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Notes:

! Hansen and Sargent (1991} point out that these models, with linear i jecti i

] d S . quadratic objective funct

r.:nwn restrictions, have the advantage of combining good dynamic economics iwﬂ good ano:o..w.n.ﬁm“.-u

since A.;W and stale-space representations are now the accepied empirical approaches for oooson__nim

uﬂp_.u_.u.-uu_ of %m:u::o _.wmn-nu:. 0:..”H can then proceed to estimation by simulation: compare the estimates

of simulated data with estimates of actual data, and then alter the values of the * "

objective function until convergence. of the “decp parameters” of the
2 A copy of the Matlab (1990) program for these models, for use with the H

solution algorithms, is available upon request. ¢ Hansen-Sugent (1991)
* A copy of the Matlab program for estimating the GARCH parameters i i

o e P T3 is available from the first author
4 Data for Argentina were obtained from Hildegard Ahumada at the Central Bank of A i

om H enting, A
of the Matlab (1990) program for estimating the GARCH models, as well as the data u“u.... are pcam“o%_w

upon request.
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CURRENCY SUBSTITUTION AND INFLATION IN PERU

LILIANA ROJAS-SUAREZ"

International Monetary Fund

Abstract:

This paper shows that there is a long-run relationship between the expected
rate of depreciation in the black-market-exchange rate and the ratio of
domestic to foreign money in Peri; that is, the hypothesis of currency
substitution can explain the behavior of real holdings of money in Perii. The
paper also shows that, while, the importance of currency substitution as a
transmission mechanism through which domestic policies affected the
dynamics of inflation was relatively small during a period of high but
relatively stable inflation (January 1978-85), it became an important factor
in the inflation process during the recent hyperinflation episode.

I. Introduction

This paper deals with currency substitution—the substitution of foreign money for
domestic money by domestic residents-and its role in the dynamics of inflation in Perd
during the period January 1978-December 1990. As documented in a number of studies!,
currency substitution is a widely spread phenomenon in many developing countries, In
the context of high levels of inflation and expectations of exchange rate depreciation,
residents in many developing countries have attempted to protect the real value of their
wealth by increasing their holdings of foreign currency®. As the severity of economic

* This paper has benefitted from comments by Charles Adams, Juan José Femfndez, Bob Fleod, Tim
Lane, Carmen Reinthart, Miguel Savastano, Alfredo Thome, Carlos Végh and an snonymous referee.

Any efrors remain my own.
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imbalances has increased, an increasing number of transactions i i
and real sectors of the economy have been performed in moamm“mo_ﬂq%%o% pm__o mﬂmﬂﬂt
in some Latin >.So:om= countries, this phenomenon is known as .do:.mnwwmgs #
residents have mz_nmn away from transactions in domestic currency into transactior s in
uU.s. dollars. In Peni, where the inflation rate rose from an average rate of 90 “._%a”“
per year during the period 1978-87 to about 3,000 percent per year by EE.EWM and
the exchange rate in the parallel market moved from 0.2 intis per U.S. dollar by the
end OM.G.E to 122,000 intis per U.S. dollar by July 1990, there is w idel ¢
perception of dollarization®, . idely held
) A crucial issue related to currency substitution in developi i i
its effects on the a.o%mn and implementation of monetary uo:mﬂmoﬂmﬁmﬁ mm_w_wmm:_ﬁ_s
increases the o_mmc.o:w of the demand for money with respect to the expected Enmaos
rate since aaconEﬁo%.& higher inflation causes domestic residents to switch Biﬂ.m”
the foreign currency. Since govemnments have control only over the domestic currenc
they must accept a 8.& of seignorage*. As a result, attempts to finance a given bud o
aomeﬂ.i_ﬁ the Em.._mcoﬂ._ tax will reduce the monetary base for the inflation tax and % M
result in a quon inflationary tax than in the absence of currency substitution, In o&.
words, mom. a given real fiscal deficit, the presence of currency substitution oanoqc —Mu
Eo resulting inflation rate. It should, of course, be obvious that this resnlt doe: ot
Mm_._mww M_m»m_nmm:ﬁ.“m:nw mccmma.::os is the cause of inflation; instead it should be Epoﬁwnﬂaﬁ
as ho gar Emmw._m” HW. anism through which fiscal deficits financed with money creation
These considerations have been extremely relevant in th i i
the Wouo.a 1978-90, >.w ng.E:ann by the World Bank mowwm.w«.ﬁ_wﬂm_ﬂmawhwu H”m
Peri n._EH.:m most of this period has largely accommodated fiscal momnwm and _ﬁm awo
to a significant extent, subordinated to developmental or redistributional objective =m.
the Government. The analysis of currency substitation may then be ma._ o
understand the dynamics of irflation in Perd. : portant fo
In Per, during the entire period under study,
wE.»:om to Bm official exchange rate (the ..um_.a_oms Mxﬂﬂmﬂmﬂ”ﬁ Mﬂm:n:mmm MMS Sits
denominated in foreign currency were allowed only during part of m:m period. In mémmm
cular, two clear sub-periods can be distinguished: from December 13, 1977 8 >m§ mw
2, 1985 Peruvian banks were allowed to issue freely negotiable m.,o..mmms OEHM_—M
Certificate om. Deposits issued in U.S. dollars (CBME deposits); these deposits w y
fully convertible and could be negotiated at a market ao_onsmzom_ exchange rates AM_HM
CBME rate); ﬁ_E.E.m this period, the CBME rate moved very closely to the paraliel
exchange rate, The importance of U.S. dollar denominated deposits relative to nma total
stock of money in .m.o:_ during this period s depicted in Figure 15. It shows that foreign
currency deposits increased from about 16 percent of total money stock at the end wm
1978 w0 mcoE 60 percent by mid-1985%, During the same pericd, the annual rate of
depreciation of the CBME rate increased from about 60 percent to mwoﬁ 240 percent. I
wmwm_mw the _H__nm:ou rate, which ran at an average of about 70 percent per wﬂw_. nE..Em
o » accelerated during 1983-85 reaching an annual rate of 200 percent by mid-
From August 1985 to December 1990, convertibility into forei i
was abolished and those deposits could be no=<onnm into mznmmwnmw WOQMWMMM
axn__g.mo rate. As a result, iie CBME rate became inoperative and U.S, dollar-
denominated bank deposits insignificant”. Fiscal deficits sharply accelerated .n_“na the
second subperiod reaching almost 12 percent of GDP by mid-1990. Excluding mumoma
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FIGURE 1
RATIO OF U.S. DOLLAR-DENOMINATED DEPOSITS TO TOTAL MONEY STOCK: 1978-1985
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{both domestic and external) as a source of financing, the Central Bank financed almost
90 percent of the fiscal deficit. The annual inflation rate sharply accelerated during this
period reaching 3,000 percent by mid-1990.

