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Abstract

The objective of this study is to review the existence of exchange rate
overshooting in the Brazilian economy. The study will review the original
model proposed by Dornbusch and a modern version using a DSGE model.
Following that, a VAR model will be estimated to observe how the exchange
rate responds to monetary policy. Robustness estimations will be made to
justify the validity of the results found. Results show the existence of ex-
change rate overshooting as a consequence of interest rate shocks by the

Brazilian Central Bank.



1 Introduction

A great interest in the study of macroeconomics is trying to understand
the behaviour of macroeconomic variables to shocks. Though general effects
are mostly known, comprehending how variables interact along different time
frames is important to analyse the effects of different policies. This work
intends to examine the effects, in the short and the long term, of interest

rate decisions on exchange rates.

As present by Dornbusch in 1976, the Overshooting Model intends to
understand this behaviour. This model explains that, as the money market
adjusts faster than the goods market, the effect of monetary policy leads to a
greater effect on the money market in the short-term than in the long-term.
As the goods market is more rigid, the money market is the only one to adjust
instantly to shocks. As the goods market begins adjusting, the impact on

the money market is lessened.

Therefore, if the central bank makes a monetary expansion, the ex-
change rate depreciates to the point it clears all markets. As the effects
in inflation and output begin to be felt, the pressure on the exchange rate
decreases, which leads to a small appreciation. This characterizes the Over-
shooting, exchange rates respond in a greater magnitude in the short-term

than in the long-term, thus, it overshoots.

In order to verify if this behaviour is present in Brazil, this study will
utilize a Vector Autorregressive (VAR) model to estimate, with Brazilian
data, how the exchange rate reacts, over time, to the central bank’s action.
To give more validity to the results, robustness estimations will also be made.
For all the estimated, impulse response function will be plotted and the

conclusions will be addressed.



2 Literature review

2.1 Original model - Dornbusch 1976

“Rudiger Dornbusch’s masterpiece, “Expectations and Exchange Rate
Dynamics” was published twenty-five years ago in the Journal of Political
Economy, in 1976. The “overshooting” paper-as everyone calls it-marks
the birth of modern international macroeconomics. There is little question
that Dornbusch’s rational expectations reformulation of the Mundell-Fleming
model extended the latter’s life for another twenty-five years, keeping it in

the forefront of practical policy analysis.” (Rogoff, 2001)

The model developed by R. Dornbusch in 1976 is based on a small
economy in the global market with capital mobility. It is one of the most

cited papers in the field of economics.

2.1.1 Capital mobility and expectations

According to the model, assets denominated in the foreign and the
domestic currencies are considered perfect substitutes. The capital mobility,
therefore, guarantees that the local interest rate r has to be equal to the
global interest rate r* plus the expected rate of depreciation of the local
currency x. This happens because if there is an expectation that the local
currency will depreciate, the local assets have to have interest rates higher

than the foreign ones to keep the hypothesis that they are perfect substitutes.

r=r"+ux (1)

It is important to note that the expected rate of depreciation of the

local currency () is formed by the difference between the current exchange



rate e and the long run exchange rate €, which, according to the hypothesis
of perfect foresight, is known, times a constant, called by Dornbusch as a

coefficient of adjustment.

2.1.2 The money market

The domestic interest rate is set in the money market. The demand for
real money is related to the output of the economy and to the interest rate.

Therefore, we can assume that:

F=1rfY)

It is worth reminding that this is also the equation of real money de-
mand from the IS-LM model.

Putting the equation above in a logarithmic format gives us:

m—p:f(T,Y)

As the increase in the interest rate reduces the demand for money, and

the increase in the output increases the demand for money, we have that:

m—p=q¢y—Ar (3)

With ¢ and A being constants.

If we combine the equations (1), (2) and (3), we have that:



p—m=—¢y+ A\r*+0(e—e)] (4)

It is worth reminding that in the long-run:
limy_,oor; =7r* and lim;,€—e; =0

Thus, in the long-run:

p=m+ A" — ¢y (5)

In which p is the long-run equilibrium price level.

By joining (4) and (5), it is possible to observe that the differential
between the current and the long-run price levels is proportional to the dif-

ferential between the current and the long-run exchange rates.
p—p=A(e—e)

Isolating e:

_._Db—p
e=e- " (6)

This is extremely important, as it allows one to find the current spot
exchange rate if it is known the values long-run interest rate and price level

converge to and the current price level.

Assuming the price levels and the local and global interest rates are
known, thus also knowing the interest differential, there is only one value for
the current exchange rate such that the rate of currency depreciation and

the interest rate differential are equal.



An increase in the price level leads to a growth in the local interest rate
results in a capital flow that appreciates the spot exchange rate until the
new interest rate differential and the difference between long-run and spot

exchange rates reach equilibrium.

2.1.3 Goods market

The domestic demand function is related to the output level and the
domestic interest rate, as formulated in the IS-LM model, but also to the rela-
tive price of domestic goods e —p, as in the [S-LM-BP model. The increase in
output increases demand. The increase in the interest rate decreases demand.

The increase in the relative price of domestic goods decreases demand.

