-through from deval uation to inflation?
What is the magnitude of this supposed transfer? What determines the pass-
through? Is this relationship constant al of the time? These are the questions
that we will try to answer, using Chilean data from the period 1986-2001.

Theimportance of the relationship between the nominal exchange rate and
domestic pricesis crucial for all those countries that must decide its interven-
tion when faced with movements in the nominal exchange rate (NER). The
abandonment of a fixed exchange rate regime also brings the same concern
about repercussions in national prices because of the free exchange rate move-
ment. Therefore, the decision of some degree of exchange rate intervention or
itsabsence will be conditioned by the prospective magnitudes of the mentioned
pass-through. Likewise, this determination could consider the macroeconomic
context in which the exchange movements are made, not allowing for a con-
stant pass-through in al eventualities or a structural break.

Thereisavast body of literature about the relationship between the nominal
exchange rate and prices. In thetheoretical field (Dornbusch 1987, Taylor 2000),
there are recurrent contexts of oligopolistic competition or slow adjustment of
pricesto justify an incomplete pass-through or one conditioned by other factors.

There are two extreme theories about setting prices on tradable goods. First,
Producer-Currency pricing: in this perspective the law of one priceis assumed
tohold acrossal individual goods, asin Obstfeld and Rogoff (1998). If it holds
true, there isafull pass-through at least in all tradable goods.

Second, Local-Currency pricing supports completely the disconnection be-
tween NER and prices, so pass-through is equal to 0%. That is because export
firms can set their prices in foreign currencies (home and foreign markets are
segmented), so in the short run its decisions are not affected by NER changes.
Devereux, Engdl and Storgaard (2003) show firms that choose the currency in
which to set their prices, so an endogenous pass-through arises.

Another vision centered the attention on distribution cost for a retail sae,
which is to incorporate a non-tradable cost in a tradable sector, so domestic
factors arise in costs and incorporate a wedge between retail pricesin different
countries and obviously the shift in tradable / non-tradable relative price.
Burstein, Neves and Rebelo (2001) found that thiscost isreally important (40%
in US tradable price) and studied this implication for exchange rate based
stabilizations.

Thosetheoriesjust consider tradable goods, but Kikuchi and Sumner (2002)
emphasized that the NER effect on long run export price is only through raw
material import prices. Given that in Chile imported inputs are very important, it
justifiesapass-through analysisfrom NER to aggregate consumer domestic price.

Intheempirical literature (Feenstraand Kendal (1994), Borensztein and De
Gregorio (1999), Goldfajn and Werlang (2000), Campa and Goldberg (2002)),
we find an incomplete pass-through whose magnitude is notably dissimilar
among countries, spells of time and macroeconomic contexts.

For American countries Goldfajn and Werlang (2000) found a pass-through
closeto 20% in a3-month horizon analysis. After, the pass-through coefficient
increases the longer the time horizon analyzed. The NER pass-through coeffi-
cient has its maximum value in a 12-month horizon.
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For Chilein particular, Garcia and Restrepo (2001), assumed sticky prices
in the short run that makes price changing costly, so they derive an equation for
prices and wages. Modeling wages and prices as 1(2) series they find that a
nominal devaluation has real effects that disappear in the long run.

Bravo and Garcia (2002), using a VAR, estimate a NER pass-through of
10% in ayear and 20% in two years. Choosing different periods of the sample
they found a decreasing pass-through.

Morandé and Tapia (2002) showed a decreasing coefficient (using a recur-
siveVAR), from close to 40% in the middle of the 90's, to between 10 and 15%
at the end of the sample. Through OL S estimations, the authors find that the
coefficient is explained by inflation volatility, output gap, real exchange rate
misalignment and an exchange rate regime dummy. They also suggest other
reasons for a decreasing pass-through: i) shifts in people’s reaction to NER
fluctuation, ii) development of financia instruments that allow hedging the ex-
change rate risk, iii) reduction of marginsin retail activity.

The present paper seeksto contribute to the discussion of pass-through from
devaluation to inflation at the theoretical level, developing a microeconomic
model that shows an explicit relationship between the exchange rate and prices.
At the empirical level, we estimate the magnitude and temporary characteris-
tics of the pass-through in Chile between the years 1986-2001.

The paper isstructured asfollows: in section || the microeconomic model is
developed, relating the nominal exchange rate to domestic prices; in section I11
the econometric estimations use data from Chile (1986-2001), and finally the
conclusions are presented in section 1V.

Il. THEORETICAL M ODEL

The main objective of thismodel isto develop, starting from microeconomic
foundations, and using a context of oligopolistic Cournot competition, an explicit
relationship between final prices and the NER, which could be conditioned by
microeconomic theory variables and by other macroeconomic aspects.

I1.1. Representative consumer

In this section, after the utility maximization of a representative agent who
faces a budgetary restriction, the demand functions are obtained, whose argu-
ments areincome and prices. Thisdemand isobservable by thefirms. They will
later use this demand to determine the optimal price policy.

