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ABSTRACT

This paper analyzes the relative performance datioh and price-level
targeting regimes in an AS-IS-LM framework underealative policy
instruments used by the central bank. Being gererigd nature, the results are
further used to derive equilibrium values of thepartant macroeconomic
variables under the two targeting regimes for timiting cases; when LM
schedule becomes vertical (Quantity Theory of MJreayd when it becomes
horizontal (Endogenous Money Hypothesis). Conttarysvensson'’s findings,
our results imply a ‘free lunch’ in case of inflati targeting rather than price-
level targeting. Calibration results for Pakistdeoasupport these theoretical
findings and point towards inadequacy of usingregerate, rather than money

supply, as a policy instrument both under the titfftaand price level targeting
regimes.

JEL Classification: E52,E31,E12,C63
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1. INTRODUCTION

An optimal monetary policy in its conventional maanof aiming stable
price level and output growth is essential for maconomic stabilisation of an
economy. Kydland and Prescott (1977) and Barro @oddon (1983) showed
that policies based on discretion rather than ratestime-inconsistent and lead
to adverse behavioural adjustments on behalf effeisector. Besides, Taylor
(1993) asserted that monetary policy rules haveatgre advantage over
discretion in improving economic performance ofcaumtry. Woodford (2003)
added that although following rule has greater athge over discretion yet it is
not clear under what conditions and assumptions ttatement holds
specifically. The literature related to rules versiscretion debate distinguishes
between instrument rules and targeting rules. unsént rules are state-
contingent reaction functions that link policy tedb performance indicators of
the economy, e.g., McCallum Rule (1988), TayloreR{1993), etc. In targeting
rules, due largely to Svensson (1997, 1999, 2a88)policy makers choose an
appropriate variable to target, e.g., inflationergbrice level, nominal income
growth rate. The choice between these two typeales depends on simplicity,
robustness, result orientation and the role of ggolmakers’ judgment in
decision making [Taylor (1993); Svensson (2003)].

The choice between price level and inflation rateaggeting variable has
now been the focus of monetary authorities. Theveotional wisdom [Lebow,
et al. (1992); Fischer (1994); Haldane and Salmon (19983} price-level
targeting leads to a lower long-run variance of phiee level but at the cost of
increased short-run variability in both inflatioate and output level makes
inflation targeting preferable to price-level tatigg. Svensson (1999), on the
contrary, showed that price-level targeting is drethan inflation targeting with
the same output variance under both targeting regiamd lower variability of
inflation rate under price-level targeting than endnflation targeting which
also allows base drift of price level, thus, prangl monetary authority a ‘free
lunch’. Vestin (2001) showed that Svensson’s figditold also in a forward
looking model (as Svensson’s model was a backwaoking model) with
Calvo (1983) and Taylor (1979) style price stickisieBatini and Yates (2003)
discussed a ‘hybrid’ target, which is a weighte@rage of an inflation target
and a price-level target, for macroeconomic stsdiiion.

Designing optimal rules often leads to complex suthat cannot be
implemented easily [Taylor (1999)]. Models deriviogtimal monetary rules or
analysing the impact of monetary rules in the fadMaoking macroeconomic
models, e.g., Vestin (2001), Bean (2004) etc., gagelts that are not robust
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and are inconclusive. On the other hand, the simmaleroeconomic models like
the IS-LM or AS-IS-LM seem to be applicable to mos$tthe central banking
policies [Adema and Sterken (2005)] and the aredysolutions of these simple
models have meaningful economic explanations.

Poole (1970) discussed a simple form of optimal etary policy in a
static stochastic I1IS-LM model where the objectiettee central bank is to
stabilise output level. He concluded that targefimgrest rate is preferable to
targeting money supply if the variance of the modeynand disturbances is
relatively larger than the variance of the goodgketa Sargent and Wallace
(1975) postulated that targets for inflation ratel mominal interest rate cannot
be chosen independently, and controlling the stesnt interest rate has
important consequences for the price level. Thegbdished this result within
IS-LM framework with interest rate being exogengudttermined by monetary
authority. McCallum and Nelson (1999a) defended tise of the IS-LM
framework and argued that it could be made comistéth micro foundation.
Adema and Sterken (2005) discussed an instruméntimamely the Taylor Rule
(1993), in an AS-IS-LM framework. This study wilhalyse inflation targeting
and price-level targeting in an AS-IS-LM framewadxk explore as to which
targeting regime might stabilise the economy inettdy way under alternative
instruments used by the central bank.

Besides, Svensson’s model (1999), which assumesjtiaatity of money
is set exogenousfywill be illustrated in an AS-IS-LM framework foiirsple
analytical solutions. Svensson (1999) used dynawpitmisation problem to
analyse targeting rules where the results are sulbjea complex existence
condition and the central implication of the motiet price-level targeting is
preferable to inflation targeting, holds only irseavhen central bank acts under
discretion. This study would also derive theorédtiesults under the assumption
that interest rate is set exogenously as a potisrument by central bank of a
country to determine sensitivity of Svensson’'s @9%esult with respect to
money versus interest rate pegging regimes. Ttwrdtieal results of the AS-IS-
LM models would then be calibrated for Pakistamgsialues for parameters of
the models from empirically estimated macroeconometodel for Pakistan in
the previous literature.

The remainder of this paper is organised as folldection 2 discusses
the development of different theories related tadent monetary policy
conduct, goals and targets of monetary policy dffdrdnt issues related to the
effectiveness of monetary policy. Section 3 corgdire analytical frameworks
used for the comparison of the targeting regimexti@n 4 includes a brief
discussion on both the theoretical and calibratésults of the models. The final
section 5 concludes this study.

See, Minford and Peel (2003).



