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Korea'’s Inflation Expectations with regard to the
Phillips Curve and Implications of the COVID-19 Crisis’

ByKYU-CHUL JUNG*

This paper estimates the expectation-augmented Phillips curve, which
explains inflation dynamics, in Korea. The phenomenon of low inflation
in Korea has been going on for quite some time, in particular since 2012.
During the Covid-19 crisis, due to low inflation expectations the
operation of monetary policy was limited as the base rate approached
the zero lower bound. The main objective of this paper is to estimate
where and how tightly inflation expectations are anchored. It was found
that long-term inflation expectations fell to around 1%, falling short of
the inflation target, and that inflation expectations are strongly
anchored to long-term expectations, which implies that the low inflation
phenomenon is likely to extend into the future. The results also imply
that even if inflation fluctuates due to temporary disturbances, it may
converge to a level below the inflation target. The slight rebound of
long-term expectations during the Covid-19 crisis suggests that the
aggressive monetary policy may have contributed to improving
economic agents’beliefs about the commitment of monetary authorities
to inflation stability. This may also help long-term expectations
gradually to approach the inflation target.
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1. Introduction

he continuing phenomenon of low inflation remains ongoing in Korea. Figure 1
shows the inflation targets and the actual inflation rates. Prior to 2011, inflation
sometimes fell outside the range of the target temporally, but for most of the period
inflation it was in line with the targeted forecasts. In contrast, since 2012 actual
inflation has been below the inflation target for most of the period. Short-term
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disturbances, such as international oil price hikes, a good harvest, bird flu, and foot-
and-mouth disease, may play major roles in headline inflation fluctuations. However,
core inflation, which excludes food and energy, has also been gradually declining
below the target since 2012.

As the phenomenon of low inflation has continued, economic agents may have
lowered their inflation expectations, which have limited the operation of monetary
policy. If the economy is subdued and inflation falls, the monetary authority in Korea
lowers real interest rates (nominal interest rates minus inflation expectations) by
cutting the key short-term nominal rate, the base rate. Given that nominal interest
rates are bounded by zero, real interest rates cannot be sufficiently lowered when
inflation expectations are low.

When the Covid-19 crisis occurred, the Bank of Korea cut its base rate to a level
close to the lower bound. That is, due to low inflation expectations, the Bank of
Korea could not sufficiently adjust real interest rates. As the base rate approached
the lower bound, the Bank of Korea employed unconventional monetary policy
measures, such as purchasing government bonds, whose effectiveness is uncertain
and debatable. Recognizing the importance of the stable expectations, the Bank of
Korea revised its “General Principles of Monetary Policy Operation” in December
2020. According to the new general principles, the Bank of Korea is supposed to
consider anchoring of inflation expectations in addition to overall inflation and
growth outlooks, the associated uncertainties and risks, and financial stability
conditions when it assesses the path of convergence of inflation.

Stable inflation expectations themselves matter with regard to the stability of
actual inflation. If expectations are well anchored, actual inflation is ensured to
converge to the target even if it temporally deviates. The sustained low inflation in
Korea, however, suggests that expectations may not have been well anchored. If
expectations are tightly anchored to a level that differs from the target, it becomes
difficult to expect inflation to converge to the target in the foreseeable future. With
this motivation, the main objective of this paper is to estimate where and how tightly
inflation expectations are anchored.
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FIGURE 1. THE COVID-19 CRisis IN KOREA
Note: Shading represents the inflation target.

Source: Statistics Korea.
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Several previous studies have investigated possible decreases in the slope of the
Phillips curve, inflation’s responsiveness to economic fluctuations. Ball and
Mazumder (2011; 2019) found that US expectations of the Phillips curve were
strongly backward-looking in the past, but became more strongly linked to the Fed’s
inflation target recently. Based on this evidence, they concluded that inflation
remained stable in the 2000s, not because the slope of the Phillips curve had
decreased but because inflation expectations had been strongly anchored. Matheson
and Stavrev (2013), the IMF (2013), and Blanchard, Cerutti, and Summers (2015)
also analyzed the Phillips curve for the United States or for 21 countries. They also
found that inflation expectations for the US were strongly anchored to long-term
expectations recently.

