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Abstract 

This paper examines a real interest rate targeting procedure based 
on lagged inflation similar to the policy followed by the Rrazilian 
monetary authorities during the period November 1986 to December 1988, 
focusing on the issue of the determinacy of the price level. For the 
specific model examined, the analysis suggests that such a targeting 
procedure would not suffer from the frequently noted defect of nominal 
interest rate targeting rules of leaving the conditional expectation of 
the next period price level undetermined. 
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Summary 

This pfiper esamines a real interest rat? targi,ting pi-.)cedure based 
on Zagged inflation similar to the policy fol.lowed b;- the Brazilian 
monetary authorities from November 1966 to December lo&g. For the model 
examined, the analysis suggests that such a targeting procedure, unlike 
nominal interest rate targeting rules, would not leave undetermined the 
conditional espectation of the price level during the nest period. The 
analysis also suggests, however, that such a policy might not necessarily 
give the monetary authorities much control over prices over the longer 
term. 

This paper does not evaluate whether the real interest rate policy 
followed by the Brazilian monetary authorities successfully moderated 
the inflation rate nor does it attempt to answer the question of whether 
this was the optimal policy under the circumstances. The Brazilian 
economy at the time featured widespread indexation, but this is not 
taken into account in the model in this paper. 





I. 1 lll:I-odLlc tior1 

The subject of conducting monetal-y policy; by target ing a nominal 
interest rate has been well covered in the Litet-atlure with recent works by 
McCallum (1986). Gagnon and Henderson (19SS) . Benavie and Froyen (19SS). and 
Calve and Vegh (1990) providing good overl:iews of the controversy The main 
question has been variously posed in the form as to whethcl- a policy of 
targeting the nominal interest rate is "completely specified" or if the 
price level and/or inflation rate is determined with such a policy. The 
method of analysis of this question has undergone much change since the time 
of Wicksell with the more recent literature using models that incorporate 
rational expectations and focusing on the issue of what would provide the 
nominal anchor to pin down the price level iE the monetary authorities 
pursued such a policy. The :liews on this question are not unanimous amongst 
economists but man;; authors 1 including Sargent and Wallace (19753, 
Cnnzoneri, Henderson, and Rogoff (1983). and NcCallum (19S6) have concluded 
that a policy of the monetary authorities being willing to buy 0~ sell any 
amount of securities at the target interest rate would not determine the 
price level. However, in spite of the skepticism in the economic 
literature, as Barro (1489) notes. policy makers, in any case, appear "to 
talk mainly in terms of controlling or targeting interest fates (p.3)." 
Similarly, Calve and Vdgh (1990) note that the nominal intelrest rate "is one 
of the most watched variables among the G7 countries (p, 1) " 

The inter-est rate targeting literature has largely concentrated on 
comparing nominal interest rate targeting rules with monetarv growth rules 
while the subject of targeting real interest rates has been somewhat passed 
over with recent esceptions being obser\Tations in papers by Canzoneri. 
Henderson, and Rogoff (1983). McCallum (19Sh), and Barro (1989). Canzoneri, 
Henderson, and Rogoff (1383). for example, argue that stabilizing the real 
interest rate could be an optimal policy when goods market disturbances are 
relatively small. McCallum (19S6.1 states that the monetary authority cannot 
literally peg the real interest rate under the assumptions of his model 
since it cannot observe without error the contemporaneous value of prixvate 
agents' inflationary expectations. Ba~ro (19S9) asks rhetorically if 
"systematically and significantly influencing c:ipected real interest rates 

is beyond the power of monetary authorities oy.rer pel-iods of interesting 
length (p.4)." Although there is no clear consensus in thr literature it 
seems that the most common view is that real interest rate targeting would 
likely not be a practical, OI- perhaps even feasible, strategy and that in 
any case it would not he as preferable as monetary aggregate targeting or 
some other type of policy such as targeting nolninal GNF. 

While the detailed analvsis of real interest rate targeting teas largely 
been passed over in the economic literatlure the use of such a policy has not 
been overlooked by economic polic*.; ~nnke~--s eittler in industrial colunt L-ies, a s 
Barro (1989) notes, 0 r in de ~.'e lop i. n g c 0 fun t r i e s The monetary; author-ities in 
Brazil, for example, Llsed a IJersiotI of such a polic\r -, f roll1 PJo~~ernber 1?86 to 



December 1988.1/ This paper examines a real interest rate targeting 
procedure based on lagged inflation that on a conceptual level is similar to 
the monetary policy followed by the Brazilian monetary authorities during 
that period. It is shown that under specific assumptions such a policy 
would allow economic agents to calculate the conditional expectation of the 
next pesiod price level. The policy would not, therefore, suffer from the 
indeterminacy problem defined by McCallum (1986) as "situations in which the 
model economy does not determine the value of any nominal magnitude 
(p.137)."2/ Under the real interest rate targeting rule examined anything 
which increases the expected price level would lead the authorities to 
increase the nominal interest rate which would tend to counteract the upward 
pressure on prices. The analysis also suggests, however, that this policy 
might not strictly pin down the price level in the sense that unforeseen 
changes in the price level in one period would be perpetuated and the price 
level would not converge towards any long-term equilibrium level. 

