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1. Introduction

Considerable attention has been given to the analysis of black market exchange rates
in recent years. Much of the research has focused on domestic inflation, relief of foreign
exchange constraints and fiscal revenues losses. A review of the literature finds a wide
diversity of approaches. Culbertson's (1975) analysis of black market exchange rates in
India, Philippines and Turkey considered issues of purchasing power parity and changes
in international reserves, while Blejer's (1977) study on Brazil, Chile and Colombia
analyzed the black market exchange rate as a function of world inflation and domestic
monetary disequilibrium. Gupta (1980) modelled the black market rate in India as a
function of the nominal interest rate, domestic and world price indices, the official
exchange rate, and the prices of gold and silver. Other studies such as Dornbusch et.al.
(1983) modelled the black market premium in Brazil as a function of the depreciation of the
official exchange rate adjusted for interest rate differentials. Grosse’s (1991; 1992) studies
on Peru and Colombia expressed the black market exchange rates as functions of the ratio
of domestic to United States prices, the national trade balance and the inflow of
narcodollars. In a subsequent work, Grosse (1994) postulated that Jamaica's black
market exchange rate was a function of the domestic/U.S. inflation differential, marijuana
exports, tourism receipts and the trade balance. Also of note, Phylaktis’ (1992) study
showed that the black market premium in Chile was determined by the official exchange
rate, interest rate differentials and seasonal factors associated with tourism.

These studies have expressed the black market exchange rate as a function of
domestic and other variables related to a foreign country, usually the U.S., or to world
variables such as world inflation orinterest rate’. These models do not account fully for the
case of countries which experience strong formal and informal economic integration. Inthe
case of two countries which are strongly integrated, the cost of foreign exchange in each
of them may be influenced by their own and by cross-border demand and supply functions
for hard currency. Seeking better prices individuals can move their foreign exchange from
one country to another or, for the same reason, can travel from one country to another to
purchase it. This arbitrage process which occurs across national borders determines the
domestic prices of hard currency.

* The points of view and opinions expressed in this paper are exclusively those of the author. The author gratefully
acknowledges comments from  Aliya Husain, Ménica Rubio and Guillermo Fuentes. Marietta Maurer provided
excellent secretanal support.

1. An excellent review of the literature on black market exchange rate is found in Saca (1995},
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El Salvador and Guatemala, countries which have maintained strong economic
interdependence, are examples of the case of economic integation’s effect on the black
market exchange rate. Their mutual trade is very significant. Guatemala's exports to El
Salvador represented 51% of its total Central American exports in 1993 and 8% of total
exports while El Salvador's exports to Guatemala are 56% and 7.4% respectively. Strong
physical integration linkages between them also exist: an electric interconnection network
has been in operation since 1986 and there are four highways that cross their common
border facilitating the flows of tourists in both ways.

This interdependence explains Caceres and Nunez-Sandoval (1992a) finding that
Guatemala's black market exchange rate is cointegrated and Granger-causes El Salva-
dor's rate. These authors (Caceres and Nufiez-Sandoval, 1992b) have also shown that El
Salvador's black market rate is determined by its own money supply and by Guatemala's
exchange rate and money supply?. However, Caceres and Nufez-Sandoval (1992a)
analyzed the existence of cointegration between both exchange rates, but did not derive
areduced form expression that would permit an assessment of the long term relationship
between bi-national macroeconomic variables and black market exchange rates.

The purpose of this paper is to apply cointegration analysis to study the long term
relationship among price and monetary variables of both countries in the determination of
their domestic black market exchange rates. First, the paper proposes demand and supply
functions for foreign exchange in each country, in terms of domestic money supply,
inflation rate and the price of foreign exchange. A long term relationship between El
Salvador's black market rate, money supply and inflation rate and Guatemala's money
supply and inflation rate is estimated using Johansen's multivariable cointegration
method. Finally, Granger causality tests are applied to variables from both countries to
determine causality from one nation to another.

2. The Model

The model starts out with an equation describing the black market supply of U.S.
dollars in El Salvador:
O =a+hE -cE (1)

where:

2. The studies by these two authors were based on a previous analysis of El Salvador's exchange rate (Caceres
and Nunez- Sandoval, 1991).
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O. = black market supply of dollars in El Salvador
E. = black market exchange rate in El Salvador (colones/dollar)
Eg = black market exchange rate in Guatemala (quetzales/dollars)

m

w

This equation indicates that the individuals who hold dollars in El Salvador may decide
to sell their dollars there or in Guatemala, depending on the prices they receive in each
market. Thus, if the price is relatively high in Guatemala, dollar holders would travel to
Guatemala City and sell them there, reducing the supply in El Salvador which, ceteris
paribus, would cause its price to rise.