In the context of these developments, this paper analyses the process of currency
substitution in Perd and its implications for the conduct of monetary policy by testing
the validity of the following two hypotheses:

1. There is a long-run relationship between the expected rate of depreciation in the
parallel exchange rate and the behavior of the demand for domestic money (i.e., intis)
relative to that for foreign money; that is, the hypothesis of currency substitution can
explain the behavior of real holdings of money in Peri. ‘While this hypothesis is tested
using data on Peruvian holdings of foreign deposits, both in Peruvian and 1.8, banks,
during the period January 1978-July 1985, additional indicators are then used to shed
light on the value of Peruvian holdings of U.S. dollars during the period August 1985-

December 1990.

2. Currency substitution is an important channel of transmission through which
domestic fiscal and monetary policies have affected the behavior of the Peruvian inflation,
and that mechanism strengthened during a period when inflation sharply accelerated in
the Peruvian economy, This hypothesis is tested by estimating a dynamic equation for
inflation using a VAR representation which includes the lagged ratio of domestic to
foreign money as a explanatory variable. That is, it is postulated that attempts of
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Peruvian residents to attain their desired composition of currencies affect the dynamics
of inflation in Peri. Since reai money holdings constitute an important proportion of
wealth in the Peruvian economy, currency substitution just reflects attempts of Peruvian
residents to protect the real value of their wealth,

The rest of this paper is organized as follows. Section II presents a simple model
from where the theory of currency substitution is derived, Section TH tests the validity
of the hypothesis of currency substitution in Peri. First, it shows that there is not a leng
run relationship between domestic money, prices and income in Perd, i.e., those varia-
bles are not cointegrated, limiting, therefore, the usefulness of a “traditional” demand
for money for monetary policy purposes. Then, using data for the period January 1978-
July 1985, an error-correction modet technique is used to test the theory of cutrency
substitution. It shows that there is a significant relationship between the ratio of domestic
money relative to 1.8, dollar-denominated bank deposits and expectations of exchange
rate changes. In addition, a relatively high long-run elasticity of currency substitution
was obtained from the analysis. The paper then examines two indicators of holdings of
U.S. doltars during the subperiod when fully-convertible bank deposits denominated in
foreign money were not permitted and evaluates the behavior of currency substitution
during that period. The limitations involved with these calculations are siressed.

Section IV estimates a dynamic equation for inflation in Peri testing the hypothesis
that currency substitution has been an important transmission mechanism through which
domestic fiscal and monetary policy affected inflation, The evidence seems to indicate
that currency substitution became an important factor in the inflation process during the
recent period of hyperinflation experienced in the Peruvian economy,

Finally, Section V concludes the paper and discusses some implications of the
analysis for the conduct of monetary policy in Perd.

II. A Model of Currency Substitution

Assume an economy that produces and consumes two kinds of goods: tradable and
nontradable goods with P denoting the price of nontradable goods, P* the foreign price
of tradable goods and $ the exchange rate, i.e., the domestic value of one unit of
foreign money. Without loss of generality, and following a common procedure, the
foreign price of tradable goods will be set equal to one, In that case, the real exchange
rate can be expressed as S/P.

Shallow domestic capital markets and limited access to international capital markets
are assumed to imply that money is the only form of wealth. However, domestic
residents may allocate their portfolio between holdings of domestic money and foreign
money. In addition to being a store of wealth, money is assumed 10 be needed to
purchase both kinds of goods. This assumption is reflected in the model by a liquidity
in advance restriction imposed to the value of consumption during each period,
Moreover, foreign money is assumed to be an imperfect substitute for domestic money®,

At period t, the representative consumer is assumed to maximize the following
value fenction subject to the information available o him in every period, which is
assumed to consist of all period t-variables.

v Ag.u g”. Hun. m.v = max m. _c-ﬁomﬂﬂ 8 + _w< Ag:._. ?MML- mvnl. .w:._.vu« AHV

where:
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CNT = consumption of nontradable goods.
T

consumption of tradable goods.

3
"

i inni jodt=M . +71,wheret, is
k of domestic money at the beginning of period t m + T, where T,
‘ wno%mmmmam of domestic money given by the government at the beginning of

period t.

=
"

M’ = stock of foreign money at the beginning of period t.

13

f = the discount rate.

E, = the expectations operator.

1

i ili ion i ble in both commodities and that
It is assumed that the utility function is separal a
the marginal utilities of nontradables (U,,) and tradable (U,) goods are positive and
g . . . .
&Bﬁmwvhﬁma:sﬂ?n individuals start every period i_._..__% ﬂ&aﬁﬁﬁoﬂ MMMMMM W,o_”mﬁm
foreign money. At the beginning of every period, they rec  trans
Mwmonwn_w_wma in the form of domestic money MC. Mu_ﬁnm h_m uonwmm HM hwm_:wwh_»a_m %%WMMHN
i i eir co
in the production of goods and have 1o decide on consumption plans of both
it ir demand for both types of money i.e.; holdings loney
Mmﬁﬁoﬂhw_wﬂ. %am”_ w_uowwa (M¢ and M}%. The individual faces the following budget

constraint:

. d gcnm
<~‘+B ! +Z.m.., C+8uan+mﬁ.nm+@.+ —, @
‘P, t+m P, (l+m) P, P, P

td

where: «t_is the inflation rate of the nontradable goods and,

8 is the rate of change of the exchange rate; .
Y Hn Total real income derived from the production of both goods; i.e.,
1

Y, = YN + (§/P) YI

1
In addition, the individual faces a liquidity in-advance constraint of the following
form'®:

S B B 3)
P P P,

L

CNr o+

i lvo and Végh (1990), £(.f) is interpreted as a liquidity services
A_Mwwmmwh_wﬁ”momw H,Mo_.ooéﬂ wh.ch is assumed to be a .::nmn roBo.monocm function
w._aa the marginal productivities of domestic and moa_mm_a&.so_wﬁw Qmmnnhw:ﬂm
positive and diminishing. In addition, to guarantee that domestic H . mnmmwm_\mg.m%v
are imperfect substitutes as providers of liquidity services, it is assum 3

<
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Denoting A, as the Lagrange multiplier for the budget constraint and the Kuh
Tucker multiplier for the liquidity-in-advance constraint, the Eul ions obtaited
from the maximization problem are; i BT oquations obtained

Ug (D=4 +7, , 4)
S
U, (1) =—%
(1) P A+, &3]
A ¥ M M. S 1
@mn 1+1 + t+l m; ] s 4] = .ue —_—,
v:,— .—.u.& W:._. Hvr.— v ‘ mv. Amv
mm mn.vn Awr + we ﬁ mm A g.t_ g.o.l mno— Vv - ? ]Mm
' H-_: “ “l T:.u ’ Hu..z_ o .Vn ' G_v

where (.t) means the arguments of the value function evaluated at period t.

