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Summary

This paper examines, by using several econometric techniques. the effects of
foreign reserves and other fundamental variables on the exchange rate using the target
zone theory. This paper uses monthly data for Chile from January 1979 1o November
1997 The data used consists of foreign reserves, credit from the Central Bank, domestic
reserves, imports, exports, claims on government, GDP. foreign liabilities, domestic and
foreign interest rate. We find that the interest differential does not have any effect on
depreciation, rejecting the target zone implication that the domestic interest rate can be
used to manage the exchange rate. We find that foreign reserves support the exchange
rate by reducing the exchange rate depreciation, and the exchange rate and foreign
reserves follow a negative relationship. which supports the assumption that increasing
the foreign reserves appreciates the exchange rate

Resumen

Este documento de investigacion examina, utilizando varias tecnicas de econome-
tria, los efectos de reservas extranjeras y otras variables fundamentales en la tasa de
cambio que utiliza la teoria de la zona de bandas Para ello utiliza datos mensuales de
Chile desde enero 1979 hasta noviembre 1997, Los datos utilizados consisten en reser-
vas extranjeras, el crédito del Banco Central. las reservas domésticas, las importaciones,
las exportaciones, los reclamos en el Gobierno, el PIB, las obligaciones extranjeras y el
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tipo de interés doméstico y extranjero. Encontramos que la diferencia de las tasas de
interés no tiene ningun efecto en la depreciacion, rechazando la implicacién de la zo-
na de bandas por el que el tipo de interés doméstico se puede utilizar para manejar la
tasa de cambio. Encantramos que las reservas extranjeras sostienen la tasa de cambio
reduciendo la depreciacion de la tasa de cambio, y la tasa de cambio y las reservas ex-
tranjeras siguen una relacion negativa, que sostiene la teoria de que aumentando las re-
servas extranjeras aprecian la tasa de cambio

1. Introduction

The existing literature on emerging foreign exchange markets has dealt with the
problems associated with exchange rate fluctuations and currency devaluations ' In this
paper we investugate the effects of foreign reserves and fundamental variables on the
exchange rate in Chile by employing the target zone model of Krugman (1991). Existing
literature has tested the theory of target zone mainly by using the data from European
countries.” Several countries from Latin America and Asia have also used a policy of
target bands on their exchange rates, which are similar to the bands established by the
European Monetary System.

Chile is a good case for applying the model because it has been using a managed
exchange rate policy since the mid-1980's, and its government has introduced a
nominal exchange rate system. A crawling band characterizes this system, which is
similar to the European target bands. While developed markets, such as many European
countries, employ domestic money supply as one of the fundamentals to manage
exchange rates, emerging markets tend to use foreign reserves as the primary tool to
manage their currencies. Therefore, it is appropriate to treat foreign reserves as an
important variable to maintain the targeted exchange parity rate.

In their model, Krugman and Miller (1991) emphasize altering the relationship
between the fundamentals {i.e, interest rates, reserve ratios, terms of trade and other
variables) and exchange rate by changing the money supply. Many emerging markets

1  Edwords and Frankal (2002) provida the brood ovendew on this issue Kaominsky and Reinhart (1998 compore the
1997 Asion ond 1994 Lotin Amarico finonciol crisas.

2 See for exomple, Svensson (1991}, Lindberg, Soderling, and Svansson (1993}, Lindberg and Soderind (1594), Warner
(1995), Rengvid and Sorentan (1998), among others
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manage their exchange rates by using foreign reserves rather than domestic r:m'n‘:m:yl
The majority of these countries even industrialized countries such as Japan) use foreign
reserves to counterattack any change in the fundamentals that might cause unwanted
movements in the exchange rates.’

In general, most emerging countries use foreign reserve criterion to maintain
exchange rate parity conditions and (o counteratiack the speculative attacks by
sustaining constant domestic money supply and changing the supply of foreign
reserves according to the demand. The monetary authority must have enough reserves
to support any given increase in foreign reserve demand and prevent speculative
artacks. Although the relationship between the reserve ratios and the exchange rate will
differ from country to country, less developed countries should have higher demand for
foreign reserves due to less market efficiency, high exchange rate volatility, poor
monetary credibility and other factors.

The objectives of this research are as follows: first we show how a basic target zone
model can be used to analyze the effects of the ratio between foreign reserves and
domestic credit on the exchange rate by using a system of equations, second, we test
these equations by using different quantitative approaches using data from Chile and
compare the estimated points with the actual ratios and third, we study the effects of
the different fundamentals on the Chilean exchange rate.

This paper is organized as follows: target zone model is presented in Section 2, a
system of equations is derived in Section 3, methodology is presented in Section 4,
the data is presented in Section 5, statistics are provided in Section 6, effects of the
fundamental variables over the exchange rate, using instrumental variables, are
discussed in Section 6, effects of the fundamentals on the exchange rate, using a
vector auto regression, are examined in Section 7 and, finally Section 8 presents the
conclusions.

3 For example, tha curency board system maintoing o constant supply of domestic currency and changes the
supply of forelgn resarves occordingly. While a currency boord sysfem assurmes that the fixed exchange rate con
be maintained with sufficient foreign reserves, the target zone theory assumes that if the manetary authority
infervantion i credibla, it wil ba able fo maintain the axchanga rate fixed arcund a cantral pority.