2. REVIEW OF MONETARY POLICY RULES

It has long been an interesting debate as to honetaoy policy should
be conducted to maintain long-run stability in terof price level and output.
Smith (1776) postulated that “a well regulated papeney” would have an
advantage of improving economic growth in a counttyile Keynes (1923)
suggested that monetary authority should contrelshpply of money so that
“the index number of prices” does not move far afieym a fixed valué.
Besides, Wicksell (1898) gave his monetary rulé the central bank should use
interest rate to stabilise price level. Friedma®6() studied the severe monetary
mistakes of the Great Depression and proposed wugnegtolicy rule as
“constant growth rate rule”. Later on, Taylor (19%Riggested a feedback rule
which appeared to avoid instability in every penmloen a shock is observed.

A consensus has been developed that there is rgrlon trade-off
between the rate of inflation and the rate of unegment and only short-run
trade-off exists. It means that monetary policy k#sctive role in changing
output level in short-run only. The basic distinctiin economic policy is now
with regard to discretionary policy and the polityat follows a rule. Kydland
and Prescott (1977) and Barro and Gordon (1983\vestidhat a discretionary
policy results in time inconsistency problem wherebcentral bank actively
pursuing output goals may end up with a bias towaigh inflation rate with no
gains in output. Thus, even though central bank believe to be operating in
an optimal manner, yet it may end up with a submatioutcome. Taylor (1993)
asserted that policy rules have greater advantage discretion in improving
economic performance in short-run and to achievaaBp better equilibria in
long run.

2.1. Monetary Policy Goals, Targets and Instruments

McCallum (1993) defined the goal of monetary polay an ultimate
but non-operational variable. The policy goal of matary policy can be
social welfare as indicated, for example, by stablgput growth or low
unemployment rate, etc. A target of monetary pglimyntrary to goal, is an
operational variable that takes preference in tredact of monetary policy.
Likely examples of targets are price level indice$lation rate and nominal
income. There are also some intermediate targetssignal news about the
effectiveness of monetary transmission. Coersrgl. (2001), for example,
used monetary aggregates as a signal of future @eahomic growth.
Besides, an instrument of monetary policy is a aslé that a central bank
frequently manipulates, e.g. interest rate, to ekatirect control over some
‘target’ variable [McCallum (1989)].

2 Cited in King (1994).
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2.2. Monetary Policy Rules

Taylor (1999) defined a monetary policy rule as dascription of how
instruments of policy, for example discount ratdyamge in response to
economic variables. Two well-known examples of @plrules are constant
growth rate rule for money supply and the feedbaubl such that interest rate
changes in response to changes in output levelirdtadion rate. Duration of
time period required to reap the benefits of sisdtion and the credibility
associated with the rule are two important consitiens of policy rule. There
are two types of rules in the literature; instrutares and targeting rules. In
the case of targeting rule, central bank minimsesocial loss function that is
increasing in the deviation between the observelddasirable levels of the goal
variable whereas in instrument rules; an instrunvamiable is expressed as an
explicit reaction function of the current inforn@ti on the performance
indicators of the economy.

2.2.1. Instruments Rules

Instrument rules are state-contingent reaction tfans that link policy
tools (instrument variables) with performance imadics of the economy
[McCallum (1988); Taylor (1993); Henderson and Mukih (1993)].
Instrument rules have the general advantage ofgbeiear and easy to
communicate with public. These rules are robusttantnically feasible in the
sense that commitment to rules is easily verifial®lebrief overview of two
important instrument rules is as follow.

Taylor rule sets federal funds rate equal to theilégium long-run real
interest rate plus current inflation rate plusreedir non-decreasing function of
the deviation of output in periodfrom its long-run trend and the deviation of
current inflation rate from its target level [Tayd993)].

McCallum rule sets the growth rate of monetary bepaal to the target
growth of nominal GDP minus the growth rate of im@ velocity of base
money plus a linear non-increasing function ofdegiation of realised nominal
growth rate from the target rate (McCallum 1988pn€ary to Taylor rule, all
variables in this rule are easy to measure butltbedvantage of this rule is the
choice of base money variable itself as instrurbestuse of its instability.

2.2.2. Targeting Rules

A targeting rule is an explicit guideline for moast authorities to adjust
monetary instruments for their objectives, e.gstable price level, a stable
inflation rate, etc., where no ad-hoc decisiontaken. Within targeting rules, a
further distinction is made between ‘general targgtand ‘specific targeting
rule’. General targeting specifies an operationaklfunction, increasing in the
deviations between target variables and their agtitavels, which is to be
minimised by the monetary authorities. In spediigeting rule, a condition for
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setting the instrument is specified e.g., margirsés of transformation and
substitution between the target variables are éxpdal It gives an implicit
reaction function of monetary authority that neadsbe announced. According
to this framework, central bank collects large antaf data and uses a complex
policy formulation to set the path of instrumerlts.this way, a target rule is
directly focused on the goal of monetary policy atidws more flexibility in
finding the corresponding reaction function. Theref Svensson (1997) argued
that target rules are more stable than instrumdesand their identification and
verification can easily be confirmed. A brief ovienw of different targeting
rules is as follow.

Inflation targeting is the monetary regime where policy is formulated
with an objective to stabilise inflation rate, tgeal variable of central bank,
directly. It had the important advantage of beingily understood by public and
the resulting transparency increases the probgalafitpromoting low inflation
expectations, which helps producing a desirabldatioh outcome [King
(2004)]. Inflation targeting also reduces pressuwasmonetary authorities to
pursue short-run output gains that would lead ¢otilme inconsistency problem
[Debelle and Fischer (1994); Posen (1995)]. In thaldli inflation targeting can
avoid the problem of ‘velocity instability’, whicts an unreliable relationship
between intermediate targets and the central bagka variable, because
central bank through inflation targeting attemptstarget the goal variable
directly rather than focusing on the link betweemfal intermediate target and
goal variable [Bernanke and Mishkin (1997)].

