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Resumen

En este articulo se propone y estima un modelo macroeconémico para la economia chilena. EI modelo esta
disefiado como herramienta para proyectar la inflacion a corto y mediano plazo, e identificar precisamente €l
mecanismo de transmision que sigue la politica monetaria en Chile. EI modelo especifica la dinamica de corto
plazo, asi como las condiciones de equilibrio de largo plazo. Se usan técnicas de cointegracion y correccién de
errores para estimar los parametros correspondientes, y se calibran algunas relaciones. Incluye ademés los
principales componentes de la demanda agregada y de las cuentas externas, un bloque de oferta que se sustenta
en una funcion estandar de produccion, una especificacion para los precios de activos, y un blogue de
salario/margen/precio y mercado laboral. Se toma en cuenta la interdependencia entre corto y largo plazo de
cada uno de estos factores para entregar un equilibrio dindmico macroecondmico prospectivo. Los precios
relativos clave de estado estacionario, tales como la tasa de interés real de largo plazo, €l tipo de cambio, y €l
premio por riesgo soberano se determinan en forma exégena. El modelo se usa para explorar y cuantificar los
efectos de la politica monetaria sobre la inflacion, y la forma en que la primera se transmite a la segunda. Los
resultados de este trabajo se comparan con los de otros modelos mas simples pero menos informativos, tales
como los VAR y un modelo macroecondmico a menor escala, basado en curvas de Phillips. Por dltimo se
andliza la respuesta de algunas variables macroecondémicas fundamentales frente a una serie de shocks
permanentes.

Abstract

This paper proposes and estimates a macroeconomic model of the Chilean economy. The model is designed as a
short- and medium-term inflation-forecasting tool, which precisely identifies the transmission mechanism
followed by monetary policy in Chile. The model specifies short-run dynamics as well as long-run equilibrium
conditions. Cointegration and error correction techniques are used to estimate the relevant parameters, while
some relations are calibrated. The model includes the main components of aggregate demand and external
accounts, a supply-side block that relies on a standard production function, a specification for asset prices, and a
wage/markup/price and labor market block. The short- and long run interdependence among each of these
factors is taken into account to yield a forward-looking macroeconomic dynamic equilibrium. The key steady-
state relative prices, such as the long-run real interest rate, the real exchange rate, and the sovereign risk
premium, are endogenously determined. The model is used to explore and quantify the effects of monetary
policy on inflation and how monetary policy is transmitted to inflation. The results obtained here are compared
to the results of other simpler but less informative models, such as VAR and a smaller scale macroeconomic
model, based on Phillips curves. The paper analyzes the response of some key macroeconomic variables to a
number of permanent shocks.

We are extremely grateful to William Baeza, Dolly Bellani, Gabriela Contreras, Felipe Liendo, and Leonardo
Lunafor outstanding assistance in the estimation and implementation of the different blocks of the model.
E-mail: imagendz@bcentral.cl.




| NTRODUCTI ON

The objective in building and specifying nacroecononic nodels is to reflect
the main characteristics of an econony in a stylized way. This article
descri bes a macroecononetric nodel for the Chilean econony. The aim of the
nodel is to forecast the main macroecononmic variables, along with policy
exerci ses and sinulations. The different nodel equations describe both short-
term novenents within the econony and the long-term equilibrium It is in
this latter sense that the npodel can be described as structural. The nain
area interest in this kind of nodel involves the different dynam cs of the
vari abl es, which can provide insight, for exanple, on the lags and nmgnitude
of nonetary policy transm ssion nechanisns. Their estimation is no
substitute, however, for ensuring a mediumterm equilibrium point toward
whi ch the econony nust necessarily converge. W therefore use cointegration
and error correction techniques for estimating the paraneters. W also
calibrate relations where necessary.

The nodel includes the nain conponents of aggregate demand and externa
accounts. It also incorporates an aggregate supply bl ock based on a standard
production function, an equation for asset prices, and a wage, |abor, margin,
and price block. The key relative prices in the steady state, such as the
real long-term interest rate, the real exchange rate, and the sovereign
premum are determned endogenously. W wuse the nopdel to analyze and
quantify the influence of nobnetary policy over inflation and the transm ssion
mechani sms. The results are conpared with those from a small nacroeconom c
nodel and several vector autoregressive (VAR) nodels, based on Phillips
curves. Although these nodels are sinpler and easier to nmanage, they provide
l ess information.

This npdel was developed out of a need to answer nmore questions than a
sinmpler gap nmodel can address, by increasing the nunber of endogenous
variables and dealing with the different transm ssion mechanisms in greater
detail. It also reflects the need for a wider variety of possibilities for
anal yzi ng econonmic policy, together with the fact that the sinulation process
is dynamic in itself, so that nodels are constantly being revised.

The next section highlights a series of stylized facts about the Chilean
econony that must necessarily be reflected in the nodel. W then describe the
nodel, in terns of both its steady state and behavioral equations. The
concluding section explores the enpirical properties of the npdel using
i mpul se response exerci ses.

