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Abstract

This paper uses an aggregaied smadl-scae macroeconomic mode to study the monetary
tranamisson mechanism in Jamaica It dso dmulates the behaviour of the economy
under different monetary policy rules. There is a direct tranamission from interest rates to
exchange rates through portfolio subgtitution, which is reflected in and reinforced by
changes in domedtic liquidity conditions. Monetary policy has the grestest impact on
inflation in the second quarter after the innovation. Inflation Stabilization is achieved
mainly through the exchange rate, which itsdlf reflects the combined effect of policy on
ast portfolios and aggregate demand. The output gep plays a minor role in terms of a
direct impact on inflation and is affected by monetary policy through the credit channd
and the red exchange rate. While the monetary authority should continue with the
intermediate regime of inflation targeting lite, the paper recommends the adoption of a
more forecast based policy rule. Given the monetary transmisson process, the change in
the exchange rate is the most gppropriate intermediate target. Irrespective of the policy
rule, there are gains to be had from greater interest rate smoothing in the pursuit of price
dability.
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1.0  Introduction

The conceptuad framework that underpinned the conduct of monetary policy snce the
latter haf of the 1990s was based on a robust link between money supply and inflation.
Thus by regulating the supply of money and credit, through its control over the monetary
base, the centrd bank influences agents portfolio decisons, aggregate demand and
consequently inflation. This goproach has led to a dgnificant reduction in inflation, with
the period being characterized by moderate monetary expanson and Sx consecutive
years of angle digit inflation.

However, it is likdy that nature of the process through which monetary policy affects the
economy- the monetary transmission mechanism, has evolved” over the years. This is in a
context where the 1990s was characterized by a sgnificant transformation of the financia
sector and a progressive opening of the economy to internationa trade and capitd flows,
which accderated in the latter haf of the decade. This evolution poses dgnificant
implications for the design and implementation of monetary policy.

Agang this background, this paper uses a smple aggregated modd, smilar to Allen,
Hall and Robinson (2003), to study the current monetary transmisson process in Jamaica
The andysis is conducted over the post liberdization period®. The effect of a monetary
shock on the economy is smulated under different policy rules.

The next section outlines the modd and the esimation results, which is followed by an
andyss of the trangmisson process, usng stochagtic smulaions, in section 3. In section
4 we evdude the efficacy of dternaive policy frameworks, while the find section

presents some conclusions and possible extensons.

2 See Robinson & Robinson (1997) for an earlier analysis of the transmission process in the Jamaican
context.



20 TheModd

Given the data limitations, the modd is highly aggregated, condgting of IS and LM
curves, Phillips curve, exchange rate equation and a monetary policy rule. Economic
agents are forward-looking and form expectations rationdly, usng information up to time

t-1 and are aware of the policy rule.

The modd differs from Allen, Hal and Robinson (2003) in its trestment of potentid
output. As is frequently done, potentid output was estimated using the Hodrick-Prescott
filter. This is purdy datigica treetment of a red dis-equilibrium, the mgor shortcomings
of which are documented in Harvey and Jaeger (1993). These include the possbility of
spurious cydlicdity, excessve smoothing and the large end sample bias Agang this
background, in this peper, potentid output was edtimated usng an unobserved
components method, which utilizes the information contained in obsarved varigbles (see
Appendix Al). That is, it exploits the relation between potentiad output and observable
variables such as unemployment or wages and inflation.

The model presented dso extends the treatment of the Phillips curve in Allen, Hal and
Robinson (2003) to account for forward-looking expectations. This forward-looking
model provides richer dynamics compared to the kackward looking ISLM type mode of
Allen, Hal and Robinson (2003) and is more congsent with modds based on
intertempora optimization.

The eguaions were edimaed as a sysem usng the seemingly unrdlated regresson
estimator (SUR)*. Each equation was first estimated using genera to specific modeling to
obtan a parsmonious error correction form, which was then used in the sysem. The
mode was estimated using quarterly seasondly adjusted data for the period 1990 to 2002
and dl variables are expressed in logs, except for interest rates.

3 Limited sample size precludes an analysis of the post 1995 period specifically.

* While the right hand side variables, particularly in the money demand equation, are generally weakly
exogenous (see Allen, Hall and Robinson (2003)), it may be unrealistic to expect that the equation errors
are truly uncorrelated (contemporaneously). The likelihood ratio for contemporaneous correlation was
67.23. With ten degrees of freedom we cannot reject the null. FIML estimation was also done, but the
performance of the SUR estimates was superior (it is known that the log likelihood for both estimators are
identical).



21  Consumer Price

The reaively high consumer price inflaior® in Jamaica in the early 1990s was to a large
extent influenced by monetary conditions. Further the openness of the economy has given
more prominence, cetanly in the short run, to exchange rae fluctuations (Robinson
2000). However, dthough the exchange rate pass through is dill sgnificant, with
macroeconomic  dabilization and increased competition, supply shocks have recently
emerged as a mgor delerminant of inflation. Againg this background consumer price
inflation is modded dong the lines of a forward-looking® open economy Phillips curve.
i.e.

P, =aoEP. +(1- 3P, +a (L)Y, - ¥;) +a,(L)(Ds +Dp;) €y

where p; is the inflation raie, Epi+1 represents expected inflation, y; denotes output, y*
potentid output, s is the exchange rate, p* represents foreign inflation and L the lag
operator. Equation (1) conveys that inflation dynamics ae influenced by inflation
expectations, some measure of excess demand and imported inflation. Excess demand is
proxied by an output gap’ measured by the deviation of output from a measure of
potentiad output. The incluson of a backward looking component in this ‘hybrid moded
captures the importance of lagged inflation to expected future inflation under rationd
expectations®.

