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1. INTRODUCTION

Inflation persistence is an analogue concept to that of inertia in physics:
the more inertia has a body, the greater the force required for its motion
to return to its pre shock state (Fuhrer, 2009). In the same way, the great-
er the inflation persistence, the larger the decrease in GDP and employ-
ment required for inflation to return to its previous level. A high degree
of persistence means authorities have to act in advance to stave off the
lasting effects of shocks, as well as raise interest rates further and for long-
er periods in order to reduce inflation. Low persistence, on the other
hand, allows for modest responses to cost shocks and the adoption of fast
disinflationary policies.'

Furthermore, variations in inflation persistence can explain changes
in the capacity of the yield curve to predict the business cycle, implying
that high inflation persistence leads to greater reductions in GDP when
contractionary monetary policy is adopted.” Finally, similar levels of per-
sistence facilitate monetary integration between countries because they
mean common shocks have similar effects (Franta, Saza, and Smidkova,

2007).
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! See Altissimo, Ehrmann and Smets (2006) and Rudd (2005).

? Bordo and Haubrich (2004) and Kang, Kim and Morley (2009).
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Statistical, or reduced, persistence is related to certain empirical regulari-
ties of inflation and occurs when inflation remains far from its mean after
a shock,” while structural persistence includes structural economic factors
which produce statistical persistence. A large body of recent research on
inflation persistence has been focused on the relation between statistical
persistence and the economic -structural factors determining them.

Proper measurement of statistical persistence is a first step towards un-
derstanding the phenomenon. It also allows authorities to make accurate
forecasts of future inflation, an important factor in an inflation targeting
scheme (named inflation-forecast targeting by Svensson, 2005). A high
level of uncertainty regarding statistical persistence would make it rec-
ommendable to avoid any abrupt changes in economic policy instruments
(Brainard, 1967) unless this was going to adversely affect inflation expec-
tations.

However, the discussion on persistence must go beyond this and ques-
tion the economic reasons producing the patterns observed in statistical
persistence. Can a microfounded Phillips curve produce inflation persis-
tence when there are rational expectations? What is the relative im-
portance of the Phillips curve and the Taylor rule for explaining persis-
tence? And how important is central bank credibility and the evolution of
inflation targets? What monetary policy characteristics produce persis-
tencer

Section 2 of this paper analyzes the structural factors possibly associated
with statistical persistence. Section 3 discusses methodological aspects re-
lated to its measurement and presents a brief summary of international
empirical evidence. Section 4 applies different methodologies to the case
of Colombia. In particular, it evaluates the level of integration and the
sum of autoregressive coefficients in determined subperiods using a Mar-
kov-Switching methodology, estimating the degree persistence changes
over time for the spread between observed inflation and the inflation tar-
get. Section 5 gives the conclusions.

2. STRUCTURAL FACTORS. A RESEARCH PROGRAM FOR COLOMBIA

Although the main objective of this paper is the measurement of statistical
persistence (sections 3 and 4), it is still important to show the economic

When the series is stationary. If the series were not stationary then the shock would
be permanent. See 3.1.
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factors which determine it. As mentioned previously, a large amount of
recent research on inflation persistence has referred to the relation be-
tween statistical persistence and structural persistence. The questions posed
suggest a long term research program for Colombia.

2.1 Structural Factors Explaining Persistence

Before beginning it is important to emphasize the difficulties involved
in evaluating the relative importance of different structural factors, given
that they interact with general equilibrium and their relative importance
can depend on the monetary regime (Angeloni et al., 2005). Such factors
could also be surrounded by wide ranging uncertainty, in which case it
might be necessary to evaluate the costs and benefits of employing the in-
correct model.*

If we start from the version of the economy shown in equations (1) to
(4) with two alternative Phillips curve models:

New Keynesian Phillips curve
(1) w,=pEx,  +Px +u, withf=1.

Hybrid Phillips curve

(2) 7, =(1-p) 7+ BE ., +Px, +u,.
IS

(3) X, =0,_,%X,, +(1—O'H)E, " —O'r(R, —E,71'H1)+5,.
Taylor rule

(4) R =p(L)R ,+(1-p)[ v ~(z, - 1) 7" +7,7,+7,x, |,

where 7, is the inflation rate; B, the discount factor; x,, the output gap;
U, and ¢, correspond to supply (i.e., an international oil price shock) and
demand shocks; R, is the nominal interest rate and 7 the real interest rate;
pis a smoothing parameter in the fixing of nominal interest rates by the
central bank; super index * indicates the variable’s target, which in litera-
ture mostly coincides with its natural equilibrium or long-term st.eady—stat.e.5

1 s
For the case of the Phillips curve see Sbordone (2007).
” More precisely, in several cases it concerns the deviation between the variable and its
stationary position. See section 2.3.1.
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Equation (1) corresponds to the so-called New Keynesian Phillips
curve with rational agents that intertemporally maximize, and with a ran-
dom proportion (1 —9) of firms who can adjust prices in each period (Cal-
vo, 1983).° It is also assumed that there is a constant relation between real
marginal costs and output gap, that the markup is constant throughout
the cycle and that steady-state inflation equals zero (72'* = O).

As will be seen, there is no inflation persistence (or it is very low) when
the Phillips curve is as in (1), indicating that price rigidities (implicit in
Calvo’s model) do not explain inflation persistence.7 The alternative Phil-
lips curve represented in equation (2) is known as Aybrid and adds lagged
inflation 7, ;. Empirical evidence places significant weight on this varia-
ble, even though it is not easy to explain its inclusion in theoretical mod-
els where agents have rational expectations.

Equation (3) corresponds to the curve IS and (4) to a Taylor rule with
interest rate smoothing by the Central Bank (Clarida, Gali and Gertler,
2000). The so-called Taylor principle (7, >1) is a necessary condition for
the system’s stability. It means that when inflation grows the authorities
must raise nominal interest rates more than proportionally. This guaran-
tees an increase in the real interest rate, a decrease in the output gap (in
the IS) and a reduction of inflation (in the Phillips curve) to its previous
level. The Taylor principle guarantees that the inflation series is I(0) given
that the authorities make it return to its previous level and the shock dis-
sipates after some time.®

What is the relation between the parameters of equations (1)-(4) and
statistical persistence? In order to understand the effect of some of the main
parameters in the above system Fuhrer (2009) reduces them to a minimum
model shown by equations (5)-(7):

Phillips curve

(5) 7[/ = 7[/71 +¢xx/ ’

0 Empirical evidence tends to support Calvo’s model above other rigid price models
such as Taylor’s (1979). See Angeloni et al. (2005).

! Formally, Calvo’s model sustains that g, =0p,, +(1-6)p, , where p, is the optimum
price fixed by firms which are able to re-optimize. There are rigid prices, with p, ; on the
right hand side.

s Formally, the Taylor principle guarantees the existence of a unique stationary equilib-
rium in the system (Walsh, 2004, pp. 247). In their classic paper, Clarida, Gali, and Gertler
(2000) suggest that the Taylor principle was not followed in the US during pre-Volcker ad-
ministrations but was applied in the Volcker-Greenspan administrations.
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IS

Taylor rule
(7) =07

Inflation expectations and supply shocks in the Phillips curve disap-
pear in this minimum model, as do lagged GDP and demand shocks in the
IS, while it is assumed that the authorities’ only objective is to control in-
flation with 7 =0. Substituting (6) and (7) in (5) gives
7, =7x,,+¢.(—0o,)(r,7,). From which one can deduce:

1

= Qi R ———
1+7,0,0,

[—

(8) %

f . witha=

Equation (8) shows that inflation persistence is low for high values of
7., 0, vy ¢ . Furthermore, the particular shape of the Phillips curve (5)
suggests that variable 7, , is important in explaining persistence (see be-
low). Intuitively, in order for inflation persistence to be low the authori-
ties must raise interest rates in the event of an inflation shock (Taylor prin-
ciple,z_ >1),” this increase in interest rates reduces the output gap in (6),
which depends on o, in the IS curve, and this fall in x then reduces infla-
tion in the Phillips curve through parameter ¢, .

