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Based on a 6 eguation modd by Hddane and Batini (1999), we etimaed a
Phillips and an IS equations for Brazil after the Red Plan, in ader to dudy the
trangmisson mechanism of the monetary policy. The results show that interest rate
affects output ggp with a lag of one quarter and output is pogtively reated with
inflation with one lag only. The devauation of the nomind exchange ree has dso
a contemporaneous effect in inflation. We dso made stochagtic smulations in order
to depict the inflaion and output gap volaility lod under dternative Taylor-type
rues and under an optimd rule which minimizes a loss function that depends on a
weighted average of inflaion and output gap variances The dochedic smulation
showed that output gap variance is more sendtive to the weights given in the loss
function, compared to the variance in inflaion. It dso showed that optimization
procedures involving more than 6 periods are ineffident and the most efficient
frontier involves horizons between 2 and 4 periods. Findly, sub-optimd but smple
rules, like Taylor type rules can paform as wel as the optimd ones, depending on
the parameters chosen and on the preferences of the Central Bank.
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1- Introduction

Brazil adopted a formd inflationtargeting regime in June 1999, sx months after
the switch in the exchange rate regime to a floating systenf. The main feature of the
nev mongary policy is to look a (expected) future inflation to decide the current
interest rate.  According to the most usud transmisson mechanism, the forward-looking
behavior is due to the lag that interet rate affects inflation through aggregate demand®.

Many Centrd Banks that adopted this new framework in the nineties were able
to control inflation with more trangparency and credibility than before. As the name
suggeds, in an inflationtargeting regime, the Centrd Bank man objective is to keep
inflation within a predefined band. This contrasts with other nomind anchors like
exchange ratle and monetary targets Although there is a theoreticd support for a
rationship between monetary aggregates and inflation, empirica evidence shows that
such relaionships are not stable.

Among many papars, which present inflaion targeting modds and dternaive
interes rate rules we focus on  three, one from Hadane and Batini (1999) Levin,
Widand and Williams (1999) and the other from Taylor (1999). Hadane and Baitini
(1999) emphasze the importance of a forward-looking interest rate rule, which
performs dmogt as good as an optimd rule, even if the output vaiadle is not directly
induded in the loss function to be minimized. The authors dso summaize in a 6
equation model the most important feetures of the inflation target framework.

Levin, Widand and Williams (1999) exhaust even more the subject, when they
took four very extendve modds and compare a wide st of policy rules and they
conclude that:

“even in large models with hundreds of date variables, three variables (the current
output ggp, a moving average of current and lagged inflation rates, and lagged
‘intere  rates) summarize nealy dl the information reevat to sHting the
‘interest rate’ efficiently.” (page 31).

2 England and Sweden are examples of countries that aso introduced inflation targeting systems after a
change in the exchange rate regime. Inflation targeting isaso used in New Zedand, Audrdia, Chile,
Igad and Spain.

¥ References about the transmission mechanism include King (1997), Ball (1999) and Svenson (1998) .
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Taylor (1999) summarizes the common festures of the modes that ded with
inflaion targeting. All of them ae dochadic, dynamic and economy-wide. He dso
pointed out thet :

“even the larger modds can be described conceptudly as “tree rdaionship”
sydem.(one rdationship being the policy rule). Equaion rdding consumption,
invesment and net exports to interest raie and the exchange raie combine to form

an IS block of equation; wage and price seiting with exchange rate pass through
combine to form a price adjustment block of eguation.”

Taylor (1999) concdludes that usng more complicated ways to encompass the
monetary transmisson mechanism have a limited effect on the results of a smple policy
rue Ancther important conduson is tha more complex policy rule that incorporate
inertid factors are more dependent on rationd expectation assumptions.

In the present paper, the man objective is to edimate an IS and a Phillips
eguations for Brazil in order to smulate the effects of different interest rate rules on the
vaiance of inflation and output gap. The benchmark is the optimd interest rate rule,
obtained by minimizing a loss function, which is a weighted average of the variance of
inflation and output gap.