The ratio of equations (4) to (5) yields the familiar result that th i

The e marginal rate of
m:@mn.r_non between Ea.mza and nontradable goods equals the real oxw__ﬂ_mo rate.
mpzmcjam 6) »__om GW indicate that the marginal value of carrying an additional unit of
money 1nie period t+1 is set equal to its marginai cost, which i i
and LS/ fon Foreign e o g ich is A /P, for domestic money

The behavior of the demand for currencies in the stead i

) ) : y state will now be
investigated. hoé_w. of real variables are assumed to be constant in the steady state and
therefore, Em marginal utilities of consumption of both goeds remain constant in 5m
steady state’. Moreover, from the definition of the real exchange rate, the rate of
n:m:.mn of the exchange rate needs to equal the inflation rate of the nontradable good;
that is; 6, = =, in the steady state. These conditions imply that the ratio of equations (6)
to (7) in the steady state can be written as:

4 (M/P,M"S/P) 14+ 6

2 (M/P, M" S/P) 1-8 ®

Since the function £ (.t) is homogenous of degree one, equation (8) implies that;
M/P

osp g (), g®<0. &)

That is, equation (8) shows that, in the steady state, the ratio of holdin i
\ V » s s of domestic
to foreign money (expressed in terms of domestic monrey) and the rate ommo__m:wa of the

exchange rate are negatively related. The next sections deal with
exchange > . measuremen
implications of this result for the Peruvian economy. s and

HE. Currency Substitution in Perit

The analysis in the previous section suggests that i

The in at in the presence of currenc
substitution a traditional demand for real domestic meney expressed as a function ow.
Income and the rate of return of alternative assets other than money may not be stable
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since changes in expectations regarding the exchange rate iom_a. En:nm moojo:_m.o
agents to shift between domestic and foreign currencies'. The analysis in this section is
divided in three parts: first, the statistical properties of a traditional demand for money
are analyzed. Second, the validity of currency substitution in Peni during the .uonom
January 1978-June 1985 is tested, and third, some indicators of the value of holdings of
U.S. dollars during the period August 1985-December 1990 are presented.

1. A traditional demand for money

Before testing for the validity of currency substitution in Perd, it is necessary to
analyze if there can be a long run relationship between domestic money, real income
and prices such that the following relationship holds'.

m, -p,=a,+3a E(,, -p)+a,y +u, (10)

where:

m is the log of the money supply, with alternative aggregates being defined below;

p is the log of the price level, which in this paper takes the form of the not-
seascnally-adjusted Consumer Price Index (CPI);

y is the log of aggregate real income represented here by an index of industrial
production; and

u is the error term of the relationship which should be stationary if equation (10)
denotes a meaningful long-run relationship.

Equation (10) states that the expected inflation rate is the relevant opportunity cost
of holding domestic money. This is consistent with the limited development of financial
markets in Perd and with the presence of severe controls on domeslic interest rate
during the period under study.

To facilitate the analysis, a unitary clasticity of income is imposed in equation
(10); this is equivalent to use the broadly accepted interpretation of the quantity thecry
of money as a long-run demand for money. In that case, equation (10) can be expressed
in terms of the log of the velocity of circulation (v},

<.uﬁ.+ %.uaﬂﬂiwolmﬂmﬁpi..p IS, va

As will be shown below, analysis of the time series properties for real money, real
income, and prices indicates that these variables are nonstationary's, Specificaily, they
are integrated processes of order one, (I(1)) and, therefore, are stationary (I(0)) only
after differencing!, Since the original series are nonstationary, their means and variances
and asymptotic distributions are not well defined; therefore, inference making cannot
proceed along the lines of traditional econometric analysis'®. Recent developments in
the theory of cointegration, however, have shown that a meaningful long-run re-
lationship between variables that are I(1) processes can exist if those variables are
cointegrated, namely if there exists a linear combination of those variables that is a
stationary process'®.

This section examines the time series properties of prices, real money, real income,
and velocity. Specifically, it is tested whether the variables are stationary. The Dickey-
Fuller (DF) test and the Augmented Dickey-Fuller (ADF) test are used to test the null
hypothesis that the series have a unit root.



160 REVISTA DE ANALISIS ECONOMICO, VOL. T Ny

Two domestic monetary aggregates are considered in the analysis;

ml = the log of domestic currency in circulation plus demand deposits denominated
in domestic money.

m2 = the log of the components in m1 plus time and saving deposits denominated
in domestic money and held in the Peruvian commercial banks.

The results from the tests are presented in Table 1. The tests were applied to
monthly observations covering the period January 1978-December 1990. As shown in
the table, the null hypothesis of unit root cannot be rejected at the 5 percent significance
level for prices and the two definitions of domestic real money, indicating that those
variables are I(1) processes. The evidence on real income is mixed, While the ADF.
test supported the hypothesis of a unit root, the D.F., test rejected it

The behavior of the inflation rate deserves some additional attention, Although, as
shown in Figure 2, the inflation rate sharply accelerated during the period April 1987-
June 1990°, adjustment policies introduced during the second haif of 1990 resulted in a
reduction of the inflation rate. The result that the price level is an I(1) process and that
the inflation rate is stationary, was reinforced by further extending the series to cover
the period March 1957-April 1991%. These results indicate that the inflation rate in

TABLE 1

TESTS FOR UNIT ROOT
JANUARY 1978-DECEMBER 1990

Variables DF ADR!

mi-p -0.25 031 (2)
m2-p 032 -0.21 (1)
P 8.90 561 (1)
v -2.93 -2.08 (2)
vm1 -0.66 -0.04 (1)
vm2 0.08 -152(h
Afm1p) -13.98 -1023 (1)
Alm2-p) -11.73 -9.78 (1)
Ap 722 ~5.00 (1)
Ay -15.65 -9.93 (1)
Avml -15.55 -12.37 (1)
Avm2 -13.81 -11.72 (1)

Where: vml = velocity using m1
vm2Z = velocity using m2

Critical values for the DF and ADF ests at:
1 percent level = —3,19
5 percent level = —=2.53

! The number in parenthesis indicates the number of lags sufficient for the error term in the ADF test to

be white noise,
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Pert is a mean reverting stationary process %omﬂ%om_mm %%waﬁn _.MM%: wﬂ%ﬂﬂ% M%ﬁva.m.%m
i increasing positive devi : : .
ﬁﬁ_w«mnﬁwmwwm“mh: mmcnoamn »mm@_w_m. expected Emmﬂ.mo__ rate is also a stationary cnooohm.
Table 1 also presents unit root tests for <o_oﬂ.u:$ for both Bowmsaw mmm.wm—m%maﬂ
velocity is also an I(1} process. Since income velocity m:.n the expect c_w o ”o or
do not have the same order of integration, these <E_mw_om=om=€" ,.nM.E m.n% mQU
Therefore, for the Peruvian economy the cmo.?_:.omm. o.m a *“traditional” deman
money as a tool for the conduct of monetary policy is limited.

FIGURE 2
MONTHLY INFLATION RATE: JANUARY 1978-JUNE 1990
(In percent)

80
80

- 70
70

6o
60+

50
501

40
401~

30
0+

—20
W0+

~10
10
0 PR EPE TR T TP Y% JPEEPUNT S EPUNE TN UOU DU WU S S S S N SO (ST ST VO VOO YT KA VN VOO SO S AP BT I ¢

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

2. Currency substitution in Perii: 1978:1-1985:6

Next, we proceed to analyze the empirical relevance of currency substitution in
Perq. . .
The theoretical model presented in the previous section .mzmmﬁm that the following
relationship should hold in the presence of currency substitution®:
B|m.u9a+9_m? -e)+w, (12)

e 141
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where: f =m] + ¢,
m; = log of holdings of foreign money.

e, = log of the exchange rate, i.e., the domestic price of one unit of foreign currency.

w, = the residual from the relationship.