1. SOME STYLI ZED FACTS ABOUT THE CH LEAN ECoNow

The stylized facts presented in this section allow us to define sone of the
characteristics that a macroecononetric nodel nust contain in order to
simul ate the Chil ean econony.

1.1 Stable Factoral D stribution of |ncone

The |abor factor’s share (ay) of nominal gross donmestic product (GDP)
fluctuated around 53 percent during the period under analysis (1990-2001). W
estimated it by dividing the wage bill by nomnal GDP (YN), with different
wei ghts for wage-earning enpl oyees and sel f - enpl oyed workers.?

1. Wien calculating the wage bill, different types of workers nust be weighted, according to
whet her they are enployees (NW or self-enployed (NSE). The first contribute to social security,



Labor’s stable share of CGDP over tine, as figure 1 indicates, suggests that
long-term enploynent to real wages and enploynent to output elasticities
equal one. Because real wages tended to rise throughout this period, l|abor’s
stable share of GDP reflects the fact that average |abor productivity also
rose by a similar anmobunt, on average.?

[figure 1 about here]

1.2 Sensitivity to the Wrld Cycle

Chile is a snall, open econony that is affected by fluctuations in the
worl d econony. Shifts in world demand directly affect the prices of Chile’'s
mai n exports and may al so affect volunes. Fiscal and nonetary policies in the
mai n econonies influence financial conditions at the global |evel. Together
with changing sentinent in financial markets, these determine capital flows
to energing economies, including Chile. During the past decade and a half
Chile denonstrated a rather close association between external indicators and
donestic economic growmh (see figure 2).

[figure 2 about here]

1.3 Unenpl oynent and Private Consunption

The Chil ean econony exhibits a negative correl ation between consunption and
unenpl oyment. This inverse relationship is apparent in figure 3. Higher
enpl oyment rates coincide with slower annual growh in spending on nondurable
consunmer goods. The unenploynent rate can be understood as an indicator of
the level of household uncertainty and expectations. This neans that the
hi gher unenpl oyment, the nore househol ds reduce their consunption, probably
out of caution. Mreover, high unenploynent inplies reduced household incone,
and this liquidity restriction translates into reduced spending on
consunpti on. Consequently, growh in aggregate consunption, far from behaving
at random is highly correlated with the econonic cycle.

[figure 3 about here]

1.4 Inportance of the Inported Conponent of Donestic Expenditure

By being open to foreign trade, a snmall econony such as Chile resorts to
international markets to neet sone of its donestic demand requirenments. This
neans that, for exanple, inports of capital goods account for alnost al
investnent in machinery. Indeed, virtually all durable goods purchases
i nvol ve inports. Figure 4 reveals not only the relevance of inport volunes
for some conponents of donestic demand, but also the stability of this
relationship over time. Furthernore, the discrepancies between spending on
durabl e consunmer goods and inports of these goods largely reflect inventory
accunul ation. Figure 5 shows that rising inports of consuner goods and
changes in investnment in inventories (both on average for four noving
quarters) are closely related. The inportance of foreign trade to the

so their share of CDP is neasured through |abor costs (CL). The second, in contrast, do not have
access to this benefit and therefore their wages are considered to be a percentage of average
nonmi nal wages in the econony. This is assuned to be 60 percent.

2. \Wen | abor inconme’s share of output is calculated from 1986 the variable seens to show a
different tendency. In a regression, however, the coefficient acconpanying this trend reaches
0.001 which, while statistically different from zero, is of little enough nmagnitude to assune
that | abor’s share is constant.



di fferent conponents of donestic demand also nmeans that the real exchange
rate is an inportant variable that influences donmestic spending decisions.
[figures 4 and 5 about here]

1.5 Financial Mrkets throughout the Econom ¢ Cycle

The relationship between nobnetary aggregates, interest rates, and output
has been the subject of many studies.® These nonetary aggregates, particularly
real MLA, and the structure of interest rates generally |led economc activity
in recent decades. Qutput growth, ML, and the difference between |ong-run
interest rates (based on the Central Bank’'s eight-year adjustable bond, or
PRC8) and short-run interest rates (MPR) are depicted in figure 6. In the
structural nodels presented below, noney is not a transm ssion channel for
nonetary policy, whereas interest rates are, because nobney does not add
i nfornmati on beyond that contained in other explanatory variables. Mney has
not proved useful for predicting inflation or any of the other variables
i ncluded in the nodel.

[figure 6 about here]

1.6 Factors Determ ning the Surcharge on External Financing

A key variable for expenditure decisions within the econony, both directly
and indirectly, is the financing surcharge that donmestic agents nust pay on
external debt, because of its inpact on donestic interest rates. Although
there are no neasurenments of this surcharge over a long period of tine, it is
possible to construct approximtions. As figure 7 indicates, trends in the
external financing surcharge are consistent with a world in which solvency
and liquidity are inportant. Until 1997, periods of high deficits in Chile' s
current account were acconpanied by relatively significant increases in its
spread, which may indicate that external financing becane nore costly as
demand grew relative to the size of the econony.? This relationship seens to
break down after the Asian crisis and financial turbulence in Russia and
ot her econom es. Evidence also shows, however, that the financial surcharge
in Chile is associated with the financial surcharge paid by conpanies in
simlar risk categories in the United States.® This surcharge has risen
significantly since 1997.