The nest section of this paper explains the interest rate targeting 
procedure followed by the Brazilian authorities, the third section 
formalizes the description of this targeting procedure, the fourth section 
develops a simple model to analyze this policy, and the last section offers 
some concluding observations. 

It should be stressed that this paper does not evaluate whether the 
real interest rate policy followed by the Brazilian monetary authorities was 
a success in terms of its effects on the inflation rate nor does it attempt 
to address the issue of the optimal mix of fiscal, monetary, and external 
policies in stabilizing inflation in Brazil. The Brazilian economy at the 
time had many important features such as widespread indexation which are not 
dealt with in the analysis. 

II. Interest Rate Tarpeting in Brazil 

The Brazilian economy, which had been subject to inflationary pressure 
for some time, came under increasing pressure in the 1980's; inflation which 
had averaged 44 percent a year during 1970-81 increased to average 247 
percent a year during 1982-88. In response to the increasing inflation the 
government of Brazil introduced a number of well-known economic adjustment 
programs. This section briefly summarizes the interest rate targeting 
policy that was followed by the monetary authorities of Brazil in the period 

l/ Similar policies were used during other periods but it was during this 
period that the targeting procedure was most explicit. 

L?/ Many alternative definitions of indeterminacy exist in the literature. 
Adams and Gros (1986), for example, define price indeterminacy as existing 
when an economic model fails to reveal the long-term price level. Under 
this definition the price level is indeterminate in the model examined in 
this paper. 



between two of those plans: the Cruzado Plan of February 1366 and the 
Summer Plan of January 1989. 

In Brazil a key interest rate is the rate in the overnight repurchase 
market for government securities that is set by the Central Bank. Every 
business day the Bank, while acting as the residual supplier of liquidity to 
the market, would buy or sell any amount of securities at the chosen 
interest rate. In November 1986 the Central Bank of Brazil began to conduct 
its open market operations so that the cumulative overnight interest rate 
from the 15th day of one month to the 14th day of the following month was 
equal to the inflation rate for the first month (on a calendar basis) as 
indicated by the Consumer Price Index (IPC).L/ In effect the authorities 
were maintaining the "real" interest rate, as defined using lagged 
inflation. at about zero. 

In June 1987 the authorities adopted a new anti-inflation program which 
became known as the Bresser Plan. Under this plan the authorities, as a 
means of improving the flexibility of monetary policy, dropped their 
commitment to keep the monthly overnight rate strictly aligned with 
inflation.LZ/ However, in practice, the overnight interest rate and the 
inflation rate continued to move in tandem because--as the exchange rate was 
still adjusted on a daily basis in line with domestic inflation as 
determined by the IPC--the overnight interest rate could not fall below 
inflation without triggering a movement of funds from the government 
securities market into assets denominated in foreign exchange. Consequently 
es-post the "real" interest rate defined in terms of lagged inflation was 
about as stable during the period October 1987 to December 1988 as during 
the earlier period when the monetary authorities had been explicitly 
targeting the "real" interest rate, News reports suggest that during the 
latter period many market participants were under the impression that the 

YL/ Since the IPC was computed on a calendar month basis it was centered 
on the 15th day of the month and thus it was approximately measuring 
inflation from the middle of the previous month to the middle of the current 
month, assuming inflation is linearly distributed. The interest rate 
target. however, was targeting the cumulative daily interest rate from the 
15th of the current month to the 14th of the folloiing month. Thus the 

nominal interest rate of any given month was made to match the inflation of 
the previous month. 

2/ The authorities also changed the calculation of the price index and 
established that the IPC would measure the average price level from the 15th 
day of one month until the 14th day of the second month. The interest rate 
targeting period was also moved back by two weeks at that time. Thus the 
same comparison can be made between the IPC and the cumulative overnight 
interest rate as before with the period shifted two weeks earlier. 
Developments associated with these changes distort the calculation of the 
real interest rate in June and July 1987. 
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monetary authorities were still targeting the "real" interest rate.l/ As 
can be seen in Chart 1 (top), the "real" interest rate defined in terms of 
lagged inflation was, in fact, very stable from November 1986 to December 
1988, with the exception of June/September 1987 during the implementation of 
the Bresser Plan.LZ/ 

The es-ante real interest rate cannot be measured without some 
indicator of market inflationary expectations. It is possible, however, to 
measure the ex-post real interest rate by deflating the nominal interest 
rate by actual contemporaneous inflation-which, in this case given how the 
IPC was calculated, requires deflating the current month's interest rate by 
the IPC of the following month (Chart l-bottom). From Chart 1 it is clear 
that although the authorities were largely able to target the real interest 
rate as defined using lagged inflation, ex-post the real interest rate, 
defined using contemporaneous inflation, was more volatile and slightly 
negative on average during this period. 