This paper also studies variations in inflation expectations in the Phillips curve by
applying the Kalman-filter model used in Matheson and Stavrev (2013), the IMF
(2013), and Blanchard, Cerutti, and Summers (2015). An obvious difference is that
this paper analyzes the Korean economy, which was not considered in the previous
literature. A more critical departure is that this paper directly estimates long-term
inflation expectations, in contrast to existing literature. For long-term expectations,
Ball and Mazumder (2019) used the Fed’s target level, while Matheson and Stavrev
(2013), the IMF (2013), and Blanchard, Cerutti, and Summers (2015) used survey
results. Considering the upward bias of survey results in Korea, using survey results
as a proxy for long-term inflation expectations in the Phillips curve is limited. This
paper found that while inflation expectations in Korea also show recent strongly
anchored to long-term expectations, the anchored level appears to be substantially
different from the target.

There have also been studies of the low inflation phenomenon in Korea from a
structural point of view. Lee (2014) and Jung (2019) investigated the low inflation
phenomenon, the risk of deflation, and implications for monetary policy. Lee (2014)
and Cho (2018) compared Japan’s economic structure and macro-policies with
Korea’s. Japan’s monetary policy was critically examined, and policy implications
were derived to prevent deflation in Korea, whose current economic structure is
similar to that of Japan’s in the past. Jung (2019) and Cho (2020) discussed structural
issues in the Korean monetary policy management system. Although this paper does
not formally analyze Korea’s monetary policy, it suggests related policy implications.

This paper is organized as follows. Section II discusses the survey results on
inflation expectations. Section III presents the model and data. Section IV shows the
results and implications, and Section V concludes the paper.

I1. Discussion of Survey Results

Inflation expectations are unobservable. This section discusses the survey results
on inflation expectations. The Bank of Korea surveys the public and experts on
inflation expectations. Surveys of the general public are released monthly, and
surveys of experts are released through a quarterly monetary policy report. Inflation
expectations refer to the rate of headline inflation over the following year. Figure 2
shows that expectations of the general public are higher than those of experts.
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FIGURE 2. SURVEY RESULTS ON INFLATION EXPECTATIONS (ONE-YEAR-AHEAD)

Source: Bank of Korea, Consensus Economics.

Consensus Economics examines inflation expectations with experts. This survey
concentrates on headline inflation, categorized into short-term (one year ahead) and
long-term (five years ahead) periods. The survey results of experts by the Bank of
Korea and Consensus Economics are very similar because the survey groups who
take the two surveys are similar. In this paper, experts’ expectations will be discussed
based on the survey conducted by Consensus Economics because it has a longer time
series.

First, this paper examines whether the survey results have a statistical bias. As a
simple benchmark, I also examine inflation of the current period as the forecast for
one-year-ahead inflation. In the first column of Table 1, when current inflation is
used as a forecast for inflation expectations, an upward bias of 0.1%p is found. This
can be understood as reflecting the trend in which inflation rates have declined by
0.1%p per year. Inflation expectations for the general public has an upward bias of
1.0%p compared to actual inflation, meaning that the upward bias is much greater
than the expectations when using current actual inflation. The fact that there is
upward bias in inflation expectations over a long period of time means that there is
a limitation to predicting future inflation trends with survey results on inflation
expectations of the general public. Experts’ inflation expectations also showed an
upward bias of 0.3%p from actual inflation rates. The bias of expert inflation
expectations was smaller than that of the general public, but it was also found to be
greater compared to the simple use of current actual inflation. This suggests that it is
difficult even for expert groups to forecast inflation trends.

