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Abstract

In this paper the dynamics of inflation and unemployment are
jointly analyzed as a system using the cointegrated vector of autore-
gression approach. The empirical analysis provides two main results.
First, one cointegrating vector is interpreted as a Phillips curve aug-
mented by productivity, that is, unemployment rate in excess of trend-
adjusted productivity would lead to a downward pressure on inflation.
Second, the equilibrium unemployment is time varying and its tra-
jectory may be determined by the real interest rate and the level of
productivity. This finding might confirm the persistence observed in
unemployment and might be related to hysteresis found in previous
studies in Chile. The fact that equilibrium unemployment may be af-
fected by the interest rate seems to suggest that monetary policy is
not completely neutral over the business cycle.
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1 Introduction

Since Phillips (1958) observed a negative relationship between wage inflation
and unemployment rate, which became known as Phillips curve, numerous
studies have empirically as well as theoretically analyzed this relationship.
Over time, different formulations of the Phillips curve have appeared. These
formulations analyze the relationship between inflation rate and some mea-
sure of the economic cycle. This analysis is mainly used to for the design of
economic policies and forecasting inflation. A thorough review of this his-
torical development of the Phillips curve can be found in Karanassou et al.
(2010). These formulations can basically be divided in two groups: (a) stan-
dard Phillips curve models, and (b) New Keynesian Phillips curve models.

The first group, early in the sixties, studies the empirical regularity of a
negative relationship between inflation rate and unemployment based on the
traditional Phillips curve. This regularity was reported by Phillips (1958) for
the UK and by Samuelson and Solow (1960) for the US. However, during the
seventies this relationship broke down and a new formulation of the Phillips
curve arose. Friedman (1968) and Phelps (1968) developed the expectations
augmented Phillips curve, based on the idea that this curve shifts over time
and in the long run the unemployment rate is independent of the rate of
inflation, that is, there is a natural rate of unemployment acting as a long-
run attractor for the unemployment rate. Therefore, under the expectations
augmented Phillips curve, there is only short-run trade-off between inflation
and unemployment rate. Furthermore, in these models the monetary policy
has no effect on the equilibrium unemployment, both in the short and long
run. This is known as the strong-form of the natural rate.

The second group relates actual and expected inflation to some measure
of aggregate marginal cost instead of unemployment. Within this group
one can distinguish between: (i) the standard New Keynesian Phillips curve
model, and (ii) the frictional growth New Keynesian Phillips curve model.
While the former model is consistent with the strong-form of the natural rate,
the second one recognizes that monetary policy has only short-run effects on
unemployment. This is known as the weak-form of the natural rate.

Regardless of the specification of the Phillips curve, most of the avail-
able studies share two empirical characteristics. First of all, the use of a
single equation for modeling inflation, that is, normally the rate of inflation
is assumed as the dependent variable explained by some indicator of the
economic cycle (unemployment, production, marginal cost, etc.). A single



equation approach can be justified by the classical dichotomy that nominal
variables do not affect real variables, and that inflation and unemployment
can be separately analyzed because there is not trade-off between them in
the long run. However, the empirical evidence for this dichotomy seems quite
weak; Fisher and Seater (1993), King and Watson (1994), Fair (2000), and
Karanassou et al. (2005) present evidence of a significant long-run trade-off
between inflation and unemployment rate. Furthermore, even if the classical
dichotomy holds, the use of a single equation approach does not make use of
feedback mechanisms embedded in the data.

Second, most empirical as well as theoretical studies assume the natural
rate of unemployment as an exogenous variable, which could also be justified
by the classical dichotomy. Normally, when a Phillips curve is estimated,
the natural rate is assumed constant or variable; in the latter case, the nat-
ural rate is generally estimated by internally inconsistent procedures. For
example, in a first stage the Phillips curve is estimated under the assump-
tion of a constant natural rate, but then from the residuals of this equation
a time-varying natural rate of unemployment is derived (Mankiw and Ball,
2002).

The results in this paper suggest that, when allowing for productivity,
the dynamic of the inflation rate in Chile can be described by a Phillips
curve. Furthermore, the natural rate of unemployment is time varying and
exhibits a positive co-movement with the real interest rate, suggesting that
the monetary policy might not be completely neutral over the business cycle.
This finding is in line with the thought of Olivier Blanchard

“...if we accept the fact that monetary policy can affect the real
interest rate for a decade and perhaps more, then, we must accept,
as a matter of logic, that it can affect activity, be it output or
unemployment, for a roughly equal time” (Blanchard, 2003)

where implicitly is stated that monetary policy may have real effects on the
economy.

Also, it is important to emphasize that most of Phillips curve studies
are focused on industrialized economies, particularly on European coun-
tries, and only a small proportion in developing countries. Probably, the
lack of studies in developing economies is due to scarceness of homogeneous
databases covering long periods, and due the economic and politic instabil-
ity in these economies. Whatever the reason, insufficiency of research in



developing economies is harmful and hinders a suitable design of economic
policies.

