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Abstract

The poor performance of sticky-price models with rational expectations in explaining the

inflationary inertia in the US economy constitutes the basis for sticky-price models of near-

rational expectations in the recent literature. However, previous studies on inflationary inertia

in Turkey not only lack a model of nominal stickiness but also do not try to explain inflation

persistence by expectations. Even though, there exists evidence for persistent inflation in

Turkey as confirmed by earlier studies, and other studies provide evidence that expectations

are neither perfectly rational nor purely adaptive, there is no attempt to link this near-rational

behavior to inflationary inertia. Given this gap, this paper, therefore, tests empirically a sticky-

price model under the assumption of near-rational expectations on two different inflation

episodes in the Turkish economy. The near-rational expectations as described by optimal

univariate expectations where agents use information on past inflation optimally while data on

other variables are ignored, not only fit the data for both periods but also are not subject to

Lucas critique. Alternatively, near-rational expectations are assumed to be backward looking.

This alternative scenario shows that optimal univariate expectations perform even better

during relatively higher inflation periods.
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1. Introduction

During the last 30 years, Turkish economy has experienced relatively high levels of
inflation. Large budget deficits in addition to high and rising real interest rates fed
into high inflation, and in turn, are fed by high inflation and the associated risks.
Yet, chronic and high inflation has not degenerated into hyperinflation as it did in
most other countries. However, the average of about 20% inflation rate in the 1970s,
and 60% in the late 1980s and early 1990s, and finally, 80% in the late 1990s clearly
show the persistence and the upward trend in inflation. Many attempts were made
for disinflation using monetary anchors and monetary tightening, but too little avail.
On the other hand, lack of discipline in the fiscal front only worsened the situation
by eroding the credibility of such attempts. However, it is very hard to break this
inflationary inertia without establishing the credibility required for the successful
implementation of a disinflation program. Building credibility on the other hand,
requires change in expectations. Therefore, before any disinflation attempt, as a very
important policy implication, one should start with modeling expectation formation
in Turkey.
Many researchers have tried to explain the short-run behavior of output and

inflation with models that combine nominal price stickiness and rational expecta-
tions. These studies are versions of the popular staggered price adjustment models by
Taylor [1] and Calvo [2]. However, recent work shows the failure of these models in
explaining the persistence of inflation and the output costs of disinflation (Mankiw,
2000; Fuhrer and Moore, 1995; [3,4]). In the search for a better model, a common
practice has been to relax the assumption of rational expectations and resort to
backward-looking expectations [3,5,6]. However, these modified staggered price
setting models under backward-looking expectations are subject to Lucas [7]
critique: since the expectations are backward looking, the model fails to capture a
monetary policy change even though it can explain the behavior of inflation in the
current monetary regime. Therefore, backward-looking expectations produce
misleading implications about a monetary regime shift.
Alternatively, Ball [4] proposed a less-than-fully rational model of expectations,

optimal univariate expectations, where agents deviate from rationality by using only
a limited set of information to build their expectations. In particular, inflation
expectations are based on the past behavior of inflation where this information is
used optimally but information on any other variables is ignored. The motivation for
assuming such an expectation formation is that this near-rational behavior reduces
the cost of gathering and processing information. However, backward-looking
expectations are also ‘‘near-rational rule of thumb’’, when, for some agents, such a
cost is relatively larger than the gains from improved inflation forecasts [8].
Furthermore, for some monetary regimes, like the monetary policy in the postwar
United States, the univariate behavior of inflation is close to a random walk, which
therefore suggests proximity between optimal univariate expectations and backward-
looking expectations. In that case, models with backward-looking expectations
produce similar results to models with optimal univariate expectations. However, in
another monetary regime, the univariate process for inflation can differ greatly from
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a random walk, which then proves the divergence of optimal univariate expectations
from backward-looking expectations. Therefore, optimal univariate expectations
and backward-looking expectations are two different forms of expectations.1

Even though many efforts were taken in order to explain inflationary inertia
through different forms of expectations, studies on analyzing the persistence of
inflation in Turkey only confirms the inflationary inertia by various empirical
techniques, yet, without prioritizing inflation expectations as one of the causes for
the persistent inflation [9–16]. Furthermore, there are only few formal attempts to
model inflationary expectations [17,18]. However, earlier studies on inflationary
inertia confirm the need to incorporate expectations, and moreover, these studies
require elaborations on different forms of expectations. The lack of a previous
attempt for building a model of inflation persistence in Turkey with special emphasis
on expectations motivates one to apply a previously tested model of expectations to
Turkish data.
The aim of this paper, therefore, is to analyze output and inflation dynamics in