We refer to the prem um surcharge or spread affecting agents who i ssue debt
abroad as the external financing surcharge (REXF). These costs are based on
the risk level inplicit in buying the debt of a specific country. They can be
estimated by |ooking at sovereign spreads or surcharges required by bonds
i ssued by a given government conpared to the return on nominal U 'S. Treasury
notes (that is, the T-note with a sinmlar maturity).

[figure 7 about here]

1.7 Inflation, Inflation Targeting, and the Econonic Cycle

The Central Bank’s use of inflation targeting since the beginning of the
1990s has proved successful in terns of coordinating agents’ expectations.
Annual inflation tended to fall following a gradual reduction in inflation
targets (figure 8). Although factors associated with indexation can introduce

3. See for exanple Herrera and Rosende (1991); Rojas (1993); Herrera and Magendzo (1997);
Bravo and Franken (2002); Bel ai sch and Soto (1998).

4. See Bernanke, Gertler. and G lchrist (1996).

5. See the Central Bank's Mnetary Policy Report of January 2001.



inertia in the inflationary process, inflation expectations and, in
particular, the Central Bank’s credibility in terns of achieving the target
do affect inflation itself. Demand conditions in goods and factor markets
also influence inflation. Sinple neasurenents of output can be enpirically
associated with changes in inflation over the past fifteen years. The
relati on between these two variabl es has weakened since 1996, but this can be
associated first with the peso appreciation and later with its depreciation
(figure 9).
[figures 8 and 9 about here]

2. STRUCTURAL FORECAST MoDEL ( MEP2)

As nmentioned in the introduction, the different equations in the nodel
descri be both short-term novenents in the econony and long-term equilibrium
It is in the latter sense that the npdel can be |abeled as structural. The
techniques used to estimate paranmeters for the different equations are
therefore consistent with being able to distinguish short-term from | ong-term
effects (that is, cointegration). These nethods, as wth all econonetric
nmet hodol ogy, are subject to inportant degrees of uncertainty. Thi s
uncertainty largely stens fromthe sensibility of the estinmated paraneters to
the deep structure of the econony, which cannot be directly observed. To dea
with situations in which the enpirical estimation is poor, in which there are
wel | -founded indications of structural changes in different relationships, or
in which econonic theory itself has inportant relationships that nust be
addressed, we opted for calibrating specific paranmeters, even though the
calibrated value may be rejected using standard statistical nethods.® This
calibration process is the second reason for calling these nodels structural

A third reason, associated with the above, has to do with the many
different legal restrictions on determning certain prices wthin the
econony, particularly public utility charges. The Central Bank cannot ignore
these facts, and they are explicitly incorporated into the nodeling of the
i nflati onary process.

To date, two structural forecast nodels are being devel oped at the Centra
Bank of Chile, known as MEP1 and MEP2. Qualitatively speaking, they share the
characteristics described above. One of the main differences between MEP1 and
MEP2 has to do with the degree of macroecononic variable aggregation. MEP2
consi sts of aggregate demand, aggregate supply, and an equation that relates
prices and econonic activity. MEP2 expands MEP1 by estimating the different
conponents of aggregate demand. It also incorporates the estinated evol ution
of the capital stock into the forecast of potential output. In addition to
estimating aggregate denmand and supply, MEP2 estinmates the current account of
t he bal ance of paynments (and, by definition, internal demand) and t he REXF

2.1 The Steady State in MEPL and MEP2

The steady state refers to balanced growh trends wthin the econony,
i ncorporating demand and supply conditions in goods and factor narkets that
are consistent wth full enploynent of resources and constant relative
prices. The nmmin variables wthin the steady state are determ ned

6. By calibration we mean that in sone equations, the constant and occasionally the slope
paraneters were restricted, in order to keep the equation consistent with the long-term
equi librium of an econony with a Cobb-Dougl as production function.



endogenously in MEP2. The followi ng equations sumarize the conditions of
steady state first for MEP1, which enconpasses only
financial market variables, and then for MEP2.

MEP1 steady state

Y=Y,
INF4 = 3%,
PRC8=PRCS,

MPR=MPR, and
RER =RER.
MEP2 steady state: aggregate supply
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Prices and costs

INF4 =3%,

CPI = (MG - f MG)CLU°'68 SGW1 xCIMP,
CLU= \;/ﬂN (L+VAT),

CIMP=EXPI \NER (L+ VAT)(1+TAR), and

W - Wv(lss )GWoAJJ.

Fi nanci al narkets

PRC8= REX , +RISK

LT?

MPR=PRC8-r, and
RER =RER,,.

The steady state of MEP2 is consistent with a Cobb-Douglas production
function, while inflation and prices remain neutral. Potential output at each
point in tine therefore depends on the accunulated capital stock and nornal
resource utilization. Technical change is also exogenous and is reflected in
total factor productivity (TFP) and the natural unenploynent rate.