Therefore, in logarithmic, it is the following:

InD=u+d(e —p)+yy—or (7)

With u, 4, v and o being constants. u is a linear coefficient while all

the others are angular coefficients.

The rate of increase of price levels is related to the excess demand D/Y
ord—uy:
_ D
p=rlny; =alutde—p)+(y— 1)y o] (8)
In the long-run:
e—e p—p, r—=r5 p—=0

So, in the long-term:



* 1_ _
é:ﬁ_‘_a’f’—i-( 5’7)9 U (9)

Using (2), (8) and (9) the relation between p, p and p can be found:

p=v(p—p) (10)

While:

v=m[252% + 6] thus, it is only a constant

2.1.4 Equilibrium exchange rates

As the money market can adjust faster to changes in price levels, in-
terest rates, exchange rates and output than the goods market, we can use
the equation of equilibrium in the money market as the short-time relation
between price levels and the spot exchange rate in any given time. Thus, we

can use the following equation to relate e and p:
p=—MNe+p+ Ne

However, for both the money and the goods markets be in equilibrium,
there is the condition that the current and the expected price levels have to

be equal p = p. Therefore, we have that p = 0.

From (8) we have that if p = 0:

_ ut(y—1)y—or
p=et+——F —

Finally, we have that the p = 0 line has a positive slope. Points above
the line mean that there is an excess in the supply of goods, which results

in the decrease of price levels in the long run, that is, p < 0 and p < p. On

10



the other hand, points below the line indicate there is an excess in demand,

resulting in higher price levels in the future, p > 0 and p > p.

If the exchange rate increases, the domestic goods are going to become
relatively cheaper, increasing demand for them. As a consequence, assuming
the economy does not have enough time to adjust (increase) the supply, with
higher demand and same supply, to achieve an equilibrium, the domestic

price level will have to increase.

This graph is taken from Dornbusch’s paper. He highlights that the
p = 0 line has a slope of less than 45 degrees because using an appropriate

choice of units, the prices of p and e are equal.

2.1.5 Effects of a monetary expansion

In this part, it will be analyzed how this model reacts to a monetary
expansion given the initial condition that the economy was in equilibrium.
A monetary expansion believed to be permanent will make the QQ equation

dislocate to the right. It is worth remembering that the QQ equation is the

11



condition of equilibrium in the money market. The line moves to the right
because p adjusts instantly, p = m + Ar* — ¢y, that is, an increase in m leads
to an increase in p. And, given p = —Afe + p + Afé, an increase in p leads
to a shift of the equation to the right. As the money market adjusts very
rapidly, the economy will be at the money market equilibrium condition, so,
it will be in the dislocated QQ line.

The sticky prices condition leads to the fact that, in the short-term,
the price level p of the economy will remain the same. Because of that,
the economy will have p = p in the short run and will be in the new QQ
line. Therefore, it moves, in the short-term, from the previous money and
goods market equilibrium point, A to point B, that respects the conditions

explained in this paragraph.

It easy to observe that in point B, the goods market is not in equilib-
rium. It will only reach the equilibrium in the long run, with a growth in
the domestic price levels. Given that, the economy will reach the money and

goods market equilibrium, which can be clearly seen to be point C'.

As the money and the goods market have vastly different times to
adjust, after the monetary expansion, the economy will quickly go from point
A to point B and then, slowly move along the new QQ equation to point C.

The following graph is also taken from Dornbusch’s paper.

12
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Because of the increase in the money supply, there is a decrease in
the interest rates and an anticipation of a currency depreciation, é;,1 > €.
Consequently, the domestic assets become less attractive because of both
factors and a flow of capitals to the rest of the world begins, and, further, a
depreciation of the domestic currency. As the currency depreciation happens
rapidly, it has to be enough to generate a expectation of appreciation before

it ends.

That is, a depreciation enough to offset the reduction in the domestic
interest rate. In summary, the monetary expansion leads to a spot currency
depreciation with a higher magnitude than the expected long run devalua-
tion. This happens because only in these circumstances the economy will
anticipate a long-term appreciation, be compensated for the reduction in the
national interest rate and, thus, neutralize the capital outflow to the rest of
the world.

Considering that in ¢t = 1:
op

p=pi=o Wwe have that $F =0

Rearranging (4):

13



_ m—p—¢y ™ >
e= o T T€

Given the foreign exchange rates are unaffected by a change in the
money supply or in the domestic interest rate following the hypothesis of a
small open economy:

or* __

5 =0

If we look at (5) and (9), considering that y and r* are unaffected by a
change on m in the short-term:

o _q o _ oe _ 0cop _
6m_1 8}3_1 = Bm_ﬁﬁam_l

This shows that:

de __ 1
%_1+A0

Which confirms that in the short run there is an overshooting.

If there is a high interest response of money demand, that is, A is very
high, as it can be seen in (3), a variation in money supply will only generate
a limited variation in the interest rates. On the other hand, if € is very high,
this means that a change in the domestic interest rates will only slightly
change the difference between the spot, and the expected exchange rates
e — e. Consequently, it is possible to notice that the overshooting is larger as

both A and 6 are smaller, which is clearly seen in the preceding equation.