III. A "Real" Interest Rate Target Rule 

To simplify the formal analysis it is assumed that the "real" interest 
rate targeting policy under consideration is to set the nominal interest 
rate in each period by being ready to buy and sell any quantity of 
securities at that rate according to: 

rt = LIP, - pt-1 + R 

where rt is one plus the nominal interest rate, pt is the price level, and R 
is one plus the real interest rate target (all as natural logarithms).J/ 

L/ As indicated in various issues of the Brazilian business daily 
newspaper, the Gazeta Mercantil, during this period. 

2/ From November 1986 to June 1987 the overnight interest rate in Chart 1 
is measured from the 15th of one month to the 14th of the next month. From 
July 1987 to December 1988 the overnight interest rate is measured on a 
calendar month basis. 

j/ There is some controversy as to whether such a formulation of a 
monetary policy is completely specified. McCallum (1986) contends that a 
"pure (nominal) interest rate peg," which he defines as a policy of standing 
ready to buy or sell any quantity of securities at a given interest rate, 
does not constitute a well-formulated monetary policy since it does not 
indicate if the monetary authorities will permit base drift of the money 

supply. Benavie and Froyen (1988) argue that if the monetary authorities 
are not going to permit base drift this is another element of the policy 
which would not be feasible because if they simultaneously sought to 
eliminate base drift they could not peg the interest rate completely. Walsh 
(1986) and Goodfriend (1987) have also pointed out that base drift is 
necessary for price level stationarity. In this paper it is assumed that 
the authorities are not concerned about base drift. 
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l/Overnight interest rate deflated by the Consumer Price Index (IPC) of the same month (top) and the following month (bottom) 
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t expectations are rational. i.e., The assumption is tha that E,-1 refers to 
the mathematical expectation of the indicated variable conditional on all 
information available through time t-l, where the equations of the model 
(specified below) are assumed by both policy makers and other economic 
agents to represent the true structure of the economy and are therefore used 
to form expectations. 
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Rule (1) can be contrasted with one that would target the actual es- 
post real interest rate, 

rt = Et-lpt+l - Etmlpt + R (2) 

McCallum (1986) states that a rule such as (2) would be difficult to 
implement in practice because the monetary authorities cannot observe 
without error economic agents' inflationary expectations. As a practical 
matter in rule (1) all that is necessary is that the monetary authorities 
and other economic agents have the same expectations concerning the current 
price level and not both the current and future price levels as in rule (2). 
As a technical matter, under the assumption of rational expectations and 
with the identified model the same as the true model which can, as is shown 
below, be uniquely solved for Et.Lp, all agents would have the same 

conditional expectation of the current price level. 

To return to the Brazilian esperience for a moment, Chart 1 (top) shows 
the implementation of a rule such as (1) during the period November 1986 to 
May 1987. Given that economic agents knew that the authorities' policy was 
to set R=O and the value of ptml, while rt was revealed on a daily basis, the 
calculation of the authorities' Etmlp, by economic agents would have been an 
easy task to the extent that they were thinking along the lines sketched in 
this paper. 

IV. Model and Analvsis 

A. Basic model 

The model to analyze the interest rate rule (1) is developed along the 
lines of the method of undetermined coefficients originally developed by 
Lucas (1972) and estended by McCallum (1978,1981,1986). The model starts 
with three basic equations: 

ydt = b, + bl[rt - (&P,+~ - Et-& 1 + Wmt - Pd + % (3) 

where b,<O and bz>O; 

mt - pt = c0 + clrt tc2yt + qt (4) 

where c,<O and c,>O: and, 
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Y”t = a0 + al[p, - Et-,Ptl + azyt-1 + ut (5) 

where a,>0 and l>a,>O, yt is the logarithm of real output (with superscripts 
referring to demand and supply), m, is the logarithm of the money supply 
(Ml), and vtr qt, and ut are independently distributed white noise 
disturbances. Equations (3) and (4) are therefore traditional IS-LM curves 
and (5) is a natural rate Phillips curve. This model has been commonly used 
in the literature on interest rate targeting because of its simplicity and 
orthodox character. 

Setting the supply of output equal to demand in (3) and (5), and 
solving for rt gives 

rt = do + dl[p, - Et-lptl + dzyt-1 + da(mt - it) 
(6) 

+ Et-1Pt+1 - Et-1Pt + Ut - Vt 

where d,<O, d,<O, and d,>O. The equation set (4), (5), and (6) is used as 
the basic model with rt replaced in (4) and (6) by rule (l).l/ This 
system has mt, pt, and yt as unknowns, rt as the control variable set by the 
authorities, vt, qt, and ut as stochastic disturbances, and ytW1 and ptel as 
predetermined variables. 