We edimated equation (1) by a two-step procedure smilar to Gai (2000). In the first
dage estimates for a , were obtained usng GMM, with Pis1 sarving as a proxy for Epg+1

and current and lagged vaues of the output gap and firg differences of the exchange rate

® Although core inflation is more relevant to policy, the model uses headline inflation measured by the
consumer price index as this is what the public uses to gauge inflation. In this context, for credibility the
headline inflation is the ultimate target for the central bank, which is communicated to the public.

® This is consistent with the New Keynesian Phillips curve which assumes wage setting behaviour
according to the rational expectations staggered contract models of Taylor (1980) and Calvo (1983). See
Roberts (1995) Gali and Gertler (1999), Fuhrer (1997) and Rudd and Whelan (2001).

" In the New Keynesian approach, the Phillips curve embodies a relation between price and marginal cost
(see Gali and Gertler (1999). The use of an output gap as a measure of real activity therefore assumes that
thereisaproportional relation with marginal cost.

8 See Gali and Gertler (1999).



as the indruments’. This estimate is then imposed in the SUR sysem to obtain the
coefficients of the output gap and imported inflation®. The results are shown in Table 1.

Table1: Inflation

Variables Coefficients S. Error t-stat P-value
ao 0.368334 0.082533  4.462843 0.0001
Y-1- Vt-l 0.276600 0.132935 2.080713 0.0388
DSI + Dpt 0.353274 0.042397 8.332472 0.0000

*
Dsi-1 + Dpt-1 -0.144828 0.053462 -2.70896 0.0074

Ds, , +Dp,., 0.274808 0.043340 6.340694  0.0000

S.E. of regression: 0.022265 Sum squared resid: 0.017845
B-G: Prob ¢2(1)=0.065 B-G: Prob c?(4)=0.049
White: Prob ¢2(1)=0.065 Jarque-Bera: Prob. = 0.609

The first row of Table 1 contains the result of the GMM estimate of ap, and the other
coefficients correspond to the SUR estimates with the restriction =0.368334'!. The size
of ap, however, suggests that past inflation is of greater importance to current inflation
relative to future inflation. Imported inflation, with a lag of up to two periods, was the
mogt important factor in explaining current inflation. The sructure and characteristics of
the economy supports this finding given its smdl dze and opemess, and the heavy
reliance on imported items for production and consumption. Further, any excess domestic
demand in the economy tends to be quickly satisfied by imports. The results show that it
is the output gap in the previous period that is important for current inflation. This could
be due to a daggered price seting mechanism possbly reflecting the impact of
competition. Or a narrowing of the output gap in time t-1 generates wage and demand
pressures, which trandate into price pressuresin timet.

% Gali (2000) posits that this technique avoid biased results.
19 Theinclusion of an error correction term was not significant and did not yield sensible results.

1 Wald test for the null that the coefficients of P..;and P,,; sumto one could not be rejected.



2.2  Aggregate Demand

Conggtent with the traditional open economy IS curve, aggregate demand was specified
as a function of interest rates and the red exchange rate. As in Allen, Hal and Robinson
(2002) a credit channe is aso incorporated in the nodd through the incluson of banking
sysdem resarves, amilar to Bernanke and Blinder (1988). The avallability of credit
fadlitates consumption smoothing and invesment, thereby influencing aggregate
demand. Robinson and Robinson (1998) find that the credit channd is one of the
monetary policy transmisson channds in Jamaica The credit channd amplifies the effect
of monetary policy through the response of the extend finance premium and the
availability of reserves (see Dale and Hadane (1993) and Bernanke and Gertler (1995)).
Aggregate demand was estimated using the following error correction form

Dy, =- b,[y,, - 0.17res,_; +0.16r,_, - 0.07rer, , - 6.65] + b, (L)Dr, + b,(L)Dy, 2

wherer; isthered interest rate, rer; isthe rea exchange rate and res; isred reserves.

Table 2: Aggregate Demand

Variables Coefficients S. Error t-stat P-value

c 0.002987 0.002247 1.329196 0.1854

€Ct-1 -0.285010 0.076694 3.716179 0.0003

Dri.3 0.062859 0.029601 2.123560 0.0350

Dyt1 0.213221 0.104232 2.045633 0.0422

Dyt-2 -0.569449 0.097980 5.811883 0.0000

S.E. of regression: 0.01556 Sum squared resid: 0.008444

B-G: Prob c2(1)=0.065 B-G: Prob c(4)=0577

White: Prob c%(1)=0.097 Jarque-Bera: Prob. = 0.934

The changes in the red exchange rate did not emerge as being important in the
parsmonious dynamic specification. The eror correction term was dgnificant, however,
the dze suggest rdaively dow quaterly adjusment of output to deviations from
equilibrium. The short-run dynamics are driven mainly by lagged changes in output or
the momentum in the economy.



23  Money Demand

The demand for red money balances® (M2) was estimated within an error correction
framework which included the rate of depreciation, income, and an opportunity cost
measure, h, defined as (M°/M2)*r. This captures the fact that al the components of
money, except for high-powered money earn interest a the outside interest rate'®. The
change in the exchange rate was included to account for currency subgtitution.