Price-level targeting is the monetary regime where some price index,
e.g., CPI, WPI, GDP deflator, etc., is supposetiddargeted by the monetary
authority with the goal of a stable price-levelicErstability is often interpreted
as low and stable inflation rate but in practiciegevel targeting and inflation
targeting are different as the former implies ai@tary price-level while the
latter implies constant growth rate of price-le\alpwing complete price-level
drift and thus a non-stationary price level.

Price-level targeting became official goal of Swe&demonetary policy
during 1931 to 1937 to capture the fall in pricéerathe start of the Great
Depression and disorganisation of the monetaryesystThe Gold Standartlt
is in the guideline of Wicksell (1898) who viewedae-level targeting as proper
guide for central bank policy and gave his monetarle (also termed as
‘cumulative process’) that central bank shouldeats discount rate as long as
prices are rising, lower it as long as prices aikng and keep it constant when
the price level is stable. The key to price stahtion was thus found in the
discount rate. Later on, Fisher (1934) startedi¢avut as the first step towards

®See Berg and Jonung (1999) for a brief historyrisfeplevel targeting as a monetary policy
in Sweden.
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recognition of price stabilisation as an altermatmonetary policy to fixed
exchange rate system.

A targeting price level needs not remain constagéfinitely but it can be
drifted upward in a predetermined way over time ¢@oart and Vinals (1994)].
Bernanke and Mishkin (1997) demonstrated that pstedility does not mean
exactly zero inflation rate but something closeatbwo percent annual rate of
price change. Svensson (1999) showed that priad-tavgeting delivers better
results for price stability than inflation targeginBatini and Yates (2003) also
found that some forms of price-level targeting indals with fully forward-
looking inflation expectation can lower inflatioranability relative to pure
inflation-targeting regimes. Taylor (1996) demoatds that price shocks should
not be viewed as a reason to abandon the goalicé stability because a
credible policy aimed at price stability might cawsjump in the price level but
it does not require a sacrifice in the long-runigdarice stability.

Optimal hybrid inflation-price level targeting is a new perspective,
which assigns weights to both the inflation anad@ievel targets. Intermediate
regimes between inflation and price-level targetamg analysed under two
policies, one based on optimal control and therodmesimple rules. Batini and
Yates (2003) showed that under optimal control,ritybegimes give solutions
that converge to stable and unique equilibria wiiig not the case under policy
based on simple rule. Besides, Roisland (2006)neet this hybrid model by
using New-Keynesian model with inflation persisterend showed that the
optimal degree of price level drift in the hybricbdel is equal to the degree of
price indexation which is a weighted average ofsafe targets of inflation rate
and price-level in the central bank’s social lagsction.

Monetary aggregate targeting is the policy regime where central bank
targets growth path for a monetary aggregate likmetary base, M2 or M3.
Goodfriend (1987) assumed nominal money stock diseat policy instrument
and showed that if velocity is relatively constamigrowth target of a monetary
aggregate can keep nominal income on a steady gnoath that leads to long-
term price stability. Monetary aggregates can twetrolled both quickly and
easily by the central bank. As pointed out in Bek®and Mishkin (1997),
since a monetary aggregate is known so quicklyngust will increase
transparency of monetary policy, which helps awvgiditime-inconsistency
problem. But, unfortunately, in many countries,oaitly fluctuations have been
so large and frequent that the relationship betwaenetary aggregates and the
goal variables has broken down. As a result, the afsmonetary aggregate
targeting becomes highly problematic, and many t@m that adopted
monetary targets in the 1970s, abandoned theneih3B0s.

Exchange rate targeting is the monetary regime where central bank pegs
the value of domestic currency on a predetermiradt pr fixes the value of the
domestic currency relative to that of a developedlow-inflation country.
Exchange rate targeting has the advantage of amgpitime inconsistency
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problem by precommitting a country’s central baoktlsat it cannot pursue an
overly expansionary monetary policy that would letad devaluation of its

currency. With a fixed exchange rate regime, a ttguno longer exercises
control over its own monetary policy and, hencd, ardy is the country unable
to use monetary policy to respond to domestic shbiek it is also vulnerable to
shocks emerging from the base country to which citsrency is pegged
[Obstfeld and Rogoff (1995)]. Furthermore, in therent environment of global
capital markets, fixed exchange rate regimes agstuto breakdowns that may
entail sharp changes in exchange rate producingllastale banking and

financial crisis that can tip an economy into aesevdepression [Mishkin
(1996)].

Nominal income targeting is the policy regime where monetary authority
tries to minimise the divergence of nominal incofrem its full information
equilibrium level or target level. It was initialsuggested by Meade (1978) and
Tobin (1980) who asserted that controlling nomimadome should be the
ultimate goal of those central banks that favouieeld monetary targets as it
can avoid undesirable fluctuations in the demamaédput when velocity shifts.
McCallum and Nelson (1999b) and Taylor (1985) aded this policy because
of the potential disadvantage of an inflation-tairgge regime that ignores output
stabilisation in face of supply-side shocks. Bea®8@) showed that in face of
demand shocks, nominal income targeting is alwagfepable to money supply
targeting while, in face of supply shocks, a capditfor nominal income
targeting to be preferable is that the elasticftaggregate demand with respect
to real balances be less than one.