Turkey with special emphasis on how the expectations are formed. In doing so, a
theoretical model of staggered price adjustment will be tested. The paper is
motivated from Ball [4], which is not only derived from the canonical
macroeconomic model of imperfect competition [19] but also fits the US data
empirically across different monetary regimes, therefore, meets Lucas critique at the
same time. Consequently, the purpose of the paper is to test empirically how the
above model performs in a persistently high inflation economy like Turkey. Given
the evidence provided by Peker and Tutus- [17] that inflation expectations in Turkey
are far from being perfectly rational but they are not purely adaptive, either, it will
be shown that the assumption of perfectly rational expectations contradicts with the
initial assumptions of such a model and that agents make optimal univariate
expectations. Alternatively, agents are assumed to have backward-looking expecta-
tions, however, various tests will show the superiority of the optimal univariate
expectations to backward-looking expectations.
In conducting these tests, Lucas [7] critique is crucial as a benchmark. In other

words, in the search for the better model, the criterion is to select the model that
captures a monetary policy shift. Turkish economy has undergone such a shift
between periods 1990–1993 and 1995–1999, such that, in the first period, capital
inflows were not sterilized, whereas, in the second period, the Central Bank of the
Republic of Turkey (CBRT) implemented sterilized intervention policy [20].2 Also,
the first sub-period is the ‘‘relatively moderate’’ inflation period, and the second is
1Earlier works on univariate expectations include studies such as Sargent (1973) and McCallum (1976),

who referred to univariate expectations as ‘‘partly rational expectations’’. Staiger et al. (1997) also used

univariate expectations as proxies for expected inflation in order to estimate Phillips curves. Ball [4] finds

that backward-looking expectations are near-rational only if the inflation is highly persistent, but

univariate expectations are near rational in many monetary regimes.
2The analysis does not cover the periods prior to 1990 since there has also been another monetary policy

change during this period where capital accounts were fully liberalized. Due to lack of sufficient data in the

post-1999 period as a result of the halt of the Disinflation Program of 2000 after the crises in November

2000 and February 2001, the analysis does not cover the post-1999 period, either.
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the ‘‘relatively higher’’ inflation period. The analysis by sub-periods helps one to find
the model of sticky prices that captures this change in the level of inflation as well as
the change in the monetary policy shift.
The organization of the papers is as follows: Next section is an overview on

previous models of nominal stickiness. The following section lays the theoretical
framework for the analysis. Sections 4–6 discuss the description of the data,
econometric methodology and the main empirical findings. Finally, the last section
concludes this paper with some policy implications.
2. Models of nominal stickiness

After the introduction in the previous section, this section gives an overview on
models of nominal stickiness. One of the most crucial aspects of these New
Keynesian sticky-price models is money matters—monetary policy can affect real
variables such as output. In these sticky-price models of staggered adjustment, wages
or prices are set by multi-period contracts. In each period, the contracts governing
some fractions of wages or prices expire and must be renewed. Consequently, multi-
period contracts lead to gradual adjustment of the price level to nominal
disturbances. As a result, the aggregate demand disturbances have real effects,
which therefore implies that policy rules can be stabilizing even under rational
expectations [1–2,21–23].
Another important conclusion that can be drawn out of these models is, as long as

expectations are in line with the new path of monetary growth, that a lower rate of
money growth need not cause output loss, even if there is stickiness in the levels of
wages. In other words, these models imply that inflation can be brought down
without depressing output or employment. Therefore, according to these models,
even though prices are sticky, inflation is not, and with the appropriate monetary
policy, inflation can be reduced at no cost as long as the inflation expectations
change as the inflation changes.
Yet, there is consensus among economists that disinflations reduce output. For

example, Blinder [24] estimates 2 percentage points of decrease in employment for
every 1% drop in inflation rate in the US According to Sachs [25], estimates of the
‘‘sacrifice ratio’’ for the United States ranges from 3 to 18.3 Surprisingly, Ball (1994)
finds that, with credible policy and a realistic specification of staggering, a quick
disinflation can in fact cause a boom rather than a recession.
There are different views from different authors about why disinflation is costly.

According to New Classical economists, imperfect credibility is the cause of an
output loss in case of a disinflation. New Keynesian economists explain why
reducing inflation requires a loss of output by modifying traditional sticky-price
models. In doing so, a common practice is to relax the assumption of perfectly
rational expectations [3,5,26,27]. In other words, if expectations are less-than-
perfectly rational, then expectations may not adjust in a way that is consistent with
3Sacrifice ratio is the percentage change in output due to 1% drop in the inflation rate.
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costless disinflation. Accordingly, these authors suggest that some or all agents have
backward-looking expectations, such that, expected inflation is simply equal to past
inflation [5–6,27].
However, one cannot simply accept staggered adjustment model under the

