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Abstract

Since the early 1990’s, the transmission mechanism of monetary policy in Ja-
maica has been extensively researched. Most of this research focused on the
speed and the effectiveness of the transmission. This paper extends the exist-
ing research by focusing on estimating and assessing the usefulness of the
neutral rate of interest to the conduct of monetary policy. While the concept
of the neutral rate is well-grounded in theory, as an unobservable variable,
there are several proposed methods of estimation. In this paper, we estimate
the neutral vate for Jamaica using four methods commonly found in the litera-
ture. Based on these methodologies, the real neutral rale is estimated to range
between -2.6% to 2.6%, or 2.4% to 7.6% in nominal terms. This implies
that the Bank of Jamaica’s current monetary policy stance has been fairly ac-
commodative given recent sub-optimal trends in inflation and growth.
Keywords: Monetary Transmission Mechanism, Neutral Interest Rate
JEL Classification: E52, E58, E43, CI0.

1. INTRODUCTION

ducedits policyrate consistentlybetween the latter half of 2009

and 2018. Importantly, real ex-ante short term interest rates
inJamaicabecame negative after December 2017. Notwithstanding
this, the output gap for Jamaica remained negative over the period
which contributed toinflation remaining below the Central Bank’s
inflation target. This implies that the stance of monetary policy
may have been less accommodative than required to encourage

r I Vhe Bank of Jamaica, the monetary authority in Jamaica, re-
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aclosure of the output gap and the achievement of the Bank’s infla-
tion target.

The monetary policytransmission mechanismin Jamaicahasbeen
extensively researched. Most of the research focused on the speed
ofthetransmission (e.g. Allen and Robinson 2004, Robinson and Wil-
liams 2016) aswell asits effectiveness (e.g. Dacass, McKenzie and Mur-
ray 2015). This paperaddstotheliterature by estimating the neutral
interest rate, which represents a benchmark to assess the stance
of monetary policy.

We estimate the neutral rate using four popular methods, name-
ly, areduced form ordinary least squares (OLS) regression, a time
varying vector auto regression (TVP-VAR), an applied dynamic sto-
chastic general equilibrium (DSGE) modeland the Hodrick-Prescott
(HP) filter. These estimates are presented to show the recent trends
in—and the level of - the real interest rate gap for Jamaica. We also
assess the statistical properties of the estimates using correlations
of the estimated gaps with inflation and output and an assessment
of their leading indicator properties.

Consistent with a priori expectations, Jamaica’s neutral interest
rate appearsto be time varying and has declined, particularly over
the last five years, due to structural changes in the economy. While
thereisahigh degree of uncertaintywithregard tothe determination
ofthe neutralrate, our findings furtherimplythat the centralbank’s
policy rate at the end of 2018 was accommodative. Based on these
methodologies, the point estimate for the real neutral rate is estimat-
edtorangebetween-2.6% t02.6%, or 2.4% to 7.6% in nominal terms
asatSeptember 2018. The estimate of the neutral rate derived from
the TVP-VAR was found to display the best leading indicator proper-
ties with regard to inflation while the OLS was the least successful.

Theremainder of the paper proceedsasfollows. Section 2 outlines
the main determinants of the neutralrate, particularlyfor smallopen
economies. Insection 3, we estimate the neutral rate for Jamaicausing
four methods commonlyfoundintheliterature. Section 4 provides
anassessment of the statistical properties of the estimated real inter-
estrate gaps (defined as the difference between the actual and neu-
tral rate based on each methodology). Finally, Section 5 concludes.
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2. DETERMINANTS OF THE NEUTRAL RATE

While thereare manydefinitions of the neutralrate, this paperfocus-
esonthedefinition made popular by Laubach and Williams (2003).
Theneutralrateistherefore the prevailing realinterestrate at which
the output gap is closed and inflation is stable. When market inter-
est rates are consistent with their neutral level, then the economy
is on a sustainable path, where the deviations away from this point
of neutrality induces business cycles in an economy.'

Theliterature makesadistinction between a ‘contemporaneous’
and ‘medium-to-long-run’ neutral interest rate. The contempora-
neous neutral rate is the rate of interest that ensures a zero output
gap and stable prices in every period (Mendes (2014)). In this re-
gard, the short-run or contemporaneous interest rate can be im-
pacted by shocks as well as changes in potential output. It is usually
estimated in ‘real-time’ using time series methodologies and there-
fore reflects the level of interest rate that is required based on cur-
rent economic conditions. The long-run neutral rate, on the other
hand, is consistent with output at its potential level after business
cycle shocks have dissipated.