The next section presents the Haldane-Baitini modd and the dructure of the IS
and Phillips eguations. Section 3 contains the edimations of the 2 equetions, section 4
shows the reaults of the dochedsic smulations for optima and dterndaive Taylor-type
rues. The last section presents the conclusve remarks. The dochastic smulaion
showed that output ggp variance is more sengtive to the weghts given in the loss
function, compared to the varance in inflaion. It dso showed that optimization
procedures involving more than 6 periods are inefficient and the mogt efficient frontier
involves horizons between 2 and 4 periods. Fndly, sub-optimd but smple rules like
Taylor type rules can perform as wel as the optima ones, depending on the parameters
chosen and on the weights given in the loss function. This is a Smilar result to the one
found in Levin, Widand and Williams (1999) and is good news in the sense tha the
monetary authority may be able to adopt smpler rules with few consequences in terms
of generating excessve output and inflation voldility.



2- A modd for thetransmisson mechanism using output gap

2.1 Haldane and Battini M odd

As a dating point we used a gndl, opeteconomy, loglinear raiond
expectations macro-modd found in Haldane and Bttini (1999), which has 6 equations

Y - y: =a,Y +a2yt+l+a3[it - E( pt+l)] +a4(et + ptc - pth )+en (1)

m, - pf:blyt+btit+e21 (2)
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Equation (1) is a usud 1S curve, where the output ggp depends negatively on the
red interest rate and podtively on the red exchange rate. Equation (2) is a regular LM
curve, in which money demand depends on nomind interest rate and output. Equetion
(3) isan uncovered interest parity, thet does not included arisk premium variable.

Eouaion (4) and (5) ae the supply sde Equetion (4) is a mak-up over
weighted average contract wages. Equation (5) is a wage contrecting equation. The

lag/leed weights sum up to one to generate a verticad log-run Phillips curve. The output
gap dsnisinduded in this equation.

Equation (6) is consumption price index, depending on the domedtic goods and
imported goods

After some manipulation in (4-(6), the authors come with a reducedform
Phillips curve of the modd:

pt = CoEt(pt+1)+(l+Co)p1.1 +C1(yt - y1.1)+rr{(1_ Co )DCt - CoEtDCHl)] +es (7)



where ¢ is the real exchange rate. There is a term for the output gap (which is
the mogt important to explan the interet rate trangmisson mechaniam), and the
weighted backward and forward-looking inflaion tems  represent  the  inflation
persstence. The last two terns are the exchange rate pass-through.

2.2 Two Equation Mode

This paper is going to work with an even Smpler modd, with three eguaions an
IS curve, aPhillips curve; and an equation for nomind exchange rate:

Yi - yt* =b,ry by (Y- y:- 1)t byp, +bDe , +e ()

P, =a,p, ta,y,  tas(e -e,)+h 9

e =¢,tu, (10)

Equetion (8) is an open economy IS curve, where output gap (Y — y*) depends
on its own lags, on the lagged red interest rate (r), on the lagged red exchange rae first

difference (Dc), on the lagged fiscd deficit (p) and on ademand shock (€).

Equation (9) is an open economy Phillips curve. Inflation ) depends on a lag of
itself, on a lag of output gap, on a change in the nominal exchange rate Oe) and on a
shock (h). The exchange rate afects inflation directly through the price of imports and
indirectly thorough its effects on the output gep.

Equetion (10) is the exchange rate determination, which is assumed to follow a
random walk.

In this modd, the tranamisson mechanism from interest rate to inflation occurs
only through the aggregate demand channd, and it takes two periods between the
interet rate decison by the monetary authority and its effect on inflation. Observe that
modding exchange rate through a random wak precludes the often mentioned
exchange rate channd, where exchange rate gppreciates following increases in interest

rates via UIP. Despite UIP is a more attractive way to modd exchange rate because of



its theoreticd gppeding, predictions of future exchange rae usng a random wak
specification usually outperforms the predictions based on UIP*,

Given equations (8)-(10), the Centrad Bank chooses interest rate & each period
and such decison will affect inflation from two peiods ahead on. It is therefore
necessxy to specify the Monetary Authority decison mechanism. Among the rules used
to describe the interest rete decison, Taylor type rules and optima rules are the most

popular.

