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1. Introduction

1.1. Initial Remarks

The debate concerning the conduction of monetaficyp@s pervasive in economic
theory. Such debate necessarily requires a thoraunglhysis of the mechanisms of
operation of markets, which would lead to a bettederstanding of the transmission
channels of monetary policy, thus bringing greatécacy to it.

Traditionally, the interest rate has been used rnstrument of conduction of the
monetary policy, due to the fact that there istredaconsensus when it comes to its
efficacy through the demand transmission channlisTincreases in the interest rate
would lead, among other effects, to more expensikedit, which would make
unaffordable a larger number of consumption anésitwent plans. This would reduce

aggregate demand, and in consequence, the intayigmessure.

However, the scenario becomes more complex whenoffegation of a cost-push
channel in the economy is considered. The idelaaisihcreases in the interest rate take
a toll on firms’ costs, therefore affecting theiriging decisions. This alternative
transmission mechanism may have important consegsen the way that an optimal

monetary policy is conceived.

If firms raise their prices in response to theswaases in financial costs, the effects of
an elevation in the interest rate could go in thpasite direction of that intended by the
Central Bank. This has important implications: depeg on the magnitude of this

effect, a contractionary monetary policy intendedldwer inflation would, in fact,

increase it.

In this sense, an empirical evaluation of the @osh channel may change how
monetary policy is viewed. If there is enough ewicke in favor of the cost-push
channel, the counteracting effects of increasethéninterest rate on the lowering of
inflation, with its negative consequences for ineorand employment, must be

considered. In the Brazilian case, this analysssgeahaps greater importance, since the
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country has been experiencing high interest radegrfany years, which is likely to

amplify the cited effects.

1.2. The Conduction of Monetary Policy in Brazil: D95 — 2008

Since the introduction of the Real Plan, in 199, tonduction of monetary policy in
Brazil has been marked by high interest rates.ebmsxs in the interest rate are the
immediate response of the monetary authority (BACE®S increases in monthly

inflation, measured by the IPCA. This can be obseiim the two graphs below:

Graph 1: Inflation rate in Brazil (monthly IPCA) — 1995-2008
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For instance, large increases in inflation occumetthie second semesters of 1998 and
2002 are coincident with large increases of therast rate in the same periods. This is
not fortuitous: it has been stated by the BACEM#my occasions that the interest rate
is the main instrument of monetary policy. Thisiament is set by the Committee of
Monetary Policy (COPOM), which divulges minutestsfmonthly meetings, detailing

the factors taken into account in each decisionanad

By analyzing the minutes of the COPOM meetingsait be inferred that the BACEN
used increases in the interest rate as a respoeskanism against various sources of
inflation. This becomes evident in the minute ot@der of 2002, for example. In it, the
COPOM sets out the reasons why it raised the istteae from 18% to 21% p.a.
Firstly, there’s the concern with the continuedre@ases of oil prices. There’'s also
concern about the behavior of administered priesgecially electricity. Another cause
for concern is the devaluation of the exchange. ratieled with the political scenario,
where the upcoming elections caused disturbancéeifinancial markets, these factors
led the COPOM to increase the interest rate iretipercentage points. Note, however,
that at that time there were hardly any pressuoesirng from the demand side of the
economy: although the COPOM acknowledges the fzat $ales had been growing
faster than production (which led to lower stockspacity utilization remained at a low

level.

On the other hand, in June of 2008 the COPOM baisedlecision basically on
imbalances between supply and demand. In the Cdeeistevaluation, excessive
activity in factors markets and in internal demacoalipled with supply restrictions in
some sectors, would be reflected in greater passigh from wholesale to retail prices.

For this reason, the COPOM increased the intea¢stim 0,5% percentage points.

These are just two examples of a trend that caobigerved throughout the meetings:
the interest rate is the instrument of monetarycggbar excellenceand will be used
against increases in inflation of all sorts. Onlycaveat should be made. In the
previously mentioned minute of October of 2002, @@POM explains how differently
it may use the interest rate, depending on theceaufrinflation.
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It is necessary to distinguish between demand apglg shocks, and
temporary and permanent shocks. Demand shocks eusbmpensated
with a policy that has the inverse signal of thecsh In the case of supply
shocks (or cost-push shocks), we have followedrtmitional guidelines:

the direct impact on the level of prices is accordated (that is, doesn’t
call for a response from monetary policy), but seeondary (or inertial)
effects of the shock are fought. When confronteth whocks of large
magnitude, as has been the case in the last 18hsjombnetary policy
has been calibrated so as to prolong the time ofvemence to the
inflation target. Such procedure takes into accahbetcosts (in terms of
output), associated with the existence of infladigninertia, of the

adjustment process. This policy indicates thatpeting to the guidelines
of inflation targeting, the Central Bank must weitjie volatility of the

activity level in its decision, without, howeveealing aside its main goal

of reaching the inflation target.

With reference to the specific subject of the disdmn, the cost-push channel of
monetary policy, it becomes clear by reading thautds that such phenomenon was
never explicitly considered by the monetary autiyaas a possible countervailing force
in the process of the lowering of inflation rat&kis comes as no surprise, since the
Central Bank uses New-Keynesian models as its toainfor decision-making, which

in general have no place for such a channel of taoypeolicy transmission.
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2. The Literature on the Cost-Push Channel

2.1 Review of literature

Although the debate on the cost-push channel s obferences, it reappeared in the
literature on the empirical evaluation of monetpoficy using VAR’s. This literature
identifies what has become known as the price puzmsitive responses of the price
level to a shock in the interest rate. It is impattto briefly look at the literature that
deals with the price puzzle, because the modeenatitre on the cost-push channel
traces back to it. As it will be shown, there arany different explanations put forward
in order to account for the price puzzle, at fatof them considering the price puzzle
an econometric anomaly that would vanish by bedpecification of the econometric
models. Later on, some authors started to pondar tttere could be a theoretical
explanation behind the price puzzle, which gave twag resurgence of the discussion

on the cost-push channel.

In this sense, Sims (1992) is groundbreaking becdugs is the first to identify the

appearance of the price puzzle. However, Sims’ pppgposes an explanation for the
anomaly that doesn’t involve the cost-push chanhetording to him, the price puzzle
would arise due to a problem of econometric mis§ipaton. In the words of Cysne

(2004):

Sims’ explanation to the puzzle is primarily basad the bias in the
estimation of the coefficients, on account of plolgsmissing variables.
He argues that the monetary authority often hasrindition regarding
inflationary pressures not captured in the histafrthe variables included
in the VAR. For instance, by having knowledge oupply shock, and
that inflationary pressure is about to arrive, ghehorities can take the
preemptive action of raising interest rates, thgrgénerating a positive
(though spurious) correlation between prices aner@st rates. (CYSNE,
2004, p. 2)

In order to be able to capture in the regressias tipcoming inflationary pressure,
which is the cause of the spurious relation, Singgests that a commodity prices index
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should be incorporated to the model. This procethasebeen shown to be effective in

his and in other papers.

Nevertheless, other authors that in their workstinaed to acknowledge the presence
of the price puzzle, even making use of Sims’ pdoce, started to conceive of the cost-
push channel as a possible explanation. Among tloa,of the first was Barth and
Ramey's (2001). The authors put together a patjallibrium model for an industry.
The objective is to build a model that allows therempirically verify the effects of
monetary policy on the demand and cost structufehieo companies. Although this
approach has the advantage of evaluating diffelesgonses of heterogeneous sectors
to monetary policy, it is not intended to providesaers about the interaction of
monetary policy and the general equilibrium of deenomy.

Taking a representative firm, it will maximize pitsfgiven by:

T=RQ-RWGQQ) [1]
where P, is the price levelQ, is the production levelR, is the gross interest ratéy
is the wage level an€(Q,) is a convex cost function. The interest rate @duded in

the cost structure of the firm, since it has tartarto be able to finance its wage bill.

The inverse demand function of the industry is gilsg:

R = f(Q.D3) [2]
where DS, denotes the impact of exogenous shocks in firragiahd, such as changes
in monetary policy, and, <0 and f, >0. Wages are given by:

W, = N(Q, DR, R) [3]
with N, =20, N, =0 and N, <0. The first derivative denotes a positively sloped

supply curve, the second reflects that a positeraahd shock increases the demand for

labor, and the third the fact that increases insclosver the demand for labor.

From the solution of the profit maximization profle the price and quantities
equilibrium are obtained. By comparative statitscan be concluded that a negative

demand shock (i.e., a declineD,) leads to lower equilibrium output lev€), and
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price/wage ratio, as long as the effect in the stits inverse demand curve is larger
than the effect in the supply curve. Also, a negasupply shock (i.e., an increase in

R,) leads to lower output levels, but to a highec@fivage relation, as long as the net

effect of this change is an upwards shift in theustry’s supply curve. That is, if a
monetary shock has its main effect on the industigost structure, a decrease in
production and an increase in prices will be obsgrfhe authors then proceed to the
empirical test, working with the hypothesis thatdectors where there is a fall in
production and an increase in the price/wage r#ti®,cost-push channel would be in
operation. They start from the usual identificatginategy used in the literature: first
off, they define the reaction function of the margtauthority, which has, generally,
indicators of level of activity, consumer pricegynumodity price and demand for
reserves, from which it is defined the level of gadicy instrument that is utilized (in
the American case considered by the authors, triegponds to the target-rate of the
Federal Funds Rate (FFR), determined by the FEBXt,Nhe system is put together
with the equations of the variables included in tb&ction function, ordered in such a
way that the FFR is the most endogenous varialde,Has no contemporaneous effect
on the variables of the reaction function. The atxge of this identification strategy is
that the ordering of variables of the reaction tiorctis irrelevant, for it is assumed that
the FFR has no contemporaneous effect on themthir evords, it is not necessary to
suppose that the output affects the price leveteroporaneously, or vice-versa (Barth
& Ramey, 2001, p. 13). Lastly, the authors includéhe system dummies in order to
control for oil shocks.