The long run neutral rate can evolve based on structural chang-
es in the economy. Generally, a decline (increase) in the neutral
rateiscaused byan outward (inward) shiftin the economy’s savings
supply curve or an inward (outward) shift in the demand for sav-
ings (April 2014 World Economic Outlook). Changes in monetary
and fiscal policy as well as private and public saving preferences re-
sultinshiftsinsupply curve forsavings. Thelatterincludes changes
in population growth and the age demographics of the population.
Asthe population ages, the neutral rate has been found to decline.
The demand curve for savings, on the other hand, shiftsas aresult
of changesin expected investment profitability, productivityand the
relative price of investment goods.

In small open economies, where capital can move freely across
borders, domestic financing conditionsare impacted not only by do-
mestic savings but also the supply of net foreign savings through
thebalance of payments channel. Shiftsin global savingsand the re-
sultingimpact on the global neutralinterest rate therefore impacts

! Inaddition, the neutral rate can be viewed as one of the guides for the

path of monetary policy over the long term.
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the domestic neutral rate. Importantly the domestic neutral rate
may differ from the global neutral rate in the long run due to the
level of the country’s endogenous risk premium. If there is a trend
increase in productivity growth for a country relative to its trading
partners, the domestic neutralinterest rate willrise asthere willbe a
higher expected return oninvestments. Depending on foreign inves-
tors’risk appetite, the higherreturns should: (1) incentivize capital
inflows; (2) cause an appreciation of the exchange rate; (3) reduce
the country’slevel of competitiveness; and (4) place downward pres-
sureoninvestmentreturns (counteractingthe upward pressureto the
neutral rate). Therefore, the overall net impact on the neutral rate
should beasmallerincrease relative toa closed economyframework.

Laubach and Williams (2003) modelled the long-run neutral rate
in a closed economy setting such that:

n N =gty

Where 7, is the time varying neutral rate, g,is the growth rate
of potential GDP in the domestic economy and z,includes all oth-
er determinants of the neutral rate, such as private saving. Wynne
and Zhang (2017) proposed an extension to this model to account
for open economy determinants such that:

— # *
E =gt gtz

Where gt* isthe growthrate of potential GDP in the foreign coun-
tryand z is extended toincludevariables that drive awedge between
the global and domestic neutral rate, such as the country’s risk pre-
mium and the relevant risk free rate for the country’s main trading
partners.?

2 Economieswith high potential growth rates, due to strong productivity,

tend to support expectations for higher future demand. This not only
incentivizes firms to invest, but the prospect of future income growth
reducestheincentive of households to save, together these factorstend
toraise the neutral interest rate. As such, the prior sign on c is positive.
Similarly, in an open economy because capital can move freely, global
interest rates influence domestic interest rates so world productivity
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Thereisamuchuncertaintyintheliterature around the estimates
forthe neutral rate and most studies cite wide ranges for the neutral
rate to capture this uncertainty. Among the recent literature on es-
timating the neutral rate in a small economy or emerging market
context are Dacass (2011), Baksa et al. (2013), Kreptsev et al. (2016),
and Gruietal. (2018). Dacass (2011) estimated the neutral rate for Ja-
maica using the methodology proposed by Laubach and Williams
(2003). The author found that Jamaica’s neutral rate had declined
sincethe 1990’sand thatshort term marketinterest rates were below
the neutralrate between 2010 and 2011. Baksa et al. (2013), who esti-
mated the neutralinterest rate for Hungary, noted that the real un-
covered interest parity condition as well as the Kalman filter could
be considered as suitable techniquesin caseswhere the neutral rate
isviewed to be time varying. In particular, using the Kalman filter,
the authors found that the real neutral rate for Hungary had de-
clined to arange of 1.5% to 3.5% in 2012 from approximately 3.0%
to4.5% prior to 2003.

Kreptsev etal. (2016) developed areal business cycle general equi-
librium model of the Russian economyto estimate both the contem-
poraneous (or shortrun) and long run neutral rate. Similar to Baksa
etal(2013), the authors’ indicated ahigh degree of uncertaintywith
regard to their estimates of the neutralrate. The contemporaneous
neutral rate for Russia, based on semi structural methods, was es-
timated to range between -9.5% and 10.5% with a point estimate
of 0.5%. For the long run equilibrium, the point estimates ranged
between 1.0% and 3.0%. Grui et al(2018) estimated the neutral rate
for Ukraine using an open economy forward-looking New-Keynes-
ian Quarterly Projection Model. The authors found that there wasa
trend reduction in the neutral rate since 2015 due largely to a fall
in the global neutral rate.?