The accunul ation of each type of capital depends on the cost of capital
utilization, which is set by investnent financing costs, that is, the |ong-
term interest rate plus the respective depreciation rate, plus the price of
capital neasured as output units. The depreciation rate for each type of
capital is assumed to be constant, but both interest rates and the relative
price of capital in MEP2 are endogenous variables. Long-term interest rates
are determined by conditions of international arbitrage using uncovered
interest rate parity corrected for risk premuns and inposing a constant
equi librium real exchange rate. In the case of machinery and equipnent, the
relative price is directly affected by the real exchange rate, while the
| evel of wages is nore inportant for the relative price of construction.

As a result, the parity condition is key for determining interest rates in
MEP2. The link with the rest of the nodel cones from the equilibrium between
saving and investnment. The sovereign risk preniumis assuned to depend on the
current account deficit as a percentage of GDP, which reflects inperfections
in international capital markets. The dynam cs of donestic expenditure affect
financing conditions.

Private consunpti on of nondurabl e goods converges to a constant fraction of
private disposable incone, while the purchase of durable goods is corrected
to reach the desired stock of durable goods, which depends on the cost of
durabl e versus nondurable consunption goods. Thus, in the steady state,
purchases of durable goods are such that they allow us to keep the ratio of
durabl e stock to nondurabl e consunption constant.

The public sector affects the nodel through its incone and expenditure
policies, in the context of achieving a structural surplus set at 1 percent



of GDP. This leads to a rule for the behavior of capital and current public
expenditure. Revenues are a function of cyclical conditions that affect
activity and expenditure, but include an underlying tendency.

The external accounts depend on expenditure decisions. The volunes of
i nported consunption and capital goods approach a constant fraction of
durabl e purchases and gross capital formation in nachinery. In this sense
the equilibrium real exchange rate indirectly affects these expenditure
conponents by affecting the capital costs of durable consunpti on goods and of
machi nery and equipnent. Simlarly, inports of internediate nonfuel goods
tend toward a constant fraction of GDP, which depends on the real exchange
rate. The inport volunes of internediate nonfuel goods evolve according to
sinmple rules. A sinple rule is also used for the evolution of inports of
nonfactoral services. Altogether, the mamin exports are forecast using sector-
specific information regardi ng production plans. An econonetric approxi mation
is used solely for products other than mjor exports, which depend on the
growm h of the country's main trading partners and the real exchange rate.

The block including prices, wages, and the labor narket reflects the
neutrality of nonetary policy in the long term Gowh in the cost of [|abor
in real ternms is equal to growh in average |abor productivity. As a result,
the increase in nonmnal wages is equal to growmh in real wages plus
inflation, which is stable and equal to the steady-state target. This ensures
that the nodel renmmins consistent with the Cobb-Douglas production function,
as does our treatnment of the factoral distribution of income, which remains
constant. This nmeans that in the long-term the elasticity of enploynent to
real wages and the elasticity of enploynent to output have a value of one.
Al though there is anple international evidence relating unenploynent to the
| evel of real wages, in this case the natural unenploynent rate is assuned to
be exogenous.

Finally, in the long run the policy rule for the nonetary policy rate
tends toward a neutral nonetary policy position, which is consistent wth
full enploynent of productive resources and inflation in line with the
target. This “neutral” nonetary policy rate is given externally in MEP]L,
while in MEP2 it results from an interest rate structure consistent with a
stabl e real exchange rate.

2.2 The Functioning of Financial Mrkets

Bot h nodels (MEP1 and MEP2) share a bl ock that describes the functioning of
financial nmarkets in Chile. This block includes three ingredients: first, the
way novenents in the nonetary policy rate are transferred in the short term
to other nmarket interest rates and the real exchange rate; second, how
private sector demand for noney is determned; third, the rule that
determ nes nmonetary policy rate nmovenents.

Wth regard to the first point, when narkets are functioning normally,
long-term rates (PRC8) reflect arbitrage conditions affecting investnent
alternatives, particularly short-term instrunents, so the expected behavior
and | evel of the nonetary policy rate and inflation (INF) influence the val ue
of these long-term instrunents. The same happens with other short-term
i nstrunents, such as nonindexed thirty- to eighty-nine-day deposit rates.
Nom nalizing the nmonetary policy rate reduced its inmpact on inflation, which
makes it necessary to suitably correct econonetric estimates for any
sinmul ati on or forecast exercise.

[figure 10 about here]



Anot her sphere in which arbitrage conditions should be expected is the
foreign currency exchange, particularly under the floating exchange rate
system in effect in Chile. The foreseeable performance of interest rate
differentials affects the financial cost associated with holding positions in
one currency or another, thus affecting the value of the exchange rate. The
enpirical evidence regarding the validity of the uncovered interest rate
parity is extremely weak. It does, however, offer a theoretical franework
consistent with rational expectations and market arbitrage, so in general
sone version of this theory is applied to carry out forecasts and
si mul ati ons.

The actual |evel of economc activity, represented by the gross donestic
product (Y), is typically associated with the volune of transactions within
the econony. Thus, the denand for real balances to <carry out these
transacti ons depends on Y along with the alternative cost of noney, reflected
in the nonindexed short-term deposit rate.