They estimated VAR’s with monthly data from Febsuaf 1959 up until December of
1996 for different manufacturing series: two seaéthree digits; eighteen series of two
digits; durables and non-durables; total manufaogur The variables used were:
industrial production (as a proxy for output); dla®r for the index of consumption
spending (as a monthly measure of the general [@ied); difference of the logarithms
between total of reserves of the Federal Reserde ram-borrowed reserves (as a
measure of the demand for reserves); The end-othmBRR; the reason between
industrial production and price-wage for each sedtor 13 of the 21 sectors analyzed
and the three aggregated series, the impulse resgonctions show that, as a response

to a positive shock in the FFR, production fallgl gorices rise in relation to wages.
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Also, tests in which the null hypothesis was thaen of the changes in price levels in
the last 24 months were larger than zero were tegjesit the 10% level for nine sectors.
Finally, the sample was split into two periods, ey of 1959 until September of
1979 (date associated with the start of Paul Valskadministration in the FED) and
January of 1983 until December of 1996. In the mstvmates, the cost-push channel
was shown to be much more significant in the fiestiod. According to the authors, this
result would be due to differences in the finansigdtem and in how monetary policy
was conducted in both periods.

Castelnuovo and Surico (2006) also found eviderta the price puzzle is a
phenomenon associated with the pre-Volcker erayTime a microfounded New-
Keynesian model, with an IS curve given by:

q=Eq.-J(R- B )+ dg [4]
where g, is the output gaps is the elasticity of intertemporal substitutiordasls may
represent an exogenous demand or preference shieelRhillips curve is given by:

7% = PETL,, +K(X ~ 2) [5]
where x is a parameter that represents the inverse ofs#uweifice rate. And the
response function of the monetary authority is gilg:

R( = Pr R—1+(1_pR)(¢’nﬂt+¢’x)§)+gRt [6]
where p, denotes the degree of adjustment of the intera®t and &, denotes

monetary policy shocks.

Initially, the authors estimated a VAR with U.S.agierly data from 1966 to 2002,
which included real GDP, changes in the GDP deflasoa measure of inflation and the
FFR, in this order (i.e., they use an identificatgtrategy similar to that of Barth and
Ramey, 2001). In the estimation with aggregated,dtte price puzzle shows up,
although the results are not statistically sigaific In the estimates with sub-samples, in
the pre-Volcker era the price puzzle becomes saamf, being larger in the aggregated
case. In the post-Volcker era, the coefficientrdfation has the correct signal, besides
being insignificant. Following Giordani (2004), wleonphasizes the utilization of some
measure of output gap instead of output levelatitbors run new estimations replacing

real GDP by three measures of output gap, eackesmnding to different estimates of
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potential output: HP filter, quadratic trend andireates of the Congressional Budget
Office. The result of these estimations by sub-dampeveals to be robust under the
new specification. Another robustness analysisedut by the authors was to expand
the VAR to four variables, having as an additiovetiables the real unit labor costs, an
index of commodity prices, FFR, real output, growthM2 and inflation. Once again,

results were not significantly altered.

Finally, Castelnuovo and Surico identify not onlyometary policy shocks, but also
supply and demand shocks, using the identificasioategy known as sign restrictions.
Instead of identifying the system by making useadfiangular decomposition of the
matrix containing the contemporaneous parametbesy tmpose restrictions on the
direction of some impulse response functions, suwestrictions being imposed

according to basic relations given by economic theAccording to Peersman (2005),
not only do restrictions on the contemporaneousachmf variables tend to be too
restrictive, but they also are not based on ecoadh&ory. When it comes to long-run
restrictions, such as the ones made by BlanchatdQarah (1989), although based on
theoretical models, they are contradicted by sonosvitn models, an example being
some overlapping generation models. Therefore, sagtrictions would be more

adequate.

Castelnuovo and Surico impose that monetary shbake non-negative effects on the
interest rate and non-positive effects on GDP, evhupply (demand) shocks have non-
negative (non-positive) on interest rate and irdlatand non-positive (non-negative) on
output gap. Unlike previous papers which usedittestification strategy, no restriction
on the response of inflation to the interest rages Wwnposed, since the objective was to
investigate the price puzzle. The hypothesis thla¢ tinterest rate has no
contemporaneous effect on other variables was aiagd. Once again, the price puzzle
is observed only in the pre-Volcker era.

The authors’ explanation for the price puzzle doesinvolve the cost-push channel
but, as in Sims’ work, it involves omitted variakleThe pre-Volcker era would be
associated with weak responses of the monetaryatytho increases in inflation (that

is, the interest rate was increased proportiondtdg than the observed increase in
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inflation). Such lack of rigoby the monetary policy would lead to inertia inlation
expectations, which would generate perverse dyrasuch as the price puzzle. This
theory is corroborated by the fact that estimategARSs, using data simulated from a
New-Keynesian model, only generates the puzzle wtien interest rate is not
sufficiently raised when inflation increases. Tlmdusion is that the puzzle is solved

by the inclusion of inflation expectations in th&R.

Even if it is considered that, in general, theusabn of a variable that captures inflation
expectations or information about future inflatienthe solution to the price puzzle,
such results are not always observed. The invegtigaarried out by Hanson (2004)
attempts to show that the common practice of innoly@n index of commodity prices
in the VAR, despite its intuitive appeal, needs ensolid theoretical (since there is no
room for such a variable in business cycle modatg) empirical foundations. Hanson
argues that the inclusion of an index of commogitices would only eliminate the
puzzle if this variable improves the predictive gowof the model, that is, if its
omission truly generates an estimation bias. Nextshows that if this is the case, the
observed magnitude of the puzzle must bear a diedation to the omitted variable’s
predictive power and to how strongly the monetastharity responds to inflationary

pressures.

However, estimation of monthly VARs for the U.Srprh January of 1959 until
December of 1998, and robust to different choidemftation index, do not stand by
these implications. In order to test these hypabeblanson initially estimates a VAR
containing only real GDP, aggregate price level amdonetary policy instrument. This
VAR replicates the puzzle and will serve as a b&siscomparison. Subsequently,
different VARs are estimated, with different indimes of future inflation and expected
inflation, such as labor costs, capacity utilizaticcommodities index, the spread
between short-run and long-run interest rates,pades, among others. The author
computes the root mean squared error (RMSE) optkdiction of the price level in
each VAR, as well as the mean squared error (M&H&jch are compared with the
RMSE and the MSE of the standard model. The diffezebetween them represents the
improvement in terms of prediction gained with tinelusion of the new variable.

Furthermore, it is computed how much the inclugbeach specific variable mitigated
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the anomalous behavior of the impulse responsetitumscby observing the magnitude
of the decrease in percentage points of the inergaiflation response in the initial
periods. Through graphical analysis, Hanson comethé¢ conclusion that it is not
possible to capture a direct relation between thable’s predictive power and how

much it was capable of reducing the puzzle.

Finally, Hanson splits the sample in pre-Volcked qoost-Volcker periods, observing
the price puzzle only in the first period, as irs@nuovo and Surico (2006). However,
this fact invalidates the second implication of tagonalization of the use of Sims-like
variables, since the post-Volcker era is recogninetthe literature as a period of active
monetary policy, unlike the pre-Volcker period. Téfere, despite making only a slight
reference to the eventual existence of the codt-mmannel, Hanson questions the

traditional interpretation of the price puzzle.

For Brazil, Luporini (2008) estimates a VAR anddnevidence that the price puzzle is
relevant, which does not disappear with the implaiatéon of the procedure proposed
by Sims. Although Cysne (2004) also makes use ofAR, he also constructs

confidence intervals for impulse response functioasg a bias-correcting bootstrap,

finding a small effect that lasts only a quarter.

Most of the previously cited papers discuss theceprpuzzle using the VAR

methodology, and few of them consider the cost-pasha possible explanation. A
different approach takes as a starting point thssipte existence of the cost-push
channel, and seeks to evaluate it by the estimaifoa Phillips Curve, where there
would be a positive relation between inflation &hd interest rate due to a liquidity

constraint faced by the firms.

In Chowdhuryet al (2006), firms need to borrow not only to finanbeit wage bill, but
also to pay for production inputs. That leads to:

L 2 Rl + Rig % [7]
where L, is the nominal value borrowed by firm i in perigdw, is the value of the

real wage in the economyp, is the real price of production inputs ami is the
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aggregate price level. By the end of the perioendi pay back the loan with interest
given byi . From the solution of a cost minimization problembject to technological
and liquidity constraints, the expression for th@rgmal cost of firm i is derived:

mG =(1-a)' R 8]
where R =1+, ais the technological coefficient of capital agd=w|, / y denotes

unit real labor cost of firm i.

The existence of a degree of price rigidity, thecalbed price staggering, is assumed.
The probability that firms change their pricingeus given by - ¢, independently of
the last price change. Of these firms, a fractéerchange their prices according to the

rule of thumtP, =7z R_,, whererz =P / R_, denotes the inflation rate. The fraction of

firms 1-w set their prices in an optimal way, maximizingithrearket value, which is

given by the profit flow discounted by a stochagéictor. The otherp firms set their

prices according to average, or steady-state iofiat .

Financial intermediaries take deposids from households and give loans The basic
rate paid by the intermediaries is givenRy 1+, wherei, is determined by the

monetary authority. An imperfection in the finariawarket is introduced, in which the
risk of default by firms increases with an incre@sehe interest rates. The impact of
this imperfection is reflected in the following a&bn, derived from the profit

maximization of the financial intermediaries:
R=@+y)R [9]
where, for any variable, I% :Iog(K)—Iog(E) denotes the percentage deviation from

the steady-state valﬁga The larger the value gf , which is a variable that represents

the size of the market imperfection, the largethis response of the deviation of the
interest rate paid by firms in relation to the dieatate to a deviation in the rate set by

the monetary authority.

After some manipulations, the Phillips Curve is:

ﬁ;=nytﬁ;+1+ybﬁ;—1+/YA§+/Y(1+(//r)i? [10]
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that is, percentage deviations of the inflatioe @d&pend on percentage deviations of the
expectations of future inflation, of past inflatjoof unit labor costs and of the basic
rate. It is possible to show that the variable tiegiresents deviations from labor unit
costs is equivalent to percentage deviations gbuduirom its steady-state. This is the
specification estimated by the authors, which diffieom the traditional Phillips Curve
because of the positive coefficient associated thighinterest rate. This positive effect
on inflation will depend positively on the degreé imperfection of the financial
markets.

