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Abstract

After rising sharply following the Global Financial Crisis, inflation in Iceland has been low and stable in
recent years despite a strong cyclical recovery. This not only reflects good luck - stemming from low
global inflation, declining commodity prices, and a currency appreciation — but also a significant
improvement in monetary policy credibility as reflected in a large decline in long-term inflation
expectations. To quantify these effects, a forward-looking, open-economy Phillips curve is estimated for
the inflation-targeting period since 2001. The empirical results suggest a structural shift in the average
relation between inflation and its key drivers occurring around 2012. It is argued that this reflects the
convergence of long-term inflation expectations of households and firms towards the downward trending
inflation expectations in financial markets. Long-term inflation expectations of households and firms are
not observed, but using a Markov switching model and a time-varying parameter model suggests that
this unobserved component of long-term inflation expectations has declined from an average of about 2
percentage points in 2003-2011 to zero in late 2016. Together with the large decline in imported inflation,
the improved anchoring of long-term inflation expectations goes a long way towards explaining the large
disinflation of the last five years and the low recent inflation despite the strong pickup in economic
activity. It also seems that an important part of the persistent over-prediction of inflation in Iceland by
most forecasters in recent years can be explained by the failure to take the gradual improvement in
monetary policy credibility since 2012 into account. Finally, this combination of imported deflation and
a firmer anchoring of inflation expectations can explain why the post-2012 disinflation episode did not
coincide with any loss of output.
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1. Introduction

Iceland has recently experienced an unusually long period of stable and low inflation.
Inflation has averaged 1.8% since the start of 2014, compared to 5% since the start of the
inflation-targeting regime in 2001. The focus of this paper is to analyse the factors behind
this recent development. Is it simply “good luck” reflecting the imported deflation stemming
from the global “missing inflation” phenomena (cf. IMF, 2016), or does it also reflect an
improvement in domestic monetary policy performance manifesting itself in a firmer
anchoring of long-term inflation expectations?

To answer this, a forward-looking, open-economy Phillips curve is estimated over the
inflation-targeting period. The analysis suggests a structural shift in the average relation
between inflation on one hand and inflation expectations, cyclical output, and relative import
prices on the other hand. The data suggests that this structural shift occurred around 2012.
Inflation had risen to over 6% in early 2012 before gradually declining to 1% in early 2015
despite a strong rebound in economic activity and continuous decline in unemployment. The
disinflation coincided with a gradual decline in long-term bond market inflation expectations
from roughly 5% towards the 2.5% inflation target. It is argued, however that the decline in
this measure of long-term inflation expectations (the only one available over the whole
sample period) actually underestimates the true improvement in the anchoring of inflation
expectations over this period. While data on long-term expectations of households and firms
is not available, a comparison of short-term inflation expectations suggests that inflation
expectations of non-financial economic agents are much more persistent and backward
looking than those in financial markets. The structural shift in the average relation between
inflation and its key drivers is therefore interpreted as reflecting the convergence of long-
term inflation expectations of price and wage setters towards the downward trending bond
market expectations as households and firms have gradually become more convinced that
the inflation regime has changed.

A simple way to capture this structural break is by using a shift dummy variable but
a more intuitive approach is to think of it as an unobserved random variable to be extracted
from the data. Two approaches are adopted. First, using a Markov switching model, it is
modelled as a state-dependent random variable that can switch between a low- and high-
inflation regime determined by an unobservable state variable. Second, it is modelled as an
unobserved random walk using a time-varying parameter model. Both approaches suggest
that this unobserved component of long-term inflation expectations declined from an average
of about 2 percentage points in 2003-2011 towards zero in late 2016, suggesting a much
steeper decline in long-term inflation expectations of actual price and wage setters over the
sample period than is captured by the bond-market measure.

Taking the gradual decline in the unobserved component of long-term inflation
expectations into account results in a stable and plausible specification of the Phillips curve.
The empirical findings suggest that the combination of declining bond market inflation
expectations and this slow-declining expectations component, together with a large imported
deflation, play a key role in explaining the disinflation since 2012 and the continued low
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inflation despite the strong growth in economic activity. Furthermore, the failure to take the
decline in the unobserved component of long-term inflation expectations since 2012 into
account goes a long way in explaining the persistent over-prediction of inflation by most
forecasters in recent years. Finally, this combination of imported deflation and a firmer
anchoring of inflation expectations can explain why the recent disinflation episode did not
coincide with any loss of output. So, to answer the question set out at the beginning: a fair
slice of good luck and improved monetary policy credibility have combined to reduce inflation
and anchor long-term inflation expectations over the last few years without the loss of output
that would usually coincide with such a large disinflation.

The remainder of the paper is organised as follows. Section 2 briefly documents the
developments of inflation in Iceland since 1970, with special focus on the inflation-targeting
period since 2001. Section 3 presents the empirical results for different specifications of the
Phillips curve. Section 4 discusses the key properties of the estimated Phillips curves and
the role of gradually improved anchoring of long-term inflation expectations in explaining
the recent decline in inflation and why it did not coincide with any loss of output. Section 5
concludes.

2. A brief history of inflation in Iceland

Much of Iceland’s post-war economic history can be characterised as a period of chronically
high and volatile inflation. Inflation averaged about 10% in the 1950s and 1960s but rose
even further in the 1970s, fed by an extremely accommodative monetary policy and the two
global oil price shocks (see Figure 1, left panel). Trend inflation, proxied by a 5-year (trailing)
moving average of inflation, reached 20% in 1975 and rose further to 40% at the end of the
decade. A complete lack of a nominal anchor and fiscal dominance of monetary policy meant
that inflation escalated even further and reached almost 100% in late 1983. From then on,
it gradually started to decline, with trend inflation reaching 23% by the end of the decade.!
A recession in the early 1990s, triggered by a sharp tightening of monetary policy and
negative external shocks, pushed inflation even further down (see Pétursson, 2002, and
Zoega, 2002). It fell below 3% in 1994 and remained in the 1-3% range until mid-1999.
However, demand pressures had started to build up again in the latter half of the 1990s,
with wage growth reaching almost 10% in 1997. Inflation therefore started to pick up again
at the turn of the century and these imbalances ultimately led to a collapse of the exchange
rate peg in 2001. The currency fell sharply and inflation reached 9% in early 2002.

With an exit from the exchange rate peg, an inflation-targeting framework was
introduced in March 2001 and the early signs were promising. Inflation started to decline
again as the effects of the currency depreciation died out and past imbalances were gradually
unwound (Figure 1, right panel). Inflation reached the 2.5% inflation target in late 2002 and
remained close to target until mid-2004. However, macroeconomic imbalances had started to
emerge again following the privatisation of the domestic banking system and liberalisation

! See Andersen and Gudmundsson (1998) for a discussion and analysis of the disinflation episode. Other empirical
studies of inflation in Iceland include Gudmundsson (1990, 1998, 2002), Pétursson (1996, 1998, 2002),
Gudmundsson and Zoega (1997), and Zoega (2002).
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of the mortgage lending market that fuelled a rapid credit expansion (see, for example,
Einarsson et al., 2015). Demand pressures mounted yet again and inflation overtook the 4%
upper deviation limit in early 2005 and remained above it almost without interruption until
the second half of 2010. Inflation reached 8% in mid-2006 and rose even further following a
sharp depreciation of the currency in early 2008, reaching 17% when the financial crisis
started in full force in late 2008. Inflation started falling again once the effects of the currency
depreciation started to wane and the effects of the large contraction in economic activity
began to take hold. By the end of 2009, inflation had fallen to just below 9%, before reaching
the inflation target in late 2010. It remained close to target until spring 2011 whereupon it
picked up yet again in the wake of a generous centralised wage bargaining settlement.
Inflation rose above 6% in early 2012 but gradually eased back to target in early 2014. It
remained at target until the end of 2014 when it fell still further, driven by a steep decline
in global oil prices. From mid-2015, it has fluctuated between 1.5% and 2% for most of the
period, and it has remained within the 1-4% deviation range of the inflation target for a
longer period than any time before since the start of the inflation-targeting regime.