2.3. Issues in the Design of Monetary Policy Rules

Although there are substantial differences from ehad model as to
which variable should be targeted yet there is sooresensus in the literature
on some outcomes of these targeting regimes. Theypales that focus on
exchange rate or policies that focus on money sugdpl not deliver as good
results as policies that focus on the price level autput level directly (Taylor
1999). It means that monetary policy rules in whigh short-term interest rate
instrument is changed by the monetary authoritiesrs to work well to target
price level and real income, though, by how muah ititerest rate should be
changed is still uncertain.

Besides, there are some important issues in tigrdes monetary policy
rules. The first issue is of robustness and sintpjithat is, central bank should
be able to design simple rules that reflect optireaponses to different shocks.
Woodford (2003) asserted that policy reaction fioms based on forwarded-
looking models were quite complicated while simpldes were easier to
understand and often explained about eighty peraiettite variance observed in
the policy instrument. Lewis and Mizen (2000) atsgrthat monetary policy
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rules in general should satisfy some criteria likeshould be clear and simple,
its parameters could be estimated by econometrtbods and it should also be
able to explain the past history of monetary poiitstruments. Svensson (2003)
proposed that a good monetary policy should calewarious target solutions
for simulated paths of instruments and should He tbpick the path that fits
best into the strategy.

Friedman (1948) pointed out that monetary polidgas have long lags.
As economic shocks can occur in the interveningppdretween a policy and its
effects, monetary policy-makers must decide whaethorizon is appropriate
for meeting a target. Taylor (1996) explained treslised values of a target
variable would not be equal to the target valuectixarather it would tend to
fluctuate around the target due to various typeshafcks. Only on average,
could the realisation be equal to the target. Biw long a time period should
the average be taken depends very much on theiliplatff the targeting
variable. Taylor (1985) suggested that one quditborter) time period for
nominal income targeting will yield a policy withtle deviation from the target
as the error in a forecast for nominal income rydrter is smaller on average
than the error in a forecast for four or eight dewer in the future.

3. ANALYTICAL FRAMEWORK

Contrary to the conventional wisdom, Svensson’9@)Jesults showed
price-level targeting is preferable to inflatiomgating but the model concludes
a very complex existence condition which has tarie for holding of results.
Howitt (2000) and Mishkin (2000) pointed out thattspecific assumptions
necessary for holding of results in Svensson’s rhadehard to hold in practice.
Minford and Peel (2003) graphically illustrated tiesulting setup of Svensson’s
(1999) model in the familiar form of IS-LM and ADSAcurves. Following
Minford and Peel (2003), the analytical solutiorfsttie Svensson’s model is
derived under inflation targeting and price-levarigeting, respectively, in AS-
IS-LM model. This model though is simple but thealgtical solution gives a
meaningful economic interpretation.

The basic AS-IS-LM model consists of the followieguations.

ve =a—ali; — ({1 —p)] + & a >0, VN (8
my —pe = ky, — @i + 1, ; k>0, ¢>o, v (2
Ve=pYeor +¥@e—pE) +ve ;. 0<p<1l,y>0 .. (3

wherey, , i; , p;, pf, andm are respectively the log of output, nominal ins¢re
rate, log or price level, the expected (log of)reat price level based on current
expectation and log of money stock in perio@he parameters, k,¢ andy are

all positive whileg, 7, ando, are mutually and serially uncorrelated shocks with
zero mean and constant variances denotetfbyr,f and o2 respectively.
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Equation (1) is the standard IS-equation whereténme in bracketis
expected real interest rate which is the nominirést rate minus the expected
rate of inflation:

T[f+1=pf+1_pt7 e e ves . e (4)

The private sector has rational expectations gfd, is the expected
price-level for period+1 conditional upon information up to the end of pdfi.
Equation (2) is the standard LM equation and Egua(3) is the short-run
aggregate supply curve where monetary policy isctiffe due to prevalence of
price rigidity so that unanticipated changes in fhiee-level cannot be adjusted
quickly. The Period Loss Function following Svensh999) is given as:

L, = 05[(mr, — )% + A(y, —y)?]; 2 >0, .. (5

where rr; is the socially desirable inflation ratg; is the socially desirable
output level and#’ is the relative weight on output stabilisation. 8uially
desirable level of output in a peribds obtained when actual price level equals
expected price levep, = p¢, and putting this condition into equation (3) the
expression for socially desirable output level barwritten as:

Ve = pYe_1+ v .. .. (B)

Herev, is the supply side shock whitey,_; shows persistence in output which
implies that output in case of any shock would mtwets long-run path. A
positive supply-side shock increases the sociadlgirdble level of output and
vice-versa.

Now, assuming that private sector has rational etgpiens, we have to
see how economic agents can evaluate during pérpoicy for periodt+1
because monetary authority chooses nominal ratintefest or the money
supply as policy instrument at the beginning ofigeert to minimise the
expected loss function (5) and that policy ratencarbe changed until the
beginning of next period. Then, the current pergltbcks are realised and
monetary authority forms expectations of the tith& price level and so on.
Under inflation targetingg; is fixed for allt and always equat*, the socially
desirable inflation rate, because central banketargflation rate in every time
period to the socially desirable level of inflaticate? It implies that

My =T . (7N

Putting this result (7) into Equation (1), the I@4ation under inflation
targeting rule can be written as

yve=a—a(iy —m")+¢&. .. .. (8

4Svensson (1999) contains the full details. See #isodiscussion in Cover and Pecorino
(2005).
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In order to be consistent with an inflation-targater inflation targeting,
price-level targeting takes the following form.