assumption of backward-looking behavior because of Lucas [7] critique.4 Even if the
model under this setting may fit the stylized facts about inflation in the current
monetary regime, expectations change if the monetary regime changes which
therefore implies that backward-looking expectations are likely to produce
misleading predictions about the effects of a monetary policy change. However,
the assumption of rational expectations should not be totally abandoned, either. But
instead, one should try to build a model of inflation persistence based on
optimization rules, which also incorporates imperfectly rational expectations. Ball
[4] proposed such a sticky-price model where agents make univariate forecasts of
inflation. The author tests this model using US data and concludes that not only that
the model captures the inertia in US inflation but also is able to fit different
monetary regimes. The following section outlines the theoretical framework of the
model. In the empirical part of this paper, this model will be tested under alternative
assumptions about expectations with the aim to find out whether the performance of
the model changes under a high inflationary environment like Turkish economy.
3. The theoretical framework

The model by Ball [4] describes an economy, which contains a large number of
monopolistically competitive firms with isoelastic costs, and each firm’s desired price
in period t is given by

p�
t ¼ pt þ vyt ; (1)

where v40, and p* is the desired nominal price, p is the aggregate price level, and y is
the aggregate output. The above equation implies that an increase in aggregate
spending shifts out a firm’s demand curve, raising its desired price. All variables are
in logs and output is defined as deviation from equilibrium level.5

Each firm sets its price one period at a time. A fraction w of firms must set prices
one period in advance. This ‘‘sticky-price’’ sector follows the following rule to set
their prices such that

ps
t ¼ Et�1p

�
t ; (2)
4Lucas [7] finds that although there is a statistical output–inflation relationship, there is no exploitable

relationship between high output and low inflation. Expectations are likely to be important to many

relationships among aggregate variables and changes in policy are likely to affect those expectations. As a

result, shifts in policy can change the aggregate relationships. Thus, if policymakers attempt to take

advantage of statistical relationships, effects operating through expectations may cause the relationships to

break down.
5Micro foundations of this model are outlined in Ref. [19].
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where the price set by the firm at period t is equal to the expected desired price at t,
conditional on the information at t21:
The other firms set their prices after observing the current state. The ‘‘flexible

price’’ sector set their prices according to

p
f
t ¼ p�

t : (3)

In other words, the price set by the flexible price sector is equal to the desired price.
The aggregate price level is a weighted average of the prices set according to the
above rules. Hence,

pt ¼ wps
t þ ð1� wÞp

f
t : (4)

Combining Eqs. (1)–(4), we get

pt ¼ Et�1pt þ vEt�1yt þ
ð1� wÞv

w
yt : (5)

Inflation, pt; is the difference between current and previous period’s price level.
Therefore, subtracting pt�1 from both sides of the above equation, we get the
inflation rate as

pt � pt�1 ¼ Et�1pt � pt�1 þ vEt�1yt þ
ð1� wÞv

w
yt : (6)

Since, Et�1pt�1 ¼ pt�1; Eq. (6) can be rewritten as

pt ¼ Et�1pt þ vEt�1yt þ
ð1� wÞv

w
yt þ �t : (7)

The above equation represents a Phillips curve, where, inflation depends on
expected inflation, expected output and current output. The error term �t captures
the inflation shock not explained by the model.
Assuming rational expectations, when the expected variables are replaced with

actual variables plus expectational errors, Eq. (7) is reduced to

pt ¼ pt þ
v

w
yt þ �t þ ut ; (8)

where ut ¼ Et�1pt � pt þ vðEt�1yt � ytÞ: The above equation can be rewritten as

0 ¼
v

w
yt þ �t þ ut : (9)

One can see that the estimation of such an equation gives v ¼ 0; which is
contradictory to the model’s initial assumption that v40: This confirms the failure of
the model under rational expectations. Therefore, rational expectations are ruled out
in this framework.
4. The empirical model

This section will proceed by testing the theoretical model presented in the previous
section under alternative assumptions on near-rational expectations. First, it will be



ARTICLE IN PRESS

V. Us, K.M. Ozcan / Physica A 346 (2005) 499–517 505
assumed that near-rational expectations are formed by optimal univariate
expectations. Then, as an alternative, it will be assumed that near-rational
expectations are backward looking, and so the performance of backward-looking
expectations will be analyzed. Before analyzing the empirical performance of the
theoretical model under alternative expectations however, detailed information on
the data will be provided.