The representative consumer, who consumes two kinds of goods (tradable
and non-tradable) faces an interest rate r. The representative consumer livesfor
infinite periods, maximizing his utility, subject to hisbudgetary restriction, which
isexpressed in nominal terms for every period.
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The agent’s utility is determined by the consumption of the quantities Cy
and C, toitsrespective nominal prices Py and P, b isthe stock of international
assets, and e isthe nominal exchange rate (pesog/dollar), pisthetemporal dis-
count rate and (1/) isthe substitution intertemporal rate. The nominal incomes
are represented by wage w (for each unit of work of L); the agent also receives
aF and F; (payment to afixed factor of each representative production func-
tion (land, or any other specific factor).

To solve this problem, Ponzi games should not be allowed, that is:

. 10, 0
®) TILmoo%ﬂ”D bTB_O

To find the demand functionsfor both goods, we assumer = p, and the usual
assumption of NPG. To solve the demand in asimple form, the future nominal
prices of each kind must be known, so we assumed that the consumer has static
expectations:

@ R'=Ri: R'=RYy O=1
Solving the demand for each one of the goods:

Y7 _
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Where 'Y represents the consumer’stotal wealth, in nominal terms:
g < T pEN O
) Y =r{l+r)ehy + (WL +R +R")exp(t)dig
U 0 u

I1.2. Representative Firms

Inthis section the optimal price policy will be derived. We assume a Cournot
oligopolistic competition and a representative Cobb-Douglas production func-
tion firm, which, using consumer’s known demands, finds a mark-up that de-
pends on prices and consumer’s income.

The price policy allows us to bind a steady state, where the firm’s number
would eliminate any revenues, reaching a zero-profit situation. The next stepis
to model the price transition after an exogenous change in consumer’s income
to achieve anew steady state.
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Regarding the production function, it would be a technology with a con-
stant marginal cost and afixed cost; with two inputs:* work L and a productive
factor M, that represents machinery or any other imported factor (including
retail sales).

The tradable sector includes production and import firms.2 The non-trad-
able sector correspondsto production firms of goods for domestic consumption
only.

The minimization of costs, subject to technology is:

®) {II\_/I”I]} C=wL+sM+F
st.: (9) Q= A(M)G(L)l—a

where F isthe nominal fixed cost, L representsthe input work (nominal unitary
cost of w) and M is the foreign input, where price s depends on international
prices IP and the nominal exchange rate e (s=1P*€). Notice that since both
sectors have in their inputs|abor and import factors then the nominal exchange
rate affects both sectors’ prices.

Total costs are;

[QD -a a \a a 1«0
C(Qw,s) = vvlsé— +(—— +F

(10) Qw9 = W) =)+ (2 ) g

Therefore, marginal cost percentage variation is:
1) CMg = (1L-a)W +as - A
11.3. Steady State

Once costs structureis defined, we can analyze Nash'sequilibrium in Cournot
oligopolistic competition with symmetrical firms. Differences among sectors,
aregiven only by parameters, therefore the reasoning shown can be generalized
to both sectors.

Formally, each firm maximizes profits individually (/7), according to its
own production consequences on price.

Max M, = P(Q)q — C(qg;
12) {q?}x (Q)g - C(q)

Therefore, the first order condition is:

1 Similar to oligopolistic technology in Dixit and Stiglitz (1977).
2 See Morandé (1986).
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oP oc(q
(13) aff) G +P(Q - aqu') =0

where Q representstotal production (sum of the individual productions of each
firm):

9Q_9% 1%
aq; daq;

(14) Q=36 =nq; =1

The demands (5) and (6), in (13) determine the quantity and equilibrium
price (denoted *), defining the price policy, where n (number of firms), con-
sumer preference parameters,® income and nominal margina cost are constant.

(s) 9 0w thomgh
s _ o+ _-1d ey O
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Tofind asteady state, the number of firms must be adjusted in such away as
to achieve zero-profits, as in Dixit and Stiglitz (1977). The number of firms,
until now exogenous, determines quantities, prices and mark-up.

Each firm’s nominal profits are:

_[EYQD
(18) N =gzqF

So that the number of firms allows for profits, however it is clear that rev-
enues will attract or will take out firms from the market, thus in a long term
perspective, the market will force the firm’s number to this zero-profits condi-
tion:

Y Y,
(19) N(n*)=0 - ”*:E:J%

3 gcould represent both sectors’ parameter: tradable () or non-tradable (1-¢).
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In (19), we can transform the nominal relationship into areal one, using a
common denominator. From the last equation an increase in consumer’s real
income implies that the firms' number will be greater, so we find an explicit
relationship between the consumer’s real income and the number of firms per
sector.

I1.4. Price Dynamics

Once price policy and long term conditions are characterized, we can intro-
duce price dynamics. So that changesin demand, caused by income alterations,
move prices and each producer’s quantities.

The transition can be characterized by a partial adjustment in each sector’s
aggregate production. Thus, exogenous income movement does not imply an
instantaneous adjustment in the firm numbers, nor in each individual produc-
tion. This could be due to different technological, financial and legal obstacles,
restrictions of capacity, etc. It is assumed that the firm’s entrance or exit from
the market is gradual, displacing the price-quantity relationship through the
new demand.