Table 1 shows the size of the average error of inflation expectations against the
actual future inflation, as measured using the root mean squared error (RMSE). If
current-period inflation is used as the inflation forecast, the RMSE is about 1.2%p,
as presented in Table 1. Inflation expectations of the general public have an RMSE
of 1.5%p, which is larger than the forecast error of the current actual inflation. This
also means that the inflation expectations of the general public are less useful than
the current inflation value in explaining short-term inflation fluctuations.
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TABLE 1—ONE-YEAR-AHEAD INFLATION EXPECTATIONS AND ACTUAL INFLATION

Inflation Expectations

Sample period Current-period .
actual inflation Survey (public) Survey (experts)
From Q1 2003 Bias (%p) 0.1 1.0 03
to Q4 2020 RMSE (%p) 12 15 11
From Q1 2012 Bias (%p) 0.4 17 09
to Q4 2020 RMSE (%p) 1.0 18 -

Note: One-year-ahead inflation expectations zf_ 4 are formed at period -4 and compared with actual inflation 7,

at period 7. Bias denotes the averages of forecast errors (zf_ 47, ), and the RMSE (root mean squared error) is
determined using the equation Z[T:I(ﬁ,e_ 47 YT .

Source: Bank of Korea, Consensus Economics, Statistics Korea.

The bias reveals a more pronounced difference since 2012, when inflation began
to fall persistently below the target. Table 1 shows that the upward bias of the
inflation expectations for the general public is larger and that the RMSE is also
higher. The bias of experts’ inflation expectations was also relatively large. For
reference, the bias of expert inflation expectations before 2012 was -0.2%p.

How can we determine why the bias of inflation expectations for the general
public is high and the forecasting error is large, and what are the main factors
affecting the formation of inflation expectations? Previous studies such as those by
Lee (2012), Choi (2012), Lee and Choi (2015), and Nam and Go (2018) explained
that the backward-looking factor in the formation of inflation expectations is
important. The Bank of Korea’s survey of the general public includes inflation
perception as well as inflation expectations. Inflation perception comes from the
results of a survey on headline inflation over the previous year. Figure 3 shows the
inflation expectations of the general public, inflation perception results, and actual
inflation. First, we find that there is a considerable gap between the general public’s
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FIGURE 3. INFLATION EXPECTATIONS, INFLATION PERCEPTION, AND ACTUAL INFLATION

Source: Bank of Korea, Statistics Korea.
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FIGURE 4. SURVEY RESULTS ON LONG-TERM AND SHORT-TERM INFLATION EXPECTATIONS

Source: Consensus Economics.

perception of inflation and actual inflation. Second, inflation expectations are
strongly correlated with inflation perception, indicating that the formation of
inflation expectations is backward-looking. Nam and Go (2018) reported that these
features were also found in other major economies.

With regard to long-term inflation expectations, Consensus Economics surveys
experts on five-year-ahead inflation expectations. Figure 4 compares the survey
results on short- and long-term inflation expectations. While long-term expectations
tend to fluctuate around the inflation target, short-term expectations have
consistently fell short of long-term expectations, meaning that the survey
respondents thought that inflation would gradually converge to the inflation target in
the future. Just as there was upward bias in short-term expectations, however, long-
term expectations also show some upward bias. In contrast to the experts’ long-term
expectations, actual inflation has been below 2% for most of the period since the
second half of 2012.

The discussion covering the survey results on inflation expectations can be
summarized as follows. First, the inflation expectations of survey results tended to
be backward-looking. Second, the short- and long-term expectations did not
correspond to the low inflation phenomenon that has appeared since 2012. Therefore,
it is highly likely that the results of the inflation expectations survey did not
sufficiently reflect information on the future inflation trend.

II1. The Model and Data

This section explains the method used to estimate inflation expectations as
reflected in the time series of actual inflation. After setting the Phillips curve model,
we explain how we measure where and how strongly inflation expectations are
anchored by a Kalman-filter model.
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A. Phillips Curve Model

The Phillips curve represents how prices are determined. The specific form may
vary from study to study, but in this paper, inflations are expressed as inflation
expectations, demand-side pressure, and supply-side pressure. This form of the
Phillips curve is also supported by a theoretical model. For example, Clarida, Gali,
and Gertler (1999) derived the following Phillips curve in the dynamic stochastic
general equilibrium model:

T, =AE [z, ]+ KD +e,

where J, denotes the GDP gap. Given that inflation expectations in Clarida, Gali,
and Gertler (1999) are purely forward-looking, past inflation is not included on the
right side of the Phillips curve. Woodford (2003), Christiano, Eichenbaum, and
Evans (2005), however, explained that in the model in which producers index prices
to past inflation, past inflation may be included in the Phillips curve.