4 Sheen ond Sneen (2002) show thot the intervention by the central bonk on foreign exchonge morkets i
significantly influenced by interast rote differentials, profitability ond foreign currancy reserve.
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2. Target Zone Model

The standard target zone model has two crucial assumptions. First, the exchange
rate target zone is perfectly credible: market agents believe that the Central Bank will
maintain the exchange rates within the specified bands. Second, the target zone will
only be defended with marginal interventions; no interventions exist as long as the
exchange rates are in the interior of the exchange rate bands. The current paper closely
follows a model presented by Krugman and Miller (1991) and focuses on the ratios
among the foreign reserves and other fundamental variables

The basic target zone model is:
(1) s{t) = [(t) + c(E[ds/dt])

where s(t} is the exchange rate defined as the value of one U.S. dollar in terms of
Chilean pesos (Peso/USS) and f (1) denotes fundamental composite exogenous shocks
(i.e imports, exports, foreign debt, domestic credit, GDP, foreign and domestic interest
rates and other macro variables). The coefficient « is the semi-elasticity of money
demand with respect to home interest rate, and E[ds/dt] is the expected change in the
exchange rate. Assume that a composite exogenous shock follows a random walk.”

2) df =odz,
where @ is the standard deviation and dz is a Weiner process (i.e., E(dz) = 0 and E(dz)* = dt).
3. System of Equations to test the Fundamental Variables

The target zone literature examines the relationship between the exchange rate and
the fundamental. In this paper we will examine the effects of foreign reserves and other
fundamental variables on the exchange rates are examined using the target zone
models. We are interested in testing how key macroeconomic variables affect the
exchange rate. In our case, the fundamentals consists of several macro variables from

5 Arondom walk with o drift tarm is given o5 Jf = udi + dde. Note that o dnift would cousa asymmairies in the analysis
of the farget zone modal dua 1o peso exchange rate depraciohons.
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Chile such as the domestic and foreign interest rate, foreign reserve, domestic credit,
terms of trade, GDP, domestic debt and international debt. We use a system of
equations where all these fundamental variables and the exchange rate change are
imbedded. The exchange rate is given by the units of domestic currency for one unit of
foreign currency. In this case, the exchange rate is indicated by how many Chilean
pesos are needed to buy one U.5. dollar. Hence, a higher exchange rate indicates a
weaker or cheaper peso.

The main reason to use a system of equations is to establish a multi-sector model
where we would test how the different variables are influenced. For example, we would
like to find how the interest rate differential affects the Chilean peso depreciation and
the reserve ratio, and at the same time how the reserve ratio affects the interest rate
differential and the peso depreciation. We need interactions to study how the changes
in a variable can create repercussions on other variables. All the variables used on the
systemn of equations have been transformed into natural logs

The first equation 1s similar to the one used by Svensson (1993) to test for mean
reversion and interest rate differential. In this case, we are adding the reserve and
domestic credit ratio, R,/DC, to study the effects that the foreign reserves have on the
exchange rate and on the lagged variables, terms of trade, ToTt.3 and domestic debt.
DD,.¢ These lagged variables reflect the fact suggested by Bosworth, Dornbush, and
Laban (1994) that the changes in the terms of trade and domestic debt have a lagged
effect on the exchange rate depreciation.

(3) S~ Spy=PBo+BiSp + By RYDC, + By -1 ") + B4 ToT, 53 + BsDDy 4 + €

Where, S, = nominal exchange rate composed of units of domestic currencies for one
unit of foreign currency, I,y = domestic interest rate, I * = foreign interest rate, Ry =
foreign reserves, DC; = domestic credit, ToT, 5 =three months lagged terms of trade,
DD, = six months lagged domestic debt’

& Intastng the number of logs 10 be used for ToT and DD, we ran an OLS regression using logs of 3 anad & and found
umilor coaficient results for both logs. We decided fo use a log of 3 for Tol since axports and imports have baen
historicolly more responsive in the exchonge rote thon the domestic debt
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We should expect to have a negative relationship between the peso depreciation
and exchange rate, reserve ratio, interest rate differential’ and terms of trade and a
positive relationship with the domestic budget deficit, f;< 0, B <0, B3 <0, B4 <0, and
Ps > 0. If the exchange rate follows a mean reversion path, as is expected in a credible
target zone system, the mean reversion implies that the higher the exchange rate, the
lower the subsequent change in the exchange rate. A higher foreign reserve, with
respect to domestic credit, will strengthen the exchange rate market with a large influx
of foreign reserve in possible cases of higher foreign demand and speculative attacks.
Increasing the domestic interest rate should decrease the peso depreciation’

The second equation is derived from the central bank balance sheet. This model
studies how the movements of reserves in the financial market and changes in the
exchange rate can affect the interest rates differential.

@ I 17 =g + TSy - Sy + THRYDC, +my

Where, R, = reserves, DC; = domestic credit, I, = domestic interest rate, I,” = foreign
interest rate.

We should expect the interest rate differential to have a positive relationship with the
exchange rate depreciation and a negative relationship with the reserve ratio. i.e [1; > 0.
and [ < 0. We should also expect that an increase in the depreciation of the exchange
rate will increase the interest rate differential. If the domestic currency weakens, the
demand for the currency will decrease, forcing the monetary autherities and commercial
banks to increase the domestic interest rate to attract savings and avoid foreign market

speculative attacks.