The authors estimated a Phillips curve for eachnttgun their sample which contained
inflation expectations for the following periodflation of the previous period, real unit
labor costs and the interest rate. Inflation wasasueed by the GDP deflator, and
alternatively by a consumer prices index. The ggemrate used was the 3-month
Treasury bill rate, and labor costs were approx@shaby the ratio between total

compensation and GDP.

The authors used a quarterly sample, from 198®%7 1for Canada, France, Germany,
Italy, Japan, United Kingdom and United States. frtethod used for estimation was
GMM, using as instruments lags of inflation and coodlity prices, real unit labor costs
and T-bill rates. The results show a significamedh relation between interest rates and
inflation for Canada, France, Italy, United Kingdand United States. On the other
hand, the coefficient was not significant for Genypand Japan. When the consumer
prices index is used, the cost-push channel becasigesdicant for Germany, being no
longer significant for Italy. For France and theitdd Kingdom, the cost-push channel
is stronger in the estimation that uses the consumiees index. That would be
explained by the fact that consumption goods havéheir composition components
with more cyclical cost behavior, which then makss marginal cost of production of
these goods more susceptible to changes in thenabmterest rate in the short run.

However, it is possible to argue that the positwefficient associated with the interest
rate would simply reflect a feedback from inflatilmthe interest rate, such feedback
being due to reactions of monetary policy to inflat This argument led the authors to

estimate a Phillips Curve and a Taylor Rule usinguianeous GMM. Two
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specifications of the Taylor Rule were used: in first, inflation responded to

contemporaneous inflation; in the second, to idtaexpectation. In all countries but
France the cost-push channel was present, indepeatiéhe type of Taylor Rule that

was used. Finally, the authors include in the esiom a commodities index. The
conclusion is that the cost-push channel is sélldy for even in countries where the
coefficient associated with the commodities index,in Italy, Canada and the United
Kingdom, the coefficients associated with the ies¢rrate were still positive and
significant.

In Ravenna and Walsh (2006), the economy is contpdse households, firms,
government and financial intermediaries, which rate in the goods, financial and
labor markets. The representative consumer maxarttze expected present value of a
utility function which is increasing in consumpticand decreasing in labor. The
function also has exogenous preference shocks.uGgtsn is given by a composite
good, which consists of differentiated products doiced by firms operating in

monopolistic competition markets.

Households start each period with cash holdingsrglwyM, . At the beginning of the
period, they receive wage incom& N and make depositdM, at the financial
intermediaries. Therefore consumption is given logsh-in-advance restriction:
RG < H+WN-M
[11]

At the end of the period, households receive pmtibome f,, plus the interest and the

principal of the previously made deposisM, . Therefore, cash holdings of the next
period are given by:

Ho=H+WN-M-RG+ RM+ F- 1T [12]
where R is the gross nominal interest raté, are firms and financial intermediaries’

profits andT, are lump-sum taxes.
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Goods market equilibrium requirés= G + G. It is assumed that government spending
is proportional to outpu@, = (1-);)Y,, where y, is stochastic and has values between

zero and one. Therefol@,= ), Y,.

Firms change their prices according to a Calvo, inlevhich the number of firms that
set prices optimally is given by w. Such firms maximize profits subject to the

demand curve and production technology givenypy prN,, where pr is a

it *
stochastic aggregate productivity factor with expdosalue of 1. The othap firms set

their prices by the steady-state rate of inflation.

Firms borrow\, N, with interest rat® . Once again, real marginal costs are given by:
WL
= R _—

9
t y .

[13]

wherevﬂ‘ is the labor share in income.
Y

The usual result of this New-Keynesian model isRhédlips Curve with the following
specification:

7% = BETE,, + kP [14]
- A-o)-wB)

w

where

Financial intermediaries receive from the monetanyhority cash balanceéf, these

balances are lent at the r&e These intermediaries operate with no cost, sa the
profits are given bR D +H ) RDO=RH. Being Hwa the growth rate of cash

balances from tto t+1H, =M, - M, = (Hw—~1)M, and equilibrium in the loan market

impliesw, N = Q + X, where X is aggregate demand for labor by firms.

With sticky pricegw>0) , real marginal costs are given dby I% +3§. Therefore, in

the presence of the cost-push channel:
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7% = BETL, +K(R +73) [15]

Solving the model for flexible prices and lineanigj the expressions for output gap and
Philips Curve are obtained:

i—?:ah—&%%mk—aaﬁ?

77 = BET, +k(a+m)(Y - ¥ +k(R- R)

where g and n are the elasticities of substitution of consumptiand labor,

[16]

respectively.

The authors estimate a Phillips Curve for the ddhtaining inflation expectations, real
unit labor costs and the interest rate. They usetguy data, from 1960 to 2001. The
estimation procedure utilized is GMM, having inifaas instruments four lags of unit
labor costs, GDP deflator, a commodities index,itierest rate spread, wage inflation,
nominal interest rate and a measure of output glaen, another estimation was carried
out, with a different set of instruments: two laggeal unit labor costs, wage inflation,
a measure of output gap, four lags of the GDP tiefland the nominal interest rate.
The cost-push channel was significant and robuslifterent sets of instruments and

specifications of the normality condition.

In Tillmann (2008), given the liquidity constraifsiced by the firms, their total costs are

given by:

TG =RWL [17]
where R' denotes the gross interest rate. Production téagyds given by:

Y= prl [18]

|
Nominal marginal costs are given ES/V—V Dividing byR, the expression for real
I

marginal costs is obtained:

#=RS [19]
W L,
R pr

expressed in terms of deviations from steady-staliges are obtained:

where§ =

. Linearizing this expression, the components efréal marginal costs
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A Al A

@ =R+S [20]

Assuming that the interest rate bears a directioeldo the rate set by the monetary

authority,R, the New-Keynesian Phillips Curve which incorpestthe cost-push

channel is derived:

7L = GBI, + V(s +UR) [21]

wherey, denotes the spread.

The empirical test consists in checking the sigaiice and the sign of the coefficient
associated with the interest rate. The author gsesterly data from the U.S., from
1960 to 2004. The variables used are: GDP deffatanflation; three-month Treasury
bill rate for the interest rate, having as altekrest the borrowing rate and the FFR; and
income labor share as proxy for unit labor coste ihstruments used were six lags of
inflation, of income labor share and output gagamted by the application of HP filter
to the real GDP series, the nominal interest raie the spread. The estimation was
carried out for the U.S., with quarterly data fra860 to 2004.

The cost-push channel was significant in the falinple estimates, as well as in the
estimates using sub-samples. It was larger in gnegs of 1960-1982 and 1992-2004,
losing importance in the 1983-2004 period. The ltesare not significantly altered by

removing two lags of output gap from the set oftrimwients. This second set of
instruments was used in the rolling-window estimatiEach window has 60 quarters,
which is modified step by step over the entire gekriln this manner, it is possible to
observe the entire cost-push channel dynamics ghrothe whole period. The

conclusion is that the cost-push channel followed-shaped trajectory through the
entire period, this conclusion being independerthefmeasure of interest rate used.

In Rabanal (2007), a slight change is introducedy @ fraction y of firms must

borrow in order to pay for the wage bill. Firmstire intermediate goods sector operate
in an environment of monopolistic competition, gsiabor and capital, which has a
utilization rate that is decided by the househdisch household supplies differentiated

labor, which is an imperfect substitute of all atlgpes of labor. Firms choose the
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aggregate demand for labor taking wages as givemsHn the final goods sector

operate in competitive markets, using as inputrimediate goods.

Households have a utility function which is incriegsin consumption and decreasing
in labor. Also, they own the stock of capital, dieg with regard to investment and
utilization. Consumption decisions carry inertianfr previous periods. The utility

function is maximized subject to a budget constrthat includes risk-free bonds and

lump-sumtransfers by the government. Households rent @agita rateR* and adjust
the utilization rate with a cost given by the fuanty(u,), which is increasing and

convex. Adjustment of the capital level also hasoat which depends on the growth
. I . , o :
rate of investmen§(—-), this function also being increasing and convexstieady-
t-1

state, both functions are at their minimum value.

As in the previous models, prices are sticky, pesisg a Calvo-type structure.
Monetary policy follows an interest-based rule, éindal policy is Ricardian, following

an intertemporal budget constraintump-sum transfers are made not only to
households, but also to firms that face liquidibystraints. In steady-state the marginal

costs and, consequently, output of all firms asedhme.

In the log-linearized version of the model, as WisaaPhillips Curve that depends on
past inflation, on expectations of future inflatiand real marginal costs is derived.
These are expressed as:

mg =at+@1-a)(«@ +yr)- py [22]
where pr is a productivity factor for all of the econonay is income capital share and
« is the fraction of firms that, when not allowed det prices optimally, set prices

according to past inflation (all variables expreisas deviations from the steady-state).

In these models, the variable that drives inflai®meal marginal costs. Traditionally,
the effect operates through a demand channel,,siiten the interest rate is raised,
marginal costs fall for two reasons: because ofdheén real wages due to the fall in the

demand for labor; and because of the fall in therneof capital, due to lower demand
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for investments. When the cost-push channel isabipey (y>0), increases in the

interest rate will affect inflation, operating alsbrough a supply channel, because
increases in the interest rate will raise margeoudts due to an increase in the cost of
financing. In order for the cost-push channel tevpil over the demand channel and,
therefore, for the model to reproduce the pricezfmjzthe effects of increases in the
interest rate on real wages and return of capitadtrbe smoothed. In the first case, real
wage stickiness is increased, which implies inveeloprobability that a firm is allowed

to set prices optimally and a larger fraction aimi$ set prices according to past
inflation. In the second case, it is assumed thatutilization rates are highly unstable,

which implies in a stable trajectory for capitaium.

Since the model is a dynamic stochastic generalilegum one (DSGE), the evaluation
of the cost-push channel is done by simulationg dithor reaches the conclusion that
the cost-push channel is not relevant, since, wimposing parameter values
compatible with it, the model’s fit worsens sigodntly, particularly with respect to

nominal variables.