2 Literature review for Chile

There is scarcity of research about the Phillips curve in Chile. Normally, the
available studies are used as a tool to evaluate transmission mechanism of
monetary policy, inflation forecasting, and for the estimation of the natural
rate of unemployment. Restrepo (2008) estimates different formulations of
the Phillips curve to obtain the non-accelerating inflation rate of unemploy-
ment, NAIRU. The study covers the quarterly period 1987:03-1999:01 and
uses as independent variables lags of the inflation rate, unemployment rate,
supply shocks, and real exchange rate. Regardless of the Phillips curve spec-
ification, Restrepo finds a significant and negative relationship between in-
flation and cyclical unemployment, and between cyclical unemployment and
inflation gap, which is interpreted as a short-run Phillips curve. Further-
more, based on a Granger causality test, this study suggests that causality
goes from unemployment to inflation. In addition, the study emphasizes that
the NAIRU is not constant, but its determinants are not analyzed.

Cabrera and Lagos (2000) estimate a Phillips curve to analyze the trans-
mission mechanism of a monetary policy shock using term of trades, interest
rate, output gap, nominal exchange rate, and core consumer price index as
independent variables. Covering the monthly period 1986:02-1996:12 and
based on an impulse-response exercise, the study concludes that the Phillips
curve is not a proper tool to analyze the transmission mechanism of a mone-
tary policy. This is because the GDP, among other variables, does not show
a significant response to an increase in the monetary policy interest rate.
Also, they show evidence of price puzzle. However, no further information is
provided regarding the order of integration of the series, significance of the
estimated coefficients, etc.

Estimations of the Phillips curve have also been used for forecasting infla-
tion in Chile. De Simone (2001) estimates a Phillips curve with time-varying
parameters where output gap is used as the independent variable. Cover-
ing the quarterly period 1990:01-1999:03, this study suggests that when the
explicit inflation target, determined by the Central Bank of Chile, is used a
proxy for inflation expectations, the estimated Phillips curve generates better
forecasting of inflation than when this target is not included. The use of the



output gap as a proxy for aggregate-demand effects instead of the unemploy-
ment gap is not justified in this study. This is also a common characteristic
among numerous international studies. Unless a cointegrating relationship
exists between output gap and unemployment gap, these variables should
not be interchangeable in a Phillip curve.

Some studies have also analyzed the role of hysteresis to explain the per-
sistence observed in the unemployment rate in Chile. Solimano and Larrain
(2002) report evidence of hysteresis in unemployment using a single equation
to estimate the unemployment rate dynamics. Covering the annual period
1960-2000 and using inflation rate, output gap, growth rate of productivity,
and the lagged rate of unemployment as independent variables, the study
concludes that hysteresis can explain the current unemployment. This result
is based on the significance of the lagged unemployment rate in the regression.

A more recent study, by Gomes and da Silva (2008), tests the hypothesis
of natural rate of employment versus the hysteresis hypothesis to explain
the unemployment rate in Chile. Based on Lee and Strazicich (2003) two-
break minimum LM unit root test, and using monthly observations 1982:02-
2004:02, the study concludes that the null hypothesis of a unit root in the
unemployment rate cannot be rejected. That is, the hysteresis hypothesis is
better explaining the actual unemployment rate than the NAIRU. However,
only a small part of the unemployment persistence can be explained by the
hysteresis hypothesis.

Summarizing, the studies about the Phillips curve in Chile are mainly
based on the estimation of a single equation where the dependent variable
is inflation rate and as independent variables unemployment rate and other
measures associated with the economic cycle are used. Generally, expected
signs and significance are found in the estimated coefficients, but misspecifi-
cation tests (normality, autocorrelation, etc.) are lacking. In addition, none
of the studies report formal tests to analyze feedback effects between the
variables. Some studies recognize the persistence of the unemployment rate
over time and associate this with hysteresis.

This paper differs from the previous literature in the following sense (i)
the dynamic of inflation and unemployment is jointly analyzed as a system.
(ii) An econometric approach (cointegrated VAR) and theories (structural
slumps and imperfect knowledge economics) consistent with the persistence
observed in the data are used to support the main results, (iii) no prior re-
strictions are imposed in the information set, this allow the data to speak
freely as possible about the underlying mechanism behind inflation and un-
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employment dynamics, and (iv) the variables explaining the persistence in
unemployment rate are explicitly analyzed.

3 Theoretical framework

In this section the expectations-augmented Phillips curve is presented where
supply shocks are allowed to shift the relationship between unemployment
rate and inflation. This framework is developed in Hoover (2011) and assumes
an economy with imperfect competition and imperfect information about the
current price level.!