The black market demand for dollars in El Salvador is given by:

D =z+xM -yP, (2)
where:
D. = black market demand for dollars in El Salvador

M. = El Salvador's money supply
P. = El Salvador's inflation rate

This equation indicates that the demand for dollars is, in part, derived from the demand
for domestic currency as individuals would wish to maintain proportional ratios of their
liquidity in both domestic and foreign currencies because of portfolio considerations.
Moreover, as inflation increases, the demand for dollars would increase as individuals
resort to purchasing dollars as a storage of value.

Assuming market equilibrium: Os = Ds, and hence:

E; Zil(::—ui-e—t'[f LM 4+ \‘P\] (3)
h J

Similarly, an expression for E_is given by:

E, = i'{':"—u“ J+ e Eg+x'M +y'P, ] (4)
L b.‘ ¥ {

Substituting (4) into (3), a reduced form expression for E_is obtained:

Es Z%[[:—UH#U:I—U: |+ E M+ .\"fPL.]+_\'M \-+."P\} (3)
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and whence:

. b b TR OO (i -
E, R :—u+?[: —a J+TM,,+!’—J\- Po+xM +yPg

and thus a reduced form expression for E_is given by:
E=A+AM +AP +AM +AP (7)

Since the above equation for E_is underidentified the structural coefficients of the
demand and supply equations cannot be obtained. However, cointegration analysis can
be applied to equation (7) so as to determine the existence of a long term relationship
between El Salvador’s black market exchange rate, and its own and Guatemala's money
supply and inflation rates.

3. Empirical Results

Cointegration analysis was performed using the multivariate maximum likelihood
estimation technique proposed by Johansen (1988) and Johansen and Juselius (1990).
This technique permitted testing for the existence of several cointegration vectors and
provided estimates of the coefficients of each of the cointegrating vectors. The Johansen
technique was applied to equation (7) above, using monthly data from August 1982 to
December 1991, the period during which the black market for dollars existed in both
countries.” Inearly 1992 the black and official exchange rates were consolidated and afree
market has been maintained since then. All variables are expressed in logarithms, except
the inflation rates that are the differences of the logarithms of monthly consumer prices.
Estimations were conducted with narrow (M1) and broad (M2) definitions of money in both
countries.*

Unit root tests were conducted using the Augmented Dickey-Fuller (ADF) test statistic
to determine the order of integration of the variables. In each case it was found that all

3. For an analysis of El Salvador's and Guatemala's black market for foreign exchange, see Caceres and Nufez-
Sandoval (1991}

4. Data on exchange rates were obtained from the Central Banks of both countries. Data on consumer prices and
money supplies were obtained from IMF, International Financial Statistics, several issues,
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variables are integrated of order 1, as the ADF test failed to reject the presence of a unit
root for each series in levels, but not in first differences.

3.1 Cointegration Results

The cointegration analysis was performed using a VAR length of 4. The test statistics
for cointegration are reported in Tables 1 and 2:

Table 1: Cointegration Likelihood Ratio Tests Based on Maximal Eigenvalue

List of esgenvalues in dascending ardar

34864 16955 14345 0B1954
Hypothesis
MNull Alternative Statistic 95%, Critical Value
r=0 r=1 334610
re=1 r=2 27.0670
few t=3 209670
re=3 r=4 140690
r<=4 t=5 3.7620
Table 2: Contegration Likelihood Ratio Tes! Based on Trace of the Stochashc Matrix
Hypathess
Null Alernative Statistic 95% Critical Value
r=0 fa=1 92 $10 68 5240
<=1 »=2 4 116 472100
re=2 t>=3 29 6800
re=3 te =4 154100
te=d r==5 37620

The null hypothesis of no cointegration among the five variables is rejected by both the
maximum eigenvalue and trace statistics, and both tests permit to infer the existence of
one cointegrated vector. The cointegrated and adjustment vectors are shown in Table 3.
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Table 3; Estmated Comtegrating Vector ([iMatnx) and Adjustment Weights (amatnx) (Normahzed Values in Brackets)