growth will also impact the domestic neutral rate, hence the prior sign
on c* is also positive.
¥ The smoothed estimates of the natural rate of interest in U.S. deter-
mined by the Laubach-Williams (2003) methodology was used as a

proxy for the global neutral rate.
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3. ESTIMATING THE NEUTRAL
INTEREST RATE FOR JAMAICA

Giventheabsence of aconsensusonthe appropriate method of esti-
matingthe neutralrate and the sensitivity of estimates to model spec-
ification, we estimate the neutral rate using four methods, namely,
areduced formordinaryleastsquares (OLS) regression, atime varying
vectorautoregression (TVP-VAR), an applied dynamicstochastic gen-
eral equilibrium (DSGE) model and the Hodrick-Prescott (HP) filter.

3.1 Reduced Form oLS

Following Mendes (2014), we employ a reduced form modeling ap-
proachthatassumesthatforeignand domestic factorsimpactthe neu-
tralrate for Jamaica.Inasmall open economysuchas Jamaica, savings
does not need to be equal to investments (from domestic sources),
as the shortfallis financed by inflows of foreign capital. The domes-
ticneutral rate may still differ from the globalneutralrate, however,
due to the risk premium.

The equationtobe estimated is therefore derived from three con-
ditions. These are:

a) The balance of payments identity:
&
3] S,—1,=NX, +1 NFA,,
b) The NFA accumulation equation:
4] NFA =(1+7)NFA,_; + NX,,

¢) Thelinear approximation to the interest parity condition

] =1 +EAq. +(0) —omfa,),
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Where; S is national savings, I_is investments, NX is net exports,
7 is the domestic interest rate, r isthe foreign interest rate, NFA
isthe netforeign asset position, ¢ isthe exchangerate, nfa=NFA/Y,
whichisthe NFA to GDPratioand (goo — @ nfa, ) istherisk premium.
Inthelongrun, itisassumed that the processes driving the savings
to gpP ratio and the investment to Gpp ratio, denoted as s=S /Y
and =1 /Y respectively, take the following form:

el s=ag+ B,

i:ai +ﬂs,r7p+ﬂi,gg

Setting g as the growth rate of potential output.

To simplify, Mendes (2014) assumes that ¢, = 0. Solving for the
steady state of equations (3) to (5) and using the linear approxima-
tions for savings and investments from equation (6) and (7) yields
the following reduced form equation:

8] r:a+/30g+ﬁlr*

Twoversions of equation (8) are estimated using OLS (See Table 1).
The first equation models the ex-post 90-day real Treasury bill rate
without dynamics (long run model), while the second includes short
run dynamics. All interest rates were converted to real terms prior
to estimation. Given the time varying nature of the neutral interest
rate as well as the lower interest rate levels in Jamaica since the late
2000s, we use 74 observations (which equatesto dataspanning from
March 2000 to September 2018). We also add dummy variables (0
for normal and 1 for crisis) to separate the effects of crisis or shock
events. Inthisregard, dummiesareincluded to capture the effect ofa
fiscal shock that impacted Jamaicain 2003, the pre and post global
financial crisis (2007 and 2008) and the structural adjustment pro-
gramme with the IMF. The economic reform programme is modelled
by incorporating a shift and slope dummy. A shift dummy is used
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to capture the initial uncertainty that surrounded the beginning
oftheadjustment programme, particularlywith regard tothe sustain-
ability of Jamaica’s debt trajectory. The slope dummy, on the other
hand, which is interacted with potential output, captures the suc-
cessfulimplementation of the economic reform programme by the
Jamaican authorities.

Using the estimated parameters, we calculate the long run neu-
tral rate based on assumptions for the historical growth rate in po-
tential output in Jamaica (a proxy for the long run) and the long
runforeignneutralrate. The historical growth rate in potential out-
put for Jamaica was estimated to be 0.4%. This estimate was deter-
mined withinasmallscale macroeconomic modelwhich wassolved
using the Kalman filter over the period March 1995 to September
2018. The estimate is marginally below the recent findings by Scar-
lett (2019) who used a production function approach to estimate
potential output for Jamaica. Using this approach, the estimated
growth rate in potential over a similar period was 0.7%. The long
run foreign neutral rate, was assumed to be 0.75%. Based on these
assumptions, both modelsimplyalong run neutral rate of approxi-
mately 2.6%. Interestingly, the results imply that domestic factors
(i.e., the growth rate of potential output) are more important than
foreign factors in determining the neutral rate. In addition, if we
switch on the IMF slope dummy (to capture the long run implica-
tions of Jamaica’s economic reform programme) the long run neu-
tral rate declines to-0.8%.