3.1 Price setting

A firm sets its price based on its expectation of the price level prevailing
during the current period, and taking into account demand and supply con-
ditions. That is, the price setting is written as

Apji = Ap, + f (demand factors) + g (supply factors) (1)

where A is the first difference operator, p;; = In (P;;) and P;; is the price
set by firm j, p§, = In (Pft) and PF, is the expected level of price prevailing
during the current period. This price is set by firm j at the end of period
t — 1 based on an information set available at the end of the same period,
Zji-1- The expected price can be written as Pf; = Ej; 1 [Fi| Z;; 1] where
E[-] is the expectation operator. Functions f (-) and g (-) determine how
demand and supply factors affect the pricing decision of firm j.

Equation (1) represents a single firm’s price behavior. Taking the average
of all firms in the economy, and assuming that demand and supply factors
that are unique to particular firms average out, the economy’s price behavior

1s written as

e aggregate-demand aggregate-supply
Ape=Lp+ f ( factors ) t9 ( factors 2)

Tn this section only the main results of the model are presented. For further details
see chapter 15 in Hoover (2011).



where Ap, is the current inflation rate and Ap{ is the average expectation of
general price inflation for all firms. f(-) is reflecting demand-pull inflation
and ¢ (-) captures cost-push inflation.

3.2 The Phillips curve and the natural rate of unem-
ployment

Functions f () and ¢ (-) need to be explicitly defined in order to apply equa-
tion (2) to actual data. Since Phillips (1958), an accepted and usual measure
of the aggregate demand has been the unemployment rate, that is

f (aggregate-demand factors) = a + bu, (3)

where u,; is the unemployment rate, b is assumed to be a negative constant
given the countercyclical behavior of the unemployment rate, and a > 0.
Now, assuming for the moment that aggregate-supply factors can be ig-
nored, an unemployment rate that equals the actual inflation to the expected
inflation can be obtained by replacing (3) into (2), that is
a

up =y (4)

where v} is known as the natural rate of unemployment. If @ and b are stable
over time, the natural rate can be expressed without subscript . Using the
natural rate of unemployment, u*, equation (2) can be equivalently rewritten
as

Apy = Ap; — v (ug — u*) + g (aggregate-supply factors) (5)
where v = —b. Equation (5) is the Phillips curve extended to allow for supply
shocks.

Equations (4) and (5) show two classical results: (i) the natural rate of
unemployment is constant, and (ii) the Phillips curve is vertical at this level,
that is, when expectations are fulfilled and the aggregate-supply factors are
set at their “natural” levels, there is no long-run trade-off between unemploy-
ment and inflation.

3.3 Discussion

According to the theoretical framework, after a supply shock the unemploy-
ment rate should converge to its natural rate (4). This assumption is known
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as the natural rate hypothesis (NRH) and entails that the Phillips curve is
vertical in the long run. However, the NRH does not seem to be empirically
supported.?

Following an idea by Farmer (2013), the NRH can be tested in the follow-
ing way: under the assumption that expectations are rational, the number
of periods (for example quarters) where the actual inflation is above its ex-
pected value should be almost equal to the number of periods in where the
opposite situation is observed. Then, over a decade, the average inflation
rate should be almost equal to the average expected inflation. If the inflation
rate over decades is plotted together with the unemployment rate, a vertical
line at the natural rate of unemployment should be observed, supporting the
NRH and rational expectations.

Figure 1 shows the average inflation and unemployment rate by decade for
the Chilean economy.® The plotted points are not vertically aligned and there
is no tendency for them to lie around a vertical line. Farmer (2013) obtains a
similar result and categorically concludes that since expectations are unlikely
to be systematically biased over decades, the NRH is false. However, a
strong conclusion should not rely on a simple graph and further tests must
be provided.

The result that unemployment does not converge to a unique constant
value in the long run could potentially explain the persistence of this variable.
Furthermore, this result may suggest the existence of a time-varying natural
rate of unemployment. Phelps (1994), in his structural slumps theory, argues
that the long swings observed in unemployment rates can be explained by
fluctuations in exchange rates and real interest rates. Specifically, domestic
real interest rates influence the natural rate of unemployment. That is, the
natural rate of unemployment is time varying and its fluctuations reproduce
the movements and persistence observed in real interest rates.

2See Farmer (2013) for the United States case, and Gomes and da Silva (2008) for the
Chilean economy.
31980s includes the period 1986-1989 and 2010s includes the period 2010-2013.



Figure 1: Average inflation and unemployment by decade in Chile*
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x1980s includes 1986-1989, and 2010s includes 2010-2013.

Phelps provides two reasons for explaining the positive co-movement be-
tween the natural rate and inflation rate. First, higher real interest rates
increase the natural rate of unemployment by discouraging investment, for
example investment in the retention of workers (high interest rate reduces
the probability of paying higher wages) or investment that could increase the
productivity of the firm’s workforce. Second, equilibrium employment will
lessen with higher interest rates when government actions, given a real wage,
reduce firms’ labor demand, and by actions that affect the wealth of the
working-age population, raising the real wage that workers demand (Aghion
et al., 2003)

Phelps assumes a world where the unemployment rate and the interest
rate are stationary. However, real interest rates are often found to be in-
distinguishable from a unit root process in empirical studies. Juselius and
Juselius (2012) argue that the structural slumps theory based on imperfect



knowledge economics® (IKE) expectations is more adequate to explain the
persistent swings observed in the data.