Dm, =-g,[m_,- 111y, ,+2.21h_, +3.19Ds,_, - 4.89] +g,(L)y, +9,(L)r, +9,(L)DDs,
©)
The long run coefficients indicate that the dadicity with respect to exchange rae
deprecidion is grester than that for interest rate, indicating the dgnificance of the
public's perception of devauation on ther portfolio choice Smilar to the results in
Cragwdl (1991), the income dadicity was margindly larger than one, dthough not
datidicaly different from unity. The rexults for the short run dynamics are shown in
table 3.

Table 3: Money Demand

Varigbles Coefficients S. Error t-stat P-value
€Ct-1 -0.161042 0.018942 8.501718  0.0000
DDs; -0.542844 0.065022 8.348619  0.0000
Dhy -0.391987  0.123082 3.184769  0.0017
S.E. of regression: 0.037013 Sum squared resid: 0.052057
B-G: Prob c?(1)=0.065 B-G: Prob c?(4)=0.356
White: Prob c?(1)=0.277 Jarque-Bera: Prob. = 0.434

The error correction term was negative and significant, which indicates tha there is a
countervalling adjusment in the demand for rea money badances in the subsequent
guarter in response to a dis-equilibrium. The speed of adjustment, however, is low,
especidly when compared to Craigwell (1991) and Henry and Kent (1996). Cuthbertson

12 The central bank’s policy is currently framed around M3, however, a stable and theoretically consistent
demand function using this measure was not obtained over the sample period. The appeal of M3 has been
guestioned in light of the developments in the banking system and the structure of the banks’ demand
lighilities.

13 See Ericsson et al (1997)



and Taylor (1990) argue that a dow speed of adjustment is likely if the current portfolio
choice of agents is dgnificantly influenced by expected future income and return. Allen,
Hal and Robinson (2002) dtribute this result to the increesing financid sophidtication of
the Jamaican invedor, paticulaly snce liberdization. Smilar to Allen, Hdl and
Robinson (2002), athough important in the long run, changes in red GDP do not affect
the short run demand. Interest rate and the rate of exchange rate depreciation are
ggnificant, with the rate a which the exchange rate depreciates having the most
gonificant and immediate effect. While the largest component of M2, savings deposits
are reatively interest insengtive, there has been a growing tendency of agents to shift
into other ingruments including foreign currency when the trgectory of exchange rates

changes.

24  Banking System Reserves

Resarves are determined by the redl interest rate and the liquid asset ratio™. To the extent
that short-term (risk free) securities are held as liquid assets or excess reserves, a rise in
interest rates is expected to directly pogtively influence the stock and indirectly through
any rise in interest bearing depodits. The latter would serve to increase the pool of funds
availablefor credit.

Dres, =-d,[res,, - 10.02- 1.47*r,_, - 1.58* LAR ] +d, (L)Dr, +d,(L)DLAR +d,(L)Dres, ,

(4)
The short-run dynamics depends on the previous pogtions (see Table 4). The sze of the
error correction term suggests a quick response to deviations from the desred or
equilibrium postion. Changes in the LAR were not important to the short run dynamics.
This is not surprisng snce banks generdly hold reserves in excess of the requirement
and as such the LAR is not a binding congraint. Further, the impact of changes in the
LAR depends on the component that is adjusted. Changes in the cash reserve component
only, may not affect overdl reserves as the banks may convert excess liquid assets into

cash. This, however, is codtly to banks since these reserves are nortinterest earning.

1% Thisis comprised of astatutory cash reserve ratio and (non-cash) liquid asset ratio.



Table4: Reserves

Variables Coefficients S Error t-stat P-value
€Cta -0.740464 0.203506 3.638537 0.0004
Drest.1 0.743800 0.167760 4.433717 0.0000
Drest.3 -0.430545 0.110400 3.899861 0.0001
S.E. of regression: 0.084652 Sum squared resid: 0.25798
B-G: Prob ¢?(1)=0.139 B-G: Prob c?(4)=0.139
White: Prob ¢?(1)=0.001 Jarque-Bera: Prob. = 0.369

25  ExchangeRate
The exchange rate is modded dong the lines of the standard monetary modd with

rational expectations, where the reduced form changes in the rae is driven by expected
fundamentas. Consstent with the model presented, the forcing variables are the interest
differentid with the US inflation differentid and the demand for domestic money
balances. To account for the market microstructure we include a measure of exchange
rate voldility, the change in the rate of depreciation. In thin markets like Jamaicas,
accderations in the rae of depreciation tend to get amplified. A generd dynamic form in
firgt differences was used.?® The results, shown in table 5 meet a priori expectations.

D5, =j (L)o*(iy - ig)+j ()y*(py- py)+j (L),*Dm, +j (L);*DDs,  (5)

Table5: Exchange Rate

Variables Coefficients S. Error t-stat P-value
it-1-l-1* -0.046537 0.023277 -1.99929  0.0470
PP 1.660261 0.091113 18.22196 0.0000
Dmy -0.465547 0.065703 7.085652  0.0000
DDst.1 0.258833 0.055399 4.672174  0.0000
S.E. of regression: 0.0370 Sum squared resid: 0.05206
B-G: Prob c2(1)=0.065 B-G: Prob c?(4)=0.833
White: Prob c%(1)=0.131 Jarque-Bera: Prob. = 0.511

15 Test for along run relation based on PPP did not yield satisfactory results.



2.6 Modd Prediction

The in sample™® predictive power of the mode is assessed using the standard mean square
eror (MSE), root mean square error (RMSE) and the Theill U gatidtics, over the sample
period. A Thell U grester than one is undesirable and the closer the datidtic is to zero the
more robust the predictive accuracy. Table 6 gives the reaults for the man
macroeconomic variables. The peformance of the mode can dso be seen in the actud
and fitted values shown in Appendix A2.