Inflation expectations can be expressed in various forms. The simplest form is the
adaptive expectations form, i.e., 7, =7, ,.If economic agents believe that inflation
will converge to a certain level, they may not adjust inflation expectations to one-to-
one for short-term fluctuations in inflation. For example, Ball and Mazumder (2019)
set inflation expectations as a weighted average of long-term inflation expectations
and past short-term inflation. Economic agents’ long-term inflation expectations may
also change over time.

Demand pressure is usually estimated by the GDP gap. In many previous studies,
demand pressure is measured by the unemployment rate gap. However, in Korea, the
unemployment rate is of limited utility when used to explain economic fluctuations.’

According to Chun (2020), factors of global inflation can help to predict Korea’s
inflation. Global factors can include both global demand pressure and global supply
pressure, and can be expressed as global inflation. This paper measures global factors
using import price inflation.

Based on the above discussion, the Phillips curve can be set as follows:

e A A
T, =TT, +Ktyt +]/lﬂmt +€t,

where 77, denotes inflation, 7° inflation expectations, ), the GDP gap, 7,
import price inflation, and e, other factors including short-term supply factors.

Following Matheson and Stavrev (2013), the IMF (2013), and Blanchard, Cerutti,
and Summers (2015), inflation expectations are set as the weighted average of long-
term inflation expectations and past short-term inflation,

'For example, Park, Park, and Oh (2013) reported that since the global financial crisis, the relationship between
the unemployment rate and business cycle in Korea had been statistically insignificant.
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7, =0T, +(1_9t)7z.t471’

where 7, denotes long-term inflation expectations and 72',471 is past inflation. 6,
represents the stability of inflation expectations or the degree of anchoring to long-
term expectations. As @, is high, inflation is less affected by short-term factors.
Finally, the Phillips curve is set in the following form.

— 4 A A
n,=0r+(1-0)r'  +xy +y7, +e,.

This paper sets constraints on the coefficients following Matheson and Stavrev
(2013), the IMF (2013), and Blanchard, Cerutti, and Summers (2015). Because
inflation expectations are the weighted average of long-term expectations and past
short-term inflation, 0<6 <1. As the widening of the GDP gap and the rise in
import price inflation push up domestic inflation, &, 20 and y, =0. Long-term
inflation expectations are unconstrained.

B. Kalman-filter model

This paper uses the Kalman-filter model, details of which can be found in
Hamilton (1994), among others. To reflect the constraints, we consider the following
transformation:

_ AQ)
o] exeta)
Kt =| I+exp(B,(2)) |.
7; exp(/3,(3))

’ exp(3,(4))

For all [ €(—00,00), the constraints are satisfied. The inverse transformation can
be written as

T,

)
In
B, = g )|

Ink,

Iny,

Let x, =(x',,7,,%,) denote the predetermined exogenous variables and let
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g xl, IO YO
hpB,.x,)= 1t+eﬂ[<z> +1+;ﬂ(2>+e Yo re o,

Observation equations in the Kalman-filter model are 7, =h(f,,x,)+e,, where
the error term is independent and identically distributed and follows a normal
distribution, e, ~ N(0,R). State equations are

B=B.+v,

where the error term is independent and identically distributed and follows a normal
distribution, v, ~ N(0,Q). The covariance matrix Q is a diagonal matrix. The
state equations imply that the state variables S follow a random walk pattern.

In a linear Kalman-filter model, the observation equation is expressed as
7, =H f +e,. Incontrast, h(f,x,) isnon-linearin /A and hence the model in
this paper is a non-linear Kalman-filter model. In this paper, not only is the nonlinear
transformation applied to reflect the constraints, but there are also cross terms
between state variables in the observation equations. To analyze the non-linear
Kalman-filter model, this paper follows Simon and Chia (2002), Simon (2010), and
Matheson and Stavrev (2013), among others. The key procedure is to replace
with the gradient of A(f,x,) with respectto f3.