Under IKE, while nominal interest rates exhibit strong persistence due to
a non-stationary uncertainty premium, inflation rates are more stable over
time, implying that the Fisher parity condition does not hold as a stationary
condition. The uncertainty premium is generally related to the concept of
“ogap effect” which in the foreign currency market can be measured by the
deviation of the real exchange rate from its long-run purchasing power parity
value. In an IKE world, due to speculative behavior in the currency mar-
ket, nominal exchange rates tend to move away from relative prices for long
periods of time. That is, the real exchange rate behaves like a near [(2)
process. Therefore, the persistent deviations of the real exchange rate from
its long-run benchmark value will be reflected in the uncertainty premium
and hence in real interest rates.

An increase (decrease) in nominal interest rates will not be followed by an
increase (decrease) in the consumer price inflation, generating a rise (drop)
in the real interest rate. Therefore, the Fisher condition does not hold as a
stationary condition. This is likely to result in massive inflows (outflows) of
speculative capital, generating an appreciation (depreciation) of the real ex-
change rate and worsening (improving) the domestic competitiveness. Under
this situation, domestic firms in the tradable sector cannot count on exchange
rates to restore competitiveness after a shock to relative costs, e.g. a large
wage rise. In this case, domestic firms will be prone to adjust profits rather
than prices.

Profits can be adjusted through improvements in labor productivity by
laying off the least productive part of the labor force. Thus, an increase in
labor productivity and unemployment might be expected in periods of real
appreciation and increasing real interest rates.’

Based on the above, a more adequate and general representation of the
Phillips curve can be written as

Apy = Apf — 7y (uy — uy) + g (aggregate-supply factors) + vy (6)

where 1, is an stochastic error and the time-varying natural rate of unem-
ployment can be expressed as a function of the real interest rate, ri. That

4See Frydman and Goldberg (2007) for further details.
5Further details about the Structural Slump theory and IKE are described in Juselius
and Juselius (2012)



is, uf = z (ri;) and 2’ (ri;) > 0.

4 Stylized facts

Panel (a) of Figure 2 shows the evolution of the unemployment rate, u, and
inflation rate, Ap. The unemployment rate exhibits an important increase in
1998, possibly explained by the Asian Crisis® that seemed to hit the Chilean
economy. After the Asian crisis the unemployment rate seems to exhibit a
higher mean, suggesting that the mean of the natural rate of unemployment
might have increased. The unemployment rate after the Asian crisis rose
from an average rate of 6.9% to a rate of 8.4%. Another significant increase
in the unemployment rate can be seen in 2009 when the financial crisis hit the
Chilean economy. This increase seems transitory in contrast to the increase
observed during the Asian crisis.”

Also in panel (a) of Figure 2, a clear gradual decrease in the inflation
rate is observed over the sample, which might be associated with the imple-
mentation of inflation targeting in the middle of 1990. This policy allows the
inflation rate to fluctuate in the range 2%-4%, centered in 3%, which has been
more or less the case since 2000. The relation between unemployment rate
and inflation is not easily discernible because the increase in unemployment
rate in 1998 blurs the analysis. However, when controlling for this increase,
the relationship is negative during most of the sample.

The unemployment rate is not the only variable that seems to be affected
by the Asian crisis. In panel (b) of Figure 2, a deceleration in the real produc-
tivity, ¢, around 1998 can be observed. Productivity behaves like a trending
variable and it seems that after 1998 there is a slowdown in the economic
activity that might be associated with the Asian crisis. Unemployment rate
and productivity exhibit seasonality caused by the agricultural activity in
Chile which is higher during the last and first quarter of each year.

Between 2000 and 2001, several reforms were introduced in the financial
market in Chile. In 2000, a law giving higher levels of protection to domestic

6The Asian crisis hit the Chilean economy in 1998. The tradable sector was the most
affected since about 48% of the total exports were sent to Asia in 1998. The decrease in
the Asian demand triggered the bankruptcy of many companies leading a large increase
in the unemployment rate.

7 After the Asian crisis, structural reforms were introduced in the labor market to reduce
the impact of domestic and international shocks.
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and foreign investors was promulgated. Also, in 2001 two laws were enacted,
deregulating the financial system. In particular, the main deregulation was
introduced in the capital account. The effects of the reforms are evident in
panels (c¢) and (d) of Figure 2. Around 2001, a lower real interest rate, ri,
and a decrease in the volatility of the interest rate spread, sp, between the
long- and short-run interest rate can be observed. This may be related to
the structural reforms introduced in the financial system in Chile.