The method of undetermined coefficients uses the linearity of the model 
and the white noise character of the disturbances to derive reduced-form 
equations with the unknowns expressed as functions of the predetermined 
variables and the disturbances (and implicitly the fixed control, R). These 
reduced-form equations are 

pt = r10 + TllYt-1 + TlzPt-1 + T13Ut + r14’lt + T15Vt (7) 

mt = nzo + T’zlYt-1 + TzzPt-1 + X23% + n24’lt + n25vt (8) 

Yt = 7730 + n31yt-1 + T32Pt-1 + T33Ut + n34’lt + T35Vt ’ (9) 

Using the method of undetermined coefficients this system can be solved 
for a bubble-free solution for the nii as functions of the parameters of the 
structural equations (see Appendix A for details on the solution procedure). 
The solution values (for brevity leaving those for the disturbance terms in 
the Appendix and using n,, for solved values) are 

~1, = [l/dxCll ~R(l-d~c~~-do-d3(co+c2ao)-[ao(d2+d3c2a2)/(l-d3c~-a2)]) 

n11 = (d2+d3c2a2>/(1-d~cl-aZ) n 12 = 1 (10) 

1/ Strictly ut and vt in equation (6) should have (l/b,) as coefficients 
but since it does not affect the analysis these coefficients will be dropped 
for notational simplicity. 
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nzo = (l+c,! 1 [l/%cll (R(l-d~c,)-do-d:,(coi-c?ao;)- [ao(d2+d3cia2)/'(l-d3c,-a,)l )] 
+c,+c,R+c,a, 

nz1 = [ (l+cl) (d,+d,c,a,)j(l-d,c,-az) ]+claz 

n30 = a0 IL,, = a2 bz = 1 n32 = 0. 

Using ( 10) and substituting into equations (7), (8), and (9) it fol 
that 

.lows 

Pt - Pt-1 = II,, + IIl,y,-l + disturbances (11) 

mt - Pt = [ho - n101 + f&l - n,,]y,_, + disturbances (12) 

and Yt = a0 + azytel + disturbances. (13) 

The signs of III,, and II,, are not fixed by the assumptions of the model. 
But from the expression for lI,, and equation (11) it can be seen that the 
expected rate of inflation is inversely related to the value of the real 
interest rate peg and that for a given ytml a value of R exists that would 
give an expected value of zero to inflation. The coefficient of the pt-l 
term in (11) is equal to unity which implies that any positive shock, given 
a fixed R, will cause a permanent increase in the price level compared to 
what it otherwise would have been. From (12) and the espressions for n,,, 

&o, &I and &I it can be seen that the ex-post real money stock is 
positively related to growth and the level of the real interest rate. Not 
much should be made of the relation between the level of the real interest 
rate and output as the supply function in this model is particularly 
simplistic. 

The important point is that the expected price level is determined, 
i.e., conditional on pt-l the model allows economic agents to calculate the 
expected value of pt. If R has been chosen so as to eliminate expected 
inflation then this implies that ELmlp, = pt-1 and that r,=R. The policy 
rule (l), however, does not allow an unconditional expectation of the price 
level to be calculated, i.e.. even if conditionally e:;pected inflation is 
set equal to zero through the judicious choice of R. the price level will 
follow a random walk over the long run. The price level will simply adjust 
to whatever shocks affect the economy. 

To compare this to the discussion of Sargent and Wallace (1975, p.250) 
on the issue of nominal interest rate targeting, under the rule (1) the 
public will rationally expect that a foreseen increase in pt will be met by 
an increase in rt. From the LM curve (4) the increase in rt will lead to a 
decrease in the demand for real balances which from the IS curve (3) will 
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have a depressing effect on the demand for real output. Thus, as could be 
expected, the determinacy of the price level in this model is dependent on 
the inclusion of the real balance term in the IS curve.l/ While the real 
balance effect is necessary for the price level to be determined in this 
model, as is also known, its presence is not sufficient to determine the 
price level with a simple nominal interest rate peg, r,=R.z/ 

With rule (l), other things being equal, economic agents would expect 
no change in the price level from pt-l to pt since they would know that the 
monetary authorities would react to a foreseen disturbance by adjusting 
nominal interest rates to maintain the given level of the real interest 
rate. But under rule (1) unexpected shocks at time t would not cause an 
adjustment in the nominal interest rate and thus the real interest rate ex- 
post would change and the price level would not return to its previous 
level. In Chart 1 it can be seen that although the authorities held the 
target interest rate relatively constant the ex-post real interest rate 
fluctuated widely. Thus under rule (1) the price level would follow a 
random walk since only expected shocks (and not unexpected shocks) would be 
offset by movements in the nominal interest rate. Therefore it is only in 
this limited sense that the price level is determined in this model. 