o :(%(ﬁ,,x» Oh(fx%) oh(x) ah(/z,x»}
L BMm T Q) T BB T OBM

Taking partial derivative, I obtain
H,=(0,(7,~ 7 )0,(1-6).53,.7.%,,)-
The forward recursion of the Kalman filter includes
ﬂt\t—l = ﬂt—ut—l’
B\t—l = B—l\t—l +0,
Vir =67y +1-6,, )72}44 + Kmqj’t + 7t\t717%mt )

f;\t—l = HtB\t—l (Ht)T + R’

ﬂz\z = ﬂz\z—l + R\z—l (H[)T (f;\zfl)il (yt - yt|t—1)>
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P, =P

1|t -

1 B|t—1 (Ht)T (f;|t—1)7l HtP

fe-1°

where for any variable z,, Z denotes the estimate for z, of period f based
on information up to and including period 7, . Given the parameters (R,Q ), I
calculate the likelihood using the Kalman filter and then obtain the maximum
likelihood estimates for (R, Q).

By Kalman filtering, I obtain ﬁ[‘t , which is the estimate with the information up
to period . The main focus of this paper is not the short-term forecasting of 7, but
is instead the trends of 7, and 6, per se. It is more useful to obtain estimates for
7, and 6 with all available information. To obtain ﬂt\T I apply backward
recursion to the Kalman smoothing,

ﬂnr = ﬂm + Pz\z(Pt+l|t)71(ﬂt+1\T - :31+1|z)-

The backward recursion of the mean squared error matrix follows:

P

Hr

= Pz\t + B\z (RJruzy1 (Pt+1|T - Pz+1|t)(Pz|t (Bﬂ\t )71 )T~

C. Data Description

The sample period is from the first quarter in 2000 to the fourth quarter in 2020.
Inflation is measured as the logarithm difference of quarterly seasonally adjusted
consumer-price indices. Because the seasonally adjusted consumer price is not
officially released, Census X-13 ARIMA-SEATS values are used. I multiplied the
difference by 400 in each case to convert the rates into the annual percentage change.
The past short-term inflation is the year-over-year logarithm difference relative to
the consumer price of the previous period. This corresponds to the average quarterly
inflation over the four quarters. I multiplied the difference by 100. This specification
followed Matheson and Stavrev (2013), the IMF (2013), and Blanchard, Cerutti, and
Summers (2015). _

The GDP gap is the actual GDP(Y,) and the potential GDP(Y, ). That is,
¥y, =(nY —InY,)x100. The potential GDP is unobservable and thus needs to be
estimated. This paper uses the method of Hodrick and Prescott (1997), henceforth
referred to as the HP filter. Estimates of the potential GDP with quadratic time trend
are also examined. Figure 5 shows the GDP gap estimates by the two methods. The
overall trends of the two series are very similar, but there are some differences in the
breadth of the economic fluctuations. The methods using the structural VAR model
in Blanchard and Quah (1989) is widely used in the literature. Blanchard and Quah
(1989) used data on the unemployment rate and GDP. In Korea, the unemployment
rate is limited if used to reflect short-term economic fluctuations. Because the HP
filter and the quadratic time trend model mechanically decompose the time series
into trends and short-term fluctuations, the accuracy of the potential GDP estimation
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FIGURE 5. COMPARISON OF GDP GAP ESTIMATES

Source: Authors’ estimates.

is debatable. In future research in this area, more rigorous estimates of the GDP gap
could be used to improve the results of this paper. Therefore, when interpreting the
results of this study, it is necessary to focus more on the estimation of inflation
expectations rather than on the coefficient of the GDP gap.

Import price inflation is defined as the logarithm difference of seasonally adjusted
import prices in Korean won relative to consumer prices in accordance with
Matheson and Stavrev (2013), the IMF (2013), Blanchard, Cerutti, and Summers
(2015). Import price inflation is also converted into an annual rate. The deviation
from the mean is calculated by subtracting the mean value of the sample period from
the time series. In a regression analysis, the mean value of the time series is often
treated as a constant term. In this analysis, however, because a constant term may
affect the level of inflation expectations, the mean value of the time series is
subtracted.

IV. Results and Implications

A. Linear Regressions

Before performing the Kalman filter analysis, I undertake a linear regression
analysis. This model is usually used to identify short-term inflation fluctuations. We
consider the linear regression analysis below.

