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1 - Introduction

The current boom of economic sudies usng the sydemic goproach has not yet
produced effects in Brazil. For indance, there are no macroeconomics sudies published in
the principd Brazlian economic journads which use this goproach. The present study seeks
to begin to fill this gap, buildng and dmulating a very prdiminay sysemic modd for
the Brazilian economy. The purpose of the paper is to try to undestand why the
dabilization plan launched in 1994 — The Red Plan — endogenoudy generated unexpected
effects tha ended for threstening to reverse the victory in the battle for economic
dabilization reached in the firs years It will be argued that one of the reasons the plan was
not as successful as it could have been was the disregard for the systemic effects of the
adoption of an agppreciated exchange rate as an anchor for the new currency. The most
important  of those effects was the Brazilian economy’s progressve vulnerability to
externd shocks, which culminated by bringing the country to the edge of insolvency in the
beginning of 1999.

1.1- A brief review of the stabilization period and organization of the study

In June of 1994, Brazil adopted a plan of dabilization — the Red Plan — that made
possble to reduce the annud rate of inflation of goproximatdy 3000% for less than 10% in
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the four following years. The plan was based on the ingtid inflation diagnos'sl. In accord
with this diagnoss, supply shocks — as ail price increases, in 1973 and 1979 — or demand
shocks - as those derived from the Il Devdopment Nationd Pan’'s implementation —
contributed to rase the exigenting inflation level, which reproduced itsdf over time due to
the indexation mechaniams that had being crested dnce the sixtie?. The indexation, in
correcting prices of the economy automdicdly — for example, wages, rents, deposts in
sving, among others — on the bags of prior inflation. resulted in accumulatiion of demand
and supply shocksin an inflationary tendercy .

In the fird haf of the eghties it was dready clear to the mgority of the economiss
that, in the case of Brazil, orthodox dabilization programs, based only on  aggregaed
demand redrictions, were inadequate to reduce the inflation rate. They redized that it
would be necessry the adoption of a plan of heterodox nature to diminae inflationary
inertia After severd unsuccessful atempts of  heterodox  plans implementations by former
governments, based mainly on prices and wage freezes, Presdent Itamar Franco decided
to implement a second policy option, which had been suggested by the origind texts about
inertid inflation, but ill had not been tried: the creetion of an indexed currency.

The basic idea was to cregte a fictitious currency, in the sense that it would not be a
red circulation currency, but just a reference for the other prices. For a certan period of
time, there would be two currencies in the economy — one as a reference of value and the
other as a means of circula@ion. That was expected to diminate the "inflationary memory”
of the economy, as economic agents sarted to quote their pricesin that currency.

In February of 1994 the new currency was created, with the name Vaue Reference
Unit (URV), tha would have its vaue readjused on a daly beds in tems of Cruzero
(CR$) — the money in effective circulaion — in accord with the observed inflation rate.
Private agents were not forced to convert ther prices to URV's, but motivated to do it?,
The incentive for the economic agents to gart to quote their prices in the new currency was,

1 In 1993, one year before the Red Plan implementation, the generd price index, cdculated by the Getulio
Vargas Foundation (Fundaco Getlllio Vargas, 2003) was 2851%; in 1996, the sameindex was 9,22%.

2 |nitidly, the automatic readjusment was created for savings accounts in order to make them more atractive
and for feded government's notes with the objective to reduce of reducing inflationary financing of its
expenses. As  inflation increased, however, that indexation mechanism was extended for wages rents and
other contracts in order to protect from inflation (Baer, 1995). The irony is that the initid ideg, that it was to
avoid the inflation through money emission, became the principa source of inflation.

3 All the public prices - contracts and taxes- were converted to URV.



obvioudy, preserving the red vaue of their revenues in the uncertain gate of the economic
affars a time. When a sgnificant number of agents had converted their prices to URVS, a
new currency would be crested, but this time of red drculaion, and drictly controlled, in
that the prices in URVs would be eventudly conveted The Red was created in
07/01/1994, being with the following converson raes 1 URV = R$ 1 =US$ 1 = CR$
2750,00.

In addiction to crestion of the new currency, the dabilization plan incduded the
adoption of a mildly redrictive monetary policy with high interest rates which dimulated
a great influx of foreign capitd. This, combined with trade surplus brought an gpprecigtion
of the exchange rate; in September of 1994, the Red was quoted in US$ 0,86 (Baer, 1995).
Such quotation, beddes giving credibility to the new currency, favored the imports of
necessary goods for the contrd of the inflation.