Any application of the above analysis to the actual Brazilian case 
would obviously require a great number of caveats. Nonetheless, the 
essentially passive character of the monetary policy in the model raises 
questions about the efficacy such a policy would have in combating 
inflation. 

B. An alternative rule 

The monetary policy rule (1) is based on lagged inflation. It is 
interesting to ask what if the monetary authorities tried to target 
contemporaneous inflation. As a practical matter this would be a much more 
formidable task but as a technical question in the context of the current 
model, rule (2) can be introduced since it is assumed that equations (3), 
(4), and (5) represent the true structure of the economy of which both the 
monetary authorities and other economic agents are aware. Initially it 
would seem that upon examining the structural equations (2), (4), (5), and 
(6) 9 pt-1 would not be included as a predetermined variable in the reduced- 
form equations. In that case it would not be possible to solve for xl0 or 
nzo and the system would not be consistent unless R took a specific value 

l/ The real balance term could take a different form such as m,_l-p,. 
McCallum (1986) argues that the more appropriate form of the real balance 
term would be m,-l-p, given the budget constraint. In the present model if 
the real balance term in equation (3) were mLml-p, it would complicate the 
procedure for arriving at a solution because rnLel would be added to the 
system as a predetermined variable; however, the expected price level would 
still be determined. 

2/ See McCallum (1981). 



determined by the structural coefficients (see Appendis E, part 1, for 
details). 

If pt.l were alternatively included in the reduced-form equations the 
values for the coefficients could be derived in a similar way as in the 
basic model (see Appendix B, part 2). Given the linearity of the model it 
is not surprising that while the exact quantitative reduced-form solution 
would be different, qualitatively the solution would be the same as in the 
basic model. 

Because it can be shown that espected inflation, E,-l(p,+l-p,), would be 
the same in the model with rule (2) whether or not pt-l is included in the 
reduced-form equations as a predetermined variable (see Appendix B, part 3) 
it might be argued that it would only be "rational" for economic agents to 
use pt-l in forming their expectations since it would allow them to calculate 
Etmlp, and so, even though pt-l does not appear in the structural equations it 
should appear in the reduced-form equations. But, with rule (2) economic 
agents would not know if they should consider pt.1 or, alternatively, rnLel 
when forming their expectations of pt. The problem arises because while 
Et-l(pt+l-pcj would be equal in both cases it is not the case that E,-Lp, in 
both versions would be equal because ptml and m,-L would incorporate the 
disturbances that occurred in t-l in slightly different ways, thus the 
expected value of pt would be different if one agent based his expectation 
on ptel and another on nl,-1 (see Appendix B, part 4, for details). 

With rule (1) the monetary authorities, in contrast, are explicitly 
providing information on what economic agents should use to form their 
expectations, i.e., agents would know the authorities' targeting procedure 
and would be able to calculate the implicit value of R. Thus the use of 
lagged inflation in rule (1) not only makes the targeting strategy easier to 
implement on a practical basis, it also serves to peg down ELmlp, by telling 
all agents what to use in forming their espectations.l/ 

v. Concluding Observations 

The analysis in this paper suggests that a real interest rate targeting 
rule similar to the one used by the Brazilian monetary authorities during 
the period November 1986 to December 1988 would enable economic agents to 
calculate the conditional espectation of the next period price level. Such 
a rule would not suffer from the frequently noted defect of nominal interest 
rate targeting rules of leaving the expected value of the next period price 
level undetermined. However, the above analysis also suggests that such a 

I/ Note that if under rule (2) the real balance effect were included in 
the IS curve as m,_,-p, then m,.l would be a predetermined variable and the 
price level would be determined since once again the structural model would 
indicate the variable to be used as the basis of the formation of 
espectations. 
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policy might not necessarily allow the monetary authorities to exercise 
control over prices over the longer term, i.e., it suggests that the price 
level would follow a random walk over the long run. This result is 
consistent with the findings of Adams and Gros (1986) in regard to the 
instability of real exchange rate rules (defined as rules where the nominal 
exchange rate is adjusted in line with the differential between domestic and 
foreign inflation). They found that such rules are "essentially a policy 
of full monetary accommodation (p. 471)." 

While the rule (1) analyzed in this paper is similar to that used by 
the Brazilian monetary authorities for much of the period November 1986 to 
December 1988, the intention here is not to suggest that the analysis 
explains why economic policy in Brazil was unable to halt the increase in 
inflation during this time. There are many unanswered questions when one 
tries to apply the analysis contained herein to the Brazilian experience, in 
part because at the time the Brazilian economy featured widespread 
indexation which is omitted from the analysis. 
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APPENDIX 

A. Basic Model 

This appendis provides details for the calculations of the 
solutions (10). Using equations (7), (8), and (9) and taking 
expectations gives 

EL-lP, = *lo + TllYt-1 + TlzPt-1 and 

Et-lp,+l = nlo + ~11[7r30 + n31yt-1 + AxPt-LI 

+ n12[n10 + *11yt-1 + TlzPt-11 . 