The gradual adjustment of individual firm quantity (wheret indicates a spe-
cific moment in time, and F means new steady production state) will be mod-
eled as a simple partial adjustment process, being justified with models like
Calvo (1983):

(20) Q' =(1-2)Q" +AQ"" =QF +A(Q'™" -Q")

Neither anindividua firm's quantity of goods, nor the number of firms can
make an instantaneous adjustment in the short run. This could be justified be-
cause convex investment adjustment costs make agradual investment of capac-
ity optimal. Some congestion in the producer’s requirements forces a non-in-
stantaneous adjustment of the number of firms.

Although the transition will not distinguish the movement of each one of
those variables, their new steady state values are known. We already know that
after an increase in consumer’s income, the number of firms of each sector and
the long-term production of each firm will be greater; and following the model,
the price will be smaller.

Replacing gradual adjustment (20) in goods demand (5) and (6), the equi-
librium price is obtained for each instant. We noted O for initial state, 1 for the
next one and so on. Thefinal state (and new steady state) is noted by F:

_ O_ 10
(21) P =B g CMgd+ 1

22 pr=rfY o=
(22) Ho'H HoF+a@®-QhHH
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The new steady state isindependent of adjustment speed. In the short run, if
the adjustment is sufficiently gradual, a procyclical mark-up?* can be observed
(Graph 1).

GRAPH 1
PROCY CLICAL PRICE IN TRANSITION TO NEW EQUILIBRIUM
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This gradual adjustment in aggregate production makes profits possible in
the short term. The transitory benefits are shown in Graph 2.

GRAPH 2
REVENUES BECAUSE OF GRADUAL ADJUSTMENT
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4 Seeproof in appendix 10.
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I1.5. Effect on Wages

We also assume that the labor offer doesn’t have an infinite elasticity, so an
expansion in labor demand will necessarily bring an increase in real wages.
Therefore, it has consequences in firm costs, changing the steady state.

I1.6. Price Summary Dynamics

The price effects can be summarized in Graph 3. After a consumer income
increase, the following must be expected:®

Anincrease in number of firms, in the long run.

An increase in each quantity of firm output.®

Given the assumed technology, this necessarily impliesadrop in price.

A wageincrease in the labor market implies an increase in the firm’s costs.

A gradua adjustment of the output quantity generates a procyclical mark-
up (if adjustment speed is not too fast).

ag s wbdhpeE

GRAPH 3
SYNTHESIS OF THE TRANSITION MOVEMENTS OF PRICE
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Theeffect of gradual adjustment is shown asthe discreet displacement from
the initial equilibrium A to B, over higher income demand. Since aggregate
quantity is not enough for new demand, in the short run, a high price makes a
firm’s positive profits possible.

Therefore, agradual output increase (graphically agradual movement from
B to C over theinitial medium costs) decreasesthe price. In this context, aprice
lower than A isawaysimplied.

5 Without loss of generality one can obtain the inverse results for an income decrease.
6 SeeProof in appendix 11.
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Finally, a higher labor demand increases the real wages (from W, to W,))
and forces a higher marginal cost, reflected in the output price (from C to D).

In the short run, because of gradua adjustment, the prices are procyclical.
Inthelong run, the fina price is uncertain because of the unknown magnitude
of opposing forces.

Thus, a change in price levels can be caused by exogenous increases of
input price, or changes in consumer’s income, so that the pass-through from
costs to final price depends on the economic environment.

In this model, from equation 17, 19 and incorporating the effect on wages,
we could say that prices are a non-linear function of consumer’s income and
marginal costs, so implicitly:

(25) P = G(Yg)CMg

Where G(.) is a non-linear function of real income. It can always be locally
approximated by alinear function G(Yg) =8,Yg, S0 that price variation could
be written as follows:

(26) P = 0, Y, + CMg +8,CMgYx

Finaly, using equation 11:

@7) Pl =0 +(1—a' )W +a§ -A +0)(1 —a’ Vel +9)a /Y8 0! YA
Where | indicates each sector (tradable or non tradable), j O{T, N}.

I1.7. Aggregate Domestic Prices

Since domestic pricelevel (PD) can be disassembled into tradable and non-
tradable components, maintaining a homogeneous rel ationship of grade 1:

(28) PD:(PT)‘P(PN)(]-_@ mNE: (/151—" @ @ISN

Where grepresentsthe tradable goods sharein total pricelevel andinflation
will be denoted I1.

For this paper, we attempt to determine the pass-through from the nominal

exchangerate (NER) to inflation; therefore we do include money in the model.”
Replacing equation 27 in 28, we obtain the central equation:

(29) M=o 0% +@-a")Wy +a"§ -AT +6"(L -a" W, +6"a™V§ 6"VA)

+1-@ ', +@-a")iy +ag -AY +M @ —a"N, +0VaVE 6VA)

7 Inappendix 12, thereis a possible way of including money and its effects on price level.
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Remember, § =&+ Pi, so we can write:
(30) My =08 +Pi) + O +®,Y, +BAT +DA
+ DY, (§ +Pip ) + DeY + DY AT + DY AN

According to the theoretical framework, the coefficients should have the
following restrictions:

Pass-through coefficient from NER to domestic prices.