7 The negotve relghonship batwean axchonge rate ond interest rate differantiol s asumed by the target zone
model. Some popers have clso tested the interast rate padity condiion, in this particulor cose the relationship
should ba positive which i the some cssumption as the second ganemtion of tanget zones

8 With anincrease in the interest rate differanticl, the intaras! rafe parity condition cssumes tha spot exchange rate
appreciates. the International Fisher theory assumes the pradicted future spot rate depreciates. in both cases
thare is o postive relationship batwean axchonge rate and interast rote diferantical. Whareas in the Dasic target
ona model, an incraase in the intarast rate diferential, oppreciotes tha future pradictad spot rate, suggesting a
nagotive malationship batwaan axchange rate and interest raote differanticls or af laast the exchange rate chonge
would be smaller than tha preceding period.
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An increase in the foreign reserves will provide confidence to the investors for future
exchange transactions, making the domestic currency more credible. Consequently, an
increase in the reserve ratio may reduce the interest rate differential. In the case that
the foreign reserve ratio gets closer to one (the foreign reserve magnitude is close to the
domestic credit magnitude) the domestic interest rate will also become closer to the
foreign interest rate. as the political risk as the only difference

In the third equation, we analyze the effects that variables such as exchange rate
changes, interest rate differential, terms of trade, and domestic and international debt
have on the reserves. This model follows the Absorption approach, as we are interested
in the difference between the reserve inflows and reserve outflows. We want to study
what the main determinants are for the amounts of domestic savings (in foreign
reserves) and foreign investments. We want to estimate the effect that the burden of
terms of trade, domestic and international debt may have on the ratio of reserves and
domestic credit

Following Lopez (1984), we are going to assume that reserves are a function of the
exchange rate change, interest rate differential, terms of trade, domestic debt and
international debt. Lopez presents a model assuming central bank intervention

(5) RYDC, =+ Q) (S;- Sp.p) + 2 (I - [[) + Q3 ToT, + €44DD, + 251Dy + @,

Where. Ry = reserves, DC; = domestic credit, ToT; = Terms of Trade. DD = Domestic
Debt, ID, = International Debt.

We expect the reserve ratio to have a negative relationship with exchange rate
depreciation, a negative relationship with the interest rate differential. a positive
relationship with the terms of trade, a negative relationship with the domestic debt and
negative relationship with the foreign debt, i.e., £, <0, £, <0, Q5 >0,8,<0, Q5<0.

If domestic currency is devalued, the demand for the foreign currency increases. If
investors estimate that the monetary authority does not have sufficient foreign reserves
to defend the domestic currency, they will accumulate the hard currency and capital
flight will occur The foreign reserve stock will be depleted and the reserve ratio will
decrease

-
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We expect a negative relationship between the interest rate differential and the
reserve ratio. Increasing the interest rate differential will make the domestic currency
mare attractive, and investors will move foreign reserves into the domestic currency
market in order to take advantage of the greater returns, Increasing the domestic
interest rate 15 a common policy which many developing countries use to make their
domestic currency stronger with respect to a foreign currency. The terms of trade
should have a positive significant relationship on the reserve ratio. The positive
relanonship indicates that as the exports increase proportionally more than imports,
the economy will be getting more foreign reserves, increasing the reserve ratio

The domestic debt should have a negative relationship with the reserve ratio. The
domestic debt will be reflected in the debt that the government has accumulated in
domestic currency. It will reflect the fiscal deficit and the amount of liabilities that the
central bank has on its balance sheets. When the government borrows money from the
public by issuing bonds. it will not affect the stock of domestic currency since no
deposit is involved and consequently no money creation, but when the government is
financed by the central bank, the domestic credit will increase.

The relationship between the international debt and the reserve ratio should be
positive in the short run, but negative in the long-run. In the short-run, when private
companies borrow foreign reserves, the new influx of foreign reserves will make the
reserve ratio increase. If it is the central bank that borrows foreign reserves, the
monetization of these loans will decrease the reserve ratio, but it will increase the stock
of foreign reserves held by the public. On the other hand, in the long run, the private
companies will need to obtain foreign currency to pay back the loans. In the case that
the central bank has to pay its foreign debt, it can either use its own foreign reserves or
it can create a sterilization policy to obtain funds from the investors to pay its debt. In
any case. the stock of foreign reserve will diminish, lowering the reserve ratio.

We lump the three equations together as a set of variables to take into account
information provided by all the equations on the system 5o, the following three
simultaneous equations are estimated:
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(6a) S;-Spy=Bg+BSe + By RYDCy+ B3(ly ) - 11") + BgToTy_3+ BsDDy ¢ + &
(6c) RyY/DC; =0, + 8 (5, -5.1) + Q3 (I - 1|") + Q 3ToT, + DD, + Q51D + ),

Where 5; - Sp.1. Iy .y - Iy . and Ry/DC; are mutually dependent or endogenous variables,
ToT,, DD, and 1D, are exogenous variables, ToT, 5 DD g are lagged vanables and €. ng.
and w; are stochastic disturbance terms. Notice that although, 1., may be controlled by
the central bank, Ip_," is not, and S; - Sy and RJ/DC, depend respectively on the demand
of domestic and foreign currency. Using the order condition method we found that (6a) is
just identified, (6b) is over identified, and (6c) is just identified.