Pt =pi +7m, .. N )]

wherep; is the target value of price level that centrahlbaets,p;_, is a pre-
determined path of prices which the monetary aitthtias been targeting and
" is the average rate of inflation over time. Sutttrey ‘p,_,’ from both sides
of the Equation (9) would yield:

i =n"+ Vi1 — Pe-1)- - ... (10)

If the average rate of inflatiom;”, is positive; it implies that the price-
level targeting is trending upward over time. Equat(10) shows if the price-
level is below its target level during peribel, the target rate of inflation during
periodt would be above the average rate of inflation ot it will be below
the average rate of inflation. This would lead calnbank to set the interest rate
at such a level that would lower inflation ratetle next period so that above-
average inflation rate should be followed by belwerage inflation rate
because, in price-level targetirgjershoots or undershoots of the target are not
treated as bygones and be made[8pensson (1999)]. The IS equation under
price-level targeting following Svensson (1999) banwritten as:

ye =a—ali;, —n* — (p; — )] + &. .. (11)

(A) Inflation Targeting

Solving LM Equation (2) for nominal interest ratg yields the following
equation.

itzi[kyt—(mt—pt)+77t] .. (12)

Putting this expression into IS Equation (8) antvieg for output level
would result in

p@tey)talne—pe)ne+or’] .. (13)
p+ka

Ve =

To find the price level at this optimal policy fuimn, we use aggregate
demand Equation (13) and aggregate supply Equéijoto solve for price-level
as a function of optimal real money supply. Thisutes in the following
equation.

y(p+ka)pi+o(ate)+a(me—ne+on*)—(@+ka) (0ye—1+ vr) (14)

be = y(p+ka)+a

From Equations (4) and (7), it can be shown thaeeted price-level for
periodt+1 can be written ag;,, = p; + ©* whereas the current inflation is defined
asm; = p; — py—1- Therefore, we can wril@, — p;_, — n*) = (m, — *).
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Next, inserting Equations (6), (13) and (14) intzial loss function (5),
using Equations (4), (7) and simplifying yields tfa@lowing expected loss
function.

Eo_iL, = {0-5(1];/11'2)} E,_, [<p(a+5t)+a[(mt—pt)—n(;:f;r*]—(wka)(pyt—l+vt)]2 (15)
Setting the derivative of this expected loss funttvith respect to money
supply equal to zero yields the optimum value @ thoney supply, control of
which has important consequences for the aggregafeit and price level. The
optimal value of money supply which central bankgéss under inflation
targeting to minimise the social loss functionssalows.

eripyeize@ren) ... (16)

(m; —p) =

It shows that optimal value of money supply whentd bank targets
inflation rate depends on the optimal value of ¢armpflation rate,n*, and
persistence in output. The positive relationshipween money supply and
output persistence shows the incentive for ceribatk to increase money
supply to decrease the gap between the actual@imdad levels of output.

Inserting this optimum value into aggregate outpguation (13) and
simplifying yields the optimal rule for output ldve

yf=pyt—1+%' e e ves e e (176.)

The result shows that the output depends positigalyhe 1S-shocks,,
and negatively on the LM shock,. If both the shocks come to zero, the long-
run equilibrium value would be achieved.

Now, we substitute Equation (17a) into EquationdBy solve for price
level to yield:

_ e L(pee—ane
po=pf +1 (P -y, O € -

The result shows that a positive demand shock waite the price level
while a positive supply shock would lower the catreeriod price level. The
effectiveness of any positive (demand and/or sypphock depends on the
slope of the aggregate supply curye,Subtractingp,_, from both sides of
equation (18a) and using Equation (7), the fornagradon is converted into an
equation for inflation rate:

_ o« Lfpe—ane
My =T +y(—(p+ka vt). ... (19a)

This result shows a zero inflation bias under tidlatargeting because it
depends on the new information that arrives aftgueetations have been
formed. In the absence of any shock, inflation rateild approach its socially
desirable levelrt .
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The above results for output (17a), price levelajl&@nd inflation rate
(19a), under inflation targeting, are derived igeneral framework where no
restrictions have been put on the parameters ofnibeel. Now, we can obtain
different results by putting different restrictioofour interest. Here, our interest
lies in the illustration of the Svensson’s modethie AS-I1S-LM framework. So,
following Minford and Peel (2003), the analyticallgions of the Svensson’s
model can be derived by setting a unit income igiast(k = 1) and a zero
interest-elasticity of money demandyp € 0). This implies a vertical LM
schedule where there is no role of IS shocks oputuével.

Kiley (1998) also regarded Svensson’s set up alcipmneffective’ on
output where no trade-off arises with output stbhil.e., a free lunch exists as
price-level targeting reduces the inflation biashwio cost in output stability. It
also implies central bank’s behaviour of settingneysupply as a policy tool to
achieve its macroeconomic goals. The results ftpuiuprice level and interest
rate of Svensson’s (1999) model under inflatiogééing can be written as:

Ve = PYie1 — Nt ... (17b)
pt=pf—%(m+vt), ... (18D)
nt=n*—%(nt+vt). ... (19b)

The result shows that the output does not depenithemnS-shockg;, as
LM curve is vertical; whenever there is demand &hshifting the IS curve, this
shock must be offset by a rise in interest ratéhad output is unaffected. The
result for price level shows that any positive dypghock or money-market
schedule shock would decrease the current period favel. Uncertainty in LM
schedule occurs because of unanticipated changesoirey demand [Poole
(1970)]; thus, a positive shock in the money-demactiedule shifts the
aggregate demand curve backward, which for a gaggregate-supply curve,
lowers price level as well as output level. Infiatirate also depends on the
demand and supply shocks that occur after expentatiave been formed. As in
case of Equation (19a), in the absence of any shioftition rate approach to its
target or socially desirable lever;.

