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ABSTRACT

The critique (1976) that made Prof. Robert E. Lucas winner of the Nobel
Prize in 1995 has been very influential in the determination and application of
macroeconomic policies. The Lucas Critique (LLC) is so crucial that it influences
almost all econometric research but it does not consider expectations, and so the
consequences cannot be reliable. Although the LC was called a hypothesis, since
its inception it has been considered as a theory, but importantly, it is still missing
solid empirical support. In the light of this information, this thesis consisting of
three main chapters, aims to test the validity of the Lucas Critique during the global
financial crisis, which forms a basis for fundamental political changes. In order to
test the LC empirically, super exogeneity and structural break tests are implemented

to a set of models from the literature.

In the first chapter, we attempt to te;st the validity of the L.C through the
conventional Phillips Curve and Term Structure Models between 1990 and 2015
using quarterly data. In doing so, we check whether the models carry structural
breaks at all the occurrences of quantitative easing (QE) since 2008, including the
FED’s former chairman Bernanke’s speech of QE tapering in May, 2013. Results
show that the Lucas Critique is supported for the period of the global financial
crisis. Besides, our amended model of the Phillips Curve, with a forward-looking
component which validates the importance of future expectations formed by the
policy itself does not reveal any breaks between the same sub-samples. In the
second chapter, we aim to test the validity of the LC for the substantial change in
post-crisis monetary policy of the FED by using the Superexogeneity test, rejection
of which lends support to the LC. We make use of quarterly U.S. data from 1990 to
2015. While wealth, Gross Domestic Product (GDP) and Treasury Bill rate are used
for the marginal models, the money demand is used for the conditional model. As
a result, we reject superexogeneity and our results provide support for the LC. In

the last chapter, the effect of government expenditure on GDP in Turkey is




investigated from 2000Q1-2015Q4 by the superexogeneity test. Both conditions of
weak exogeneity and structural invariance are satisfied. Therefore, government
expenditure is said to be superexogenous to GDP which means that the Lucas

Critique is refuted. Moreover, the policy regime shift for the period of the global

financial crisis in Turkey did not cause structural variance in government

expenditure.
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OZET

Lukas’in (1976) Nobel Odiilii almasina biiyiik katk1 saglayan elestirisi (LE)
makroekonomik politikalarin iiretilmesi ve uygulanmasi iizerinde oldukga etkili
olmustur. Olduk¢a 6nemli ve etkin bir kavram olan LE, rasyonel beklentiler dikkate
alinmadan yapilan biitiin ekonometrik ¢aligmalarin sonuglarinin giivenilmez
oldugunu iddia etmektedir. Ilk ortaya atildiginda “hipotez™ olarak tanimlanan bu
elestiri, daha sonra teori olarak kabul gérmiistiir ama bu derece sarsici elestiri,
ampirik olarak koklii bir destek ya da red bulamamistir. Bu bilgiler 1s13inda
hazirlanan tezim, 3 ana béliimden olusmakta olup, koklii politika degisikliklerinin
yagsanmasina temel olusturan global kriz donemi i¢in Lukas Kritigi'nin gegerliligini
literatiirde de kullanilan siiper digsallik ve yapisal kirilma testleri kullanilarak

ampirik olarak test etmeyi amaglamaktadir.

1k bliimde, 1990-2015 yillari arasinda 3-aylik Amerika verileriyle Phillips
Egrisi ve Getiri Egrisi modelleri kullanilarak Global Finansal Kriz dénemi igin
Lukas Elestirisi'nin gegerliligi sinanmugtir. 2008’den bu yana yapilan parasal
genislemeler (QE) ve FED eski baskani Bernanke’nin Mayis 2013 tarihinde yaptigi
konugmasinin modellerde yapisal kirilma meydana getirip getirmedigine
bakilmistir. Cikan sonuglara gore Global Finansal Kriz periyodu igin, Lukas
Elestirisi gegerlidir. Ayrica, Phillips egrisinin bir baska versiyonu olan ileriye
doniik bilesen eklenmis hali, ayni alt periyotlar i¢in kirilma gistermeyerek gelecege
yonelik beklentilerin onemini gozler oniine sermistir. Ikinci béliimde, Global
Finansal Kriz akabinde FED tarafindan gergeklestirilen Para Politika
degisikliklerinde Lukas Kritigi'nin gegerliligi Siiper Digsallik (Superexogeneity)
testi kullanilarak test edilmektedir. 1990-2015 yillari arasinda ii¢ aylik dénemlerde
derlenen Amerika verileri ile, Servet, Gayri Safi Yurti¢i Hasila (GSYH) ve Hazine
bonosu faiz oran1 Marjinal model olarak kullanilirken, para arzi1 da Kosullu model
(Conditional model) olarak kullanilmigtir. Sonug olarak Siiper digsallik reddedilmis

ve Lukas elestirisini destekler sonug bulunmustur.

Xiv




Son béliimde ise, Tiirkiye'de hiikiimet harcamalarinin GDP iizerindeki
etkisi 2000-2015 yillar1 arasinda Stiper Digsallik testi kullamilarak arastirilmistir.
Zayif Dissallik ve Yapisal degismezlik sartlari saglandigi igin, Tiirkiye’deki Global
Finansal Kriz dénemi i¢in hiikiimet harcamalarinin GDP {izerinde Siiper Digsal
oldugu sonucuna ulagilmistir. Bu kriz doénemindeki politika rejim degisikligi,
hiikimet harcamalarinda yapisal bir degisime neden olmadigindan, Lukas

elestirisini destekler bir sonug bulunamamustir.
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INTRODUCTION

According to the main argument of the Lucas Critique, any change in
economic policy will fundamentally alter the impact of the policy on the economy,
because the economic agents form their expectations by considering the future, not
the past. That is why policies based on past behaviors of individuals will be
misleading. Administering the policies according to the econometric estimation of
reduced form equations based on past data will be deceptive since parameters
estimated therein will be changed. The LC states that use of any model with
ignorance of expectations is inadvisable. Lucas has criticized the use of
econometric models in macroeconomics (Linde (2001)). The other remarkable
consequence of the critique is questioning intervention in the economy in the course
of fiscal and monetary policies. If the critique is absolutely correct, expansionary
monetary policies will be precarious since the economic agents are rational and
form their expectations according to real variables with the help of perfect

information.

Since the LC is fundamentally important, it has a massive volume in the
literature (according to Ericsson and Irons (1995) the LC received 513 SSCI
citations over 1976-1990) and it has been the subject matter of elite academics’
papers in top journals. However, almost all articles afe theo_reﬁ_cal and/or based on
methods like simulation that make no use of real data from markets. In Stanley’s
(2000) list of empirical papers on the LC, there is a limited number of 13 papers.
Besides, some of these papers do not have the main purpose of empirically testing
the LC but focus on some other theme (i.e. taxes, monetary union, and central bank

governance) and only comment on the LC.

There is a considerable lack of empirical evidence on the LC in the literature
the main reason for which is the difficulty in adopting generally accepted
methodology. Although Prof. Lucas is alive and active, he and his followers have

not introduced methodology to test the critique. Thus, a critical and influential claim




is resting without sound empirical evidence. Another equally important reason, is

the lack of opportunity for markets to generate real data for the test.

The main purpose of the thesis is to test the validity of the L.C empirically
for the global financial crisis period which began in August 2007 in the U.S. and
became stronger by the bankruptcy of Lehman Brothers in September 2008. The
crisis that arose from the collapse of the U.S. housing sector rapidly expanded to
banking and other financial markets as well as all branches of the real economy.
The LC analysis became particularly important for the aftermath of the 2008 crisis
to assess the effects of consequent policy shifts to stimulate the economy. The thesis

consists of three separate chapters which we will now briefly review.

In the first chapter, we make use of U.S. data on the Phillips Curve and
Term Structure equations to document that the Lucas Critique is supported for the
period of the global financial crisis. Both the Chow Test of structural breaks and
CUSUMSQ as well as the behavior of residuals indicate the validity of the Lucas
Critique in key monetary relationships during the period. On the other hand, our
amended model of the Phillips Curve, with a forward-looking component does not
reveal any breaks between the same sub-samples. Additionally, this model validates
the importance of future expectations, which are formed by the policy itself. Our
findings signify to monetary policy authorities to reconsider and redesign their
actions and operations, and to ground their policies on both past data and the

behavior of agents.

Our second chapter is the first attempt to use the substantial change in post-
crisis monetary policy of the FED to test the validity of the LC. The global financial
crisis, triggered by the collapse of the mortgage market in 2007, presented an
invaluable opportunity to test for the LC. We make use of quarterly U.S. data from
1990 to 2015 to test for superexogeneity, rejection of which lends support to the
LC. We define the marginal models for wealth, GDP and Treasury Bill rate to
construct the conditional model of money demand. We reject superexogeneity and

report support for the LC.

[$9]




The objective of the third chapter is to investigate the effect of government

expenditure on GDP in Turkey from 2000Q1-2015Q4 by the superexogeneity test.
As a consequence of satisfying both conditions of weak exogeneity and structural
invariance, government expenditure is superexogenous to GDP which implies that
the policy regime shift for the period of the global financial crisis in Turkey did not
cause structural variance in government expenditure. Indeed, the Lucas Critique
which indicates that policy regime shifts cause structural breaks, appears to be

refuted.



1. TESTING THE VALIDITY OF THE LUCAS
CRITIQUE AROUND THE GLOBAL

FINANCIAL CRISIS



1.1. INTRODUCTION

In his influential article, Robert E. Lucas (Lucas, 1976) proposed a serious
critique on the validity of econometric models to assess economic policy effects.
He argued that shifts in policy influence economic activity by altering expectations
of the agents, who are forward-looking rather than backward-looking, and thus,
adapt their behaviour and expectations according to the new policy conditions. In
this case, administering a macroeconomic policy focusing on past experience may
produce different outcome, and accurate assessment of the policy effects becomes
irrelevant. For this reason, Lucas concluded that reduced-form econometric models
become unreliable when the policy action rules are modified, since such changes
will alter the actual structural parameters and the estimated coefficients in the

model.

Despite its theoretical credibility and the Nobel Prize award in 1995, many
researchers have been concerned about the applicability of the Lucas Critique (LC
hereafter) in practice ( Sims, Goldfeld, and Sachs (1982), Alogoskoufis and Smith
(1991), Vanbergeijk and Berk (2001), Lindé (2001), Estrella and Fuhrer (2003),
Lubik and Surico (2010a), Smith (2009), Mazumder (2011), and Yildirim & Korap
(2012)). The LC analysis became particularly important for the aftermath of the
2008 crisis to assess the effects of consequent policy shifts to stimulate the
economy. Surprisingly, there has been no significant research based on an
investigation of these effects through the argument of Lucas, which this paper
attempts to provide. Furthermore, this period is particularly important due to a
series of untraditional expansionary monetary policies such as the quantitative
easing (QE) undertaken in the U.S. and in other advanced economies. One of the
crucial questions related to the issue has been the relevance of the critique in
analysing the future effects of those policies on unemployment and inflation. For
instance, according to the short-run prediction of the Phillips Curve (PC), the high
unemployment rates during the 2008 recession and subsequent weak recovery

should have reduced the inflation rate to below zero. However, Ball and Mazumder
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(2014) state that despite this PC prediction, the rate of core inflation' in 2015 in the
U.S. was close to its before 2008 level. Thus, the 2008 crisis and consequent
developments in unconventional policy-making offer a unique opportunity to
empirically investigate the case of the LC and its explanation related to
modification of the time-series behaviour and parameters in econometric models

after the policy changes.