Equation {12) states that economic agents adjust their holdings of domestic money
such as to achieve their desired ratio of domestic to foreign money and that such ratio
depends on the expected rate of depreciation of the exchange rate.

In most of the analysis in this section, U.S. dollar-denominated deposits in the
Peruvian commercial banks will be taken as the measure of holdings of foreign money.
However, since deposits in U.S, banks by nonbank residents in Peni can also be identified
as another source of currency substitution, the analysis will also be extended to inclade
those deposits in the measure of foreign money held by Peruvian residents®,

To proceed with the estimation of equation (12), f is first defined as the log of U.S,
dollar-denominated deposits in the Peruvian commercial banks. In this case, the statistical
analysis of equation (12) needs to be restricted to the period January 1978-June 1985
since, as mentioned before, only during that period U S, dollar-denominated certificates
of deposits (CBME) were allowed to be fully convertible at a market determined exchange
rate called the CBME rate. As Figure 3 shows, the CBME rate and the exchange rate in

FIGURE 3
CBME AND PARALLEL EXCHANGE RATES: JANUARY 1978-JUNE 1985
(In logs)
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were almost identical. For consistency éi_ n_:.w analysis involving
%M Wo»w_mwwo wm“uw.wmﬂmm (when the CBME rate was inoperative), in this paper we BWEM_ .Eo
parallel market exchange rate to be the relevant mxor»nmo rate for the &oo_ﬂw_on- ing
process of economic agents. Table 2 presents unit root tests for the énww%m _wnsnﬁﬂ_mm
equation (12). The tests, which covered the vo:.oa January qu-?:‘. 1985 show 5
ml, m2, f, and e are I(1) processes while the ratio of .aosmmcn to forcign Boﬂﬂow (m-— )
is a stationary process, indicating that m and f are nQEa.m_.mﬁa. In addition, the _.wmn N
change of the exchange rate was found to be a stationary process ﬁ__mﬁrno_._ e
characterized as an AR(1) process. Therefore, the actual change of the exchange rate
was taken to represent the expected rate of change of the exchange rate.

TABLE 2
TESTS FOR UNIT ROOT
JANUARY 1978-JULY 1985
ADF!
Varjables DF
1648 439 (1)
: 2.44 -2.28(1)
: 1.59 2,43 (4)
e 1.23 173 3)
- -3.98 -430(1)
awum 412 —4.08 (1)
i
-4.93 401 (1)
o -9.83 -6.16 (1)
o -14.07 —4.48(3)
Esw ~12.58 -538(2)
P 1 ~10.43 -679 (1)
wﬁu”w —9.61 -6.43 (1)

Critical values for the DF and ADF tests au:

1 percent level = -3.37
5 percent level = -2.56

' The number in parenthesis indicates the number of lags sufficient for the error term in the ADF test to

2 WMne u_ﬁmmﬂwwwmscmq 1978-December 1990, the unit root test for the exchange rate gave the following

values:

DF ADF
[ 7.95 5.57(2)
Ae =71.04 —4.53 (2)

i io of domestic to
Since both the rate of change of the oxoqmﬁma rate and Ew. ratio of S
foreign money are stationary processes, traditional econometric analysis applied to
equation (12) is appropriate. To take into account the o:an..mn__o& &. the nmwooﬁn rate
of depreciation of the exchange rate, equation (12) was estimated using an instrumental
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variables technique with two alternative sets of instruments. The first set contained one
lag of the ratio of domestic to foreign money, one lag of the change in the exchange
rate, and two dummy variables to ake into account major exogenous events that affected
the behavior of the exchange rate®. The second set also included two lags of real output,
one lag of the rate of growth of domestic money and seasonal dummies. Inclusion of
the additional instruments in the second set, however, did not change significantly the
parameler estimates.

Estimation of equation (12) yiclded serially correlated errors as indicated by the
Durbin-Watson (D.W.) statistic®, Since both the dependent and the explanatory varia-
bles are stationary, the low value of the D.W. statistic can be interpreted as reflecting
the presence of a partial adjustment mechanism. That is, it may indicate that economic
agents did not fully adjust the relative composition of their wealth toward their desired
long-run relationship within one period, i.e.. one month?, Partial adjustment versions of
equation (12) were then estimated for both alternative definitions of domestic money to
obtain:

(m1-0), = 0.072-1853 E,,~c)+0915 ml -1, (13)
(0.0275) (0.463) (0.0146)
R?=0.989
(m2-), = 0.111-1.546 E(e,, - ) +0.907 (m2 - 1) (14)
(0.032) (0.410) (0.016)
R?=0.986,

where the numbers in parenthesis are standard errors,

Confidence interval testing reveals that the coefficients for the lagged dependent
variable are different from one at the 1 percent significance level®; confirming that the
ratio of domestic to foreign money is stationary but highly auto-correlated.

Two important results emerge from equations (13) and (14). First, as predicted by
the theory of currency substitution, the expected rate of depreciation of the exchange
rate significantly affects the desired ratio of domestic to foreign money, Second, the
implied long-run semi-elasticity of currency substitution equals -21 using m1 as the
domestic aggregate and -16.6 using m2. Comparing these values to the results obtained
for other developing countries suggests a strong presence of currency substitution in
Perj®,

An alternative way to derive the long-run semi-elasticity of currency substitution is
to estimate a dynamic model of the demand for either domestic or foreign money where
the cointegration between m and f is recognized, That is, using an error correction
model imposing the long-run relationship established by currency substitution®. This
amounts to imposing the restriction that both m and f affect the equation with the same
coefficient. With this technigue, one would expect 1o obtain the same long-run semj-
elasticity as those derived from equations (13) and (14).

The demand for foreign money (U.S. doliar-denominated bank deposits in the
Peruvian banking system) will be estimated here since we are interested in obtaining
some insights regarding the holdings of foreign money during the period after June
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1985, when foreign bank deposits in Peruvian banks were aM»wnomwa. w.sn w:Maa_WMmahﬂ

, i i i the lagged levels of m, f,
related changes in holdings of foreign money o ol oot Lo in the
ted change in the exchange rate m:a. the change in the level of output®. L
Mwwmm%na <m%mc_a were not found significant. To deal i_”E a mﬁ:“_wmbwmuw %_ﬂwmw%ﬂ“
ising from the presence of contemporancous changes 1n the .
W_Mmc_wwsﬁﬂﬂ ”Em equation was estimated using an Emcd:_a:ﬁ <w:m.Eom technique®. To
simplify Em presentation, we only discuss here the results involving m2 as domestic
money. The estimation gave the following results:

Af = -0.013-006(f-m)_ +098E(e,~c_} + 0394y, (15)
{0.02) (0.01) 0.31) 0.14)

R?=0.385
and the number in parenthesis are standard errors.

i indi rtion of the variation in Af is
The results from equation (15) indicate that a Hﬁmw. proport s
ex E:Ma by o:mumomﬁwu the exchange rate. From this equation, the value of the .-o:—m
EM semi-elasticity of substitution equals —16.2, which was found not to be statistically
ifferent from the one obtained from equation Ga.v. ) ]
@ amw._m__z. define f to include U.S. dollar deposits in .85 Peruvian and G.mmcm%. :H.__
that case, the estimation of the partial adjustment version of equation (12) during the
period J :._w 1978 to June 1985 yields the following results:

- 16)
1-f), = 0.025-1.347 (e, ~¢) + 0952 (ml - f) (
(w1 =0, (0.023) (0.546) (0.024)
R = 0.983
- 17)
2-0), = 0.068 - 1.597 Efe,, — &) + 0.943 (m2 - ©),, (
(@2, 0.027) (0455) (0.023)

R? =0.985

in parenthesis are standard errors. o )
and %Wﬁ.ﬁ.ﬁo%%:%% the implied long-run semi-clasticity of oﬂﬂa_wou m:gcﬂcnowsﬂwnﬂmm
! . » m|
tions (16) and (17) is larger |mco=.~ -28 in both equation
M%%_ammm“wmnm mm%m-w_mmaownom derived from equations Cuv. and (14). Qomﬁw..n_o results
from equations (16) and (17) reinforce the conclusion that currency substitution was an
important phenomenon in Perit during the period 1978-85.

3. Estimates of currency substitution since August 1985

i i i i tive in the

before, bank deposits denominated in U.S. dollars were inopera 1 |
vonuﬁmﬁwsomo%:oaw during Soxvnaoa August 1985-December 1990. The re-imposition
of foreign exchange controls produced a temporary increase in the demand for domestic
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money since this measure increased the effective cost of holding foreign money. Indeed,
as shown in Figure 4 the ratio of domestic money (M4) to nominal income increased in
mid-1985 and did not decline significantly during 1986. However, as fiscal deficits,
largely financed with monetary expansions, increased and the depreciation of the inti
relative to the U.S. dollar accelerated during the period 1987-90 (Figure 5), the incentives
for holding foreign money outside the Peruvian banking system increased. Two forms
of holding U.3. dollars were clearly identified by Peruvian residents: 11.S. currency
notes which could be obtained in the well-established domestic black market for U.S.
dollars and deposits in foreign banks reflecting capital flight.

To obtain some insights on the process of currency substitution during the period
August 1985-December 1990, two complementary indicators of holdings of U.S. dollars
by Peruvian residents are presented here.

First, holdings of U.S. dollar deposits by Peruvian residents in U.S, banks are
presented in Figure 6A. Consistent with the behavior of domestic inflation and the
exchange rate, holdings of those deposits increased continuously from 1987 to mid-
1990. The data indicate that by mid-1990 Peruvian residents held about US$2 billion as
deposits in U.5. banks, Figure 6B presents the ratio of M2 to Peruvian deposits in U.S.
banks. As one would expect, this ratio sharply declined during the period 1987-mid-
1990. :

Second, the estimation of currency substitution presented in the previous section
may be used to obtain an additional indicator of holdings of U.S. doHars during the
period August 1985-December 1990. Using equation (15) to forecast holdings of U.S,

FIGURE 4
RATIO OF M2 TO NOMINAL INCOME: 1978-1950
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FIGURE 5
PARALLEL EXCHANGE RATE: 1978-1950
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dollars by Peruvian residents outside the domestic banking system constitutes a counter-
factual experiment since U.S. dollar denominated deposits in the Peruvian banking
sector wert: inoperative during that period. It should be stressed, however, that this
forecast suffers from strong limitations. Indeed, the forecasts assume that the parameters
estimated in equation (15) remained constant outside the sample period. Clearly, there
are at least two reasons to argue against that assumption. First, higher and more volatile
rates of inflation were experienced by the Peruvian economy during the out-of-sample
period. Since we would expect that accelerating inflation may deepen the process of
current substitution, the forecasts represent a lower limit of actual holdings of foreign
money. Second, and perhaps more important, by increasing the costs of holding foreign
deposits, the re-imposition of foreign exchange controls affected the dynamic of the
process of currency substitution in Pen, implying a change in the value of the parameters
in equation (15)%,

Given an average rate of depreciation of the inti relative to the U.S. dollar of 16
percent a month during the period August 1985-December 1990, our estimates of the
long-run semi-glasticity of currency substitution would suggest that, during the same
period, Peruvian residents held, on average, a stock of about 4.4 billion U.S. dollars.
This compares with registered holdings of U.S. dollar-denominated bank depesits of
US$1.4 billion by mid-1985. These estimations also imply an average ratio of domestic
money (M2) to the inti-equivalence of holdings of U.S. dollars of about 21 percent
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FIGURE 6A

HOLDINGS CF US DOLLAR DEPOSITS BY P
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during the period August 1985-December 1990 (Figure 7). Thi i

omo mco_“_ﬁ_ 74 percent by July _.omm. Although m_._Eo,wn to wE E_M mﬂﬁhﬁwmibﬁumn””m
w: w%w aaawm amﬂsmam.ﬁo consistent with the sharp deterioration of economic oouamo:m
in Perd du LMM_ . W vam_on Homq-Ba-G.oo and suggest a strong shift of Peruvian mone;
holders & s | e U.S. Qo:m.... That is, even in the presence of strong restrictions _w
formes, capi Bmawﬁ.m which _included the elimination of fully-convertible U.$
,_ __E enominated deposits, the existence of a well-established parallel market fi G. .
w.m_, .”_hwmwnmu M.M%M\Mow@ﬂna m”. ﬂao%amgm to evade foreign exchange controls %nnﬁ%m

uce their real holdings of domestic m i i
of U.5, dollars. In fact, M2 as a proportion of nominal :M%w_maawnﬂﬁoﬂm wﬂ“ﬂum“
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average of about 13 percent during the period 1978-85 to about 3 percent by mid-
1990, implying that the velocity of domestic money sharply increased from 1986 to

1990 (Figure 4).
FIGURE 7

ESTIMATED RATIO OF M2 TO HOLDINGS OF U.S. DOLLARS
AUGUST 1985-DECEMBER 1990
(Based on Equation 15}
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V. Currency Substitution and the Dynamics of Inflation

As discussed in the introduction, a central implication of currency substitution is
that monetary authorities have o accept a loss of seignorage since they can only contrel
the supply of the domestic currency in an economy where foreign money is also used as
medium of exchange and store of value. In that sitnation, currency substitution will act
as a transmission mechanism through which expansionary fiscal policies financed with
money creation affect the inflation rate. In those economies, the mechanics of inflation
work as follows. As governments usec monetary expansions to finance fiscal deficits,
domestic money holders will attempt to avoid the inflationary tax by switching towards
the foreign currency. With an eroded monetary base, the inflationary tax will have to
increase further in order to finance the fiscal deficit. Hence, the velocity of domestic
currency would increase. Increasing rates of inflation thus are the resuit of increasing
fiscal deficits financed with monetary expansions with currency substitution being the
transmission mechanism in the inflation process. In the long-run, however, expansionary
fiscal and monetary policies nced to be reversed or the government must accept a
complete loss of seignorage as real holdings of the domestic money would be completely
eroded.
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] This section explores the extent to which currency substituti i
important transmission mechanism through which Eo:owg WNMWWOﬂmmowwmw_% %_”
m:c.n-:_n behavior of inflation in Perd. This is done by estimating a dynamic equation
which relates the inflation rate to the lagged ratio of domestic money to foreign mone
and to .mmmmon values of the inflation rate and changes in economic activity®. Notice Emm
the Bso.om domestic to foreign money needs to enter in this equation in _..“é_m and not
in first aum.mm_.mjoom since, as noted before, such ratio is a stationary variable