Differently from the dabilization plan adopted by Argentina in the same period, the
Red was not drictly linked to the ddllar, due to the fear that a great vadorization of the
exchange could bring an exchange crids, as had happened with Mexico (Krugman, 1999).
In September of 1994, when it was redized that the exchange was sharply appreciated, the
Centrd Bank began to intervene in the market by buying ddlars informdly esteblishing a
regime of exchange bands. This regime was inditutiondized in the beginning of 1995,
edablishing upper and lower limits for the exchange rate, which dlowed the government
the implement exchange rate minidevauaions (Falco Slva, 2002).

The regime of exchange bands, however, did not dlow large vaiaion of the limits
of those bands, gnce the success of the plan depended on exchange rate anchor. The
necessty of keeping increesng  imports in order to avoid possble demand excesses
influenced the government to avoild depreciding exchange rate a the same pace as
inflation. The result of that policy was the exchange rate overvaduaion and riSng trade
deficits, which were produced in 1995 for the fird time in severd years In order to
equilibrete the baance of payments - worsened by the deficit in the Services accounts -,
the success of the plan had to count on the entrance of foregn capitds , induding short
term loans, what required the maintenance of high leved of interest rates, during the entire
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The Red Pan, therefore, was successful in terms of preventing a hyper-inflation,
but it caused an undesrable dSde efect that damaged economic growth in the following
yeas extend wvulnerability increesng, which led to the mantenance of high red
domedtic interest rates during precticdly the entire fird teem of Presdent Fernando
Henrique Cardoso’s adminigration.

This text seeks to reproduce, in a dmulation modd, the dynamics of the Brazilian
economy  described above, characterizing mainly  the increesng  vulnerabilility to  externd
shocks, caused by the overvdued exchange rae regime It will be shown, specificdly,
that, in this kind of regime, the domedic interest rate must be consgently high in order to
atract externd capitds, which equilibrate the corresponding trade baance deficit. The
modd described in the next section then adopts the Munddl - Heming's hypothess in
making the interest rate dependent on the exchange raeit will aso be argued that the
exchange rae is more important for the dynamics of short and long periods the more
dependent the economy is on foreign capitd, as is the case of developing economies, In
section 3, the key results of the samulation are discussed and, in section 4, the expected
dynamics of some variables not incduded in the modd, as the public debt and the inflation
rate, issuggested. Section 5 concludes the paper.

2 - The Imulaion modd

2.1 - Themodd

The smulaion modd bdow, built with VENSIM <oftware, adapts to Brazil the
modd proposed by FORRESTER (1982) for the American economy.
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The man characterigtics of the modd, emphasizing the differences in reaion to the
Forreser’'smodd, ae

i) the interest rete is determined, as in the Munddl -Heming modd under conditions
of amdl economy and fixed exchange rae, on the red sde of the economy, by the need for
foreign financing The larger the trade deficit, the larger the spread to be maintained among
the domestic and the externa interest rate in order to produce a bdance of payments
equilibrium. As imports depend on the levd of economic activity and exports depend on
the exchange rate, the modd operaes with externd redriction to growth, because the
acceleration of growth givesriseto an increase of the imports but not of exports;

i) there are two fundamenta loops in the modd, the fird, postive and the second,
In the firg one, in the superior part of the diagram, the increese of find sdes
induces increase of the consumption expenses, through increese of the permanent income,
and increese of the investment expenses, through devation of the desred sock of capitd.
In the second loop, the increase of income, induced by the growth of find sdes activates

negative.
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the external redriction to growth , pressuring imports, which, given a cetan exchange
rate, increase trade deficit (or reduce trade surplus) inducing interest rate increases and
reduction of private invesment; that, as will be shown, is the key rdaionship in the
modd;

iii) the modd presents automatic abilizers due the exigence of the negative loop.
For indance, an increase in the interest rate reduces invetment and product levels. But
the decrease of the product reduces imports, reducing the need for externd financing and,
therefore, the interest rate. The increase of the public expense in proportion to the product,
on the other hand, induces privaie invesment increases by improving long term demand
expectations, but this increesingly pressures the baance of payments inducing interest
rate increases and reduction of the private investment.