Figure 1. Inflation in Iceland 1970-2016
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Note: Inflation is measured as the year-on-year change in the headline consumer price index (%).

Sources: Central Bank of Iceland, Statistics Iceland.

Taken as a whole, the inflation performance over the inflation-targeting period is
underwhelming and a major disappointment. Inflation has averaged 5% over the whole
period — twice the inflation target — and has been extremely volatile, with a standard
deviation of more than 3 percentage points.? However, recent years have seen clear
improvements, with trend inflation falling below 3% and the standard deviation of inflation
halved by the end of the sample. There are signs that inflation and inflation expectations
are becoming better aligned with the inflation target and that the credibility of the

2 Iceland’s experience with inflation targeting is a striking exemption from the experience in other inflation-
targeting countries (see, for example, Pétursson 2008, 2010). Central Bank of Iceland (2017) discusses this
experience in the context of monetary policy conduct.
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framework has increased (cf. Central Bank of Iceland, 2017). We will return to this issue
below in the context of our empirical analysis.

3. Empirical analysis
3.1. A Phillips curve specification of inflation dynamics

The Phillips curve is one of the core building blocks of macroeconomics, linking the nominal
and real side of the economy through the relation between inflation and economic activity,
as first observed by Phillips (1958). Inflation expectations were given a prominent role in
the “expectations-augmented” version of the Phillips curve by Friedman (1968) and Phelps
(1968), with the New-Keynesian literature providing the micro-foundations for the
relationship through Calvo’s (1983) model of staggered price adjustment (see, for example,
Gali and Gertler, 1999).

The empirical analysis in this paper is based on the following expectations-
augmented, open-economy specification of the Phillips curve:

(1) T =Pmy + (=PI + Gy + Ary + €

where 7, is consumer price inflation, 7y are long-term inflation expectations, ¥, is the output
gap, and r, is relative import price inflation. This specification of the Phillip curve has
become a standard workhorse for modelling inflation; for recent examples, see IMF (2013,
2016), and Blanchard et al. (2015). It encompasses the simple expectations-augmented (5 =
0) and accelerationist (5 = 1) Phillips curves and can also be interpreted in terms of the
New-Keynesian Phillips curve, augmented with an assumption that some price setters index
their prices to past inflation, e.g. through using rules of thumb for forecasting inflation (see,
for example, Fuhrer and Moore, 1995, Gali and Gertler, 1999, and Christiano et al., 2005).
The lagged inflation term in Eq. (1) captures the inherent persistence typically found
in inflation rates, presumably reflecting the fact that some wage and price setting is
determined by past inflation developments. It can also be interpreted as capturing the effects
of short-term inflation expectations on current inflation, to the extent that these short-term
expectations depend on past inflation (cf. Blanchard, 2016). As in IMF (2013, 2016) and
Blanchard et al. (2015), it is also assumed that current inflation is affected by long-term
inflation expectations, capturing the notion that some workers and firms incorporate their
expectations about the long-term future inflation rate when setting wages and prices. Long-
term inflation expectations should also serve as a good proxy for the inflation target that
economic agents believe that the authorities are aiming for. This should correspond to the
official inflation target in a credible inflation-targeting regime, but can obviously differ from
the publicly announced numerical target if the regime lacks credibility.? The /3 coefficient

3 An additional benefit of using long-term rather than short-term inflation expectations is that the former is less
subject to endogeneity problems in the estimation process. To check for any such problem, the Phillips curve
was re-estimated using lagged inflation expectations as an instrument, but the results remained unchanged. To
avoid any potential simultaneous problem, the output gap and relative import price inflation are also assumed
to affect inflation with a one-quarter lag. Further lags of the explanatory variables could presumably be added
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gives the relative weight of the backward and forward terms, with 1 — 5 capturing the degree
of “level anchoring” of inflation expectations (cf. Ball and Mazumder, 2011). The dynamic
homogeneity restriction that the coefficients on lagged and expected inflation ensure that
permanent changes in inflation do not affect output in the long run, i.e. that there is no
permanent trade-off between inflation and output.

The cyclical effect of output on inflation is captured by the output gap, with ¢
measuring the slope of the Phillips curve. For a small, open economy, fluctuations in relative
import prices are also important for inflation dynamics. Relative import prices capture the
effects of global inflation and the effects of nominal exchange rate movements on headline
consumer prices, with A measuring these effects on consumer price inflation. Finally, the
residual, €, captures the effects of transitory supply shocks on inflation not reflected in
movements in the output gap and relative import prices.*

Ideally, the measure of long-term inflation expectations used should capture the
expectations of actual price and wage setters but such a measure is unfortunately not
available. The only measure of long-term inflation expectations available for a sufficiently
long period is from the bond market, extracted from the interest rate spread between nominal
and inflation-indexed government bonds, which measures the expected inflation over the
maturity of the bonds that would make a risk-neutral investor indifferent between holding
either of the bonds — typically called the breakeven inflation rate. This measure of inflation
expectations in the bond market is, however, an imperfect measure of inflation expectations
of non-financial economic agents, such as households or firms.® In fact, a number of studies
find that financial market inflation expectations tend to be better aligned to inflation targets
and that the general population does not pay the same level of attention to monetary policy
actions and signals as financial market participants and professional forecasters.® This is

to the Phillips curve, but they are found to be statistically insignificant. We also tried including the change in
the output gap, but these “speed limit” effects were found to be statistically insignificant.

4 Although relative import prices should capture the effects of global oil and commodity price shocks, Borio and
Fillardo (2007) argue that import prices are not sufficient statistics for capturing the influence of global factors
on domestic inflation. They suggest adding global factor utilisation as an independent explanatory variable to
standard Phillips curves to capture the increasing relevance of globalisation for domestic price setting. We tested
for this additional effect by adding the trading-partner output gap (using the deviations of trade-weighted foreign
output from its Hodrick-Prescott trend) to our Phillips curve specifications and found it to be statistically
insignificant. This is consistent with findings in Ihrig et al. (2010) and Mikolajun and Lodge (2016).

> Note also that the breakeven inflation rate does not directly measure bond markets inflation expectations as it
can also contain a (possibly) time-varying risk premium for inflation and liquidity risks. Survey measures of bond
market 10-year inflation expectations are only available since 2012 and are in fact very similar to the breakeven
measure for that period. In any case, re-estimating the Phillips curve using inflation volatility as an instrumental
variable did not affect the results in any material way. The possible implication of using this noisy measure of
inflation expectations for our results is discussed in Section 4.1.