The intuition for including the lagged ratio of domestic to foreign .ronaw in the
short-run equation for inflation follows from the argument presented above: As the
ao.m:.ma ratio of domestic to foreign money declines in period t, the nomc_:sw loss of
seignorage by the government will imply that the persistence of a constant or expandin
fiscal deficit in period t+1 will require a higher rate of growth of the money suppl Eam
therefore, a _.:m_a_. inflation rate. It should then be clear that currency mccwnE%ow_ mnﬁ.
as a Rma_.ﬁ_mao: mechanism in the inflationary process only if fiscal deficits ar
financed with expansions in the rate of growth of domestic money. ’

Since the proposed inflation equation requires data on holdings of foreign mone:
the estimations will m.nmﬂ cover the period January 1978-July 1985. To evaluate how Ew
mmﬁmwﬁmo.m cm:mén during the period since August 1985, the two indicators for holdings
%: 9..w mm:mz Mm w_wm.w@nnsmu residents presented in the previous section will then be used

‘When { included solely U.S. dollar-denominated deposits in i i
mww.ﬁwﬂuu&o final estimation for the period January qu;ﬂww 1985 ﬁw_wwmcﬁwoww%ﬂ”m
results®:

Ap, =0.0253 - 0.0064 (m1 ~ ), +0.2414 Ap_, +0.3299 Ap,, ~0.1198 Ay,
(0.0072) (0.0028) (0.0946)  (0.1012)  (0.0327)

R*=042 (18)

Ap, = 0.0301 - 0.0073 (m2 - £),, +0.2385 Ap_, + 0.3248 Ap,, ~0.1204 Ay,
(0.0085) (0.0032) ©.0946)  (0.1015)  (0.0327)

R*=042 (19)

éwo_m“ standard errors are in parenthesis,

) quations (18) and (19) have the same explanato wer and both
persistence of the inflation rate, although the second W:%o third lags in_.am_“_ﬁ%. MHHM
m_.mEmnm_: at the 5 percent level. The coefficients on (mi-f),, (i = 1, 2) although sig-
u._mn.mnn were very small. In contrast, two-periods lagged o:mm_mom in economic activity
significantly affected inflation, The negative sign of the coefficient affecting Ay is
consistent with recent literature on developing countries which postulates a negative
relationship between ocutput and inflation in the short run®,
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In addition, when the definition of f was modified to include U.S. doltar deposits in

both Peruvian and U.S. banks, the estimations (over the period July 1978 to July 1985}
were as follows:

Ap, = 0.0247 — 0.0140 (m1 - f),, +0.2639 Ap,, +0.1765 &p,, ~0.1182 4y,
(0.0060) (0.0036) ©.0973)  (0.0904) (0.0276)

R? = 0.57 (20)

Ap, =0.0373 - 0.0187 (m2 - f),, + 02198 Ap,, +0.1503 Ap,, ~0.1186 Ay,
(0.0076) (0.0043) (0.098) 0.0897)  (0.027)

R?=0.58 @n

Thus, using the broader definition of foreign deposits improved the explanatory
power of the regressions. Moreover, although the coefficients on (m-f),_, remained small,
their values increased significantly relative to those in equations (18) and (19).

The results from equations (18) — (21) seem 1o indicate that the lagged behavior of
economic activity and lagged inflation rates were the most important factors behind the
short-run performance of inflation during this period. Although significant, the effect of
currency substitution on the dynamics of inflation was not very important.

Next, in order to estimate a short-run equation for the inflation rate during the
period August 1985 to June 1990, the two indicators for the ratio of domestic to foreign
money held by Peruvian residents (presented in the previous section) can now be
used®.
Using the ratio of M2 to holdings of US dollar deposits by peruvian residents in
US banks produced the following result:

Ap, = 0.1067 - 0.1036 (m2 - ), + 0.4029 Ap,, @)
(0.0258) (0.0314) (0.1325)
R? = 0.60

If, instead, the forecast of holdings of US dollars based on equation (15) is used to
construct a proxy for (m2 — f), the following result is obtained™:

Ap,=0.035 — 0.055 (m2- £, + 0.507 Ap,, @23)
(0.0191) (0.0211) (0.133)
R? =0.59
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The most important result from equations (22) and (23) i i i
Mﬁzwhm Hzmmmowago_gﬁ of the ratio of noanm:ovs mo_mammvn m_:ﬂ”ouuw Mnmhnm_.wmwamnnﬁm
A gust 1985-June .GoP EE.GEm. that currency substitution strengthened {
wmnm_::mm_o: So.n:mE.mS in the inflation process during that period. Moreover, onl mm&._
mwﬁwxmm%moﬁo Emmco.: rate {one .Bo.uE-ummv was found significant and no _wm ow Em
index of iﬁmmWn activity was m_.mz_mopﬁ at the 5 percent level. These resuits EM
consistent Wi ¢ response .% rational €conomic agents to accelerating inflation. As
inflation ace o_.m.“,ﬂm. =w inertial effects decline since agents tend 1o quickiy Emﬁo:.n to
cconomic 1 iw. 5@3 ore, money holders quickly adjust to their desired composition
of curre nmm n the Peruvian case, Ea sharp drop of the indicators for the ratio of

mestic to foreign money during this period (Figures 6B and 7) indicates th ’
waoowm of currency mccmEE.Es was reinforced. In addition, the absence o%m .m_m o
ags on changes in economic activity in the equation for inflation ma EM.NE . the
presence of a vertical .w_z_:_um curve during this period; a result corre N&: _S.N e
E.oa%%wosm of om%:oa_n theory for economies experiencing uon&a_.»nwmﬁmznupmoﬂn the
e %M:Smn er, _w__m analysis in this m@n:@: seems to suggest that the role of o:.qgo
substiy aﬁmwmm a nﬂwnnomhwmamww Mﬁ%wsw%_ou in the m.zm»noz process in Peni was wo_mn.&_w
hen ating s . » but became important during the period 1986-90