4 A A
(D) T, =c+pr_ tKy +yr, te,.

This regression model can be interpreted as meaning that the form of inflation
expectations is expressed as follows:
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) r‘=c+pr,.

The long-term expectations are 7, =c¢ and the degree of anchoring is
6 =(1-p). The other coefficients are also assumed to be invariant over time.

Table 2 shows the results of regression analysis with the sample from the first
quarter of 2000 to the fourth quarter of 2020. The dependent variable is quarterly
headline inflation in the annual rate. The coefficient of 7', is estimated to be
0.519, which means that there is considerable inertia affecting inflation. Inflation
also had a statistically significant response to the demand pressure, i.e., the GDP gap.
Inflation was analyzed and found to increase by 0.056%p when import price inflation
rises by 1%p, and this was found to be significant at the 1% level.

The implied degree of anchoring to long-term inflation expectations is
1-0.519=0.481. The implied Ilong-term inflation expectations are
1.032/(1-0.519) = 2.15%, which is less than the average of the inflation target
levels.

Table 2 also shows the result of the same analysis on core inflation. The coefticient
of 7z, is estimated to be 0.706, indicating that the inertia of core inflation
exceeded that of headline inflation. There was no significant difference between
headline and core inflation outcomes with regard to the response to the GDP gap. On
the other hand, for core inflation, the regression coefficient for import price inflation
was small and statistically insignificant; while changes in energy prices have a strong
influence on import price inflation, they are excluded from the basket of core
inflation.

The implied degree of anchoring to long-term inflation expectations is
1-0.706 =0.294. The implied Ilong-term inflation expectations are
0.579/(1-0.706) =1.97%, similar to the estimate using headline inflation.

The linear regression model above can be interpreted as meaning that the state
variables are assumed to be constant over time. This assumption may be improper

TABLE 2—LINEAR REGRESSION ESTIMATIONS

Independent variables Dependent variables
Headline inflation Core inflation
) (2) (3) 4)

Constant 1.032%** 2.842%%* 0.579* 2.074%%*
(0.222) (0.795) (0.299) (0.387)
. -0.024%%* -0.019**

Time trend (0.010) (0.004)
4 0.519%%* 0.191 0.706%** 0.381%**

"1 (0.076) (0.175) (0.118) (0.135)

$ 0.282%* 0.148 0.277%%* 0.175%*

! (0.108) (0.121) (0.090) (0.082)

2 0.056%** 0.059%** 0.003 0.004

mt (0.010) (0.011) (0.013) (0.014)

R2 0.46 0.52 0.35 0.44
Number of observations 84 84 84 84

Note: 1) Numbers in parenthesis are Newey-West standard errors, 2) ***, ** and * indicate significance at the 1, 5,
and 10 percent levels, respectively.
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considering that there was a declining trend of the inflation rate in Korea. To examine
this possibility, rolling regressions were performed. The same linear regression
model was analyzed with the data for 40 quarters (ten years) from period #—39 to
period ¢. Figure 6 shows the results of the regression analysis. The constant term
shows a clear downward trend. The coefficient of 7', did not remain stable for
each time point. It is not clear whether there is a time trend in the coefficients of
”;4-1 , the GDP gap, and import price inflation. The rolling regression analysis implies
that there is a downward trend in the constant term and that it is therefore necessary
to include the time trend term in the linear regression model.

Reflecting the rolling regression results, inflation expectations are modified by
allowing a linear time trend. Adding a time trend to the previous linear regression
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FIGURE 6. ROLLING REGRESSION COEFFICIENTS

Note: 1) The dependent variable is headline inflation, 2) The dashed line represents a 95% confidence interval using
the Newey-West standard error.



94 KDI Journal of Economic Policy MAY 2021

yields the following regression model:

3) 7 =ctat+pr +KP, +yE, +e,

This regression model can be interpreted as meaning that inflation expectations can
be expressed as

4) r‘=c+at+pr,.