4.1. Data description and the unit root tests

Data are publicly available from the dataset of the CBRT.6 The data set covers the
periods from 1990 to 1993 and from 1995 to 1999. The frequency of the data is
monthly.7 P denotes the inflation series and Y is the output series. Inflation is
calculated using the Private Manufacturing Price Index with base year 1987 in the
first period, and 1994 in the second period.8 Output is calculated using
Manufacturing Industries Production Index with base year 1992 for both periods.
The Private Manufacturing Price Index is transformed logarithmically and then

first differenced. This first-differenced logged series is then regressed on 12 monthly
dummies. All of the coefficients on dummies are statistically significant suggesting
the high seasonality. Therefore, the inflation series used is the residuals obtained in
this regression.
In order to obtain the output series Y, after taking the logarithm of the

Manufacturing Industries Production Index, the logged index is then Hodrick–-
Prescott (HP) filtered with smoothing parameter 14,400, and thus we obtain the
detrended output. The regression of the detrended output series on 12 monthly
dummies produces significant coefficients, signaling the high seasonality. Therefore,
the residual series of this regression is taken as Y variable.
In order to analyze the stationarity properties of these series, the augmented

Dickey–Fuller (ADF) unit root test is carried out. The test statistics in Table 1
suggest that the series are stationary.

4.2. The model with optimal univariate expectations

Assuming that the optimal univariate expectations of inflation and output are
generated by autoregressive (AR) process, the lag of which will be set according to
Akaike information criterion (AIC), in the following step, the expectation terms in
the Phillips curve Eq. (7) will be replaced by their optimal univariate forecasts. Since
the frequency of the data is monthly, trying lags from 1 to 12, and based on AIC, for
the 1990–1993 period, it can be concluded that inflation follows an AR(1) and output
6CBRT provides General Statistics through Electronic Data Delivery System (EDDS). For more

information, visit http://tcmbf40.tcmb.gov.tr/cbt.html.
7In the theoretical model, a firm sets its price for one period, so, the length of the period should match

with the frequency of the data. Bas-kaya et al. [28] provide evidence that the frequency that a typical firm

adjusts its price is a month, which therefore suggests that it is plausible to use monthly data.
8The inflation series, therefore, corresponds to ‘‘core inflation’’ or ‘‘underlying inflation’’. Ball (1998),

Ball [4] discusses that core inflation filters out the transitory changes in inflation.

http://tcmbf40.tcmb.gov.tr/cbt.html


ARTICLE IN PRESS

Table 1

Augmented Dickey–Fuller unit root tests on inflation and output

Period 1: 1990–1993 Period 2: 1995–1999

P Y P Y

ADF test statistic �3.834a �4.431a �2.088b �3.383a

1% Critical value �2.616 �2.614 �2.604 �2.603

5% Critical value �1.948 �1.948 �1.946 �1.946

10% Critical value �1.620 �1.620 �1.619 �1.619

aRejects the hypothesis of a unit root at 1% critical level.
bRejects the hypothesis of a unit root at 5% critical level.

V. Us, K.M. Ozcan / Physica A 346 (2005) 499–517506
follows an AR(7) process, and inflation follows an AR(3) and output follows an
AR(5) process in the second period.9

In the second step, these forecasting models are substituted into Eq. (7) to replace
the expected inflation and expected output terms, and consequently, inflation is
obtained in terms of lagged inflation, and current and lagged output. More
specifically, the Phillips curve equation now is

pt � r1pt�1 ¼ vðb1yt�1 þ b2yt�2 þ b3yt�3 þ b4yt�4

þ b5yt�5 þ b6yt�6 þ b7yt�7Þ þ
1� w

w
vyt ; ð10Þ

pt � r1pt�1 � r2pt�2 � r3pt�3 ¼ vðb1yt�1 þ b2yt�2

þ b3yt�3 þ b4yt�4 þ b5yt�5Þ

þ
1� w

w
vyt : ð11Þ

Eqs. (10) and (11) are the restricted Phillips curve equations, where the expected
inflation and output terms are replaced with the equations for inflation and output
described by the AR processes for periods 1 and 2, respectively.10 After substituting
the AR coefficients, r’s and b’s; there are two parameters to be estimated, v and
ð1� wÞv=w: The next step therefore is to estimate v and w.
Table 2 summarizes the results. For the first period, the ordinary least squares

(OLS) estimates of these coefficients are both positive. We get v as 0.083 with a
standard error of 0.058 and ð1� wÞv=w is equal to –0.031 with a standard error of
0.029. Substituting v into the latter coefficient, we find w to be 1.59, which is
contradictory to the model. One should remember that, w is the weight assigned to
9For the first period, Et�1Pt ¼ r1Pt�1 and Et�1Y t ¼ b1Y t�1 þ b2Y t�2 þ b3Y t�3 þ b4Y t�4 þ b5Y t�5 þ

b6Y t�6 þ b7Y t�7; and for the second period, Et�1Pt ¼ r1Pt�1 þ r2Pt�2 þ r3Pt�3 and Et�1Y t ¼

b1Y t�1 þ b2Y t�2 þ b3Y t�3 þ b4Y t�4 þ b5Y t�5:
10The parameters, r’s and b’s for the first period are r1 ¼ 0:35; b1 ¼ �0:15; b2 ¼ �0:08; b3 ¼ �0:11;

b4 ¼ �0:23; b5 ¼ 0:18; b6� ¼ 0:28; b7 ¼ �0:05; and r1 ¼ 0:38; r2 ¼ 0:32; r3 ¼ 0:02; b1 ¼ 0:42; b2 ¼ 0:28;
b3 ¼ �0:29; b4 ¼ 0:01 and b5 ¼ 0:28:
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Table 3