Contrary to Svensson’s illustratiow & 0,k = 1), Cover and Pecorino
(2005) analysed the case where LM schedule is dvaat which implies central
bank’s behaviour of setting interest rate as acgdidol to achieve its target.
Cottrell (1994) argued that in a ‘modern credit-mpneconomy a central bank
is bound to accommodate the private sector creeihathd as a matter of
structural necessity. So, changes in the real engne.g., wages, employment
and inventory, determine the demand for bank Idhasin turn determines the
supply of money. In this case, the money demandatimu (2) is redundant in
the sense that central bank needs to supply alegntivat is demanded at certain
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values of output and interest rdt&hus, assuming infinite elasticity of money
demand ¢ — «) along with finite income elasticity k(< ), yields the
equilibrium values of output, price level and ititen rate under inflation
targeting where central bank pegs interest rateasicy tool.

yt= pyt—1+gt' e s s . . s (170)
pt=pf+%(€t—vt). ... (18¢c)
ntzn*+%(st—vt). ... (19¢c)

The result shows that output depends on the I1Skshpand is independent
of the LM shockn, and the AS shoclg. The result that only demand-side shock
can change output reflects the state that inteasdstdetermined by central bank
causes the aggregate demand curve to be vertited (pelastic). Any positive
(negative) shock in demand side will raise (lovike current price level while the
effect of a positive (negative) supply shock onpfiee level is negative (positive)
and it depends upon the slope of the aggregatdysopgve,y. The inflation rate
does not depend on the persistence in output Vevieh obviates the presence of
inflation bias under inflation targeting.

(B) Price-Level Targeting

Now, we derive results under the assumption thatrakbank targets
price level to achieve macroeconomic stability.tidgt Equation (12) into IS
function under price-level targeting (Equation Bhd solving for output level
results in the following equation.

plater)+a{(me—pp)-ne+eln’+@—pl} .. (20)

Ve = @+ka ’

It is important to note that the output at optirpalicy function under
price-level targeting is different from that undeptimal policy function of
inflation targeting (Equation 13) because pricesletargeting provides built-in
stability that make up undershoots and overshaotthé next period when a
shock occurs. Now, solving Equation (20) and EaqumafB) for price-level as a
function of optimal money supply results in thddeling equation.

[p(a+y)+a(yk—DIpi+o(ate)+a(me—ne+on™)—(p+ka) (pye—1+ ve) (21)
o(a+y)+yka o

Pt =

Substituting fory, andp, from Equations (20) and (21) into the social
loss function (5) yields:

0.5(1+4y%) plate)+a{(m—p})-nt+olr’ +@i-p)ll-(9+ka) (pye_1+ v)]?
Et_lLt [ y? ]Et_l [ o+ka ] (22)

5This version of the I1S-LM model also coincides wRbmer’s (2000) view.
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Optimising this expected loss function with respextmoney supply,
applying expectation and simplifying yields theioptm value of money supply
that central bank would target under price-leveyeting to minimise the social
loss function. The result is as follows.

((p+ka)pyt‘;_(p(a+a”) .. (23)

(my —p) =

This money supply rule is exactly the same as untfation targeting
(see Equation 16). Substituting this expressioro ittte aggregate output
Equation (20) and solving it jointly with aggregadapply Equation (3) for
equilibrium price level and equilibrium output ydel the following results under
price-level targeting.

_ oy Pec—ane—(ptka)ve |

e =pc t ok ... (24a)
_ Y(per—an)+apve

Ve = pYe_1 + e ... (25a)

Contrary to inflation targeting, output is not ipd@mdent of aggregate
supply shock under price-level targeting. It isreasing in supply shock
because a positive supply shock lowers currentepiéwel which creates an
excess supply of money resulting in decline ofriggé rate. This decline finally
causes aggregate output to rise. It is also inorgas case of demand side
shock if goods-market shock is greater than monaskeat shock. Under price-
level targeting, the optimal rule is to let priea#| respond only to the new
information (the demand and supply shocks); thufsation rate depends on the
first differences of the shocks. It can be descriag

mo=T+ fP(St—ft—l)—01(771:—771:—1)—(<P+k0l)(vt—'7t—1)_ ... (26a)
o(a+y)+yka

The equilibrium values for output, price level aimflation rate under
Svensson'’s illustrationg = 0,k = 1) are as follow.

ptzpf—%(nt+vt), ... (24b)
Ve = PYie1 — Nt ... (25b)
M= = [0 =) + e —ve)] . (26D)

It can be seen that equilibrium values for outpute level and inflation
rate in Svensson’s setup under price-level targetinre the same as under
inflation targeting except variance of inflationneavhich is twice the variance of
price level. Therefore, variance of output woulchaén the same under both the
targeting regimes as was the result in Svenssdi¥99) model. Variations in
price level and inflation rate depend on the slopaggregate supply curve,
and not on the slope of demand curveUnder price-level targeting, the future
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price-level is no longer a random walk with drifithrend stationary with finite
variance around the trend. It is because price-t@rgeting has the advantage
of reduced long-term variability of the price leval order to stabilise price
level under price-level targeting, higher than ager inflation rate is followed
by lower than average inflation rate. The most ingnat feature of the results is
that these are not subject to any ‘stability cdoditand these results hold
without any restrictive assumptions. Besides, tingpke results of AS-IS-LM
framework can empirically be tested with ease anel iaterpretable and
applicable to the central bank policies.

The equilibrium values of output, price level andldtion rate under
price-level targeting when central bank pegs ienate as a policy tool
(p = o,k < ) varies from those obtained under inflation target These
values are as follows.

% Et—Vt
p: =pi + O ... (24c)
_ YEt+tave
Ve = PYe-1 +—a+y . ... (25¢)
m,=7n"+ (Ermer-1)= (e = V) ... (26¢)
a+y

Both the price level and output are increasingggragate demand shock
while price level is decreasing and output is iasieg in aggregate supply
shock. When central bank targets price level, digesupply shock that lowers
the current price level increases future inflatrate. This increase lowers real
interest rate (as central bank pegs nominal intera®) and hence raises
aggregate output. Cover and Pecorino (2005) aslsthé it is this interest-led
stability channel that causes price-level targetiogbe superior to inflation
targeting. Under price-level targeting, inflationomld depend on the first
difference of the demand and supply shocks.