This relies heavily on the assumption that the assets market adjusts
faster than the goods market. Accordingly, a change in the nominal money
supply in the short-term generates a change of the same magnitude in the
real money supply. Under these conditions, the spot exchange rate is altered
to put the money market back in equilibrium conditions. This is done by cre-
ating an expectancy of currency appreciation, after the overshooting, which

outweighs the reduction in interest rates of the domestic assets.

14



It is important to realize that a monetary expansion leads to an excess
demand for goods, which is generated by both a reduction on interest rates
and by the depreciation in the spot exchange rate, making domestic good
relatively cheaper than foreign ones. These constitute two independent ways

in which the increase in money supply can affect the domestic goods demand.

Following the affect described in the preceding paragraph, the goods
market has to start adjusting in the direction of achieving equilibrium. The
spot exchange rate depreciation generates an inflationary pressure instead
of a rise in the supply of goods. After having a reduced interest rate and
relatively cheaper goods, the rise on price level starts to rise the domestic
interest rates, even though in a much lesser magnitude than the reduction

observed in the short run.

Also, as thoroughly described already, after the overshooting, the ex-
change rate starts to appreciate mildly. The increase in the price level also
helps in the currency appreciation as it reduces the real money supply and
increases interest rates. The rise in interest rates results in a capital flow

from to rest of the world which is compensated by a currency appreciation.

In the long run, we can see that r,—y = r,—, because é,—y = e;—¢ and
Ci—oo = Ei—oo. S0 the effect in the interest rates in this model is only real as
long as the price level does not converge to the new equilibrium price level.
From the graph and from (8), considering r;—g = 71—, We observe that there

is a proportional increase on both price levels and exchange rate. Ae = Ap,

or in log, €;—oc — €1=0 = Pi=coc — Di=0-

2.1.6 Short run adjustments in output

In this part, we are going to relax the hypothesis of a fixed level of
output at full employment used in the previous part of the literature review.

Therefore, there will be variations in y in the short-term, but in the long run,

15



the output always converges to full employment.

The condition that arises from this relaxation is that the output in the

short run is equal to the demand:
y=InD=u+dle—p)+yy—or

And g is the output at full employment. Which results in a different
form of (9):

p=rinf =r(y—1)

This shows a relationship between the difference between the output
and the output of full employment and the price level. It reaffirms the earlier
statement that an increase in demand creates an inflationary pressure. In
fact, most of the relations observed earlier will stand despite the variations

in output.

The increase in the nominal money supply, because of the sticky prices
hypothesis, will increase the real money supply. Consequently, there will be
a growth in domestic output which will lead to the start of rise in price levels.
In the long run, however, the real money supply will return to its initial level,

as well as the domestic output.

On the other hand, the spot exchange rate will behave very differently
compared to what was observed previously. There is a possibility of an
exchange rate depreciation that has a lesser magnitude instead of a higher
one. This succeeds from the possibility that the growth on output resultant
of the monetary expansion can make the domestic interest rates actually
increase. Given this condition, there would be an expectation of currency
depreciation to outweigh the national and foreign interest rate differential.
In this case, the spot exchange rate would be less than the expected exchange

rate.

16



However, the cases in which a monetary expansion makes the inter-
est rate increase are extremely limited and require high income elasticity of
money demand, high price elasticity and high income elasticity of demand

for domestic goods.

It is interesting to note that, in case the interest rate rises as a conse-
quence of a monetary expansion, the spot exchange rate depreciation is the
only channel for transmission of the monetary policy. This means, in these
conditions, the growth in aggregate demand and, thus, on output will be
caused exclusively by the exchange rate depreciation, with the interest rate
rise dampening the monetary policy transmission by reducing the increase in

demand and output.

The effects of a monetary expansion are only temporary because the rise
in price levels make real prices converge back to their initial value, the output
starts reducing and returns to full employment output and the interest rate
goes back to its initial rate given that Ae = Ap and the effects on e and p

cancel each other.

Given the model with and without the possibility of variation of output
in the short-term, Dornbusch tries to answer the question about which model
is more useful. He states that there is no doubt the model with fixed output
is more useful in a very-short-term. As the exchange variations in response to
monetary policy occur within days, and various studies show central banks’
policies only have meaningful effects on output months after its implemen-
tation, a fixed output approach is much more realistic to analyze currency

overshooting after monetary policies.

However, in the intermediary run, it is more relevant to use the model
with an output that changes in response to the monetary policy. In this
case, it is expected that both output and prices will adjust to the increase
in aggregate demand. Therefore, each model remains relevant depending in

the time horizon of the analysis.

17



2.2 Overshooting with inflation targeting

In the subsequent decades, many criticisms of Dornbusch’s proposition
were made. Most significantly, a wide range of models from the 1970s were
challenged by the Lucas critique. It stated that it was naive to utilize models
based exclusively in historical data to predict the effects on the economy. Fur-
thermore, after the proposition of the Phelps island model, by Lucas (1973),
the hypothesis of sticky prices was questioned. It provided the theoretical
basis for arguing that the effects of monetary policy could be understood

without Keynesian nominal rigidities, according to Rogoff (2001).