The datigtics indicate that the modd replicates the behaviour of the Jamaican economy
farly wel. The predications for reserves are reaively weeker, dbeit the accurecy is
reasonably acceptable. The grgphs indicate that the modd picks up the mgor turning
points in the series reasonably well.

Table 6: Model Prediction (1990:1— 2000:4)

MSE RMSE Theil U

GDP 0.00039 0.01981 0.00281
Inflation 0.00018 0.01335 0.02381
Reserves 0.01435 0.11978 0.55929
M2 0.00310 0.05572 0.01151

Ex. Rate change 0.00128 0.03578 0.07441

3.0 Monetary Policy Smulation

In this section define more precisely the monetary trangmisson mechanism in Jamaica
The trangmisson of nonetay policy occurs through different channels, which are
identified by smulating the dynamic response of the economy to an unanticipated
monetary policy shock. In this exercise, we consider the response of the system to a 100
bass points increase in interest rates per annum, which lasts for one quarter. Bank of

Jamaica's open market rates have a pervasve and strong influence on a wide spectrum of

18 These small-scale models are designed for monetary policy simulations and not necessarily for
forecasting.

10



market rates. Hence, purely for convenience we assume that changes in the policy rate
trandates one-for-one into changes in market rates. Given that the modd includes
forward-looking varidbles, the Far-Taylor solution agorithm for rationa expectaions
modelsis used.

Following on Allen, Hal and Robinson (2002), the smulaions use a basdine policy rule,
which accounts for the fact that changes in the exchange rate have featured more
prominently in monetary policy operdions in Jamaca relative to the movements in the
monetary base. This is againg the background that the exchange rate is an important
nomind anchor, paticulaly for expectaions in the Jamaican economy, given its
openness. Hence this price has emerged over the years, under various policy regimes, as
the key intermediate target.

The importance of the exchange rate to monetary policy operaions even within the rubric
of base money targeting is dso derived from the fact that movements in the monetary
base in itsdf may not convey sufficient information about current monetary conditions
gven the lagged information on (and endogendty of) the money multiplier’.
Fluctuations in the exchange rate therefore give a better indication of current conditions.
Monetary policy in Jamaca therefore can in effect be described as a form of inflation
targeting Lite'®.

It must be noted, however, that the focus of monetary policy in Jamaica is not on the
level of the exchange rate, but the rate of adjustment in the market. We atempt to capture
thisideain the following policy rule

iy =Qip.q + (- q)r *+l o(E{Dsip - DS) + 1 1(EtYiuj - Y) (6)
The policy choice is therefore encapsulated by the quintuplet {g, | o, | 1, h, j}, where qis
the smoothing parameter, r* the equilibrium red interest rate and | o, | 1 the feedback

Y There was also the issue of the stability of the demand for M3.

18 Thereis abroad inflation objective, however, thisis pursued with a stable foreign exchange (financial)
market being the foremost policy objective (see Stone (2003)). Theissues of low credibility and lack of
transparency raised by Stone (2003), however, are not necessarily applicable to Jamaica.

11



policy parameters. In the dmulations r* is suppressed as the centra bank, though
cognizant, does not consder the equilibrium red rae as an operationd target. We set
g=0.4, | c=0.6, 1 1=0.4, h = 0 and j = 0. These feedback parameters were found to best
replicate monetary policy actions (Allen, Hal and Robinson (2002)) and as such
monetary policy can be sad to conform to an outcome-based™® rule. The vaue of g
captures the secondary role that interest rate smoothing plays, as dthough the Bank is
concerned about financid dability, it puts more weight on current market conditions. The
parameters h and j indicate that he monetary authority does not employ a forecast based
rule, asisthe casein anumber of countries with inflation targeting.

3.1 The Monetary Transmission Process

The impulse responses to the monetary policy shock are shown in figure 1. The pattern of
response is gmilar to that found in Allen, Hal and Robinson (2002), with the magnitude
being reaively smal. The more perceptible impact of the interest rate adjustment on
inflation lasts for approximately three to four years™, after which the economy returns to
equilibrium with inflation adjugting to the target. The influence of this policy change on
inflation reflects the response of the exchange rate. On account of the policy action, the
exchange rate appreciated over the ensuing four quarters with the grestest impact of
0.10% in the second quarter after the shock. In its trangtion back to equilibrium,
however, the exchange rate exhibits some overshooting, which lasted for gpproximately

five quarters.

The noticegble initid gppreciaion in the currency dicits a rise in the demand for red
money baances, as it completely offsets the negative impact of the rise in red interest
rates. The propengity for rell money baances to rise perssted for about four quarters
ater which the rigng inflationary tendencies subsequently resulted in a decline, which
lasted for the next five to Six quarters. The rise in interest rete aso led to a decline in the
output gap with alag of one quarter.

19 A rulethat is based on asmall set of current and lagged variables

12
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Figure 1: Responsetointerest rate impulse

The decline in the output ggp dso has a negaive effect on inflation, dbet smdl. The
response of the gap is not monotonic but is characterized by dampened oscillations
around the equilibrium over time. This is due to the fluctuaions in the ed exchange rate.
For example, the red appreciaion in the fird three quartters dicits a rise in aggregate
demand in the subsequent two quarters through an incresse in consumptior?* demand by
the fourth quarter. The subsequent red depreciation exerts a dampening effect on
aggregate demand.