Table 2 above shows the regression analysis results. First, the coefficient of the
time trend was negative and statistically significant. This result can be readily
expected in that inflation has shown a downward trend. The degree of anchoring to
long-term expectations & =(1—p) is 0.809, which is much higher than the
estimate without the time trend, at 0.481. The coefficients for 7zt4_1 and the GDP
gap were reduced compared to those without the time trend. Meanwhile, there was
no significant difference in the regression coefficient for import price inflation. Table
2 also shows the results of a regression analysis of core inflation. Similar to the
analysis of headline inflation, the regression coefficient for the time trend was
negative and statistically significant. The regression coefficients of 7z,4_1 and the
GDP gap were also lower than those without the time trend.

The focus of this study is on inflation expectations. Figure 7 shows the inflation
expectation outcomes estimated in the linear regression with and without the time
trend. In the analysis including the time trend, the inflation expectation levels were
high at the beginning of the sample period and low at the end of the analysis period.
The estimates of the degree of anchoring to the long-term inflation expectations were
quite different.

As the assumption of a linear time trend in inflation expectations is not firmly
grounded, I will not rely on a specific time structure and will directly estimate how
the long-term expectations and the degree of anchoring change over time using the
Kalman-filter model.
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FIGURE 7. ESTIMATES OF INFLATION EXPECTATIONS
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B. Kalman Filter Analysis

This subsection presents the analysis results of the Kalman-filter model. The first
panel of Figure 8 shows that long-term expectations are on a downward trend, similar
to actual inflation. Long-term expectations remained relatively stable in the mid 2%
range in the mid-2000s, but since 2012 the decline of long-term expectations has
been remarkable and they have remained below the inflation target. Recently, long-
term expectations rebounded slightly and were in the low 1% range. Figure 8 shows
that the estimates with the alternative GDP gap measure, de-trended using a
quadratic time trend model, are qualitatively similar to the baseline estimates.

To check the robustness of the results, estimation for the sample excluding the
Covid-19 crisis is conducted; a marked decline in long-term expectations since 2012
has been maintained (Results are available upon request). In summary, the rate of
decline in long-term expectations has accelerated since 2012, and recently it remains
in the low 1% range, which is much lower than the Bank of Korea’s inflation target
of 2%.

Figure 8 shows that the degree of anchoring of inflation to long-term expectations
has risen consistently and is estimated to be around 0.9 at the time of this writing.
The estimates with the alternative GDP gap measure show a similar trend. The IMF
(2013) also found that inflation has been strongly anchored to long-term
expectations. It reported that the median of the degree of anchoring for 21 economies
had been rising and, depending on the specification for unemployment gap measures,
they reached 0.84-0.93 at the end of 2011.

Given the results of low long-term expectations and high degree of anchoring to
them, Korea’s low inflation since 2012 is not a case in which temporal factors
lowered actual inflation with high inertia. Instead, economic agents have lowered
their long-term expectations, whose role in the determination of inflation has been
greater. The results here imply that low inflation can persist into the future even if
actual inflation temporarily rises due to short-term disturbances.

Figure 8 shows the coefficients of the GDP gap and import price inflation,
although they are not the main focus of this study. The coefficient for the GDP gap
in the baseline estimation was slightly above 0.3, similar to the coefficient in the
rolling regression. It did not exhibit clear time trend in either the baseline or the
alternative estimation.” The coefficient of import price inflation was around 0.07 at
the end of 2020, which is close to the estimation in the linear regression model. The
coefficient exhibited an upward trend after the global financial crisis. Note that the
coefficient in the rolling regression also had a slight upward trend more recently.
This result is in line with Park and Park (2014), who found that the explanatory
power of global factors with regard to inflation in Korea had increased since the
global financial crisis. The estimation results for the sample excluding the Covid-19
crisis were not qualitatively different (Results are available upon request).

2In the baseline specification, x, is estimated to be constant over time because the estimated variance of the
innovation of B, is close to zero. The result is, however, not robust because, in the alternative specification, K,
is estimated to fluctuate.
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FIGURE 8. RESULTS OF THE KALMAN FILTER ANALYSIS

Note: 1) The solid line represents estimates using the GDP gap with the HP filter (baseline) and shading represents
one standard error band, 2) The dashed line represents estimates using the GDP gap with a quadratic time trend
(alternative specification).