Therefore, new formulations were required to maintain the relevance of
not only the model, but also, some of the fundamental hypotheses from New
Keynesian economics. In response, the use of microeconomic fundamentals
became standard in the following publications and was crucial in confirming
these premises. This kept the idea of the overshooting at the forefront of
studies on exchange rate depreciations while making slight changes to for-
mulations to incorporate changes in monetary policy implementations since

the first version was published.

The following part of the literature review intends to explain the ratio-
nale from a recent version of the overshooting incorporating microfoundations
and tries to explain the model from de Gregério (2006). It reviews Exchange

Rates in a Dynamic New-Keynesian (DNK) General Equilibrium Model.

2.2.1 Households

Preferences

Consider a continuum of of measure 1, j € [0,1] of households in which

the jth household maximizes the following lifetime utility function:

18



25@0 [Ot(j) +h (MtT(”> - U(Yt(j))} (11)

t

In which 8 represents the discount factor, Ej is the expected value

Mz (5) is
Py

the real money balance, and Y;(j) the production of the jth good. Finally,

when ¢t = 0, Cy(j) is the consumption of the jth household at time ¢,

v is the disutility from production given the product differentiation of each

good.

The variable Cy(j) is defined as the CES composite consumption index:

7
n—1 n=11]n-1

Co=[(1=7)7Cly +77Cpy (12)

In which 7 is the elasticity of intratemporal substitution between a
bundle of Home bundle of Foreign goods, v is the share of the household’s
consumption expenditure allocated to foreign goods. It is assumed that n >
0and 0 < v < 1. Cgy and Cp, are defined by by the CES composite

consumption indexes as follows:

C = { / a7 dj] P e [ / [N czj] BGE)

In which 6 > 0 is the price elasticity of demand faced by each monop-
olist, Cy+ and Cr; are the quantities all households combined consumed of

domestic and foreign goods, respectively.

The individual household constraint is the following:

19



/0 Ps(j)CateG) + Proli)Cra)] dj + M(G) + Er [FrrnBuna()] = (14)

= (1 =7)Pus(j)Yu:(j) + My 1(j) + Bi(j) + TR,

Consumers can store domestic non-interest bearing money or state-
contingent claims. Therefore, the international financial markets are com-
plete, with no need for having foreign assets, meaning that transitory shocks

do not have permanent consequences according to de Gregdério (2006).

TR, are lump sum transfers received, B; are payoffs received from a
portfolio held in ¢ — 1, 7 is the income tax rate and F;;y;, the stochastic

discount factor.

The demand functions after maximization are:

P ()
Py

Cinalj) = [ ]_6 Cruer Crali) = {

In which the price indexes for domestic and foreign goods are:

_1 _1

Puo= [ 1Enai* 1)

1 1
, Pry= { / [Pre()]° dj] (16)
0
Consequently, the demand allocations are the following:
A7 Pp,]7"
Crp = (1=7) |—75= Ct, Cri=7|—7H" Cy (17)

And the home and foreign consumer price indexes are, respectively:

20



1
Pr=[(1 =Py +Pp"] ™" (18)

Pt* = [(1 - ’7*)P;I,t1_n + 'V*Pl?tl_n} = (19)

Therefore, the budget constraint becomes:

P.CyH+M(j)+E: [Fris1Bia(J)] = (1=7) P (7)Y (§)+Mi—1(5)+Bi(5)+T R,
(20)

Finding the first order conditions from de Gregdério (2006), the house-
hold maximizes the utility by setting the bond and money allocations ac-

cording to the individual household constraint. These are:

u(Cry1) B .
- { uc(Ch) Pt+1:| = EelFian) 1)
M\ 1 P,
uc(Cr) = hin (E) Ft + BE; [uc(0t+l)m:| (22)

For the rest of the world, the problem is analogous, resulting in the

following Euler equation:

u,(Cty) Pf Ey
uZ(Ci) Py B

55, [ } — By [Fn (23)

Finally, we have the relationship between domestic and foreign con-
sumption, in which k is a constant representing initial wealth differences and

Q; is the real exchange rate:

21



uc(Cy) = kug(Cy)Qy (24)

The real exchange rate is a function of the spot exchange rate S;:

P*
Qr = StFtt (25)

2.2.2 Government

In the model, the government balances its budget giving the following

budget constraint:

TPH,tYHﬂg — TRt + Mt - Mt—l =0 (26)

2.2.3 Prices

Given log prices and defining 7 as the inflation in log, we have:

Dt = (1 - ’Y)pH,t + VPR, T = (1 - 7)7TH,t + YRt (27)

Ty = Pt — Pt—1 (28)

Conversely, the log real exchange rate is:

Q= St + p: — Dt (29)

22



The model considers that foreign consumption of goods from the home

country are negligible, giving pj = pp,.

2.2.4 Log-linearized model

Solving the model, we get the following equation for the Aggregate

Demand of the economy:

Ty = By[ri] — %it + On By mpg1] — Os(Eifsiq1] — s¢) — (1 — p2)ze  (30)

It relates output and interest rates as in the traditional IS curve, but
also relates the output to current and expected spot exchange rates. z; is the

natural output level and z; the output gap.