D, ={pa’ +@1-¢ "} 0(0,1)
Pass-through coefficient from nominal wages to domestic prices.

®, ={(p(1— aT) +(1- (p)(l— aN)} 0(0,2)
Effect of income on domestic prices.
P, =8 +(1- ¢ 6"; (uncertain).
Effect of tradable sector productivity.
®3=(-¢) ¢ 10)
Effect of non-tradable sector productivity.
®, =(p-1) Ot 10)

Pass-through coefficient from NER to domestic prices, conditioned by income
change.

o, =@a' 0 +(1-gad" g (uncertain).
Pass-through coefficient from nominal wages, conditioned by income.
Pe=gl-a")8" +(1-g1- a") 6" (uncertain).
Effect of tradable productivity, conditioned by income.

®, = -8 (uncertain)
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Effect of non-tradable productivity, conditioned by income.
®g =(p-1)6" (uncertain)

Some of the most interesting implications of the model are:

e Pass-through from nominal exchange rate must be identical to international
prices pass-through.

e The sum of the effects of the nominal exchange rate and nominal wages
should be 1 to keep the homogeneity of grade one, between input prices and
output prices.

e The sum of productivity coefficients should be -1, so that, an increase in
productivity implies a decrease in prices.

¢ NER pass-through to inflation will never be 100%, because NER isjust a
share of the total costs of each sector.

« Incontrast to a perfect market, this model price will never be equal to mar-
ginal costsdueto fixed costs. Thefixed cost determinesthe necessary mark-
up (through the number of firms) to reach zero-profitsin the long run.

« The main difference with a perfect market is a price associated to consum-

ers’ income. A way to validate the model would be to test if income coeffi-
cients are statistically significant.

II1. EMPIRICAL ANALYSIS
I11.1. Data

Thispaper usesthe quarterly dataof Chilefrom 1986:1 to 2001:1 (domestic
prices, product, nominal wages, observed nominal exchange rate, external
prices), which are based on official information from the Central Bank of Chile
(BCCh) and the National Institute of Statistics (INE). A detailed description of
the sources, the methodologies and the descriptive statistic of the annual per-
centage of the variation of every series are in Noton (2002).

I111.2. Econometric Estimations

The central equation to estimate is equation 30, which relates to inflation
and NER movement. We have made all of the following possible specifications.

A) Liberation from theoretical restriction. So the NER pass-through coefficient
isnot obliged to beidentical to international prices (abbreviated series CPI)
pass-through coefficient.

B) We have considered a static version (only includes contemporary variables)
and adynamic version (includes lagged dependent variable).

C) To approximateincome, we have used GDP growth (abbreviated seriesGDP)
and also the gap between effective and potential outcome, the latter was
obtained through an HP filter (abbreviated series GAP).
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D) The External prices (abbreviated series IPE) built by the BCCh were used
and USA inflation (abbreviated series CPI). The results obtained using the
|atter are supported by the theory. Therefore, | PE estimates (sensitive to the
devaluations of trade partners) are only included in the appendix.

In al the following charts, the calculated t-test will be shown under each
estimated coefficient. The variances and covariance's matrix used was Newey-
West, which considers heteroskedasticity and autocorrel ation (third order). The
first two columns always include all variables.

We call the equationsthat just include contemporaneous variables“ static’
representations, because the estimates will be the long run coefficients. We
call the equation that includes a dependent variable lagged “dynamic” repre-
sentation, because the specification allows finding a short and along run co-
efficient.

The 3rd and 4th columns are the best static representations. The last two
columns (5th and 6th) are the best dynamic representations. The odd columns
use growth of GDP and the even columns use the gap between outcome and
potential outcome (GAP). A constant and a deterministic trend have been in-
cluded in order to model the successful reduction targeting inflation policy.
That implies a stationary inflation trend in the period analyzed, where shocks
aretransitory around the decreasing trend in the 90's.

The estimates in Chart 1 do not impose restrictions on NER pass-through
and international prices pass-through (point A).

Asaresult of thisfirst approach by OLS we can say:

* NER pass-through, in static specifications, is between 12% and 15%.

* NER pass-through, in dynamic specifications, is between 9% and 11% in
the short run, while in the long run it is between 12% and 14%.

« GDP growth or gap does not explain much of the inflation.

e Changein wage transfersto prices between 39% and 47% in the long term,
and between 28% and 44% in the short run.

« Increasein non-tradable productivity implies a decrease in domestic prices;
but tradable productivity is not transferred to domestic prices.

e A deterministic trend is always negative and significant, showing the infla-
tion targeting policy.

» Dynamic versions indicate that lagged inflation explains 24% or 25% of
inflation forecast.

» Thenull hypothesisthat all coefficientsrelated to income are simultaneously
not significant is rejected.