There is a surprising lack of empirical research on the LC in the literature.
One of the main reasons has been the absence of a generally accepted methodology.
Unfortunately, Lucas and his followers did not introduce research to test the
empirical relevance of the theory. Stanley’s work (2000) which lists empirical
studies on the LC, cites just 13 articles, most of which focus on some other themes
(i.e. taxes, monetary union, and central bank governance) and makes comments
about the LC rather than having the main purpose of empirically testing it. Despite
a large amount of research on the LC, almost all of the articles have been either
theo‘retical or based on simulation, which uses limited real data. This is also due to
the scarcity of opportunities attributed to a fundamental change in economic policy
to generate real data for the test. Indeed, papers on the shift of the Phillips Curve in
India due to the CB governor’s changes (Mazumder, 2011) or Euro area inflation
(Stanley, 2000) comment on the LC but these are far from providing fundamental

changes in monetary conditions after the global financial crisis hit.

The aim of the present paper is twofold. First, it attempts to empirically test
the validity of the LC through the conventional Phillips Curve and Term Structure
Models between 1990 and 2015 using quarterly data. In doing so, it checks whether
the models carry structural breaks at all the occurrences of the QE since 2008,
including the FED’s former chairman Bernanke’s speech of QE tapering in May,
2013. Hence, stability over the sample period is here viewed as a test of policy

invariance. Secondly, it provides additional evidence on the empirical importance

! Core inflation - inflation, excluding the transitory effects of supply shocks.

? According to Ericsson and Irons (Ericsson & Irons, 1995) there were 513 SSCI citations
between 1976-1990.



of the forward-looking component in inflation and analyses the sources of the
discrepancy in econometric estimates between adaptive and forward-looking
(constant) inflation expectations. We estimate the conventional Phillips Curve to
assess the relative weight of past and after-policy expected inflations and compare
the ability of the unemployment gap to explain parameter instability over the
sample period and the dynamics of inflation. Our estimations predict that the LC is
empirically relevant for the U.S. in the given period, which reveals that econometric
analysis cannot be reliable to predict and/or examine the impact of economic policy

changes based solely on past data.

1.2. LITERATURE REVIEW

The observable reduced form of the economy and a policy rule for setting

the policy instrument can be described as in Lucas (1976) , by
Yip1 = F(Ye, X, 6,up)
X =G(Y,6,§)

in which Y; is a vector of economic variables, X, is a vector of policy
instruments, 6 is a pararﬁeter vector, § is a vector of policy rule coefficients, and
u, and &, stand for the shocks. Lucas indicates that, “A change in policy [in &]
affects the behavior of the system in two ways: first by altering the time series
behavior of [X,]; second by leading to modification of the behavioral parameters
[6(6)] governing the rest of the system.” The first one is a direct effect of the change
in the policy rule on the system. The second effect, which demonstrates changes in
the expectations of the agents about the future also triggers changes in the reduced
form dynamics of the economy. In this way, influence of the reduced form on the
structural policy changes represents the kernel of the Lucas Critique (Rudebusch,
2005).




One main reason behind the scarcity of empirical papers on the LC has been
the absence of a widely accepted methodology. Nevertheless, different papers have
implemented various empirical approaches and so generalizing available results is
challenging and no single conclusion can be reached. Early work by Mills (1988)
develops the Bayesian learning model with forward-looking expectations which
allows for variance of the parameters when there is a policy change. As a
consequence, this study demonstrates that the Bayesian learning model can be a
solution to the parameter invariance problem. In the same way, Miller and Roberts
1991) quantitatively test the LC in a BVAR (Bayesian Vector Autoregression)
macro model, which is proposed in Litterman (1984), Sims, G-oldfeld, and Sachs
(1982), Sims (1986), and Doan, Litterman, and Sims (1984). The paper concludes

that the results reveal violation of the critique.

Most of the studies tested the LC hypothesis using monetary models. They
typically implemented the Phillips Curve, while several studies included the
forward-looking element in the model to account for the role of expectations to
determine future inflation. The central claim of such re-modelling is that the Central
Bank can stabilize inflation at no cost in terms of output or unemployment if future
inflation is regarded as a forward-looking phenomenon. On the contrary, lowering
the steady-state inflation would require recession in the context of the traditional,
backward looking Phillips Curve (Jondeau & Le Bihan, 2005). Alogoskoufis and
Smith (1991) stipulate the empirical significance of the LC in the example of the
U.S. and U.K. and promote the forward-looking price setters’ hypothesis. They
demonstrated that there were significant shifts in the coefficient of lagged price
inflation and these shifts correspond to similar shifts in the persistence of inflation
in both the U.S. and UK. Yildirim & Korap (2012) test the validity of the LC by
using the Turkish narrow money demand function between 1998 and 2010. They
considered the money demand as a proper economic aggregate to analyze, since the
money demand equation can reflect economic agents’ behavior with respect to their
monetary holdings. As a conclusion, they could not find empirical evidence to

support the LC by using the multivariate co-integration estimation. Castelnuovo



(2008), who re-organizes the Keynesian monetary policy model and uses it to
produce artificial data, determines the stability of open-economy backward-looking
Phillips Curves for two exchange rate regimes. The model is established for
Sweden, which experienced an important regime change in 1992, by replicating the
move of a monetary policy break from a Target-Zone regime to a Free-Floating
regime, in a similar way to Taylor's (1989). As a consequence, the Lucas Critique

is not statistically rejected.

Estrello and Fuhrer (2003) incorporate both forward and backward-looking
components into monetary policy models to show that the models’ variation
according to optimizing behavior and rational expectations does not capture the
instability problem. Their study remarks that the LC is not a pure theoretical result
but rather is econometric evidence to reveal the importance of stability tests for
macroeconomic models. They suggest that every model should be tested for
stability before being used for policy analysis. In the same way, Collard, Féve, and
Langot (2002) document the quantitative relevance of the LC in their structural
model. They concentrate on the potential break in the macroeconomic distribution
of the sample to evaluate the effect of changes in monetary policy by holding the

parameters of preferences and technology constant.

Leeper and Zha (2003) interpret the behavior of the Federal Reserve by
using the VAR model of U.S. monetary policy. They investigate the range of policy
interventions, which is made sequentially and not completely different from the
past, to check its consistency with an unchanged policy regime. However,
McCallum (2005) warns that the VAR models consist of a set of reduced-form
equations, where each of a set of variables is regressed on lagged values, with all
variables treated as endogenous. Therefore, VAR systems can be more vulnerable

to the critique than the traditional models Lucas considered.

Another useful method to check the empirical relevance of the LC focuses
on the Term Structure of interest rates (the relation of long-term interest rate to

short-term interest rate). Blanchard (1984) analyses the performance of two central




o

macro-econometric equations, the Phillips Curve and Term Structure of interest
rates, after October 1979 with the purpose of investigating the LC. Although, the
research could not get a direct effect of policy change on the PC, there was
significant evidence of a direct effect on Term Structure. Mankiw, Miron, and Weil
(1987) analyse the reactions of expectations by using data on Term Structure around
the foundation of the Federal Reserve in 1914. According to their results, when
there is a substantial change in the economic policy regime, agents adjust their
expectations and conform their behavior to the new environment very rapidly.
Vanbergeijk and Berk (2001) analyze the interim period of Euro adoption by Term
Structure to detect any structural breaks to test the empirical evidence of the LC.
Although their results do not support the L.C for most of the European countries in
the sample, there is significant structural instability for Germany, the euro area's
‘core country’, suggesting that econometric policy advice for the euro area as a

whole may have suffered from the LC.

The empirical significance of the LC is a crucial issue, especially in the light
of unconventional macroeconomic policies since 2008. In the following section,
we proceed with the model of the Phillips Curve with both adaptive and anchored
expectations to analyse how well they explain the behaviour of actual inflation. This
would also let us follow the changes in estimated coefficients. After estimating the
model, the study investigates breaks in the structural parameters for the period of
all QE developments. To serve as a benchmark for comparison we also implement
a Term Structure Model to capture the same breakpoints. In the final part of our
estimations, we conduct CUSUM tests to identify instability following on from the

LC, as suggested by Chirinko (1988).
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1.3. THE PHILLIPS CURVE MODEL

1.3.1. The Traditional Phillips Curve

According to Friedman (1968) inflation is determined by a conventional
Phillips Curve augmented to include the role for expected inflation. It is used in the
original paper of Lucas as an empirical example as well as in the outstanding papers
of Blanchard (1984), Turner (1997), and Mazumder (2011). Friedman’s
Expectations-Augmented Phillips Curve is expressed as:

e =nf +a(u—u*), +& a<0 (1.1)

where 7 is inflation, m° is expected inflation, u is unemployment, u* is the natural
rate of unemployment, and ¢ is an error term that is assumed to be uncorrelated with

u—u'.

A simple and plausible assumption about the expected inflation is that
agents form their expectations of inflation based on recently observed or past

inflation. With this assumption, (1.1) becomes:

M =m g +a(u—u*),+& (1.2)
where m,_, is past inflation. We can re-write this equation as:

Ty — Mg = a(u—u"), + & (1.3)

Equation (1.3) reveals that a is a parameter measuring the response of
inflation change to the unemployment gap or cyclical unemployment. It is assumed
that the expectations are backward-looking, so according to our quarterly data, we
determine the expected inflation by the average of the last four quarters (Mazumder,

2011). Therefore, equation (1.3) becomes

1 ;
Ty — ;(ﬂt—1 T+ T3 +My) = a(u—u™) + € (1.4)
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which is a special case of the backward-looking Phillips Curve estimated by Gordon
(1982), Gordon (2013), Stock and Watson (1999), Stock and Watson (2008), and
Ball and Mazumder (2011).

Although the most common approach is to use the New Keynesian Philips
curve (NKPC) which is based on the assumption of time-contingent price
adjustment, we prefer to choose the Friedman’s Expectations-Augmented Phillips
Curve with whom the backward-looking component can be tested solely, and
comparison opportunity arises between the PCs with the adapted and the anchored

expectations.

The backward-looking Phillips Curve has been used in a number of
empirical works such as Fuhrer (1997), Jondeau and Le Bihan (2005), Gordon
(2013), and Ball and Mazumder (2014) and seem to explain fairly well the U.S.
inflation dynamics until 2008. However, in the light of untraditional policy shifts
since 2008 such versions of the PC have become significantly prone to the
propositions of the LC. Adaptive expectations may be a reasonable premise in some
circumstances, but when policymakers undertake credible policy changes, agents
can rationally respond by adjusting their expectations of inflation based on the
policymakers’ decisions rather than past inflation rates. Thus, future inflation may
also depend on forward-looking or pre-determined elements based particularly, on

the behaviour of those who set the monetary policy.
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1.3.2. The Phillips Curve with Anchored Expectations

According to the short-run prediction of the traditional Phillips Curve, high
unemployment rates during the 2008 recession and subsequent weak recovery in
the U.S. should have dragged the inflation rate below zero. Despite such a PC
prediction, the rate of inflation in 2015 was close to its level before 2008. According
to Figure 1, the unemployment rate exceeded 10% during the 2008-09 crisis period
and was still well above its pre-recession levels with 6% in 2014. However, the
inflation rate fell only from 2.4% in 2007Q3 to 2.1% in 2014Q2 with an average
inflation rate of 2.1% during this period. Ball and Mazumder (2014) emphasize this
phenomenon in their very interesting research of the PC for the U.S. As one
explanation, they state that the essential empirical content of the PC with past
expectations seemed to have disappeared for the U.S. as they are now anchored at

a constant level.

Figure 1.1: U.S. Unemployment and Inflation Rates between 1990 and 2015
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Although the FED officially set a 2% target inflation rate in January 2012,
debates and preparations for the inflation targeting regime started to ground in the
late 1990s (Bernanke & Mishkin, 1997; and Mishkin, 2001). Since 2000, the FED
has regularly announced a desired target range for inflation (usually between 1.7%

and 2%) measured by the personal consumption expenditure (PCE) price index.