6 See, for example, Truman Bewley’s ongoing survey of pricing behaviour among American firms and the survey
evidence in Kumar et al. (2015) of how poorly informed small-firm managers in New Zealand are about inflation
and monetary policy. As Ball (2000, p. 6) argues when suggesting that some economic agents are inherently
backward looking: “It is costly to gather and process the information needed for fully rational inflation forecasts.
Some large firms pay these costs — they hire economists to build forecasting models and monitor the Fed. For
the local pizza parlor, however, the costs of these activities are larger than the gains from improved inflation
forecasts. So the pizza parlor uses the inexpensive and reasonably accurate rule of setting expected inflation equal
to past inflation.”
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consistent with predictions from Carroll’s (2003) epidemiological model where “expert
opinion” on the inflation outlook spreads slowly through the news media to the general public
which absorbs the new information probabilistically. It is also consistent with the sticky-
information model of Mankiw and Reis (2002), where economic agents slowly accumulate
information about macroeconomic variables, and with the rational inattention model of Sims
(2011), where rational agents find it optimal to be selective about what new information to
react to as their information-processing capacity is finite.

Figure 2. Different measures of 2-year inflation expectations

0 T T T T T T
2010 2011 2012 2013 2014 2015 2016

—— Breakeven rate ==== Households Firms

Note: 2-year breakeven inflation rate from the bond market and survey measures of 2-year inflation
expectations of households and firms (all in %). The survey of firms’ expectations measures the
expectations of the 400 largest firms in Iceland (available at semi-annual frequency). The solid
horizontal line gives the 2.5% inflation target.

Sources: Central Bank of Iceland, Gallup.

The different speed of adjustment of inflation expectations in the bond market and
among non-financial economic agents can be seen from Figure 2, which compares the 2-year
breakeven inflation rate to survey measures of 2-year inflation expectations (the longest
horizon surveyed) of households and the 400 largest firms in Iceland over the period 2010-
2016. The figure shows how all the measures of inflation expectations have gradually declined
towards the inflation target during the recent disinflation episode, but at a different speed.
Compared to financial market participants, households and firms appear to form their
expectations in a more backward-looking manner and update their information set more
gradually: their expectations have persistently remained higher than those in the bond
market and have fallen much slower — although the difference has narrowed recently.”
Households and firms therefore seem to take a longer time to change their view on the
inflation outlook and to be convinced that the inflation regime has in fact changed. The
Icelandic experience is therefore very similar to the Volcker disinflation period in the US.

7 Inflation expectations of large firms lie between those of households and the breakeven rate. As argued by
Coibion and Gorodnichenko (2015), inflation expectations of households are likely to be a good proxy for
expectations of small- and medium sized firms, which are the most important price-setters in the economy.
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Mankiw et al. (2003) show that as inflation declined in the early 1980s, some economic agents
revised their expectations downwards, whereas others retained their pre-Volcker
expectations. However, as the disinflation proceeded, a larger share of the population
updated their believes and revised their inflation expectations downwards.

This suggests that using inflation expectations from financial market agents could
lead to an underestimation of the actual decline of long-term inflation expectations in Iceland
and that this can be a source of instability in the Phillips curve. To account for this potential
mismeasurement of long-term inflation expectations, the Phillips curve in Eq. (1) is re-
specified as:

(2) o= P+ (1— 5)(”#6 + W?) + oy ATy &

where 7? is the 10-year breakeven inflation rate and 7%¢ is an unobserved component of long-
term inflation expectations capturing the sticky component of long-term inflation
expectations of households and firms. Long-term inflation expectations of wage and price

UC

setters are therefore given as =7 = 7y

UC

+ 7. As we will show below, 7¢ has fallen
significantly in recent years and has become statistically insignificant, suggesting that
inflation expectations of both non-financial economic agents and bond market participants
have gradually become better anchored to the inflation target as inflation performance has
improved.

3.2. A first attempt at the Phillips curve

We use quarterly data from 2003 (the first observation of the inflation expectations data)
through 2016 to estimate the Phillips curve specification in Eq. (2). Inflation is measured as
the year-on-year change in headline Consumer Price Index (CPI), the output gap is measured
as the four-quarter (trailing) moving average of the quarterly difference between actual and
potential GDP, and relative import price inflation is measured as the year-on-year change
in the ratio of local currency import price deflator to the GDP price deflator. The CPI and
the import price and GDP price deflators are obtained from Statistics Iceland, while the
data on inflation expectations and the output gap are from the Central Bank of Iceland.
We start by estimating a simple linear version of the Phillips curve, treating 7 as
a constant and without imposing the dynamic homogeneity restriction in Eq. (2). The results
are reported in the first column of Table 1 (Model 1). The table also reports the supF test
for a structural break at an unknown date, which strongly suggests a structural break in the
e

Phillips curve relation in early 2012 — either in

or in the parameters on inflation and
inflation expectations. The latter two are found to sum to close to unity and the dynamic
homogeneity restriction is not rejected by the data (p-value = 0.24). The second column of
Table 1 (Model 2) therefore imposes the dynamic homogeneity restriction but continues to
treat 7{'“ as a constant. Again, the supF test indicates a structural break in either 7}*“ or in
the § parameter in early 2012. Model 3 therefore estimates Eq. (2), allowing 7} to change
in 2012Q2 as suggested by the supF test, using a shift dummy D, that equals 1 from 2012Q2

but 0 prior to that:



(3) e = 7 4+ 6D,

The shift dummy is found to be negative and highly significant. The point estimates
suggest that the unobserved component declined from the statistically significant 7} = 7"
= 2.1 percentage points (p-value = 0.00) before 2012 to the non-significant 74¢ = 7“4 6 =
0.2 percentage points (p-value = 0.42) from 2012Q2. The supF test does not rule out further
parameter instability in 8 but adding an additional shift dummy variable to capture a
structural break in # in 2012Q1 turns out to be non-significant once the shift in 7}“ is
accounted for (not shown). The same applies when testing for additional parameter
instability in ¢ or .

Table 1. Linear specifications of the Phillips curve

Model 1 Model 2 Model 3

Parameter Estimate  Std. error Estimate  Std. error Estimate  Std. error
Tue -0.284 1.018 1.406 0.2552 2.081 0.3112
0 - - - - -1.886 0.4242
B 0.529 0.1112 0.483 0.1002 0.431 0.0892
~ 0.724 0.1862 - - - -
1-p3 - - 0.517 0.1002 0.569 0.0892
1) 0.425 0.0842 0.412 0.0852 0.453 0.0772
A 0.094 0.0252 0.110 0.0222 0.104 0.0192
R? 0.940 0.938 0.953

o, 0.948 0.957 0.845

log L -73.860 -74.944 -67.431

supF test p-value Date p-value Date

U 0.000 12Q2 0.002 12Q2

B 0.004 12Q2 0.001 12Q1

5 0.000 12Q2 - —

b 0.214 09Q1 0.126 09Q1

A 0.095 13Q4 0.108 13Q4

Note: The table reports the regression results for three versions of the Phillips curve for the sample
period of 2003Q1-2016Q4 (T = 56). The standard errors are robust (Hubert-White) errors. a, b, and
¢ denotes point estimates significant at the 1%, 5%, and 10% critical level, respectively. Model 1 is
the unrestricted linear Phillips curve with 7¢ treated as a constant: m, = Bm,_; + (7" + ) +
&Y, 1+ Ar,_; +¢,. Model 2 is the Phillips curve specification in Eq. (2), again treating 7} as a
constant, while Model 3 assumes that 7 is determined by the shift dummy given in Eq. (3). The
supF test is the Andrews (1993) test for a structural break of an unknown date. The p-values reported

are obtained using Hansen’s (1997) method.