4. Methodology

This paper uses different procedures to test the effects that different fundamental
variables can have on the exchange rate. First, we test how several fundamental macro-
variables imbedded in a system of equations affect each other and the exchange rate.
In order to estimate these equations, we use instrumental variables such as two-stage
least squares (2SLS), three-stage least squares (35LS) and generalized method of
moments (GMM). The instrumental variable technique is a general estimation
procedure applicable to situations in which the independent variable is not independent
of the disturbances, If appropriate instrumental variables can be found for the
endogenous variables that appear as regressors in the simultaneous equation, the
instrumental variable technique provides consistent estimates. Usually, exogenous
variables and lagged exogenous variables in the system of simultaneous equations are
considered best candidates since they are correlated with the endogenous variables
through the interaction of the simultaneous system and are uncorrelated with the
disturbances.

While 25LS estimates the structural parameters on each equation separately, 35LS
estimates all the identified structural equation parameters together as a set. The major
advantage of using the 35LS technique is that. because it incorporates all the available
information into their estimates, the estimates have smaller asymptotic variance-
covariance matrix than single-equation estimators. The 35LS estimator is consistent

1
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and in general is asymptatically more efficient than the 25LS estimator. Since in a 35LS
procedure, if the systemn is mispecified, the estimates of all the structural parameters
are affected, then we use 25LS to compare both results. Given the likelihood of the
existence of heteroskedasticity, GMM is used to compare with 25LS and 35LS results.

Second, we employ a general VAR approach to examine the dynamics of the
relationship between the exchange rate depreciation, reserve ratio, and interest rate
differential. We use the following VAR model

Let the VAR(K) be:

Yi=B+Qy+... + QLYK+

Where.
V' = (5;- 5., RY/DC. I - 1)), and B is 3x1 vector, , is a 3x3 parameter matrix,
€, is a 3x1 vector of the error terms, and t=1,... |s the number of lags

5; is the exchange rate, R, is the reserve ratio, DC, is the domestic credit, I, is
the home interest rate, and I,” is the foreign interest rate.

The Akaike information criterion is used to determine the initial lag length. Because
estimated coefficients are not easily interpreted, we follow the common practice in VAR
and look at the impulse response functions and variance decompositions of the system
of equations to determine the implications of the relationships.

An impulse response function traces the response for several variables on shocks in
the error terms of a given endogenous variable. The impulse response shows how an
endogenous variable responds over time to a surprise (shock) change on itself or by
another variable. If the error terms are uncorrelated, then these error terms depict the
surprise movement in the corresponding left hand side endogenous variable

The variance decomposition is used to measure the variance of the reaction of the
endogenous variables. The forecast error of each variable at different time spans into
the future and the changes from current to future changes can be obtained. The forecast
error of the variance decomposition can suggest which other factors can have major
influences on the behavior of a given variable.
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5. Data

This paper uses monthly data from Chile for January 1979 to November 1997 The
data used consists of foreign reserves, credit from the Central Bank, domestic reserves,
imports, exports, claims on the government, GDP, foreign liabilities. domestic interest
rate and foreign interest rate. Using the above variables, several composite variables are
created such as the reserve ratio, terms of trade, domestic debt and international debt,
The reserve ratio is given by the foreign reserve and domestic credit ratio. Terms of
trade is the ratio of exports and imports, and the domestic debt and international debt
are given by the claims on government and international liabilities as a share of GDP
respectively. The lending rate was used for domestic interest rate and the U.S. Treasury
Bill for the foreign interest rate. This data was taken mainly from the IFS CD-ROM. The
GDP was taken from the Chilean Central Bank published on the Internet. The data used
is converted to natural logs

6. Statistics for Chile

The summary statistics for the different variables of Chile is presented in Table-1
The variables have been converted to logs, and the exchange rate follows the usual
conversion of number of domestic units for one unit of foreign currency. We can
observe that domestic reserves, claims on the government, and foreign liabilities have
high volatility, and imports, exports, GDP, domestic interest rates have low volatility. The
null hypothesis of skewness equal to zero is rejected con all the variables, except the
domestic interest rate and foreign liabilities. It indicates that these variables appear not
to have a symmetric shape. The null hypothesis of kurtosis equal to zero is rejected on
all the variables, suggesting thicker tails on the variable distribution
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Table 1
Statistics for Several Macro Variables for Chile
S : S e i 5 e T i ‘W,

Foreign Reserve 8.337 0.785 0.616 0.436 -1.243
(0.000) _ (0.000)

Credit Ctral Bank 3512 0.956 0.915 -0.925 3.661
(0.000)  (0.000)

Domestic Reserves 7.298 1.678 2815 -0.684 -0.928
(0.000)  (0.000)

Imports 6.329 0.596 0.355 0.175 -1.020
(0.280)  (0.000)

Exports 6.320 0.544 0.2946 0.277 -1.127
(0.090)  (0.000)

Claims on Govt, 6716 1.644 2.702 -0.668 -0.687
(0.000)  (0.000)

GDP 6,170 0.184 0.034 0.668 -0.687
JE {0.000) (0.030)
Foreign Liabilities 5.503 1.235 1.524 -0.253 0.994
S (0.120)  (0.000)

Interast Rate 3.436 0.487 0.238 0.023 -0.91)
(0.890)  (0.000)

Exchange Rate 5124 0915 0.837 -0.602 -1.284
(0.000) (0.000)

* Tha foreign rasarves are given in units of U.S. doliars, all othar varioblas ore in units of Chilean Pesos
** Al varigbles ofe in logi Somple Period. manthly dota from January 1979 1o November 1997

The means for the imports and exports are very similar values, 6.329 and 6.320
respectively.