Final ly, because the operational instrument used by the Central Bank is a
target for the nomnal interbank rate, sone behavioral rule for this variable
nmust be introduced. This is no mnor point, because if we don't apply a
reasonable policy rule, the nodel’s growh and inflation forecasts wll
diverge in the presence of surprises on the aggregate denmand side. If faced,
for exanple, wth an unexpected increase in econonic growh, expected
inflation will also rise. Wth a constant nonetary policy rate, real ex ante
rates in the econony fall, which in turn further increases the aggregate
demand i npul se and generates nore inflationary pressures.

A considerable amount of literature deals with nmonetary policy rules.’ The
next section contains a nore detailed discussion of this point. In any case,
evaluating different kinds of policy rules is not the central objective of

this paper. |In practice, to carry out official growh and inflation
forecasts, the Central Bank uses the assunption that the nonetary policy rate
will remain constant over an eight-quarter horizon. It is enough to enphasize

the inportance of specifying a response from nonetary policy to inflation
deviations from the target to be able to conplete macroeconon c nobdels and
use themto carry out simulations, such as those presented bel ow.

Demand for Money

Chile’s Central Bank uses the interest rate as its nonetary policy
instrument. As a result, demand for noney is determined in a residual fashion
within the nmonetary policy stance. Broad noney’s perfornmance thus depends on
output and the nonminal interest rate, and it serves to forecast the quantity
of noney that the econony wll require. The Central Bank has no target for
t he evol uti on of these aggregates.

The cointegration vector relates the behavior of the (logarithm of the)
seasonal |y adjusted real money (logM);® the seasonally adjusted GDP (logy)
and a transformation of the nonindexed thirty- to ninety-day deposit rate
(RND). A dummy variable is included for the third quarter of 1988. The OLS
results are as follows:

7. For a conprehensive review of the relevant literature, see Taylor (1993) and C arida,
Gali, and Gertler (1999).
8. Al seasonal adjustnents have been nade using the standard X12- ARl MA net hod.
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where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.99, and the average quadratic error is 2.0 percent.
The LM serial correlation test (four lags) resulted in F =0.227 (with a
p value of 0.922); the Jarque-Bera normality test resulted in c¢® = 3.654 (with
a p value of 0.161); and the Wite heteroskedasticity test resulted in
NR? = 0.449 (with a p value of 0.970). The estimation period is 1986:4 to
2001: 1. Both the nagnitudes of interest rate and incone elasticities are in
line with previous findings.?®

Uncovered Interest Parity Condition

The exchange rate is a key relative price for a small, open econony I|ike
Chile. To nodel this variable, we use uncovered interest rate parity. W
assune that the expected real exchange rate involves three factors: the
future exchange rate consistent with the nodel’s own forecast; inertial
expectations, which only consider the |agged exchange rate; and expectations
associated with the long-term real exchange rate (logRERy). For the
estimation, we inpose the restriction that the sum of the coefficients of
these three variables is one. The interest rate spread is calculated in real
terns, taking the difference between the foreign interest rate (REX) and the
real nonetary policy rate (RWR). The foreign interest rate is constructed
using the real London interbank offered rate (LIBOR), the LIBOR spread, and
the reserve requirenent. The followi ng instrunents were used for the |ead of
the real exchange rate: lags of the (log) real exchange rate, lags and
differences in real noney, the difference between inflation and the target,
the relative position of the exchange rate within the band, the output gap,
|l ags of the nonetary policy rate, |lags of the nominal exchange rate, and | ags
of the multilateral exchange rate. The results of the two-stage | east
squares (2SLS) regression are as foll ows:

logRER = %Agzc)nog RER_, + 86§glog RER,, +0.17l0gRER , + (REX - RM PR), (2)

where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.90, and the average quadratic error is 3.52 percent.
The LM serial correlation test (four lags) resulted in F =1.433 (with a
p value of 0.000); the Jarque-Bera normality test resulted in ¢ = 67.109
(with a p value of 0.161); and the White heteroskedasticity test resulted in

9. See Mes and Soto (2000).



NR? = 54.120 (with a p value of 0.000). The estimation period is 1986:4 to
2001: 3.

The theory of uncovered interest rate parity cannot be enpirically
validated in Chile, as is the case using international evidence.® It has
therefore been inposed. This restriction introduces sone problens in the
regression, however, which also occurs in the case of residue normality. In
fact, the Jarque-Bera test allows us to conclude that the distribution of
error is not normal.

Because Chile trades with a wide range of countries besides the United
States, the real exchange rate affecting the conpetitiveness of Chilean
products is the multilateral real exchange rate (logMRER). That is, the
wei ghted sum by trading share, of bilateral real exchange rates. The
di fference between the bilateral and the multilateral real exchange rate is
reduced to the difference in the index of external prices relevant to Chile
(1 ogEXPl) and the U.S. consuner price index (CPl) (l1ogCPl):!

logMRER =10gRER +10gEXPI - 10gCPI .. (3)

To explain the behavior of the external financing surcharge (REXF), an
equation was estinated by 2SLS. The external financing surcharge is an
endogenous variable of the nodel. Explanatory variables are the current
account deficit (CAD) and the spread affecting category A firns from the
United States (RAM. The instruments used for this estinmation were the
changes in the terms of trade, the residuals from durable and nondurable
consunption equations, and investnent (construction and nachinery). The
resulting paranmeters are the foll ow ng:

REXF=f +0.13CAD +0.89RAM . (4)

The hypothesis that the paraneter for the surcharge on category A firnms is
one cannot be rejected. This result is reasonable given that Chile's
soverei gn debt enjoys the same rating.