Up until now, only Gaiotti and Secchi (2006) usesh@ data in order to investigate the
cost-push channel. They look for evidence of thisterce of cost-push channel using
micro-data for 14 years of prices and individuakerast rates for 2000 lItalian firms.
They find evidence in favor of the cost-push chénaed its relevance would be

proportional to the stock of capital held by eaicim f

For Brazil, although many papers deal with thegpazzle, from what we could gather
only Rabi Junior (2008) considers specifically twst-push channel as an explanation
for it. Initially, the author estimates a VAR wiBDP, exchange rate, administered and
free prices and M1, in order to check for the exise of the price puzzle for Brazil.
The impulse response function shows that thereoisignificant effect of monetary
shocks on the trajectory of the IPCA’s figgces. The conclusion is that there is either

a specification problem in the VAR, or there is tperation of the cost-push channel.

To check the validity of the second hypothesis, abthor estimates a New Keynesian

Phillips Curve containing the cost-push channeljvadd from a general equilibrium
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model. The data is monthly, from August of 1994 ume of 2008. It is found that there
is no evidence of the cost-push channel, indepdlydehthe parameterization utilized,
or whether the estimation is done for an open alosed economy. Reaching the
conclusion that the insignificance of monetary pplin the VAR is attributable to a
specification problem, the author substitutes ighisproduction for an estimated
series of monthly GDP and includes three exogewaugables: a measure of country-
risk, inflation target and inflation expectatioms.the augmented VAR, the response of
prices to a monetary policy shock becomes sigmfiead has the correct sign.

After reviewing the literature, it becomes cleaiar what way this dissertation
contributes to the literature. It sees the coshpgnnel as a plausible explanation for
phenomena such as the price puzzle; thereforeoitepds to verify its empirical
relevance. It does so initially by using econoncetmethods (some of them used
sparsely or not at all in this literature) to estim four different specifications of the
Phillips Curve. The idea is that the lack of corsssnin the empirical literature
concerning the cost-push channel may be due tdattethat estimations take into
account only one specification, namely: the levieihe interest rate affecting inflation.
When taking into account specifications that coasidther measures of the interest
rate, evidence in favor of the cost-push channghimturn out to be more robust.
Besides this empirical exercise, we also adaptsandlate a stock-flow model in order
to look into theoretical chains of causation andcina@isms that might lead to the

emergence of a perverse effect of monetary policintation.

2.2 Modeling the Cost-Push Channel of Monetary Paly

Having scanned the theoretical and empirical liteeaon the cost-push channel, we
now follow Lima and Setterfield (2019)Wwho explore different models of the cost-push
channel that are consistent with the canonical nhofiericing behavior in heterodox
economics. Throughout this section, it is assurhatlftrms set prices as:

P=¢Wa [23]

! In order to somewhat uniformize the notation uedughout the dissertation, some changes were made
to the original notation
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whereP is the price levelg is the gross mark up (one plus the percentageiméoyg

gross profits)W is the nominal wage aralis the labor--output ratio (which is assumed
fixed). The purpose is to consider how debt-sengccosts (and hence the rate of
interest) affect the pricing decision and ultimptelggregate price dynamics, as
summarized by the short-run Phillips curve (SRPC).

2.2.1 Debt servicing as an overhead cost

An intuitive initial hypothesis is that:

g=0D [24]
whered is a constant coefficiend is firms’ outstanding stock of debt (taken as give
the short run) anddenotes the nominal rate of interest. In equd®dih, the gross mark
up varies with firms’ debt-servicing costs, the dadeeing that debt servicing is an

overhead cost, thus the mark up being sensitiowéoheads.

Assuming also that wages depend on inflation expects and the level of output:

w = fp°+ py [25]
and expressing this equation in growth rates, @hewing Phillips Curve is obtained:
p=i+Bp°+yy [26]

In this formulation theate of growthof the interest rate is a determinant of inflation
the SRPC.

2.2.2 Debt servicing and the target rate of return

A second approach to modeling the cost-push chasnefsed on a special case of
mark-up pricing — namely, target-return pricingconjunction with insights from the

conflicting claims theory of inflation. The authdyegin by hypothesizing that:

¢ =d(w-of) [27]
wherem and «f are the wage share and firms’ target wage shespectively. The idea

here is that the mark up grows in response to aspyadty between the actual wage
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share and firms’ target wage share, an idea thatesofrom the conflicting-claims

literature. The same idea can be used for wagmgetthere we can write:
w=ny(ay —w)+ B [28]

where ¢, is the target wage share of workers.

In order to derive an expression for the SRPC ihabonsistent with the equilibrium
conditions of the conflicting claims process, werdfore need to consider the situation
where the wage share is constant (at its equilirialue) in order to further our
analysis. From the definition of the wage sharegmstant wage share implies tipat

w (recalling that is a constant). Given the pricing equation [28{ollows that:

p=ny(ay —wr)+ B p° [29]

In order to introduce a relation between the ptmesl and the rate of interest, the
authors resort to the idea of target-return priinhey suppose that what is really
driving the equilibrium value df established by firms is a target rate of returrthenr
capital,r". By definition:

(1-w)u
v

r= [30]

wherer is the rate of profituy is the rate of capacity utilization, andis the capital:

output ratio (assumed fixed). It therefore follothat:

T
rT = (l C\’j:)un [311
or:
.
@ =1--~ [32]

where u, denotes the normal rate of capacity utilizationwdiich the target rate of
return,r', is calculated. In other words, firms’ target wasjeare (the inverse of the
equilibrium mark up) is ultimately explained byaaget rate of return (given the values

of v anduy).

Now suppose further that firms carry debt, on whitedy must pay interest, so that:

% See Lavoie (1992, pp. 131-2) and Lee (1998, pp-0K) on target-return pricing.
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F.=F-/D [33]
where [ denotes enterprise profits and F denotes grod#sp(with :D being rental
income that is earned by creditors). After normagizoy capital:

r=rg+iA [34]
therefore:

r'=rg +1A [35]
where) = D/PK is the ratio of corporate debt to the stock ofitedpwhich (following
Lavoie, 1995) is assumed to be constant in thet shior

In other words, the target rate of return whichedweines firms’ target wage share
dependsinter alia, on the nominal interest rate. After the apprdprgubstitutions and

linearizations for the sake of simplicity, the atfbn process can be approximated by:

p=911+92pe+93y [36]

In this formulation of the SRPC, then, it is thesdk of the interest rate that is a

determinant of inflation.

2.2.3 Debt servicing as a component of prime costs

In the next approach to modeling the cost-push mélant is supposed that the interest
rate impacts prices via prime or direct costs,eadtof via the mark-up, as was done
previously. This is achieved by hypothesizing thahs borrow working capital to
finance the wage bill. The price level can therefloe described as:

P=¢l+/)Wa [37]
from which it follows that:

INP=Ing+In(l+/)+InW+Ina

[38]

Appealing to the approximation In(1:)+=: for small values of, differentiating this last
expression with respect to time, bearing in mirat tsothk anda are now being treated

as constant, and using the wage-setting equatitsilaws that:

p=i+Bp +yy [39]
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In this formulation of the SRPC, thiate of changeof the nominal interest rate affects

the rate of inflation.
2.2.4 Inventory accumulation, debt and the pricinglecision

A final model of the cost-push channel appears vilters borrow to finance inventory
accumulation. To derive the implications of thish&eior for pricing and price

dynamics, we begin with the expression:

WaY+7PY+/ D= R G k G+ PIN PII
[40]
where Y denotes real output; is the profit share of incomd&) = PIN is the debt
undertaken by firms to finance inventorie®),(C, |, and G denote (respectively)
aggregate consumption, investment and public experd (all in real terms), and all

other variables are as previously defineBIN and PIN denote additions to

inventories and capital gains on existing inve@®yrirespectively. Real output is given
by:

Y=C+1+G+IN [41]
and it is assumed that:

IN =&Y [42]
where the ratio of inventories to total outpijtjs fixed. Substituting [41] and [42] into
[40], recalling thatD = PIN, and solving foiP, we arrive at an expression identical to
equation [1] with:

1

Y

[43]

Intuitively, firms adjust the mark up in responsetlie negative impact of the nominal
interest rate on profits (which arises from theeefffof the nominal interest rate on the
costs of servicing the debt that finances inventacgumulation), and the positive
impact of inflation on profits (which arises frorhet realization of capital gains on
inventories). Of course, this amounts to the cléwat the mark up is sensitive to the

real rate of interest — as in equation [43].
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What does this pricing behavior imply for price dymics? Definingr = ¢ — p) as the
real rate of interest, note that it follows fron8[4hat:

o _

¢ =
which implies that:

6= ¢éi, [45]

Substituting this last expression together withagipun [25] now gives us a SRPC of the

form:

p=Kéig+ B +yy [46]

In other words, price dynamics now operate in sughay that it is the rate of change of

thereal interest rate that affects the rate of inflation.
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3. Empirical Testing for Brazil

3.1 Methodology and Data

For the empirical analysis we used monthly datenfAugust of 2001 to November of
2008. All time series come from IPEADATA: the IPGAdex of inflation; an index of
industrial production measured by IBGE; monthly 8Elrate; an index of inflation
(IPCA) expectations. The month of August of 200lswhosen as the initial point of
analysis due to the fact that it is the month irichtthe inflation expectations survey

started being published by the Central Bank.

As a proxy for economic activity, we initially usesh index of industrial production.
However, in all estimations its coefficient was temall. Additionally, in many cases
they were insignificant and/or had the wrong sijttempts to solve this problem were
made by using other variables, such as capaciigaiion, deviations of the industrial
production index from its trend (measured by Heeffihg, as well as regressions against
trend and quadratic trend), among others. Stiulte were not substantially altered.
This is a recurring problem in estimations of ttéllps Curve for other countries (Gali
and Gertler 2000) and for Brazil (Schwartzman 2006)

As in Clarida, Gali and Gertler (2000), we consdahat inflation and nominal interest
are stationary, even though some unit root testsadl@eject the null hypothesis. As for
inflation expectations and industrial productiohe tADF, Philips-Perron and KPSS
tests indicate that these series are also stayioiaen if there are lingering doubts
concerning the stationarity of the industrial proiilon series, results are not altered

when capacity utilization is used as the proxyalale.

Estimations were carried out by three different hods: GMM, System GMM and
Kalman Filter. Each method has its own particuthramtage. Estimations by GMM are
usually performed on grounds that estimations ofreeconomic relations such as the
Phillips Curve or the Taylor Rule involve some softendogeneity, which implies
biased estimations. According to Bueno (2006),rpegtimations by OLS of the Taylor
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Rule for Brazil find coefficients which are subdgialty different than those reported in

GMM estimations, which is a signal of endogeneity.