A possible critiqueto recent estimationsisthat inflation determinesNER in
the contemporary relationship. Moreover, in this period a system of exchange
rate bands was established by the monetary authority, which determined the
feasible range for NER.
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CHART 1
OLSESTIMATIONS
1 2 3 4 5 6
Constant 0.03 0.02
117 1.00
Trend -0.0010 | -0.0009 | -0.0007 | -0.0007 | —0.0005 | —0.0005
-3.00 -3.40 -5.06 -5.48 -4.10 —4.07
NER 0.11 0.16 0.12 0.15 0.09 0.11
219 5.45 351 5.20 2.89 3.07
NER*GDP 0.09
0.10
NER*GAP -0.97
-0.95
CPl 1.28 131 177 1.49 0.90 121
2.55 5.99 9.16 7.83 6.79 7.94
CPI* GDP —4.58 -8.80
-0.63 —1.57
CPI*GAP -12.77 -8.90 -7.15
—2.60 -8.28 -5.32
GDP -0.12
-0.61
GAP 0.003
0.018
Wages 0.47 0.35 0.47 0.39 0.44 0.28
3.54 571 12.15 9.13 4.72 4.03
Wages* GDP —0.66 -1.57
-0.38 -5.13
Wages* GAP 114
0.90
Tradable Prod. 0.44 0.65 0.40 0.69 0.38 0.59
2.78 3.93 2.83 6.01 291 4.23
Tradable Prod.* GDP 4.87 5.18 4.83
292 3.88 3.69
Tradable Prod.* GAP 4.97 6.41 5.81
2.95 4.67 4.03
Non-Tradable Prod. -0.18 -0.35 -0.17 -0.39 -0.14 -0.37
—2.92 -3.95 -3.58 -5.83 —4.65 —5.44
Non-Tradable Prod.* GDP -3.47 —4.11 -4.54
-2.08 -4.33 -4.02
Non-Tradable Prod.* GAP -3.97 -5.22 -4.93
—2.70 -5.13 —4.05
Lagged Inflation 0.25 0.24
1.94 184
Adjusted R-squared 0.96 0.96 0.97 0.96 0.97 0.97

Thet-test isunder each coefficient (Newey-West HAC matrix). Not reported coefficients are statis-
tically not significant.
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We did teststrying to determine weak exogeneity for the parameter in ques-
tion. The evidence shows that a contemporary relationship exists, and that the
series do not have aweak exogeneity. Dueto this, we have carried out the same
estimates using instrumental variables. The variables used asinstruments were
lagged NER, lagged GDP (or GAP), lagged nominal wages, and lagged infla-
tion. Quantity of money (M1A) was also used asan instrument that isrelated to
possible endogenous variables. Residues of each column of Chart 2 are not
correlated with their corresponding instruments so they are really exogenous.

Chart 2 shows two stages least square estimates (TSLS), where interna-
tiona inflation and productivity are considered exogenous. The differences
among columns are the same asin Chart 1.

Asaresult of this second approach by TSLS we can say:

« The egtimation of the NER pass-through is higher than the international
prices pass-through.

* NER pass-through, in static specifications, was around 18%. Slightly higher
than those presented in Chart 1 (OLS).

* NER pass-through, in dynamic specifications, was estimated at 12% in the
short run, and close to 20% in the long run.8

* NER pass-through, where the interaction with income was statistically sig-
nificant, the coefficient observed is contracyclical.

* Income does not explain much of theinflation.

* Nominal wages explain between 43% and 48% in thelong run, whilein the
short term the figure lies between 18% and 20%.

« Again, the evidence shows that an increase in non-tradable productivity is
transferred into adecrease in domestic prices. Tradableresults are the oppo-
site, that isto say, the sign found in the coefficient is positive and is robust
for any specification. This could be because of a measurement error in cal-
culating the productivity. Another null hypothesis could be that a productiv-
ity increase (or technological advance) is related to a quality improvement
and not to a price reduction. Unfortunately this kind of analysis cannot be
tested in this homogeneous quality benchmark.

e Asin chart 1, the deterministic trend is always negative and significant,
showing the inflation targeting policy, and the null hypothesisthat all coef-
ficients related to income are simultaneously not significant is rejected.

» Dynamicversionsindicate that theinflationary inertiaincreases significantly,
in relation to chart 1, explaining between 40% and 68% of the inflation
forecast.

8  5th columnwas not considered, sinceit was extremely unstable and sensitiveto the speci-
fication.
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CHART 2
TSLSESTIMATIONS
1 2 3 4 5 6
Trend -0.0008 | —-0.0006 | -0.0007 | —0.0006 —0.0004
-2.95 -3.47 -5.34 -3.90 -3.01
NER 0.22 0.14 0.18 0.18 0.18 0.12
2.01 1.30 3.24 4,66 4,93 213
NER * GDP -0.10 -2.14
-0.07 -4.40
NER* GAP -2.54 -2.39
048 -2.04
CPI 1.30 152 1.54 141 0.97
1.85 4.09 9.94 6.72 6.20
CPI * GDP -6.52 -9.04
-0.59 -7.56
CPI * GAP -23.65 -28.79
-1.92 -3.84
GDP 0.11
0.36
GAP -0.25
-0.38
Wages 0.52 0.42 0.48 0.43 0.18 0.20
3.59 11.30 11.35 11.84 261 2.63
Wages * GDP -0.99
-0.45
Wages* GAP 3.33 4.75
114 2.87
Tradable Prod. 0.36 0.53 0.40 0.47 0.33 0.48
1.65 2.75 2.69 3.44 3.63 2.60
Tradable Prod.* GDP 5.41 4.93
2.57 351
Tradable Prod.* GAP 441 3.49
1.60 3.10
Non-Tradable Prod. -0.11 -0.33 -0.16 -0.27 -0.28 -0.32
-1.03 —4.17 -3.45 —4.04 —4.49 -3.99
Non-Tradable Prod.* GDP| -3.76 -3.33
-2.43 -2.40
Non-Tradable Prod.* GAP -1.81 -3.45
0.45 -2.65
Lagged Inflation 0.68 0.40
6.83 2.65
Adjusted R-squared 0.96 0.95 0.96 0.95 0.96 0.98