Figure 1 plots the contemporaneous as well as the long run neu-
tralrate based on the modelwithoutshort run dynamics. Thismeth-
odology indicates that the neutral rate has been decreasing. Over
the period January 2000 to December 2009 the neutral rate averaged
4.0% compared with an average of 0% over the period January 2010
toSeptember 2018. The decline coincided with significant econom-
icreforms following the engagement of the International Monetary
FundinFebruary2010. The economic reform programme, pursued
by Jamaican authorities since 2010, focused on fiscal consolidation
as well as refining the monetary policy framework. In this regard,
the reduction in the neutral interest rate over the last decade pos-
sibly reflected an increase in private savings (outward shift in the
supply of funds) driven byfiscal consolidation whichinfluenced are-
duction in public debt. This significant change in the fiscal stance
hasunmasked averyrisk averse domestic financial sectorwhich does
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REGRESSION RESULTS (EQUATION 8)

Dependent Variable Dependent Variable
90-day T-bill rate ~ 90-day T-Bill rate

(r) (r)
(1) (2)
Potential growth rate (g) 5.358%#* 1.199%***
(0.701) (0.400)
US LIBOR (r*) 0.404 0.315%*
(0.287) (0.138)
90-Day T-bill(-1) (r -1) 1.038%%*
(0.109)
90-Day T-bill(-2) (r -2') -0.329%%*
(0.100)
2007 Pre Fin Crisis Dummy —8.332%%* —3.028%**
(1.705) (0.888)
Global Fin Crisis Dummy 4.078%%* 1.410%
(1.673) (0.824)
2003 Fiscal Shock Dummy 5.463 3.716%*
(3.786) (1.662)
IMF Dummy*(g) —8.057#%* —-2.187%*
(1.633) (0.756)
IMF Dummy 4.094%** 1.571
(1.475) (0.669)
R? 0.480 0.904

Notes: (*¥**), (**), and (*) denotes statistical significance at the 1.0, 5.0,
and 10.0% level, respectively.
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INTEREST RATE AND INFLATION
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not accommodate compensation increases in private, albeit more
risky, demand for savings.

Adrawback ofthe reduced form OLSapproachisthe high degree
ofuncertaintyin the estimation as displayed by the width of the 95%
confidenceintervals.Inaddition, asstated by Mendes (2014), the co-
efficientsare highlysensitive to the sample period used. Thismethod
istherefore notappropriate todetermine the forecast for the neutral
rate. However, itidentified areductionin the neutral rate following
the 2008 financial crisesand signalled that the Central Bank’s mon-
etary policy stance has been fairlyaccommodative since early 2018.

3.2 Time Varying Parameter VAR

Given that the neutral rate is time varying and susceptible to demo-
graphic and structural changes in the economy, we estimate a time
varying parameter VAR (TVP-VAR). Unlike Markov switching models
orthreshold VARs, TVP-VARs do not assume discrete changes between
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states. In particular, TVP-VARs are well suited for cases where a priori
information suggests that there is non-linear behaviourin the data
(Lubik and Matthes (2015)). This flexible framework avoids the re-
strictions imposed in structural models and allows for variation
in model parameters (i.e., lag coefficients and the variances of the
economic shocks) smoothlyover time. However, the main drawback
of this model, is that it is computationally demanding. The poste-
rior simulation algorithm requires thousands of draws to ensure
proper convergence.

To determine the neutral rate for the U.S., Lubik and Matthes
(2015) estimated athree (3) variable TVP-VAR using real GDP growth
(7,),inflation (7,) and the real interest rate (7). We estimate a simi-
lar TVP-VAR with forgetting factors as proposed by Koop and Koro-
bilis (2012). The modelis estimated using quarterly data for the real
interest rate, real GDP growth and inflation for Jamaica over the pe-
riod March 2000 to September 2018.

The state space representation of the model is:

n Y, =6,X, +¢,

m 0, =0, + 1,

Where, g, isi.i.d. N(O,Vt) and f,isi.i.d. N(O,Q). g, and H,arein-
dependent of each otherforall sand ¢
Additionally:

11 X, =1%(Y, 1Y, )

_ ’
m Vi=¢€.8
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m Q =(1_%)St—llt—l

Where Y, is a vector of variables: {r,7,,7,},4 is the forgetting
factor, which implies that observations j periods in the past have
aweight of 2/ inthefiltered estimate of 6,. The constant coefficient
casecanbeestimated bysetting A =1, while 1 =0.99 impliesthat ob-
servations five yearsago receive approximately 80% as much weight
aslast period’s observations (See Koop and Korobilis (2012) for dis-
cussion of forgetting factor approach). We set 4 =0.99.