13




We wondered how the coefficient in the model would change if we replaced
the backward- looking content of the PC model with the constant inflation
expectations. Taking into account the FED’s commitment to the constant target,
and therefore, anchored inflation expectations by agents, we replaced the average
past inflation in the traditional PC model with the 2.5% fixed rate. We chose 2.5%
inflation rate instead of 2% because, as suggested by Ball & Mazumder (2014),
since the 1980, the core consumer price index (CPI) inflation (used in our
estimations) has continuously exceeded the core PCE inflation by about 0.5% on

average (for both the weighted-median and CPIX measures of the core).
With our assumption of the anchored expectations equation (1.4) becomes:
Ty — 2.5 = a(u — u*)t_l + € (1.5)

[fthe estimated coefficients in (1.3) and (1.4) differ significantly, this would
additionally support the empirical relevance of the L.C, which suggests that the
traditional implication of the PC may not be relevant any more since the
expectations of agents change together with policy shifts rather than being

dependent solely on the past experience of the inflation rate.

1.3.3. Breakpoint Tests

A prominent test in the literature to test the validity of the LC belongs to
Gregory Chow (1960). The test checks if its statistic asymptotically follows the F-
distribution, conditional on well-behaved (identically and independently
distributed) errors. (Castelnuovo, 2008; Estrella & Fuhrer, 2003; Lindé, 2001;
Lubik & Surico, 2010; Rudebusch, 2005; Smith, 2009; and Van Bergeijk & Berk,
2001a). Consequently, the Chow test is used to detect if there is a structural change
in the relationship between the dependent variable Y and the independent variables
in the regression model of time series data at different periods. In doing so, the

residual sum of squares (RSS) of the regression in the desired periods is estimated
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and checked to see how different they are, indicating the existence of a structural

break. The corresponding F-statistic is:

_ (RSSg — RSSyg)/k "
"~ (RSSyr)/(ny +ny —2k)  [Matmz—2k]

where RS§Sp and RSSyz are restricted and unrestricted RSS, respectively; n; and n,
are the number of observations belonging to the first and second periods; and k is

the number of partial regression coefficients estimated.

Also, we perform Wald and Likelihood-Ratio (LR) breakpoint tests whether the
coefficients in a time-series regression vary over the periods defined by our known

break dates.

Testing a structural break with a known break date could be constructed by fitting

a linear regression with an indicator variable:
Ye =x:6+ (b < t)x.0 +€;

Wald and LR statistics are used to test the null hypothesis of no structural break
which is Hy: 6 = 0. Both are distributed with y?(k), where k is the number of

parameters in the model.

A model with multiple breaks can be expressed as:

yt = xtﬁ '+' xt{(bl S L S b2)51 + (bz S i S b3)52 + + (b-m_ S t)é‘m} +EE

where by, ..., b, are m = 2 break dates and the null hypothesis of no structural

break is a joint test given by Hy: §; = - = 6, = 0.
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1.3.4. Results for the Phillips Curve with Adaptive and Anchored Inflation

Expectations

Table 1.1 displays the estimates of equations (1.4) and (1.5). We break our
sample (for both regressions) into two periods: before the first QE conducted in
December 2008 (1990Q1-2008Q3) and after it (2008Q4-2015Q4). The series were
checked for the unit roots, and the stationarity of variables was considered before
the estimation (provided in Appendix A.l.). The regressions are estimated by
Ordinary Least Squares (OLS) using heteroskedasticity and autocorrelation
consistent (HAC) (Newey-West) errors to account for serial correlation and

heteroscedasticity problems.

In the Phillips Curve with adaptive expectations, for the full sample, the
estimated coefficient of unemployment is -1.54, which is significant at 1% level.
This result implies that one percent upward deviation of the unemployment from its
steady-state level, reduces inflation by 1.5%. Although the relationship is negative
and supports the traditional Phillips Curve, the response of the inflation with
coefficient of 1.5% is higher than what real practice has shown in the U.S. The
result of the first sub-sample implies that there is no significant relationship
between the two wvariables, while in the second sub-sample, although the
relationship is empirically significant, the estimated coefficient is still high with -
2.1. Furthermore, such notable changes in the estimated coefficients relative to the
sample-groups can be indicative of the presence of structural breaks in the data set

and hence, the Lucas Critique.

To evaluate the empirical relevance of the LC, we conducted the Chow
breakpoint test in the following steps. As the main break-point in the whole time-
series data we chose the first time the quantitative easing policy was conducted, in
the fourth quarter of 2008. Table 1 shows that the computed F-value is significant
at 5% level, which validates that the two subpopulation variances are not the same.
Therefore, the LC is valid for post 2008 policies in the U.S. for the Phillips Curve,

which indicates it could be deceptive to focus on the past when economic
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consequences of the post-crisis policies are determined.

The estimates of the PC with anchored or constant expectations are also
displayed in Table 1.1. There are some interesting points to mention. First, for the
whole sample, the estimated coefficient of unemployment is -0.619, which is
considerably lower than the coefficient, estimated with equation (1.4). Such a lower
coefficient is more consistent with reality, since the U.S. did not experience the
prolonged disinflationary process associated with the post-crisis high rates of
unemployment. The monetary authorities have also been explaining this
phenomenon by their credible policies and the role of the well-anchored
expectations that would help them keep inflation stable, while stabilizing the

economy after the onset of the 2008 financial crisis (Yellen, 2013).

Returning to our regression results with anchored expectations, the first sub-
sample of 1990Q1-2008Q3 shows an even lower coefficient with -0.461. Another
interesting point to mention is that the second sub-sample implies that
unemployment deviation cannot be a significant explanatory variable for estimation
of future inflation. One interpretation is that future inflation started to become an
outcome of peoples’ expectations of the FED policy rather than a direct effect of

output gap, typically caused by exogenous shocks.

The breakpoint tests for the PC with anchored expectations for the point of
the first QE is provided below the regression estimates in the same table. The test
results reveal that when we estimate the model with policy expectations rather than
adaptive expectations it does not result in any breaks in the structural parameters

between the sub-periods.
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Table 1.1: Estimation Results for the Phillips Curve with Adaptive and Anchored Inflation
Expectations

Milton Friedman’s Phillips Curve
Ty = %(th + Mg+ Mg +Mg) Ha(u—u) g + €
1990Q1-2015Q4 1990Q1-2008Q3 2008Q4-20150Q4
Estimate of a -1.54%* -0.611 -2.105%*
S.E. (0.678) (0.636) (0.834)
R? 0.168 0.029 0.277
Chow Breakpoint Test
QE I’ (2008Q4)
F-statistic Prob. F(1,102)
5.003%* 0.0275
Wald Test
QE I (2008Q4)
Chi-Square Prob. Chi-Square(1)
5.0086** 0.0252
Likelihood-Ratio Test
QE I (2008Q4)
Chi-Square Prob. Chi-Square(1)
4.985%% 0.0256
Phillips Curve with Anchored Inflation Expectations
m=254+a(u—u")pq+e
1990Q1-2015Q4 1990Q1-2008Q3 2008Q4-20150Q4
Estimate of « -0.619* -0.461 -0.712
S.E. (0.3513) (0.296) (0.618)
R? 0.059 0.035 0.058
Chow Breakpoint Test
QE I (2008Q4)
- F-statistic Prob. F(1,102)
0.26 © 0611
Wald Test
QE I (2008Q4)
Chi-Square Prob. Chi-Square(1)
0.192 0.66
Likelihood-Ratio Test
QE 1 (20080Q4)
Chi-Square Prob. Chi-Square(1)
0.258 0.611

Note: *#* *¥ and * indicates rejection of the null hypothesis at the 1%, 5% and 10% significance

level, respectively.

3 Quantitative Easing One (December 2008 to March 2010)
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1.3.5. Stability Tests for the Major Policy Occurrences

Table 1.2 displays the breakpoint test results for the major monetary policy
developments in the U.S. since 2008. These include three rounds of QE policies,
and former FED chairman Bernanke’s first announcement on the possible tapering®
of the QE. The tapering talk is particularly important because of the significant
economic and financial consequences following the announcement (Rai &

Suchanek, 2014).

We used the traditional PC with adaptive expectations to detect if the policy
changes impact the stability of the parameters in the estimation model. As we can
see, the test statistics stress rejection of the null hypothesis in all cases which
indicates the validity of the LC for the post 2008 monetary policy in the U.S. Our
findings emphasize the importance of the L.C as an effective tool in policy-making
when undertaken with care and used effectively. Of course, we should mention the
not less important role of the policymakers’ credibility in order for the LC to work

in practice and to assist in minimizing the costs of the policies undertaken.

* The FED eventually increased the Federal Funds Rate in December 2015.
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Table 1.2: Breakpoint Tests for the Major Policy Occurrences since 2008.

Milton Friedman’s Phillips Curve

Chow Breakpoint Test
QE IF° (2010Q4)
 F-statistic Prob. F(1,102)
T.BY*** 0.006
T iz W
QE I1(2010Q4) o
Chi-Square : Prob. Chi-Square(1)
Likelihood-Ratio Test ' '
QE T1 (20100Q4) !
Chi-Square Prob. Chi-Square(1)
77474+ ' 0.005
Chow Breakpoint Test
QE III° (2012Q3)
 F-statistic Prob. F(1,102)
8.720%** | ~0.003
Wald Test
‘ ~ QE III (2012Q3)
Chi-Square : Prob. Chi-Square(1)
8.735%*+ 0.003
 Likelihood-Ratio Test
. QETIT(2012Q3)
Chi-Square : Prob. Chi-Square(1)
8.545%%* ; 0.003
Chow Breakpoint Test
BTT’ (2013Q2)
F-statistic ~ Prob.F(1,102)
6.617FF ; 0.011
Wald Test .
... BTT (2013Q2)

— Chl—Square e

6.619%*

~_ Chi-Square
6.530%%*

Prob. Chi-Square(1)

0.01

Likelihood-Ratio Test
BTT(Q2013Q2)
: Prob. Chi-Square(1)

0.01

Note: *** ** and * indicates rejection of the null hypothesis at the 1%, 5% and 10% significance

level, respectively.

* Quantitative Easing Two (November 2010 to June 2011)
® Quantitative Easing Three (September 2012 to December 2013)
" Bernanke’s Tapering Talk (May 22, 2013)




1.4. THE TERM STRUCTURE MODEL

In this section we analyse the post 2008 period policy changes by Term
Structure methodology, following Blanchard (1984), and Van Bergeijk and Berk
(2001). This methodology would first, serve as a benchmark for comparison with
the PC model in the previous section, and second, provide wider framework to

investigate the stance of the monetary changes in terms of the interest rates.

Term Structure, which is the relation of the long interest rate to the short
interest rate (also the relationship between interest rates or bond yields and different
terms or maturities) plays a central role in the economy by reflecting expectations
of agents about future changes in interest rates and monetary policy conditions. This
model, which in a nutshell, is representation of the expectations theory of the Term

Structure was also used by Blanchard (1984):

10 10
R(n,t) = ag + ByR(m,t) + Z BiR(m,t — i)+ Z yir(t — i) + 8V (t) + &(t)
i=1 i=1

g = pe(t —1) + u(t)

where R(n,t) and R(m, t) are the long-term and short-term interest rates at time t,
respectively, 7(.) is the inflation, and V(. ) is the risk premium. The risk premium
V(.) is proxied by an exponential moving average of the variance of the short-term
interest rates and the disturbance term € is modelled as a stationary first-order
autoregressive process, with parameter p, and u is defined as white noise. The

distributed lag structures are third-degree polynomials.

Blanchard (1984) used this model for the purpose of finding the relevance
of the Lucas Critique for periods of different FED chairmen and it was indicated
that Term Structure is very much subject to the Lucas Critique, since the movement
of short and long rates is identified by the expectations hypothesis. In a similar

manner, the model explains that the long rate is approximately a weighted average
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of current and expected future short rates as well as inflation.