7. Effects of Fundamentals over the Exchange Rate using
instrumental Variables.

In this section we use Instrumental variables (IVs) to test the effects of several
fundamental variables over the exchange rate. We estimate a two-stage least squares
(25LS), a three-stage least squares (35LS), and a generalized method of moments (GMM)
using the simultaneous equation introduced previously in this paper. We compare the three
methods to find consistency in the results. Table 2, Table 3, and Table 4 show the results of
the 25L5, 35LS, and GMM regressions respectively. In the 25LS and 35L5S methods, the
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Durbin-Watson statistics show values close to two, suggesting no strong serial correlation.
We find a low R? for the first equation (i.e., exchange rate depreciation) in both methods.

Table 2
Two-Stage Least Squares (25LS) Regression Resulls

Exchange Rate 11.063 -2.033
Depreciation (0.000) (0.000)
Interest Rate Differential 0.025 0.039

{0.033" (0.089) **
Reserve Ratio 0.195 0.045

(0.242) (0.874)
Exchange Rate 0.034

(0.133)
Terms of Trade 0.595 7 -1.156
(Lagged) (0.173) (0.000) *
Domestic Debt -0.094 ~ -0.249)
(Lagged)" (0.073) ™" (0.000)*
International Debt -0.233

(0.001) "

* Significont at 5 par cent confidance lavel,

** Significant at 10 per cant confidance kaval,

P-volues one given in porenthesis. The voriobéas on the fop row reprasent the left hand side variablas
of the system of equotions. The voriobles on the laft column reprasant the right hond side voriobles
for the system of equations.

Notice that when the R* is high, say, in excess of 0.8, the estimated values of the
endogenous variables are very close to their actual values, and thus the endogenous
variables are less likely to be correlated with the stochastic disturbances in the original
structural equations.

For the first equation from the system of equations, i.e.,

(6a) Sy =Sy =B+ By + P RYDC + B3Iy - 1y *) +
B4ToT, 3 + PsDDyg + §
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we should expect B <0. By <0. B3 <0, B4<0, and B5>0. The 2SLS results shown in
Table 2 do not support the relationship between the Chilean peso depreciation and reserve
ratio, exchange rate, interest rates differential, domestic debt and the terms of trade.

Table 3
Three-Stage Least Squares (35LS) Regression Results

Exchange Rate 17.34 -3.657
Depreciation {0.000) * (0.000) *
Interest Rate Differential 0.062 0.148
(0.000) * (0.000) *
Reserve Ratio 0.014 2.253
{0.884) (0.000) *
Exchange Rate 0.004
_ (0.976)
Terms of Trade 0.228 » -0.825
(Lagged )* ©212) (0.000)°_
Domestic Debt -0.022 A -0.279
(LG%BG}“ {0.542) (0.000) *
International Debt -0.222
(0.0002) *

* Sgnificant ot 5 percent confidence lavel

Sampla Penad monthly data fram January 1979 1o Novembor 1997

Povaiuas e shown in porenthasas The vanobles on the fop row reprasent the ket hond $de vono-
plas of the system of eguotons. The varobies on ihe laft column represants tha night hand sda vana-
phas for the systam of equations.

The 35LS and GMM results shown in Table 3 and Table 4 support the relationship
between the peso depreciation, reserve ratio and exchange rate, but they do not support
the relationship with the interest rate differential, the terms of trade and the domestic debt

Both procedures give consistent results with respect to the interest rate differential
and domestic debt. However, the only significant result is the interest rate differential.
The mean reversion suggests that in the long run, the exchange rate has been stable.
The reserve ratio relationship is not supported by the 25LS, 35LS and the GMM.
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Table 4
Generalized Method of Moments (GMM) Regression Results
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bk

Exchange Rate 57.309 -23.905
Depreciation (0.000) * (0.000) *
Interest Rate Differential 0.0218 0.404

(0.000) * (0.000) *
Reserve Ratio 0.002 0.898

(0.884) (0.005)
Exchange Rate 0.001

(0.488)
Terms of Trade 00154 -1.932
( Lagged )" 0.614) (0.0005) *
Domestic Debt 0.001 ~ -0.025
(Lagged)* (0.801) (0.0006) *
International Delbt -0.035

(0.0005) *

* Significont at 5 parcant confidance lavel,

Somple Pariod: monthly dota from January 1979 to November 1997.
P-voiuas ore given in parenthesis. The variablas on the fop row represent the left hand side
variablas of tha system of equations. The varablas on the left column reprasants tha nght hand

sige variables for the system of equations

The most important finding is the relationship between interest rate differential and the
peso depreciation. It is well known that monetary authorities use the domestic interest rate

to control exchange rate depreciation and inflation. The idea is to make the domestic
currency stronger by increasing the domestic interest rate. The target zone theory relies on
the assumption that increasing the interest rate differential can reduce depreciation.
However, our results show that the interest rate differential does not have the expected
negative relationship with the peso depreciation (i.e., from Table 2, the coefficient found
was 0.025, from Table 3, the coefficient found was 0.062, and from Table 4, the coefficient
found was 0.021, all three results are statistically significant). This finding supports the idea
that the Chilean interest rate may not have a strong influence on the peso. On the other
hand, this positive relationship between interest rate differential and the peso supports the
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uncovered interest parity condition and second generation of target zone models, implying
the Central Bank intervention was not credible