Unrestricted and restricted Phillips curves under optimal univariate expectations

Period 1: 1990–1993 Period 2: 1995–1999

Independent

variables

Unrestricted model Restricted

model

Independent

variables

Unrestricted model Restricted

model

Pt�1 0.116 (0.171) 0.346 Pt�1 0.315 (0.155) 0.383

Yt �0.031 (0.027) �0.031 Pt�2 0.343 (0.151) 0.318

Yt�1 �0.043 (0.026) �0.013 Pt�3 0.108 (0.151) 0.015

Yt�2 �0.040 (0.026) �0.007 Yt 0.042 (0.028) 0.045

Yt�3 �0.054 (0.027) �0.009 Yt�1 �0.001 (0.029) �0.017

Yt�4 �0.002 (0.029) �0.019 Yt�2 �0.023 (0.027) �0.012

Yt�5 0.044 (0.026) 0.015 Yt�3 �0.030 (0.028) 0.012

Yt�6 0.035 (0.026) 0.023 Yt�4 �0.006 (0.026) �0.005

Yt�7 0.033 (0.024) �0.005 Yt�5 �0.011 (0.027) �0.012

Standard errors are in parentheses.

Table 2

Restricted Phillips curve estimates under univariate expectations

Independent variables Period 1: 1990–1993 Period 2: 1995–1999

Coefficients Standard errors Coefficients Standard errors

Yt �0.031 0.029 0.045 0.028

Et�1Yt 0.083 0.058 �0.041 0.035

SE 0.007 0.006
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the sticky-price sector in the economy, and obviously the weights assigned to each
sector have to add up to unity. Yet, the coefficient, ð1� wÞv=w is not statistically
significant and v is significant at 85%. Therefore, given that v is statistically different
than zero, ð1� wÞv=w can be zero, if and only if w is equal to 1, which then would not
contradict the model. For the second period, the coefficient v is negative and
statistically insignificant and the coefficient w is negative and ð1� wÞv=w is
significant at 89%.
The next step is to substitute the values for v, w, r’s and b’s in order to get the

restricted Phillips curve equation (10) and (11). In the following step, the unrestricted
Phillips curve equation is estimated. More specifically, for the first period, inflation is
regressed on lagged inflation, current output, and 7 lags of output. For the second
period, the estimation of the unrestricted Phillips curve equation requires regression
of inflation on 3 lags of itself, current output, and 5 lags of output. Table 3 reports
coefficient errors and standard errors of this estimation as well as the coefficients of
the restricted Phillips curve.
One cannot reject the hypothesis that the unrestricted coefficient of lagged

inflation equals the restricted coefficient of lagged inflation for both periods. In the
first period, the coefficient of the lagged inflation term is 0.12 in the unrestricted
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Phillips curve equation, and 0.35 in the restricted Phillips curve equation, and these
coefficients are not statistically different from each other. For the second period, the
sum of the coefficients on lagged inflation terms is 0.77 in the unrestricted Phillips
curve equation, and 0.72 in the restricted Phillips curve equation. The change in
cumulative effect of past inflation on current inflation from periods 1 to 2 is
consistent with our assumption that inflation has become more persistent in the
latter period. Thus, the restricted Phillips curves under optimal univariate
expectations are able to capture this shift in the same way that the unrestricted
equation captured.
4.3. The model with backward-looking expectations

We proceed by testing the model under backward-looking expectations. In this
case, expectation terms are simply replaced by their corresponding lagged values. In
other words, the Phillips curve Eq. (7) would now be

pt � pt�1 ¼ vyt�1 þ
1� w

w
vyt : (12)

One can easily estimate the parameters v and ð1� wÞv=w by OLS through
regressing the difference between current inflation and past inflation on current
output and lagged output.
Table 4 presents the results of the regression. For the first period, the OLS

estimates of these coefficients are both positive. We get v as –0.039, with a standard
error of 0.027, and the coefficient on current output, ð1� wÞv=w; is equal to –0.032,
with a standard error of 0.027. When v is substituted into the latter expression
ð1� wÞv=w;w is found to be 0.55. Coefficient v is statistically significant at 85%.
Therefore, one can conclude that the empirical results contradict with the theory that
v is greater than zero, and hence, for the first period, backward-looking expectations
can be ruled out. For the second period, coefficient v is –0.040 with a standard error
of 0.026, and is statistically insignificant. The coefficient w is positive, yet, exceeds
unity and ð1� wÞv=w is insignificant.
In the following step, the coefficients of the restricted Phillips curve equation

under backward-looking expectations are compared with the coefficients of the
unrestricted Phillips curve equation. According to Table 5, for both periods, one can
strongly reject the hypothesis that the coefficient of the lagged inflation in the
Table 4