Table 1.3 displays the results of the term-structure model. The variables
were tested for the unit roots (provided in Appendix A.l.) and the regression was
estimated using the HAC (Newey-West) errors to alleviate heteroscedasticity and
serial correlation problems. The coefficient of the current short-term rate and the
lagged inflation in all orders seem to be insignificant, although, the former gains
significance at higher-order polynomial levels. The stability tests for the same
subsamples are reported in Table 1.4. The results are similar to those in the PC
model; we reject the null hypothesis in all cases, indicating that each period is
significantly different from previous ones. Thus, our findings from the Term
Structure Model strengthens our results of parameter instability in the given period

and imply strong existence of the LC, associated with post crisis policies in the U.S.
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Table 1.3: Estimation Results for the Term Structure Model

10 10
R, 6) = @ + BoR(m, £) + BV (E) + Z B:R(m, t — i) + Z yoiae — 0 ee)
=] i=1

Term Structure

Coefficient for ap

1990Q1-2015Q4

4.919%**
(0.29)

(0.496)

T L —

7(3.774)

- -0.174
(0.188)

0.085*
(0.048)

~-0.009*
(0.004)

0.0002

20023
(0.444)

(0.068)

0.001
(0.005)

S.E.
Coefficient for 3
S.E.
Coefficient for &,
S.E.
PDLO01_ShortTerm
S.E.
PDL02_ShortTerm
S.E.
W'“l;]ji'l)?::gllortTerm
S.E.
PDL04_Sh0rtTe.rli1“ .
S.E.
'PDLO1_InflationR
S.E.
PDL02_InflationR
S.E.
PDLO03_InflationR
S.E.
PDL04 InflationR
S.E.
. —

-0.0001
(0.0007)

ooos

0.178

Note: *** ** and * indicates rejection of the null hypothesis at the 1%, 5% and 10%

significance level, respectively.
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Table 1.4: Breakpoint Tests for the Term Structure Model

Telm Structure
Chow Breakpomt Test QEI (2008Q4)

F-statistic ; Prob. F(11,82)
B s
Wald Test - QE 1(2008Q4)
k Ch|~Square P]‘Ob Chl—Squa re(l 1) i
169.357+*++ 0.000
"""" Likelihood-Ratio Test - QE I (2008Q4)
Chi-Square s Prob. Chi-Square(11)
e , e ‘
Chow Breakpoint Test QFE 11 (2010Q4)
 F-statistic ,1 _Prob. F(11,82)
8.71*** " ~ 0.000
Wald Test - QEII(2010Q4) :
Chi-Square ; Prob. Chi-Square(1l)
S S - o oo
 Likelihood-Ratio Test - QE 1(2010Q4)
Chl—Square 5 _ Prob. Chl-SQuare(ll)m -
e Pyt ,
Chow Breakpomt Test QE IIJ (2012Q3)
F-statlstlc | Prob. F(li 82)
| i -— H0
. | - ~ Wald Test - QE 101 (2012Q3) .
~ Chi-Square ; Prob. Chi-Square(1l)
. ~STe o
' L:kehhood—Ratm Test QE III (2012Q3) 7
""" Chl—Square ; Prob. Chi-Square(11)
P Ty
Chow Breakpmnt Test BTT (2013Q2)
F-statistic : Prob. F(11,82)
e — T
Wald Test - BTT ' (2013Q2) -
. Chi-Square Prob. Chi-Square(11)
48.095%++ ' T 0.000

Likelihood-Ratio Test BTT (2013Q2

Chl-Square L Prob. ChJ-Square(ll)
44.992%%* 0.000
Note: *** Indicates that the relevant null hypothesvs. is rejected at the 1% level of

significance
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1.5. THE CUMULATIVE SUM OF SQUARES TEST (CUSUM-

SQ)

The CUSUM (cumulative sum) and CUSUM-SQ (cumulative sum of
squares) tests which were introduced by Brown, Durbin, and Evans (1975) and
described in Harvey (1981) have been used for testing the constancy of the

coefficients in the model. These tests take the cumulative sum of recursive residuals
:
and plots its value against the upper [T,+3a(T —k)z] and lower [k,+ —

1
a(T —k)z] bounds of the 95% confidence interval at each point. (a =
0.948 for 95% level).

The CUSUM-SQ method is preferred over the CUSUM test as it is very
powerful in detecting changes in the conditional model parameters, especially in
the presence of weak serially correlated errors. It is also very robust to non-
predetermined (endogenous) regressors in case of stationarity and cointegration,
while the CUSUM test can be robust only in the former case (Caporale & Pittis,
2004). If the cumulative sum of squares overflows from the area between two
critical lines, then it means that the test detects parameter instability. Also, in the
literature these tests are used in the light of the Lucas Critique such as Chirinko
(1988), Caporale (1996), Urbain and Lahaye (1992), and Belke (2000).

The CUSUM of squares test is based on the test statistic:

(55

=k+1 r=k+1

fort=k+1,.., T, where w is a recursive residual.

When there is parameter constancy, the expected value of S, is

E(Se) = -K)/(T =K




which goes from zero at t=k and to unity at t=K (See Brown, Durbin, and Evans

(1975)).

Figure 1.2 illustrates the CUSUM-SQ of the Phillips Curve, which brings
out similar results to those, estimated with other instability tests. The breakdown of
the parameter constancy can be observed from the beginning of the 2000s for the
first decade, with the largest deviation around the 2008 crisis period. In a similar
manner, remarkable breaks in the residual plot can be pointed out on the same dates

(Figure 1.3).

Figure 1.2: CUSUM-SQ of the Phillips Curve
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Figure 1.3: Residual Plot of the Phillips Curve
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The results of the CUSUM-SQ of the Term Structure Model and its residual plot

are displayed in Figures 1.4 and 1.5, respectively. We can conclude that the model

is quite unstable, as the deviations of the residuals from the critical lines occupy a

considerable part of the whole period.

Figure 1.4: CUSUM-SQ of the Term Structure Model
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Figure 1.5: Residual Plot of the Term Structure Model:
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1.6. CONCLUDING REMARKS

The Lucas Critique suggests that before undertaking any policy,
policymakers should consider not only the role of past experiences, but also future
formation of expectations which is largely based on the policy itself. In this paper,
we attempted to empirically investigate this issue for the U.S. through different
prominent models during the period of the biggest policy changes after the 2008
crisis. The period is crucial in the history of American economic policy-making in
terms of the introduction of the QE, followed by the adoption of an inflation-
targeting regime and re-stabilization of zero-bound interest rates by tapering
original monetary easing. These policies would certainly have significant impact on
unemployment and inflation, and the LC appears as an important element to explain

these effects.

Our findings comment on the validity of the LC during the period of
unprecedented fundamental changes in monetary policy in the aftermath of the

global financial crisis. Moreover, we find that the PC model with anchored inflation
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expectations predicts more accurately the actual outcome of the relationship

between inflation and unemployment. While we detected parameter instabilities in
all major policy changes with the traditional PC model, the same model with
anchored inflation expectations does not carry any breaks between the same sub-
samples. This can be a possible explanation of the absence of prolonged disinflation
in the U.S. despite the high unemployment rates that existed for a while after the
2008 crisis. The alternative Term Structure Model also revealed existence of the
LC for the same sample. Similar parameter instabilities were detected in the Term
Structure Model which strengthened our view of the strong presence of the LC in

key monetary relationships.
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Appendix A.1.1: Augmented Dickey-Fuller (ADF) Test Results

| Nl Level
== ADF Prob.
1 None -5.112 0.0000
T, — Z (g + Tz + Mg +ps) ’lrnterzeptd -4.543 0.0003
e 4 -4.489 0.0026
intercept
None -2.422 0.0156
RS Intercept -2.864 0.0531
drene nxd 2916 0.1616
intercept
None -2.355 0.0185
T — 2.5 Intercept 2.349 0.1584
Trend g 3.869 0.0163
intercept
None -2.810 0.005
Long Term Interest Rate, R(m, t) Intercept 2332 0.163
Trend and -5.399 0.0001
intercept
None -1.547 0.114
Short Term Interest Rate, R(m, t) Tntercept _1.650 0.453
Trendand | 5 104 0.110
1ntercept
None -1.265 0.188
| Exponential Risk Premium, V(&) Intercept 1819 0.369
el 0.000
intercept
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2. LUCAS CRITIQUE AND MONETARY
POLICY AFTER THE CRISIS
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2.1. INTRODUCTION AND RESEARCH BACKGROUND

The 2008 financial crisis had enormous effects on the global economy and
posed challenges on traditional policy making. The so-called credit tsunami of the
century, incepted by the mortgage markets, started hitting the financial markets and
thus, institutions in June 2007. One of the largest US firms that had been a main
pillar of the financial system since 1850, Lehman Brothers, filed for bankruptcy, as
well as the American International Group (AIG), a giant insurance conglomerate.
The failure of these financial institutions and many others in similar condition
triggered the fears that many institutions would be suffering from huge losses due
to unpaid borrowings that would threaten their solvency. It did not take long for
panic in the financial markets to impact the real markets. In the US, the 18-month
recession between 2007 and 2009 was the longest recorded post WWII, as well as
compared to 10 other such recessions, the longest of which, had prevailed for 10.5
months. It led to 6.3 % decline in employment and 5.1% fall in output. In the US
stock prices fell by 50% from October 2007 to March 2009 (“Recession in
Perspective”/Federal Reserve Bank of Minneapolis). The tsunami reached other
parts of the globe from the US through financial and trade channels soon enough.
The Baltic Dry Index, underlining shipping volume and thus international trade, fell
by 50% in October 2008. Japan and Korea had 31% and 26% decreases in their
industrial output from January 2008 to January 2009 (Alzaabi, 2013). The global
financial crisis in its “Great Recession” stage marked the worst economic

contraction since WWII (Verick & lyanatul Islam, 2010).

When Obama’s term at the White House started in 2009, he signed the fiscal
stimulus package to increase federal government spending by about $499 billion
and reduce taxes by around $288 billion. But alleviating the detrimental influence
of the global crisis was extremely complex and beyond such voluminous fiscal
policy tools. There was an urgent need for accommodative policies of the monetary
authorities. As Mishkin (2011) mentioned, the contractionary shock from the

financial crisis was so severe that it overwhelmed the ability of conventional
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monetary policy to counteract it. One of the remarkable changes in validating
unconventional monetary policy has been the Quantitative Easing (QE) program
administered by the US after the crisis, and followed by several other economies.
There is a mounting body of recent research on QE and its effects (El-Shagi &
Giesen, 2013; Karagiannis, Panagopoulos, & Vlamis, 2010; Frederic S Mishkin,
2011; Rogoft, 2017; Taylor, 2014) and almost all of them agree on the fact that QE
was, although risky and not desirable, best possible option to respond to the ongoing
and future contractionary shocks to the economy. In the process of implementing
QE policies, the FED’s balance sheet dramatically expanded from around $700
billion in 2008 to $2.1 trillion in June 2010, with most of the increased absorbed by

the banking system as excess reserves (Bernanke, 2012).

QE commenced re-consideration of traditional monetary policy-making,
especially in terms of applicability of the Lucas Critique (LC). The LC stipulates
that shifts in policy influence economic activity by altering expectations of the
agents, who are rather forward-looking, and thus, adapt their behavio-r and
expectations according to the new policy conditions. According to Lucas (1976),
policy shifts and/or structural changes of the expectation-generating mechanism
lead to unstable econometric models, since such changes will alter actual structural
parameters and the estimated coefficients in the model. In order to be an effective
policy tool, the econometric model must be invariant to these changes. The role of
the LC has become very important in evaluating and analyzing the implications of
the policies undertaken after the crisis because it may have a powerful influence in
decreasing the application of the standard monetary models for the policy analysis.
Applicability of the LC, also known as the validity of “deep structural parameters™
(Fair, 1987) is significant to accurately assess the future effects of the consequent
policy shifts on economic activity and agents’ expectations that are assumed to be

“rational”.

Some problematic issues arise when the traditional tests in the literature are
used in order to find the relevance of the parameter stability with lack of guidance

on dates and numbers of breaks or when a wrong break date is chosen (Engle &
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Hendry 1993). In such cases, testing for exogeneity with its three different versions
is more suitable. While weak exogeneity is employed for estimation purposes,
strong exogeneity is required for forecasting, and superexogeneity (SupEx) is
facilitated for policy analysis. Although the SupEx test has been used to check for
the effects of regime shifts in monetary, exchange rate, consumption and trade
policies, there is no attempt on its application with QE in the literature. Despite the
QE’s significant role as a major shift (and structural parameter) in monetary policy,
there has been no research on the issue from the perspective of the LC through

SupEx.