For the second equation from the system of equations, i.e.,
(6b") I - 1" =T, + Iy (S; - Sp1)) + MRYDC; + 1y

we should expect [1; >0, [1; <0. 25LS, 35LS and GMM results from Table 2, Table 3, and
Table 4 in the third column of the three tables to show a positive relationship between
the interest rate differential and the reserve ratio. While 25SLS produces non-significant
results, 35LS and GMM results are significant. The lack of effect of the reserve ratio in the
value of the domestic interest rate can be accounted for by the higher volatility that the
peso shows in Table 1. It also may indicate a higher degree of substitution between the
peso and the U5 dollar. That 1s. no matter how high the Chilean interest rate might be,
investors and the public in general still prefer the U.S. dollar. The three methods, 25LS,
35LS and GMM show, as expected, a significant positive relationship between the interest
rate differential and the peso depreciation.

For the third equation from the system of equations, i.e.,
(6c')  RyYDCy - Qy+Qp (§;-Sp1)+Qy (I - ;") + Q3ToT + QDD + Q51D + @,

we should expect <0, £1;<0, Q23>0, Q4<0, R5<0. 25L5, 35LS, and GMM
presented in Table 2. Table 3, and Table 4 produce the same sign and significant values.
The intersection between the four columns and the second row shows the expected
significant negative relationship between the peso depreciation and the reserve ratio
On the other hand, if investors believe that the Central Bank has enough foreign
reserves to counterattack any speculative attack, they will not speculate because their
interventions cannot move the exchange rate out of the specified target bands.

We should expect a negative relationship between the interest rate differential and
the reserve ratio. Increasing the interest rate differential should make the domestic
currency more attractive and investors should move foreign reserves into the domestic

9 Since Invastors do not beliave thot the central bank intervention is cradible, the pradictad fulue spot exchange
rate does not change (or might depraciole even mora), ond it becomes in an arbittoge condition
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currency market in order to take advantage of the greater returns. Increasing the
domestic interest rate is a common paolicy in many developing countries to make their
domestic currency stronger with respect to a foreign currency. However, the coefficients
indicated in the fourth column and third row, shown in Table 2, Table 3, and Table 4, do
not show the expected negative relationship. Again, as we previously found, the interest
rate differential seems not to have any effect in strengthening the peso. This finding
reveals that investors consider domestic currency a risky asset that requires a very high
rate of return to make it attractive. The alternative of increasing domestic interest rates
1s inappropriate for many countries since it most likely would cause economic recession
and fosters more poverty.

The terms of trade should have a positive significant relationship with the reserve
ratio. This positive relationship indicates that as the exports increases proportionally
more than imports, the economy will be getting more foreign reserves, increasing the
reserve ratio. However, the values shown in the interception between the reserve ratio
and terms of trade, shown in Table 2, Table 3, and Table 4. indicate a negative coefficient
This result can be explained by the statistics shown for the imports and exports in Table
|. Looking at the import and export means and variances in Table 1, we observe that
their means are almost equivalent with low variances. The mean of the exports is 6,329
and the mean for the imports is 6,320. Figure 1 supports this argument since it shows a
similar movement of both variables. These findings reveal that foreign reserves obtained
by the exports could be used mainly to support the imports; consequently, the terms of
trades did not contribute to raising the reserve ratio.

Figure 1: Relationship between Imports and Exports for Chile
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The domestic debt should have a negative relationship with the reserve ratio. The
domestic debt is a reflection of the debt that the government has in domestic currency.
It reflects the fiscal deficit and the amount of liabilities that the Central Bank has on its
balance sheet. When the government borrows money from the public by issuing bonds,
it does not affect the stock of domestic currency. however, when the Central Bank
finances the government, the domestic credit increases. Since we are using the claims
on government as a proxy to measure the government debt, an increase in the claims
on government will either not affect the domestic credit or increase the domestic
currency In developing countries, taxes do not represent a strong source of income for
the government: it usually is the Central Bank that finances the government. In this case,
any increase of the domestic debt increases the domestic credit and consequently
reduces the reserve ratio. This negative relationship is captured by the coefficients shown
between the domestic debt and the reserve ratio in Table 2, Table 3. and Table 4

Finally, the relationship between the international debt and the reserve ratio should
be positive in the short run but negative in the long run. In the short-run, when private
companies borrow foreign reserves, the new influx of foreign reserves makes the
reserve ratio increase. If it is the central bank that borrows foreign reserves, the
monetization of these loans increases the reserve ratio. In the long run, the private
companies need to obtain foreign currency to pay back the loans. In the case that the
central bank has (o pay its foreign debt. it can either use its own foreign reserves or it
can create a sterilization policy to obtain funds from the investors to pay its debt. In any
case, the stock of foreign reserve diminishes, lowering the reserve ratio. The results
shown in Table 2, Table 3. and Table 4 indicate the long-run negative relationship
between the international debt and the reserve ratio.

Table 5 shows a summary of the expected coefficients and the found coefficients
after running the two-stage least squares, three-stage least squares and generalized
method of moments regressions, Same sign results were found for the second and third
equations for procedures, 25LS. 35LS and GMM but not for the first equation of the
three procedures. Table & presents a summary of the findings for the different
relationships given by the 25L5, 35L5, and GMM procedures.