Thet-test isunder each coefficient (Newey-West HAC matrix). Not reported coefficients are statis-
tically not significant.
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GRAPH 4
SAMPLE VARIANCE ASA FUNCTION OF STRUCTURAL BREAKSIN
THE NER PASS-THROUGH COEFFICIENT
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111.3. Model and Estimates

In general terms, using data for Chile 1986-2001, the theoretical micro-
economic restrictions enumerated in section |1 are rejected (we don't find rea-
sonable structural parameters), however it is necessary to highlight that in all
the estimates the null hypothesis of perfect competition is rejected. Therefore
we can say that the model devel oped an explanatory variable correctly, leaving
aperfect market paradigm, but we did not find the right restriction set sustained
by the data.

I11.4. Analysisof Pass-through Parameter Stability

Another important issue is if the NER pass-through parameter has been
constant in al periods of analysis. Focusing on the NER parameter and trying
to find a structural break date in an endogenous way, Hansen (2001) shows a
sequential search of the change in some parameter. The chosen structural break
time will be the episode that minimizes the sum of squared errors.

Graph 4 shows how sample variance changes when breaks are alowed in
the pass-through coefficient (using the specification described in the 5th col-
umn of Chart 1), starting from each particular moment (search was restricted
between 1989:3 and 1999:1 quarters).

The structural break dates that best fit are: 1991:4 and 1993:2. The fourth
quarter of 1991 was considered because of econometric properties? and esti-
mated minimum variance value. The results are in Chart 3, where the first 2

9 1993's pass-through estimates had worse econometric properties than the 1991 ones.
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CHART 3
ESTIMATESWITH A NER PASS-THROUGH STRUCTURAL BREAK
IN 4TH QUARTER 1991

1 2 3 4 5 6
Trend -0.0004 | -0.0003 | -0.0004 | —0.0003
-3.78 -3.26 -3.67 -2.96
NER 0.24 0.18 0.27 0.22 0.19 0.41
441 2.85 5.52 3.55 2.38 4.56
+NER after 4:91 -0.17 -0.13 -0.19 -0.16 -0.15 -0.31
-3.05 -2.07 -3.57 -2.62 -1.75 -2.99
CPI 0.84 0.69 1.05 0.90 0.69
553 6.37 6.92 6.25 2.63
CPI*GAP -8.15 -6.86 -6.45
-7.87 -4.89 -2.08
GDP -0.41
-4.55
Wages 0.58 0.46 0.42 0.33 0.61 054
18.47 5.41 12.77 5.27 9.54 9.63
Wages* GDP -1.69 -1.45
-5.75 -4.21
Tradable Prod. 0.29 0.30 0.59 0.53 0.76 0.55
3.11 2.95 5.38 434 4.18 3.33
Tradable Prod* GDP 6.15 5.16
5.32 4.26
Tradable Prod* GAP 6.84 6.27
6.33 5.30
Non-Tradable Prod. -0.13 -0.13 -0.35 -0.34 -0.39 -0.26
-3.85 -5.17 -5.12 -5.27 -3.54 242
Non-Tradable Prod.* GDP —4.28 -4.17
-4.34 -4.10
Non-Tradable Prod.* GAP —4.50 —4.40
—4.65 -4.21
Lagged Inflation 021 0.19
172 1.68
Adjusted R-squared 0.97 0.97 0.97 0.97 0.95 0.94

Thet-test isunder each coefficient (Newey-West HAC matrix). Not reported coefficients are statis-
tically not significant.
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columns were estimated by OLS, both using GDP growth, in static (1) and
dynamic (2) specifications. Columns 3 and 4 use the gap between potential and
effective GDP. Columns 5 and 6 are TSLS static estimates (using GDP and
GAP respectively), with the same instruments aready mentioned.

After this third approach, we can say:

e In OLS static estimates, we could not reject the null hypothesis that the
NER pass-through fell from 24% or 27% (beforelast quarter of 1991) to 7%
or 8 (after that date).

* InOLSdynamic estimations, thereisalso evidencethat short run NER pass-
through decreased from 18% or 22% to 5% or 6%. Thelong run pass-through
coefficients also decreased from a range between 23-27% to 6-7% range.