Source: Author’s calculations.

Once taking the time-variation in 7' into account, the Phillips curve specification
in Egs. (2)-(3) seems sufficient to capture inflation dynamics in Iceland over the inflation-
targeting period, in particular the post-crisis disinflation towards the end of the sample



period.® However, the way that the change in 7}*¢ is captured is not completely satisfactory:
the shift dummy implicitly implies a sudden shift in expectations formation in early 2012,
which economic agents identify as a new regime with a probability of one. This seems
implausible when thinking about the general population gradually learning and updating
their views on the commitment and credibility of the monetary policy authority as new
information on inflation and policy responses becomes available (cf. Backus and Driffill, 1985,
and Barro, 1986). In the next section, we explore this issue further and model the change in

uc

m“ in a more plausible way that should lend itself to a more meaningful interpretation.

3.3. A Phillips curve with 7/“ modelled as an unobserved random variable

3.3.1. Markov switching model

we

Rather than assuming that 7{*“ is a deterministic process driven by a simple shift dummy
variable, a more plausible specification assumes that it is driven by a latent, random state
variable. Economic agents are therefore assumed to observe which inflation regime they are
in only indirectly and therefore need to assign a probability of being in a particular regime
at any given time, based on the observed outcomes of inflation and monetary policy actions.

In particular, we assume that 7' = 7(s,) is a state-dependent variable that can
switch between two states determined by the unobservable random variable s,, which follows
an ergodic first order Markov chain. The Markov switching (MS) specification of the Phillips
curve is therefore:

(4) mo= By + (1= B)(w(s,) + 7)) + ¢y + Ar_y + ¢

where 7(s,) can switch between two inflation regimes, equalling 7(s, = 1) = 7}{’“ in the high
inflation regime and 7 (s, = 2) = 74¢ in the low inflation regime, with transition probabilities:

(5) Pr(s; = 1|3t71 =1)=p; Pr(s;, = 2|8t71 =2)=gq

As the unobserved state variable s, can only take a finite number of discrete values
(two in our case), the error term in the stochastic process that drives the state variable is
not normally distributed and the standard Kalman filter for estimating models with time-
varying unobserved variables cannot be applied. However, Hamilton (1989) has proposed a
non-linear procedure for estimating these types of models.” Together with the parameters of
the Phillips curve in Eq. (4) and the transition probabilities in Eq. (5), this procedure
generates estimates of the probability of being in each regime at any given time. Two types
of estimated probabilities can be obtained: the filtered probability of being in regime j (j =
1,2), Pr(stlt = j), which conditions on all the information available at time ¢, and the

8 The residuals appear to be normally distributed but there is some evidence of serial correlation and
heteroscedasticity in the unrestricted version of the Phillips curve that disappears once the dynamic homogeneity
restriction is imposed.

9 For an earlier application of the MS model to Icelandic data, see Pétursson’s (2000) modelling of business cycle
dynamics.
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smoothed probability, which conditions on the full sample information, Pr(stlT =j). The
former is typically used to evaluate the strength of the contemporaneous regime signal while
the latter is more useful for historical dating of different regimes. In the context of our study,
these probabilities can be interpreted as a measure of the credibility of the inflation-targeting
regime (cf. Ruge-Murcia, 1995), with the filtered probability measuring the credibility of the
regime as perceived by economic agents in each given period, while the smoothed probability
gives a historical measure of the regime’s credibility.

Table 2. MS specification of the Phillips curve

Parameter Estimate Std. error
e 2.034 0.3022
e 0.230 0.279
8 0.432 0.090*
1—-06 0.568 0.0902
10) 0.454 0.0792
A 0.105 0.0212
o, 0.818 0.1002
log L -71.603

D 0.979 0.0312
q 0.967 0.023
Pr(s, =1) 0.610 0.251"
Pr(s, = 2) 0.390 0.251
d, 47.5 1.473
d, 30.4 0.708

Note: The table reports estimation results for the MS specification of the
Phillips curve in Eqs. (4)-(5). The sample period of 2003Q1-2016Q4 (T
= 56). The standard errors are robust (Hubert-White) errors. a, b, and ¢
denotes point estimates significant at the 1%, 5%, and 10% critical level,
respectively. Pr(s,=1)=(1—¢q)/(2—p—¢q) and Pr(s,=2)=1—
Pr(s, = 1) are the unconditional probabilities of being in regimes 1 and
2, respectively, and d, = 1/(1 —p) and d, = 1/(1 — q) are the expected
durations of the regimes (in quarters).

Source: Author’s calculations.

The estimation results for the MS model are reported in Table 2. The parameter
estimates are practically identical to what was obtained using the simple linear specification
with the shift dummy in Table 1. The estimates of 7(s,) in the two inflation regimes is given
as 2.0 and 0.2 percentage points, respectively; identical to the estimates obtained in Table
1. The lower panel of Table 2 shows that these two regimes are very persistent: the
probability of remaining in a given regime (either the low- or high-inflation regime) is higher
than 95% and the duration of each regime is high, or close to eight years for the low-inflation
regime and almost twelve years for the high-inflation regime. The table also reports
unconditional probabilities of each regime, which shows that the probability of being in the
high-inflation regime is higher than being in the low-inflation regime - reflecting the fact
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that the economy has been more frequently in the high-inflation regime over the sample
period analysed here.!®
The filtered and smoothed probabilities are very similar as shown in Figure 3. They
suggest that the probability of being in the low-inflation regime is extremely low for a large
part of the sample period. The filtered probability rises slightly above 50% (a threshold
typically used to identify different regimes) in mid-2007 as inflation falls to just under 4%
from a peak of more than 8% in mid-2006, but this proves short-lived and the probability
falls back soon after as inflation starts picking up again. The filtered probability starts rising
again in 2012 and moves above 50% in 2013 and above 90% in mid-2014, where it has
remained since. Based on contemporaneous information, economic agents therefore seem to
identify a regime shift towards the low-inflation regime occurring late in 2013 but using the
full information set from the smoothed estimate suggests that the regime shift occurred more
than a year earlier, or in early 2012 — which coincides with the dating from the supF test in
the previous section. The smoothed probability therefore suggests that the inflation-targeting
regime did not become credible until the start of the second disinflation episode in 2012.

Figure 3. Estimated probability of being in low inflation regime
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Note: Inflation and the probability of being in the low-inflation regime (both in %). The solid
horizontal line gives the 2.5% inflation target (left axis) and the shaded area the 1-4% inflation-
target deviation band (left axis). The broken horizontal line gives the 50% probability threshold
(right axis).

Source: Author’s calculations.

10 Allowing o2 to switch between regimes yields practically identical results to those reported here. Furthermore,
the null hypotheses that 3, ¢, A and o2 are identical across the two regimes cannot be rejected at the 1% critical
level when all the parameters of the Phillips curve are allowed to switch between regimes. Allowing the transition
probabilities in Eq. (5) to be a function of past trend inflation or inflation volatility does not change the results
in any way either. As these more general specifications do not add any new insights to the analysis and are quite
demanding on the relatively short sample period used here, the more simple specification of the MS model where

only m}¢ is allowed to switch and where the transition probabilities are constant is preferred.
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3.3.2. Time-varying parameter model

Instead of treating m}'“ as a discrete random variable that shifts downwards as the inflation
target became more credible, one can treat it as a continuous random variable. The Phillips
curve now becomes:

(6) My = By + (1= P) (e + ) + Py + Ay ¢
where 7}*° is now specified as:

(1) me=mh +

2

and ¢, and v, are white noise errors with variances o2 and o2,

respectively. Here m¢ is
assumed to follow a random walk, but it could easily be assumed that it follows a stationary
autoregressive process (the estimated autoregressive coefficient is very close to unity). Here,
the Kalman filter can be applied to estimate this unobserved random walk process

simultaneously with other parameters of the Phillips curve.