Taylor rules are Smple ones, where the interest rate is set as a linear function of
to the current behavior of two variables the wedge between obsarved inflation and the
target and the output gap. Such rules can dso be extended including other variables, like
exchange rae or past interest rate, as wel as udng expected variables indead of
observed ones.

Optimd rules are ones were the interest rate is the solution of a minimization of
a loss function subject to some condraints that should characterize the transmisson
mechanism. For example, the Centrd bank chooses the red interest rate that minimize
the following loss function:

Minr!mizq_(:é) dq E.g(pm' p:+i)zg+(1' l )Ergytﬂ' y':+i)2§ D)

st. equations (8) - (10).

This is a typicd problem in the literature of inflaion targeting’, where | is the
weight the Centrd Bank places on the variance of inflation, d is the discount factor, v is
output and y* is potentia output.

3. Estimations

The edimation used quaterly data and the variables are expressed in ther
logarithms.  Inflation is meesured by the generd price index IGP-DI/FGV. The output
proxy is GDP, and the gap is esimaed by GDP minus potentid output. The esimation

4 Sep, for example, Wadhwani (1999).

® Seg, for instance, Svensson (1995 ) and Svensson (1997/98).
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of the potentid output is a difficult and controversd task and we used the Hodrick-
Prescott filter. The nominad exchange rate is the period average of the ask prices, and
the nomind interet rate is the Sdic rae, the equivdent to US Fed funds rate. The fisca
vaiable chosen is the federd government primary deficit, measured as percentage of
the GDP. The red interest rate was caculated by deflating the nomind interest rae by
the IGP-DI. In order to obtain the red exchange rate, the nomind one was multiplied by
the American producer price index and divided by the IGP-DI.

The sample period ranged from 1992:4 to 1999:1 to edimate the IS equaion and
ranged from 19951 to 1999:2 to edimate the Phillips curve. We decided to redrict the
data range for the Phillips equation, redricting the sample after the Red Plan in order to
avoid high inflation contaminetion in the coefficients

The choice to use quaterly daa for such a short sample period poses the
problem of too few degrees of freedom. On the other hand, quarterly data are less noisy
than monthly ones Besdes, the transmisson mechanism should teke a leest 2 quarters
to occur. Consequently it would not be feesble to work with monthly data to forecast
inflation one or two years ahead, as it is needed in an inflation target framework, since
the gandard erors of the forecasts would become very large. Findly, despite the few
degrees of freedom, mos of the edimaied coefficients turned out to be dSatidticaly
sonificant.

The equations were esdimated usng OLS. The IS curve does not contains a red
exchange rae term nether a fiscd term in the present specification. But dl the others
term are very dgnificant and with the expected sgn. The red interest rate was included
with 1 lag. A lag of the output gap, a pulse dummy for the Red plan and a dummy for
the third quarter of 1998 were ds0 included as explanatory variables. Equetion (12)
shows the coefficients and their respective t-gtatistics.

h.=0.02- 0,39r.+0.73n +0,38DReal - 02209883 +h,, (12)

N=29 R-squared =0.79 Fgatistic=22.8

The Phillips equation was edimaed with one lagged term for inflaion. The
output gep entered the eguation with one lag, and the devauation of the nomind
exchange rate seems to be contemporaneous, with a passthrough of 20%.



Equation (13) shows the coefficients and their respective t-statistics.

p..= - 0.006 +0.80p..*0.31h..*0-20De . *€.. 13)
(-1.63 (32 (2.26)
N =18 R-Squared = 0.72 Fdaidic=12,31

We ae imposng a long-run veticdly in the Phillips equation, redricting to 1
the sum of the coefficents of lagged inflaion and of nomind exchange rate variation.
Wha means that any devduaion in the exchange rae will be completdy passed
through prices in the long run. Although we did not impose the redriction of no
condant when edimating the parameters, this term was dropped in the smulations
presented below.