Cointegrated Vector Adjustimant Matnx

Vanable (i Vector) {1 Vector)
Es 0.8956 00356
{-1.000) (00317)

M2 0.2852 0.0637
(-0.3184) {10 .0637)

Mz 0 6239 -0.0757
' (0 6958) (-0 0678}

P 71130 00164
7 G484 (-0 0646)

P 11.3137 -0.0735
: (12.3137) (-0 0858)

The [} vector indicates that Guatemala's and El Salvador's inflation rates exert a
positive influence on E| Salvador's black market exchange rate. This would indicate that
as prices increase in Guatemala and El Salvador, more dollar are purchased in both
markets to maintain or store value.” Moreover, it indicates that there exists a demand
spillover from Guatemala to El Salvador, such that if inflation increased in Guatemala by
10%, the price of dollars in the other country would increase by 1.2%. This effect is stronger
than the 0.79% black market rate increase experienced by El Salvador when its inflation
increases by 10%. Additionally, the purchase of dollars by Guatemalans in El Salvador
implies that increasing the holdings of quetzales as a precautionary action that would
permit the purchasing of dollars when opportune moments arrise. This would explain the
positive sign shown by M2g in the cointegrated vector. The negative sign shown by El
Salvador's money supply is contrary to expectations but can be explained by assuming
that as dollars increase in value, the demand for domestic currency decreases as
individuals prefer to hold liquidity in foreign exchange.

The coefficients of the « vector can be interpreted as the average speed with which the
equation adjusts to equilibrium. Relatively high coefficients indicate more rapid speed of
adjustment. It can be seen that all money and inflation variables have very similar
adjustment speeds.

5. Garcia Dubon (1994) has presented dala showing that the Central Amencan individuals’ domeslic bank deposils
in dollars increase in direct proportion to inflationary pressures
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3.2 Test of Exclusion Restrictions

Test of exclusion restrictions are reported in Table 4. These tests confirm that each
variable has to enter the cointegrating vector and thus maintains a long term relationship
with El Salvador's black market exchange rate.

Table 4: Tests of Restrictions on the Model:

hExe MY+ BMIu+ by + b P
Null Hypothesis LR (1) Statistic
b,=0 13.1055 (0.000)
b, =0 4 9376 (0.026)
b, =0 12.9780 (0.000)
D,=0 4.3913 (0.000}
b,=0

22,4042 (0,000)

" The likelihood ratio test statistic is distributed as a Chi-Square distribution with rk degrees of freedom, where r s number of
cointegrating vectars and k |s the number of restrictions. Significance levels are shown in parenthesis

3.3 Granger Causality

Inorder to test for Granger causality, error correction models were estimated using the
error term of the identified cointegrating vector as one of the explanatory variables. The
general form of the estimated model, for the case of El Salvador, is:

!

AEy, =C+a, AEs, ;+ Z{u_-, AM2s,  +a,, APs,
(8)

tay,, AM2g, +as; AP )+a,ER, _+V,

Where C and V are constant and disturbance terms respectively, and ER is the error
term from the estimated cointegration equation. The equation above was estimated for all
different dependent variables using one and two lags. The results are presented in Table
5. The first set of equations examine the influence of Guatemala's and E| Salvador's
money supplies and inflation rates on the latter's black market exchange rate. The results
show that the lagged values of AM2s, APs and M2g are insignificant in the regression
explaining AEs. Thus, these variables do not Granger-cause El Salvador exchange rate.
Theresults show, however, that two lagged values of APg are significant in explaining AEs,
and thus Guatemala's inflation does Granger-cause El Salvador's black market exchange
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rate. Guatemala’s inflation rate also Granger-causes E| Salvador's broad money supply
as can be seen in the set of equations number 2.