Restricted Phillips curve estimates under backward-looking expectations

Independent variables Period 1: 1990–1993 Period 2: 1995–1999

Coefficients Standard errors Coefficients Standard errors

Yt �0.032 0.027 0.040 0.026

Et�1Yt �0.039 0.027 �0.046 0.026

SE 0.009 0.010
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Table 5

Unrestricted and restricted Phillips curve estimates under backward-looking expectations

Period 1: 1990–1993 Period 2: 1995–1999

Independent

variables

Unrestricted model Restricted

model

Independent

variables

Unrestricted model Restricted

model

Pt�1 0.116 (0.171) 1 Pt�1 0.315 (0.155) 1

Yt �0.031 (0.027) �0.032 Pt�2 0.343 (0.151) 0

Yt�1 �0.043 (0.026) �0.039 Pt�3 0.108 (0.151) 0

Yt�2 �0.040 (0.026) 0 Yt 0.042 (0.028) 0.040

Yt�3 �0.054 (0.027) 0 Yt�1 �0.001 (0.029) �0.046

Yt�4 �0.002 (0.029) 0 Yt�2 �0.023 (0.027) 0

Yt�5 0.044 (0.026) 0 Yt�3 �0.030 (0.028) 0

Yt�6 0.035 (0.026) 0 Yt�4 �0.006 (0.026) 0

Yt�7 0.033 (0.024) 0 Yt�5 �0.011 (0.027) 0

Standard errors are in parentheses.
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unrestricted Phillips curve equation equals the coefficient of the lagged inflation in
the restricted Phillips curve equation.
The restricted model under backward-looking expectations shows a very poor

performance in terms of capturing the effect of past inflation. For the first period, the
cumulative effect of past inflation on current inflation is 0.12, and backward-looking
expectations impose this effect to be equal to unity. However, these two are
statistically different from each other. In the second period, the overall effect of past
inflation on current inflation sums up to 0.77. However, again, backward-looking
expectations imply that this effect is equal to unity. Therefore, from periods 1 to 2,
although inflation becomes more persistent as implied by the increase in the size of
the sum of the coefficients on past inflation, the backward-looking expectations fail
to capture this shift. Also, in both periods optimal univariate expectations produce
smaller standard errors than backward-looking expectations. As inflation gets more
persistent, i.e. in the second period, the optimal univariate expectations produce
smaller standard error than in the first period. As for the backward-looking
expectations, the standard errors increase in the second period, again indicating the
better performance of the optimal univariate expectations as the persistence and the
level of inflation increase.
5. Impulse responses to an inflation shock

In this part of the empirical analysis, following Fuhrer and Moore (1995), Roberts
[3] and Ball [4], the restricted and unrestricted responses of inflation and output to an
inflation shock will be compared again under alternative assumptions about
expectations. More specifically, in the first alternative, assuming optimal univariate
expectations, unrestricted Phillips curve equation from the previous section will be
combined with an equation for output in terms of lagged output and lagged
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inflation. These two equations yield a vector auto regression (VAR) in recursive
form, where current output affects inflation, but current inflation does not affect
output. This is the unrestricted VAR model, and in the restricted VAR model, the
inflation equation will be replaced by the restricted Phillips curve equation of the
earlier section under optimal univariate expectations assumption while output
equation is kept unchanged.
Same exercise will be repeated in the alternative setting where this time

expectations are backward looking. The restricted VAR model of this alternative
is composed of the restricted Phillip curve equation under the assumption of
backward-looking expectations. Clearly, the unrestricted VAR model as well as the
output equation in the restricted VAR model is kept unchanged from the previous
exercise.
In order the find the equation for output, current inflation is simply regressed on

its own lag and lagged output. Simultaneously, current output is regressed on lagged
values of inflation and output. In other words, this is an atheoretical VAR model
where the independent variables are only the lagged values of the
dependent variables, whereas, in the VAR model in recursive form, inflation is
affected by the lagged values of output and inflation as well as the current output.
We do this exercise only to find the optimal number of lags for inflation and output
that affects current output. The lag number from 1 to 12 that minimizes AIC is
found to be 2 for both periods. The output equation in this atheoretical VAR model
when plugged into the VAR model in recursive form (whether it be restricted or
unrestricted) finalizes the setting up of the model before we study the impulse
responses.
We proceed as follows. First, assuming optimal univariate expectations, both

restricted and unrestricted VAR model in recursive form will be set up. Next, the
responses of output and inflation to a one-unit inflation shock will be analyzed.
Then, the same procedure will be repeated this time assuming that expectations are
backward looking.11 Before analyzing the effect of a nominal shock, the initial values
of inflation and output are set to zero in the baseline scenario.
5.1. The model with optimal univariate expectations