The Aggregate Supply solving the model and considering foreign prices

constant 1s:

Tt = BET 1) + At + A (31)

T = (L= y)mme + (st — si-1) (32)

The equation that relates the difference between foreign and domestic
interest rates and the exchange rate, the Uncovered Interest Parity is the

following;:
Z.t = Z}t -+ Et [8t+1] — St (33)

23



On the other hand, the monetary policy rule is given by the next equa-
tion. It considers that the central bank tries not to make sharp interest rate
changes, so it considers not only the current rate but also a previous to set
the rate for the period ahead (isy; = (1 — ;)i + piie_1). p; is a smoothing
parameter and 7, is the interest rate of full employment which the central

bank targets.

it = pitp—1 + Ve BT — T 4 v + 08y (34)

Finally, the inflation target, foreign interest rate, potential output and

cost push shocks follow:

Ty = prTiy_1 + €7 (35)
i = piii_y ey (36)
2= P21+ (37)
U = puliy—1 + &} (38)

With this model, it is possible to utilize a Vector Autoregressive (VAR)
model to capture the behaviour of the variables given an economic shock. In
the empirical evidence section, more attention will be given to the estimation

of the response from a shock.
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3 Empirical Strategy

This section will be divided in four parts. The first one intends to
explain the models used to evaluate the results in exchange rates of monetary
policies, foreign and domestic. The second will elaborate on the data utilized
and how it will be used. The third is going to present the empirical results
obtained and the fourth will contain a summary of what was done and the

conclusions taken from the results.

3.1 Model

The model chosen to observe the effects of monetary policy on the
exchange rate is a VAR model. This follows the theoretical framework anal-
ysed in the literature review, more specifically, the Dynamic New-Keynesian
model from de Gregério (2006). The variables utilized to find empirical re-
sults will be the domestic interest rate, set by the Brazilian Central Bank,
the US interest rate, set by the Federal Reserve as the foreign interest rate,
Brazilian gross domestic product, the consumer price index of Brazil and
the real exchange rate between the US Dollar (USD) and the Brazilian Real
(BRL). More details about the variables are given in the following pages.

The model stipulates that the behaviour of these variables can be mod-

elled by a finite-order Vector Autoregressive model:

p
Y; = Z AnY;—n + Uy
n=1

Y, is a vector consisting of the variables in the model in time t. Y;_,, is
a vector consisting of these variables in the same order n periods before the
time t. The square-matrix A, captures the interaction between the variables

in time t — n and ¢. wu; is the error parameter and measures the forecast

25



errors in time ¢. It is important to note that u; has a linear mapping with

the structural shock in the model ;. Thus:

Ut = S€t

The choice is to use a structural VAR, which results in the problem of
how to identify the model. The decision was to specify it in the following

way, which is also the most common specification utilized in the literature.

] (S, 0 0 0] [
( So1 S22 0 0 v
7| =DB(L) |Ss1 Ss» Sss 0 e” (39)
{ Syr Ssz Saz Su 0 g

A | S51 Ss2 Ssz Ssa Sss| | €7

Several reasons lead to the indication that it is, indeed, the best speci-
fication. First of all, variables such as Brazilian GDP, inflation, interest rate
and USD/BRL exchange rate have no effect on the setting of US interest
rates by the Federal Reserve. That is, the Fed independently sets up its
monetary policy. Therefore, there is no contemporaneous effect from other
variables in the SVAR identification.

Secondly, as thoroughly stated in closed economy macroeconomic mod-
els in the literature, output and inflation do not react contemporaneously to
monetary policy. The effect from the interest rate only reaches these vari-
ables with a lag, and in the medium-term. Also, with the hypothesis of some
price-stickiness in the short-term, a shock in output immediately generates a
change in prices. Thus, the specification allows for a contemporaneous effect

of output on inflation but not the other way around.
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Thirdly, the central bank uses monetary policy and sets interest rates
in order to control inflation and promote economic growth. This is in line
with the Taylor rule, for example. Hence, shocks in output and inflation lead
to a short-term reevaluation of the monetary policy. If inflation rises or GDP
contracts, central banks tend to take immediate action to put the economy
in a stable growth path. This is in line with the specification used, allowing

the interest rates to react contemporaneously to output and inflation.

Finally, the Brazilian Central Bank’s policy of floating exchange rates
mean that it cannot set interest rates with an objective of targeting a level of
exchange rate. As explained by Dornbusch, the money market adjusts almost
instantaneously to shocks in the economy. So, the identification lets the

exchange rate react contemporaneously to any shock in the other variables.

3.2 Data

Variable Source

i = Average Annual Interest Rate (Ef- | Brazilian Central Bank
fective SELIC)

1* = Average Annual Federal Funds | Federal Reserve
Rate

7 = Natural Log of 12 Month Accumu- | IBGE
lated Inflation Rate (IPCA)

q = Natural Log of Average of Current | Brazilian Central Bank
Month Real Exchange Rate

y = Natural Log of Current Month Real | Brazilian Central Bank

Gross Domestic Product
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3.2.1 Descriptive analysis

This section will be used to comment on some of the data and show

the behavior of the relevant variables in the model since the year 2000.