4. COMPARISON OF INFLATION AND
PRICE-LEVEL TARGETING

Given the above results, it is now possible to mmkemparison between
the two targeting regimes under alternative assiomptwith regard to monetary
policy instruments. The three cases considered areggeneral AS-IS-LM
framework with negative interest elasticity and ipes income elasticity of
money demandp > 0,k > 0), b) Svensson’s (1999) case of money supply
being used as a policy instrument as presentedSHiSALM model, where LM
Schedule is verticallp - 0,k — 1) and c) Cover and Pecorino’s (2005) case of
interest rate being used as a policy instrumenere/M schedule is horizontal:
(p = o,k < o). The three cases can also be referred to as iquidity
preference framework, quantity theory of money feamrk and endogenous
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money supply framework respectively. For all theeéhcases the variances of
output, price level and inflation rate around thesspective target values are
derived both under the inflation targeting and @lievel targeting regimes. The
results are reported in Table 1.

Table 1

Variances of Output, Inflation rate and Price levelder
Inflation Targeting and Price-level Targeting

Interest-Rate
Control as Policy

Money-Supply Control as
Policy Instrument

Instrument
Liquidity Preference Quantity Theory Endogenous Money
Framework of Moneyt Hypothesistt
(p >0,k >0) (p»0,k—-1) (p = 0,k < )
@*a} + Lo} 2 2
v LA 2 o7 + o, 2+ a2
_ % ar(y,) (¢ ¥ ka)? + o7 m v g; + o
o =
El 1 (p*c2 + o} 2+ ol 2+ o}
< 0 Var(m,) — (2T 2o, o In T % T %
Iz Y2\ (@ +ka)? Y2 Y2
—_ 2.2 2
= Varo 1 (¢*c + o} + o2 ol + of a2+ o
2\ (¢ +ka)? v? Y2
L vary Vel dop)+alytal o2 + o2 v2(o2 + od)
go lp(a+y) +ykal? (a+y)?
:,J = Var(m) 2[p%c? + Po + (9 +ka)?al  2(a + o?) 2(a2 + o)
u g lp(a +y) + ykal? % (a+7)?
Er Var(py) 9?0f + ol + (¢ + ka)?o? of + o o? + O'i
[¢(a +7) +vkal? & (a+7)

Note: All variances are measured with deviatiomfitarget values.
T Svensson’s (1999) model illustrated in AS-IS-Lidrfiework
Tt Cover and Pecorino (2005) results

As can be seen from the table, inflation targetgludes any concern
with output stabilisation in face of supply-sideosks and the supply-side
shocks have one-to-one effect on output variandee fesults for variances
under liquidity preference framework show that th demand side shocks,
that is, the IS and LM shocks,(andn;) have independent and different effect
on variances of output, price level and inflatiater Contrary to Svensson’s
results, this model shows that variances of ousimat price level are not all the
same under the two targeting regimes and variaha#lation rate is twice the
variance of price level under price-level targeting

Under the assumption of Quantity Theory of Monay;, esults partially
support Svensson’s results as output variance renthe same under the two
targeting regimes but inflation variance is not émvrather higher) under price-
level targeting than under inflation targeting. 8w ‘free-lunch’ does not seem
to hold; rather the result partially supports camienal wisdom where it is
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believed that price-level targeting brings loweicervariability at the cost of

higher inflation variability. Svensson (1999) fouadfree lunch’ in price-level

targeting in the sense that output variance remhmsame with less variability
in inflation rate under price level targeting. Owe tcontrary, our results imply a
‘free lunch’ in inflation targeting in the senseathvariance of output and price
level remains same with lower inflation variabilitynder inflation targeting.

This result is further supplemented by the obs@wmahat inflation targeting has
the advantage of being easily understood by pulai@ the resulting

transparency increases the probability of promoltavg inflation expectations,

which helps controlling price level and producingesirable inflation outcome
[King (2004)].

Under the assumption of endogenous money hypotheaitances of
output and price level are lower under price-leaeeting than under inflation
targeting. It is because changes in the price Jawadler price-level targeting,
change inflation expectations in the opposite dioecwhich causes aggregate
demand to change in such a way as to stabiliseetmmomy (Cover and
Pecorino 2005). This stabilisation effect worksotigh interest elasticity of
aggregate expenditurey. If @ becomes zero, price-level targeting would
produce exactly the same results as inflation targe Under endogenous
money hypothesis, variance of inflation rate canld&er under price-level
targeting than under inflation targeting af becomes sufficiently large such that
the stability effect produce under price-level &igg becomes large enough to
lower the variance of inflation rate as well.

4.1. Calibrating the Models’ Results

The standard approach to judge how well the moislthe data is
calibration, attributed to Kydland and Prescott82P Calibration is taking
parameters that have been estimated for a simibateirinto one's own model,
and solving one's own model numerically. Romer @aliscussed two potential
advantages of calibration over estimating modetmemetrically. First, since
parameter values are selected from the actual ddtage body of information
beyond that usually employed can be brought to,baad the models can
therefore be held to a higher standard. Seconde¢baomic importance of a
statistical rejection of a model is often hardriterpret.