Long- Term Real Exchange Rate

In the long term there is a relationship between the exchange rate, the
terms of trade, public expenditure, and net international assets. The
variables that are inmportant for estimating the |ong-term exchange rate are
the logarithm of the real exchange rate (Il ogRER), net international assets as
a percentage of GDP (l1A), the logarithm for the terms of trade (logTOl), and
total factor productivity (TFP). In its steady state, however, a constant
exchange rate is inposed in this nodel, so that the nominal exchange rate
behaves according to the differential between |ocal and foreign inflation.

Monetary Policy Rule

For the purposes of our sinulation exercises, we specify a reaction
function for Central Bank policy that |eaves some degree of freedom of choice
in the paraneters. W use a linear specification for the sake of sinplicity.
The policy rule associates the nominal nonetary policy rate (MPR) wth

10. See Engel (1995); Flood and Taylor (1996); Isard (1995); MDonald and Taylor (1992);
Lewi s (1994).
11. Feli G (1992) describes the nethodol ogy for building an external price index.
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expected inflation, the output gap, and the |agged and expected gap between
expected inflation and target inflation. A constant reflects the neutral
i nstance for nonetary policy.

Monetary policy reacts to expected inflation, not only because of
deviations fromthe target, but also because expected inflation affects real
ex ante rates within the economy, which are those that ultimately influence
consunption and investnent decisions. W also include the output gap in this
policy rule, not necessarily because full enploynent is one of the Central
Bank objectives, but rather because this is one of the nmin variables
affecting mediumterm inflationary pressures.? In addition, nonetary policy
nmay experience sone inertia over time, which makes sharp novenments in
interest rates are generally undesirable owing to the volatility they could
potentially introduce into financial markets. Furthernore, sone analysts
argue that a gradualist nonetary policy is best in the face of uncertainty.?!®

Simlarly, alternative policy rules can incorporate other argunents, such
as the current account of the bal ance of paynents, or possess nonlinearities,
the result of the existence of a target range rather than a target point.
These considerations can |ead to nonetary policy being nore aggressive in one
direction or another. The nonetary policy rule proposed here is of the
following form?

MPR =INF4 “ +f  +f  (INF4 ©- 3%)+1 GAP +f  MPR. (5)

This policy rule is appropriate for the current nomnal schene.
Nonet hel ess, nost of the estimations carried out in this and other sections
of the paper include the period during which the MPR was set in indexed
terms. To be able to use these nodels to forecast within the current stance,
we use the Fischer equation, which indicates that the real ex ante rate
(RWR) is equal to the nominal rate m nus expected annual inflation:

RMPR =MPR - INF4 ©. (6)

Mar ket | nterest Rates

Monetary policy is transnmitted to other interest rates because of the
natural arbitrage inherent in Chile s financial narkets. Short-term deposit
rates affect the demand for real balances, as do l|long-term indexed rates,
whi ch play a decisive role in econom c agents’ spendi ng deci sions.

Demand for nonetary bal ances depends on their alternative cost, which is
associated with the short-term nom nal deposit rate. This reacts to novenents
over tinme in the MPR and a margin associated with the cost of funds to the
banki ng system

RND =f s ++(()3,¥)3 RND,, +0.82MPR - Z(L9827 D981- 1.37D983, (7)

(-325)

12. Svensson (1997) and Agénor (2002) enphasize this point. For Chile, the sane argunent can
be found in Garcia, Herrera, and Val dés (2002).

13. Woodford (1999).

14. Mrandé (2002) argues that for part of the 1990s, the current account deficit was
associated with nonetary policy issues. Medina and Val dés (2002b) reveal the inplications of this
type of policy rule in ternms of how interest rates respond to inflation and the capacity gap.
Medina and Val dés (2002a) study the inplications of nonlinearities in inflation targeting,
including the target range, with regard to the aggressiveness of nonetary policy.

11



where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.93, and the average quadratic error is 8.7 percent.
The LM serial correlation test (four lags) resulted in F =0.354 (with a
p value of 0.838); the Jarque-Bera nornality test resulted in ¢ = 3.125 (with
a p value of 0.797); and the Wite heteroskedasticity test resulted in
NR? = 2.609 (with a p value of 0.047). The estimation period is 1994:3 to
2001: 2.

Wth regard to real long-term rates, the yield curve reflects arbitrage
conditions between short- and long-term rates, represented by a version of
the expectation hypothesis. This indicates that the difference between |ong-
term Central Bank indexed bond (PRC8) rates and the short-term rate (RWPR)
refl ect expectations of capital |osses or gains associated with hol ding these
bonds. This can be translated in the long-term bond rate as a weighted
average of the expected value of this rate and the short-termrate, where the
wei ghting factor depends on the long-term bond's duration.® As in the
uncovered parity equation, we assume that expectations about the long-term
rate depend on lags and |eads of the same variable. The estimation therefore
relies on instrunental variables.