The previous model allows identification of some of the main charac-
teristics which lead to inflation persistence. Fuhrer (1995) sets forth a
slightly more complex model which requires numerical solutions, alt-
hough some of its results are similar to those of the simplified model. The
exercise also shows the evolution of the output gap and the sacrifice ratio
for different scenarios.'” The sacrifice ration (SR) is defined as the cost so-
ciety must pay in terms of GDP loss —unemployment in order to reduce in-
flation by one point.

9 Besides, Section 2.5 argues that a low value of 7, (i.e. a high value of z’x) leads to
higher persistence through expectations when these are not rational. An active central
bank, overly concerned about the output gap can delay agents’ process of learning and in-
crease inflation persistence. Beeche and Osterholm (2009) suggest some of the reasons
that could lead the authorities to high 7. The relative weight of new members with this vi-
sion on the Central Bank’s Board, political pressure or empirical evidence on the high
costs of reducing inflation.

' See also the calibration exercises presented by Beechey and Osterholm (2009).
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The author compares the level of persistence produced by the Phillips
curves (1) and (2). The Taylor rule with and without interest rate smooth-
ing and the Taylor rule when parameter 7 is increased (parameter 7_ is
reduced). In addition, the numerical exercises assume that 7, =1.5 vy
7, =0.5, a standard assumption in Taylor rule empirical evaluations. It al-
so gives equal weight to 7, and E,r,, in the hybrid Phillips curve. Its
shows that the Phillips curve plays an important role and that it is impos-
sible to explain the persistence of equations’ system without including
7, , in said curve.

The author also shows that the New Keynesian Phillips curve (1) leads
to immediate disinflation, without persistence, and to disinflation with a
little persistence when there is simultaneous smoothing of nominal inter-
est rates in Taylor rule. This therefore suggests that monetary policy per-
sistence (rate smoothing) is not sufficient to explain high values of infla-
tion persistence.

Little inflation persistence is observed for the New Keynesian Phillips
curve with rational expectations (1) because expectations are totally flexi-
ble and 7, can be modified immediately in response to changes in output
gap. Such flexibility is also observed in stock type models, useful for ex-
plaining the behavior of the US dollar or shares on the stock Exchange, in
which future expectations play an important role. On the other hand,
when the output gap changes and the Phillips curve is hybrid, 7, cannot
fluctuate freely because it partly depends on 7, ,, a variable which has al-
ready happened.

Price and wage rigidities increase the impact of monetary policy on
production, but do not explain inflation persistence or the persistent ef-
fects of monetary policy on production. Mankiw (2001) makes an analogy
with the relation between the behavior of capital stock and capital invest-
ment in growth models. In Calvo’s (1983) model, higher 6, correspond-
ing to greater price rigidity only produces lower ¢, ."" Thus, in a less steep
Phillips curve: when there are few opportunities for changing prices,
firms cease to be interested in current demand and focus their attention
more on future inflation as a determinant of current inflation.

! Fulfilling that ¢, :%@170’3). Higher 6, corresponding to greater rigidity, pro-

duces a lower value ¢,. Sbordone (2007) shows that the coefficient ¢, declines even fur-
ther when there are strategic complementarities among firms. Cogley and Sbordone (2005) al-
so consider the case where capital cannot be reassigned instantaneously among firms.
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Second, disinflation overshooting is produced when the Phillips curve
isas in (1) and, even further, when there is smoothing of interest rates in
Taylor rule. If the Central Bank raises interest rates in order to reduce in-
flation a negative gap is produced in (1) with 7, < E,7z,,, (not exactly a dis-
inflation). The only way to avoid this is if inflation jumps downwards im-
mediately and then reaches its long term level (0%) from below. Disinfla-
tion produces bonanzas in some subperiods. In such case there is a nega-
tive correlation between inflation and output gap, a paradoxical result,
because disinflation produces bonanzas in some subperiods.'

The costs of disinflation are null or very low for Phillips curve (1), with
a sacrifice ratio (SR) equal to zero if there is no interest rate smoothing,13
and 0.7 when smoothing exists. On the other hand, the Aybrid Phillips
curve gives sacrifice ratios of 2.0 and 4.1 (with and without rate smoothing,
respectively), closer to those observed in reality. Ball (1993) for instance
finds a sacrifice ratio of 2.98 in Germany and 2.39 in the United States."*

A large amount of recent discussion on the topic analyzes the im-
portance of the different components on the right hand side of equation
(2). What is the role of output gap x, (inherited or intrinsic persistence), or
that of inflation expectations ( E,z,,, ), of 7, , (intrinsic persistence), and
supply shocks (persistence in the error)? The main conclusion is that the
hybrid Phillips curve plays the determining role.

Finally, Fuhrer (2009) puts forward a general dynamic and stochastic
equilibrium model with which it is possible to obtain more accurate con-
clusions, many of them coinciding with those given by the previous exer-
cises. Among these are:

" The phenomenon of disinflationary overshooting is produced by the assumption of ra-
tional expectations and does not occur when expectations exhibit persistence. One way to
understand the negative relation between inflation and output gap is as follows: lagging
equation (1) with the assumption that f=1 and adding 7, on both sides would give that
7, =m,_—kx_—E_m +7,. This implies that: 7—7,_, =—kx,_, +¢&,, where & =m—E_ x, Thus,
the negative output gap will lead to growing inflation. Ball (1992) and Mankiw (2001) ex-
plain it simply. If announced disinflation is credible, firms who can adjust their prices will
reduce the size of increases, even before money supply dynamics are reduced. Real bal-
ances (M /P) and output will grow.

' Calvo’s model assumes rational expectations and includes a Phillips curve as in (1).
It shows that the authorities can keep inflation under control, without costs, sustaining
OU[pH[ close to its potential.

Although it is much lower in France (0.75) or the UK (0.79). See also Cecchetti and
Ric (2001). Gémez (2002) finds an average sacrifice ratio of 1.34 for Colombia during the
1990s.
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— As mentioned above, inflationary inertia is shown to have a close rela-
tion with the presence of variable 7, ,in the Phillips curve (intrinsic
persistence). Inflation falls immediately and inflationary inertia is
minimal when ¢_, =1-=0in (2).

— Inherited persistence, stemming from X, in the Phillips curve is unlike-
ly to play an important role. The pattern of inflation is relatively simi-
lar when ¢_ varies from 0.10 to 0.25.1% Furthermore, the volatility of
supply shocks u,decreases the persistence generated by «x,.'° Finally,
the persistence of X, has not decreased over time, making it difficult to
explain the reductions in inflation persistence (under discussion)
from the behavior of x, (Fuhrer, 2009, p. 39).

— The pattern of inflation is relatively similar when the variance of u,
changes (the supply shock in the Phillips curve) from 0.5 to 0.1, or
when parameter o, , changes in the IS curve from 0.5 to zero.

— The characteristics of monetary policy difficulty explain observed in-
flation persistence (see Section 3.2). Not even a value of 7_ equal to
five in the Taylor rule manages to reduce inflation persistence slightly.

2.2 Including 7, ; in the Phillips curve

It is difficult to explain inflation’s high statistical persistence (an ongoing
debate) or obtain a successful empirical adjustment in the Phillips curve if
7, , is not included. Thus, for the #ripod model (Gordon, 1997), in which
the oil price is added to the equation (2), including 7, , raises the coeffi-
cient R* from 0.24 to 0.74 during the period 1966Q1-1984Q4, from 0.79
in the period 1985Q1-2008Q4, from 0.39 to 0.77 in 1996Q1 to 198404,
and from 0.16 to 0.72 in 1985Q1 to 2008Q4 (Fuhrer, 2009). In the same
direction, Rudd and Whelan (2005) find that only a small percentage of

' Besides, some authors such as Williams (2006) and Mishkin (2007) state that ¢, has
declined over time. Meanwhile, Dupuis (2004) and Linde (2005) find relatively stable pa-
rameters in the Phillips curve.