Estimations by System GMM, besides having the aipm associated with single
equation GMM, also allow the simultaneous estinratbthe Phillips Curve and some
kind of simplified Taylor Rule. This procedure iecommended by Chowdhury,
Hoffmann and Schabert (2006) as a robustnessstasg estimatives may be biased due
to the fact that monetary policy reacts to changeasflation. And finally, the utilization

of the Kalman Filter not only allows for simultansoestimations as in the case of
System GMM, but also renders irrelevant the probdérthe eventual existence of unit
roots. Besides, the decomposition of the seriesthem components of classical
econometrics (trend, cycle and seasonality) allfmvs clearer economic interpretation
(Souza 1989).

In order to run the Kalman Filter, the variables decomposed in structural models:
Y= rY tY tE
Mo = poy * B+ [47]
Bi=Ba+*6

where y, is a Nx1 vector,, denotes the variable’s trend aitl its slope,y, stands

for the cycle term,y; for the seasonality term, argl, /7, and ¢ are white noise error

terms, which are non-correlated. The cycle takieganometric form, while seasonality
may be modeled by fixed dummies or by taking aotrgmetric form as well. Each
component of the model may be modeled determiaibfior stochastically: all that is
needed is to set the variance of its error termzei, or not. In the model may be

included exogenous variables and autoregressimester

For estimation, it is needed to write the systerstate space form:
=2za, +¢
at = Ttat—l +,7t

where a, is called state vector an§ transition vector. The first equation is called

measurement equation and the second transitiontiequavith non-correlated error

terms.
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To run the filter, it is guessed an initial valwe the estimator of the state vector and for
the hiperparameters, which is how the unknown patara are called. Using a
prediction equation, an estimative is obtainedtfa state vector in the next period.
With the incorporation of new information, the statector and the hiperparameters
correspondent to that period are obtained, whidhbei used for prediction in the next
period. This prediction will be updated with theanporation of a new element of the
sample, and the process keeps going until theelestent of the sample, thus arriving at
the final state vector, along with the vector gbdrparameters. With these elements, a
likelihood function of the prediction errors is nmmized with respect to the
hiperparameters. The solution to this problem Edui® running the filter once again.
Running the filter, another vector of hiperparameis found, which will be used in
another likelihood maximization. The process isgdpd until there is convergence to a

final vector of hiperparameters, which is the vectged to find the final state vector.

Using a common factors model, it is possible to asgthat some components of a
variable are affected by components of other végalFor instance, it is possible to
suppose that the slope of the trend of some variabd linear combination of the other
slopes. Consider a simplified version of this model
Y SOU +p, + e,
M=+,

where © is a NxK matrix of standardized factor loadingghwmihe elements in the

[49]

diagonal equaling 1 and elements above it equakmg, 4/, is a Nx1 vector whose N-K
first elements equal zero and the other elemerts@antained in a vectorz, and the

variance matrix ofy, has rank K.

3.2 Results

Next, the results of the estimations for the faquedfications of the Phillips Curve are

presented. All specifications had the same stanidanaat:

T =a+ Br, +0p° + gy, [50]
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where only the measure of the interest rate wasedltin each specification, amd is a
vector which includes a constant and dummies ferlaist three months of 2002 which
eliminated autocorrelation in the residuals, ateéhof them being significant at 1% in

all estimations.

For simultaneous estimations, the specificatiothefsimplified Taylor Rule was:

r=a+ P +3p° + ¢y, [51]

All estimations by GMM had as instruments four lafghe exogenous variables. The
over identifying restrictions were not rejectedthg J test. The estimations by System
GMM had as instruments five lags of each variabi#) all of them also respecting the
over identifying restrictions. For the estimatioby Kalman Filter, lags of the
exogenous variables were included in the equatbnlation and interest rate, as well
as level and outliers dummies, in order to accdoniproblems of non-normality and
autocorrelation. To test the existence of the posti channel, a relation of dependence
of the trend of the inflation rate to the trendlué interest rate was imposed by means of
a common factors model (Harvey 1989). The statitfit was used to test the
hypothesis that the coefficient associated to trendt equals zero. Occasional
discrepancies between the estimatives generat€&Miyl and by the Kalman Filter are
probably due to sample size, since estimation bynka Filter has high computational

requirements.

3.2.1 Impact of the level of the nominal interestate on the rate of inflation

Below are presented the results for the regreswiohe first specification, which is
given by equation [36]:



Table 1: Estimates with the level of the interestate

e

p y

GMM -0,0402+* 0,0792** -0,0106%**
3= 0,0855 (0,0131) (0,0353) (0,0037)
System GMM -0,0414%* 0,1868*** -0,0085*+*

, ,0101 ,001
3= 0.2489 (0,0036) (0,0101) (0,0013)
Kalman Filter -0,0140%* 0.3108** 0.0135"
(0,0009) (0,0462) (0,0067)

**x ** @ * indicate significance at 1%, 5% e 10%espectively. GMM estimatives were made with HAC \{leg-
West) covariance matrices

a7

It can be shown that, independently of the estiomatnethod, the coefficient of the

nominal interest rate is significant and has therem signal, at least according to

conventional monetary policy theory. Therefore, ¢harould be no evidence of the

existence of a cost-push channel in this specificavhich is the one typically used in

the New Keynesian literature. A marginal increaséhie interest rate would lead to a

decrease of approximately 0,04 percentage pointsomthly inflation.

Results are robust to the introduction of capadatifization as a proxy of economic

activity:
Table 2: Capacity utilization as proxy
i p° y
GMM -0,0290%*** 0,1143*** -0,0500%***
1=0,1004 (0,029) (0,0303) (0,0146)
System GMM -0,0305*** 0,1795*** -0.0311
3=02432 (0,0051) (0,0159) (0,0064)
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3.2.2. Impact of the rate of change of the nominahterest rate on the rate of

inflation

In this subsection, as well as in the next onewileverify whether the mixed evidence
found in the literature concerning the cost-pusanciel is sensitive to the specification
of the Phillips Curve. Or, more precisely, if chaagn the interest rate, instead of its
level, are the cause of perverse inflation respphganonetary policy. Below are the
results associated to the specification that usesate of change as a measure of the
interest rate:

Table 3: Estimates with the rate of change of thenterest rate (eq. [39])

i p° y

GMM 0,1661*** 0,1100*** -0,0059**
J=0,0684 (0,0407) (0,0161) (0,0025)
System GMM 0,2246*** 0,0869*** -0,0042***
,0127 , 7 ,0012
3= 0,2497 (0,0 ) (0,0087) (0,0012)
Kalman Filter 0,1371*** 0,1605*** 0,0157***

(0,0234) (0,0159) (0,0075)

Thus, there is evidence that the cost-push chasrsggmificant, appearing as a response

to changes in the basic interest rate.

Following the literature, we include in the regieasan index of commodity prices, so
as to make sure that the result is not due to eifsgion problem. The results of this
regression, as well as the regression using capatiization as proxy, show the
robustness of the cost-push channel:
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i comm p° y
GMM 0,1156*** 0,0020*** 0,0577** | -0,0153***
(0,0603) (0,0006) (0,027) (0,0038)
J=0,0416
System GMM | 0,2000*** 0,0008*** 0,1000*** -0,0070***
(0,0099) (0,0001) (0,0044) (0,0007)
J=0,2563
Table 5: Capacity utilization as proxy
i p° y
GMM 0,1852*** 0,10171*** -0,0434**
(0,0461) (0,018) (0,0165)
J =0,0426
System GMM 0,2355*** 0,0971*** -0,0208***
(0,0175) (0,0071) (0,0072)
J=0,2578

3.2.3. Impact of the growth rate of the nominal in¢rest rate on inflation

Given the results of the last subsection, it wdugdexpected that the coefficients of the

interest rate in the specification that uses its od growth would also be positive, since

both specifications reflect some sort of changth@instrument of monetary policy. In

other words, the evidence in favor of the cost-peisnnel of that specification would
have to be confirmed by the following results:
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Table 6: Estimates using the growth rate of the imgrest rate (eq. [26])

e

[ p y
GMM 0,0280*** 0,1130*** -0,0064**
(0,0101) (0,0164) (0,0026)
J=0,0735
System GMM 0,0441*** 0,0841*** -0,0047***
(0,0035) (0,0093) (0,0013)
J=0,2524
Kalman Filter 0,1273** 0,2674*** -0.0044
(0,0358) (0,0299) (0,0062)

The results confirm the initial intuition. These apbust to the change of proxy and the

inclusion of commaodity prices.

Table 7: Inclusion of an index of commodity prices

i comm p° y
GMM 0,0207* 0,0020*** 0,0378 -0,0151***
-0,0125 -0,0006 -0,333 -0,0037
J =0,0424
System GMM 0,0371***1 0,0009*** 0,0998*** | -0,0080***
-0,0026 -0,0002 -0,0048 -0,0011
J =0,2568
Table 8: Capacity utilization as proxy
i p° y
GMM 0,0299*** 0,0838*** -0,0460***
(0,0086) (0,0154) (0,0167)
J =0,0635
System GMM 0,0444*** 0,094 7*** -0,0241***
(0,0045) (0,0095) (0,0081)
J =0,2565
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3.2.4. Impact of the rate of change of the real ratof interest on inflation

In this specification, the cost-push channel cao d&le observed, robust to the use of
capacity utilization as proxy and the inclusiortlod index of commodities.

Table 9: Estimates with the rate of rate of the relrate of interest (eq [46])

[ p° y
GMM 0,1270*** 0,1039*** 0,0001
(0,028) (0,0112) (0,0005)
J=0,1024
System GMM 0,1123*** 0,0992*** -0,0035***
(0,0140) (0,0070) (0,0013)
J =0,2468

Table 10: Inclusion of an index of commaodity prices

[ comm p° y
GMM 0,1313** 0,0015* | 0.0923*** [-0,0151***
(0,0557) (0,0008) (0,0256) (0,0039)
J =0,0625
System GMM 0,0694***| 0,0018*** 0,1144** | -0,0101***
(0,0128) (0,0002) (0,0063) (0,0011)
J=0,2524
Table 11: Capacity utilization as proxy
i p° y
GMM 0,1232*** 0,0964*** -0,0340**
(0,0437) (0,0236) (0,0156)
J = 0,0569
System GMM 0,1090*** 0,1064*** -0,0091
(0,0159) (0,0103) (0,0113)
J =0,2467
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Therefore, the results show, in a robust manner,stgnificant presence of the cost-
push channel in specifications in which the rateinfifation depends on the rate of
change or the rate of growth of the monetary imsémut, instead of depending on its
level. Evidence was found that the real rate adrdt affects inflation in a positive way
in the short-run. In this respect, the broaderdiire summarized in chapter 2, by
estimating only specifications in which the inftati rate depends on the level of the
interest rate, may have underestimated the impoetasi the cost-push channel of

monetary policy.