Figure 2 shows the relationship between the reserve ratio, domestic debt and
foreign debt. Notice that the reserve ratio was higher from 1979 to 1983 but after 1983
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the domestic debt and the foreign debt started to increase, supporting the negative
relationship between the foreign reserves and the domestic and foreign debt.

Figure 2: Relalionship between Reserve Ratio, Domestic Debt and Foreign Debt for Chile
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Table 5

Expected and Estimated Coefficients for 25L5, 3515, and GMM

lef Hond Side  ExchangeRate  Interest Rate Reserve
Variobles
Exchange Rate Expected. [1; >0 Expected: (1; <0
Depreciation Found: Found:

M >0(25L5)° 0 <0 (25L9)"
I} > 0 (35LS) Q) <0 (35L9)°
) >0(GMM)* Q) <0 (GMM)"

Interest Rate  Expected: By<0 Expected: (3, <0
Differential Found: Found:

ﬂ3 = 0 (25LS)" Q5 = 0 (25L5)""

B3 > 0 (35L8)" Q, > 0(35L9)"

B3 > 0 (GMM)* Q5 > 0 (GMM)*
Reserve Ratio Expected: fo <D  Expected: 15 <0

Found: Found:

Bo>0 (25LS) [y = 0 (25LS)

By > 0 (35LS) My > 0 (35LS)"

Bo>0(GMM) [l >0 (GMM)"
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Exchange Rate Expected: ) <0

Found:
Py >0 (25L8)
By >0 (35LS)
By >0 (GMM)
Terms of Trade *Expected: fi; < 0 Expected: {13 >0
(Lagged)” Found: Found:
Ba > 0 (25L8) 23 < 0 (25L5)"
Ba>0 (355 Q5 < 0 (35LS)"
Ba>0 (GMM) Q3 < 0 (GMM)*
Domestic Debt *Expected: f5 >0 Expected: 2, <0
(Lagged)" Found: Found:
s <0 (25L9)"* 04 <0 (25LS)"
Bs <0 (35L8) 24 <0 (35LS)"
Bs > 0 (GMM) 14 < 0 (GMM)*
International Debt Expected: Q5 <0
Found:
Qg < 0 (25L8)"
Q5 <0 (35L9)"
Qg < 0 (GMM)*

* Significant at 5 percent confidanca level
** Significont ot 10 percent confidancea lavel.
Tha expacted ond found values for tha thied and fourth columrs ware the somae for 2515, 35LS and GMM

Table &
Summary of Findings for the 25LS, 35LS, and GMM Procedures

l. Exchange rate depreciation (left hand side variable) relationship:

1. No support for the interest rate differential (2518, 35LS, GMM)

2. No support for the reserve ratio (2515, 35LS, GMM)

3. No support for the exchange rate (25LS. 35LS, GMM)

4. No support for the terms of trade (25LS, 3515, GMM)

5. No support for the domestic debt (25LS, 35LS), supports (nonsignificant, GMM)

Ii. Interest rate differential (left hand side variable) relationship:

1.Support for the exchange rate depreciation (25LS, 35LS, GMM (all three significant))
2. No support for the reserve ratio (25LS, 35LS, GMM)
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Il. Reserve ratio (left hand side variable) relationship:

1. Support for the exchange rate depreciation (25LS. 35LS, GMM (all three significant))
2. No support for the interest rate differential (25LS, 35LS, GMM)

3. No support for the terms of frade (25L5, 35L5, GMM)

4. Support for the domestic debt (25L5,35LS, GMM (all three significant))

5. Support for the international debt (25LS, 35LS. GMM(dll three significant))

Figure 3 shows the relationship between the reserve ratio and the terms of trade
and the domestic debt. 1t shows thart credit increases substantially more than terms of
trade and reserve ratio after 1982. The growth of domestic credit was lower than
foreign reserve between 1979 and 1982. Vertical axis is represented by domestic debt,
terms of trade, and reserve ratio. The horizontal axis is represented by time.

Figure 3: Relationship between Reserve Ratio, Terms of Trade,and Domestic Debt for Chile
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8. Effects of the Fundamentals on the Exchange Rate using VAR

Since the impulse response functions and the variance decompositions are sensitive
to the ordering of the variables in the VAR specifications, we use a Granger causality test
to find the best single ordering that is correct. The usual procedure is to place the
variables that may be more causal to the end of the ordering and those that are less
causal at the front of the ordering. This is important since the first variable in the
ordering dominates the impulse response and variance decomposition results. To
establish the causal relationship between the exchange rate depreciation, reserve rato
and interest rate difference, we conduct a Granger causality test. The null hypothesis is
that left hand side variables are not Granger-Caused by right hand side variables
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Table 7
Resulls of Granger Causality Tests

Dependent Variable: Exchange Rate Dupﬂlclullun

wk'i. g Mo
e

%é%ﬁmﬁi;;? T pee b
Exchonga Rate Depreciation 0.4575 0. 8390
interest Rate Differential 0.8423 0.5386
Reserve Ratio 1.6101 0.1459

Dependent Vaﬂuhh Interest Rate Differential

ss$¥ f
s Pvave

za\

0.3035 0.9345
I__nferes? Rate Differential 61.0097 0.0000
Reserve Ratio 24350 002705