With regard to the priors, we assume that 6, follows the typical
Minnesota prior. All our data has been transformed to ensure sta-
tionarity, hence we set the priormeantobe E(6;)=0. Assumingadi-
agonal Minnesota prior covariance matrix, then Var(6,)=n and n;
denotes the elements along the diagonal such that:

m 0 VtQ for coefficients on lag ¢, for t=1,...,p

a for constants

With regard to the hyperparameters, we set & = 10%, whichisun-
informative. For y, which controls the degree of shrinkage in the
VAR coefficients, we test the model’s sensitivity to alternative speci-
fications. In thisregard, we impose:

m y =[e-10, =5, 0.001, 0.005, 0.01, 0.05, 0.01]

The neutralrate for Jamaicais determined using the conditional
forecast generated bythe TVP-VARfor the observed realrate. The fore-
cast horizon is set at two years ahead and it is computed for each
data point since 2010. This differs from Lubik and Matthes (2015)
who proposed a conditional forecast 5-years ahead. That period
was chosentoreflectthe typicallength of the U.S. business cycle. Ac-
cording to Murray (2007), Jamaica’s business cycle typically ranges
between two to four years.

Figure 2 plots the neutral rate, based on the two year ahead con-
ditional forecast of the real interest rate from March 2010, and the
actualrealrate. Consistent with expectations, thismethodologyim-
pliesthatthe neutralrate hasdeclined from 3.0% in December 2015
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TWO YEAR AHEAD CONDITIONAL FORECAST OF THE REAL INTEREST RATE
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to-2.6% in September 2018. Theresultsalsosuggest thatinterest rates
exceeded their neutral or equilibrium level between 2013 and early
2016. Duringthis period, Jamaica’s output gap was largely negative
whileinflation decelerated sharply fromapproximately 6.0% in Janu-
ary 2013 tobelow 3.0% by end 2016. Given the weaknessin Jamaica’s
monetary transmission mechanism, this finding may suggest that
more monetaryaccommodation wasrequired to spur growth and to
achieve the central bank’s inflation target of 5.0%.

Similar to the results of the reduced form OLS, this methodolo-
gy also identified an easing of the Central Bank’s monetary policy
stancestartingin early 2018. The main shortcoming of this method-
ology, however, isthatit doesnotinclude global determinants of the
neutralrate given thelack ofarisk premium and global neutral rate
in the model. The results may therefore be interpreted as a signal
of the floor for real rates given the absence of this wedge.
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3.3 Applied DSGE — Quarterly Projection Model

Anestimate of the neutralrate isdetermined using an applied DSGE
model-the Bank of Jamaica ‘Quarterly Projection Model - QPM.’ This
is a semi-structural, small-scale, forward-looking, open economy
gap modelwithrational expectations. The output gapisdependent
onreal monetary conditions (aweighted average of the real interest
rate gap and the real exchange rate gap) and the inflation rate is de-
pendent on the output gap (the traditional Philips curve). In addi-
tion, monetary policyis endogenously determined. Whilst the QPM
is still in its development stages, it is calibrated to reflect the main
stylised facts of the Jamaican economy and used to explain the core
macroeconomic dynamics in Jamaica. Underlying the main theo-
retical principles are five (5) transitional behavioural equations:

Investment/Saving (IS) Curve

The output gap (y) is defined as a deviation of the log of real output
from its potential level and modelled as:

m §=a g +agE, 5, —ag *(rmei,_y )+ a3, + a fiscimp, + &
rmci, = aays, +(1—aa, )(-%,)

Onaquarterlybasis, the current output gap dependsonitslagged
estimatesand model consistent expected values (5»[71 and £3, | ) Fur-
thermore, it captures aggregate demand dynamics between real
monetary conditions (rmci,). Thisisaweighted sum of the realinter-
estratedeviation (7)) fromits neutral (noninflationary) equilibrium
level and the deviation of the real effective exchange rate (%,) from
its equilibrium level. In this regard, tight monetary policy reduces
the output gap either through higher real interest rate or stronger
real exchangerate. Loose monetary policy has the opposite effects.
External demand dynamics are accounted for in terms of the U.S.
output gap (3,), since the United States is Jamaica’s major trading
partner. And finally, the IS curve includes the impact of the fiscal
impulse ( fiscimp,) and an aggregate demand shock (8?).
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Aggregate Supply Curve