Table 3. TVP specification of the Phillips curve

Unrestricted TVP model Restricted TVP model
Parameter Estimate Std. error Estimate Std. error
T 0.153 0.792 0.181 0.582
B 0.232 0.128¢ 0.358 0.1002
1-3 0.768 0.1282 0.642 0.1002
1) 0.535 0.1102 0.477 0.0902
A 0.111 0.0222 0.110 0.0202
o, 0.565 0.1392 0.788 0.0762
o, 0.580 0.1662 0.249 -
log L -75.478 -78.472

Note: The table reports estimation results for the TVP specification of the Phillips curve
in Egs. (6)-(7). The sample period of 2003Q1-2016Q4 (T = 56). The standard errors are
robust (Hubert-White) errors. a, b, and ¢ denotes point estimates significant at the 1%,

5%, and 10% critical level, respectively. m4“ gives the final state estimate of mj“ (its

time path is shown in Figure 4). The unrestricted TVP model estimates o2 and o2

freely, while the restricted TVP model imposes the restriction that o2 = o2/10.

Source: Author’s calculations.

The first column of Table 3 gives the parameter estimates of this time-varying
parameter (TVP) model. It reports the point estimates of the parameters of Eq. (6) that are
assumed to be constant and the end-of-sample estimate of 7} in Eq. (7). The time-invariant
parameters are very similar to the estimates reported in the other specifications, although
the weight on lagged inflation (5) is lower.

The upper panel of Figure 4 gives the time path of 7}'¢, with 2-standard-error bands.

e

Two versions are reported: the filtered estimate gives an estimate of 7}’ using only data up
uc

to period ¢ (my), while the smoothed estimate gives the full sample estimate of ' (m}j7.).
The figures show a clear downward trend in 7' from mid-2010 when it starts declining from

13



a peak of roughly 4 percentage points towards zero; and becoming statistically insignificant
from zero by mid-2012.

Figure 4. Time-varying estimates of the unobserved expectations component
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Note: Filtered and smoothed Kalman estimates of 7*® (in percentage points). The upper panel
gives the estimates when o2 and o2 are estimated freely while the lower panel gives the estimates
when 02 = ¢2/10. Broken lines show 2-standard-error bands.

Source: Author’s calculations.

In addition to the clear downward trend, the figures also exhibit some short-term
variation in 7}'“. In fact, the estimated variation in €, and v, is quite similar as shown in
Table 3. However, it may be more plausible to assume that m}* does not vary greatly from
quarter to quarter but is a more slow-moving process. Table 3 therefore also presents a
specification of the TVP model assuming that the variance of v, is one-tenth of the variance
of €, (the restricted variance estimates lie within their unrestricted 95% confidence intervals).
The other parameters of the Phillips curve are more or less unchanged, although the size of
[ increases to just under 0.4 — which is closer to the linear regression estimates obtained
given in Table 1 and the MS model in Table 2. The estimated time path of 7}** after imposing
this additional smoothness is given in the lower panel of Figure 4. Similarly to the
unrestricted estimate, it rises steadily from 1.5 percentage points at the start of the sample
to just under 3 percentage points in mid-2010 (averaging 2.2 percentage points from 2003-
2011) before gradually easing to zero (and becoming statistically insignificant from zero in
mid-2013).1

11 Although our previous analysis suggests that other parameters in the Phillips curve can be treated as constant,
one could also estimate a TVP model where all the parameters are allowed to vary over time. The marked decline
in 7j*¢ continues to come out clearly but no clear pattern or trend can be found in the other parameters, although
there is some short-term variation, especially around the financial crisis. However, given their standard deviations,

they can be treated as constant throughout the sample period.
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4. Key findings
4.1. Model parameters and interpretation
4.1.1. Interpretation of m;“

The empirical results reported above suggest that a declining unobserved component in long-
term inflation expectations has been an important feature of the post-crisis inflation
dynamics in Iceland. This unobserved component is interpreted as capturing the legacy of
poor inflation control over a long period in Iceland and the inherent stickiness in the
expectations formation of non-financial economic agents that led to a much slower
adjustment of their expectations than among financial markets participants as inflation
performance gradually improved. This therefore implies that long-term inflation expectations
of wage and price setters (7¢ = 7¢ + 7?) were both higher and more persistent than
suggested by bond market expectations. However, households and firms have gradually
updated their view of the inflation regime as inflation performance has improved, eventually
leading to a convergence in their long-term inflation expectations towards those of financial
markets — as both have gravitated towards the inflation target.

Figure 5. Long-term inflation expectations adjusted
for unobserved expectations component
3.0 9

2.5

20 == ===<

1.5

1.04

0.5

0.0

-O - 5 T T T T T T T T T T T T T O T T T T T T T T T T T T T
2004 2006 2008 2010 2012 2014 2016 2004 2006 2008 2010 2012 2014 2016

—— Shift dummy model ---- MSmodel TVP model

Breakeven inflation rate ---- Breakeven + shift dummy
Breakeven + MScomponent — —— Breakeven + TP component

Note: The left panel gives estimates of 7 in different Phillips curve specifications (in percentage
points): the linear shift dummy model in Table 1, the MS model in Table 2, and the restricted
TVP model with extra smoothing in Table 3. The smoothed estimates of 7' are used in the latter
two models. The right panel adds 7{*¢ to the 10-year breakeven inflation rate (in %) to give a
measure of long-term inflation expectations of wage and price setters (7§ = 7¢ + 7). The solid
horizontal line gives the 2.5% inflation target.

Source: Author’s calculations.
As the left panel of Figure 5 shows, different specifications of 7} give very similar

results: all three suggest that it has fallen from roughly 2 percentage points to zero in the
last five years. Long-term inflation expectations of wage and price setters have therefore
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gradually declined from roughly 6% in 2011 to the 2.5% target at the end of the sample
period (Figure 5, right panel).

The shift dummy variable suggests a regime shift occurring in early 2012, while the
more plausible estimates from the MS and TVP models suggest a more gradual regime
change occurring in the period 2012-2013. But what could explain this regime change? In
Central Bank of Iceland (2017), it is argued that this critically relates to the rate hiking
cycle that started in August 2011. Up till then the Bank had been lowering rates continuously
since early 2009, but in the spring of 2011 a centralised wage bargaining round resulted in a
sizeable increase in wage inflation which had a marked effect on both short- and long-term
inflation expectations (see Figures 1 and 2). The Central Bank responded by raising rates in
August that year and signalled further rate hikes, eventually ending by raising rates by 175
basis points in just over a year until November 2012 when long-term inflation expectations
had started to decline again. The negative reaction to the rate-hike cycle from politicians
and the population at large was enormous, but the empirical estimates above suggest that
this may have finally convinced economic agents of the firm intentions of the Bank to anchor
inflation at the 2.5% inflation target. A further bout of wage inflation came in the spring of
2015, pushing long-term inflation expectations above 4% again. The Bank responded by
hiking rates (again to strong popular opposition), perhaps further cementing its inflation-
fighting credentials before easing rates back once inflation expectations declined towards the
target in late 2016.