In summary, the exchange rate responds most quickly, within the firs quarter, to a
monetary policy innovation. Monetary aggregates and output respond with a lag. An
unanticipated tightening of monetary policy, by dtering the rdative returns on domestic
asHts vis-avis foreign assats, induces portfolio adjustments, which results in an
gppreciation in the exchange rate. This is reinforced by the subsequent rise in the demand
for red domestic currency money baances. The adjusment in the exchange rate affects
inflation directly, given the cost structure of domestic output and the ratio of tradeables to
non-tradeables in domegtic consumption. This is complemented by the dampening effect
of the condraint on aggregate demand, arisng from the higher interest rates. However, in

20 Robinson and Robinson (1998) using monthly data for the first half of the 1990s found that the economy
returned to equilibrium within two to three years.
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the initid dages, this may be temporarily offsst by a rea gppreciation, which encourages

consumption.

Smilar to previous sudies, two man channds of monetary policy that have been
identified are the exchange rate channd and the credit channd. In this setting changes in
the short term interest rates, affects current inflation via its impact on the exchange rate
and future inflation through red interest rates credit avalability (credit chennd) and
hence aggregate demand. Figures 2 and 3 shows the rdative importance of both the

exchange rate and credit channelsin the transmission process™.

During the firs two quarters after the shock the exchange rate channd conditutes the
dominant conduit through which monetary policy influences inflaion. Over longer
horizons, beginning in the third quarter, the fdl in the output ggp, resulting from the
credit channd, produces a subsequent dow down in inflation. The graphs demondrate
that the exchange rate channd dominates the credit channd. In the fourth quarter, for
example, the fdl in inflation amounting to 0.1% can be slit into 0.078% reflecting the
exchange rate channd and 0.022% reflecting the influence of the credit channdl.

The results highlight the dominance of the exchange raie channd. Inflation, particularly
gnce the 1990s, has been driven primarily by shocks to the exchange rate relative to
demand-pull factors associated with the credit channd. The moderation in inflation over
the past five years has coincided with a more dable foreign exchange market, adthough
credit expandon, paticulaly during the rehdbilitation period following the financid

crigswas not sgnificant.

21 Theincrease in consumption outweighs the decline in net external demand given its contribution to GDP.
22 gee Allen, Hall and Robinson (2002) for adescription of the methodology .
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The movement in the exchange rate reflects both the portfolio decisons of investors —
capital account transactions and excess domestic demand —current account transactions.
In the modd the former is reflected in changes in domedtic currency liquidity measured
by ether money or reserves. The laiter would be reflected in fluctuaions in the output
gap. Figure 4 shows the reative importance of both factors. As to be expected liquidity
effects, which in this amulation is cgptured by changes in M2, exerts more influence on
the fluctuations in the exchange rae”. There is, however, a feedback rdation arising

from the demand for money.

Thus the impact of domegtic currency liquidity on inflation is intermediated through the
exchange rate and indirectly through the output gep via changes in credit conditions,
reflected in changes in reserves. The former conduit reflects a portfolio or wedlth effect
as changes in the interest differentid induce portfolio shifts between domestic and
foreign currency assets. Importantly, there is dso a buffer stock effect, which operating
through the credit channe links the two conduits noted above. Changes in interest rates
influences the level of credit and consequently money through the depodt crestion

2 Gijven that agents are forward looking and form expectations rationally in this model, changes in money
or liquidity conditions would influence inflation expectations. Money could also be acting as a proxy for
other assets.
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process. This creates a diguncture between the supply of and demand for money, which
through portfolio adjustmentsis reflected in changes in the exchange rate and spending®.

In summary, monetary policy has its grestest impact on inflation in the second quarter
fdlowing an innovation. The smulated responses point to the fact that, particularly
within the short-run, inflation dabilization is achieved manly through the inducement of
portfolio adjusment between foreign and domestic assets, which via the impact on the
exchange rate, lowers the imported component of inflation. However, dthough rdatively
amdl, the persgent dampening effect on aggregate demand, operating through the credit
channd, does condgrain price movements over the longer horizon. The responses do
reflect some amount of exchange rate overshooting. The schema of the transmisson
process arisng from the amulaions is shown in Figure 5, with the dotted lines depicting
the indirect channels.

Figure 5: Transmission M echanism
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24 Although not simulated, the buffer stock effect can also arise through a shock to the demand for money
or supply (arising from fisca policy for example), which creates dis-equilibrium. The effect of this shows
up in both interest and exchange rate changes.
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The andyss points to the potency of the use of the exchange rate as an intermediate
target and short-term interest rates as the operding target. Although important to
aggregate demand, liquidity conditions are more suited as an indicator for foreign
exchange market devdopments as agangt a leading indicator of headline inflation
directly. In this regard, dthough the credit channd is rdaively week, the behaviour of
bank reserves or credit, as well as monetary aggregates is important. This points to the

use of amonetary conditionsindex (MCI).