Substituting into equation (5) using (7), (8), (9), and (A.l) gives 

7r30 + n31yt-1 + T32Pt-1 + T33Ut + n34’lt + T35Vt = 

a0 + a1[n13ut + n14vt + ~15vtl + a2yt-l + ut. (A.2) 

Substituting into equation (6) using (l), (7), (8), (9)? and (A.l) gives 

~10 + nllyt-1 + nlzpt-1 - pt-1 + R = do + dl[~lzut + X14’lt + n15vtl 

+ d2ytml + d3[X20 + x21yt-l + n22pt-1 + n23ut + r24'lt + n25Vt 

- 7110 - TllYt-1 - ‘712Pt-1 - R13% - r14rlt - T15Vtl (A.3) 

+ X111~30 + T31Yt-1 + T22Pt-11 + ~12[7rlll + TllYt-1 + TuPt-11 

- TllYt-1 - “12Pt-1 + Ut - “t . 

Substituting into equation (4) using (1), (7), (8), (9). and (A.1) gives 

x20 + T2]Yt-1 + TzzPt-1 + 7123% + n24rlt + T25Vt - x10 - TllYt-1 

- T12Pt-1 - T13Ut - n14rlt - R15”t = co + Cl[AlO + KllYt-1 

(A.4) 
+ rl,Pt-, - Pt-1 + RI + c2(T30 + HalVt-1 + H32Pt-1 + H33Ut 

+ n34'lt + T35Vtl + ‘7t. 

The method of undetermined coefficients derives expressions for the 
coefficients in terms of the structural parameters by noting that in 
each equation (A.Z), (A.3), and (A.4) the left- and sight-hand side 
expressions must be identical irrespective of particular time-series 
values of the predetermined variables and the disturbance terms. Using 
this method the coefficients on the disturbance terms and 7~~~. n31, and 
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~32 can be determined easily. Using equations (A.3) and (A.4) it can be 
determined that 

0 = (7~~)~ + x12[d3c1 - 21 + [l - d3cl]. (A. 5) 

With the positive root xl2 is equal to 1 and with the negative root xl2 
is equal to 1-d3cl which is greater than one which from equation (7) 
would imply explosive price behavior. If such explosive price behavior 
is excluded then x 12=1 is the unique solution which allows the other 
coefficients to be solved as given in (10) by straightforward 
substitution. The coefficients for the disturbance terms are as follows 

II13 = - (l+d,c,) /a =14 = - d,/@ 

=15 = l/@ '23 = (c2(dl-aL-d3) -I>/@ 

n 24 = (dl-d3)/@ '25 = (l+c2al)/@ (-4.6) 

l-43 = (dl-al)/@ =34 = -+I/@ 

where 0 = (dl+d3czal>. 

B. An alternative rule 

1. Without ~~~~ as a predetermined variable 

In this case the reduced-form equations are (7), (8), and (9) 
but with all the niz set equal to zero since pt-i is not included as a 
predetermined variable. The solution values for the coefficients on the 
disturbance terms and 7r3,, and ?rsl can be determined exactly as with the 
basic model and take the same values. Substituting into (6) using (2) 
and the reduced-form equations gives 

R = do + 4 [~nut + x14vt + nz,vt I + dzyt-1 + 

+ 4 ix20 + "zlyt-1 + Taut + rz4vt + nz5vt 

- x10 - TllYt-1 - =13ut - n14rlt - T15Vtl 

+ Ut - Vt 

(B.1) 

and substituting into equation (4) gives 
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A20 + ?l21yt-1 + T23Ut + n24'lt + 7725"t - TlO - =11yt-1 

X13Ut - ‘IT14ljt - T15”t = co + C1[~11(~30 + X31Yt-1) 

(B 

-nllyt-l + RI + c2[7-r30 + ~3l~t-1 + ‘IT33ut 

By substitution it can be determined that (using Aii for solution 
values) 

*11 = (dz+d3c2a2>/(d,cl(l-a,) 1 

*21 = 

and R=[ 

for consistency 

*11 - ( 4/d, 1 

l/Cl-c,d,) I id3 

AZ,,-A\lo= (R-&)/d, (B 

2) 

3) 