3.3 Some Considerations

The main conclusion so far is that there is strewigence that the cost-push channel of
monetary policy had empirical relevance for BraZihis conclusion was arrived at by
estimating of a broader set of microfounded speatifons than those typically used in
the literature. It is important to note, howevdrattthese estimations only capture the
immediate effect of a marginal change in the irgerate on inflation, hence the use of
Short Run Phillips Curves. An analysis of the twipey of the inflation rate over time in
response to a shock in the interest rate wouldiredhne utilization of a different
methodology, such as VARSs. As for possibilitiesegfensions, one of them would be
the estimation of non-linear forms, as suggestddnra and Setterfield (2010). Another
possibility is the estimation using longer timeisgr which would require some sort of
procedure for imputation of data for expected tifla And last, but not less (and
eventually more) relevant, is the appraisal ofdbst-push channel in an open economy,
in which other forms of influence of the intereater on prices would be present.

With respect to other results found in the literafuhe most immediate comparison can
be made to the works of Chowdhuey al (2006), Tillmann (2008) and Rabi Junior
(2008). Both use quarterly data, with the leveltlué interest rate being used in the
econometric specification. In the former, the pagters associated with the interest rate
vary between 0,015 (ltaly) and 0,076 (UK). In th#dr, estimates for the U.S. give rise
to coefficients between 0,047 and 0,146. In Rahiialu(2008), the reduced form

parameter has a positive signal, but the structiorah parameter takes values from -

0,0146 to -0,1962 (this discrepancy would be dusetasitivity to the parameterization
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of the model). Our estimates using the level ofittterest rate found values between -
0,014 and -0,04. Therefore, it could be argued tihat result found so far, of
significance of the cost-push channel in other ifigations, would be due to the fact
that these positive coefficients do not come fromstractural estimation. However, it
should be noted that models with structural esimnatalso found evidence in favor of

the cost-push channel.

Looking closer at the way firms finance their protlon, the idea of a cost-push
channel of monetary policy has its merits. Foransg, in the U.S., most of working
capital for big businesses is acquired via the etaftr commercial papers, which is a
short-term debt instrument issued by large corpmrat In this market, companies are
able to raise capital cheaply at short-term interag®s and investors are able to obtain
yields that are a bit higher than those offeredTibgasury bills without incurring in
risks. Before the financial crisis that began i®20commercial paper was the largest
U.S. short-term instrument with more than $1.9Mldri outstanding (Kacperczyk and
Schnabl, 2010, p.29).

Usually commercial papers are held by investors| mmaturity, therefore secondary
markets for these instruments are not very impeortdost investors roll over maturing
commercial papers, so basic movements in pricescénénterest rates) are given at
issuance. There are three categories of commera@rs: asset-backed, financial and
corporate financial paper. The asset-backed catagers to debt that is issued by off-
balance-sheet conduits of large financial corporeti in many cases these corporations
providing credit guarantees to outside investomsamicial commercial paper is issued
by large financial institutions, with the differaagbeing that it is issued directly by the
institution and there are no pledges of assetobeteral. The main issuers are captive
finance companies and bank-related finance comgpaiitee former are subsidiaries of
automobile and manufacturing companies that isgb¢ id order to finance their parent
companies. In January 2007, captive finance conegameld as liabilities $165 billion
dollars in commercial paper. Some of the largesgtica finance companies issuing
financial commercial paper are those owned by Geridptors, General Electric and
Toyota (Kacperczyk and Schnabl, 2010, p. 31-34).
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Lastly, corporate commercial paper is issued by-firancial businesses. In January
2007, outstanding debt in the form of corporate wancial paper was valued at $145
billion. Most issuers are in the largest size glenof publicly traded corporations,

General Electric and Coca-Cola being examples.oHestlly, these issuers use the
proceeds from issuance to cover their short-temaniting needs for working capital

and inventory. For these firms, it is an importaotirce of financing, representing about
30 percent of their current liabilities and 36 m@ic of their investment outlays

(Kacperczyk and Schnabl, 2010, p.35).

Thus, having demonstrated the importance of thiscgoof financing in the U.S., in
order to be able to understand the movements icdbts of productions of firms, one
must look into how the interest rates in the markiir commercial papers are
determined. In the finance literature, there are main theories that account for how
the term structure of interest rates is definedthsy market. The first is the market
expectations hypothesis, which states that the eslzdpthe yield curve depends on
market participants’ expectations of future intéeremtes. Short-term and long-term
instruments are basically substitutes, so the@redt rates are tied together. This is done
compounding this year’s interest rates with futexpected rates in other to determine
the yield in instruments of longer maturity. Thedpng with a liquidity preference
theory, will give the vyield curve its usual upwastbpe. The other theory is the
segmented market hypothesis. It states that simorti@ang term rates are determined
independently, and since there is higher demandHort-term instruments, its yields

will be lower.

There is a vast literature that tests for theseothgses in different market segments. In
the case of the market for commercial paper, Dogvaimd Oliner (2007) test as the null
hypothesis what they call generalized expectatidnypothesis (GEH), which
encompasses the traditional expectation hypotresistakes account of interest risk,
credit risk and limited liquidity, imposing the tastion that the compensation for the
combined effects of these risks must remain cohsigar time. The authors used a
database that consists of daily indexes constrdobead the markets yields on nearly all
commercial paper issued by non-financial US firbeginning in January 1998 up until
January 2005. Initially they conclude that GEH ddedold for the US market.
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However, it is noticed that term premiums often puap at year-end, and when these
effects are accounted for, the null hypothesisatk rejected. A few explanations are
offered, such as year-end window dressing by firgnistitutions and preference for
liquidity during this time of the year. This resldads us to conclude that changes in the
effective and the expected interest rates are gasseto market rates in a robust
manner. Are these changes passed on to pricesfl (iatthe companies that are being
dealt with here are large companies that possegs taarket shares (therefore they are
companies that would set prices in a way thatics dat in Kaleckian models such as
the ones being used for this analysis of the castkghannel), we would find this result
to be an indication (anecdotal, at least) of thesgme operation of this transmission

mechanism.
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4. Using a Stock-Flow Model for Further Inquiry

In the previous estimations, it can be pointed that they do not take into account
exchange rate pass-through effects, since the a#ims are based on reduced forms
taken from models of closed economies. To deal Witk issue, we use a stock-flow
model put forward in Godley and Lavoie (209 7htroducing additional equations to it
in order to analyze the cost-push channel in lgfrdn open economy. The importance
of adding an external sector lies in the need ¢tude the dynamics of the impacts of

changes in the exchange rate on inflation duedieases in the interest rate.

According to Dos Santos (2006), stock-flow models ‘@nes in which the balance
sheet dynamics of all assumed institutional secfgigen by sectoral saving flows,
portfolio shifts, and capital gains) are explicilgd rigorously modeled (p. 542). These
types of models have two advantages. Firstly, ‘tloeible entry bookkeeping in a
transaction-flow matrix or SAM imposes numeroustriesons on the variables
included in a model based upon it” (Taylor, 20081% In other words, variables that
otherwise would be treated in a particular modetxa®gyenous can be found to actually

be endogenous, for example

Secondly, these models enable analysis in terrsgook-flow norms, or “magic ratios”,
as Taylor (2008) puts it. To realize the importaontehis, consider the consumption
function put forward by Godley and Lavoie (200766):

C=a,YD+a,H , [52]
where C is consumption, YD is disposable income Hpd is wealth accumulated over

the past. Change in wealth is given by:

OH,=H,-H,,=YD-C [53]
this can be rewritten as:
C=YD-IH, [54]

% In order to somewhat uniformize the notation usedughout the dissertation, some changes were made
to the original notation
4 An instance of this can be found in Taylor (2004).
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Equating (52) and (54), we have:

OH,=@-a,)YD-a,.H,_, [55]
from which we obtain:
OH, =a,(a,YD-H,_,) [56]
(1_ 0'1)

whereq, = ——=.
0'2

According to Godley and Lavoie (2007, p. 75), eqraf56):

is a partial adjustment function. It says that weé being accumulated at

a certain rate, determined by the partial adjustparametee., , towards

some desired proportiot¥; of disposable income. Thus households are
saving, wishing, we may suppose, to end the pewdtd some well
defined quantity of accumulated wealth. (...) Tl®&, coefficient is the

stock-flow nornof households. It is the assumed wealth to inctarget
ratio which is implicitty embedded into the so-eall Modigliani
consumption function proposed above. Thus whentiheetarget level of
wealth is higher than the realized level, househshlve, in an attempt to

reach their target.

The importance of this lies in the fact that iais answer to a criticism made by authors
such as Friedman and Lucas to Keynesian modelsseThaodels portrayed
consumption as depending only on current incom#howit taking into account possible
future changes in its flows. In Friedman’s permdananome model, an attempt was
made to introduce “the idea that people are agtu@hcerned with their income over
several periods when making a decision about ctipenod consumption” (Hartley,
1997, p.5). A stock-flow norm is a device that inmprates this idea in a satisfactory
way, without the need to make use of representatgents or rational expectations.
This is possible by the fact that these models kesagk of stocks, and therefore are able
to gauge the effect changes in these stocks hatleidecisions of agents. As Dauvis,
guoted by Dos Santos (2006), puts it, “the movemehthese stocks through time may
change (considerably) the short run equilibriunelftsand the associated prices and

flows. Omission of these stocks from a model maydfore lead to false predictions of
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the consequences of policy changes or of exogestoacks to the system” (Dos Santos,

2006, p. 542). The gist of the Lucas critique cstisseéxactly of these false predictions.