4.0 Alternate Policy Scenarios

Monetary policy can have disparate effects on the economy depending on the stance and
the policy horizon adopted by the centrd bank. This section smulates the response of the
economy under the following policy rules, which are forecast based or forward looking

rules.

it =0it-1+ 1 o(EDmpyq - DS) +11(Etyt - V)
it =dit-1+1 o(EtDst41 - D5) +11(Er Yy - V)
it =0it-1+1 o(EPt+1- P) +11(Et %k - V)

The firg two are forward looking money and exchange rate rules, repectively, while the
third is a forecast based inflation targeting rule. We evduate these rules by conducting
dochaedtic policy smulations and cdculaing the unconditiond moments of the
endogenous vaiadles, namdy inflaion and output. The smulaions are done with the
congtant removed, such that the standard deviation can be interpreted as the root mean
quare deviation of the varidbles from ther targets, which is set to zero for the
gmulation. For comparaive purposes, the vaues for q and | remain the same The
results are shown in Table 7. The table dso shows the degree of exchange rate
overshooting measured by the cumulative sze of the deviation above the Seady dSate
divided by the number of quarters above the steady dtate. The smdler the average, the
lower the degree of overshooting.
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Table7

Inflation Output
% %

Baseline Rule
Minimum -0.03698 -0.01873
Standard Deviation 0.0104 0.005
Sacrifice ratio -0.00059
Overshooting 0.0001

Forward Money Rule
Minimum -0.04182 -0.01809
Standard Deviation 0.0099 0.005
Sacrifice ratio -0.00068
Overshooting 0.00007

Inflation Target
Minimum -0.04076 -0.01934
Standard Deviation 0.0102 0.004
Sacrifice ratio -0.00058
Overshooting 0.00004

Forward Exchange Rate Rule
Minimum -0.03778 -0.01675
Standard Deviation 0.0093 0.004
Sacrifice ratio -0.00055
Overshooting 0.00005

The forward exchange rate rule is the most superior in terms of output and inflation
dabilization. The sacrifice ratio or the cumulative loss in output is the lowest. In other
words with this rule the centrd bank can achieve its target with the least impact on
output. Both the forward exchange rate and inflation targeting rules result in the mogt
dable output, with the degree of exchange rate overshooting being the lowest under
inflation targeting.

4.1 Target Horizon

Generdly, the forward-looking rules are superior to the baseine rule. Forward-looking
rules have been viewed, a least conceptudly, as more advantageous as they explicitly
account for the lags in the monetary tranamisson. The question for policy makers,
however, is how far forward is the looking, tha is what horizon should we consder. In
what follows we attempt to answer this by varying the forecast horizon, h, for the forward
exchange rate rule. Following, Taylor (1993) we then cdculate where each vaue puts the
economy on the output-inflation varigbility frontier. The results are shown in figure 6.
The points in the southwest quadrant give the best inflation performance while
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Figure 6: Optimal Forecast Horizon

gmultaneoudy yidding the lowest output varigbility. From the figure it is clear that the
optima forecast horizon is postive and lies between one and two quarters ahead. During
this period monetary policy has its largest marginad impact in that the degree of interest
rate and exchange rate changes required to achieve the target are minimized a these
horizons. Beyond (and beow) this horizon the changes in monetary policy required are
much greater, which results in a destabilization of output®°.

This result follows from the lags in the monetary transmisson process and as such
forecast based rules are described as lag encompassing. In section 3.1 we saw where
monetary policy had its greatest impact in the second quarter. Extending the forecast
horizon beyond the transmission lag can lead to ingtabilities®®

In summary, the andyss indicates that a forward-looking policy is to be preferred for
Jamaica A forecast horizon of one to two quarters delivers the best combination of
inflation and output sebilization. This horizon yields the best inflation performance while
gdmultaneoudy providing the lowest output voldility. This result aises out of the
transmisson mechanism of monetary policy.

% Varyingj did not alter the conclusion.
26 5ee Bernanke and Woodford (1997).
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4.2 Smoothing

The results and by extenson the effectiveness of monetary policy depends on the degree
of interest rate smoothing adopted by the centra bank. The output-inflation variahility
frontiers with varying vaues of theta for both the base smulaion and the forward
exchange rule are shown in figure 7. With the basdine rule, a lower leved of inflaion
vaiability can be obtaned, with some incresse in the degree of smoothing, without
sgnificantly impairing output stability. From the figure the optima degree is 0.6.

0.03 0.005
0.025 - theta=1 0.0048 1 theta=0 theta=0.9
2 002 > 0.0046 |
g % 00044 1
. 00157 theta=0. £ 00042 -
5 001 f; 0.004 1 theta=0.5
0.0038 -
0.005 1 _
theta=0. 0.0036 -
0 T T T T 0.0034 T T
0.0035 0.004 0.0045 0.005 00055 0.006 0.0035 0.0085 0.0135 0.0185
Inflation Variability Inflation Variability
Base Smulation Forward Exchange Rate

Figure 7: Interest Rate Smoothing

Importantly, a lower levd of smoothing will lead to more stable output but at the expense
of price gability, under the current backward looking monetary policy rule. Generdly, a
higher degree of smoothing results in a more persgsent interest rate response, which tends
to have a larger impact on the exchange rate and hence inflatior?’. However, it comes a
some codt to output, which from the graph can be sgnificant. The optima degree of
gnoothing under a forward exchange rate rule is not dgnificantly different a 0.5.
However, the pattern of response in the varigbility of output and inflation is reversed
under the forward exchange rae rule. A greater degree of smoothing leads to lower
inflation control but leads to greater output stability below a threshold.
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4.3 Feedback Response

The effectiveness of smoothing depends on the aggressveness of policy. The wdfare
effects of smoothing are lower the more aggressive is policy. We therefore smulate the
response of the economy with varying values of the lambdas. The higher the vaue, the
more aggressive is policy to deviaions from target. The varigbility frontiers are shown in
figure 8 and figure 9 for the base gmulaion and forward-looking exchange rate rule,

repectively.