As thoroughly explained, interest rates, both domestic and foreign are
relevant in exchange rate variations of the pair USD/BRL. The Brazilian
Central Bank kept the rates considerably high during the century. In the
early 2000s, it was used to combat inflation and consolidate the currency,
which had been created in 1994 after a context of hyperinflation, and it
incorporated some risk premiums from the departure from the dollar peg,
following the Russian and the Asian crises and from Lula’s election, which

generated fears of populist handling of the economy.

Beginning in 2005, it was possible for the central bank to start lowering
the rates as inflation was controlled and its expectation started anchoring.
When the 2008 crisis hit, unlike in the USA, in Brazil, the rates were raised
as fears of capital flight mounted. In the following decade, while the Federal
Reserve kept its rates at zero, the BCB did not go below 7%. In 2014, Brazil
had its worst economic crisis in history and the BCB was marked by its lack
of independence and was used by president Rousseff for populist policies.
The policy had to be reverted after a sharp rise in inflation and only in the

next government it resumed to have credibility.

After repeated reductions of the interest rates, from 2016 to 2018, in-
flation converged to target. In early 2020, the COVID-19 crisis broke out
and the BCB pushed rate to their lowest levels since the Real plan in 1994.
As inflation picked up in 2021, Brazil quickly started a series of rate hikes,

much earlier in comparison with the Fed.

The following graphs show the interest rates for both Brazil and the
USA, the interest rate differential and the increase in rates from one month
to the other, the former will be used in the VAR estimation:
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In regards to inflation, it remained consistently higher than in the de-
veloped world during this century. It is worth mentioning that since 2005,
inflation remained close to the central banks target with the exception of two
moments. The first began in 2015 and was consequence of populist policies
of energy price controls in 2014, that led to an unsustainable situation in the

energy market, forcing a price readjustment in 2015. Other policies of fiscal
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stimulus contributed as well. The second was the inflation shock experienced
by the world after the COVID-19 crisis. The BCB increased the interest rates
significantly and with government policies (tax cuts) on fuel prices, it seems

that inflation is being controlled.

The following graphs show the 12-month inflation rate in Brazil and

the its first-difference, which will be used in the VAR estimation:
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The Brazilian economy grew rapidly from 2000 to 2014, suffering only a
limited effect from the global financial crisis of 2008. In 2015, the country ex-
perienced its largest economic crisis in history and there was a significant drop
in GDP. Beginning in 2017, the economy started to recover, but growth rates
were limited, not returning to pre-crisis levels. In 2020, the global COVID-
19 downturn affected Brazil and there was another recession. However, this
time, the economy recovered in 2021 and GDP reached pre-pandemic levels

in this year.

The following graphs show the real GDP in Brazil and the 12-month
growth rate by month, which will be used in the VAR estimation:
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Finally, regarding the real exchange rate, in 2002, with the election
of Lula and great uncertainty about his economic plan, the Real suffered
its greatest devaluation. During Lula’s government, after doubts about his
economic policy were erased and coupled with current account surpluses, ac-
cumulation of foreign exchange reserves and increase in commodity prices,
the Brazilian currency significantly appreciated. There was a major depreci-
ation during the Great Recession, with capital flight, that was rapidly eased,
with the currency returning to its previous levels. In the end of 2014 and be-
ginning of 2015, with the perception of the incoming recession, high inflation
and lack of credibility of the president of the Central Bank and of the gov-
ernment, the Real began a cycle of devaluations. This was only eased with
the change in government. With the arrival of the pandemic, and rate cuts
in Brazil, the currency suffered another significant devaluation. However, in
2022, after strong rate hikes to combat inflation and a favourable economic

scenario, in real terms, the Real got close to its pre-pandemic levels.
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3.3 Results

In the model estimation, the period analyzed is the post-Great Reces-
sion period, the data utilized starts in January 2009 and goes up to the last

month available when this research began to be written, in August 2022.
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This time frame was selected because the early 2000s was a period of ex-
tremely high interest rates, caused by high risk-premiums and served as a
moment of stabilization for the Real, created in 1994. Also, during the 2008
financial crisis, sharp movements in interest rates were observed. Then, ex-
change rates were mostly linked to the economic situation of countries, not

necessarily monetary policy.

The stabilization in the early 2000s had two main focuses, inflation
and exchange rate. Given a history of hyperinflation, Brazil had a policy
focused on taming inflation despite great costs. Inflation accelerated in 1999
and increased until 2003, a fear that this could lead to the inviability of
the Real Plan led to extremely high interest rates. On the other hand,
after several exchange rate crises such as Mexico (1994), Asia (1997), Russia
(1998), in 1999, the BCB was forced into allowing the exchange rate to freely
float, the first occasion since the establishment of the new currency. Fears
of trustworthiness crises, as observed after Lula’s election, were another fear.
His election lead to a massive devaluation and sharp increase in interest rates

as a means of containing the exchange rate movement.

As for the Great Financial Crisis, as already stated, interest rates move-
ments diverged significantly in Brazil and the rest of the world. While the
Federal Reserve decreased rates to close to zero, the BCB increased rates.
This happened in attempt to minimize the capital flights from Brazil widely
seen in emerging markets. Flight-to-quality offset the interest rate differential

effect in exchange rates.