The effect of interest rate on inflation is indirect and takes two periods to occur.
So, the control lag is two quaters. A one percentage point increese in the red interest
rate will affect negatively the output gep in 0,39 percentage point. Given that a decrease
of 1 percentage point in the output gap reduces inflation by 0,31 percentage point, the
find effect of the increase of 1 percentage point in interest rate will be a reduction of
012 percentage point in inflaion in the short run. In the long run, taking into
condderation the autoregressve coefficients, the find effect would be a reduction in
inflation of 0.6 pp.

In both eguations we test the resduds for auto correlaion. The corrdograms do
not show evidence of this problem. The test of the cross-corrdation of the two equaions
residuas was aso done and the result shows no evidence of that.

4. The Optimal Rule

The Centrd Bank is assumed to choose an interest rate path tha minimize the
following loss function:

min e:%é r'E(p,, - p) + (12#5. r'e(h.) °
bk i=t =

® Strellaand Michkin (data) showsthat if model parameters are uncorrelated with interest rate, the
optimization problem aboveisthe same as:
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subject to (8) —(10), ie, the 1S, Phillips and exchange rate equations, and to:
k=i Sheo= o Thena =i ()

where | is the weight the Centrd Bank gives to inflation variance compared to output

gap variance. When the vaue of | is O, the optimd rule puts dl weight on the output.
Conversdly, when | =1 means the Central Bank cares only about inflation variance.

Redriction (i) is equivdet to assume that, when setting interest rates a t, the
Centrd Bank commits to keep the interest rate unchanged between period t and t+T-1.
Obsarve that this procedure may be consdered a myopic optimizetion problem because
it only tekes into account expected inflation and output ggp T periods ahead, ignoring
the effects of interest rate on inflation and output gap from period T+1 on. The use of
such myopic gpproach, though, smplifies consderdbly the solution. Beddes we
caculated optimd interest rates with T ranging from 2 to 8 periods and it could be
conduded that it wes inefficent for the Centrd Bank to teke into condderaion more
than 6 quartersin the loss function.

The optimdl interest rate is given by”:

[
'|Iar (Ept+J pt)a|1+(l_|)arEht+Jblt\;

T j=1

N (19)

Y ia (a; +a,)+ (- | A b, ;(b,; +b, +D,)
= j=1

where fn andﬁt are the components of inflation and output gap that do not depend on

current and future interest rates.

From (14) one can see tha, in order to cdculate the optima interest rate, it is

necessaty to have edimates of E, f)m and E, hei, i£T . The appendix shows thet these

variables depend on the redizations of p and h a time t, on the interest rate path from t

. I & *\ 2
mn g:_a r ](Etpt+j - pt) +

I 2 =1 =1
" The derivation of equation (14) is shown in the appendix.



to t+i-1 and on expected exchange rate variation from tto t+i. At time t,only pt and h
ae known. The interest rate path is the outcome of the optimization procedure.
Therefore, it is gill necessary to define the exchange rae variaions pah. This path was
condructed assuming exchange rate follows a random wak. As it was explained before,
a drawback of this hypothess is the lack of response of exchange rate to interest rate
decisons. However, an alequate way to incorporate such responses is beyond the scope
of this paper and other smpler responses, like the widdy used uncovered interest rate
parity condition, may yield aworse fit than random walk.

Given the interest rate rule, a sochagic smulaion was made in order to build an
efficient frontier, showing the output ggp and inflation variance for different values of |
and different time horizons The result is shown in Chat 1 and will be commented
below. The first step is to generate a series of amulaied inflation and output. At period
1, both inflation and output ggp are known and the Centrd Bank is assumed to choose
an interest rate according to the optimization problem. At period 2, shocks on inflation,
output ggp and exchange rate hit the economy and a new interest rate is set. The errors
ae assumed to be normdly digributed with mean zero and diagond covariance matrix.
The variances of inflation and output ggp ae the ones obtained in the regressons
Concerning the shock on exchange rate, it was imputed a sandard deviation of 5%. This
imputation was necessary because there were only two observaions in the sample with
a floating exchange rate regime. This procedure was repeated for 200 periods and the
efficient frontier corresponded to the variance of inflation and output ggp obtained in
this smulation from period 50 on.