C. Comparison among Various Inflation Expectations

How different are the long-term inflation expectations estimated through the
Kalman filter and the survey results of the experts’ long-term expectations? Figure
9 shows the experts’ long-term expectations, which were taken from Consensus
Economics’ five-year-ahead inflation expectations. The experts’ long-term
expectations did not significantly deviate from the inflation target. As with the short-
term expectations, however, experts’ long-term inflation expectations were also
upwardly biased compared to actual inflation. In other words, even if the experts’
long-term inflation expectations survey results remain high, long-term expectations
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AND KALMAN FILTER ESTIMATES

Note: BEI represents break-even inflation in 10-year treasury bonds.

Source: Consensus Economics, Bloomberg, author’s calculations.

as reflected in actual inflation can significantly fall short of this level.

As another reference, the break-even inflation (BEI), measured as the yield
difference between the 10-year treasury bond and an inflation-protected bond with
the same maturity, can be considered. BEI is interpreted as inflation expectations
assessed by financial market participants. The series begin at the end of 2011. Figure
9 shows that BEI also has declined rapidly since 2012, remaining around 1%, similar
to the Kalman filter estimates.

D. Implications of the Covid-19 Crisis

During the Covid-19 crisis, the Bank of Korea cut its base rate from 1.25% to
0.5% by 0.75%p. The Bank of Korea lowers the real interest rate (base rate minus
inflation expectations) by lowering the nominal interest rate, affecting the real
economy. Because nominal interest rates have a zero lower bound, the real interest
rate is constrained by inflation expectations. Figure 10 shows the estimated real
interest rate (solid line) and the hypothetical real interest rate (dashed line), which is
calculated by assuming, all other things being equal, that long-term expected
inflation remains at the inflation target of 2%; i.e., 77 =6,-2%+(1-6,)x,. Had
the real interest rate been lower with high inflation expectations, the recession would
have been less severe. In cases where a large nominal interest rate cut is required,
such as during the Covid-19 crisis, the level of inflation expectations acts as a major
constraint on the implementation of monetary policies.
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Note: Counter-factual inflation expectations are calculated assuming that long-term inflation expectations are
identical to the inflation target of 2%.

Source: Authors’ estimates.

V. Concluding Remarks

This paper examined where and how tightly inflation expectations are anchored
in the Phillips curve, finding that the dynamics of inflation expectations have
changed significantly since 2012. Long-term expectations fell to around 1%, short
of the inflation target for an extended time. Moreover, inflation expectations are
strongly anchored to long-term expectations, implying that the phenomenon of low
inflation will persist into the future. This paper did not formally analyze why the
inflation dynamics changed around 2012. As Jung (2019) and Cho (2020) claimed,
one possibility is that financial stability was added as a monetary policy goal at the
end of 2011, and despite the fact that inflation significantly deviated from the target
below, the Bank of Korea was reluctant to lower the base rate for fear of financial
imbalances.

As expectations for a recovery from the Covid-19 crisis emerge and
accommodating monetary and fiscal policies continue, there are concerns about a
surge in the inflation rate. The results of this paper suggest that as inflation
expectations are strongly anchored at the 1% level, even if inflation fluctuates due
to temporary disturbances, it may converge again to a level below the inflation target.

Long-term expectations have rebounded slightly since 2020. Due to the continued
low inflation phenomenon, there was criticism that the Bank of Korea’s inflation
management was too passive. During the Covid-19 crisis, the Bank of Korea lowered
its base rate promptly and implemented unconventional monetary policies. It is still
too early at the time of this writing to evaluate the monetary policy implemented by
the Bank of Korea in Covid-19 crisis, but the slight rebound in long-term
expectations suggests that the aggressive monetary policy may have contributed to
improving economic agents’ beliefs about the monetary authority’s commitment to
inflation stability and may have helped long-term expectations gradually to approach
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the inflation target.

This paper has many limitations. The GDP gap was estimated somewhat
mechanically rather than by an econometric model. A more rigorous estimation of
the GDP gap may be helpful for more precise and robust estimations for inflation
expectations. Also in future work, the factors that affect inflation expectations should
be examined closely. During the Covid-19 crisis, the Bank of Korea faced the zero
lower bound and implemented an unconventional monetary policy for the first time.
The effectiveness, including side effects, of such a monetary policy should also be
evaluated.
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