Table 5: Tests of Grangar Causality

Number Dependent Variabla Regressors Excluded Vanables F, Statistic
(p value)
1 AEs C, ER{-1), AM2, AM2, 0.1186 (0.888)
AM2_ AP AP, AM2 0.0674 (0.935)
AP, 0.573 (0.568)
AP, 4.081 (0.020)
ER{-1) 2.2559 (0.136)
2 M2, C. ER{-1), AM2_, 4P,
AP AE, w2, 0.5923 (0.555)
AP, 1.4659 (0.236)
AP, 6.6778 (0.002)
AE 0.7784 (0.462)
ER(-1) 10.7048 (0.001)
3 WP C.ER-1), aM2,, M2,
AP, AE, AM2, 1.5433 (0.219)
) M2, 0.1614 {0.851)
ARy 1.4397 (0.2441)
AP, 0.8773 (0.419)
ER{-1) 5.0923 (0.026)
4 M2, G, ER(-1). AM2,, AP,
AP AE, AM2, 0.1052 (0.800)
AP, 0.0131 (0.987)
AP, 1.0127 (0.367)
AE, 0.7784 (0.462)
ER|-1) 4.7901 (0.0311)
5 AP, C. ER{-1), aM2,, aM2
AR, AE, M2, 0.5244 (0.594)
) amz, 06572 (0.521)
AP, 4.8622 (0.010)
\E. 1,8790 (0.158)
ERi-1) 27.6458 (0.000}

Equation sets number 3 and 4 indicate that El Salvador's inflation rate and Guatema-
la's money supply are influenced by the other variables only through the error correction
mechanism, since the lagged error terms are the only significant variables in the estimated
equations. The equation set number five shows that EI Salvador's inflation Granger-
causes Guatemala's inflation rate. The chain of Granger causality then, runs from E
Salvador's inflation rate to Guatemala's, which in turn Granger-causes El Salvador's black
market exchange rate and broad money supply. Additionally, all variables affect one
another through the error correction mechanism. El Salvador’s inflation influence on
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Guatemala’s could be explained by the fact that the latter imports consumer goods from
El Salvador representing 6% of its total imports. Thus, it is plausible that El Salvador's
inflationary pressures spill over to Guatemala through trade. This in turn would stimulate
the demand for dollars in Guatemala, which would spill over to El Salvador, causing
increases in the price of the dollar.

3.4 Cointegration Results Using Narrowly Defined Money

Cointegration tests were conducted, introducing the narrowly defined measures of
money and maintaining the same VAR length of four. The results are shown in Tables 6
and 7.

Table 6: Cointegration Likelihood Ratio Tests Bases on Maximal Eigenvalues

List of eigenvalues in descending order

28524 20394 15441 11109 Q067909
Hypathesis
Null Alternative Statistic 95% Critical Value
r=0 r=1 36,2680 334810
fe=1 r=2 24,6328 27.0670
fe=2 r=3 18,1142 20.9670
re=3 r=4 127186 14.0880
re=4 r=5 73592 3.7620

Table 7: Cointegration Likelihood Ratio Test Based on Trace ot the Stochastic Matrix

Hypothesis
MNull Alternative Statistic 95% Crtical Value
r=0 == 92.4695 58.5240
re=1 =2 56.2016 47.2100
r<=2 f==3 31.5688 20.6800
<=l r>=4 13.4545 154100
le<=4 ah 0.73582 3.7620

According to the maximum eigenvalue test there is only one cointegration vector,
whereas the trace test indicates the existence of three vectors. Johansen (1988) has
pointed out that the eigenvalue test is more powerful and, thus, only one cointegration
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vector will be accepted, but for illustration purposes the second vector is also shown in
Table 8.

It can be seen in Table 8 that the signs of the coefficients of the first cointegrated vector
are contrary of those obtained in the previous estimation when broadly defined money was
used, excepted for the Pg variable. However, the signs of the coefficients of the second
cointegrated vector are the same as those resulting when broad money was used. The
same pattern is shown by the o vectors. Moreover, tests of exclusion restrictions were
performed on each of the variables of the first vector and it was found that Pg was the only
variable that could not be excluded from the cointegrated vector at a probability level 0.10
or lower. This would indicate that the firms and individuals' decisions to purchase dollars
are made on the basis of their total wealth portfolio, which is represented by the broad
definition of money.