In the context of these important policy questions, the present period offers
an invaluable opportunity to test the validity of LC empirically. This study applies
SupEx test (Engle & Hendry, 1993) to detect the relevance of the LC in modelling
the demand for money in the U.S. after the three QE attempts. Most empirical
studies suggest that the LC should be assessed in the context of economic models
that would deal explicitly with expectations, such as the money demaﬁd function
used in this paper (Hum & Muscatelli, 1992; Engle & Hendry, 1993). We also
provide policy discussions that shed light on the fragility of conventional models to
capture existing information and provide correct policy implications in the
environment of major shifts such as QE. Our sample covers the period between
1990 and 2015 for the U.S. in quarterly intervals. Rejection of SupEx over the
sample period indicates that the parameters are variant/sensitive to the policy

changes and implies that the LC is relevant.

Despite a large amount of research on the LC, there is a surprising lack of
empirical study on the issue in the literature. The main reason is the absence of
generally accepted methodology. Unfortunately, Lucas and his followers did not
introduce the methodology to test the empirical relevance of the theory. In later
years, Engle & Hendry (1993) introduced the concept of SupEx, which has
appeared to be an effective tool to test the empirical relevance of the Lucas Critique.
Subsequent papers (Ericsson & Trons, 1995; Lindé, 2001) have demonstrated how

this concept can be applied to check for policy invariance in econometric models.
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In this way, SupEx tests have been largely performed to test the effects of regime
shifts in monetary, exchange rate, consumption and savings rate behavior
(Karunaratne, 1996). The works by Boug (1999), Favero & Hendry (1992),
Ericsson & Irons (1995), and Lubik & Surico (2010) highlight the importance of
the use of the SupEx test and consider it as the main empirical tool to assess L.C

validity after the policy shifts.

Analyzing agents’ behavior and expectations is essential in setting a
credible central monetary policy to control economic activity based not only on past
data but the policy itself. As such, our paper addresses an active policy question
while also addressing growing concern about the expectations that might, in turn,
be shaped based on the post-crisis unconventional programs and behavior of the
FED. Yellen (2013) states that well-anchored inflation expectations have proven to
be an immense asset in conducting monetary policy after the 2008 crisis. Recent
studies stipulate that commitment of the FED to its pre-announced inflation rate and
the resulting formation of expectations helped avoid the prolongeci‘ disinflationary
process associated with the post-crisis high' rates of unemployment (Ball &
Mazumder, 2014). While adaptive/past-based expectations may be a reasonable
premise in some circumstances, predictive monetary policy, transparent
communication, and stable expectations play a crucial role, since they influence all
sorts of behavior and may help avoid major instabilities predicted by standard

modelling.

As mentioned above, there are not many empirical studies based on SupEx
methodology to test the LC in monetary models. One study is by Hurn & Muscatelli
(1992) who found that the LC may not be relevant in the case of the demand for
money (M4) in the UK. Other studies such as Karunaratne (1996), Valadkhani
(1998), Caporale (1996), Faria & Ledn-Ledesma (2005), Belke (2000), Oliveira &
Santos (2007), Psaradakis & Sola (1996), Santos (2004), and Liu & Morley (2014)
investigated the same issue but with applications to trade, consumption, business
cycle and financial models. Following the findings in SupEx methodology from

earlier studies, this paper is organized as follows. The next section briefly describes
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the procedures for testing invariance and SupEx hypotheses. Section 3 outlines and
estimates a model of the demand for money in the U.S. The following section 4
provides discussions of the estimated results with policy implications and makes

some concluding remarks.

2.2. SUPEREXOGENEITY TESTING

There have been numerous attempts to test the constancy of parameters over
the historical period. One of the initial specification tests is by Chow (1960), which
simply questions for interactions with dummy variables (Engle & Hendry, 1993).
In contrast, SupEx is specifically designed to ascertain whether parameters are
likely to remain constant in response to changes in policy regime over the historical
period. As an important measure of parameter stability, it is closely related to the
test of invariance, but the causes, periods and magnitudes of changes are identified
by the economic circumstances, and the historical evidence for.regime changes are
embodied in the conditioning variables. The SupEx test is perfectly applicable to
the models of money demand, and the Phillips curve, in particular. Indeed, the
instability of the Phillips curve, especially in times of external shocks and regime
changes, was probably the most famous application of the influential “Lucas
Critique” (Bajo-Rubio, Diaz-Roldan, & Esteve, 2007). Due to the lack of
opportunities of major monetary policy shifts until the global crisis, the SupEx tests
were used in applications with exchange rate, consumption, and savings models in
the literature. The studies include Ericsson (1992), Favero & Hendry (1992),
Caporale (1996), Karunaratne (1996), Valadkhani (1998), and Habibullah, Azali,
& Baharumshah (2001) who examine the relevance of the Lucas Critique, in the

unique cases of major policy shift.

Exogeneity is the key to many econometric analyses, since models require
distinction between exogenous and endogenous variables. However,
conceptualization of the term is not made clear (Engle, Hendry, & Richard, 1983)

rendering inference on the parameters to further investigation. Engle, Hendry, &
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Richard (1983) argue that the SupEx is closely related to the Lucas Critique and, as
mentioned in Caporale (1996), serves as an important instrument for policy

analysis.

Below is a brief explanation of the SupEx testing procedure employed to
assess the relevance of the LC. A more detailed and complete procedure of the
testing strategy for superexogeneity is provided by Engle, Hendry, & Richard
(1983). We define the joint, conditional and marginal distributions for

superexogeneity testing following Engle, Hendry, & Richard (1983) as:

Fie(ke; 0) = Fy\x Velxes Aae)- Ee (x5 Aze)

where Fy|, and F; are conditional and marginal models.

A variable x, is said to be weakly exogenous for a set of parameters of
interest ¥ (some functions of @) in a conditional model of a variable y, with

parameters A; with k, = (y,,x.)" if:

i) ¥ is a function of the parameters A;; alone;
ii) A1¢ and the parameters of the marginal model for x;, and A, are
variation free, which implies that there is no loss of information about ¥ from

neglecting the marginal model (Caporale, 1996)
x, is defined as super exogenous for W if:

i) x; is weakly exogenous for W,

ii) changes in A, do not cause changes in 4,.. Here, a parameter is
considered invariant for a class of interventions if it remains constant under these
interventions. A model is invariant for such interventions if all its parameters are

(Engle et al., 1983).

Tlustratively, Engle et al. (1983) model the linear regression equation,
which is hypothesized to represent the constant conditional mean of a random

variable y, given another random variable x, as well as other information. Consider
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the joint distribution of these variables conditional normal with the following

conditional means:
Elyelle] = i @.1)
Elx|lt] = puf

and covariance matrix

g¥y O-yx] 2.2)

Ze= |
t gXV  gxx

where x; and y, are conditional on the information set /; that contains their past
values, and current and past values of other valid conditioning variables z,. The

conditional expectation of y, on x; can be expressed as:

E(velxe) = 2o — uf) + 1! @3
and

Ve — EWelxe) = we (2.4)

where 4, is the regression coefficient of y, on x; equals to ¢”* /o**, and w, is the

conditional variance equals to o¥¥ — (g¥%)? /o™,

The conditional mean of y, and x; is considered in the following behavioral

relationship as:
uy = But +ziy 2.5)
Combining Equations 2.3, 2.4 and 2.5 yields:

Ve = Bxe +ziy + (A = Y xp — pf) + w; (2.6)

To sustain this regression analysis with weakly exogenous, constant and

invariant parameters we need the following three conditions:
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- Weak exogeneity of x, for the parameters of interest. This requires
that uf, 7%, and crty * do not enter the conditional model, which is satisfied if 1, =
B.

. Constancy of the parameters that requires A, = A. Since A, =
o¥* [a**, the regression model is homoscedastic if 67 = w + AcF*.

- Invariance of B to the changes in the processes generating z,.

With these conditions satisfied, a standard regression model to be estimated

is:
Vi = Bxe + z(y + w; (27

Consistent with the Lucas Critique, Engle & Hendry (1993) show that the
effects of policy shifts can be formulated as the impact of changes in the moments

of x; on the parameters of § in the following linear expansion form:
B = Bo + Biff + B207™ + Ba(0f™ /uf) - (2.8)
By substituting (2.8) into (2.7) we obtain:
Uy = [Bo + Buuf + B207™ + Ba(oF™ /u)] 1 + zly (2.9)

or in the following form as a regression:

Ve = Boxe + 2y +( A — Bo)(xe — pf) + B4 (ﬂ?)z + Bauf i + fro +
&1t (2.10)

For SupEx, the moments of x, should be insignificant and 4, must be
constant over time. However, when X, is not constant, Engle and Hendry (1993)

suggest a linear expansion, such as:
Ae = ¥ fa™ = Ay + A 0** (2.11)

By combining Equations (2.6), (2.8), and (2.11) we obtain a general

alternative regression for the case of non-constant Z,:
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Ye = Boxe + ziy + (Ao — Bo) (xe — uf) + A (xp — p)o™ + B, (uF)? +
Balig 07 + 307" + &5 (2.12)

Equations (2.10) and (2.12) can be implemented to test for SupEx by
examining both a conditional model and marginal models for the conditioning
variables. The conditional and marginal models can be interpreted as agents’ and
policy makers’ decision rules, respectively (Giersbergen & Kiviet, 1996). Since
policy makers often set targets for the endogenous variables that determine the
behavior of the economic agents, policy rules are affected from past economic
outcomes. (Banerjee, Hendry, & Mizon, 1996). Economically, superexogeneity
occurs when the agents form their expectations without using models, for instance
the high cost of information or a low level of benefits from model-based

expectations. (Ericsson, Hendry, & Mizon, 1998).

2.3. DATA

The data set is quarterly and covers the period between 1990 and 2015. Description
of the variables are as follows: MD, is the log of real money demand (M2); GDP,
is the log of real gross domestic product with 1990 constant prices; TB, is the 3-
month treasury billirate; W /GDP, is the real wealth of firms as % of GDP; W, is
the log of real wealth; SMI, is the log of S&P stock rnarket' index; INF, is the log
of GDP deflator; L is the log of labor participation ratio; C, is the log of real capital,
and DUM, is the dummy variable that takes 0 between 1990Q1-2008Q3 and 0
otherwise.

The data of money demand, GDP, and GDP deflator are extracted from Thomson
Reuters database. 3-month treasury bill rate, wealth, and labor participation ratio
are taken from Federal Reserve Economic Data. Bloomberg Terminal is the source
of the Capital data. And finally, S&P stock market index is retrieved from Quandl

database.
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2.4. MODELS AND TEST RESULTS

The conditional model is constructed with real money demand being a
dependent variable. It is identified by a cointegrating vector of both scale variables
and the variables represent the opportunity cost of holding money. Similar
relationships were documented earlier by Judd & Scadding (1982) and Hurn &
Muscatelli (1992) although with differing model specifications and level of

analysis.

Hurn & Muscatelli (1992) examined the possible role of the Lucas critique
by using UK money demand (M4) over the period 1966Q4-1989Q4. Real Money
(M4 — P) is used as the dependent variable in the conditional model in which P is
the implicit deflator of GDP and deposit rate, inflation, and wealth are constructed
as the marginal models. As a result, they could not find a relevance in the case of

the demand for M4.