For calibrating the models’ results for Pakistame, ngsort to the existing
literature. Specifically, we take parameter estemafrom the most recent
available study, i.e., Khan and Muslehuddin (20The model presented in this
study consists of twenty-four equations of whiclirtden are behavioural
equations and the rest are identities. The two Btagle-Granger cointegration
technique is used to derive short run and longdaiasticities of the variables.
The model captures the nexus between output, agigrelgmand, foreign trade,
money and prices, and can be used to examine thetefof domestic and
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external shocks to the economy. The estimates eofrelquired parameters for
Pakistan are presented in Table 2.

Table 2
Estimates of Parameters for Pakistan
Parameters Short Run Long-Run
a 0.09 0.007
) 0.01 0.02
k 0.8 1.27
% 0.18 0.53
O¢ 0.06 0.09
Oy 0.04 0.07
oy 0.02 0.03

Source:Khan and Muslehuddin (2011).

Following Khan and Muslehuddin’s (2011) empiricahdings for
Pakistan, the results for variance of the outpainfiits full-information level,
variance of inflation rate and variance of priceeleabout target value under
both the targeting regimes are presented in Table 3

Table 3
Results of Calibration for Pakistan
Money-Supply Interes-Rate
Liquidity Preference Quantity Theory o Endogenous Mone
Framework Money Hypothesis
Short Long Short Long Short Long
Policy Instrument Run Run Run Run Run Run
z (ZD Var(y,) 0.0024 0.0051 0.002 0.0058 0.004 0.009
= =
'5: & Var(m,) 0.0735 0.0181 0.0617 0.0206 0.1235 0.0320
x
% = Var(py) 0.0735 0.0181 0.0617 0.0206 0.1235 0.0320
g e Var(y,) 0.0018 0.0041 0.002 0.0058 0.0790 0.0320
[T
—‘L.u o Var(m,) 0.1306 0.0354 0.1234 0.0413 4.8773 0.2280
0 x
ﬁ‘_f & Var(py) 0.0653 0.0178 0.0617 0.0206 2.4386 0.1140

Assuming no restrictions on parameters (generalidity preference
framework) the results show that lower varianceoafput under price-level
targeting partially negates the conventional wisdamch states that price-level
targeting results in a higher output and inflati@riances. On the other hand,
under price-level targeting, the variance of inflatrate is high both in short run
and long run (in all models), which partially supigsathe conventional wisdom
(as stated above). From the QTM model resultsarittoe stated that price-level
targeting does not result in lower inflation vaild; hence, monetary authority
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in Pakistan cannot enjoy ‘free lunch’ by targetprece level. Higher variance of
price level under price-level targeting than unidéation targeting when central
bank uses interest rate as a policy instrumentates the problem of price-level
indeterminacy in case of Pakistan. The lower iritatof inflation rate and
output level under inflation targeting when centbank uses interest rate as
policy instrument supports the proposition of Satgand Wallace (1975)
whereby the targets for inflation rate and nomingdrest rate cannot be chosen
independently. The results clearly indicate thataee of controlling interest rate
as a policy instrument, the central bank of Pakistaould not target price level
as it would lead to higher instability of both &flon rate and output level. The
results further points towards inadequacy of usimgrest rate, rather than
money supply, as a policy instrument both underitifilation and price level
targeting regimes. This obviously means that tlaetiwe of interest rate pegging
currently being followed by the State Bank of Ptddsneeds reconsideration.

5. CONCLUSIONS

This paper overviewed different monetary policyeruin general where
as inflation targeting and price-level targeting aompared in particular by
using AS-IS-LM framework under alternative monetaglicy tools set by
central bank. The results with money as policyrimsent are quite different
from those derived assuming interest rate as palisgrument. If interest
elasticity of money demand is non-zero, the moneyket and goods market
shocks independently affect variances of outputeplevel and inflation rate.
Under inflation targeting, output variance is vuhidgle to any supply side shock
and these shocks have one-to-one effect whetharatdrank uses money or
interest rate as a policy instrument. When ceittaalk pegs money supply as a
policy instrument, variances of output, price leeeld inflation rate become
independent of goods market demand shock under inégoest-elasticity of
money demand. On the contrary, it is the money ataskock that has no
impact on variances of the said variables whenrakbtaink pegs interest rate as
a policy instrument.

In the previous literature, it has been recognibed price-level targeting
generates more variability of the output and inflatgap. Later on, Svensson
(1999) demonstrated that inflation variability ésMer under price-level targeting
than under inflation targeting with the same outpatiance under the two
targeting regimes; hence, providing a free lunchmonetary authority. Our
results, contrary to Svensson, show that assuméng interest elasticity of
money demand with money-supply pegging as a monetiaol, inflation
targeting results in lower variability of inflatiorate with the same output and
price level variances. Here, there is no free lumctier the price-level targeting
regime as shown by Svensson. Furthermore, if isteade is used as a policy
instrument, price level targeting outperforms itifla targeting as it results in
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less variability in output and price level and pblgsin lower variance of

inflation rate provided that the interest sendijivdf aggregate expenditure is
sufficiently high because the built-in-stabilityfedt of price-level targeting

works through interest-elasticity channel.

The results of calibration for Pakistan show thategslevel targeting
relative to inflation targeting results in more iadion in output level and
inflation rate when central bank uses interest estea policy tool. The results
further points towards inadequacy of using intemede, rather than money
supply, as a policy instrument both under the tidtaand price level targeting
regimes. The results suggest that the State Barmtakistan cannot effectively
control inflation through tight monetary policy dsw interest elasticity of
demand does not transmit effectively this demandclshinto the economy.
Besides, the increased interest rate may alsotiieshigh cost of borrowing on
government expenditure which further reduces aggesgxpenditure causing
the widening of demand-supply gap. Empirical resolt svensson’s model for
Pakistan show that monetary authority cannot erfi@e-lunch’ if it targets
price-level as this does not result in lower inflat variance with the same
output variance.
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