Table 8: Estimated Cointegrated | and Adjustment o Matrix (Normalized in Brackets)

Conegrated Vector Adjustment Matrix

| Vectar) (e Matrix)

Vanable Vectar 1 Vector 2 Vector 1 Vector 2
E 63769 036805 (- 010826)
(-1 0000 (01423 (- 10826)

M1 22405 010081 016216
[-3.5134] (- 389791 {.010341)

M1 19549 6126E-3 10305
: (3.0656) {:2369E -3} (065713}

P 73597 15.2057 011041 027520
{-19 0332} (23.8448) ( 0042893) {-.017548)

B 10,9387 -1.3985 67332 -036813
(28:2891) 12,1931} (- 026036) (-.023538)

Granger causality tests were conducted for the M1 case using the error term from the
first cointegrated vector. The results, not shown here, indicate the existence of reciprocal
Granger causality between the E| Salvador's exchange rate and Guatemala's inflation
rate. The tests did not indicate other causality relationships, at the 0,05 or 0.10 probability
levels

4. Conclusions
This study has presented evidence of a long term linkage between El Salvador's black
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market exchange rate and El Savador's and Guatemala's money supply and inflation
rates. Moreover, evidence of Granger causality running from El Salvador's inflation rate
to Guatemala's was found, as well as causality from Guatemala's inflation to El Salvador's
exchange rate and broad money supply. This indicates the existence of a strong
interrelationship between money markets in these countries, a topic that has received
attention in recent years.® These results indicate also the existence of contagious attacks
between money markets of both countries, arising from the cross border purchase of
dollars. In this case, the way to fend off speculative attacks on each currency would be
maintaining a binational coordination framework in terms of policy consistency and
credibility. Otherwise, stabilization efforts undertaken by one country could be nullified by
“spill over" attack from the other country whose policies suffer from uncertainty.” This study
also confirms the existence of currency substitution in these countries, as dollars are held
in detriment of corresponding local currencies, given that quetzales may be held in El
Salvador, as well as Colones in Guatemala, as means to purchase dollars.” Moreover, it
is worth mentioning that capital flight data from both countries show an inverse negative
relationship (Caceres 1993), and that dollar deposits held abroad by Salvadorean and
Guatemala nationals, as reported by Garcia Dubon (1994), show aninverse trajectory see
(Graph 1) such that an increase in one tends to coincide with a decrease by the other. This
would indicate that Guatemalan and Salvadorean individuals and firms compete for
dollarsin anintegrated market and this competition determines the black market exchange
rate.

€. The interrelationship between money markets has received considerable attention in recent years. See, among
others, Lin and Swanson (1993) and Leachman and Francis (1995].

7. A survey of literature on speculative attacks is found in Eichengreen, Rose and Wyplosz (1995) y Gerlarch y
Smets, (1995)

8. Currency substitution in, and between, El Salvador and Guatemala, are analyzed in Caceres and Suay (1988a
1689b)
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Graph 1: El Salvador (KFSAL) and Guatemala (KFGUA) bank dollar deposits abroad (Milhons USS)

These results have implications in terms of monetary management. In fact, neither
Guatemala non El Salvador can have reliable control of inflation, exchange rates and
monetary aggregates, relying exclusively on their own domestic programs. The spillover
effects between these countries are so strong that domestic actions in one country may
be nullified or disrupted by actions taken in the other. Caceres and Penate (1981) found
that the Central American countries' demand for money functions were unstable; this
instability probably has been exacerbated by the supply and demand for dollars in both
countries. There is thus a strong case for the coordination of monetary and exchange rate
management programs by both countries.
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Abstract

This paper presents a bi-national model for the determination of El Salvador's black
market exchange rate. The model is estimated by Johansen multivariate cointegration
approach. The main finding of the paper is that Guatemala's money supply and inflation
are the main determinants of El Salvador’s exchange rate. Granger causality is investi-
gated among the variables of both countries and cross-border causality is found in
maonetary and exchange rate variables. Policy makers have to ensure an economic policy
coordination framework allowing for stable monetary policy to prevent contagious specu-
lative attacks.

MDDELE BI-NATIONAL POUR LA DETERMINATION DE TAUX DE CHANGE DU
MARCHE NOIR

Résume

Ce document presente un modgéle bi-nationaux pour la determination de taux de
change du marche “noir” de El Salvador. Le modele a éte estimee selon la multivariable
de cointegration de Johansen. On trouve que la masse monetaire au Guatemala et
I'inflation, sont les determinantes principalles des taux de change de Ei Salvador. La
causualiteé de Grangerestetudié entre les variables de les deux pays et la causualite apres
frontiére se trouve dans les variables de la monnaie et de taux de change. Les conclusions
sont presentes sur la convenience d ‘etablir un cadre pour la coordination de la politique
economique qui permettra la conduite d ‘une politique monétaire dans une voie predicible
et la que pourra etre effective pour defendre les ataques speculatives contagieux
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