Conclusions taken from these models, however, shbaltaken with a grain of salt.
They often contain many behavioral equations, wicah make the interpretation of its
results somewhat difficult. Besides, the simulatidrthe model using strictly imputed
data and parameter values is not the best wayalae empirically how economy A
or B works, since in order to pursue this goal tise of real data is imperative. And
finally, they do not have the intention of propaginnovations in terms of theory, since
the behavioral equations used are well known irkibgnesian literature. Nevertheless,
these models can be very useful in the sense Het tan unveil new possible
theoretical relations, many times due to the fhat they keep track of stocks and the
effect they might have on the overall results. tdatnention the fact that they attempt to
realistically model a monetary production econoraylong sought-after goal in the

Keynesian tradition.

4.1 A model of an open economy with banks and govenent

The model to be developed is closely based onNIBOUT model that can be found in
Godley and Lavoie (2007). Concerning the objecstofly of this dissertation, in this
model banks grant loans to firms that wish to kee@ntories; therefore the cost of
keeping inventories (consequently the cost of pctidn) is directly related to the
interest rate. Households accumulate wealth, wtiielg can allocate in different assets.
This means that the interest rate will also haveeffé@ct on that part of consumption
which is a function of wealth. The main differentmethe original model is that an
external sector is added, in order to accountHerdffects of the exchange rate on unit
costs, since it is assumed that imported inputsnaeded for production. Variables
denoted by capital letters represent nominal values

4.1.1 Producing firms

Real production is given by:

y=s+(in°-in,) 715
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where s° is expected salesn® is expected inventories arid_; is inventories in the

prior period.

Expected sales will be a weighted average of erpeand realized sales in the previous

period:
s =f.5,+1-B).S, [58]
Employment is given by:
N= [59]
pr

where pr denotes productivity.

The wage bill is given by:

WB= NW [60]
with W being the wage rate.
Unit costs are given by:
UC = WB+ IM 61]
y

where IM being nominal imports. The amount to be importeldi lva shown later on.

Given that realized sales will diverge from prodowct inventoriesin will play an
important role. Firms will have a target level af/éntories,in” which will depend on

expected sales and the interest rate on loanscharged by the banks in order to

finance the holding of stocks of production:
in"=0'.s"° [62]

o' =0,-0,l [63]

The short-run planned level of inventories is:
in®=in_ +y.3(in" =in_)) [64]
The price level is given by a mark-up over whataled normal historic unit costs and

a sales tax:
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p=@+7).1+¢)NHUC [65]
with NHUC being:
NHUC=(1-¢")UC+0'.(1+ r)UC, [66]

Now on to definitions related to the firm. Actualas are given by:

S=cCc+ g+ X [67]
with gbeing actual government expenditures anddeing actual exports. Nominal
sales therefore are:

S=p(ct 9+ p.» I68
Realized changes in inventories are given by teerdpancy between sales and
production:

in—in_,=y-s [69]

Realized inventories are valued at current unit:cos
IN =inUC [70]

Banks grant loans as demanded by firms:

L, =IN [71]
Profits are given by (inventories are includeddocounting purposes):
F,=S-T-WBHA IN- [ IN, [72]
Finally, inflation is determined as usual:
o (p=py) 73]
Py

4.1.2 Households

Household income depends on wages, profits andesiteeceipts from different assets

(more will be said about these later on):
YDr = F+WB+ f-1- M2h—1+ [r.)—l'Bnh—l+ BLr»rl [74]
with YD, being regular nominal income, _, the interest rate being accrued on time

depositsM 2, _,, 1., the interest rate on government bills held by lebodsB,, , and
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BL,, stands for long-term bonds held by householdsh witese bonds being

perpetuities that pay a dollar to its owner eactiopge As a simplification, we assume
that only households hold bonds. We assume thiat alve the price of one unit, and
their prices do not change during each period. Bahal incur in price changes, and
capital gains derived from them are given by:

CG=Ap,.BL, [75]
The Haig-Simons definition of nominal income is givby the sum of regular nominal
income and capital gains:

YD, =YD + CG [76]
Total profits are given by the sum of firm and bamé&fits:

F=F +F [77]

The change in realized nominal wealth is given g income that is not spent on

consumption:

AV =YD - C [78]
Realized wealth net of cash is:
V,.=V-H, [79]
with realized actual wealth being:
v=2 [80]
p
Realized actual regular real disposable income is:
ydr :g—nﬁ [81]
Y Y
with realized actual Haig-Simons income being:
Yhs = ﬂ - ”ﬁ + Apbuh [82]
p Y p

The consumption function will include actual exgettegular income (defined below)
and past wealth, which will enable consumers tto¥olthe stock-flow norm shown in

the beginning of this chapter:
c=a,+a.yd +a,\, [83]
ydP =e.yd, +(1-¢) yd,

The money value of consumption is:
C=pc [84]
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And expected nominal regular disposable incomévisngby:
YD = pyd+ ﬂ-\% [85

Household’s demand for cash depends on a fractidmreo consumption:
H,=A.C [86]
Expected nominal wealth will be important in theubehold’s decision concerning the
allocation of its wealth. It will be defined as thwealth carried over from the previous
period plus expected savings in this period:
Ve=V,+(YD’'- O 718

Expected nominal wealth net of cash is defined as:

Ve =Ve-H,, [88]
Households will allocate their expected nominal leaet of cash on different assets:
checking deposit accounts (which do not pay angr@st), time deposit accounts,
government bills and government bonds. The shareaaflth allocated among these

assets will depend on the interest rates assoctatdlem, and also on the regular

income to net wealth ratio:

I\\/I/ile-d :AlO +A12'rm +A13rb+Al4ERrbL+/1 15£ [89]
M Ed :/120 +/]22'rm -'-/123‘rb+/1 24ERrbL+A 23@ [90]
Bhed :A30+/132'rm -'-/133‘rb+/134ERrbL+/1 33@ [91]
VnC Vnc
Bl = Ay Aty Aty A ERT, A [92)
with ER(, being the expected rate of return on bonds, defased
EREL =1, +M [93]

pr
Restrictions on the parameters of the portfolioagigums must be put in place so that the
sum of levels held of each asset, and the sum afgds in portfolio, will assume
consistent values: these restrictions are whatalted adding-up constraints. The first

restriction is related to the constant shares eétasn net wealth:
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/110+A20+A30+A4O:1 [94]
The next restrictions imply that any changes inghare of some asset in net wealth due

to changes on a particular interest rate (or ctairgthe nominal regular income to net

wealth ratio) must be balanced out by changesdrskiares of other assets:

A+ A+ A+ A,,=0 [95]
A+ A, +A,+A4,,=0 [96]
A, + A+ A+ ,,=0 [97]
Azt A+ A+ A,,=0 [98]
A+ Ay +A,+A4,=0 [99]
A, =—(A,+ A+ A,) [100
Ay ==(Ay+ A5+ A,) [101]
Ay =—(Agy + A5+ A3) [102]
A =—(AytA,+1,) [103]

4.1.3 The government sector and the central bank

Total taxes are determined by an indirect tax ihbgvied on the ex-tax value of sales at

a proportional rate:

— _ - r

The government’s deficit, which here is called paiskector borrowing requirement, is
the difference between all outlays (included inrdgepayments) and all revenue, included

the profits of the central bank:

PSBR= G+ f,. B,+ BL,-( * F) [105]
Nominal government spending, set exogenously,finelt as:
G=pg [106]
Bonds are supplied on demand:
BL, = BL, [107]

this means that the government pegs the long-tetenest rate:

o, =ToL [108]
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and that part of the public deficit that is notafitted by the issue of bonds is financed
by the issue of bills:
B,=B_,+ PSBRA( BD. p [109]
Since bonds are perpetuities that pay a dollantasast each period, then:
PoL :%L [110]
Moving on to the central bank’s equations, therdasance between its assets and
liabilities if the total amount of high-powered negnit supplies is equal to the sum of
its advances to banks plus the amount of governbibsit holds:
H, =B, +A [111]
The total of supply of cash has two componentssthgply to banks and the supply to
households:
H . =H_-H,_ 11p]
The central bank is the residual purchaser of ,biliat is, it buys any bill that is not

demanded by the banks or the households:

B, =B.—- B,- B, [113
this again means that the central bank is ablentoree the short-term interest rate it
sees fit:

r,=ro [114]
Advances to banks are supplied on demand:
A=A [115]
and the rate of interest on these advances isthe as the rate on bills:
r,=r, [116]

The central bank does not incur in any costs, s@ibfits are the sum of its interest
incomes:
+r

Fcb = r.b—1'Bcb—1 a—1'As—1 [117]

4.1.4 Commercial Banks

In this model, banks hold households’ depositsgmadt loans to firms. Cash, deposits

and loans are all supplied on demand:
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Hipe=Hpq [118]
M1, =M1, [119]
M2,=M 2, [120]

L.=L, [121]

Banks are required to hold an amount of resenasisha proportion of its liabilities
(checking and time deposits):

Hy =M1+ 0, M 2, [122]
The amount of bills held by banks will be used masdjustment variable to absorb any
fluctuation in money deposits or in loans. Bankd Wwave a minimum target for the
amount of bills they hold. This target is called bank liquidity ratio. There will be
times when the fluctuations in the assets andliiesi of banks are such that bills will
fall below the minimum level targeted by banks. \Whkis happens, banks will make

use of advances granted by the central bank.

Since all other elements in the banks’ balancetstieedetermined, we can define the
amount of bills held as a function of these elemehiowever, at first we will define
what is called the notional stock of bills held bgnks, which does not include the

amount of bills acquired via central bank advances:

By =M1+M2-L-H, [123]
The target for bills mentioned above is calledbaaik liquidity ratio, and is defined as:
BLRQI——EEK—— [124]

M1 +M 2,

When the notional stock of bills falls below the bank liquidity ratio, this triggers the

demand for advances from the central bank in theevai:
A, ={bot(ML,+ M2 )- B 4. % [125]
z,=1if BLR, < bot [126]
Given the advances taken by banks, the actual anodiils they hold is:
By=A+M1l,+M2-L-H, [127]

and the actual bank liquidity ratio is:

BLR=— [128
M1 +M 2,
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Deposit rates move with bill rates, and also depemdvhether the net bank liquidity

ratio is within its target range:

=l T HEN [129
Ar, =82~ %) 30
z,=1if BLR,_, < bot [131]
z, =1if BLR,, > top [132]

This mechanism can be described as follows: whenBu® falls below its target

range, banks will increase their deposit ratesprider to lower their indebtedness
towards the central bank. They will achieve this difracting more deposits (since
households will give up their bills in order to edrigher rates), with which they can
purchase more bills or pay back their debts. Lilsewif BLR is above its target range,
banks will lower deposit rates and get rid of bill&is will be done because banks will
not want to hold more bills than necessary, sinds more profitable to lend to the

private sector.