The scale variables in the money demand function represent wealth effects
and transactions. Real wealth, which captures the asset motives of holding money,
is proxied by the real total financial assets of the non-financial corporate sector. The
other scale variable is real GDP, representing economic activity and hence,

transactions based demand for money. The resultant money demand equation is;

MD. =MDy + ,(W/GDP), + $3GDP; + B,TB, + f<DUM, (2.13)

The second set of variables denotes the opportunity cost of holding money,
which consists of both its own rate and alternative returns on money. We did not
include own rate of money, since the current deposits’ rates have long been close
to zero in the US and do not capture observable changes. As the measure of
alternative returns, we added the interest rate on the 3-month US Treasury Bill,
regarded as a close money-substitute foregone by holding money. All variables
were deflated using the GDP deflator. The corresponding marginal models were

constructed for the real wealth, GDP and interest rates which are the explanatory
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variables in the Money demand model are represented in below:

W = BiWi_y + B2SMI, + B3 DUM, (2.14)
GDP; = B1GDPr_y + BoLie—y + B30 + B DUM, (2.15)
TBy = ,TB;_1 + B2INF; +B3FED; +B,DUM,; (2.16)

In this section, we report the estimates of the policy reaction function using
equations (2.10) and (2.12). We construct the conditional and marginal models
congruent with the demand for money in the US to check if the LC is relevant after

the post-crisis monetary policy shift.

As stated in the previous section, there are two conditions for SupEx: for
the condition of weak exogeneity, the resulting residuals from the marginal model
must be insignificant in the conditional model. As for the condition of SupEx (or
structural invariance of the parameters), the parameters of the conditional model
must be insensitive to induced structural changes in the marginal model parameters.
Policy analysis generally involves changing the marginal process of x;. For a valid
analysis under such changes, the parameters A; should be invariant to those
changes/interventions. Ericsson, (1992) Hurn & Muscatelli, (1992), Engle &
Hendry, (1993), Hendry, (1995) and Valadkhani (1998) state that at an empirical
level, the condition of SupEx can be tested by inserting a dummy variable in both
conditional and marginal models. This dummy represents the structural change or
policy shifts and if it is significant in the marginal model and simultaneously
insignificant in the conditional model, the condition of structural invariance is
satisfied. However, the null of SupEx will be rejected if the dummy added to the
basic conditional model comes out to be significant. The regime shift or structural
change dummy variable in this study is defined as DUM,, which captures the QE
policy and takes the value of zero until the fourth quarter of 2008, and one

otherwise.
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In the first step of estimation, we conducted ADF tests to check for
stationarity of the variables and detect their orders of integration. Appendix B.2.1

displays the test results, which reveal that all variables are integrated of order one,

1(1).

Below are the estimation results of the parsimonious dynamic conditional
model for money demand based on equation (2.13) and derived by the general-to-
specific (GTS) approach (Davidson, Hendry, Srba, & Yeo, 1978; Engle et al.,
1983). The optimum lag length is selected according to Akaike Information
Criterion (AIC)® and the insignificant lags are eliminated according to the GTS
approach. Johansen Cointegration Test Results are presented in Appendix B.2.2.
The short-run dynamics in the model are captured by the cointegrating vector as an
error correction mechanism (ECM,_,), which is statistically significant. The
included dummy variable is of particular interest to us, since it captures structural
changes. As expected, the sign of its coefficient estimate is positive, since the QE
policy would induce higher derﬁand for money. Its coefticient is also significant in
the conditional model, validating doubts on the condition of the structural
invariance. This means that shifts in the monetary regime have significant
considerable effect on money demand, highlighting the importance of behavioral

factors such as expectations, as stated by the LC.

The serial correlation and heteroscedasticity test results are satisfactory.
Furthermore, the cumulative sum (CUSUM) test (Fig.2.1) documents that the

regression is stable over the sample period.

8 According to AIC criterion, lag length is selected 4 for the Conditional Model, 2 for the Marginal
Models of Wealth, Treasury Bill Rate, and GDP.
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AMD, = —0.003ECM,_, + 0.507AMD,_; + 0.24AMD,_; + 0.044A(W /GDP),_, —

[0.002] [0.076] [0.074] [0.022]
0.24AGDP,_, + 0.358AGDP,_5 + 0.001ATB,_, — 0.002ATB, — 0.045AGDP, +
[0.101] [0.088] [0.0005] [0.0005] [0.093]
0.001DUM, 2.17)

[0.0005]

ECM,_, = MD,_, + 1.902 # (W/GDP),_; — 2.469 * GDP,_; + 0.059 * TB,_;+
[0.634] [1.235] [0.015]

+19.764
Adjusted R — squared = 0.555

Serial Correlation  F (4,90) = 1.548, Prob. F (4,90)=0.195
Heteroscedasticity ARCH F (4,95) =0.059, Prob. F (4,95) =0.9934

Figure 2.1: CUSUM of the Conditional Model
16
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— CUSUN --— 5% Significance

In the next step, we estimate the marginal models for x;, reported in below.

The standard errors are in the box brackets. The conditional and the marginal
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models appear to be stable and reveal mainly satisfactory diagnostic test results. We
should note that the marginal model of GDP was estimated using HAC errors to
account for the heteroscedasticity issue detected while testing. The signs of all
significant coefficient estimates are consistent with established underlying theory,
and the ECM displays significant coefficients in all models. Most importantly,
included dummies, which capture a major QE shift, also have significant
coefficients in all models. This indicates that implementation of the QE plays a
crucial role in modelling the main economic relationships, by validating changes in
the actual structural parameters of the econometric models. Our empirical findings
ascertain that the parameters in the econometric model of the money demand
relationship, which is largely used by policymakers, have changed in response to
changes in QE regime after 2008. Therefore, the consequent actions of the
economic agents, such as their decisions concerning asset accumulation, economic
activity and purchase of bonds would largely depend on their expectations, based

mainly on the QE policy itself.

AW, = —0.034ECM,_, + 0.417AW,_, + 0.089ASMI, + 0.002DUM, (2.18)
[0.009] [0.077] [0.015] [0.001]

ECM,_q = W,_; —0.756 % SMI,_, — 0.153 * [,_; — 10.445
[0.102] [0.343]

Adjusted R — squared = 0.400
Serial Correlation F (2,98) = 2.805, Prob. F (2,98) = 0.065
Heteroscedasticity ARCH F (2,99) =0.551, Prob. F (2,99) =0.578

AGDP, = —0.03ECM,_, + 0.463AGDP,_; + 0.161AL,_ + 0.118AC, + 0.001DUM,
[0.019] [0.083] [0.074] [0.038] [0.0005]
. (2.19)

ECM,_, = GDP,_; — 0.681 % C;,_; + 1.049 = L,_, — 9.039
[0.030] [0.155]

Adjusted R — squared = 0.258
Serial Correlation F (2,97) = 3.44, Prob. F (2,97) =0.035
Heteroscedasticity ARCH F (2,99) =3.106, Prob. F (2,99) = 0.049
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ATB, = —0.06ECM,_; + 0.629ATB,_; — 0.135 + 31.62AINF, + 0.135DUM, (2.20)
[0.019] [0.072] [0.09] [31.895] [0.078]

ECM,_y =TS,_, + 46244 % I,_; + 1.823 x FED,_, — 95.627
[8.556] [1.325]

Adjusted R — squared = 0.454
Serial Correlation  F (2,103) =2.37, Prob. F (2,103) = 0.098
Heteroscedasticity ARCH F (2,105) = 1.025, Prob. F (2,105) =0.362

Table 2.1 provides further support to the validity of the LC associated with
policy-based expectations. All residuals from the marginal models came out to be
insignificant in the conditional model. This shows that the condition of weak
exogeneity is satisfied. However, the same is not true for the condition of structural
invariance, since the dummy is simultaneously significant in both the marginal
model(s) and the conditional model. In this case, it is concluded that the null of

SupEx is rejected and the model of the demand for money is prone to the LC.

Table 2.1: Superexogeneity Test Results

Test Null Hypothesis t-statistic
Weak exogeneity: & =0 1.558
" gS=0 0.061
PP = -1.635
Invariance:
Marginal model of W DUM=0 1.948%*
Marginal model of TB DUM =0 1.718*
Marginal model of GDP DUM=10 3.356***
Conditional model DUM=0 1.802*

Note: #** ** and * indicates rejection of the null hypothesis at the 1%, 5% and 10% significance

level, respectively.
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2.5. CONCLUSIONS AND POLICY IMPLICATIONS

Economists agree on the fact that the shocks to the financial system
resulting from the global financial crisis were in many ways more complicated
compared to those triggered by the Great Depression of the 1930s, and yet, the
consequent contraction of economic activity appeared to be less severe Mishkin
(2011). Although Taylor (2014) believes that the post-crisis aggressive monetary
policy was not as effective as expected, Mishkin (2011) suggests it was the best tool
that could be implemented to mitigate the shocks, since the severity of the crisis in
2008 overwhelmed the ability of conventional monetary policy to counteract it.
Except for efficiency debates, the regime changes rekindled questions on the Lucas

Critique that naturally arise in the environment of major policy shift.

Following the emergence of the LC, monetary models posed challenges in
regard to their potency to explain/forecast inflation dynamics and as a policy tool,
due to their inability to accurately capture the behavior of the agents after a shift.
According to the main argument of Lucas, any change in the macroeconomic
policy, such as QE in our case, will alter the expectations of the agents who make
assessments by considering the future rather than the past and they will adapt their
expectations and behavior to the new policy stance. Lucas stressed on the
parameters of the econometric model that become unstable across different policy
regimes. Monetary shifts such as the QE policy carry high possibility to alter the
structure of past-data-based economic models, as foreshadowed in the LC. If the
LC holds, it is deceptive to focus solely on the past when economic consequences
of such policies are determined, whereby expectations play a significant role in
shaping them. Indeed, the management of expectations about future policy has

become a central element of monetary theory with zero-bound policies, as

highlighted in Mishkin (2011).
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At the same time, the QE period represents in interesting and unique case
of study. Our empirical estimates reject the condition of superexogeneity or
parameter invariance, providing credibility to the LC. This is contrary to Hurn &
Muscatelli (1992) which seems to be the only empirical paper that tests LC validity
via SupEx methodology (in the example of the UK money demand). Several other
works (Bajo-Rubio et al., 2007; Estrella & Fuhrer, 2003; Leeper & Zha, 2003)
generally found no or modest quantitative impact of LC in monetary relationships,
while Rudebusch (2005) argues that the main reason why most of the studies fail
to detect the LC is that shifts in the policy rule may be unimportant historically.
Indeed, the QE period represents the opportunity of radical policy shifts capturing
massive liquidity provisions, purchases of both government and private assets, and
dramatic expansion of the FED’s balance sheet. This might be one explanation for
our results that significantly support the validity of the LC in the model of money
demand in the US.

lﬁ the context of our findings, what policymakers should consider is how to
deal with those parameter inconstancies and therefore, with expectations. The
instability of monetary models in the presence of structural breaks (following
regime shifts) would mean considerable challenge for their use as a policy tool.
However, Bernanke (2009) suggests that expectations, if effectively monitored, can
rather be used as an additional tool to manage the implications of policy changes,
especially in the environment of zero-bound policy. As the current FED chairman
Yellen (2013) stressed, management of expectations has proven to be an immense
asset in conducting post-crisis policies and minimizing policies’ potential costs to

the economy.

The theoretical literature strongly supports expectation management to
stimulate consumption during the zero-bound period because a commitment to
maintain low short-term interest rates for a longer time triggers lower long-term
interest rates and simultaneously raises inflation expectations, thereby reducing the
real interest rates, and helping to continue zero-bound policies for a long period of

time (Eggertsson & Woodford, 2003). With strong commitment, clear
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communication and broad guarantees, policymakers can actually get the agents to
react more for new policies. Many of the actual programs implemented during the
crisis had elements of guarantees, although they could use them more extensively
(Caballero, 2010). The IMF (2013) stipulates that providing maximum clarity to the
public about the expansionary policies (thereby anchoring long-term inflation
expectations) helped the FED avoid prolonged deflation that started after the crisis,
and at the same time, increase its flexibility to use securities purchases to provide
additional accommodation. For instance, the rate of US core inflation? in 2011 was
close to its level before 2008, despite the short-run prediction of the Phillips curve
that high unemployment rates would drag inflation rates well below zero (Ball and
Mazumder 2014). The paper suggests that one of the reasons for this is that the
Fed’s commitment to a 2% inflation target has kept expected inflation near 2%,

which in turn has prevented actual inflation from falling very far below that level.