In the first period, when faced with a temporary, unanticipated 1% decrease in
inflation, in both models, inflation shows a sudden decrease and then increases back.
It finally stabilizes around zero in both models. Although in both models inflation
quickly converges to zero, in the unrestricted model, there is more variation in
inflation, whereas in the restricted model, inflation follows a smoother stabilization
towards zero. Yet, both models are able to capture the effect of a temporary inflation
shock (See Fig. 1).
11This procedure uses Win-solve package and Bootstrap method of stochastic simulation where shocks

are generated by repeatedly randomly drawing rows from the matrix of single equation residuals. The

shocks drawn will asymptotically have the same distribution as the empirical distribution of the single

equation residuals, and also this method does not assume normality.
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When the economy experiences an unanticipated and temporary inflation shock in
the second period, inflation in both models, drops to –1% initially. The pattern that
the inflation follows towards stabilization is similar in both restricted and
unrestricted models. Inflation, decreasing further down –1, starts to gradually
converge to zero. About 20 months later, the inflation settles around zero in both
models. In the restricted model, inflation, initially, shows a slightly greater decline
than the inflation in the unrestricted model, yet settles at a higher plateau during
convergence to zero (See Fig. 2).
For the first period, the response of output to a temporary inflation shock is very

much alike in the unrestricted and restricted models. In both models, after the
inflation shock, there is sudden drop in output followed by a sharp recovery. Output
stabilizes around zero in both models, though more quickly and showing less
variation in the restricted model under univariate expectations than in the
unrestricted model (See Fig. 3).
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In the second period, the temporary shock to inflation results in output loss like in
the previous case. However, the recovery of output takes longer in period 2 than in
period 1. In period 1, it takes not more than 10 months for the output in both
unrestricted and restricted model to stabilize, whereas in period 2, it takes about 30
months before the output fully recovers. Yet, the initial drop in the output is less
severe in period 2 than in period 1. However, the recovery is more gradual during
this period than the previous period. The responses of output are very similar to each
other in both periods. Therefore, one can conclude that the univariate expectations
can successfully capture the effects of an inflation shock on output (See Fig. 4).

5.2. The model with backward-looking expectations

The restricted model under backward-looking expectations behaves quite
differently than the unrestricted model in terms of the response of the inflation to
an inflation shock. In the first period, when the economy experiences an
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unanticipated and temporary 1% decrease in inflation, in both models, inflation
shows a sudden decrease and then increases back. It finally stabilizes around zero in
the unrestricted model, whereas in the restricted model under backward-looking
expectations, the inflation gradually increases yet does not stabilize at zero.
Therefore, the performance of the backward-looking model is very poor in terms of
capturing the effect of an inflation shock. Even after 40 lags, although, the responses
of the unrestricted and the restricted model converge to each other, they do not
completely coincide (See Fig. 5).
Like in period 1, the restricted model under backward-looking expectations in

period 2, behaves quite differently than the unrestricted model, in terms of the
response of inflation to an inflation shock. Inflation shows a sudden decrease in both
models when the economy experiences an unanticipated and temporary 1% decrease
in inflation. In the unrestricted model, it starts to increase sharply after the shock and
stabilizes around zero, whereas in the restricted model under backward-looking
expectations, inflation shows a very gradual increase, yet, converges to –1.7 instead
of zero even 40 periods after the shock was received. As far as capturing the effect of
an inflation shock is concerned, the restricted model under backward-looking
expectations is far away in reaching this goal. The performance of the backward-
looking expectations is even poorer in period 2 than in period 1 such that the
divergence of the impulse responses of inflation in two settings of model is even wider
this time (See Fig. 6).
The restricted model under backward-looking expectations has quite a different

behavior than the unrestricted model as far as the response of output to an inflation
shock is concerned. An unanticipated and temporary 1% decrease in inflation in the
first period, results in output loss in both models. However, in the restricted model
under backward-looking expectations, there is a sharper decline in output, and a
slower and a less-than-full recovery, whereas, in the unrestricted model, the initial
output loss due to inflation shock is less severe, and the economy starts to recover
immediately and more rapidly. Again, the performance of the backward-looking
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model is very poor in terms of capturing the effect of a shock to output. Even in the
long run, the responses do not coincide although they converge to each other (See
Fig. 7).
Similarly, the output from the restricted model under backward-looking

expectations responds to differently than the output in the unrestricted model to
an inflation shock in the second period. Output decreases in both models when the
economy experiences an unanticipated and temporary 1% decrease in inflation. In
the unrestricted model, the economy starts to recover from the shock more rapidly
and settles around zero about 20 months after the shock was received. However, in
the restricted model under backward-looking expectations, the economy continues
to experience a gradual decrease in output, and the output shows only a slight
recovery afterwards. Even after 40 months, the output is around –1.1 (See Fig. 8).
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In terms of capturing the effect of an inflation shock on output, the restricted
model of backward-looking expectations performs weakly. Its performance is even
worse in period 2 than in period 1 since there is even a wider gap between the impulse
responses of output in the restricted model and the unrestricted model. Thus,
backward-looking expectations clearly fail to fit the data.
6. Policy implications and concluding remarks