' Even with high persistence of x, (i.e. between 0.9 and 0.95) and a high ¢, parame-
ter (i.e. close to 0.01), inflation persistence is below 0.3 when the variance of supply shocks
is high. Persistence values in real activity are in any case very high. The first-order autocor-
relation coefficient varies between 0.80 and 0.92 for different subperiods, while that of the
output gap varies between 0.80 and 0.92. The sum of autoregressive coefficients fluctuates
between 0.78 and 0.96 (different periods) for the real marginal cost, and between 0.77 and
0.97 for the output gap.
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the good adjustment of the Aybrid Phillips curve comes from future infla-
tion expectations or the output gap. Meanwhile, Estrella and Fuhrer
(2002) conclude that that models including 7z, ; tend to be more stable
over time than those only using inflation expectations. 7

Based on models which allow some iérrationality, Smets (2004) and Gali
and Gertler (2000) find a weight of 0.52 and 0.25 for 7, ,, respectively,
while Paloviita (2004) finds that =, ; significantly contributes to explain-
ing 7, when the Organisation for Economic Co-operation and Develop-
ment (OECD) inflation expectations are used as a proxy for expectations.

It is not necessary to assume adaptive expectations in order to explain
the importance of 7, , in the Phillips curve. For some authors the im-
portance of 7, , is spurious because it detaches from Calvo’s model with
rational expectations but with inflation targets different from zero or with
non-random hazard functions, while for others it obeys the central bank’s
learning processes and lack of credibility. Empirical works show that the
importance of 7, , in the Phillips curve is low when inflation expectations
are anchored (Altissimo, Ehrmann and Smets, 2006). For the same reason
the impact of shocks other than Mishkin’s (2007) output gap would seem
to be lower nowadays.

2.3 Modifications to Calvo’s Model (with Rational Expectations)

2.3.1 Inflation Target Different to Zero

For some authors it is not necessary to sacrifice the hypothesis of ra-
tional expectations or the policy implications caused by a microfounded
Phillips curve (1). It is enough to eliminate the assumption that the infla-
tion target is equal to zero in order to produce the alternative Phillips
curve shown in (9).'

>

0
A N At =~ A ad i—1 A
(9) T, :¢;r,l,/ (7[/—1 _g/” )+¢x,l ' +¢n+l,/E/7[/+1 +b;z+/E/ 2 ,¢/l 7[+j Ty, .
j=2

* . . . . . ~ T, .
where 7 is the inflation target (or trend inflation), 7, =— is the rela-
T

tion between inflation and the target, equal to one in its steady-state, and

'7See also Rudebusch (2002).
"% See Cogley and Sbordone (2006) and Cecchetti et al. (2007).
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T . . P
g =—— corresponds to the target growth rate; finally 7, =In (—’J The
7T '

New Keynesian equation (1) coincides with (9) when 7z, =0 or when
¢, ,=1 (complete indexation). The assumption of an inflation target
equal to zero is even less appropriate for a country like Colombia than for
the US or Europe. As figure 1 shows, inflation targets in Colombia have
been high and have decreased only gradually.

Equation (9) has three radically different characteristics from equa-
tion (1). First, the coefficients are now variable over time, even for pa-
rameters that are mainly constant in Calvo’s model. Second, parameter
#,. is low (the sacrifice ratio) when the inflation target is high. In other
words, a high inflation target makes reducing inflation more costly and
could cause the authorities not to do so. Finally, the expected value for fu-
ture inflation in (9) could be correlated with 7, ,, meaning the successful
inclusion of the latter variable in empirical calculations could be errone-
ous (it obeys omitted variables). In fact, Altissimo, Ehrmann and Smets
(2006) and Cogley and Sbordone (2006) show that intrinsic persistence
(due to 7z, ) is reduced when long-term values for inflation are included.
Given all the aforementioned, the microfounded Phillips curve (1) could
be a good approach for designing optimum monetary policy.

2.3.2 Functions of Hazard Variables

Calvo’s model assumes that changes in prices are random, but Goood-
friend and King (1999) and Wolman (1999) work with a more realistic as-
sumption according to which the probability of changes in prices is high-
er when they have remained unchanged for a long period of time. Wood-
ford (2007) shows that this case leads to the following equation for the
Phillips curve:

(10) T, =Y ZIBE[”HI _7ﬂz]+¢xE1 |:(1_L71 )_l Xt:| .

Where 0 <y <1 in the case of a growing hazard function (7 =0 in Calvo’s
model). Again, the relevance of variable 7, , is spurious, and optimum
monetary policy coincides with that derived from the microfounded Phil-
lips curve (1)."*

1 Notwithstanding, Rudd and Whelan (2006) state that the expected sign for =, , is
negative in this model, the opposite of that obtained in empirical calculations.
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2.4 Learning Processes

The assumption of adaptive expectations would adequately explain
the existence of 7, , in the Phillips curve in the way originally set forth in
the inflation models suggested by Friedman (1968) and Phelps (1967),
although it seems insufficient in light of Lucas’s so-called criticism
(Mankiw, 2001). In any case, several recent empirical studies have been
forced to abandon the assumption of perfect rationalism.

Christiano, Fichenbaum, and Evans (2005), for instance, assume that
firms which do not re-optimize in Calvo’s (1983) model, index their prices
to the preceding period’s inflation. Formally, firms which do not re-
optimize remain constant p,(i)—yp,_, , where y corresponds to the indexa-
tion level of such prices, where p, (i) is the logarithm of the good’s price i,
and p,_, is the logarithm of the aggregate level of prices in ¢—1.This there-
fore leads to the following hybrid Phillips curve
7, —yr, =¢x,+ BE,[x,., —yr,] (Woodford, 2007, pp. 204). The authors’
assumption appears inconvenient in light of empirical evidence because
agents are not changing prices all time.”

Meanwhile, Gali and Gertler (2000) justify including 7z, ,in the Phil-
lips curve by assuming that firms which randomly decide to re-optimize
their prices in Calvo’s (1983) model follow a rule of thumb, with prices
representing average weighted optimum prices fixed in the preceding pe-
riod plus an adjustment for past inflation.

Small deviations from the rational expectations assumption can dras-
tically change the model’s results. Angeloni et al. (2005) show two exam-
ples: imperfect information on the shock’s characteristics (e.g., temporary
versus permanent) can produce persistence and a gradual response from
agents; something similar happens when there are agents’ learning pro-
cesses and the authorities hamper them by preferring a high value of 7,
(or a low value of7_) in the Taylor rule.?’ Collard and Dellas (2004),
Erceg and Levin (2001), and Milani (2005) include learning dynamics
with transitory differences in the rational expectations model. Again, as in
previous cases, the importance of coefficient 7, | in empirical estimations
of the Phillips curve is spurious and results from the correlation between
lagged inflation and irrational- subjective forecasts for inflation.

% See Woodford (2007) and Sbordone (2007). Regarding price fixing schemes see
Blinder (1991) for the Us and Julio, Zarate, and Herndndez (2010) and Zarate (2010) for
Colombia.

# See also Orphanides and Wiliams (2005).
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2.5 Central Bank Credibility

Svensson (1999) mentions the uncertainty of the model (e.g., uncer-
tainty concerning the natural interest rate or the process of interest rate
smoothing by the central bank) as an additional factor which creates per-
sistence, although recent literature on the subject has focused its efforts
on the uncertainty related to current and future central bank policies.

The previous models assume that agents who take pricing decisions
know the central bank is determined to decrease demand in order to re-
duce the rate of inflation and will remain committed to this. If agents ex-
pect real short-term interest rates to be high today and in the future, the
long-term interest rate will be high and this will lead to a reduction in ag-
gregate demand and inflation.

Thus, Fuhrer (1995) considers the inertia stemming from the imper-
fect credibility of the central bank as a third persistence factor, besides the
inertia resulting from price and wage pacts or a slow adjustment in expec-
tations. Agents basically do not believe the central bank will implement
the monetary policy required to reduce inflation. Erceg and Levin (2001),
for instance, show that agents’ learning of central bank inflation targets
can explain the gradual disinflation observed in the Volcker era. Mishkin
(2007) associates the trend inflation observed before Volcker with unan-
chored long-term inflation expectations.