The use of a monetary policy based on QE1-2-3, overall, was an
acco;nplishment and helpful to mitigate destructive shocks by the financial system.
The FED was largely successful in administering and even manipulating the
expectations -as suggested by Lucas- and made use of drastic change in the
monetary policy regime to keep the growth rate, as well as the unemployment rate,

at desirable levels despite the disastrous magnitude of the global financial crisis.

Another example of preparing and managing expectations can be observed
in the gradual increase of interest rates with the first actual tightening in December
2015. The increase in the rates was sufficiently small and gradual, accompanied by
prior effective communications with the public, having provided clear signals about
future tightening. As a consequence, both domestic and international impacts were
smooth, while relative depreciation of other currencies against the dollar had started
well before the actual FED's tightening. This is largely due to the expectations
formed by the speeches of the FED chairpersons from 2013 about their intentions
to gradually temper the QE regime.

? Core inflation - inflation, excluding the transitory effects of supply shocks.
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As Bernanke (2009) mentioned, the FED prompted considerable effort in
“developing a suite of tools to ensure that the exit from highly accommodative
policies can be smoothly accomplished when appropriate, and FOMC participants
have spoken publicly about these tools on numerous occasions”. Given the
existence of structural breaks and associated expectation changes documented by
our results, a central bank commitment that firmly anchors long-run inflation
expectations can make an important contribution to the effectiveness of its policies
aimed at stabilizing and stimulating economic activity in the face of adverse
demand shocks. The recommended acts would include continuing to actively
review its communication strategy, and to make its outlook and policy intentions as
clear as possible. The commitment to certain nominal anchors is not necessarily
limited to inflation expectations, but also extends to other indicators such as money
supply and exchange rate. Our evidence of the superexogeneity in this work
compatibly highlights the crucial role of the management of expectations,
seemingly shaped by the policy itself. Transparency, communication and credible
commitment of the central banks have become important elements for successful

monetary policy outcomes, which are truly possible under the condition of central
bank independence.
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APPENDICES

Appendix B.2.1: Augmented Dickey-Fuller (ADF) Test Results

Model Level
ADF Prob.
None 3.667 0.999
Money Demand Intercept 2.194 0.999
Trend aod 2373 | 0301
intercept
None 1.739 0.979
Wealth / GDP Intercept 20.859 0.797
Trend and 1820 | 0.688
intercept
None 4.678 1.000
GDP Tntercept -1.591 0.483
R 0776 | 0964
intercept
None -1.817 0.066
T]_-easury Bill Rate [utercept -2.036 0.270
o -4.597 0.001
intercept
None 4.239 1.000
Inflation Intercept -2.612 0.093 |
s -2.416 0.368 |
intercept
None 2.572 0.997
Wealth Intercept -1.159 0.689
et A 1459 | 0.837
Intercept
None 2.377 0.995
Stock Market Index [ntercept -1.588 0.484
Trend and 1846 | 0675
intercept
None 2.913 0.999
Capital Intercept -1.748 0.404
SrencH LI | 0921
infercept
None -1.813 0.066
Labour Intercept 1.695 0.999
o -0.87 0.954
intercept
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Appendix B.2.2: Johansen Cointegration Test

(a) Conditional Model for Money Demand

Eigenvalue Trace 0.05 Critical Prob.**
Statistic Value
None* 0.254 59.877 47.856 0.002
At most 1 0.133 28.455 29.79%7 0.070
(b) Marginal Model for Wealth
Eigenvalue Trace 0.05 Critical Prob.**
Statistic Value
None* 0.193 38.421 28.7197 0.004
At most 1 0.094 14.979 15.494 0.059
(c) Marginal Model for Treasury Bill Rate
Figenvalue Trace 0.05 Critical Prob.**
Statistic Value
None* 0.127 27.693 29.797 0.085
At most 1 0.08 13.129 15.494 0.110
(d) Marginal Model for GDP
Figenvalue Trace 0.05 Critical Prob.**
Statistic Value
None* 0.261 37.467 29.797 0.005
At most 1 0.039 4.395. 15.494 0.869

Trace test indicates 1 cointegrating equation at the 0.10 level
* denotes rejection of the hypothesis at the 0.10 level

** MacKinnon-Haug-Michelis (1999) p-values
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3. EFFECT OF GOVERNMENT EXPENDITURE
ON GDP IN THE TURKISH ECONOMY
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3.1. INTRODUCTION

In the literature, although there are plenty of studies that examine the effects
of monetary policy shifts (Ball and Mazumder, 2014; Castelnuovo, 2008: Hurn and
Muscatelli, 1992; Lindé, 2001; Rudebusch, 2005), there is a lack of empirical
support about the impact of fiscal policy which is one of the most interesting and

international discussions.

The Global Financial Crisis (GFC) which began in August 2007 in the USA
and became stronger by the bankruptcy of Lehman Brothers in September 2008,
had an enormous effect on the global economy. The crisis that emerged due to the
collapse of the U.S. housing sector rapidly expanded to the banking and other
financial markets as well as all branches of the real economy. Both developed and
developing economies went into recession and large financial institutions that

invested heavily in toxic assets became insolvent.

As opposed to Western banks that suffered heavily from the Global
Financial Crisis due to their investment in subprime mortgages, Turkish banks
remained relatively strong in this period. The Turkish banking sector was subject
to large-scale consolidation after the 2001 economic crisis and many insolvent
banks were subject to mé'rgers and acquisitions. After the crisis, regulatory
authorities imposed very rigid regulation and supervision of the banking sector and
these efforts paid off during the GFC. The balance sheet of the Turkish banking
sector did not hold any of the toxic assets that had devastated the balance sheets of
large financial institutions all over the world. Therefore, the collapse of global
credit markets did not have a direct impact on the banking sector and the industry

remained profitable even during the GFC.

Although the banking sector remained relatively strong during the GFC, the
same cannot be said for the real economic activity. The Turkish economy was one

of the hardest hit countries in terms of the decline in real GDP. As can be seen in
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Figure 3.1 the economy went into a recession in the first quarter of 2009 after
realizing positive GDP growth for 26 consecutive quarters. Frozen global credit
markets and the heavy dependence of the Turkish economy on foreign savings due
to the large current account deficit were largely responsible for the rapid decline in

economic activity during the Global Financial Crisis.

Figure 3.1: Annual GDP Growth Rates
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Source: Turkish Statistical Agency.

The Turkish economy was one of the hardest hit countries during the Global
Financial Crisis, but one should also note that the economy experienced a rapid
recovery due to the actions taken in the form of monetary and fiscal policies. The
Central Bank reduced the policy rate from 19.75% to 8.75% within just a year and
this decline in interest rates gave a big stimulus to bank credit volumes. As a result,
the economy experienced an average of more than 8% GDP growth in 2010 and
2011 due to the rapid increase in domestic consumption and investment
expenditures. Besides monetary policy, the government also used fiscal policy in
order to increase the speed of recovery. Tax cuts were introduced in various sectors
to increase domestic consumption and government expenditure was increased

substantially. As a result, Figure 3.2 demonstrates the expectations changed quickly
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in Turkey after the outbreak of crisis in the U.S., and Figure 3.3 shows that the ratio
of budget deficit to GDP increased to 5.3% which was the highest level seen since

2003. Table 3.1 also shows some major developments in GDP components during
this period.

Figure 3.2: Consumer Confidence Index
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Source: Central Bank of Republic of Turkey.

The Lucas Critique (LC; 1976), which made Prof. Robert E. Lucas a winner
of the Nobel Prize in 1995 has been very influential in determination and
application of macroeconomic policies and is based on the following notion "Given
that the structure of an econometric model consists of optimal decision rules of
economic agents, and that optimal decision rules vary systematically with changes
in the structure of series relevant to the decision maker, it follows that any change
in policy will systematically alter the structure of econometric models" (Lucas,
1976 p. 41). Lucas (1976) maintains that an econometric model is unstable and
performs poorly in different time periods since a structural change (expectation-

generating mechanism) and/or policy regime change over time. (Habibullah et al.,
2001).
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Table 3.1: Growth of Gross Domestic Product and its Components (%5)'°.

Consumption Gross oty lmprs
GDP Expenditure Share Government Share  Fixed  Share Oom af Share
. . " ; oods Goods ;
Growth of Resident Expenditure Omn:m.; in il ik in
Households GDP Formation GDP Sevices Seivices GDP
v Grawih Growth Growth
200801 7.01 5.72 733 249 12.95 14.03 309
200802 2.63 0.62 68.8 -3.44 9.9 204 251 -140.88 0.7 426 255 2.01 299
200803 0.86 -0.35 657 2.65 9.0 -8.66  21.1 i8.73 53 3.85 256 -3.84 267
200804  -6.97 -6.67 69.9 2.83 12.7 -18.75  23.1 149,50 -6.0 -8.16 254 -2489 251
200901 -14.74 -10.23 75.3 5.26 112 -27.86  21.0 1179091 -92 -11.06 266 -3099 25.0
200902  -1.77 -1.75 73.3 -0.14 10.7 2446 205 -517.15 -3.4 -10.78 24.6 -20.60 25.8
200903  -2.77 -1.91 66.3 5.11 9.7 -18.21 17.8 1.76 5.6 -5.22 249 -11.66 243
200904 5.86 4,98 69.3 18.20 142 -4.23 209 -32.94 -3.8 724 258 1102 263
201001 12.59 7.92 722 0.52 10.0 17.21 21.9 -94 85 -0.4 -0.85 234 2199 27.1

Source: Central Bank of Republic of Turkey.

1” Growth rates represent percentage changes in real GDP relative to the same quarter in previous year. Share in GDP represents the percentage
share of the level of each variable in GDP
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Figure 3.3: Budget Deficit as a Percentage of GDP
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The LC analysis became particularly important for the aftermath of the 2008
crisis to assess the effects of consequent policy shifts to stimulate the economy.
Although it is difficult to underestimate its importance, the Lucas Critique is limited
in practice. Surprisingly, there has been no significant research based on the
investigation of these effects through the argument of Lucas for Turkey during the

GFC period, which this paper attempts to provide.

The main purpose of this article is to carry out the Superexogeneity test in
order to examine the effect of fiscal policy on GDP in the Turkish economy for the

Global Financial Crisis period.

This paper is structured as follows: Section II represents the theoretical and
methodological framework of this study. Section III demonstrates the test results.

Section IV provides the conclusion.
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3.2. ATHEORETICAL AND METHODOLOGICAL

FRAMEWORK

According to the main argument of the Lucas Critique (Lucas, 1976), any
change in economic policy will fundamentally alter the impact of the policy on the
economy, because the economic agents form their expectations by considering the

future, not the past.

The Lucas Critique is so momentous and influential, as to threaten
econometric research unless it takes expectations into consideration, and it claims

that when the policy changes, the consequences are not reliable.

Administering policies according to the econometric estimation of reduced
form equations based on past data cannot provide useful information about the
actual consequences of alternative policies since the parameters that are estimated

therein are also subject to change.

In order to assess the validity of LC we specify GDP(y/) as a function of
government expenditure (x;) in our regression framework. The Lucas Critique does

not apply if x; is superexogeneous with respect to y..

Superexogeneity testing procedure is used to assess the relevance of the LC
(see Engle et al. (1983) for more comprehensive details of the methodology for
testing superexogeneity). We define the joint, conditional and marginal

distributions for superexogeneity testing following Engle et al. (1983) as:
Fk(erQr):Fylx(ytlxr;/llr)-Fx(xr;’br)
where Fyj- and Fi are conditional and marginal models.