Figure 2: Panel (a): unemployment rate and inflation rate. Panel (b): real
productivity. Panel (c): long-run real interest rate. Panel (d): interest rate
spread. Quarterly information 1990:4-2013:04
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5 The empirical model analysis

5.1

Baseline model

The sample covers the quarterly period 1990:04-2013:04 and the following
cointegrated VAR model is estimated for x, = [Apy, ug, iy, Spy, ¢4

1
Axy = OéB/f(t—l +I'Axy + Z 0ids98:03,4—i + 02Dy 4+ 835, + &, (7)

=0

where

- ~1
Xy = [Xta d500:04,t7t17t],7 /6 = [16/716017/8027/603]

Ap; is the inflation rate measured as Aln (CPI),, where CPI is the
consumer price index. Source: Central Bank of Chile.

u; is the unemployment rate measured as the ratio of unemployment
to labor force. Source: Central Bank of Chile and National Statistics
Institute of Chile.

ri; = il — Ap; is the long-run real interest rate. i’ is the long-run
nominal interest rate. Source: Central Bank of Chile.

sp; = il — @7 is the interest rate spread. 47 is the short-run nominal

interest rate. Source: Central Bank of Chile. Following Juselius and
Juselius (2012), the spread between the long- and short-run interest
rate will be used as a proxy for expected inflation.

¢t is the real labor productivity measured as the ratio of real GDP to
the labor force. Source: Central Bank of Chile and National Statistics
Institute of Chile.

ds00:04¢ 15 @ step dummy restricted to be in the cointegrating relations.
dsp0:04t = 1 since 2000:04, 0 otherwise. This dummy accounts for the
deregulation in financial markets in Chile (see panel (c) in Figure 2).
The first difference of dyp.04+ is @ blip dummy, taking the value 1 in
2000:04 and 0 in any other case. This blip dummy is an element in
vector D, ;.
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e t; is a broken linear trend restricted to the cointegration space, where
t; = 1,2,...,62 from 1998:03 until 2013:04, and 0 in any other case.
The first difference of this broken linear trend is a step dummy, ds9s.03.¢,
taking the value 1 since 1998:03 and 0 in any other case. t; accounts
for the productivity slowdown (see panel (b) in Figure 2).

e {is a deterministic trend restricted to be in the cointegrating relations.

t accounts for the positive trend observed in productivity (see panel
(b) in Figure 2).

e D,; and S; are vectors of impulse dummies (0,0,0,1,0,0) and centered
seasonal dummies, respectively.

iid
® &y v p=5 (0, Q)

5.2 Misspecification tests and determination of the coin-
tegration rank

Table 1 shows the residual misspecification tests of the baseline model (7).
The upper part shows that the model is, in general, well behaved. The
hypotheses of non-autocorrelation and non-ARCH cannot be rejected; there
are weak signs of non-normality since the null hypothesis can be rejected
with a low p-value of 3%. The univariate tests, in the lower part of Table 1,
suggest that only residual ARCH and signs of non-normality are presented
on the interest rate spread. The ARCH problem is evident when looking at
panel (d) of Figure 2. The normality problem in this equation is generated
by excess of kurtosis rather than skewness. Despite these problems, the
empirical analysis will be based on the specification of model (7) because for
moderate excess of kurtosis, the VAR estimates are still robust (Gonzalo,
1994).

8Dennis (2006) provides a thorough description of the tests used in this paper and
section.
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Table 1: Misspecification tests CVAR model
Multivariate specification tests

Autocorrelation Normality ARCH
Order 1 : Order 2 : x? (10) Order 1:  Order 2:
x2(25) x2(25) x?(225) X2 (450)
16.18 26.59 19.85 215.69 498.57
0.91] [0.38] [0.03] [0.66] [0.06]

Univariate specification tests
Ath Aut A’l"it ASpt ACt
ARCH 0.55 7.04 1.28 13.06 0.62

Order 2:x2(2) [0.76] [0.03]  [0.53] [0.00] [0.73]
Normality 2.22 1.19 0.18  8.64 1.03
\2(2) [0.33] [0.55]  [0.91] [0.01] [0.60]

Skewness  -0.31 0.27 0.00 0.15 -0.22
Kurtosis 333 292 294  4.26 3.08
[-] is the p-value of the test.

The upper part of Table 2 reports the Barlett corrected trace test, its
corresponding p-value in brackets, and eigenvalues \;, for the null hypothesis
of r = 0,...,4 cointegrating relations. The hypothesis r = 4 cannot be
rejected based on a p-value of 20%. To check the adequacy of this choice,
the lower part of Table 2 reports the four largest characteristics roots for
the unrestricted model, » = 5, and for the restricted models based on r =
1,...,4. The unrestricted VAR has only one reasonably large root, 0.77,
suggesting that the restricted model should not contain more than one unit
root. When r = 4 this criterion is satisfied, leaving 0.67 as the largest root
in the system. All the other models introduce additional persistence in the
system, that is, generate more than one unit root. Therefore, based on the
trace test and characteristic roots in the model, the following analysis is base
onr =4.