The unobserved component is obviously open to alternative interpretations to the
one proposed here. Two come to mind but neither seem plausible. First, as previously
mentioned, long-term bond market inflation expectations are not directly observed from the
breakeven inflation rate as it can also contain a (possibly) time-varying risk premium to
compensate investors for inflation and liquidity risks. Thus, if 7" are the true inflation
expectations of financial market participants, then #¥ = 7" + p,, where p, is the risk
premium. At first sight it therefore seems possible that the observed variation in 7}*¢ is
simply reflecting a time-varying risk premium rather than changes in long-term inflation
expectations. The problem with this interpretation is that the observed decline in 7' would
require the risk premium to have been rising in recent years, which seems implausible given
the declining level and volatility of inflation and inflation expectations over the same period.'?
To see this, assume that the true difference between long-term inflation expectations of wage
and price setters on one hand and bond market participants on the other hand is given as
Kk, = m¢ — m". This would imply that 7¢¢ = 7¢ — 7% = K, — p,, thus requiring p, to be rising
to be able to explain a declining 7;'°. A more plausible explanation is therefore that the
decline in 7}*¢ is actually capturing the falling «,.

The unobserved component can also be interpreted as capturing measurement errors
in the output gap used here. The problem with this interpretation is that the positive 7}
implies that the slack that emerged after the financial crisis was in fact much smaller than
the official output gap estimate used suggests. More specifically, while the output gap would

12 For example, Central Bank of Iceland (2017) reports a decline in the volatility of various measures of inflation
and inflation expectations in the last five years, together with declining dispersion of survey responses in different
survey measures of inflation expectations.
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largely correspond to the official estimate from 2013 onwards, the output gap would have
turned negative by just over 1% of potential output in early 2010 (compared to the 4%
suggested by the official data) and close again in mid-2011 (compared to early 2015 in the
official data). This seems an implausibly small and short-lived contraction given the enormity
of the twin currency and banking crisis that hit Iceland and its impact on the financial
system, private sector balance sheets, and the real economy (cf. Einarsson et al., 2015).

4.1.2. Other parameters of the Phillips curve

Other parameters of the Phillips curve are tightly estimated and of plausible size. Their
estimates are also found to be robust to different specifications of the Phillips curve. The
coefficient on lagged inflation is close to 0.4 — giving a weight of 0.6 on long-term inflation
expectations, which is close to the post-1990s median estimate for advanced economies
reported by Blanchard et al. (2015) and IMF (2016). The point estimate of /3 is also close to
the predicted value of % from the theoretical models of Fuhrer and Moore (1995) and
Christiano et al. (2005); see also Boivin and Giannoni (2006).

The slope of the Phillips curve is estimated to be just under 0.5, which is in the
higher end of the range of international estimates (for example, Ball and Mazumder, 2011).
This could reflect the fact that Phillips curves tend to be steeper in countries with a history
of high and volatile inflation (cf. Ball et al, 1988, Ball and Mazumder, 2011, IMF, 2013).
Finally, the impact effect of shocks to relative import prices is found to be close to 0.1, which
implies a complete exchange rate pass-through effect of roughly 0.2. This is similar to the
median estimate found by Gagnon and Ihrig (2004) for 20 OECD countries and for 42 high-
income countries in Pétursson (2008).1

4.2. Model fit and out-of-sample forecasting performance

All the Phillips curve specifications fit the data well (Figure 6). They capture the gradually
rising inflation in the years before the financial crisis and its sharp increase following the
currency crisis. They also capture the decline in inflation in 2009 and 2010, although the
models predict a faster decline in early 2010 than actually occurred. The temporary increase
in inflation in 2011 and early 2012, following large wage increases in the spring of 2011, are
also captured; as is the sustained disinflation since early 2012. None of the models fully
captures the sharp decline in inflation in late 2014 and in 2015 following the large global oil
price shock, however. Thus, it appears that the oil price shock had a larger impact on
inflation in Iceland than is captured by the historical link between inflation and relative
import prices. Finally, note how a failure of accounting for changes in 7}*“ leads to persistent
over-predictions of inflation in the most recent period.

13 The coefficient on lagged inflation lies between the estimates reported in Hunt (2006) and Danielsson et al.
(2015) using Icelandic data. The slope of the Phillips curve is somewhat higher than those studies report, however.
The estimated pass-through is lower than studies using longer estimation periods typically find (cf. Hunt, 2006,
Pétursson, 2008) but is close to what Danielsson et al. (2015) and Forbes et al. (2017) find using more recent
data. This could reflect the improved anchoring of inflation expectations, which tends to reduce the second-round
effects of exchange rate shocks on inflation (see, for example, Gagnon and Ihrig, 2004, on the link between
exchange rate pass-through and monetary policy credibility).
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The measure of fit reported in Figure 6 essentially represents in-sample one-quarter-
ahead forecasts of inflation. However, a more challenging and informative test of these models
are out-of-sample dynamic forecasts, i.e. forecasts that use simulations beyond the estimation
period treating past inflation as endogenous. For this exercise, the models are therefore re-
estimated through 2011Q4 and dynamic out-of-sample forecasts are generated for the five-
year period 2012Q1-2016Q4 (using observed values of the explanatory variables).

Figure 6. Inflation and fit of different Phillips curve specifications
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Note: Actual and fitted inflation (in %). The solid horizontal line gives the 2.5% inflation target.

Source: Author’s calculations.

Figure 7. Out-of-sample dynamic forecasts for different
Phillips curve specifications
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2011Q4. The right panel shows the same out-of-sample dynamic forecasts for the MS and TVP
uc

models treating 7'¢ as an observed variable (using the full-sample smoothed estimates). The solid
horizontal line gives the 2.5% inflation target.

Source: Author’s calculations.
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The results are shown in Figure 7. The left panel shows that all of the specifications
of the Phillips curve capture a sizable part of the recent disinflation but fail to capture the
full extent of it. The MS and TVP specifications are very similar and tend to do better than
the linear specification. This can also be seen in Table 4, which reports the average bias and
root mean square errors (RMSE) for each specification (adding the unrestricted linear
specification for comparison). All show a sizable positive bias, reflecting the persistent over-
prediction over the whole period, while the MS and TVP specifications have markedly
smaller RMSEs than the linear specifications. Note also how imposing the dynamic
homogeneity restriction on lagged and expected inflation significantly improves the out-of-
sample properties of the linear specification.

Table 4. Out-of-sample forecast errors

Different Phillips curve specifications Bias RMSE
Unrestricted linear model 2.422 2.558
Restricted linear model 1.716 1.883
MS model 1.375 1.586
TVP model 1.464 1.586
MS model conditional on full-sample estimate of 7}* 0.323 0.715
TVP model conditional on full-sample estimate of 7}*“ 0.230 0.526

Note: The table reports the average bias and RMSE for out-of-sample dynamic forecasts for
the period 2012Q1-2016Q4 for the models reported in Tables 1 and 2 re-estimated through
2011Q4 (in percentage points). The table also reports out-of-sample dynamic forecasts for the
MS and TVP models treating 7}“ as an observed variable (using the full-sample smoothed
estimates).

Source: Author’s calculations.