A variable x; is said to be weakly exogenous for a set of parameters of
interest ¥ (some functions of #) in a conditional model of a variable y; with

parameters A1 with & = (v, x,)' if:
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i) ¥ is a function of the parameters At alone;

i) Aic and the parameters of the marginal model for x: and Azt are
variation free, which implies that there is no loss of
information about from neglecting the marginal model
(Caporale, 1996).

x; 1s defined as superexogenous for W if:

i)  x:is weakly exogenous for W,

%] ii) changes in A2, do not cause changes in Ai. Here, a parameter is

} considered invariant for a class of interventions if it remains constant
under these interventions. A model is invariant for such
interventions if all its parameters are invariant (Engle et al, 1983, p.
284).

Engle et al. (1983) model the following linear regression equation, which is
assumed as the joint distribution of y, and x; is conditional normal with the following

conditional means:

Ely |5]= (3.1)
E[xtllz]zﬂf
and covariance matrix
[ &
Sl ol (32)

where x; and y; are conditional on the information set /; that contains their past

values, and the current and past values of other valid conditioning variables z:. The

conditional expectation of y, on x; can be expressed as:

B0 )= (o) 33

and
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v-E(y |x)=w, (3.4)

Note that, 4, is the regression coefficient of y; on x; which is equal to ¢*/c™;

and c is the conditional variance which equals to & —(c*)*/o7™.

The conditional mean of y, and x; is considered in the following behavioral

relationship as:
=P +zy (3.3)
Combining Equations 3.3, 3.4 and 3.5 yields:
¥, =Bx+zy+A-B)( X4t ) e, (3.6)

Equation (3.6) is employed for superexogeneity testing by examining the
conditional and the marginal models. The conditional model for Ay, and the

marginal model for Ax; are as follows:
Ay, =By tB,Ax+B,ACHBAL +e, (3.7
Ax,:ﬁo-ﬁ-ﬁlATaxf-l—ﬁlA[frs, (3.8)

where C; is the Capital, L, is the Labour Participation Ratio, Tax; is the total taxes
and /; is the import.

According to the Equation (3.6), Weak exogeneity of x; for the parameters
of interest requires that u7, 07", and o, do not enter the conditional model, which is
satisfied if ;= 3. This condition simply means that the resulting residuals from the

marginal model must be insignificant in the conditional model.

As previously stated, the second condition of superexogeneity is satisfied
under the existence of structural invariance which requires the nonsensitivity of the
parameters of the conditional model for such interventions that induce structural
changes in the marginal model parameters. Empirically, this condition can be tested

by inserting a dummy variable in both conditional and marginal models. This
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dummy represents the structural change or policy shifts. The structural invariance
condition is satisfied, if this dummy variable, which captures the structural change
and/or regime shifts, is significant in the marginal model and simultaneously
insignificant in the conditional model. This method of testing the structural
invariance has been used in many studies such as Hurn and Muscatelli, 1992; Engle

and Hendry, 1993; Karunaratne, 1996; and Valadkhani, 1998.

The regime shift or structural change dummy variable in this study is
defined as DUM,, which demonstrates a notable increase in government spending
and captures the GFC period for Turkey that takes the value of zero until the last

quarter of 2008, and one otherwise.

3.3. DATA

The data set is quarterly and covers the period between 1990 and 2015. Description
of the variables are as follows: GDP; is the real gross domestic product with 1998
constant prices; GOV, is the government spending; C; is the capital; L, is the labor
participation ratio; I, is the import; Tax, is the total taxes, and DUM; is the dummy

variable that takes 0 between 1990Q1-2008Q3 and 0 otherwise.

All variables that are used in the empirical analysis are real, seasonally adjusted
and, excluding Capital data, have been extracted from the Turkish Statistical
Institute and TR Ministry of Finance Directorate General of Public Accounts.
Capital data is not available in Turkey. As in Berlemann and Wesselhoft (2014),
and Montanaro (2003), we obtain Capital Stock estimates by applying the Perpetual
Inventory Method (PIM) to the regional investment series.
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3.4. EMPIRICAL RESULTS

According to the augmented Dickey-Fuller (ADF) test results, all the
variables are integrated of order one, i.e I(1). The ADF test results are reported in

Appendix C.3.1.

The estimation results of the parsimonious dynamic conditional and
marginal models by the application of the general-to-specific (GTS) methodology
(Davidson et al., 1978; and Engle et al., 1983) are below. The optimum lag length
is selected according to Akaike Information Criterion (AIC)'! and the insignificant
lags are eliminated according to the GTS approach. Johansen Cointegration Test
Results are presented in Appendix C.3.2. The short-run dynamics are captured by
the cointegrating vector as an error correction mechanism (ECMy), which is
significant as expected. The standard errors are in the box brackets. The models
also pass the battery of diagnostic tests, and both the conditional and the marginal
models appear to be stable and reveal mainly satisfactory diagnostic test results. We
should note that the conditional model of GDP was estimated using HAC errors to
account for the heteroscedasticity issue detected while testing. In other tests for both

models, there were no signs of misspecification.
Conditional Model of GDP:

AGDP, = 97664.2 — 0.089ECM,_, + 0.194AGDP,_, + 0.084AGOV, + 0.012AC, —

[97877]  [0.025] [0.195] [0.073] [0.002]
1418.9AL, + 422.05DUM,
[97254.1]  [94336.8] (3.9)

Adjusted R — squared = 0.232

Serial Correlation  F (2,53) = 0.469, Prob. F (2,53) =0.627
Heteroscedasticity ARCH F (5,51) =5.398, Prob. F (5,51) =0.0005

1 According to AIC criterion, lag length is selected 5 for the Conditional Model, 1 for the Marginal
Model.

63




Marginal Model of Government Expenditure:

AGOV, = —231335.3 — 0.705ECM,_; — 0.079Al, + 0.052ATAX, + 667560.0DUM,
[168681.1] [0.117] [0.049] [0.193] [250792.5]
(3.10)

Adjusted R — squared = 0.387

Serial Correlation F (2,56) =0.161, Prob. F (2,56) = 0.851
Heteroscedasticity ARCH F (1,60) =2.78, Prob. F (1,60)=0.10

Weak exogeneity and structural invariance test results are reported in Table
3.2. Both conditions of weak exogeneity and structural invariance appear to be
satisfied indicating that government expenditure is superexogenous in relation to
GDP. This implies that the policy regime shift for the period of the GFC in Turkey
did not cause structural variance in government expenditure. The Lucas Critique
which indicates that policy regime shifts imply structural breaks, appears to be
refuted by these tests.

Table 3.2: Superexogeneity Test Results.

Test Null Hypothesis t-statistic
Weak exogeneity thOV: 0 1.57
Invariance:
DUM=0 2.6617""
Marginal model
DUM=0 0.004
Conditional model

Notes: “" indicates rejection of the null hypothesis at the 1% significance level.
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3.5. CONCLUSION

As an emerging economy, Turkey was one of the hardest hit countries by
the Global Financial Crisis through different channels. Starting from mid-2008,
contraction of the economy affected many of the sectors in Turkey. This study
provides an empirical analysis of the applicability of the LC examining the effects
of fiscal policy by using the models of GDP and government expenditure for Turkey
during the GFC period through the Superexogeneity test. Since the changes induced
by the regime shift on the parameters of the marginal model do not alter the
parameters of the conditional model, the structural invariance condition is satisfied.

As a consequence, we did not find any empirical evidence of the Lucas Critique.
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Appendix C.3.1: Augmented Dickey-Fuller (ADF) Test Results

APPENDICES

Level
—— ADF Prob.
None 4.003 1.000
GDP, ?ter;eptd 0.295 0.976
rend an
— -3.092 2117
None 0.446 0.807
GOV, Intercept -1.357 0.597
iy 3667 | 0032
intercept
None 0.641 0.852
C Intercept -0.768 0.820
r Trendand -5.070 0.000
intercept
None 0.392 0.79
L Intercept -0.765 0.821
Wi -1.473 0.827
intercept
None 1.466 0.963
K Intercept -0.768 0.820
o 339 | 0061
intercept
None 7.850 1.000
Tax, Intercept 3.094 1.000
s 0016 | 0995
intercept
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Appendix C.3.2: Johansen Cointegration Test

(c) Conditional Model for Money Demand

Eigenvalue Trace 0.05 Critical Prob.**
Statistic Value
None* 0.408 58.242 47.856 0.003
At most 1 0.215 27.768 29.797 0.084
(d) Marginal Model for Wealth
Eigenvalue Trace 0.05 Critical Prob.**
Statistic Value
None* 0.312 23.267 21.15] 0.047
At most | 0.163 11.040 14.264 0.152

Trace test indicates 1 cointegrating equation at the 0.05 level
* denotes rejection of the hypothesis at the 0.05 level
** MacKinnon-Haug-Michelis (1999) p-values
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CONCLUSION

Economists agree on the fact that the shocks to the financial system
resulting from the global financial crisis were in many ways more complicated
compared to those triggered by the Great Depression of the 1930s (Mishkin, 2011).
Mishkin (2011) suggests that the aggressive post-crisis monetary policy was the
best tool that could be implemented to mitigate the shocks, since the severity of the
crisis in 2008 overwhelmed the ability of conventional monetary policy to
counteract it. There are anomalies that were never observed before. This situation

constitutes the very convenient setup for testing the Lucas Critique empirically.

Monetary shifts such as the QE policy carry high possibility to alter the
structure of past-data-based economic models, as foreshadowed in the LC. If the
LC holds, it is deceptive to focus solely on the past when economic consequences
of such policies are determined, whereby expectations play a significant role in
shaping them. Indeed, the management of expectations about future policy has
become a central element of monetary theory with zero-bound policies, as
highlighted in Mishkin (2011). The QE period represents an interesting and unique
case of study. The period is crucial in the history of American economic policy-
making in terms of the introduction of the QE, followed by the adoption of an
inflation-targeting regime and re-stabilization of zero-bound interest rates by
tapering original monetary easing. These policies would certainly have significant
impact on unemployment and inflation, and the LC appears as an important element

to explain these effects.

In the first two studies, we attempted to empirically investigate this issue
for the U.S. through different prominent models during the period of the biggest
policy changes after the 2008 crisis. Our findings comment on the validity of the
LC during the period of unprecedented fundamental changes in monetary policy in

the aftermath of the global financial crisis. Our empirical estimates reject the
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condition of superexogeneity or parameter invariance, providing credibility to the
LC. This is contrary to Hurn & Muscatelli (1992) which seems to be the only
empirical paper that tests LC validity via SupEx methodology (in the example of
the UK money demand). Indeed, the QE period represents the opportunity of radical
policy shifts capturing massive liquidity provisions, purchases of both government
and private assets, and dramatic expansion of the FED’s balance sheet. This might
be one explanation for our results that significantly support the validity of the LC
in the model of money demand in the US. The use of a monetary policy based on
QEI-2-3, overall, was an accomplishment and helpful to mitigate destructive
shocks by the financial system. The FED was largely successful in administering
and even manipulating the expectations - as suggested by Lucas - and made use of
drastic change in the monetary policy regime to keep the growth rate, as well as the
unemployment rate, at desirable levels despite the disastrous magnitude of the

global financial crisis.

Our last study provides an empirical analysis of the applicability of the LC
examining the effects of fiscal policy by using the models of GDP and government
expenditure through the SupEx test for Turkey which was one of the hardest hit

countries by the Global Financial Crisis through different channels.

In the context of our findings, what policymakers should consider is how to
deal with those parameter inconstancies and therefore, with expectations. The
instability of monetary models in the presence of structural breaks (following
regime shifts) would mean considerable challenge for their use as a policy tool.
However, Bernanke (2009) suggests that expectations, if effectively monitored, can
rather be used as an additional tool to manage the implications of policy changes,
especially in the environment of zero-bound policy. As the current FED chairman
Yellen (2013) stressed, management of expectations has proven to be an immense
asset in conducting post-crisis policies and minimizing policies’ potential costs to

the economy.
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It is hoped to have wide areas of applications on the design of econometric

research and monetary policies. We hope the impact of this thesis will be large and
positive since all econometric models to represent the macroeconomic relations will
be influenced and the policies to be put in action without the consideration of

expectations will be reevaluated.
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