2. With utel as a predetermined variable 

With ptml included as a predetermined variable and with (2) 
as the monetary policy rule, the reduced-form equations for the model 
are again (7), (8), and (9) and the solution procedure is as with the 
basic model. Taking expectations gives the equations (A.l) again while 
substituting into (5) using equations (7), (8), and (9) gives 

n30 + T31Yt-1 + XxPt-1 + X33% + =34vt + T35Vt = 

a0 + a1b13u, + n14vt + ~Is~xl + a2h-1 + ut (B.4) 

and substituting into (6) using equations (2). (7), (8), and (9) gives 

R = do + dl(~13ut + *14rlt + rrlsvtl + d,y,-1 + d,Lrzo + KzlYt-1 

+ TzzPt-1 + T23Ut + r24’lt + T25Vt - 7110 - “11Yt-1 - RlzPt-1 

- T13Ut - n14’lt - T1s"tl + ut - vt (B.5) 

and substituting into (4) using equations (2), (l), (8), and (9) gives 

=20 + T21Yt-1 + r22Pt-1 + =23% + R24qt + n25vt - 7110 - T1lYt-l 

- TlzPt-1 - ~13%. - r14’lt - T15l’t = co + C1[“11[“30 + “31Yt-1 

+ T32Pt-1 I + “12i7710 + TllYt-1 + TlzPt-11 - TllYt-1 

(B.6) 
- “lzpt-1 + RI + ~217130 + n31Yt-1 + rxpt-1 + “33ut 

+ 7f34’lt + 7r35Vtl + ‘It. 
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Using equations (B.4), (B.5), and (B.6) the coefficients on the 
disturbance terms and xX0, A~~, and 7r32, which are all the same as in the 
basic model, can be determined easily. Using equations (B.5) and (B.6) 
it can be determined that 7r12 can be equal to 0 or 1. With n 12=0 it is 
also true that 7rz2=0. Since 7r32=0 also, this would be the same as not 
including ptwl as a predetermined variable, therefore it is assumed that 
n12=1 is the relevant solution, With this result (B.5) and (B.6) can 
easily be solved for the other coefficients by straightforward 
substitution. The solutions are (using \ki, for solved values) 

Q 10 = [l/d3c1] ~R(~-d~c~)-d~-d~(co+c,a,)+d3clao[(d,+d,c~a2)/(d3cla~)]) 

Qll = - ( d2+d3c2a2 > / (d3c ld *12 = 1 

*20 = (R-do)/% + 'ho (B.7) 

I21 = (-d2-d3c2a2-d2cla2)/(d,c,az) 

Q,, = 1 Q30 = a0 $31 = a2 @32 = 0. 

These values can be substituted into equations (7), (8), and (9) to give 

Pt - ptwl = @IO + @,,,y,-, + disturbances (B.8) 

mt - pt = [IIr,, - Qlo] + [I,, - QI,]yt-I + disturbances (B.9) 

and Yt = a0 + a2ytm1 + disturbances (B.lO) 

which are similar to equations (ll), (12), and (13) although the exact 
quantitative values are different. 

3. Espected inflation with or without I)~-~ as predetermined 

When ptel is not included as a predetermined variable expected 
inflation can be calculated using (B.3) as 

Et-l(pt+l-pt) = A,,(&,y, - yt-1) 

= All(ao + (a2-l)yt-l) 

or given the required value of R as 

Et-l(p,+l-pt) =[ [(CR-d,)/d,) - ~O-~2aO-~lR1/~la01 [ao+(a2-l!yt-ll (B.ll) 

From the solution to the model when ptM1 is included as a 
predetermined variable, and using (B.8), it follows that 
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*20 + T21Yt-1 + *23ut + x24’lt + R25Vt - AlO - TllYt-1 

- *13ut - =14’lt - TITl5Vt = co + Cl[~IT11(7130 + T31Yt-1) 

(B.2) 
-nld’t-l + RI + c2[n30 + n31Yt-1 + n33Ut 

+ R34Vt + n35vtl + ‘7t 

By substitution it can be determined that (using hii for solution 
values) 

*11 = (d2+d~c2a2>/(d3cl(l-a,)) 

A21 = A,, - (4/d,) *,,-*I,= (R-do)/& (J3.3) 

and R = [l/(~-cld~)][d~(A~1clao+co+c2ao)+do] 

for consistency. 

2. With ptml as a predetermined variable 

With ptwl included as a predetermined variable and with (2) 
as the monetary policy rule, the reduced-form equations for the model 
are again (7), (8), and (9) and the solution procedure is as with the 
basic model. Taking expectations gives the equations (A.l) again while 
substituting into (5) using equations (7), (8), and (9) gives 