Depondenl Variable: lnl'emsl Rate Differential

VCﬂth ' i F'sm ' ”HP WUB .
Exchange Rate Depreciation 07213 0.6328
Interest Rate Differential 05027 0.805%
Reserve Ratio 67.505 0.0000

MNull hypothesis: Laft hond side voriables are not Granger-Coused by tha right hand
sde vonoblas. We use granger cousolity last 1o find bast single ordering of variobles.
Usual procedune & fo ploce vanoblas that may be more cousal fo the end of tha
ordating. and thase that are ks cousal of the front of the ordering. This is important
gnca first variables in the ordernng will dominate impulsa responses and voronce
dacomposition rasulls

Table 7 shows the results for the Granger causality test. Since the p-values are not less
than the level of significance of 0.05, we are not able to reject the null that left hand side
variables are not Granger-Caused by right hand side variables with the only exception
being the reserve ratio with interest rate differential as the dependent variable According
to these results, the least causal vanable 1s the reserve ratio and the most causal 1s the
exchange rate depreciation. The size of the impulse is a shock of one standard deviation
above the mean of the residuals of the equation. The number of lags used was 10

Figure 4 shows impulse responses of the interest rate differential and exchange
rate depreciation when the reserve ratio is shocked. The impulse response shows how

an endogenous variable responds over time to a surprise (shock) change on itself or
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by another variable The size of the impulse is a shock of one standard dewviation
above the mean of the residuals on the VAR equation. The number of lags used 15 of
10. When the reserve ratio is shocked. the response on the peso depreciation is larger
than the response on the interest rate differential. This figure shows that a negative
shock in the reserve ratio produces a bigger negative effect on the peso depreciation
and a positive shock in the reserve ratio causes a bigger positive effect on the peso
depreciation.

Figure 4: Impulse Response when the Reserve Ratio for Chile is Shocked

0.07 — Resat_Ratio
— Intes_Dift
0.046 — Exch_Deval

0.05
0.04
0.03
o.02
oo

0.00
v Exch_Deval
om  ELILIE e i T T T

1979 1980 1981

Inter_Diff

Stondard enor (Shock Mognitude)

In general, a shock in the reserve ratio causes the peso to be more volatile than
interest rate differential. The volatility produced either in the domestic credit or in the
foreign reserve increases the volatility of the exchange rate.

Figure 5 shows impulse responses of the interest rate differential and reserve ratio
when the exchange rate depreciation is shocked. The impulse response shows how an
endogenous variable responds over time to a surprise (shock) change on itself or by
another variable. The size of the impulse is a shock of one standard deviation above the
mean of the residuals on the VAR equation. The number of lags used was 10,
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Figure 5: Impulse Response when the Exchange Rate for Chile is Shocked
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When the exchange rate depreciation is shocked (Figure 5), the interest rate
differential responds sooner than the reserve ratio. At the beginning, the domestic
interest increases, however. it decreases soon after. The reserve ratio has a negative

response and keeps a negative trend for the duration of the shock.

Figure &: Impulse Response when the Interest Rate is Shocked
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When the interest rate differential is shocked (Figure 6), both the reserve ratio and
the exchange rate have small reactions. The response of the peso change is almost zero,

1980

198)

and the response of the reserve ratio is a small negative effect.

Table 8 shows the variance decomposition for the reserve ratio, exchange rate
depreciation, and interest rate differential. The variance decomposition provides a
fraction of the forecast error for each variable, we can autribute this to its own variance
and to the variance of other variables. For example, Table 8 shows that the decomposition
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of variance for peso depreciation for a forecast horizon of 8 months is 2.18 per cent and
is attributable to shocks on the reserve ratio and 0.33 per cent of the exchange rate
depreciation is attributable to shocks on the interest rate differential. In general, Table 8
shows that the predominant external source of variation in exchange rate forecast error
is from shocks on reserve ratio, the predominant external source of variation in reserve
ratio forecast error is from shocks on the exchange rate and the predominant external
source in interest rate differential forecast error is from shocks on the reserve ratio.

Table 8
Decomposition of Variance for the Exchange Rate Depreciation

0.07

99.73

2 019
4 0.51 99.31 0.7
8 2.18 97.48 0.33
20 238 97.24 0.35

Decompeosition of Variance for the Interest Rate Differential

2 0.43 2.37 97.55
4 3.43 3.12 93.45
8 4.67 3.33 92.00
20 4.81 3.44 91.75

Decomposition of Variance for the Reserve Ratio

2 99.35 0.63 o.on
4 98.31 1.22 0.46
8 93.83 3.13 3.03
20 87.60 6.44 5.96
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9, Conclusions

In this paper we examine the effects of foreign reserves and other fundamental
variables on the exchange rate. We found that the interest differential does not have any
effect on depreciation. This result does not support the target zone theory, which
assumes a negative relationship between the exchange rate and interest rate
differential, implying that the domestic interest rate can be used to manage the
exchange rate. This is a very important finding since most international institutions and
central banks use the domestic interest rate as a monetary tool to manage exchange
rate, depreciation and inflation. We found that the foreign reserves support the
exchange rate by reducing the exchange rate depreciation. Finally, the exchange rate
and foreign reserves follow a negative relationship, supporting the assumption that
increasing the foreign reserves appreciates the exchange rate. The levels of foreign
reserves have not increased by favorable terms of trade but rather by foreign influx
through debt and direct investment
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