14



Table 2: Rank determination

) Trace test

p—r Ho:r= Eigenvalues (\;) Trace p-value Q.95
5t 0 0.76 270.78  0.00] 108.16
4 1 0.58 152.74  [0.00] 80.67
3 2 0.35 79.26  [0.00] 56.65
2 3 0.30 43.41  [0.01] 35.62
1 4 0.14 13.12  |0.20] 17.89

Four largest characteristic roots

4 1 1.00 1.00 1.00 1.00
3 2 1.00 1.00 1.00 0.51
2 3 1.00 1.00 0.55 0.55
1 4 1.00 0.67 0.67 0.51
0 5 0.77 0.67 0.67 0.52

[-] is the p-value of the Trace test simulated according to the baseline model (7).
Q.95 is the 5% critical value of the Trace test.

5.3 Identification of the long-run structure

In order to identify the pulling forces, a set of restrictions must be im-
posed on B. These restrictions can be represented through the hypothesis
H B = (Hip,,Hayp,, ..., H.p,) where H; is a restriction matrix of di-
mension (p; X s;), p1 is the dimension of X, and p; — s; is the number of
restrictions imposed on BZ @, is a (s; x 1) vector of unknown parameters
and the test is asymptotically distributed as x? with degrees of freedom equal
toy :_, (p1 —s; —r+ 1) (Johansen, 1996).

A set of restrictions imposed on B3 was not rejected based on x? (5) = 4.04
with p-value of 54.3%. The over-identified structure on 3, together with
the unrestricted estimates of «, is presented in Table 3. To facilitate the
interpretation, an «;; coefficient in bold face means that the cointegrating
relation 7 is equilibrium correcting in the equation Ax;¢, ¢ = 1,...,5 and
j =1,...,4, whereas an error increasing coefficient is given in italic.”

When «;;3;; < 0, the cointegrating relation is equilibrium correcting in the equation
Ax; . Otherwise, the cointegrating relation describes an overshooting behavior in the
equation Ax;; (Juselius, 2006). According to the results in Table 2, all characteristic
roots are inside of the unit circle. Therefore, the system is stationary and any overshooting
behavior is compensated by a correcting behavior.
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Table 3: An over-identified structure on 3

Apy Uy Ty Spy Ct ds00:04,¢ t1 t
=7
B4 1.00 0.22 - - —0.10 - —1.99 2.57
(5.54) (—4.42) (—11.14) (9.98)
o) —085 0.45 0.64 0.27 1.61
(—7.81) (3.52) (6.49) (7.22) (3.87)
38, - 1.00 —4.18 - 020 —0.04 - -
(—21.45) (9.76) (—3.09)
al, * -0.39 —-0.22 —-0.07 *
(—5.43)  (~3.80)  (—3.45)
B8, - - 100 -1.00 - 0.01 - -
(3.73)
of o+  —162 -144 —0.32  «
(—4.13)  (-4.71)  (—2.84)
~7
3, 019 - - 100 002 - ~ 010
(10.32) (—5.45) (4.99)

o 1.02 —-168 —204 -—-142 -3.81
(2.41) (—3.38)  (=5.29)  (—9.83)  (—2.35)

Note 1: (+) is the t-value. x stands for an alpha coefficient with |t-value| < 2.0.

Note 2: ““” is a zero restriction.
Note 3: t; and t are scaled by a factor 1073.

The first cointegrating vector in Table 3, Bllit, can be expressed as

Apt = 022 (Ut — &t) + ,al,t (8)

(5.54)

where & = 0.45¢, +9.04 x 1073¢; — 1.17 x 10~2¢ is the trend-adjusted produc-
tivity and fi1+ ~ I (0). Thus, equation (8) is a long-run relationship between
inflation, unemployment rate, and trend-adjusted productivity. This result
can be interpreted in the following way: when allowing for productivity, rela-
tion (8) describes a Phillips curve over the business cycle. That is, unemploy-
ment in excess of the trend-adjusted productivity, ¢;, would lead a downward
pressure on inflation rate. This relation is consistent with Juselius (2006),
and Juselius and Ordozniez (2009) who find evidence of long-run co-movements
between unemployment rate and trend-adjusted productivity.

The alpha coefficients related to equation (8), o, suggest that while in-
flation rate and productivity are equilibrium correcting to the Phillips curve,
the unemployment rate is equilibrium error increasing. The latter is consis-
tent with long and persistent swings in unemployment, possibly associated
with long business cycles. The long-run interest rate and interest rate spread
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have positively reacted to relation (8).
The second relation in Table (3), ﬁ;fct, can be written as

U = (‘211-'14%7’% — (%%gct + %Oogl)dsoom,t + flo (9)
where fio; ~ I(0). This equation is a long-run relationship between unem-
ployment rate, real interest rate, and the level of productivity. Equation (9)
describes the unemployment rate that the economy reaches in the long run,
that is, the natural rate (Mankiw and Ball, 2002).