V. Concluding Remarks

This paper has established the presence of cu ituti
s esl rrency substitution in Perd
om,_ ocﬂﬁu_ow substitution was formally tested for the period January _mﬂw.w.ho nu_mm_w
W en fully convertible ﬁ.m.. doltar denominated bank deposits were E_oi&w. 5.
eruvian economy. Two indicators for holding of U.S. money by Peruvian resid " fi ;
the v.mw._om >=_mFM Gm%.dooaaga 1990 were then presented cents for
he results from the paper indicate that the im _.Bsoo.om itution i
wxEmHEm m_ﬁ short-run behavior of inflation <§mﬂo during Banﬁhwmwswﬁww:mﬂw Mo: ma
mmr. m evidence seems to suggest that while the importance of such an:msmm.__:«. s
w.‘o_mcw,w ww%a.m: during the u.onoa of high but relatively stable inflation (Tanu Gﬁmm
ow:ﬂ mmsnnv. WM mﬂ:ncnmdnw increased in the period August 1985-June Gwc»waor mm
. wi ¢ accelerating rate of inflation and higher volatility of
B_”m HM the parallel market experienced during most of that uoaon.:,v_m:w mmeMMMM m:mma
we _ eveloped Emnw SE_S.H for U.S. doliars in Perd implied that, in the prese: o w
accelerating inflation, Peruvian residents could rapidly attempt to w_.oﬁon % mq__oo 0
their ﬁmﬂ wealth by switching into U.S. dollars, o value of
at are the implications of these results for th
v i e conduct of monel icy?
Hw%:m._wo@ w_cowa, if governments altempt to finance constant or manammmswammwm_ﬂﬁwm%m
itk in M:gmﬂ 1ax, E.o HomEm_.Hm inflation rate will be higher in the presence of
c%m:hﬂ:%ﬂﬂ%ﬂ%ﬁ. MM_..;o this is a disturbing fact for economies undertaking
15i0 ,» 1t is appropriate to ask whether the
substitution may constitute “good news” for Frg i ataeney
. : t overnments ith i i
reducing the fiscal deficit and the expansion of mﬁ domestic nﬁ._wmwum_kw__uﬁ u._muw:o: ol
“w.a:a aono.:a on the oan.:vz:w of the announced economic program mbaw.ﬂrn_.omw_n_mion
_ H:w eﬁ_ﬁnﬁﬂn_o%mmﬂm mmnozoiuo mﬁmﬁma regarding the permanency of the m&:m::ma %M..N:
e s percetve the deceleration of money as permane; .
an improvement in the value of the domestic currency Wn:a i:wm%%w%ﬂ%ﬂ.ﬂwgm

i
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increase their relative holdings of domestic money. As the monetary base for the inflation
tax increases, the inflationary tax needed to finance a given fiscal deficit declines.
Further reduction in the fiscal deficit will, of course, accelerate the reduction in the

inflation rate.
In contrast, lack of full credibility in the announced policy may account for the

persistence of the “dollarization” process and would, therefore, increase the degree of
fiscal and monetary adjustment necessary to achieve a short-run reduction of infiation®.
This paper has not dealt with the analysis of currency substitution during the recent

stabilization program undertaken in Peri since the end of 1990 because the size of the

sample period is too small to allow meaningful statistical results. By mid-1991, however,
the ratio of domestic money (M2) to GDP had not increased relative to the level
attained at the beginning of 1990. To the extent that the behavior of this ratio may
reflect the persistence of the dollarization process in the Peruvian economy, the analysis
in this paper would imply thata significant reduction of inflation in the short-run would
require larger adjustment efforts than those required in the absence of persistence in the

dollarization process.

Notes

! Specifically, Oniz (1983) analyzed the Mexican case, Ramfrez-Rojas (1985) established the presence of
currency substitution in Argentina, México and Uruguay. The Argentinean case was also the subject of
study in-Fasano-Filho (1986), while Canto {1985) deslt with currency substitution in the Dominican
Republic. In addition, Mérquez (1985) dealt with the issue of currency substitution in Venezuela and
El-Erian (1988) tested the hypothesis for Egypt and the Yemen Arab Republic.

*  Severely limited capital markets and exchange controls in developing couniries have usually implied
that & large propottion of wealth is held in the form of real money.

3 For additional studies on the process of dollarization in Pend before 1987 see Beckenman (1987) and
Savastano (1590).

s The effects of currency substitution on seignorage in developing countries has been analyzed in Khan
and Ramirez-Rojas (1986), Tanz and Blejer {1982). Recent analysis on the optimal inflation tax in the
presence of currency substitution is contained in Végh (1989).

3 Total stock of money is defined as currency in circulation plus bank deposits denominaied in, both,
domestic and foreign currencies.

¢ If deposits of Peruvian residents in 11.5. banks are added to foreign deposits in the Peruvian banking
system, the ratio of foreign deposits 1o the stock of money increased from 33 percent at the end of 1978
to about 70 percent by mid-1985,

T Fully conventible foreign currency deposits were reestablished, at the beginning of 1591, However,
there is still not sufficient data 1o analyze the behavior of this market.

*+ A cash-in-advance model for an economy where two currencies arc demanded is contained in Helpman
(1981) and Calvo and Végh {1990). Aliernatively, one can include both monies in the udlity function
(Calvo (1985)) or assume that a proportion of a single good is subject to a cash-in-advance constraint
(Guidotti and Rodriguez (19913)-

5 This assumption is consistent with developments in the peruvian economy, where U.S. dollars, while
widely used, do not constitute a pedect substitute for intis. Indeed, a significant proportion of non-
durable goods transactions (such as food, clothing, etc.) in Perd are carried out in intis,

8 This form of liquidity-in-advance constraint is taken from Calvo and Végh (1990).

" Where & represents a partial derivative.

12 The marginal indirect utility of holding domestic and foreign money V,, and V,,,, respectively, is the
partial derivative of the value function with respect to the corresponding stock of money. Therefore:

v, () = (U/P) G, +7,2,), and
V,. (0= S/P) A +12,)
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13 - iy i
As the marginal utility of consamption of tradable goods is constant in the steady state, ie, A + 7
3 e Ty 1

is constant, the value of y has to be non-zero since, otherwi i
: ¢ val s 10 : : 3 y 7) would imply that X i i

over time, which i< a contrad . s mnuwﬂosﬁ catlity in th siea

over ntradiction. Since y is non-zero, equation (3) holds as an equatility in the mpnm._w
& - - - . n.,

wﬁwm_.nm .E. Brittain (1981), ?E.am (1980) and Melvin (1982) among others showed that

uwﬁ stitution can account for the instability of velocity in some industrialized countri d” rapes by
>ﬂ_m= wﬂn& _._mmnhac_mm&. however, raises doubts on those results s The paper by

ough the model presented in section IT indicates that noE..__q.n ion i

/ 1 lion is th i i
in the m.ﬂ.:u:n_ for Bounv..mcsozo:. lack of reliable data has a.enWon_ :.“. to nEnW m—woﬂﬁm_—n mnwrm 4n:uw.._u
production as the scale variable. ¢ index of industrial
%.:Mo:m? as Em: _M-mros.: below, the results for real income are borderline

ationary implies that a series tends to revert over time eitherto a :

S ! A A constant mean or i
.__M._ a E...mﬁr .5&:0:& regression analysis relating the behavior of nonstationa M.%..“__Muun. ight j
.m. ect mwn_ne:« correlations™. v 8 might just
'wo variables, a and b, followin, I i i i i

e yariabics. » and g an I (1) process are said 1o be cointegrated if there exists a non-zero
¢ = a~—-Gb
t 't '

5

4

-]

s

is 2 stationaty m_.Onnum".EE is the series ¢, is integrated of order z& i

WM MM“W of %o.Eﬂwwu.Eo: see .Qnuzmnq. and Enmmmwc 983}, and muw_anrw A%ngmﬂq_.ﬂuwwww claboration on

As men wgn ; in the E%Mo.m:ncou. during Ewﬂ period (when the govemnment of the >_u.w> (America

mov-: n.,_“_m _ﬁoan _Sbnn.v party was in .Esnnv heavily expansionist measures were undertak "
¢ the peri arch 1957-April 1991, the unit root tests for the price level gave the following _.nuaﬂwr.