The model is estimated for Brazil, using monthly data and the variables
already described. To make all variables in the model stationary, the first-
difference of inflation rate, and domestic and foreign interest rates are used.
For exchange rate and output, the first-difference of the log of these variables
is computed. However, as monthly GDP growth rates are not widely avail-
able and do not necessarily indicate the economic condition of the country,

another model was also estimated. The output data used is the 12-month
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accumulated output growth rate instead of the monthly growth rate, while
the other variables remain the same. Furthermore, the lag-order selection
was made using Akaike information criterion (AIC), Hannan-Quinn (HQ),
Schwarz criterion (SC) and Final Prediction Error (FPE) tests, all of which
indicated one lag as the best selection for both estimations. The impulse

response functions follow below:
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(12-month GDP growth)
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The impulse response functions show that in the month following a
positive shock on interest rates, there is an appreciation in the exchange rate.
In the following months, there are depreciations of much smaller magnitudes
until equilibrium is reached and exchange rate variation returns to zero. The
graph above shows the percentage variation on exchange rates by month
following monetary policy. Using these results, it is possible to evaluate the
reaction in the exchange rate itself and not on the percentage variation by

month. The impact on exchange rate itself is exposed below:

Evolution of Exchange Rate
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From the estimation of model previously described, it is possible to
observe the response on the exchange rates from the monetary policy. An
increase in the interest rates, causes a sharp appreciation in the exchange
rate (USD/BRL) in the following month and, subsequently, depreciations
in the following months of much less magnitudes. That is, the exchange
rate appreciates significantly in the short-term and converges to a level more
appreciated than before the increase in rates but more depreciated than the

level reached in the first month.

This is consistent with the original behaviour explained by Dornbusch.

In the short-term, monetary policy has only a minimal impact in both the
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inflation and the output. Therefore, in an open economy, the money market
equilibrium has to be reached via the exchange rate almost exclusively. The
higher interest rates make domestic assets more attractive and generate a

net capital flow to the country, appreciating the domestic currency.

In the medium-term, however, effects of the interest rate hike that in the
short-term were only felt in exchange rates begin to impact other variables
such as inflation and output. Inflation and output decrease. Consequently,
the magnitude of the effect on exchange rate is lessened, leading to a currency
more appreciated than before the rate change, but more depreciated than in
the moment it absorbs exclusively the rate shock. This leads to a small
depreciation of the currency afterwards. Likewise, given the exchange rate is
appreciated, net exports decrease. For net exports to reach an equilibrium,

it is necessary, hence, that the currency begins weakening.

Following this line of thought, the uncovered interest parity condition
is respected. As the domestic to foreign interest rate differential widens,
the expectation of a currency depreciation follows. This depreciation can
only happen if the exchange rate instantly appreciates in the short-term and

overshoots, to later depreciate and reach its long-term equilibrium.

3.4 Robustness

To check the robustness of the results, other model estimations will be
made. As stated in Bjornland (2009), there are three dimensions that deserve
being analysed: specification of the VAR, choice of variables in the VAR and
choice of restrictions used to identify the VAR. These will be analysed in the
following paragraphs.

Firstly, regarding the specification of the VAR, to check the robustness
of lag selection, the model will be estimated with two lags instead of one

used previously. The results are presented below:
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SVAR Impulse Response from Interest Rate
(12-month GDP growth, two lags)
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Secondly, regarding the model identification, two other models will be
estimate. The first one excludes the foreign interest rate. This is because
the Fed Funds Rate remained at near zero for the majority of the post-2009
period. The second follows an idea from Bjornland (2009), considering GDP
as being contemporaneously affected by all other variables, with interest rates
and exchange rates being affected only with a lag to GDP shocks. This makes
sense since output is only published with a lag. The results are the following;:
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Thirdly, regarding the variables selected, several papers criticize the
lack of robustness of models to the inclusion of other variables. Therefore,
to check the robustness of the model to the inclusion of other variables, two
different models will be estimated. The first will substitute foreign interest
rates with iron ore price and the second with soybean price. The oil price is

also significant to energy prices and inflation, so central banks might react
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to it. However, after attempting to estimate, the result was computationally
singular, so it as not possible to calculate the SVAR. Iron ore and soybean
prices are significant because these commodities are the two most significant
exports of Brazil. They generate large surpluses to Brazil’s current account
balance and are significant sources of foreign exchange to the country. Thus,
variations in these prices are likely to affect exchange rates. The results are
presented below:
SVAR Impulse Response from Interest Rate

(12-month GDP growth, soy price,
two lags)
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In all different specifications estimated to verify the robustness of the
results previously described, it is possible to observe the same behaviour.
That is, in the month following an increase in domestic interest rates, the
exchange rate appreciates. In the following months, there are depreciations
of much smaller magnitude. Therefore, compared to before the monetary
policy action, the exchange rate is appreciated. But, the appreciation is

maximum in the month following the action by the central bank.
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4 Conclusion

In this study, it is attempted to identify the occurrence of exchange
rate overshooting as proposed by Dornbusch in the 1970s. The study tries
to expose the theoretical approach to why overshooting happens, both the
original proposition and a modern one using a DSGE model and considering

inflation targeting, currently used by most central banks.