Under the base rule the less aggressve is interest rate policy towards exchange rate
dabilization the more dable is inflation and output. The rationde is that while aggressve
monetary policy will gabilize the exchange rae, it leads to greater overshooting in the
exchange rate and hence more fluctuation in prices and output in the medium term. More
importantly, being more aggressve on output deviaions does not lead to more Sable
output. Thus placing a higher weght on inflation relative to output tends to be more
welfare improving. A dmilar result on the reative importance of output dabilization is
obtained under the forward exchange rate rule. In contrast with the base rule, however,
more aggressve inflation gabilization does not lead to greater output fluctuation but both
lower inflation and output variability. Thus by adopting a forward looking rule the
monetary authority can pursue price sability without destabilizing the economy. In fact
under this rule greater price and output dtability is possble. Batini and Hadane (1999)
derive smilar results and conclude that with forward looking rules there are gains to be
had from placing a higher weight on inflation than output. This result arises from the fact
tha being forward looking, agents factor in a forward looking centrd bank’s
aggressiveness  or  anti-inflation  dance, in setting wages and  prices. Againg  this
background a forward-looking rule for Jamaica would satisfy the output encompassing
(smoothing) property of monetary palicy.

27 See Ball (1989).
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Figure 8: Policy Response—Base Simulation

0.0046

0.0045 1

0.0044 1

0.0043 1

0.0042 1

0.0041 A

0.004

0.9

Inflation Variability

0.009 0.0092 0.0094 0.0096 0.0098

0.01

0.0044
0.00435 4 0.9
0.0043
0.00425 4
0.0042 4
0.00415 A
0.00414 01

0.00405 4

0.004 T T T T T
0.009 0.0091 0.0092 0.0093 0.0094 0.0095 0.0096

Inflation Variability

Exchange Rate Deviation (| o)

Output Deviation (I 1)
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4.4 Optimal Poalicy

The previous sections evaduated various policy options based on the combination(s) that
minimized the variations in output and inflation. These rules can be described as being
“efficient”®®. However, the optimd policy is defined as the one that minimizes the
weighted sum of output and inflation variances®™. This is the rule that minimizes the loss
function of the policy maker. As such, in this section we compare the welfare loss of the
above efficient rulesto that of the optimal state contingent rule.

By sdting the policy maker's discount factor to one we can interpret the inter-tempord
loss function as the weighted sum of the unconditiona god variablesi.e.

E[L] =qVar (i, - i) +I var (5,) +1 Var(y,)
where the hats denote the deviation of the variables from target (see Appendix A3 for
details). Table 8 compares the stochastic welfare loss from the optimal rule with the other

Table8
Sp Sy Loss Rank
Optimal 0.0008 0.0007 0.0046 0
Baseline Rule 0.0104 0.005 1.1215 10
Forward Money Rule 0.0099 0.005 0.7059 9
Inflation Target
(h=1, j=0) 0.0102 0.004 0.7021 7
(h=1, j=1) 0.0104 0.004 0.7129 8
(h=2, j=0) 0.0099 0.005 0.6881 6
(h=2, j=1) 0.0098 0.004 0.6402 5
Forward Exchange Rate Rule
(h=1, j=0) 0.0093 0.00425 0.5905 1
(h=1, j=1) 0.0097 0.00408 0.6321 3
(h=2, j=0) 0.0095 0.00421 0.6119 2
(h=2, j=1) 0.0098 0.00394 0.6371 4
28 See Ball (1997)
29 See Taylor (1994)
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policy rules. The wdfae loss of the optima rule is dgnificatly loner than dl the
dternatives, however, what is important for the andyss is the compardtive differences.
The current basdine policy rule clearly does the worst in comparison to the optima rule,
followed by the forward money rule. Both the inflation targeting and forward exchange
rate rule do better than the basdline and forward money rules. However, the difference in
the welfare losses with that of the optima doate contingent rule is smdles with the

forward looking exchange rate rule based on the one-quarter ahead horizon.

In generd the forward-looking exchange rate rule takes us closer to the bliss point. This
arises because such rules are conditioned on dl the date varidbles that affect the future
dynamics of inflation just as the optima rule does.

5.0 Concluding Remarks

In this paper we deveoped a smdl-scae macroeconomic modd for the Jamaican
economy. We used this modd to smulate the impact of different shocks on the path of
key vaiables in the modd, namdy inflation and output. In spite of its dmplicty, the
model captures the essentid dynamics of the economy and hence the transmisson
mechanisms of monetary palicy.

The andyss concentrates on the efficacy of different ‘policy rules. In practice there is
no precise rule for dl times, as to every rule there is an exception. What is important to
the policy maker from this andyss is the emphases for policy that such mathematica

rules embody in terms of the target variable, aggressveness and horizon.

In this context, a number of conclusons on the future direction of policy emerge from

these reaults:
(i) In generd, the wdfare assessment indicate that monetary policy, a least in the near

term, should continue with the current inflation targeting lite regime, with the change in
the exchange raie being the intermediate target and interest rates the operating
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indrument. This is notwithstanding the fact that there is no dgnificant difference in the
wedfae gans between this regime and a full-fledged inflation targeting regime. The
centrd bank may have to continue with the current regime for some time as exchange
rale movements are criticd in the formation of inflation expectations and hence, for
credibility, exchange rate changes should continue to serve as an important anchor for
monetary policy. As the exchange rate passthrough wanes and the centrd bank’s
credibility®® becomes entrenched, the monetary authority could move to a full-fledged
inflation targeting regime.