Inflation dynamics are modelled through the standard open econ-
omy forward-looking Phillips curve:

18 T =bEm +(1_b1—b2—bg)7fH+b2(Ast+7rj—AE)

by (Aoil,_y +As, = Aoily_y = AZ )+ by *(rme,_y )+ 5]

[19] rime, =(bby +bby )2, + by +(1—bby +bby )3,

Current headlineinflation (QoQ, atanannualized rate) depends
mostly on the projected future and past levels for inflation. It also
includesimported inflation, which consists of changes in the nomi-
nal exchange rate (As,), U.S. inflation (nt*), and changes to the real
exchange rate trend (Az). Because Jamaica is largely dependent
on fuel imports, the PC relationship features an imported oil com-
ponent (Aoil,_; +As, — Aoil_H —Az).Furthermore, real marginal costs
(rmcH), areflection of demand pressures or the outputgap, andthe
intensity of oil pricesand real exchange rate on production, contrib-
utes to headline inflation.

Monetary Policy Rule

The short-term policyinterestrate (), issetaccordingtoastandard
forward-looking monetary policy reaction function with an aim
to stabilize inflation:

. -n dev a i
m b =04 +(1_Cl)(lt T CoTy g +Czyt)+8t

The equation features a smoothing of the policy rate, to reflect
thefactthatin practice, the Bank of Jamaicadoesnot typicallychange
the policy rate in large increments. Furthermore, the policy rate
reacts to the nominal equilibrium interest rate, which is a sum of
the real neutral interest rate and the Bank’s five percent inflation
target. The policy rate also responds to inflation deviations from
the target one year ahead, in addition to the output gap.
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Uncovered Interest Rate Parity in Real Terms
Therealneutralinterestrate (7, ) isdetermined asafunction of the U.S.
equilibriumrealinterestrate, Jamaica’ssovereignrisk premium, and ex-
pected changes in the real exchange rate.

—_ —* —_
m N =1, +prem, + Az

Where 7, isthe USrealinterestrate trend, prem is Jamaica’s country
sovereignrisk premium, Az isthe expected changeinthereal exchange
rate (anincrease is a depreciation).

Inthisregard, the domestic neutral realinterest rate must coveryield
expectations in the U.S. capital market. Therefore, the domestic rate
must satisfy the arbitrage condition such that the differential between
domesticand U.S. interest rates must equate to Jamaica’s sovereign risk
premium plus expected changes in the real exchange rate.

Results

Using the Kalman filter, we estimate the neutralrealinterest rate and its
determinants, namely the real exchange rate trend and risk premium
(Figure 3). The filtrationapproachimplies that monetary policy wasrel-
ativelytightinthe periods 2000 to 2003 and in early 2009. This followed
times of extreme inflationary pressures (the former being Jamaica’s do-
mestic market financial crisis FINSAC in the 1990’s, and the latter being
the shock from the Global Financial Crisis in 2008). Since 2016, mon-
etary policy based on this estimate, has been fairly accommodative.
Therefore, the Kalman filter does relativelywell in capturing these piv-
otalshiftsand ultimately helps to identify changesin the policy stance.
Given the assumption ofa U.S. neutral rate of 0.75%, zero change in the
equilibrium exchange rate and premium of -0.75%, the long run neu-
tral rate using this methodologyis estimated at 0%.

Thetrendinthe U.S. neutralrateisestimated byaweighted equation
thatincludesinertiaand asteadystate of0.75%. Note that the prevailing
lowinterestrate environment around the globeis captured in the foreign
real interest rate equation post-2007 after the financial crisis, and has
remained close to zero since 2017.* Simultaneously, while these exter-
nal yields spilled over into Jamaica’s domestic market, fiscal and debt

% Grui et al. (2018) and Holsten et al. (2017) characterize this as a reflection

of'the global savings glut, ageing population, and slowing potential growth.
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REAL INTERES RATE
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sustainabilityimproved due to the economic reform program;hence
the country’ssovereign risk premium trended lower (See Figure 4).
Faster domestic productivitygrowth alsoinfluenced an appreciation
in the real exchange rate trend. There were some periods of major
depreciations in mid-2018 that caused some trend reversal, but in
recent times the trend has appeared relatively stable.

3.4 Hp Filter

The HP filter was also used to estimate the neutral rate with quarter-
ly data for the period March 1994 to September 2018 (See Figure 5).
To avoid end of sample bias, forecasts of the real rate were included
up to the March 2020 quarter.