In the empirical part of the study, the goal is to evaluate whether or
not this behaviour is observed using Brazilian data. The empirical model,
together with robustness estimations, indicate that, indeed, the exchange

rate overshoots in the short term after a shock in interest rates.

Analysing the impulse response functions, it is observed that there is
a sharp monthly appreciation on the exchange rate following an increase in
domestic interest rates. In the subsequent months, there are depreciations
of a much less significant magnitude. In the long-term, the exchange rate
remains more appreciated than before policy action, but not as appreciated

as in the month following it.

The empirical model chosen was robust to changes in the specification
of the VAR, addition of different variables and changes to the data used.
Therefore, it is possible to conclude that results obtained give confidence to

conclude that the exchange rate overshoots in Brazil after BCB policy.

Finally, understanding the behaviour of economic variables and its re-
sponses following monetary policy can help to better suit central bank actions
to the economic environment. As a country that underwent strong exchange
rate movements in its history with mostly detrimental effects, studies us-
ing Brazilian data can help prevent and mitigate adverse effects of currency

devaluations.

43



5 References

Beckmann, J., Czudaj, R. L., & Arora, V. (2020). The relationship be-
tween oil prices and exchange rates: Revisiting theory and evidence. Energy
Economics, 88, 104772.

Bjornland, H. C. (2009). Monetary policy and exchange rate over-
shooting: Dornbusch was right after all. Journal of International Economics,
79(1), 64-77.

Buiter, W. H., & Miller, M. (1983). Real exchange rate overshoot-
ing and the output cost of bringing down inflation: Some further results.

Exchange rates and international macroeconomics, 317-368.

Capistran, C., Chiquiar, D., & Herndndez, J. R. (2019). Identifying
Dornbusch’s exchange rate overshooting with structural VECs: evidence
from Mexico. 61st issue (December 2019) of the International Journal of

Central Banking.

Cavallo, M., Kisselev, K., Perri, F., & Roubini, N. (2005). Exchange
rate overshooting and the costs of floating. FRB of San Francisco Working
Paper, (2005-07).

Culiuc, M. A. (2020). Real Exchange Rate Overshooting in Large De-

preciations: Determinants and Consequences.

de Gregorio Rebeco, J., & Parrado, E. (2006). Overshooting Meets
Inflation Targeting. Documentos de Trabajo (Banco Central de Chile), (394),
1.

Dornbusch, R. (1976). Expectations and exchange rate dynamics. Jour-
nal of political Economy, 84(6), 1161-1176.

44



Driskill, R. A. (1981). Exchange-rate dynamics: An empirical investi-
gation. Journal of Political Economy, 89(2), 357-371.

Eichenbaum, M., & Evans, C. L. (1995). Some empirical evidence on
the effects of shocks to monetary policy on exchange rates. The Quarterly
Journal of Economics, 110(4), 975-1009.

Forni, M., & Gambetti, L. (2010). The dynamic effects of monetary
policy: A structural factor model approach. Journal of Monetary Economics,
57(2), 203-216.

Frankel, J. A., & Froot, K. A. (1990). Chartists, fundamentalists, and
trading in the foreign exchange market. The American Economic Review,

80(2), 181-185.

Fratzscher, M., Schneider, D.,; & Van Robays, 1. (2014). Oil prices,

exchange rates and asset prices.

Huber, F., & Rabitsch, K. (2019). Exchange rate dynamics and mone-
tary policy: Evidence from a non-linear DSGE-VAR approach.

llzetzki, E., Reinhart, C. M., & Rogoff, K. S. (2021). Rethinking ex-

change rate regimes.

Menzies, G., & Vines, D. (2008). The Transfer Problem and Real
Exchange Rate Overshooting in Financial Crises: The Role of the Debt Ser-
vicing Multiplier. Review of International Economics, 16(4), 709-727.

Mussa, M. (1982). A model of exchange rate dynamics. Journal of
political economy, 90(1), 74-104.

Natividad-Carlos, F. B. (2014). (DP 2014-14) Exchange-Rate Over-
shooting: An Analysis for Intermediate Macro. UPSE Discussion Papers,

1(1).

45



Obstfeld, M., & Stockman, A. C. (1985). Exchange-rate dynamics.

Handbook of international economics, 2, 917-977.

Park, G., & Kim, Y. Y. (2003). An empirical analysis of nominal
rigidities and exchange rate overshooting: an intertemporal approach. Inter-

national Journal of Finance & Economics, 8(2), 153-166.

Rogoff, K. (2001). Dornbusch’s Overshooting Model after Twenty-Five
Years (PDF). In speech delivered at the Mundell-Fleming Lecture, Second
Annual Research Conference, International Monetary Fund, Washington,
November (Vol. 30).

Riith, S. K. (2020). Shifts in monetary policy and exchange rate dy-
namics: Is Dornbusch’s overshooting hypothesis intact, after all?. Journal of
International Economics, 126, 103344.

46