This paper analyzes the inflation dynamics in Turkey with special emphasis on
how the expectations are formed. By ruling out rational expectations in the
theoretical model, this study analyzes how the behavior of inflation in Turkey can be
explained assuming that agents are near rational. One alternative then is to assume
that agents make optimal univariate forecasts of inflation and output. As another
alternative to near-rational behavior, the paper also analyzes how inflation and
output behave assuming that agents have backward-looking expectations. The paper
compares the performance of the sticky-price model outlined in the theoretical
setting, under the assumption of optimal univariate expectations and backward-
looking expectations for two different periods: the first period is the relatively lower
period of inflation and the second period is the relatively higher inflation period.
The empirical analysis shows that the model under the assumption that agents

have optimal univariate expectations of inflation and output meet Lucas [7] critique.
In both periods, the model of optimal univariate expectations captures the effect of
past inflation on current inflation, whereas, the model of backward-looking
expectations fails to capture this effect. Moreover, the analysis of impulse responses
of inflation and output to a one-unit shock in inflation reveals that the assumption of
backward-looking expectations is highly unrealistic given the poor performance of
the model when compared to the unrestricted model. However, the model with
optimal univariate forecasts performs very well. In both periods, the impulse
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responses in the restricted model and the unrestricted model converge to each other
very quickly. The model with backward-looking expectations, on the other hand
performs even worse during a relatively higher inflation period.
This paper assumed that agents deviate from rationality by ignoring other relevant

variables such as interest rates or exchange rates in forming their expectations about
inflation, and hence the expectations are univariate. These univariate expectations
are optimal in the sense that agents use information about inflation as best as they
can. Further work may elaborate on how these optimal expectations are formed. An
alternative would be to select the best autoregressive integrated moving average
(ARIMA) model. Another alternative would be to assume that agents are not
identical, and the economy is a mixture of agents with fully rational and near-
rational behavior, the composition of which depends on the credibility and the
transparency of the policymakers. In order to further complicate the model, other
variables such as interest rates and exchange rates, and given the high burden of the
budget deficit on the Turkish economy, fiscal side can be added.
In a more realistic setting, the model should also include a policy rule. Then, the

significance of expectation formation will be more apparent for the conduct of an
efficient monetary policy, depending on how well the policy rule takes into account
of the expectations and how well these expectations can be modeled. Only then a
more efficient monetary policy tools or targets can be chosen. However, our
parsimonious model still remains crucial since in its simplest form, the model
succeeds in showing that agents are far away from being backward looking.
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Department of Economics, Discussion Paper No. 0202, 2002.

[17] A.P. Tutus-, A. Peker, Quantification of inflation expectations in Turkey, CBRT Research

Department, 1999, unpublished manuscript.

[18] E. Uygur, Inflation expectations of the Turkish manufacturing firms, CBRT Research Department

Discussion Paper No. 8904, 1989.

[19] D. Romer, Advanced Macroeconomics, McGraw-Hill, New York, 1996.

[20] O.Y. Emir, A. Karasoy, K. Kunter, Monetary policy reaction function in Turkey, Central Bank of

The Republic of Turkey Discussion Paper, 2000.

[21] S. Fischer, Long-term contracts, rational expectations, and the optimal money supply rule, J. Polit.

Econ. 85 (1977) 191–205.

[22] E.S. Phelps, J.B. Taylor, Stabilizing powers of monetary policy under rational expectations, J. Polit.

Econ. 85 (1977) 163–190.

[23] J.B. Taylor, Staggered contracts in a macro model, Am. Econ. Rev. 69 (1979) 108–113.

[24] A. Blinder, Keynes, lucas, and scientific progress, Am. Econ. Rev. 77 (1987) 130–136.

[25] J. Sachs, The dollar and the policy mix: 1985, Brookings Papers on Economic Activity, Vol. 1, 1985,

pp. 117–197.

[26] J.M. Roberts, New Keynesian economics and the Phillips curve, J. Money Credit Banking 27 (1995)

975–984.

[27] J.M. Roberts, Is inflation sticky?, J. Monetary Econ. 39 (1997) 173–196.
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