=30 + K31Yt-1 + T32Pt-1 + K33Ut + =34’lt + fl35Vt = 

a0 + a1 1 ‘lT13Ut + *14f7t + x15vtl + wt-l + ut (J3.4) 

and substituting into (6) using equations (2), (7), (8), and (9) gives 

R = do + 4 [rnut + n14vt + nl5vt 1 + dzyt-1 + 4 [x20 + ‘rzut-1 

+ “22Pt-1 + T23Ut + A24tlt + T25Vt - “10 - TllYt-1 - T12Pt-1 

- Tl3Ut. - n14rlt - m15vtl + 4, - Vt (B.5) 

and substituting into (4) using equations (2), (7), (8), and (9) gives 

“20 + n21yt-1 + TzzPt-1 + n23ut + T24’7t + K25Vt - AlO - TllYt-1 

- =12.pt-1 - T13Ut - r14’lt - A15Vt = co + Cl[fll1[~30 + T31Yt-1 

+ T32Pt-11 + ~lZ[~lO + TllYt-1 + T12Pt-11 - XllYt-1 
(B.6) 

- RlzPt-1 + RI + c2[n30 + ?I31Yt-l + “xd’t-1 + r33Ut 

+ *3411t + ~35~rtl + ‘It. 
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Using equations (B.4), (B.5), and (B.6) the coefficients on the 
disturbance terms and ?raO, nal, and n-X2, which are all the same as in the 
basic model, can be determined easily. Using equations (B.5) and (B.6) 
it can be determined that 7r12 can be equal to 0 or 1. With n12=0 it is 
also true that rz2=0. Since n 32=0 also, this would be the same as not 
including ptF1 as a predetermined variable, therefore it is assumed that 
n12=1 is the relevant solution. With this result (B.5) and (B.6) can 
easily be solved for the other coefficients by straightforward 
substitution. The solutions are (using aii for solved values) 

a11 = - (d2+ds2a2)/(ds~ad Ql.2 = 1 

%o = W-&)/d, + $10 (B.7) 

%l = (-d,-d,c2a2-d2cla2)/(d3cla,) 

@22 = 1 a,0 = a0 a31 = a2 Jr,, = 0. 

These values can be substituted into equations (7), (8), and (9) to give 

Pt - ptml = Q~, + Q,,Y,-~ + disturbances (B.8) 

mt - Pt = [ Q20 - @,,I + [%I - QJ~,]~,-~ + disturbances (B.9) 

and yt = a, + a2yLmI + disturbances (B.10) 

which are similar to equations (ll), (12), and (13) although the exact 
quantitative values are different, 

3. Expected inflation with or without ~~~~ as predetermined 

When pt-l is not included as a predetermined variable expected 
inflation can be calculated using (B.3) as 

Et-l(pt+l-pt) = 41(Et-1yt - yt-1) 

= h(ao + (a,-l)y,-,) 

or given the required value of R as 

Et-,(pt+,-pt) =[ [ (CR-do)/d,! - ~O-~2a0-~1Rl/~~a01 [ao+(a2-l?yt-ll . (B.ll) 

From the solution to the model when ptel is included as a 
predetermined variable, and using (B.8), it follows that 
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Et-l(pt+l - pt! = Q,,] + Q1l[(a, + a2)yt-1] 

= jljd,c,][R(l-d,c,)-do-d,(co+c,a,)l 

- I (d2+ds+2)/(4c1) lYt-l 

which by manipulation can be shown to be the same as equation (B.ll) 
when R is determined by (B.3). 

4. With rntml as a Predetermined variable 

With mt-L included as a predetermined variable, mtml would 
replace P~-~ in the reduced-form equations (7), (8), and (9) thus the i2 
subscript below refers to rntml. Proceeding exactly as before the 
coefficients can be determined as (using yii for solution values) 

yll = - (d2+d3c2a2-c,d2)/(d,cla2) 712 = 1 

720 = (R-do)/4 + 710 (B.12) 

721 = ( -d2-d3c2a2-d2c,a2+cld,)/(d,c,a,) 

722 = 1 730 = a0 731 = a2 732 = O. 

These values can be substituted into equations (7), (8), and (9) to give 

Pt - wl = 710 l 711Yt-l + disturbances (B.13) 

mt - Pt = [rzo - rlol + 17~~ - 7111~t-l + disturbances (B.14) 

and yt = a0 + a,y,., + disturbances (B.15) 

If Etelpt is to be identical when ptel or m,-l is included as a 
predetermined variable then it must be true that 

alo + Qllyt-l + h-1 = 71~ + 711Yt-1 + mt-1 (B.16) 

or rearranging terms and substituting from (8.7) or (B.12) that 

[ (aod2/d3a2)+iR-do)/d3! I - [d2/d3a21yt-l=m,-l-p~-~ (B.17) 
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would have to hold in both versions of the model with rule (2), i.e., 
with pt-l or with mt-l as the predetermined variable. 

Consider the case when ptel is included as a predetermined 
variable, using equations (B.7), and (A.6j for the disturbance terms, 
and taking in consideration that (B.17) would have to hold for all ex- 
post values of yt, m,, and pt, by straightforward substitution it can be 
shown that the disturbance terms would not cancel out of (B.17j. 
Therefore (B.16) does not hold and Et..lpt is not the same when ptel is 
included as a predetermined variable as when mt-l is included. 
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