Profits of banks are defined as:

B = be trp i Bog i =M iM 2471 LA 4 [133]
Movements of loan rates are given by:
rI = rI -1 +Ar| +Ub [134]
Ar, = <r| (Ze - 27) 34
z, =1 if BPM < botpn [136]
z, =1 if BPM > toppmr [137]
BPM = (F+Fi) [138]

{M1_, +M1_,+M2_,+M2_,}

Loan rates move along with the Treasury bill rétlso, they move relative to the bill
rate depending on the value taken by the banktpr@rgin, which is a mean index over
two periods of the ratio of banks’ profits relatitecethe stock of deposits of the previous
period. This mean over two periods is used in otdgrevent excessive fluctuations in
the lending rate. Whenever BPM is below a certaraghold, banks raise lending rates
in order to assure a certain level of profitabilifyhey will lower lending rates when
profits are excessive for fear of government legish or public outrage.
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4.1.5 External sector

As a simplification, the demand for imports comasyofrom firms. This depends
directly on their level of production:

im=n.y [139]
Real exports are related to the level of world mecand the actual exchange rate:

p
X= .Y, + ,uz.xr.?f [140]

with p, being the price level abroad. As a simplificatiprices of imports and exports

in local currency depend on the real exchange rate:

B =Voim + Vlim.XI‘.& [141]
_ Py
P, =Voy HVp XI.— [142]
Y
Thus nominal imports and nominal exports can benddfas:
IM =p,,im [143]
X = p,.X [144]

The capital account balance is determined by ttezast rate differential:
kab= (g - 1) 145]

and changes in the exchange rate depend on theoflbvard currency in and out of the
country:
Xr =xr_, — psi(X— IM + kab [146]

4.1.6 Wage bargaining and the hidden equation

Workers have an actual wage target in mind, whighdepend on productivity and as
well as on the employment rate:

N

% :(Wpf =0, +Q, + Q) [147]

fe
Wage inflation will depend on how wide is the degzancy between the target actual

wage and actual wage of the previous period:
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W= W, (14 Q, (], - )
-1

The definition of gross domestic product is asoiwi:
Y=pst UCAir

[148]

4H

And finally, even though there are separate andlatad equations for supply (equation

112) and demand for reserves (122)¢ model's consistency assures that there is

balance in the reserves market:

Hos = Hpa

4.2 Interest rate effects on inflation

The parameter values used are listed below:

Table 12: Parameter Values

a,=0.95 Ay =0.47311 $=0.1 w, =15
a,=0.05 A, =40 p,=0.1 w,=0.1
£=0.5 Ay, =—20 p,=0.1 77 =0.05
bot=0.02 Ayy =40 0,=0.3612 =1
botpm=0.02 Ay, =20 ,=3 U, =0.7
£=05 Ay =—0.06 r=0.3 ¢ =0.0012¢
y=0.5 Ay =0.1751¢ top=0.04 Kk =300
Ay =0.5224¢ Ay =20 toppm=0.05 Vo =
A, =20 A, =20 é,=0.9 Voy =5
A, =40 Az =20 ¢ =0.002 Vi =0.01
Ay =-20 A, =40 ¢, =0.002 Vv, —0.5
Ay =—20 Ais=—0.06 | @) =-0.3254¢
A =—0.06 A, =01 w =1

[150]

The simulations are performed supposing that eadlg of production is equivalent to

a quarter of the year. As we are not using actatd,dhe time frame of the simulations

is not crucial. We start simulations on year 1980prder to allow the model to reach

something similar to a steady-state around yea0.19fis can be seen in the behavior

of price inflation, for instance:
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Graph 3: Price inflation in the baseline scenario
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In this baseline case, the interest rate is at\W&will perform experiments where we
will increase the interest rate in different magdés, all of them happening in the first

quarter of 1980. First off, we impose a 1% incre&s&%:

Graph 4: Price inflation in Scenario 5%
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As stated by traditional monetary theory, the iaseein the interest rate leads to a

decrease in inflation until the model reachestgady-state again.

Real output suffers a sharp decrease, followed $igva recovery until it returns to its

steady-state level:

Graph 5: Real output in Scenario 5%
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This decrease is related to a fall in consumptimhan increase in the government’s

surplus:



Graph 6: Real Consumption in Scenario 5%
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Graph 7: Government deficit in Scenario 5%
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It is interesting to note that so far price inftetiand real output follow the same trends
after an increase in interest rates as documentdtei VAR literature, with Christiano,
Eichenbaum and Evans (1999) being a representattaenple: price inflation falls
slightly, with real output decreasing further thaice inflation and exhibiting a hump-

shaped trajectory.

However, the fall in price inflation is very smallhis could be explained by the
operation of a cost-push channel of monetary polimyeed, as we raise the interest rate
to higher levels, we can observe a reversal inbisgavior of price inflation. As the
interest rate increase to 6%, then 7%, decreagascim inflation become smaller. When
the interest rate reaches 8% and 9%, price inflatissumes the behavior associated
with the cost-push channel in the VAR literaturehump-shaped trajectory, with an

increase followed by a decrease.

Graph 8: Price inflation in different scenarios
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As in the regression results, the rates of infraggsociated with these increases are not
that high. The highest rate of inflation observedhie Scenario 9% is 2,7% in a quarter
(second quarter of 1984), which is not that higlewhbonsidering that we are analyzing
a 5% spike in the interest rate. Since we are sotgureal data, analysis of the time
dynamics of changes in the inflation rate are rasilg done. What can be said is that

this peak in inflation occurs after 18 periods adquction.

Graph 9: Price inflation in Scenario 9% in the period 79-89
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Taking Scenario 9% for analysis, it can be seenhttha spike in the inflation rate has
two sources. One is the increase in household’dthvedue to an increase in interest

payments:
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Graph 10: Wealth of households in Scenario 9%
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The other source is the increase in unit costsn(@veugh imports are cheaper):

Graph 11: Price index of imports in Scenario 9%
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Graph 12: Unit costs in Scenario 9%
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As the interest rate increases, it becomes morensxe for firms to hold inventories,
since in order to do that they have to borrow froamks. Since pricing is a mark-up
over unit costs that include the cost of inventaritis will result in higher prices. From
the banks point of view, this feature of the modah be seen by the spikes in the
interest rate on loan and bank profits:
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Graph 13: Interest rate on loans in Scenario 9%
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Graph 14: Realized banks profits in Scenario 9%
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4.3 Interpreting the results

The conclusions arrived at by these simulationsulshde framed in a proper
perspective. The fact that neither calibrated patars nor actual data are used prevents
us from making empirical assertions about the econd\evertheless, the goal of this
exercise was to look into theoretical chains ofsaéion and mechanisms that might
lead to the emergence of a perverse effect of mopgiolicy on inflation, if these

chains of causation and mechanisms are sufficiesityng. This last condition is an
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empirical matter, which should be dealt with the o$ econometrics, and this attempt
was made in chapter 4. Having said that, we belibeegoal was achieved. Evidently,
this goal is the same the models presented in eh&phad, but chapter 4 brings two
new elements. The use of a model of an open ecomoimys into light the dynamics of
changes in inflation due to changes in the exchaage when the interest rate is
increased. Besides that, the model was able toiluw@ channels through which the
interest rate might affect inflation positively.rétly, increases in the interest rate
increase the inventory- keeping cost for firms. sThhannel was already within the
model presented in section 3.4. And secondly, ag&s in the interest rate might lead to
a perverse demand effect, where higher interesnpats to households might lead to
greater spending, nullifying the intended contkawdry effects of the policy. Even
though this channel may not be qualified as costjper sebut as a wealth effect, it

could play an important role.

Two objections to this channel might be raisedsthir the recipients of these interest
payments would be households (or even firms) witmach lower propensity to

consume than households that, by nature of theirdarnings, save very little. This is
one of the main ideas found in part of the literatthat is based on the concept of
“financialization”. The other objection is that shmodel assumes away capital. This
means that the negative effect of increases ofirttezest rate on investment, which
would lower aggregate demand, is also assumed aM&yertheless, this a discussion

that presents itself when looking at the resultsegated by the simulations.
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5. Concluding Remarks

This dissertation attempted to shed light on a ephknown in the literature as the cost-
push channel of monetary, whereby increases inntieeest rate might lead to effects
opposite to that intended by the policy-maker €att temporarily). After reviewing the
literature, estimation of four different specificats using Brazilian data were
innovatively performed. These estimations found,tidile there was no evidence of
the cost-push channel when the usual specificatidhe literature was used (the one
which included the level of the interest rate), thther three specifications found
evidence in favor of the cost-push channel. Thospur understanding, the existing
empirical literature may have underestimated theveance of the cost-push channel of

monetary transmission.

Additionally, a stock-flow model of an open economigh banks and government was
simulated. There we found that increases in therast rate might affect inflation
positively through two channels: increases in tbst ¢o firms of keeping inventories;
higher interest payments that would lead to greapmnding by households. Even
though how these results translate to real ecoroimian empirical matter, these results

are consistent with the idea of a cost-push channel

In conclusion, the idea that there might be a post channel operating in economies
should give food for thought for policy-makersidta reasonably well-established fact
that increases in the interest rate will bring dowftation (of course, when inflation
does not involve issues of indexation or the like,was the case in Brazil in the last
decades of the past century). However , how effedtiis policy is, in the sense of how
much production and employment is lost in order aichieve a certain rate of
disinflation, and how long it takes to be succelsafa still up for debate. In this sense,
the existence of a cost-push channel could repr@seabstacle to the idea that the best
way to bring down inflation is via the use of tierest rate, at least by itself. However,
it should be clear that this dissertation did mbémnd to discuss implications at the level

of monetary policy, at leastpriori.
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