To what extent does this over-prediction reflect the failure of the Phillips curve
specifications to take into account the improved anchoring of inflation expectations as
captured by the decline in 7}*“ reported above? To answer this, the out-of-sample forecasting
exercise is repeated but treating 7}'“ as an observed variable (using the full-sample smoothed
estimates from the MS and TVP models). The right panel of Figure 7 clearly shows that the
over-prediction of inflation disappears to a large extent once the decline in 7{*“ is taken into
account: the disinflation up to mid-2014 is fully captured and dynamic forecasts for 2016 are
almost spot on. What the models continue to miss are the effects of the large oil price decline
in late 2014 and 2015 discussed above. The improvement in the forecasting ability of the
models once the decline in 7}*“ is taken into account can also be seen in the sharp decline in
average bias and RMSE in the lower part of Table 4. Thus, it seems that an important part
of the apparent over-prediction of inflation in Iceland in recent years can be explained by
the failure to take the gradual improvement in monetary policy credibility since 2012 into
account. In the next section, we attempt to take a closer look at this issue and quantify to
what extent this improved anchoring of inflation expectations can explain the declining

inflation in Iceland since 2012.
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4.3. The role of improved anchoring of inflation expectations in the recent

disinflation episode

Recent years have seen exceptionally low inflation in all advanced economies, with inflation
even starting to decline further from 2011 despite a sustained and synchronised recovery of
global demand and historically low unemployment rates in many countries. In fact, inflation
rates are typically lower now than they were following the Global Financial Crisis (GFC)
and are currently below target in most advanced economies. The fact that this phenomena
is so widespread suggests that this “missing inflation” is to an important extent driven by
common factors, such as the persistent output slack in most advanced economies, large
positive supply shocks (e.g. the large decline in oil, commodity and telecommunication
prices), and a sizable overcapacity in the manufacturing sector in a number of large exporting
countries (IMF, 2016). IMF (2016) also suggests that available estimates of inflation
expectations may underestimate their true decline and that the output slack may actually
be larger in many advanced economies than is currently estimated using standard methods
(see also Constancio, 2015)."* This raises the question to what extent the disinflation in
Iceland from 2012 and the low recent inflation, despite a strong cyclical recovery, is due to
these global factors (and therefore “good luck”) and to what extent it is driven by improved
credibility of monetary policy as suggested by the decline in long-term inflation expectations.

To answer this, we attempt to decompose the inflation dynamics to quantify the
contribution of individual factors (inflation expectations, the output gap, and relative import
prices) to the development of inflation in recent years. For this exercise, we use the full-
sample estimates of the MS and TVP specifications of the Phillips curve to generate dynamic
simulations from 2011Q1. The deviations of the simulated inflation paths from the 2.5%
inflation target are then decomposed into contributions from each explanatory variable which
are constructed from counterfactual simulations where each factor is set to zero (the output
gap, relative import prices, and 7j*“) or equal to the inflation target (bond market inflation
expectations).'

Figure 8 presents the results. As the figure shows, inflation was significantly above
target in the early part of the period, which can mainly be explained by long-term inflation
expectations well above target and the lagged effects of past exchange rate depreciation,
which overwhelm the negative contribution from the sizeable slack in the economy following

14 Inflation was also remarkably stable during the Great Recession in 2008-2010, with most conventional models
suggesting that the sharp output contraction and significant increase in unemployment following the GFC would
lead to a much larger decline in inflation, or even deflation, than was actually observed. This “missing disinflation”
puzzle has attracted a great deal of attention in policy circles and in academic research. A number of explanations
have been put forward, including improved credibility of monetary policy and the flattening of the Phillips curve
(IMF, 2013, Blanchard et al., 2015). The same explanations have also been put forward in a US context (cf. Ball
and Mazumder, 2011)
(reflecting increases in oil prices from 2009 to 2011) offsetting the impact of cyclical unemployment (Coibion and

, but among additional suggestions are the rise in household inflation expectations
Gorodnichenko, 2015), and the decline in short-term unemployment relative to overall unemployment (Gordon,
2013).

15 See Yellen (2015) and IMF (2016) for similar exercises. Note that since the simulations are dynamic, each
factor also affects inflation through the lagged inflation term. Note, however, that the counterfactual simulations
hold other factors constant, thus ignoring the possible effects of the factors on each other.
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the financial crisis. The contribution from the poorly anchored inflation expectations is large:
high long-term bond market expectations add 2.1 percentage points on average to inflation
in 2012, with a further 1.2 percentage point contribution from 7*“. In total, the deviations
of long-term inflation expectations from target therefore add more than 3 percentage points
to inflation in 2012. The effect starts to wane as inflation expectations ease towards target:
2 percentage points are added to inflation in 2013, but the contribution falls to 1 percentage
point by the end of 2015, and to zero in 2016. The improved anchoring of long-term inflation
expectations therefore appears to have played a key role in the gradual decline in inflation

to target.
Figure 8. Contributions to deviations of inflation from target
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Note: The columns give the contribution of each explanatory variable in the Phillips curve to the
deviations of inflation from target in 2012Q1-2016Q4 for the MS model in Table 2 and the
restricted TVP model with extra smoothing in Table 3, respectively (in percentage points). The
contributions are obtained by comparing a dynamic simulation of inflation starting in 2011Q1 to
a counterfactual simulation of each model setting the value of the explanatory variable to zero
(the output gap, relative import prices, and 7}*“) or equal to the inflation target (bond market
long-term inflation expectations). “Other” is a residual capturing the part of deviations from target
not explained by the model.

Source: Author’s calculations.

From mid-2013, import prices start to add further downward pressures on inflation,
adding to the impact from the slack in the economy and the declining positive contribution
from above-target inflation expectations. These downward pressures from import prices
gather strength from 2014, gradually pushing inflation below target. Inflation falls further
below target as the combined effect of falling global commodity prices and currency
appreciation gathers strength. Partially offsetting this is the gradual disappearance of spare
capacity in early 2015 and the consequent emergence of a positive output gap.

Finally, the model residuals (“other” in Figure 8) seem to play a relatively minor role
in explaining the deviation of inflation from target in recent years. The exception is in late
2014 and in 2015 when the models fail to explain the full extent of the decline in inflation,
reflecting the large oil price shock discussed above. But other than that, the Phillips curve
specifications used here seem to perform well in explaining the downward trend in inflation
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over the last five years and the persistent undershooting of the target since 2014. In that
respect, there does not appear to be any puzzle concerning the developments of inflation in
the post-GFC period in Iceland.

4.4. The cost of disinflation and improved monetary policy credibility

The slope of the Phillips curve gives an estimate of how inflation is affected by changes in
cyclical output given expected inflation and relative import price inflation. Equivalently, it
also determines the sacrifice ratio, i.e. the output cost of a sustained disinflation (holding
other factors constant). With a typical estimate of the slope of the Phillips curve of just
under 0.5, the implied average sacrifice ratio over this sample period is given as 1.3 — that
is, the cost of reducing inflation permanently by 1 percentage point requires a sustained 1.3%
fall in output.!® This is slightly higher than the 0.9 ratio obtained by Andersen and
Gudmundsson (1998) for the second phase of the large disinflation episode in Iceland in the
late 1980s and early 1990s. It is also similar to what Coffinet et al. (2007) and Durand et al.
(2008) find for the euro area but about half as large as the median estimate for industrial
countries in Ball (1994a).17

The direct estimate of the sacrifice ratio from the Phillips curve above implicitly
assumes that the cost is the same for all disinflation episodes and holds everything else
constant, in particular inflation expectations. In reality, disinflation episodes can be different
in terms of their associated output cost. For example, one can easily think of a scenario
where inflation expectations fall permanently by 1 percentage point, which leads to a
corresponding permanent decline in inflation without any loss of output. The sacrifice ratio
is therefore zero in this case, i.e. the disinflation is costless in terms of lost output.®

This seems particularly relevant for the post-crisis disinflation episode in Iceland. The
first phase from early 2009 to early 2011 saw inflation decline from close to 20% to the 2.5%
target, which coincided with a very deep recession following the financial crisis. The second
phase, from early 2012 to early 2015 when inflation declined from more than 6% to 1%,
coincided with a strong boom in the economy, however: output growth averaged 3% during
the disinflation period and reached more than 4% in 2015 (and an eye-popping 7.4% in 2016).
This reflects the combination of positive external shocks and an appreciating currency, which
boosted domestic incomes and demand while also lowering import prices and reducing
inflation. The analysis above suggests, however, that without improved monetary policy
credibility, as captured by the decline in bond market inflation expectations and the falling
m4¢, inflation would have been more persistent. Alternatively, to achieve the disinflation
actually observed a greater contraction in output would have been required.