¢ InTSLSestimations, before 1991:4, NER coefficients are highly dissimilar
(19% and 41%); however, after the structural break they became closer (be-
tween 4% and 10%).

e The international inflation pass-through coefficient decreased (estimated
coefficients higher than 1 were no longer found). This coefficient was al-
ways different from the NER pass-through.

« There were not significant changes (statistical significance or coefficient
sign) from previous charts in the other variables.

It isnecessary to point out that the last estimates were obtained, after allow-
ing astructural break in the NER pass-through. In theoretical termsit ishard to
justify a structural break at some arbitrary date. A priori undiscarded hypoth-
esisis based on Taylor (2000). This paper shows how an economic agent per-
ception of a price stability environment diminishes the cost pass-through, if
these cost variations are perceived as transitory movements.

I'V. CoNcLUSIONS

To study the nominal exchange rate pass-through to inflation, a micro-
economic model of oligopolistic Cournot competition has been devel oped. We
have obtained an explicit endogenous relationship between price level and the
nominal exchange rate; which is based on a mark-up that varies endogenously
with real consumer income and justifies a rel ationship between prices and eco-
nomic cycle, abandoning the usual ad-hoc modelsin the literature on exchange
rate pass-through; however we don’t find reasonabl e structural parameterswith
the Chilean data.

The nominal exchangerates pass-through to inflation was estimated under
different econometric techniques, definitions of variables and specifications.
As a result, the exchange rate pass-through in Chile (years 1986-2001) was
12% in the short run, while the long run total effect should be expected to be
around 18%.

Regarding the pass-through evolution, we did a sequential searchto find an
endogenous structural break date. The evidence does not reject the hypothesis
of abreak inthelast quarter of 1991, after which, the exchange rate pass-through
decreased from coefficients of around 20% to values between 5-7%. Contrary
to conventional wisdom, we find no evidence of procyclical pass-through.

In another result the firms had different reactionsif the input priceincrease
was caused by nominal exchange rate movements or international price move-
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ments. In the latter, ahigher pass-through shows evidence of a special sensitiv-
ity to international inflation shocks.

V. REFERENCES

Borensztein, E. and J. De Gregorio (1999). “Devaluation and Inflation After
Currency Crises’. Mimeo CEA, University of Chile.

Bravo, H. and C. Garcia(2002). “Medicion delaPoliticaMonetariay €l Traspaso
(Pass-Through) en Chile”, Economia Chilena, Vol. 5, N° 3, 5-28.
Burstein, A.; J. Nevesand S. Rebelo (2001). “ Distribution Costs and Real Ex-
change Rate Dynamics during Exchange-Rate-based-stabilizations’,

forthcoming Journal of Monetary Economics.

Calvo, G. (1983). “Staggered Prices in to Utility-Maximizing Framework”,
Journal of Monetary Economics, 12 (3), 383-398.

Campa, J. and L. Goldberg. (2002). “Exchange Rate Pass-through into Import
Prices: A Macro or Micro Phenomenon?’, NBERWbrking Paper N°© 8934.

Devereux, M.; C. Engel and P. Storgaard (2003). “ Endogenous Exchange Rate
Pass-through when Nominal Prices are set in Advance”. Manuscript,
University of Wisconsin.

Dixit,A. and J. Stiglitz (1977). “Monopolistic Competition and Optimum Product
Diversity”, American Economic Review, 67, 297-308.

Dornbusch, R. (1987). “ Exchange Rates and Prices’, American Economic Re-
view, 77, 93-106.

Feenstra, R. and J. Kendal (1994). “Pass-Through of Exchange Rates and Pur-
chasing Power Parity”, NBER Working Paper N° 4842.

Garcia, C. and J. Restrepo (2001). “Price inflation and Exchange Rate Pass-
through in Chile”, Central Bank of Chile, Working Paper N° 128, De-
cember 2001.

Goldfgin, I. and S. Werlang (2000). “The Pass-Through from Depreciation to
Inflation: A Panel Study”, Banco Central do Brasil, Working Paper 5.

Hansen, B. (2001). “New The Econometrics of Structural Change: Dating
Changesin U.S. Work Productivity”, Journal of Economic Perspectives,
15, 117-128.

Kikuchi, A. and M. Sumner (2002). “ Exchange Rate Pass-through in Japanese
Export Pricing”, Applied Economics, 34, 279-284.

Morandé, F. (1986). “Domestic Prices Importable of Goods in Chile and the
Law of OnePrice: 1975-1982", Journal of Devel opment Economics, 21,
131-147.

Morandé, F. and M. Tapia (2002) “Politica Cambiaria en Chile: EI Abandono
delaBanday la Experiencia de Flotacion”, Economia Chilena, Val. 5,
N° 3, 67-94.

Noton, C. (2002). “ Traspaso desde €l tipo de cambio nominal hacialainflacion
doméstica: modelo y evidencia empirica para Chile”, MA Dissertation,
University of Chile.

Obstfeld, M. and K. Rogoff (1998). “Risk and Exchange Rates’, NBER Work-
ing Paper N° 6694.