If persistence originates in the price and wage fixing process, the cen-
tral bank will have to accept the costs of disinflation if it fosters it. On the
other hand, if persistence originates in central bank credibility, it must
decide how and when to increase its credibility. Central bank communica-
tion could be a main determining factor in said expectations and the way
agents learn (Woodford, 2005).

3. STATISTICAL PERSISTENCE. METHODOLOGY AND INTERNATIONAL
EMPIRICAL EVIDENCE

Literature on persistence measurement is usually divided into two large
groups. The first group researches the level of integration of the series,
while the second considers the evolution of different persistence meas-
urements in autoregressive models for I(0) series. Section 3.1 suggests that
the sum of autoregressive coefficients and the impulse-response functions
represent the best measurements in /(0) series. Section 3.2 shows interna-
tional empirical evidence for different indicators. Inflation persistence
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falls when the monetary regime (i.e. the gold standard or inflation target-
ing scheme) manages to anchor inflation expectations, although it is still
being debated whether persistence levels in all developed nations are low-
er today than in the past.

3.1 Measurement Methodologies

For inflationary process 7, =ar, , +¢,, in which ¢, represents a shock
during period ¢, fulfills that 7, = ¢, +ag, , +a’¢,_, +a%, ; +.... A high a coef-
ficient equals more persistence because it reflects a higher relative impact
of past shocks onz,. Furthermore, when the series has unit root (a = 1)
inflation variance is unlimited and persistence is infinite because all past

shocks affect current inflation (7, = Ze,f,).
i=0

One the first steps in determining statistical persistence consists of estab-
lishing the level of integration of the inflation series, an area where the re-
sults of international literature have not been conclusive. A large amount
of such literature finds that long term series are (1), even though the unit
root is rejected more frequently when short and recent periods are stud-
ied. An I(1) series which then becomes [(0) indicates that the inflationary
process has become less persistent because the shock now disappears at
some moment in time.

For some authors, the unit root observed in long term series (under
discussion) is not due so much to inflation persistence as to the persis-
tence of the targets implied or fixed by the central bank. Stock and Wat-
son (2006), for instance, propose breaking down observed inflation into
its permanent and transitory components, each one of these with its own
variance changing over time. Meanwhile, the permanent component is as-
sociated with implicit or explicit inflation targets.”

For others, the series are neither I(1) nor /(0), but present intermedi-
ate levels of fractional integration.” This also explains the divergent re-
sults observed in practice when only two extreme possibilities are consid-

** The model is relatively similar to an integrated moving average process. See also
Cecchetti et al. (2007).

* A stochastic process characterized by the presence of a fractional difference opera-
tor. Fractional integration, more commonly known as long memory, can make a series
seem stationary although it has high autocorrelations which are too large to be identified
by a parsimonious ARMA model. See Baillie, Chung and Tieslau (1996), Baum, Barkuolas,
and Caglayan (2010) and Kumar and Okimoto (2007).
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ered. It might also explain why inflation series in the US is /(1) when using
an AR(12) model, and /(0) when using AR(3) and AR(6) models (Kumar
and Okimoto, 2007).** Nevertheless, it is not easy to differentiate long
memory processes with fractional integration from those in which the av-
erage changes (Altissimo, Ehrmann and Smets, 2006).25

Only when the series is not /(1) does it make sense to ask questions
about the levels and variations in indicators such as the autocorrelation
coefficient, the largest autoregressive root, average life, the sum of auto-
regressive coefficients or the impulse-response function. Literature tends
to favor the sum of autoregressive coefficients and the impulse-response
function as persistence indicators, both of which are used in the empirical
evaluation of Colombia’s case shown in section 4.

Although the trend is to favor the sum of coefficients, it does not seem
advantageous to ignore information provided by other roots or lags. All
else being equal, an AR(2) process with 0.9 and 0.8 roots is more persis-
tent than an AR(2) process with 0.9 and 0.1 roots.”® The impulse-response
function is also popular because it can discriminate between a process
with a unit root subject to permanent variations and one subject to transi-
tory variations (something that does not occur, for instance, with the max-
imum autoregressive root).” The two best indicators are related: the sum
of autoregressive coefficients is the indicator recommended by Andrews
and Chen (1994), partly because it is similar to the long term impulse-
response function in the event of a unit shock. Average life has been wide-
ly used for evaluating purchasing power parity (PPP), but presents innu-
merable problems as a persistence indicator due, among other reasons, to
the fact that there is no broad body of study on the statistical characteris-
tics of its distribution.

* Rose (1988) is one of the few studies which find that the integration series is 1(0)
during the post war period (to be more specific the author actually studies the 1947-1986
period).

* Besides, Hassler and Wolters (2010) argue that in the presence of fractional integra-
tion the augmented Dickey Fuller test (1979) fails for rejecting the hypothesis that the se-
ries is I(1). Furthermore, if fractional integration exists it is possible that unit root tests
and AR based persistence measurements lead to diverging conclusions (Kumar and
Okimoto, 2007).

* See Andrews and Chen (1994). The sum of autoregressive coefficients is not without
problems either. The sum is higher when inflation rises rapidly to high levels and abruptly
returns to zero than when inflation initially increases slightly and returns slowly to zero.
The latter process should appear more persistent (Pivetta and Reiss, 2007, pp. 3).

*” See Kang, Kim and Morley (2009).
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Stock and Watson (2006) propose a different measure of inflation per-
sistence® based on coefficient R* of forecasts for different terms from the
model employed. For example, for 1960-2006 they find that coefficient R?
in their transitory and permanent component model shifted from 90% in
the 1970s and 1980s to around 50% from the 1980s until the end of the
sample, suggesting lower persistence. For four quarters onwards coeffi-
cient R® increased from 50%-75% in the former period to 15% in the lat-
ter, and for eight quarters onwards from 20%-35% to 10 percent.

3.2 International Empirical Evidence

Literature on persistence measurement can be divided into two main
groups. The first researches the levels of integration in the series, while
the second studies the evolution of different persistence measures from
valid autoregressive models for I(0) series. The following paragraphs dis-
cuss the case of the US with occasional references to other developed
countries and Latin America. Review of international empirical evidence
suggests a large degree of uncertainty regarding the level of persistence in
the series. There is uncertainty concerning the precise value of estimators,
the sensitivity of adopted periods and methodological approaches, and
uncertainty over the advantages of different measures of persistence (Al-
tissimo, Ehrmann and Smets, 2006). Different levels of persistence are
frequently obtained for different price indexes during the same period
and the statistical properties of the series mean persistence grows with the
level of aggregation.”

3.2.1 Level of Inflation Integration

Original post war inflation series (i.e., without considering structural
breaks) seem to have a unit root. Fuhrer (2009), for instance, shows that
the augmented Dickey Fuller test (ADF) does not allow rejection of the
unit root hypothesis in 1966-2008 for any of the three price indexes
used.®” Meanwhile, based on the confidence interval for the largest unit

* The non-parametric persistence indicator proposed by Robalo Marques (2004) is not
considered here. This indicator is not affected by the model’s misspecification problems.

» Idiosyncratic shocks to a series’ subcomponents tend to cancel each other out; be-
sides, the persistence of aggregate series gives greater weight to the most persistent sub-
comg)uonem. See Altissimo, Ehrmann and Smerts (2006) and Angeloni et al. (2005).

" Results are not so clear when using the Phillips-Perron test (1988).
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root, Stock and Watson (2006) do not reject the unit root hypothesis for
the 1960-1983 or 1984-2004 periods. Using a similar methodology (includ-
ing Bayesian priors) Pivetta and Reis (2007) do it neither, for whom infla-
tion in the US can be associated to a constant unit root process. Levin and
Piger (2004), Table 1, find that three out of the four price series studied
for the US are I(1) between 1984 and 2003.*' The unit root hypothesis is
not rejected either by the relatively recent Works of Bai and Ng (2004)
and Henry and Shields (2004), as well as a broad sub-group of papers out-
lined in Murray, Nikolsko-Rzhevskyy and Papell (2008), Table 1.