2.2 - Hypotheses, cdibration and data sources

The modd was initidized with the obsarved vaues for the Brazilian economy in
1983 a 1998 prices, when data are  avalable, and with the vaues of Forrester’s thess for
American economy when Brazilian data are not avalable. The key vaues adopted as initid
conditions and paametes weel) vadue of the initid product equd to 500 hillion dollars
this is the fird vaue of the sries used for the cdculdion of the regressons among: i)
imports and Gross Domestic Product (GDP); ii) red interest rate and trade baance figures
and iii) exports and the red exchange rate. 2) socks were set a the following vaues i)
find products socks : 150 hillion dollars, defined as a proportion of 03 of GDP ; and ii)
cgpitd dock @ 1230 hbillion dollas and 3) The magind propensty to consume, findly,
was st inacondant leve of 0,76.
The cdibration sought to make the modd compeatible with the Keynesan theory.
In order to do that , the vaue of the aggregated initid demand was set in 500 hillion dallars
equilibrating the product a this levd in the fird year of the dmulaion, while the initid
vdue of the invesment equas to 77 hillion dollas, sdidfying the genrd Keynesan
equilibrium equation for a dosed economy: Y = C + | + G. The modd was complemented
by adding taxes (0,3 of GDP ) and public expenses (0,3 of GDP). These vdues, as well as
6



exports and  imports, were cdculatled in 1998 dollars. The basic interest rate of the
economy was the SELIC, discounted by generd consumer price index. The reationship
between interest rate and trade baance figures was esimated with base on a ample linear
regresson modd, induding a dummy vaiade equd to 1 in  yeas of high politica
ingebility, asin 1989 and 1992.

The man daa sources were the journd  Conjuntura Econdmica, The
Centrd Bank Bulletiny and the dte of the Inditute of Applied Economic Research
(Www.ipeadata.gov.br).

2.3 - Obsavaionsonthemodd vdidation

The quedion of whether a smulaion modd is vaid does not, as we know, have a
smple answer’. A model does not sek to totaly reproduce the redity, but to capture the
fundamentd mechanics of certan processes, increesng our underdanding about this
redity. However, once the modd presupposes vdues for paramees and is Smulated
dating from initid conditions tha refer to a spedific redity, an obvious criterion of the
quaity of the modd is the larger or smdler convergence of results between the smulations
and the red data In this sense, in spite of the difficulties in comparing the results of the
gmulations with Brazilian daa in the last few years due manly to large vaidions in the
exchange rate (in which data are vauated in this Work)5 , the modd seems to generde a
ressonable gpproach to the dynamics of the Brazilian economy in recent years The
principa results which support this inference are the followi nge:

4 For ainteresting discussion on that point see, for instance, Ford (1999: cap. 22).

5 Jugt to have an indght on this difficulty, observe that the value of Brazilian GDP was reduced from US$
708 Billion to US$531 between 1998 and 1999, without that an economic recesson had happened on this last
year, but rather a dight growth of 0.8% of red GDP. The explanation for that fact is the mgor depreciaion
of theRed inthis last yesr.

6 The smulations was based on the following scenario: exchange rate gppreciated at the parity leve with the
dollar, between 1995 and 1998, and exchange rae & R$ 3 / US$ 1, which is cdose to the present observed
averagelevd, , in the remainder of the Smulation period:



i) the estimated vdues of GDP, in USS$ hillion of 2001, for 1983 and 2000 are very
close to the vaues indeed obsarved; in this last year, for indance, the estimated vaue was
of US$ 577 hillions and the observed one was of US$ 594 hillions;

i) the externd shock was dmulaied as having happened only in 1995, due to the
Mexican crigs, the other shocks, such as those which occurred in 1997 and 1998, were not
conddered; it is in 1995, however, that the badc interest rate of the economy (SELIC) in
fact reeched its higher leve, about 45% annudly in red terms what judifies the temporary
location of the shock in this year;

iii) the amulations approximatdy reproduce the reduction of the rate of economic
growth between 1995 and 1998;

iv) the smulaions reproduce findly, dthough only cruddy, the inverson of the
dgn of the trade bdance that becomes negative dating from 1995; in the smulations,
however, ared deficit occurs only in 1995.

3- Smulaions

Figure 1 presents the smulation for the growth of the output (GDP) over 30 years,
beginning in 1983, in two scenarios.  In the fird, the occurrence of a large increese in
interest rate is supposed in the twefth year of the amulation (as it happened in 1995 in
reeson of the Mexican crigs), smultaneoudy to the exchange rate gppreciation promoted
by the Red Pan. In the second scenario, the smuldtion is what would have happened with
GDP if exchange rate vaorization had not occurred when the shock of interet rate
occurred. The dmuldion is made on the hypothess tha the equilibrium exchange rae
during the whole smulation period is the triple of the rate observed in the beginning of the
dabilization plan (as it s;ems to be hgppening now).