There are several important features embedded in this relation. First,
equation (9) shows that unemployment is not stationary per se and it needs
to be combined with other variables to obtain a stationary relationship. This
result confirms the persistence of the unemployment rate and might explain
the hysteresis found in previous studies in Chile.

Second, equation (9) suggests that the natural rate of unemployment is
not constant over the business cycle, that is, which is consistent with a time-
varying natural rate. This finding is not in line with the constant natural
rate predicted by equation (4) in the theoretical framework, but corroborates
(i) the non-vertical scatter of the inflation rate and unemployment shown in
Figure 1, and (ii) the general representation of the Phillips curve (6).

Third, when allowing for an equilibrium mean shift in interest rate in
2000:04, equation (9) shows a positive and significant co-movement between
unemployment rate and real interest rate, corroborating the idea by Phelps
(1994). That is, the equilibrium unemployment will increase with higher
interest rates. Furthermore, given that the Central Bank of Chile conducts
its monetary policy using the interest rate as the main tool to keep the
inflation rate close to its target, equation (9) suggests that monetary policy
in Chile might not be completely neutral over the business cycle.

Finally, equation (9) shows a negative co-movement between the unem-
ployment rate and the level of productivity. This finding is in line with the
empirical results in Ball and Moffitt (2001) and Staiger et al. (2001). This
relationship has been studied using two approaches: the first assumes that
there is a mismatch between the perception of productivity growth by firms
and workers. While firms are assumed to directly observe the productivity
growth trend, workers only infer this growth base on limited information.
Then, an increase in productivity growth temporarily lowers inflation and
the natural rate (Slacalek, 2004).
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The second approach is associated with job search theories which suggest
two opposite outcomes: (i) increases in productivity generate a higher value
of a worker to the firm, stimulating job vacancies and reducing unemploy-
ment, and (ii) productivity growth may cause structural changes, destroying
old jobs and replacing them by new ones. This mechanism reduces employ-
ment duration and increases the natural rate. Therefore, the final effect of
productivity on the natural rate depends on the relative size of (i) and (ii).

The alpha coefficients, as, associated with the second cointegrating equa-
tion indicate that the interest rate spread has been negatively affected by
relation (9) and that unemployment rate is equilibrium error correcting to
this relation. The real interest rate is equilibrium error increasing to equation
(9), which is consistent with the persistence observed in this variable.

The third relationship in Table 3, B;it, can be expressed as

riy = spy — 0.01ds00.04,6 + fl3s
(3.73)

or, equivalently,
- AP == —00]_d . + [l 10
(7’ )t (3.73) s00:04,¢ 3.t ( )

where fi3; ~ I (0). Then, the third cointegrating relation describes a station-
ary short-run real interest rate when allowing for an equilibrium mean shift
in 2000:04. This shift, measured by the step dummy dpp.04,¢, is reflecting the
effect of the reforms introduced in the financial system in Chile. The alpha
coefficients, a, suggest that unemployment rate has been negatively affected
by equation (10). In addition, the real interest rate is equilibrium correcting
to this equation, whereas the interest rate spread is error increasing.
Lastly, the fourth relation in Table 3, B;it, can be expressed as

spr = — 0.19 Apy + 0.02¢; — 0.10 x 107%¢ + fiy, (11)
(10.32) (5.45) (4.99)
where fiy; ~ I (0). This is a long-run relationship between the interest rate
spread, inflation, and trend-adjusted productivity. Given that the spread is
equilibrium correcting to this relation, equation (11) can be interpreted as
a central bank reaction rule. For example, the central bank may increase
the short-run interest rate to counteract inflationary pressures due to ex-
cess demand associated with the business cycle. This is consistent with the
countercyclical policy of the Central Bank in Chile. The alpha coefficients,
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ay, indicate that unemployment and real interest rate have been negatively
affected by equation (11). Furthermore, the inflation rate and productivity
are error equilibrium increasing to the reaction rule.

The cointegrating relations are shown in Figure 3.1 This figure suggests
that, despite some persistent deviations, all cointegrating relationships seem
mean-reverting. Furthermore, Figure A.1 in the Appendix indicates that
when r = 4 there is no signal of parameter non-constancy in model (7).

~/_
Figure 3: Cointegrating Relations 3 x;
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10The graphs correspond to the cointegrating relationships in model (7) where the effects
of the short-run dynamics, I'1 Ax;_1, have been concentrated out. For further details see
chapter 7 in Juselius (2006).
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6 Policy implications

The empirical results in this paper suggest that monetary policy matters to
equilibrium unemployment. According to the IKE theory’s predictions, the
long swings observed in nominal exchange rate around relative prices will be
reflected in real interest rates. Furthermore, the structural slumps theory
predicts that the domestic real interest rate influences the natural rate of
unemployment. Therefore, the equilibrium unemployment may be affected
by long lasting appreciation or depreciation in real exchange rates and/or
by economic policies that have impact on interests rates, e.g. the monetary
policy of central banks.