16 The sacrifice ratio is typically defined as the cumulative decline in output divided by the cumulative decline
in inflation over the same period. This can be obtained directly from the Phillips curve as (1 — f3)/¢.

17 The lower sacrifice ratio in Iceland compared to other advanced economies could be related to a more flexible
labour market (cf. Ball, 1994a), in particular, the high flexibility of real wages (cf. Andersen and Gudmundsson,
1998).

18 See, for example, Ball (1994b, 1995) and Sargent (1983) on the role of monetary policy credibility in explaining
different costs of disinflation episodes.
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To illustrate this, Figure 9 shows alternative inflation paths assuming different degree
of credibility of the disinflation episode. The left panel of the figure compares the actual
decline in inflation from 2012 to three dynamic simulations starting in 2012Q1. The baseline
scenario assumes that inflation expectations decline in line with the observed decline in 7%
and 7} (using the smoothed estimates). Thus, agents gradually come to recognise that the
economy has entered a new inflation regime and therefore update their inference on future
inflation and its anchoring at the 2.5% inflation target as the low-inflation regime signal
strengthens. The two other paths assume that the disinflation episode is less credible than
in the baseline scenario and therefore that inflation expectations remain more persistent.
The first (“less credible”) path assumes that 7 declines as observed but that 7/ does not
fall as estimated, while the second (“least credible”) path assumes that neither 7’ nor m¢
decline. The baseline scenario follows the observed disinflation quite closely, while the two

less credible paths are much slower.

Figure 9. Inflation and output for different degree of disinflation credibility
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Note: The left panel compares actual inflation to three alternative dynamic simulations (all in %).
The baseline scenario uses the observed 7? and the smoothed estimates of 7**. The second (“less
credible”) path assumes that 77 develops as observed while 7** is given by the high-inflation regime
value, 7}¢, throughout the simulation period in the MS model and by its 2011Q4 estimate in the
TVP model. The third (“least credible”) path assumes that 7} is given as in the “less credible”
case and in addition that 77 remains constant at its 2011Q4 level. The right panel compares the
actual output gap to counterfactual output paths that are required to replicate the baseline
inflation path, assuming that 7¢¢ and 7¥ evolve as in the two less credible cases (all as % of
potential output). The solid horizontal line gives the 2.5% inflation target.

Source: Author’s calculations.

The right panel of the figure backs out the output paths in the two low-credibility

cases that are required to replicate the baseline inflation path, assuming that ¢

evolve as in the less credible cases (i.e. the output gap path needed to replicate the baseline

and 7
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inflation path without the decline in 7{¢ and 7). What the figure shows is that without the
gradually improving credibility of monetary policy, the recessions would have needed to be
much more prolonged and deeper to generate the disinflation observed. The counterfactual
output path is more than 5% lower than the actual output path in the least credible case
(when neither 7¥ nor 7¢¢ decline) and roughly 2% lower when 7 declines but 7{“ remains
constant. In the former, the output gap remains significantly negative at the end of the
sample period but just about closes at the end of the sample in the latter — almost two years
later than it actually does.

The sacrifice ratio is therefore much larger in these two less credible disinflation
scenarios. For the decline in inflation from the start of 2012 to early 2015, the sacrifice ratio
is estimated to be negative in the baseline scenario, but without the decline in 7}*¢ it rises to
roughly 1.0. The sacrifice ratio rises much further (to roughly 4.0) if, in addition, #? is
assumed to remain constant throughout the disinflation episode.’ This simple exercise
therefore shows how big a role the decline in inflation expectations and improved monetary
policy credibility played in the recent disinflation episode in Iceland.

5. Conclusions

Inflation in Iceland has declined substantially from its high level immediately after the Global
Financial Crisis and has remained low and stable for a longer period than seen for a long
time, despite a strong recovery in domestic activity and a sharp fall in unemployment in
recent years. The first disinflation phase, which saw inflation decline from almost 20% in
early 2009 to the 2.5% inflation target in early 2011, was mainly driven by the deep recession
following the financial crisis, which overwhelmed the lingering effects of the currency collapse
in 2008. However, inflation started to rise again in 2011 and reached more than 6% in early
2012. Tt averaged around 4% from mid-2012 until end-2013 before easing to the inflation
target in early 2014. Since then it has mostly remained between 1.5-2%, despite output
growth averaging around 4% since 2011, rising further to more than 7% in 2016, and
unemployment falling below 3% from early 2015.

What explains this? One obvious factor is the low global inflation in recent years
that, together with the appreciation of the domestic currency, has resulted in a large fall in
import prices. However, the analysis presented in this paper suggests that there is more to
this than just good luck. A key factor has been the large decline in long-term inflation
expectations, which had remained stubbornly well above the inflation target, reflecting the
legacy of poor inflation control in Iceland for most of the inflation-targeting period. This
improvement in the credibility of the inflation target can be seen in the gradual decline in
bond market long-term inflation expectations from around 5% in 2011 to the target in late
2016, but our analysis suggests that this is only part of the story. Estimating a forward-
looking, open-economy Phillips curve suggests a structural shift in the average relation
between inflation and its key drivers occurring around 2012. It is argued that this reflects
the convergence of long-term inflation expectations of households and firms towards the

19 The sacrifice ratio is calculated as the cumulative output gap over the disinflation period, assuming that output
is at potential at the start of the disinflation episode (cf. Ball, 1994a).
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downward trending bond market expectations as non-financial economic agents have become
more convinced that a change towards a low-inflation regime has occurred. The long-term
inflation expectations of households and firms are not observed, but using a Markov
switching model and a time-varying parameter model suggests that this unobserved
component of long-term inflation expectations has declined from an average of about 2
percentage points in 2003-2011 towards zero at the end of the sample period.

Thus, the decline in long-term inflation expectations has been much steeper than is
captured by bond market expectations and it turns out that the failure to take this into
account goes a long way in explaining the persistent over-prediction of inflation in Iceland
by most forecasters in recent years. Furthermore, the overall decline in long-term inflation
expectations, together with the large imported deflation, play a key role in explaining the
post-2012 disinflation and why it did not coincide with any loss of output. The analysis
shows that without the improved credibility of monetary policy, a large output contraction
would have been needed to generate the observed disinflation. The paper therefore highlights
the importance of monetary policy credibility and a firm anchor for long-term inflation
expectations for a successful disinflation and for maintaining low and stable inflation over a
sustained period.
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