Fgure 1- Interest rate shock effect over economic growth in two different scenarios for the
exchange rate
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The smulation suggests that the stronger the gppreciation of the exchange rate, the
gregter the effect of the shock of the interest rate on GDP In the second scenario,
corresponding to the exchange rate of R$ 3 / US$ 1, the growth tendency is not even
interrupted. In the fird scenario, in which it is supposed that, in the period 1995-1998, the
exchange rate is appreciated from the equilibrium leved aove to the levd of R$ 1/ USH 1
(as indeed happened in the firgd phase of the Red Pan), an expressve reduction of
economic activity occurs. The recesson will produce long term effects  The GDP in the
thirtieth period of the amulation - that is in 2015 (of course it is jus an exercise without
any pretenson of perfect forecasting) — is aout 30% smdler (US$ 690 hillion) in the firg
scenario compared to the third scenario  in that the exchange rate is not gppreciated during
the period of gabilization

The reeson  why exchange rate appreciation makes the shock of the interest rate
more aggressve for the economy in the short period is explaned by the formulaion of the
rlaionship among those two vaiadles inspired in the Munddl-Heming modd. In an
economy with gppreciated currency, the trade bdance is in generd in deficit, what means
that, besdes the need of dtracting foreign cepita to bdance the sarvices account, the
goread among the domestic  and the externd interest rate has to be large enough in order to
equilibrate the trade deficit. Figure 2 compares the impact of a same increese  of the
internationd interest rate on the basc interest rate of the Brazilian economy in the two
scenarios described in the previous paragraph.

Fgue 2 - Impact of externa interest rate shock over the domedtic interest rate in two
scenarios for the exchange rate
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The domedtic interest rate increase to the levd of 40% a year, in the scerario of

gopreciated exchange rate, generates an

immediate reduction of investment in 1995,

explaning the recesson that takes place in the short term. But in addiction, in reducing the
aggregate demand of the economy, it will reduce the consumption in the following periods,
depressing the expectations, and reducing the investments for severd years ahead. Figure 3

compares the evolution of the invesment and consumption, respectively, in the scenarios

of gppreciated and equilibrium exchange rate.

FHgure 3 - Evolution of Invesment and Consumption in two scenarios for  the exchange

rate
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Note that, when interet rate shock and currency appreciation coincide, the
invessment and the consumption recover their leves pre-shock only after 10 years that is,
in 2005. In the equilibrium exchange rae scenario, however, after a dight fdl, both,
consumption and investment  resume their growth paths dready in 1997.

The impact of the interest rate shock combined with appreciated exchange rate can
be even larger if, Imultaneoudy, a redrictive fiscd policy is adopted, in order to wesken
inflationary effects of the externd shock. Figure 4 compares two gStuations one in that the
government reects to the shock adopting a fiscd redrictive policy (kesping a primary
aurplus of 4% of annua GDP during the period of dabilization, as it is happening now in
Brazil) and the other in tha, to compensae the reduction of the private investment
provoked by the interest rate increase, the primary public deficit is kept on 4% of GDP.

Fgure4 - Evolution of the GDP in two scenarios of fiscal policy
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It can be seen  that, after the shock that reduces the activity level, GDP fdls less
and grows more quickly when government increeses its expenses to compensae for the
reduction of the private investment; the smulation indicates that, in tha case, the economy
resumes its preshock activity level sx years ealier than in the other scenario in which
government works with primary fiscd surplus The senghility andyss bdow shows more
cealy this result: long tem GDP and the time for resuming economic growth vary
subgtantialy when public deficit is dlowed to vary in the specified interval.
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Fgure5 - Sengvity andydsfor GDP for different primary superavit levels
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Note additiondly that the mantenance of the public deficit doesnt produce
sgnificant impacts on the interest rate. The only difference is that, when government works
with a deficit, there is a second domedtic interest rate increase in the period 15, due to the
fact that the fastest growth resuming leads to a larger growth of imports on that year (1997)

and then to the necessity for more external finanaing.