Chart 1 presents the trade-off between inflation and GDP output that is behind
the sdection of a specific | and optimization periods. Along each ling the optimization
period is hedd congant and | varies from 1 (dl weght given to inflaion variance) to O
(Al weght given to output gep variance). For low vdues of |, optimization taking into
account only 2 periods ahead is the mogt efficient while for higher values of | (ie
higher weght to inflaion variance), the effident frontier refers to optimization
procedures with horizons of 3 and 4 quarters.

This result was to some extent surprisng. It was dready expected that for very
short time horizons and high weght on inflation, output variance should high, given the
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bigger sengtivity of output ggp to interest rate. But we did not expected that output gap
vaiance would reduce so sharply when the time horizon of the loss function increased
only from 2 to 3 peiods ahead. Table 1 shows that the bigger reduction in rdative
variances occurs exactly when the time horizon increases from 2 to 3 periods.

Chat 2 illugrates this point more dearly. Along eech line in Chat 2, | is hdd
condant and the optimizetion horizon is vaying from t+2 to t+8 periods When
| =1,there is a dight increese in inflation vaiance is compensted by a subdantid
reduction in the variance of output gagp, as the optimization horizon moves from t+2 to
t+4 periods. In dl cases though, usng more then 6 periods in the loss function is
inefficient.

In order to compare the robustness of our mode with other rules, we proceeded
a tex dmilar with the one done in Levin, Widand and Williams (1998). The dternative
rules follow the equetion:

I‘tzrl’t.l*'a(pt' p*)-i-byt (15)

Table 2 shows different vaues for the coefficients above for dternaive rules
Rule A is the traditiond Taylor rule. All other rules presarve the Sability condition thet

the coefficient a should be greater than 18

Table 2: Coefficientsused in the Taylor-type rules

Rule
Coefficient
A B C
a 15 5 5
b 05 15 3

Chat la shows how these smple rules peform rdaive to the optima ones
Actudly, the traditiona Taylor rule (A) presents a poor performance. As we increased
the weights on both inflation and output ggp variance, the pearformance improved. Rule

8 We conducted some simulations us ng different vauesfor r, but the results were inferior to the ones
presented in this paper.
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C can be even conddered a reasonable dterndive (to the optimd) rule if the Centrd
Bank has a strong bias againg inflation variance.

5. Concluding remarks

The egimaion of the IS and Phillips eguation was a pogtive surprise, especidly
the last one, due to the smdl sample. In the IS eguation, dl the edtimated coefficients
presented the expected dgn and the only which was not Sgnificant was the firg
difference of the red exchange rae. From the Phillips equation we see that the pass-
through from nominad exchange rate depreciaion to inflation (messure by IGP-DI) is
aound 15%. The monetary trangmisson mechanism from interest rate for inflation
implied each percentage point increese in red interest rate would decrease inflation by
0.12 percentage point after two quarters and by 0.6 pp in the long run.

Regading the optima rules, the dsochagtic amulation showed that output gep
vaiance is more sendtive to the weghts given in the loss function, compared to the
variance in inflation and thet this sengtivity drops sharply when the horizon embodied
in the loss function increeses from 2 to 3 periods In genead, the optimd horizons
ranged from 2 to 4 peiods and optimization procedures involving more than 6 quaters
were inefficient.

Frdly, suboptima but smple rules like Taylor type rues can peaform
reasonably wel if the Centrd Bank has a drong bias againg inflaion variance and if