Similarly, for the 1980m01-2006m06 period, Capistran and Ramos-
Francia (2007) find that the inflation series is /(1) in seven of the ten ma-
jor Latin American countries, only rejecting by 5% the unit root hypothe-
sis for Chile, Peru and Venezuela.

As mentioned above, for some authors the series are not I{1) or I(0),
but instead possess intermediate levels of fractional integration. Baillie,
Chung and Tieslau (1996), for instance, simultaneously apply the tests
suggested by Phillips and Perron (1988) and by Kwiatkowski et al. (1992)
in the 1948-1990 period in the US They find that it is possible to reject
both the hypothesis that the series is /(1) as well as that it is /(0) for eight
out of the 10 countries studied (excluding Germany and Japan).

Kumar and Okimoto (2007) and Baum, Barkuolas and Caglayan
(2010) also find it appropriate to consider methodologies that allow frac-
tional integration levels to be considered. Meanwhile, Kumar and Okimo-
to (2007) discover a permanent reduction in the level of integration (de-
gree of persistence) in the US since the mid-1980s as well as in other G7
countries except Italy.

3.2.2 Level of Integration of the Series Including Structural Changes

After including structural changes in the series for 1984-2003, Levin
and Piger (2004) reject the unit root hypothesis in all four of the inflation
indexes studied, with an inflation shock which in most cases disappears
within a few quarters. This result is in contrast to the unit root found for
three of these when structural changes are not considered (see above).
The authors note that structural changes occur in the inflation mean and
not in the autoregressive coefficients.

*! Altissimo, Ehrmann and Smets (2006) combine the evidence presented by Levin
and Piger (2004) with other works and arrive at similar conclusions.
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Using information for 1948-1999, Kim (2000) presents evidence that
the inflation series in the US shifted from being 1(0) before 1973 to I(1) in
later years. Using information for the 1959-2000 period, Leyburne et al.
(2003) show evidence that inflation moved from having a unit root before
1982 to being stationary in the following years.

Persistence also falls significantly in Latin America when structural
breaks are included in the analysis, and the series now becomes I(0) in
nine out of the ten countries studied by Capistran and Ramos-Francia
(2007). Paradoxically, it is not possible to reject the unit root hypothesis
for Colombia, not even when structural breaks are considered. The au-
thors attribute this result to the significant seasonal variations in monthly
data, but they do not reject the unit root hypothesis either when this fac-
tor is explicitly included.

3.2.3 Sum of Autoregressive Coefficients

Just as occurred with the level of integration, persistence measure-
ments for series I(0) decrease slightly when structural changes are consid-
ered. Altissimo, Ehrmann and Smets (2006), Table 3.1, for instance, com-
pare the sum of autoregressive coefficients for studies with long time se-
ries, whose average is close to 0.9, with those of other studies which con-
sider short time periods or changes in the mean, whose average is close
to 0.6.

On the other hand, persistence seems to be low when there is a well-
established monetary anchor. Thus, Benati (2008) finds that inflation per-
sistence has been low under the gold standard, with the adoption of the
euro by some countries in the European Community and the adoption of
inflation targeting regimes in the UK, Canada and Australia.

However, there is great controversy over the existence (or not) of
lower inflation persistence during recent decades, presumably as a con-
sequence of changes in monetary policy. On the one hand, Brainard and
Perry (2000), Taylor (2000) and Kim, Nelson and Piger (2001) find that
inflation persistence in the Volcker-Greenspan era has been substantially
lower than during previous decades. Similar results are obtained by Ev-
ans and Wachtel (1993) and Kang, Kim ad Morley (2009) based Markov-
switching estimates. Fuhrer (2009) and Mishkin (2007) also find signifi-
cant decreases in the sum of autoregressive coefficients during recent
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periods.?’2 Ravenna (2000) documents a strong fall in persistence for the
post-1990 period in Canada.

Nonetheless, a large body of other work reaches opposite conclusions.
Benatti (2008), Tables 7 and 8, present perhaps the most exhaustive re-
search on the behavior of inflation persistence in the US since the colonial
period. The author does not find any significant change in the sum of au-
toregressive coefficients between the period named high inflation and the
post-Volcker period of stabilization.” For 12 industrialized countries in
the 1984-2003 period (and four price indexes) Levin and Piger (2004)
find important changes in the average, but not in the sum of autoregres-
sive coefficients. O’Reilly and Whelan (2004) do not discover significant
changes for the euro zone as a whole, concluding that the sum of auto-
regressive coefficients is around one,™ while Batini (2002) does not find
significant changes in persistence when different European countries are
studied. As mentioned above, the major autoregressive root estimates
made by Pivetta and Reiss (2007) and Stock and Watson (2006) do not
identify any significant changes either.

For the ten main Latin American countries, Capistran and Ramos
Francia (2007) find that the sum of autoregressive coefficients are high
between January 1980 and June 2006 in Uruguay and Venezuela, at medi-
um levels in Argentina, Brazil, Colombia, and Ecuador and low in Chile,
Mexico and Peru (with mixed results in Bolivia). Nevertheless, once again
some of the results change when mean changes are taken into account, in
this case persistence levels are relatively low (as compared to historic lev-
els) in at least five out of the ten countries analyzed (Argentina, Brazil,
Ecuador, Mexico and Peru); no significant declines are found in Chile,
Colombia and Venezuela; with increases in Uruguay and mixed results in

5 According to Fuhrer (2009), for the consumer price index the indicator shifted
from 0.89 in 1966-2008 to values close to zero in 1995-2008 (the decline is lower for the
GNP deflator and even less for indicators on core inflation). Evidence for significant
changes in persistence for other indicators is also found. The average autocorrelation co-
efficient rose from 0.5 in the 1970s to 0.8 in 1975-1995, and values close to zero during re-
cent years. Autocorrelograms show important reductions, with values oscillating between
0.75 and 0.5 for the first three lags in the 1966-1984 period, and values around 0.3 in 1995-
2008 (decreases in persistence are not so clear when core inflation is considered).

% No important changes are found in persistence for the GNP deflator, the GNP defla-
tor or the so-called PCE; the only significant change is that observed in the consumer price
index.

% The authors do not find significant changes in the sum or the mean of coefficients
once they correct the parameter stability test proposed by Andrews (1993).
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Bolivia. Idiosyncratic factors dominate, particularly in Bolivia and Mexi-
co, and slightly in Chile, Peru and Uruguay.”

According to the authors, Colombia has one of the highest autocorre-
lation coefficients for inflation in levels, both for the period as a whole
(0.91), 1980-1989 (0.90), 1990-1999 (0.92) and 2000-2006 (0.85). The re-
sults are relatively more favorable (less persistence) when the sum of auto-
regressive coefficients is studied, giving values of 0.79 (whole period),
0.59 (1980-1989), 0.62 (1990-1999) and 0.67 (2000-2006) when breaks are
not considered, and 0.58 (whole sample), 0.58 (1980-1989), 0.58 (1990-
1999) and 0.68 (2000-2006) after including breaks.

3.2.4 Markov-switching

The Markov-switching methodology or regime switching model rec-
ognizes that the temporary series is state-dependent, i.e. its average, vari-
ance and historic relation depends on the economy’s regime or state, said
state being generated by a first order Markov process. The advantage of
this methodology for studying inflation persistence as compared to other
traditional models is that it allows endogenous recognition of regime
changes in the behavior of the autoregressive process over time. In this
case, persistence is defined as state-dependent and is measured using the
sum of the autoregressive coefficients associated to each state.

Furthermore, applying the Markov-switching model to inflation allows
analysis of persistence or the expected duration of inflation in each re-
gime, as well as the frequency of change of private agents’ rational expec-
tations, assuming that these form their expectations following simple
rules. If inflation is highly persistent, the rule employed by private agents
for forming their inflation expectations would therefore not change fre-
quently. The assumption of relatively sudden changes is particularly rele-
vant given that inflation persistence is possibly linked to monetary regime
changes and the central bank’s reputation.’® Murray, Nikolsko-Rzhevskyy
and Papell (2008) employ Markov-switching methodology and find that

“ In any case common factors explain between 15% and 30% (depending on the meth-
odology) of persistence variations in the different countries. The authors suggest that dur-
ing the 1980s fiscal dominance was relatively common in all the region’s countries. The fa-
vorable behavior of inflation in the last decade possibly obeyed the impact of globalization
and appropriate policies (Rogoff, 2003).