Hgure 6 - Impact of public deficit on domedtic interest rate in two scenarios
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4 - Vaiadles not induded in the smulation modd

As the objective of the sudy was to capture the essentid aspects of the Brazilian
economy’s dynamics, vaiables that, dthough important, ssem do not play a independent
role in that dynamics were not Smulated. The two more important variables not incduded
were:

i) the inflation rae it seems reasonable to suppose that the main influence on the
price levd under conditions of low inflation regime, as it seems to be the case of Brazl
after 1995, is the exchange rate. This does not mean, of course, that we are not taking in
account the influence of eventud demand and supply shocks a dl, but ingead that, on
conditions of amog totaly open smdl economy, as it was obsarved since the Red Plan
implementation, the exchange raie determines the essentid imports prices which have a
utmogst importance in the generd price index. It seems plaugble, therefore, that the
inflation rate follows the exchange rate dynamics,

i) the public debt: the domedic public debt dynamics in Brazil tends to follow the
foreégn debt one because the moneary supply control requests the foreign loans
derilization ; in periods of gppreciated exchange, therefore, both debts tend to grow above
ther hidoricd raes Then, dthough it is obvioudy an important indicator of the
government's financid olidity, the dynamics of the debt is lagdy dependent on the

exchange rate evolution, asisthe inflation rate.

5— Conclugon

Brazil is a country of grest economic potentid, but the use of this potentid is dill
far from stidfactory. Severd causes have been pointed for that, but it was not the purpose
of this work to contribute to that discusson. What we tried to show was that atempts to
solving dructurd  problems, such inflation, only through ddbilization programs, ae not
enough to place the country in a sustainable development peth.

It was shown, specificdly, that the adoption of dabilization programs anchored in
appreciated exchange rates — as it was Red Plan — bedgdes not being a definitive solution
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for the inflation problem, makes economy more vulnerable to externd shocks in two key
senses. Frd, it makes the impact of those shocks more severe in the short term, generating
more serious and more durable economic recessons than if the exchange rate was closer to
its equilibrium levd. The exchange rae anchor, in the second place, due to endogenous
mechanisms related to the process of  expectations formation, affects the long term
economy’s performance, reducing its growth rate.

The modd utilized in the pgper is quite smplified; severd important varidbles as
the inflation rate and the public debt were not incuded in the present verson. The probable
effects of the externd shocks on those varidbles, however, were gppraised. The conduson
was that those varigbles behaviour is probably endogenous to the dynamics mode ed.

It is not totaly clear yet if the Red Pan has completdy faled. But the avaldble
empirical evidence indicates that, dthough it has been fundamentd in erasng the Brazlian
inflation’s inertia, the Plan ill has to be complemented by dructurd reforms. If those
reforms are not made, as the socid security and the tributary systems, a greet  chance to
eradicae inflaion in Brazil will be logt. This after the society has dready pad dmogt dl
the cogts in terms of economic growth that a successful stabilization would have demanded.
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Appendix 1: equations of the model

a= 03+ primary surplus

b=0

Desred Capitdl DK = 0.3*(Long-run Expected Demand LED)/(1/14+Interest Rate R)

Capitd K = INTEG (Invesment | - Capital Depreciation KD, 1230)

Consumption C = 0.78* Permanent Income PY

D = PULSE TRAIN(S, 1, 3, 10)

Aggregate Demand A = DELAY HXED (Fnd Sdes FS + Dedred Inventory Investment
DlIl, 0, 500)

Capital Deprediation KD = Capitd K/14

Desred Inventory Investment DIl = (Desired Inventory DIV - Inventory 1V)/0.4 Desgado

Desred Employment DE = (1-0.25)* Short-run Expected Demand SED/(0.75*500/25)

Employment E = INTEG ((Desired Employment DE - Employment E)/0.5, 25)

Desred Inventory DIV = 0.3* Long- run Expected Demand LED

Inventory IV = INTEG (Output Y — Find Sdes FS + Dedred Inventory Invesment DI,
150)

Short-run Expected Demand SED = SMOOTH(Aggregate Demand A,0.5)
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Long- Run Expected Demand LED = SMOOTH(Aggregate Demand A ,3)
Exports X = 44,67* Exchange Rate ER+14

Government Spending G= a* Output Y

Imports M = 0.173* Output Y-58

Invesment | = DELAY HFXED ( Capitd Depreciation KD+ Cgpitd Deprecidion DK -
Caoitd K)/2, 0, 77)

Potentid  Output PTY = 500* ((Employment E/25)"0.75)* ((Capitd K/1230)"0.25)
Output Y = Potentid Output PTY*(1-0.2) + Short-run Expected Demand SED*0.2
Current Disposable Income CDY = Output Y-(Taxes T — Government Transfers GT)
Permanent Income PY = SMOQOTH (Current Disposable Income CDY, 3)

Trade Bdance TB = Exports X - Imports M

Exchange RateER =1

Interest Rate R = IF THEN ELSE(-0.0031*Trade Bdance TB+0.2113*D+0.1266>0.05, -
0.0031* Trade Balance TB+0.2113*D+0.1266 , 0.05)

Taxes T = 0.3*Output Y
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