it reacts more fiercdy to the output gap and to devidions of inflation than the
traditiond Taylor rule suggests.
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Chart 2: Inflation and Output Gap Variances by Lambda and Time Horizon
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Table 1: Variance Ratios by Lambda and Time Horizon
. . Lambda
Horizon Variance
1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
{42 Inflation 1.0 1.6 2.3 2.7 3.1 34 3.6 3.8 3.9 4.0 41
Output 15.9 2.9 1.9 1.5 1.3 1.2 1.1 1.1 1.0 1.0 1.0
t+3 Inflation 1.0 13 1.7 21 25 2.8 3.0 3.3 35 3.7 3.9
Output 6.0 3.2 2.2 1.7 14 1.3 1.2 1.1 1.0 1.0 1.0
t+4 Inflation 1.0 1.2 15 18 21 24 2.7 2.9 3.2 3.4 3.6
Output 4.3 3.0 2.3 1.8 15 1.3 12 11 11 1.0 1.0
t+5 Inflation 1.0 1.2 14 16 1.9 21 24 2.7 2.9 3.2 34
Output 3.6 2.8 2.2 1.9 1.6 1.4 1.2 1.1 1.1 1.0 1.0
{46 Inflation 1.0 11 13 15 17 2.0 2.2 25 2.7 3.0 3.3
Output 3.2 2.6 2.2 1.8 1.6 1.4 1.2 1.1 1.1 1.0 1.0
t+7 Inflation 1.0 11 13 14 1.6 1.8 21 2.3 2.6 2.8 3.1
Output 2.9 2.4 2.1 1.8 15 1.4 1.2 1.1 1.1 1.0 1.0
t+8 Inflation 1.0 11 1.2 14 15 1.7 2.0 2.2 24 2.7 3.0
Output 2.6 2.3 2.0 1.7 15 1.3 12 1.1 1.1 1.0 1.0
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Appendix

1) Derivation of theoptimal rule
The Phillips and IS equations (equations x and y) can be written in matrix notation

as.
o0 & éluy

0 ep, _@ao a; theDet +§a1 a, ueptlu eOu : U
€ - e t-
B, o 0 g LB TR R

or.

X =AK + A X+ Aie s +Ey

where X is the vector of inflation and output ggp; A; ae the coefficient matrices,
and E isthe error vector.

Through recursve subgtitution and taking expectaions & time t, we find:

(”) E Xt+n _a Aln JA) E Kt+] +Al X +A1n lAQI +A1A2|t+n 2|n23 A2 t+n-1n32

i=
Now, define:
E, pt+n —[1 O]ea AYTA, EKu +A X u asthe expectation taken at time t of the
8i=1
component of infletion a (t + n) thet does not depend on the interest rate decison &
timet.

Also, define:
a,, =[1 OJA™'A,, asthe coefficient of i on expected irflation at (t + );
[1 0JA A, if n33

, & the coefficient of n-2 on expected inflation &
. 0 otherwise

2

(t+n)
a,=[1 0]A, = 0 , asthe coefficient of i1 0N expected inflation a (t+n)

Smilaly, ddfine
- ér : u . :
E, heen =[0 1]éa_ AT A EKL + A X, as the expectation taken at time t of the
éj=1 a
component of output gap a time (t + n) that does not depend on the interest rate
decison a timet.
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b, =[0 1 A™*A,, asthe coefficient of i on expected output gap & (t + n);

| [0 1da A, ifne3

b, _ , & the coefficient of i.n2 On expected output gep a
10 otherwise

(t+n)
110 LA, if n3 2

=% [ ] ? _ , & the coefficient of k.., ON expected output gap at

10 otherwise

(t+n)

Therefore:

(IV) Etpt+n = Et Pten + aj,nit + azit+n-l ’aﬁ

(V) Etht+n = Et Rten + blnit + b2it+n-2 + b3it+n-l

The optimization prodem is defined as:
min (=L & riE ., e+ SR E DRG0
i 25 2 o
where r is the discount factor and | is the weght given to inflation variance in the
lossfunction.
Needsto assume i = k-1 = in-2
Subgtituting (IV) and (V) into the loss function and solving for the optimd interest

rate, i, , wefind:

i n ~ . > U
-ilar (Epe-poag + @-Dar JEthmbl,jg
i = E! j=1

t n ) no
lar’a,(a, +a,)+ - 1)4r b, (b, +b,+b,)
j= i=

° Edtrellaand Mishkin (1999) showsthat if moddl parameters are uncorrelated with interest rate, the
optimization problem aboveisthe same as:

. _ | & j *\ 2 (l - | )
mn E__ar (Etpt+j'pt) +

Il 2 j:l 2

05

a r : (Etht+j )2
j=1
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