The main objective of the Central Bank of Chile is “safeguarding the sta-
bility of the currency and the normal functioning of the internal and external
payment systems” (Section III, Ley Orgéanica Constitucional del Banco Cen-
tral de Chile, 1989). To achieve this objective, the Central Bank conducts
its monetary policy based on inflation targeting complemented by floating
exchange rate regime. The main instrument used to keep inflation close
to its target is the monetary policy interest rate. The Central Bank is al-
lowed to change this interest rate and these changes are passed to the in-
terbank interest rate through open-markets operations, interest-bearing re-
serves, discount-window policy, etc. Finally, commercial banks pass these
variations to lending and/or deposit rates which may change decisions about
consumption, savings and investments. This affects aggregate demand and
hence the price level in the economy.

It follows from the previous analysis that the main goal of the monetary
policy in Chile is price stability. The central bank, empowered by law, can
change the nominal interest rates to pursue its objective. That is, by in-
creasing nominal interest rates, given an inflation rate, the central bank may
shift aggregate demand, limiting price fluctuations. However, according to
the empirical results in this paper, specifically equation (9), changes in real
interest rate may have a significant effect on the steady-state unemployment.

Ball (2009) suggests that there is more than one level of unemployment
compatible with a given inflation target. Then, a central bank might cre-
ate unnecessary high unemployment in achieving its inflation target. Fur-
thermore, Ball recommends that (i) during recessions central banks should
ease their monetary policy and (ii) central banks facing high levels of unem-
ployment should expand demand, accepting a rise in inflation to reduce the
equilibrium unemployment.
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The first of Ball’s recommendations has been followed by the Central
Bank of Chile since the partial implementation of the inflation targeting
in 1990. The nature of this policy is countercyclical. That is, given that
the economic cycle determines the short- and medium-term inflation, the
monetary policy has a countercyclical influence in the inflation targeting
system (Central Bank of Chile, 2007). Therefore, the monetary policy may
reduce the volatility of inflation and output.

The second of Ball’s recommendations seems problematic and it depends
on the central bank’s willingness to accept higher rates of inflation. If the
cost of disinflation is larger than the benefits of a natural rate reduction, the
second recommendation does not seem feasible. Furthermore, in the Chilean
case, unemployment is not a central bank’s target.

7 Conclusions

This paper has empirically analyzed the dynamic of inflation and unemploy-
ment in Chile using the cointegrated VAR approach. The results seem to
suggest that one cointegrating vector can be interpreted as a Phillip curve.
This curve describes a trade-off between inflation and unemployment when
allowing for trend-adjusted productivity. That is, unemployment in excess of
trend-adjusted productivity would lead to a downward pressure on inflation.

In addition, the empirical results suggest that equilibrium unemployment
is time varying and its trajectory may be influenced by the real interest rate
and productivity. This finding might be associated with the hysteresis found
in previous studies in Chile. The fact that there is a positive co-movement
between unemployment and interest rate may suggest that monetary policy is
not completely neutral over the business cycle. This result is consistent with
the structural slumps theory (Phelps, 1994), based on imperfect knowledge
economics (IKE) expectations (Frydman and Goldberg, 2007).

The Central Bank of Chile conducts its monetary policy based on inflation
targeting and the main instrument to keep the inflation rate close to its
target is the interest rate. Given that the nature of the monetary policy
in Chile is countercyclical, when the economy is growing over (under) its
potential level, the Central Bank may increase (decrease) the interest rate to
safeguard the stability of the currency. In doing so, the Central Bank might
modify the trajectory of the equilibrium unemployment. That is, during
economic expansions (contractions), an increase (decrease) in the natural
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rate of unemployment might occur.
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Appendix: Fluctuation test

Figure A.1 shows the eigenvalue fluctuation test for each individual eigenvalue
Ai, 1 = 1,2,3,4, and for the weighted average of them. The individual
fluctuation tests correspond to Tau (Ksi (7)) and the weighted average to
Tau (Ksi (1) + -+ - + Ksi(4))."! When the graph is above the unit line, the
parameter constancy can be rejected at the 5% level. Based on this critical
value, Figure A.1 suggests that there are no signs of parameter-non constancy
in the model. This is valid for the full model (7), corresponding to the X (¢)
graph, and for the concentrated model, represented by R1 () the graph where
the short-run effects, I' Ax;, have been concentrated out of the full model.
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Figure A.1: Eigenvalue fluctuation test
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HFor further details about the eigenvalue fluctuation test, see chapter 9 in Juselius
(2006)
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