% See Cogley and Sbordone (2005), Benati (2008) and Kang, Kim and Morley (2009).
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inflation has a unit root in most years_between 1967 and 1981, while it is
stationary before 1967 and after 1981.%

3.2.5 Inflation Targets

Robalo Marques (2004) emphasizes that any persistence indicator is
conditional to the assumption made on medium and long term inflation,
which can also vary over time. In the same way, a large body of recent lit-
erature tends to assign an important role to the high persistence of the in-
flation target as a determinant of persistence in observed inflation (Altis-
simo, Ehrmann and Smets, 2006).

As mentioned above, Stock and Watson (2006) consider that observed
inflation results from the sum of a permanent component, modeled as a
random walk, with unit root and associated with the inflation target im-
plicit in the US as well as a transitory component. The authors find that the
reduction in inflation variance observed during recent years is due to the
reduction of the variance of this permanent component. In the same way,
Cogley, Primiceri and Sarget (2009) find a significant reduction in the
persistence of -z, being the inflation target, and Kang, Kim and
Morley (2009) find that 7—7z is stationary during the whole 1959Q1-
2006Q2 period.

4. STATISTICAL PERSISTENCE IN COLOMBIA

As mentioned above, measuring statistical persistence is the first step in
an analysis of inflation dynamics and should serve as the basis for later
study on the behavior and dynamics of the structural variables which de-
termine it. Questions on the IS, the Taylor rule and the Phillips curve
(mainly) will be addressed by the authors in the future.

In this context, an analysis of the series’ order of integration is of cen-
tral importance. If inflation is integrated by first-order I(1), it is said to be
extremely persistent, because all shocks to it are permanent and there is
no return to its previous behavior. If inflation is stationary, 1(0), all shocks
dissipate and it is possible to determine the time necessary for it to revert
to its mean. In such case it is advantageous to use the two best persistence
indicators, the sum of autoregressive coefficients and the impulse-
response function. Finally, as mentioned previously, it is not only im-

%7 Evans and Wachtel (1993) also.
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portant to consider the dynamics of inflation but also those of differential
r-7,.

Sections 4.1 and 4.2 evaluate the order of integration of overall infla-
tion in Colombia® during the periods: i) 1960m08-2010m06, ) 1980m01-
2010m06, and i) 1990m06-2010m06. Evidence of the stationary behavior
of the series in the latter period allows it to be examined to ascertain if it is
governed (or not) by a Markov-switching autoregressive process, i.e. if the
nature of inflation differs during said period. There are two regimes: the
previous regime, between 1990mO01 and 2000m01, and the current regime be-
tween 2000m02 and 2010m06. The behavior of the sum of autoregressive
coefficients and the impulse-response function in each of these periods is
researched. Section 4.3 studies the performance of the spread between in-
flation and its target (7z—7z, instead of z,), constructing a persistence
measurement which changes over time based on the combination of a
Kalman filter and a non-linear optimization procedure.

4.1 Series Order of Integration Test

The top of Figure 1 shows the evolution of annualized monthly infla-
tion, defined by 1,200*In(#, /P;-1) and month-on-month annual inflation
defined by 100*1n(P, /P, 12). As would be expected the former series ex-
hibits greater volatility because the latter smooth shocks that dissipate in
less than one year. The bottom of the figure again shows annual inflation
and the inflation target set by the central bank each year. According to the
bank’s law, it aims to meet in December the inflation target established in
November of the preceding year. Thus, the target set for 1991 was 22%
but was not met because inflation observed in December of that year was
23.8%. The Executive Board established punctual targets during the period
between 1991 and 2002, and farget ranges in later years. Furthermore, since
2001 it announced a long term target range of 3% plus or minus 1 per-
centage point.

With the aim of examining the degree of integration of the inflation
series, this paper employs unit root tests developed by Ng and Perron
(2001), Elliot, Rothenberg and Stock (1996), and Hobijin, Franses and

38 Employing annualized monthly inflation 1,200%1n(P; /P; - 1) where P, is the sea-
sonally adjusted CPI. Seasonal adjustment is made using the X11 procedure. This series
differs from that used in economic policy discussions in Colombia, defined as 100*1n
(P / P;-19), which smooths shocks lasting less than 12 moths and therefore shows greater
persistence (Payaa, Duarteb and Holdene, 2010).
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FIGURE 1. INFLATION, 1955-2010
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Ooms (2004), who modified conventional tests in order to improve per-
formance and power. Conventional tests such as that of Dickey-Fuller and
augmented Dickey-Fuller (Dickey and Fuller, 1979), present particularly
delicate problems when dealing with the case presented here.

Ng and Perron (2001) underline two main problems in conventional

test construction.” The first concerns low explicative power when the au-
toregressive polynomial is smaller but very close to one. A correction for
this problem is obtained with the ADF-GSL and Point Optimal tests proposed
by Elliot, Rothenberg and Stock (1996) —ERS—- who, using simulations based

% Taken from Betancourt, Misas and Bonilla (2008).
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on finite samples, found a greater power as compared to traditional tests.
The second problem occurs when the moving average polynomial of the
first difference or the residuals has a large negative root, which induces a
higher probability of rejecting the unit root hypothesis. In this regard, Ng
and Perron (2001) propose modifications to the Phillips and Perron
(1988) and ERS Point Optimal (1996) tests*” and develop modified
Akaike’s information criterion (MAIC) to determine the optimal number
of lags. Finally, there is the unit root test proposed by Kwiatkowski et al.
(1992), Kpss, whose null hypothesis sets out series stationary. The test has
been generalized for highly autoregressive processes by Hobijin, Franses
and Ooms (2004), introducing automatic lag selection from a broadband
in the Newey and West (1994) fashion.

Series testing is carried out for the periods: i) 1960m8-2010m6, i)
1980m1-2010m6, and i) 1990m1-2010m6. Table 1 shows results of the
tests for unit root existence of Elliott, Rothenberg and Stock (1996), ADF-
GSL and Point Optimal, Ng and Perron (2001) MZA, MZB, MSB and modi-
fied KPSS (1998), to a 10% level of significance. The maximum number of
lags used is 12 in the first two periods and five in the last, which guaran-
tees correlation absence of the residuals in each period. Lags were deter-
mined according to Akaike (AIC) and modified Akaike’s (MAIC) selection
criterion, after considering 18 lags in the first two sub periods and 12 lags
in the last. The intercept, and the intercept and trend in auxiliary regres-
sions are considered.

According to the results of Table 1 there is no conclusive evidence on
the order of integration for the inflation series during the reference peri-
od. This is also open to debate for the US series (see section 3.2). Based on
the results of the ADF test, which is high powered under the alternative
hypothesis, and the ERS-DFGLS and MZA, and Ng and Perrron’s MZB tests,
in this paper annualized inflation is considered stationary I(0) for the pe-
riod between January 1990 and June 2010. Furthermore, as mentioned
above, it is difficult to believe that an inflation targeting regime can move
away permanently from its long-term level.*!

" The Phillips and Perron (1988) tests transform DF statistics in order to make them
compatible with the presence of autocorrelation and heteroskedasticity in disturbance
terms, without altering test distribution.

! Section 3.2 mentioned that Stock and Watson (2006) and Cogley, Primiceri and
Sargent(2009), among others, consider a different strategy. According to these authors,
the inflation series can be I(1) (several statistical tests do not allow reject this hypothesis for
the US) thanks to the influence of long-term targets implicitly or explicitly adopted by the
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It should be remembered that, the fact that a series is /(0) implies that
all shocks dissipate over time. An (1) variable will be persistent, meaning
that shocks affecting it will be long lasting and prevent the series from re-
turning to a previously defined level. It has been observed recently that
macroeconomic variables —such as the rate of inflation- can have station-
ary or non-stationary characteristics within specific periods. Thus, some
series can shift from I(0) to I(1) behaviors or vice versa. An important
number of papers show that the current monetary regime has a significant
impact on the properties of inflation persistence. This seems to have been
the case for the inflation targeting scheme adopted by the monetary au-
thority in Colombia.