The instruments used are the difference between the CPI and the target, the
real exchange rate and its difference, the exchange rate's position within
t he exchange rate band, the nisalignnent of the real exchange rate conpared
to trend value, long-term and deposit rate |lags, the nonetary policy rate and
its lag, and the output |ag gap:

PRC8 =f ., +0.43PRC8_, +0.53PRC8 , +0.04 RMPR , (8)
(11.15) (14.62) (2.03)

where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.89, and the average quadratic error is 0.25 percent.
The LM serial correlation test (four lags) resulted in F =0.944 (with a
p value of 0.448); the Jarque-Bera normality test resulted in c¢®> = 2.885 (with
a p value of 0.236); and the Wiite heteroskedasticity test resulted in
NR? = 26.061 (with a p value of 0.000). The estimation period is 1990:1 to
2001: 2.

W cannot reject the hypothesis that the sum of the coefficients
acconpanying the lags and leads in the PRC8, plus the RWR, add up to one.
Moreover, a constant is incorporated to reflect the existence of a premum
for long-termnaturity.

2.3 Aggregate Denand

The effect of the nonetary policy rate is transmtted to aggregate denand
via the functioning of financial markets. MEP1 uses a direct approxi mation of
this problem in which it npdels GDP excluding sectors associated wth
natural resources, such as fishing, mning, electricity, gas, and water
(YRA). This provides the general inpact of interest rates and the exchange
rate on activity, but it is unable to identify precisely in which expenditure
conponent these effects are produced. In MEP2, financial conditions affect

15. Canpbell, Lo, and MKinlay (1997) provide a detailed analysis of the expectation
hypot hesi s, while Blanchard (1984) and Bl anchard and Fi scher (1989) apply this theory in a sinple
macr oecononi ¢ nodel .
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di fferent conponents of expenditure separately, which allows us to identify
nonetary policy transm ssion channels nore accurately.
Aggregate demand (AD) is the sumof five conponents:

AD=PC+| +CG+X- M, (9)

where PC denotes total private consunption, | denotes total investnent, GC
denot es governnent expenditure on final consunption goods, X total exports of
nonfi nanci al goods and services and Mtotal inports of nonfinancial goods and
services, all expressed in constant 1986 pesos. In what follows we provide
details on the estimation of each of these conponents.

Private consunption

Total private consunption (PC) can be broken down as foll ows:
PC=PC, +PC,, (10)

where PC, denotes private purchases of durable goods'® and PG, denotes private
consunpti on of nondurabl e or habitual goods. For the long term it is assuned
that the ratio of nondurable goods to disposable private income (DPY) is
constant. Disposable private income is calculated as disposable donestic
i ncome mnus public sector inconme. D sposable donestic income is obtained
from GDP, corrected for net external inconme and the changes in the terns of
trade. The short-term dynam c includes unenployment (U as an indicator of
househol d perception of uncertainty and expectations. The equation for the
short-termdynamic, including error correction, is as follows:

_ le 148
DiogPC,, ‘chHD (5 5 logPC,, - logDPY - f . ) 1677)x§§)U : (17 gxéﬁ) PRCS
+%7236><—a(PRC8 MPR. ) ?5§D|ogpc ?4%)DlogPC (11)

- 0.28DlogPC,, +0.09DlogDPY +0.04D894+0.05D984,
(» 3.34) -3 (396) (22.37) (423)

where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.63, and the average quadratic error is 1.1 percent.
The LM serial correlation test (four lags) resulted in F =0.196 (with a
p value of 0.660); the Jarque-Bera normality test resulted in c¢® = 0.985 (with
a p value of 0.611); and the Wite heteroskedasticity test resulted in
NR? = 19.919 (with a p value of 0.867). The estimation period is 1987:2 to
2000: 4.

The error correction term indicates a half-life of deviations from the
long-term value totaling a little over three quarters. Changes in growth
rates for disposable private incone affect consunption of nondurable goods in
the short term This is consistent with assumng that at |east part of the
popul ati on nakes consunption decisions based on current rather than pernmanent

16. The purchase and stock of durable goods are constructed using the nethodol ogy proposed by
Gal | ego and Soto (2000).
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income.” Thus, a 1 percent increase in disposable private incone translates
into a 0.09 percent increase in private expenditure on nondurable consunption
goods. Also, a 1 percent increase in unenploynent (or, to be nobre precise, in
the noving two-quarter average introduced here) is associated with a 1
percent reduction in consunption of nondurable goods. Changes in long- and
short-term interest rates also affect consunption in the short term An
average one-point increase during the current quarter and the last two
quarters of the eight-year PRC reduces nondurabl e consunption by 1.6 percent,
while a sinlar increase in the average short-term rate (MPR) over the
previous two quarters produces a 0.3 percent decline in nondurable
consunpti on.