(i) The centra bank should, however, adopt a more forward-looking perspective to
monetary policy. That is, it should incorporate more explicitly and gpply a greater weight
to the forecasts of macroeconomic variables when deciding the timing and degree of
adjugment of interest rates, than on past information. Specificdly, because monetary
policy has the greatest impact up to two quarters, the forecast of the intermediate variable
over this horizon should cary more weight in the decisons on interest rates. This will

require the use of forecasting models, aswell as market intelligence.

(iif) Although the monetary targets are replaced by the changes in the exchange rate as
the primary intermediate target, they 4ill convey important information on the dtance of
monetary policy and sgnds for potentid changes in market conditions. In this vein the
paper recommends.

(8 The range of indicators, such as excess resarves, credit market conditions or
an MCl should feature more prominently in the andyss of liquidity
conditions.

(b) The regular monitoring of base money indicators should be over a two-quarter
horizon, in the minimum. More importantly the forecasts thereof should be
complemented with projections for the multiplier. This would permit a

comparison between the projection for money supply and money demand.

30 Thiswould require institutional and fiscal policy reforms, which would insulate the central bank from
fiscal dominance.
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This juxtgpogtion can yidd important indghts as to the likdy behaviour of
asset markets.

(iv) The centrd bank should continue its preference for price stability viz a viz output
dability. However, there are gains to be had from minimizing sharp movements in rates
I.e. gregter interest rate smoothing.

In terms of future work, there is a need to revigt a number of issues rdated to the design

and implementation of monetary policy. These include the definition of money or
liquidity and the determination of the market yield curve.
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APPENDICES

Al: Estimating Potential Output
Potentia output was esimated using the unobservable components method. This was

modeled using date space form, which is a generd way of representing dynamic systems
such that the observed variables are specified as a function of the unobserved date
vaiables in the measurement equation, with a separate trandtion equation specifying the
autoregressive process for the date variables. The relaionships are written in state space
form and the unobservable state vector is estimated using the Kaman filter.

The edimation was attempted with both a univariate and a bivarigte form of the
unobservable components method. The univariate unobservable components method
decomposes the series y; into two independent components:

yt = ylt + y2t
Yit, the stochadtic trend component is given as.

Yy ma t Yy, T €
and y»; the cydlical component is given as:

Yo =01 Y501 td, Y50, +€y

whereg; ~i.i.d. N(0,si?),i=1,2 E[ey; ex] =0fordlt

If we take both yi; and y,r as unobserved date variables then the above could be
represented in state- gpace form and solve using Kaman filter.

With the bivariate form definitions of potentid output, the NAIRU and the inflation rate
can be explicitly incorporated in the decompostion and smultaneoudy edtimated.
Smilar to Clarke (1989), the cyclicd movement in output is messured usng a bivariate
unobserved components modd  where output and inflation have ther own trend
components, but the cyclicad component is common to the two series. Assume that output
Vi, contains a stochagtic trend n, and a Sationary cyclical component x. The inflation z,
has a trend component, L; and a stationary, C;. The modd is:

yt :nt +Xt

30



n,=d+n_, +v,

Xe =] 1 X1+ X, T8

z =L +C,

Lo =Ly +vy

Ci =agx ta, X, ta,X., t&,

where v, vir & ey ~i.i.d. N(0,52). Again, the aboveis esimated using Kamen filter
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A2: Model Performance
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A3: Optimal Policy Rule
Themodd can be re-written in the following Sate-space form
Xt+1 = AX; + B +CZt +Vi+1 A3.1

where

Xt :[pt ) pt’shDst’DSt-l’[Bt-z’DDst’DDsl-liyt! yt—l’Wt—l’Dyt—Z’rt’rt—l’Dt—31 """"" ,Drest_3,](

Zt = [Dp*t ' Dp*t-l’ Dp*t—z](
B=[0,0,0,0,0,0,00,00,0,0,10,0,0,0,0,0,0]¢

A isa20 x 20 matrix and C is a 3 x 3 coefficient matrix congtructed from the resuits of
the egtimation in section 2%'. v is 20 x 1 disturbance vector and Z is a vector of
exogenoudy given varigbles. The 3 x 1 vector of god varigblesis given by

Y, =D, X, +D,r, A3.2
where Y, =[P,,¥,.(r, - r.1)]¢, D, =[e,e,- €,]¢ D, =[001]¢, where ¢ for j=0,1,.....20, is a
1 x 20 row vector for j=0 with al eements equa zero and for j=1, ...20, with eement |

equa to one and dl other dements equal to zero.

The inter-tempord loss function for the policy maker is given by

§ _

Ead [(pe - p)2 +o(Yew - V)Z (N = Tewro1) A33

t=0
Minimizing equation A3.3 with respect to ry, subject to A3.1 yieds the following class of
linear feedback rule

I’t = th
In the limit the unconditiona lossfunction is
E[L,] = E[Y/KY,] = tracdKS,, ]

#H6 0 O 0
wherewe set K =g 0 04 0 - andtheoptima insrument ruleis
§0 0 065

f =- (DIKD, + B&/B) ' (DGKD ¢+ B&/A)

whereV isthe Riccati equation

31 These are available from the authors upon request.
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V =DgKD, +DgKD, f + f DKD ¢+ fDKD, f + MYM
M = A+ Bf