4.2 Regime Switching Model (Markov-switching)

Given the stationarity of the annualized inflation series in the 1990-
2010 period, this Section analyzes if the behavior of inflation during this
period is regime-dependent. In particular, taking into account the adop-
tion of an inflation targeting regime in Colombia in 1999 (Vargas, 2007),
the possible existence of two regimes or natural states for inflation is stud-
ied.* The current regime could be characterized by a credible inflation tar-
get with expectations anchored to the targets, something which did not
happen in the previous regime. The persistence index would therefore be
expected to be lower in the current regime. The exercise uses the sum of au-
toregressive coefficients as an indicator of persistence.

Krolzig (1997) and Hamilton (1994) are followed in order to estimate
the core inflation generation process in Colombia from 1990 to 2010
through a Markov regime switching model. It is found that the model
shows inflation in Colombia as a process governed by two regimes or nat-
ural states, which switch among themselves according to a first order
Markov process, i.e., the probability of being in a particular state or re-
gime only depends on the state during the preceding period. The meth-
odology explains inflation through an autoregressive scheme which allows
parameters to change with the states.

The Markov-switching method employed asserts that all parameters
depend on unobservable variable S,, called state variable. This variable

central bank. For this reason the authors suggest analyzing statistical properties of the
spma{{z between inflation and the long term target.

For details on the characteristics of monetary policy during the 1990s see Hernan-
dez and Tolosa (2001).
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characterizes the state or regime during period ¢, and takes values 1, 2,...,
K; K being the number of regimes included in the model. Each of the
states describes a determined inflationary behavior. For instance, if K= 2,
a state or regime will have a situation of low inflation and low volatility,
while the other describes a situation of high inflation and high volatility.
In this way the Markov-switching model employed allows each regime to
be characterized by a determined average, variance and level of persis-
tence.

The results of different statistical tests show that the specification best
describing the process of changing inflation regimes in Colombia is that
found in the MSIAH model.* This acronym is taken from Krolzig (1997)
and means that both intercept (/), as well as autoregressive parameters (A)
and the variance-covariance matrix (H) are regime dependent. Thus, it is
considered that inflation follows a state-dependent autoregressive process
in all the parameters included in equation (11).

(11) 7T, = My +¢1w /i +¢1«<,) 7T, +E,.

Where 7; is inflation and S, €{0,1} is an unobserved discrete variable rep-
resenting the state of the economy. The behavior of this variable defines
regime 1 or current when S, = 0 and regime 2 or previous when §, =1. The
end of shock ¢ follows a normal distribution with state-dependent vari-
ance:

(12) g ~N(0,07).
That is, variance depends on the natural state of the economy:
(1%) O'f, =6§(1—Sl)+0'12$,,
o, >0, o;>0.

Similar behavior is observed in the different autoregressive parame-
ters of model:

(14) Dis, :(p_/(»(l_Sz)"'(plex’ J=L..p

Equations (15) and (16) show regime switch or state transition proba-
bilities.

* Markov Switching Intercept Autoregressive Parameters Heteroscadasticity
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(15) P[Sl =O|St—l :szl) P[s, :1|5;—1 :1]=q
(16) P[s =15, =0]=1-p P[5 =0]s_ =1]=1-¢

Persistence will be determined by the sum of the autoregressive coef-
ficients in each regime:

P
(17) %) = Z%,)
i=1

Table 2 shows the results of MSIAH model estimates for total inflation
in Colombia during the 1990m01-2010m06 period when considering two
natural states. Regime 1, or current, corresponds to the period between
2000m02 and 2010m06 and is characterized by low and slightly volatile

TABLE 2. MSIAH ESTIMATE: INFLATION
Current Regime_1 (S, =0)

Coefficient Standard t statistics
Constant 11.035 2.063 5.34
Infla_1 0.332 0.083 4.02
Infla_2 0.061 0.075 0.82
Infla_3 -0.126 0.072 -1.76
Infla_4 -0.040 0.069 -0.58
Trend -0.038 0.008 —-4.75

Standard error: 1.936
Confidence interval for the variance: = [3.46, 5.10]
Sum of autoregressive coefficients: 0.2267

Previous Regime_2 (S, =1)

Coefficient Standard t statistics
Constant 16.75 3.339 5.02
Infla_1 0.425 0.100 4.25
Infla_2 -0.056 0.111 -0.51
Infla_3 0.234 0.113 2.10
Infla_4 -0.267 0.103 —2.59
Trend -0.059 0.012 —4.61
Standard error: 3.68
o-;zfpgimr& & I
pvalues

Difference of intercepts: 0.120
Difference of trend: 0.116
Difference of sum of coefficients: 0.552
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inflation, while regime 2, or previous, comprising the period between
1990m01 and 2000m01 is characterized by high and very volatile inflation.

In order to verify the existence of statistical changes in the model’s pa-
rameters for each regime, tests are made on the difference of: i) inter-
cepts, i) coefficients associated to the deterministic trend and é) level of
inflation persistence or sum of the model’s autoregressive coefficients. At
a level of 12% significance the tests indicate that each natural state pre-
sents statistically different trend intercepts and parameters. The results al-
so show the previous regime exhibits higher volatility and that the variance
associated to the previous regime does not belong to the variance interval es-
timated for the current regime.

However, no differences in persistence between the two states are
found. The sum of autoregressive coefficients decreases from 0.336 in the
previous regime (1990m01-2000m01) to 0.226 in the current regime
(2000m02 and 2010m06), but this difference is not statistically significant,
with a pvalue of 0.552 for the difference.

Finally, Table 3 shows the Markov transition matrix, illustrating that
the two regimes are absorbent: after having entered a particular regime
there is a very low probability of exiting it. In fact, the probability of re-
maining in the previous regime once already in it is 0.9824, and that of re-
maining in the current regimeis 0.9905.

TABLE 3. TRANSITION MATRIX

Currentregime 1 Previous-regime 2
Current-regime 1 0.9905 0.0095
Previous-regime 2 0.0176 0.9824

Nevertheless, the high probability of remaining in the current regime
is no guarantee of not returning to the past. Figure 2 represents the prob-
ability that inflation during a determined period of time ¢is governed by
the current regime. It can be seen that during the months from November
2007 to October 2008 inflation temporarily changed to the previous regime,
characterized by high inflation and volatility. During said period Colom-
bia’s economy was affected by an international shock in the prices of
foods and energy, which could have had serious consequences for infla-
tion. Luckily, the response of the authorities and a new fall in internation-
al prices mitigated its impact and returned the economy to the regime of
low inflation and volatility achieved since 2000.
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FIGURE 2. PROBABILITY OF REGIME ONE, OR CURRENT, 1990-2010
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The functions shown in Figures 3 and 4 suggest that a positive shock on
inflation dissipates in four months under the current regime and in five
months under the previous regime. In other words, as mentioned above,
when the sum of autoregressive coefficients is compared inflation persis-
tence seems to have declined very slightly in Colombia during the last two
decades. Furthermore, the non-asymmetrical behavior between states in
the event of positive and negative shocks is due to the fact that the system
in each regime is lineal and the transition matrix has an absorbent main
diagonal.

Although inflation persistence has fallen only slightly during the last
two decades (previous section), this could result from the fact that central
bank inflation targets were highly persistent in both periods (lower part of
Figure 1). For this reason, following, among others, Cogley, Primiceri and
Sargent (2009), this Section analyzes persistence of the variable 7z, -7, (in-
stead of 7,), where 7, is the inflation target established by the central
bank each year. The variable 7z, also corresponds to the long-term trend
when the central bank’s targets are totally credible. As mentioned above,
Stock and Watson (2006) propose an alternative strategy in which the
long-term stochastic trend is estimated (and a stationary component), as-
sociating this trend with what agents estimate to be the implicit and ex-
plicit target of the central bank (see footnote 41).