DF ADF

p 1650  9.04 (1)
Ap 1039 -7.01 (1)

Since at every period of time economic a i
et gents do not have full information about the i
government policies, the expected rate of change of the exchange rate is the relevant <Mn”~r=_3 nom_nan !
W an m‘B?now_ investigation of currency substitution. ¢ 10 beused
ats on Peruvian deposits in U.S. banks was obtained from the U.5. Treasury Department. Notice al
. s0

that since U.S currency notes also circulate widely in the ECOn:
i irculat ide]
o b indicaton, ¥ omy, Our measureg of fshould be taken as

The two dummies correspond to the following months: August 1982 (the outbresk of the debt crisis),

and June 1985 (to reflect the winni i i
A PRAY o the g ning of the candidate of the American Popular Revolution Alliance

The estimation of equation (12) i
was done using the tw i init :
results were respectively: g © altemative definitions of domestic money. The

(ml,~f) = 1331 - 22.114 E(c,, —e)
©.127) (2.252)
D.W. = 0.59

R? =0.53

and:

(m2, ~£) = 1677 - 17.557 E(e,, ~¢)
(0.115) (2.010)

R* = 0.467 D.W. = 0.62}

where the numbers in parenthesis are standard erro iti i
3 h T 1 rs, In addition, the first stage R?

M..on m discussion of these issues, see Goldfeld and Sichel (1990). The ?.omo_ww omn“_ :HHM_EQMN. :

n Mn %EEHME a Em—...u_amco: economy like the Peruvian one can be justified on :.wo m_.o:amc.u ﬂ.._n:s
m uv cMH (12) was estimated for a period where inflation, although high (an average of 70 ot ey

wu anr M_ ; Wawoﬂﬂnﬁvwn at the M:h of _En period and second, we are using monthly dara, ?ﬁ&wﬂﬂﬁuﬂﬂ

; u more difficult 1o justify if we were using quarter: :

as will be discussed in the next section, such mechani. e e e s epoucncy data. Also,
s will ; . sm seems to ha i

significantly in the second subperiod under study, when inflation unohmhﬂﬂn“ﬂﬂﬂﬂﬂﬁ& or decreased

At the 1 percent significance level i i
thy . .
dependent varizble wie e confidence intervals for the coefficients affecting the lagged

(0.882, 0.948) (equation (13))
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(0.874, 0.94)  (equation (14)).

# The study by Ramirez-Rojas (1985) implies a semi-elasticity of currency substitution for Argenting
during the period 1980-84 which equaled -3.5. The corresponding value for Uraguay during the period
1970-86 is —6.5. Oriz (1983) reported a semi-elasticity of —6.9 in his study of México during the period
1933-80.

» Recall that since m and f are I (1) variables, specification of the money demand (domestic or foreign)
equations should be made in first differences.

% The error correction model was derived in the following way: From the long-run relationship imposed
by currency substitution, and the implicit homogeneity of the demand for both domestic and foreign

money on prices, we have that:

f, = by+m, +b B, ~e) +E

The error correction model for Af, can then be formulated:
Af =z +2, 4 £ ,—zm_, ~zEe- e )+

lags of dependent variable and lags of changes of output + £
The long-run semi-elasticity of currency substitution will then equal:

Toe

st e instrument were those describe above.

3 Also, during the forecast period, illegal sales of drugs increased, at times, the amount of U.S. dollars
circulating in the economy. This reinforces our contention that the forecasts are on the lower side.

3 Lagged rates of growth of the money supply were also included but they were found to be mon
significant.

M There is the possibility that equation (18) may not be identified because the presence of (m - f),, may
merely reflect the relationship between the expected rate of change of the exchange rate and the ratio of
domestic to foreign money, as represented in equation (13). Indeed, the rate of change of the exchange
rate is somewhat correlated with the inflation rate (the partial correlation coefficient equaled 0.5).
However, because 4p, ;, AP, and Ay, , appear in equation (18, this interpretation of egquation (18) does
not seem very plavsible. In principle, these issues could be explored further in the context of a
simultaneous equation model.

3 For example, sce Edwards (1983).

3% Given the similar results obtained using either ml or m2, we only report here the estimations using m2.

3 The proxy for holdings of U.S. dollars based on equation (15) was also used to estimate the equation
for the inflation rate during the entire period under analysis (January 1978 to June 1990). However, 2
Chow-test for parameter stability for the subperiods Jannary 1978-July 1985 and August 1985-Tune

1990 revealed a structural break in the equation for inflation. This result i3 not surprising. During the
period August 1985-June 1990, the government in charge followed an heterodox approach that attempted
to deal with inflation by means of imposing wage and price controls but gave no priority to the fiscal
deficit {see Thorp (1990)). Increasing fiscal deficits financed by the issuance of domestic credit fueled
the inflation rate, which accelerated rapidly from mid-1987 1o mid-1990 (see Chart 2). In addition, the
exchange rate in the parallel market moved from 20 intis per U.S. dollar at the beginning of 1987 10
71,932 intis per U.S, dollar in June 1990, These developments are largely consistent with a structural
break in the parameters of the inflation equation and, also may indicate a change in the parameters of
the equation estimating the demand for U.S. dollars (equation (13)). This result stresses the limitations
of our forecasts for holdings of U.S. dollars based on equation (15).

#  See Guidoti and Rodriguez (1991} for a theoretical model that explains the persistence of dollarization
as a reflection of costs involved in switching the currency denomination of transactions.
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CURRENCY SUBSTITUTION AND THE REGRESSIVITY OF
INFLATIONARY TAXATION

FEDERICO A. STURZENEGGER*

University of Califomia, Los Angeles
National Bureau of Economic Research

Abstract:

The purpose of this paper is 10 show that in the presence of financial
adaptation or currency substitution, the inflation tax is exiremely regressive.
This regressivity arises from the existence of a fixed cost of switching to
inflation-proof transactions technologies This fixed cost makes it optimal
only for those agents with sufficiently high incomes 1o switch out of domestic
currency. The effects are illustrated qng quantified for a particular case.

1. Introduction

The Austral and Cavallo plans implemented in Argentina in 1985 and 1991,
respectively, point to a drastic change in the perception of proper econemic policy. In
both cases, stabilization programs that stressed the need for fiscal adjustment and
monetary restraint were seen as the only way oyt of Argentina’s history of high inflation.
What makes both experiences so remarkable s that in both cases, they were implemented
with clear electoral purposes in mind. Thiee months after the Austral plan and six after
the Cavallo plan were launched, general elections for the legisiative assembly took

lacel.
P Table 1 summarizes some of the main developments of economic policy relevance
for Argentina, between January 1991 and the elecions in October. As can be immediately
seen from a quick browsing of this table, the government chose a strategy of strict

» T want to thank Mariano ._.oaa.w&. Nmuw..:moa Stanczak, Carlos Végh and an anonymous referee for
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