Taylor, J.B. (2000). “Low Inflation, Pass-Through, and the Pricing Power of
Firms’, European Economic Review, 44, 1389-1408.



The Pass-through from Depreciation... / Carlos Noton Norambuena 153

APPENDIX

Description of data:

1

Domestic prices: the National Institute of Statistics (INE) publishes the
series of Chilean consumer price index (IPC). The frequency is monthly
and through a simple 3 month average the quarter value is obtained. The
inflation isthe annual percentage variation of the price level.

Nominal Exchange Rate (NER): The series of observed dollar price (pe-
sog/dollar) ispublished by the Central Bank of Chile (BCCh). Thefregquency
ismonthly and the quarter value is obtained through asimple 3 month aver-
age. The devaluation isthe annual percentage variation of the observed price.

USA inflation (CPI) and index of external pricesfor Chile (IPE): There
iS no unanimous opinion about which indicator is closer to international
inflation. There is an indicator of external prices concerning Chile (IPE),
developed by the BCCh. The IPE average is figured by the commercia im-
portance of the wholesaler price index of each trade partner of Chile. This
index isexpressed indollars, soit isextremely sensitiveto commercial part-
ner devaluations. After exchange rate movements in the second half of the
90's, this index points out deflations of —5% and inflations near to 10%.
That iswhy our estimates use U.S. consumer price index (CPl) which, al-
though it includes non-tradable goods, is not susceptible to international
devaluations.

Geogr aphical Product (GDP): The quarterly GDP seriesis published by
the Central Bank of Chile (BCCh).

Gap Effective-Potential product (GAP): The last concept is defined by
referring to the gap between effective product and potential product. There
are alot of theoretical and methodological options. The present paper opted
for the Hodrick-Prescott filter (HP). The difference in effective growth is
denominated by the effective-potential product gap (abbreviated as GAP).

Nominal Wage (WN): Thewage seriesis published by The National Insti-
tute of Statistics (INE). It has a monthly frequency and the quarter valueis
obtained through a simple 3 month average.

TradableProductivity: In previous papers, the product per worker hasbeen
aproxy of productivity. The ratio is built with the tradable outcome (pub-
lished by BCCh) and the tradable sector number of workers (published by
INE). The following have been considered as tradable sectors: agriculture,
fishing, mining and the manufacturing industry. Given the technology as-
sumed, the outcome-workers ratio implies that the imported input-workers
ratio remains constant in the period 1987-2001. Formally:
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8. Non-Tradable Productivity: Applying the same methodology indicated
for the non-tradable sector, we consider the following to be non-tradable
sectors:. construction, hotelsand restaurants, transport and communications,
trade, energy, financial, community and personal services.

9. Mode Budget restrictions:
1) TradableFirms: R'Q =wi] +sM +F'
2) NonTradableFirms. RNQN =wL) +smN +RN

3) Balancein Non Tradable Market: QM =¢/

. 1
4) Consumers. b =rh +g(wt” +RY +Lw +RT =RV -R'C)

. 1
5) Aggregate Economy: b =rh + (RTQI ~R'CT —sM)

10. Adjustment speed procyclical condition:
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11. Relationship between Income and each firms quantity:

It can be derived directly from equation 15 and 19:

Ol
ﬁ >0
aYR 2(:|\/|gR Ye H

12. Money in the model:
We believe that long term inflation is a monetary phenomenon. The model
devel oped does not include money, sinceit assumesthat movementsin money
guantity determine nominal prices of inputs. So that:

W=D+ and & =D +{;
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Where D is quantity of money, n and & are shocks of each nominal price
(wages and the nomina exchange rate, respectively). We do not replace
these equations because we arelooking for aNER pass-through coefficient.

13. CHART 4: OL S Estimates, using the BCCh International Price

Index (I PE):
1 2 3 4
Constant 0.09 0.08 0.04
3.75 3.27 1.80
Trend -0.0014 -0.0014 -0.0007
-3.87 -3.83 -1.86
NER 0.16 0.23 0.08 0.14
3.18 4.36 1.71 2.59
NER*GAP -2.01
-3.26
IPE 0.34 0.18 0.10 0.09
5.22 3.25 1.46 157
IPE* GDP -3.28
-4.63
IPE*GAP —4.32 -2.21
-6.26 -2.37
GDP -0.41
—6.26
GAP -0.36
—4.76
Wages 0.38 0.29 0.28 0.11
5.00 3.87 4.65 2.37
Wages* GDP -1.20
-4.49
Tradable Prod. 0.85 0.69 0.35 0.39
6.73 5.23 2.62 342
Tradable Prod.* GDP 2.38
2.13
Tradable Prod.* GAP 3.01
2.19
Non-Tradable Prod. -0.35 -0.32 -0.20 -0.23
—4.82 -3.90 -3.97 -3.41
Non-Tradable Prod.* GDP —2.47
-2.35
Lagged Inflation 0.58 0.52
6.08 5.45
Adjusted R-squared 0.95 0.96 0.97 0.97

Thet-test isunder each coefficient (Newey-West HAC matrix). Not reported coefficients are statis-
tically not significant.