A model allowing changes in persistence to be observed over time is
employed as shown in equation (18).
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FIGURE 3. IMPULSE-RESPONSE ANALYSIS. TOTAL INFLATION. CURRENT REGIME
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i=1

where p, is the series persistence parameter changing over time and 7z,
is the inflation target from the preceding period. In this case annual infla-
tion 7, is defined as 100¥In(P,/P,-12), more comparable with the annual
inflation target set by the central bank than the annualized monthly infla-
tion employed in the previous exercises. However, the end of the Section
presents some comments allowing persistence values in both exercises to
be compared. Modeling through a first order autoregressive process in
this case introduces an MA(11) structure in the disturbance term.
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FIGURE 4. IMPULSE-RESPONSE ANALYSIS. ANNUALIZED TOTAL INFLATION. PREVIOUS REGIME
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In addition, equation (19) shows the law of evolution for parameter
P

(19) P, =P tuw,.

Equations (18) and (19) show a state-space representation formulated
from measurement and transition equations (20) and (21):

(20) T, =Ht'§t+At’
(21) é:z :Fé:t—1+vt'
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With Rand Qin (24) and (25) being the variance-covariance matrices of
the measurement and transition equation, and &, the initial state vector,
which must satisty E[v,, & ]1=0.

Equations (20) and (21) correspond to the measurement and transi-
tion equations of the state-space representation in matrix form, and equa-
tions (22) and (23) to the corresponding variance-covariance matrices.

P
ul
Uy
U
U3
(22) ”/:[”l—l -z, 1 6 6, 6, 6, 6, 6 6, 6, 6, 6, 6)11:| s +[”1:|
U
Uy
U_g
Uy
Uy_1o
L %
o] [0 0 o] [,]
U, 0 01 u,_, U,
u, 0 0 01 2,y 0
U,y 0 1 0 01 u,_, 0
Uy 0 0 1 0 01 u,, 0
u,_, 0 0 1 0 .. 0 u,_s 0
(23) u,_5 =0 01 0 O w4 |+]0
U, 0 0 1 0 01 u,, 0
u,_; 0 01 0 01 u,_q 0
U, g 0 0 1 0 .. 01 u,_, 0
u, 0 0 1 0 0 2,y 0
U 10 0 0 1 0 O} u_, 0
K= _0 0 1 0__u/712_ | 0 ]
(24) R=0
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o o .
0 o> 0 0
0 0 0
(25) Q= 0 0 0
0 0

0 0 0 0, .,

The estimation process is carried out through the work of both an op-
timization algorithm and a Kalman filter on the previously shown repre-
sentation, a procedure which enables estimation of unobserved variables
and parameters such as coefficient p, (persistence). Table 4 shows the re-
sults of state-space representation estimates for equations (22) and (23).

The results can be seen in Figure 5.4 Parameter p, increased in the
1992-1995 period, rising from levels below 0.72 to values above one by the
end of the period, and remaining stable at high levels between 1999 and
2007 (0.88 on average). After a sharp but short lasting fall during some
months of 2008, it increased in the second half of the year to its highest
level for the period as a whole. The increase observed at the end of the
exercise corresponds to the increase in inflation which took place during
the referred period as a consequence of the supply shock caused by in-
creases in international prices of foodstuffs.

The results are consistent with those in the preceding section, in that
the value of p, does not seem to have fallen significantly with the adop-
tion of an inflation targeting regime. On the other hand, they tended to
increase worryingly during all of 2009 and part of 2010. Although our ex-
ercise ends in March 2010, a preliminary study with new information
seems to suggest that persistence has again declined to past levels, partly
because the authorities responded to the external shocks by considerably
raising their reference interest rates and because the international shock
weakened during the remainder of the year. Inflation reached surprising-
ly low levels for the rest of 2010 and might end the year at below 2.7%.

Values of persistence p, obtained in this Section for 7, -7z, are not di-
rectly comparable with those in the preceding Section, partly because dif-
ferent inflation series are employed. This Section uses the series
100*In(P,/P12) which allows a direct comparison with the central bank’s

Mt is important to point out that the path of persistence is strong in initial parameter
values and the state vector.
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annual inflation targets, while the preceding Section employs the series
1,200%In(P,/P.1) (see footnote 38).

Nevertheless, as would be expected, and as Robalo Marques (2004)
suggests, the persistence obtained when medium-term inflation is dis-
counted (this Section) should be much lower than when it is not discounted
(preceding Section).*” This also occurs in our case if it is taken into ac-
count that series 1,200%In(P,/P.;) can be expressed as:

7, =00,/ Do) (s D)o Iy Do) = 70 7 e 7 For
this reason the original model can be written as:

month month

(26) ”["wum: (7[[/_ p”[—l )+ (pl_ 1)”]"—“1’"”[-"- (pl_ 1)7["”‘_’)'“h+ e + (pl_ 1)7[[—11 + (p l_ 1)7[[—12 + ul

/=

Equation (26) corresponds to an AR(12) with trend given by
z, —p,7, ,with  stationary component pz/'%", and persistence

(p, —l)ﬁ,'f”,."”‘. The sum of coefficients will therefore be 13p, —12, whose
minimum occurs when p=0.92, a value relatively close to those shown in

Figure 5.

TABLE 4. STATE-SPACE REPRESENTATION ESTIMATE

Optimization Process Results

Parameter Estimate Gradient function
6, 0.7367 0.00128
0, 0.6311 -0.00016
0, 0.7135 -0.00061
0, 0.5445 -0.00134
6, 0.4131 -0.00087
0, 0.5095 0.000009
0, 0.5214 -0.00017
[N 0.5621 0.00077
0, 0.7133 -0.00041
6, 0.6786 0.00034
6, 0.5465 0.00076
6 0.00020 0.00164
6 0.1548 -0.00064

Objective function value: —429.67

» Special thanks to Luis Eduardo Rojas for his suggestions regarding this exercise.
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FIGURE 5. PERSISTENCE EVOLUTION, 1992-2008
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5. POLICY IMPLICATIONS AND CONCLUSIONS

Reduced or statistical measurement of persistence is an essential step for
understanding the structural factors governing it. One of this paper’s first
findings is that the annual inflation series is stationary around a determin-
istic trend during the period from January 1990 to June 2010. This im-
plies that the shocks to inflation dissipated over time.

Second, employing a Markov-switching method for an autoregressive
process finds two natural states. Inflation was high and very volatile in the
1990m01-2000m01 period (previous state), while inflation was low and less
volatile during the 2000m01-2010m06 period (current state). This suggests
that the inflation targeting scheme adopted at the end of the 1990s had an
impact on some of the characteristics of inflation.

Nevertheless, there is no statistically significant reduction in persis-
tence. Although the sum of autoregressive coefficients declined from
0.336 during the previous regime to 0.226 in the current regime, such differ-
ence is not statistically significant. In the same way, impulse-response
functions for each period show that the positive shock disappears in five
months during the previous regime and in four months in the current regime,
while the negative shock disappears in one month in both regimes.

Third, there is little room for complacency among economic authori-
ties given the return of inflation persistence from 2007-2008 during the
previous regime characterized by high and volatile inflation. Fortunately, in-
ternational prices of foods declined rapidly and the authorities reacted
quickly and strongly.
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Fourth, and in line with previous results, no significant decline in per-
sistence is seen since 1999 when working with the spread between ob-
served inflation and the target.

A large amount of recent research on inflation persistence has been
focused on the relation between statistical persistence and structural persis-
tence, which suggests a long-term research program for Colombia. Infla-
tion persistence is closely related to parameters 7, in the Taylor rule, o,
in the IS and ¢, in the Phillips curve, but above all to the existence (or
not) of lagged inflation 7, , in the Phillips curve. This has perhaps been
the central debate in macroeconomics for the last 30 years and it contin-
ues to be so.
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