For the purchase of durable goods, we assune that in the long term the
rati o of the consunption of durable goods over the consunption of nondurable
goods depends on the cost of use of durable goods (CKp). The cost of use is
calculated as the relative price, corrected for depreciation and the rel evant
interest rate.!® Mreover, we assume that the consunption of durable goods
(which is different from the purchase of these goods) is a percentage of the
stock of these goods (Kp) and therefore can be approxinated using this |ast
variabl e. The equation for the demand of durable goods in the short termis
denot ed by:

DlogPC, =f o, - ((yé%ngg K, - logPC,, +IogCKD71)- 4.69PRCS, - ?iZOS)DIog PC,

+2.6%(PRC8_ .- MPR. 1)- 149 DQogCPl o - 10gCPI HK) (12)

(1386

- 0.26DlogPC, +0.16D912- (0.10D913,
(- 7.03) -4 (10.92) ( 7.57)

where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.73, and the average quadratic error is 5.1 percent.
The LM serial correlation test resulted in F =0.402 (with a p value of
0.671); the Jarque-Bera normality test resulted in ¢ = 2.371 (with a p val ue
of 0.306); and the Wite heteroskedasticity test resulted in NR = 19.020
(with a p value of 0.836). The estimation period is 1987:2 to 2001:1.

The equation shows that |ong-term deviations have a half-life of just under
three quarters. The long-term interest rate negatively affects the purchase
of durable goods in the short term At the sane time, some substitution
occurs between durabl e and nondurable goods in the short term Wen spending
on nondurable goods rises by one percentage point, the growh rate for the
purchase of durable goods falls by 0.8 points. A 1 percent increase in this
rate (when the slope of the yield curve remmins constant) reduces durable
goods purchases by 4.7 percent one quarter later. Meanwhile, and also with a
one-quarter lag, a 1 percent reduction in the spread between the long-term
rate (PRC8) and the short-termrate (MPR) reduces durable goods purchases by
2.7 percent. Finally, a 1 percent increase in the conparative price resulting

17. This type of assunption is explained in detail and tested by Canpbell and Mankiw (1989).
For the case of the United States, the authors find that consuners who consune based on their
current income account for about 50 percent of national incone.

18. Both the cost of use of durable goods and the long-term relationship are first-order
conditions for a nodel that deals with nondurable and durable goods. For nore detail, see
Obstfel d and Rogoff (1996).
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fromthe ratio of the durable goods CPI (CPl) over the nondurable goods CPI
(CPl ) reduces durable goods purchases by 1.4 percent in the short term

| nvest ment

Total investment consists of the formation of fixed capital and inventory
changes. Investnent in fixed capital breaks down into gross formation in
machi nery (GFKyoy) and gross formation in construction (GKeonstr), Which are
estimated separately. In both cases we assume that the ratio of the stock of
each type of capital (Kwen and Koowstre respectively) to GDP in the long term
depends inversely on the <cost of wuse of capital (CKweyn and CKeonstrs
respectively). This neans that the ratio of gross fornmation of each kind of
capital to the respective stock is constant in the long run. This ratio nust
be equal to the long-term growh rate of the econony plus the replacenent of
depreciated capital.! Both long-term relations have been included in short-
termestimations. In the case of nachinery investnent, the estinmated equation
is as fol l ows:

DlogGFK ey =f FBM, ~ &Z%(OQKMACH,Z B IOgY-1+|OgCKMACH71 -f GFKMACHl)

- 0.33 IogGFKMACH,l - IogKMACH2 - f GFKMACHZ)

(-427)
y (13)
o)
- 0.27DIOGGFK,s0, , +1,19DI0GY.; - 0.53DIOGCK 0 - 229 a PRC8 .

i=1

2

+1104 8 (PRC8., - MPR_,)- 0.18 D944- 0.15D96L
(c88) 2 i=1 (-1174) -8.08

where the nunbers in parentheses are Newey-West corrected t statistics, the
adjusted R squared is 0.58, and the average quadratic error is 5.1 percent.
The LM serial correlation test resulted in F =0.805 (with a p value of
0.375); the Jarque-Bera normality test resulted in ¢ = 1.814 (with a p val ue
of 0.404); and the Wite heteroskedasticity test resulted in NR = 24.636
(with a p value of 0.648). The estinmation period is 1987:3 to 2000: 4.

The long-term price elasticity has been calibrated at 1.0, as dictated by
the theory. Results show that deviations in the long-term relationship
bet ween capital stock, GDP, and the cost of use have a half-life of al nost
half a quarter. Manwhile, deviations in the ratio of gross formation of
stock over long-termlevels, represented by fe« woe, have a half-life of just
over one and a half quarters. Furthernore, with a three quarter lag, a change
in GDP growth of 1 percentage point increases gross formation in nachinery by
1.2 percent in the short term revealing the procyclical behavior of these
investnents in the short term Investnment in machinery has also proved to be
relatively sensitive to novenents in long- and short-term interest rates.
Gven the slope of the yield curve, a 1 percent increase in the long-term
interest rate, as a noving average over the previous two quarters, reduces

19. For nore detail on deriving long-term relationships, see Bustos, Engel, and Galetovi