TheHP filterimplies that the neutralrate declined to-0.6% in Sep-
tember 2018, which was above the estimated real rate. Consistent with
thereduced form OLS and TVP-VAR, the filter identifies that interest
rates have been below their neutral level since early 2018.
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4. STATISTICAL PROPERTIES OF THE ESTIMATED
REAL INTEREST RATE GAPS FOR JAMAICA

Thissection assessesthe statistical properties of the estimated neu-
tralrates from the four methodologies. We first evaluate the relative
trends and relative levels of the various measures of the neutral rate
before assessing their relative abilities to predict inflation. Figure
6 compares the real interest rate gaps computed by each methodol-
ogy. The graph shows that, by all the measures, monetary policy be-

came increasingly accommodative since late 2017 throughout most

of 2018. At September 2018, the range of accommodation was be-
tween 0% and -2.4%.

Theinformation content of each estimate of the realinterestrate
gapisfirstassessed based ontheir correlations with inflation (head-
line and core) and the output gap (see Table 2). All of the models in-
dicated, appropriately, a moderate negative correlation of the real
interest rate gap with the output gap over the first four quarters.
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The reduced form OLS estimate displayed the strongest negative
correlation with the output gap over four quarters. The neutral rate
based onthe HP filterwas theleast correlated with the output gap and
underperformed relative to the TVP-VAR. With regard to headline
inflation, the results were mixed. With the exception of the TVP-VAR,
all measures were weakly negatively correlated with headline infla-
tion up to four quarters.

Allmodels performed betterwhen assessed relative to core infla-
tion. Overthefirstthreelagsthe gapsbased on the TVP-VAR estimate
implied a positive relationship with core inflation which is contrary
to a priori expectations. Interestingly, however, the TVP-VAR gaps
displayed the strongest negative correlation with core inflation be-
tweensixand eightlags. Thisis notsurprising, given the conditional
forecast framework used in the estimation. The gaps determined
using the Kalman and HP filter displayed the strongest negative cor-
relation with core inflation at two to four lags.

While the correlations imply that underlyinginflationin Jamaica,
since 2000, hasbeenrelated to changesintherealinterest rate gap,
a more robust assessment is required to determine the usefulness
of the gaps in predicting inflation. The leading indicator proper-
tiesof the gapsforinflation maybeinvestigated using the approach
suggested by Garnierand Wilhelmsen (2008) and Neissand Nelson
(2003). These authors proposed a regression of inflation (7,) on a
constant, its lagged value (7,_;) and lagged values of the real inter-
est gap (rl/,\k)such that:

E ”t:a+b1”t—1+b2’;—\k+gt

m Yk = Y-k — Nk

Given Jamaica’s susceptibility to supply shocks, we modifythisap-
proachbyassessingtheleadingindicator propertiesusing coreinfla-
tion, whichremoves theimpact ofthevolatileagriculture and energy
components from headline inflation. Table 3 - 5 shows the results
oftheregression of coreinflation on the estimate of the neutral rate
determined using the TVP VAR, the Kalman Filter and the HP filter.
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CORRELATION COEFFICIENTS

Real Interest Rate Gap based on TVPVAR

k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8
Corr (%{_\k) 0.76 055 0.29 0.19 021 0.14 -0.02 -0.21
Corr (w[,r,:) 0.53 041 024 008 -0.01 -0.18 -0.27 -0.43
Corr (Corem,r,_,| 046 020 008 -0.24 —0.37 —0.50 ~0.52 ~0.57
Corr (yta) -0.25 -0.28 -0.04 0.05 0.09 0.13 0.11 0.26

Real Interest Rate Gap based on Reduced Form OLS
Corr (ga) 0.65 040 0.18 0.08 -0.06 0.01 0.01 -0.04
Corr (th;_\k) ~0.23 -0.20 -0.14 -0.08 -0.03 0.01 -0.01 -0.02
Corr (Coreﬁl,a) ~0.36 —0.27 -0.14 -0.01 0.10 0.12 0.08 0.08
Corr (ytrfk) -0.27 -0.19 -0.18 -0.22 -0.30 —-0.28 -0.29 -0.31
Real Interest Rate Gap based on Kalman Filter

Corr (;tr;\k) 0.84 050 0.2 -0.13 -0.27 -0.32 -0.27 -0.10
Corr (Wt,a) -0.18 -0.25 -0.27 -0.21 -0.10 0.03 0.12 0.14
Corr (Coremr,| ~0.30 ~0.40 -0.89 -0.25 -0.06 0.12 0.25 0.8
Corr (yta) -0.25 -0.14 -0.05 -0.03 -0.03 0.01 0.06 0.09

Real Interest Rate Gap based on HP Filter
Corr (r:rfk) 0.81 044 006 -0.24 -0.44 -0.53 -0.51 -0.39
Corr (W[,a) -0.05 -0.18 -0.27 —-0.31 -0.28 -0.21 -0.11 -0.06
Corr (cOrewt,rfk) -0.11 -0.31 -0.42 0.44 -0.32 —-0.17 -0.02 0.06
Corr (92,,;) -0.12 -0.09 -0.03 0.00 -0.01 —0.05 -0.07 -0.07
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Interestingly, the TVP VAR yielded the best results in terms of the
signand significance of therealinterestrate gapin explaining under-
lyinginflation. Theresultsindicate thatlags of the realinterest gap up
tothefifth quarterarestatisticallysignificantwhenincluded inasimple
autoregression of core inflation. This is consistent with the view that
inflation typically displays a delayed response to monetary policy ac-
tions. The Kalman filter estimate of the real interest rate gap yielded
the appropriate sign and significance up to two quarters. Thisis faster
than expected giventhelagsinthetransmission mechanism. The HP
filter implied that lags of the interest rate gap up to three quarters
were statistically significant and appropriately signed.

The interest gaps deduced from the reduced form OLS model un-
derperformed relative to the three other estimates (See Table 6).

REGRESSION RESULTS-TVPVAR INTEREST RATE GAP (EQUATION 22)

TVPVAR Regressions
k=1 k=2 k=3 k=4 k=5
a 0.44 0.67 0.72 1.14 0.91
b; 0.90 0.86 0.90 0.85 0.87
by -0.19 -0.23 —0.78%*  -0.98%** -0.62%*
(=0.59) (-0.72) (-2.52) (-3.33) (-1.97)
R? 0.87 0.86 0.86 0.86 0.85

REGRESSION RESULTS-KALMAN FILTER
INTEREST RATE GAP (EQUATION 22)

Kalman
k=1 k=2 k=3 k=4 k=5
a 1.25 1.36 1.08 0.52 0.52
b; 0.86 0.85 0.88 0.94 0.94
by —-0.23%*%*  —(0.18%* -0.03 0.19% 0.24*
(-3.38) (—2.34) (-0.32) (2.39) (3.33)
R? 0.82 0.81 0.79 0.80 0.82
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REGRESSION RESULTS - Hp FILTER INTEREST
RATE GAP (EQUATION 22)

HP Filter
k=1 k=2 k=3 k=4 k=5
a 0.53 1.04 1.28 1.14 0.58
by 0.92 0.87 0.85 0.87 0.93
by —-0.31%%*  —(.29%%*  —(,2]%** -0.09 0.12
(-4.68) (-4.27) (—-2.86) (-1.12) (1.49)
R? 0.84 0.83 0.81 0.79 0.80

REGRESSION RESULTS - REDUCED FORM oLs
INTEREST RATE GAP (EQUATION 22)

Reduced Form OLS

k=1 k=2 k=3 k=4 k=5
a 1.23 0.72 0.63 0.74 0.48
b; 0.87 0.92 0.92 0.91 0.94
b -0.09 0.08 0.15 0.19 -0.01
(-1.13) (0.94) (1.94) (2.60) (~0.25)
R 0.79 0.79 0.80 0.80 0.88

5. CONCLUSION

This paper presentsacomprehensive review of four methodologies
typicallyused to estimate the neutral rate for asmall open economy.
We find that accounting for time variation improves the statistical
properties of the estimated interest rate gaps. In thisregard, three
of the four methodologies (TVP-VAR, Kalman Filter and HP Filter)
yielded promising results in terms of their ability to forecast infla-
tion. All methodologies implied that Jamaica’s neutral rate has de-
clined over the last five years. This is consistent with improvements
inthe country’srisk premium induced by extensive economic reform
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during that period. Further demographic and structural changes
should continue to supportalowinterest environment over thelong
run.

Based on our estimates, monetary conditions in Jamaica have
been fairly accommodative since late 2017, which should support
theauthorities’ inflation and growth objectives. The point estimate
forthelong-runneutralrateisfoundtorangebetween-2.6% to2.6%
or (2.4% to 7.6% in nominal terms). However, given that the neutral
rateisunobservable, thereis ahighlevel of uncertaintywithregard
toits estimation. Itis therefore important tosupportthese estimates
with robust discussions on the trends in the main macroeconomic
variables aswell as the effectiveness of the transmission mechanism
of monetary policy.
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