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Abstract

The aim of this study is to identify the dynamics and hysteresis of the output
gap. First, the existence of an output gap in the Turkish economy for the period
2005Q4:2021Q3 is determined using the Hodrick-Prescott and Baxter-King
methods, and then the structural break procedure, which is widely used in the
literature, is applied to detect hysteresis. The presence of a structural break
supports the existence of hysteresis in the output gap. In addition, a structural
VAR model is estimated with money supply, capacity utilization rate, and
capital productivity variables as components of the output gap. While the
empirical evidence points to the role of capacity utilization and productivity
variables in explaining hysteresis, capacity utilization shocks are relatively
stronger determinants of output gap hysteresis. For future studies, the effect of
money supply on capacity utilization and productivity, labor productivity, etc.,
should be monitored. The novelty of the study is the modeling of hysteresis in a
structure that includes demand-side and supply-side components. This
innovation allows it to act as a guide for policymaking by taking into account
the dynamic conditions appropriate to the nature of hysteresis beyond the static
situation, such as the detection of hysteresis in the literature.

Oz

Bu caligmanin amaci ¢ikt1 agig1 histerezis ve dinamiklerinin tespit edilmesidir.
Ik olarak Tiirkiye ekonomisinde ¢ikt1 acigmin varhig 2005Q4:2021Q3 dénemi
icin Hodrick-Prescott ve Baxter-King yontemleri ile tespit edildikten sonra
histerezisin tespiti i¢gin literatiirde yaygin bir sekilde kullanilan yapisal kirilma
prosediirii uygulanmustir. Yapisal kirilmanin varligi ¢ikti agiginda histerezisin
varligint desteklemektedir. Ayrica ¢ikti acigt bilesenleri olarak para arzi,
kapasite kullanim orani ve sermaye verimliligi degiskenleri ile Yapisal VAR
modeli tahmin edilmistir. Ampirik bulgular histerezisi agiklamada kapasite
kullanim orani ve verimlilik degiskenlerini isaret ederken nispi olarak kapasite
kullanim orani soklari ¢ikti agig1 histerezisinde daha giiglii bir belirleyicidir.
Gelecek caligmalar ig¢in para arzinin kapasite kullanim oranit ve verimlilik
tizerindeki etkisi, iggiici verimliligi izlenmesi gereken noktalar arasindadir.
Calismanin yeniligi histerezisin talep yanli ve arz yanl bilesenlerini icerecek
yapida modellemesidir. Bu yenilik literatiirde histerezisin tespiti gibi statik
durumun 6tesinde histerezisin dogasia uygun dinamik kosullari dikkate alarak
politika yapiminda rehber gorevi iistlenmesine imkan saglamaktadir.
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1. Introduction

The inability of economies to reach their potential growth level has been one of the main
structural problems of economic stability since the 1929 crisis. After the permanent structural
changes in economies, the business cycle fluctuations settle on a different path, and the
economy moves away from its potential and cannot return to its previous level, which is
hysteresis behavior. In this process, if the output gap becomes permanent, it may exhibit
hysteresis-type behavior. The inefficiency of economic policy, which cannot provide a
permanent solution to hysteresis in the output gap, also leads to discussions on the structure of
business cycle fluctuations.

The basic explanation of real business cycle theory is that technological shocks are the
main dynamic that exogenously drives business cycle fluctuations (Hansen and Wright, 1998).
However, empirical studies suggest that the persistent (hysteresis) effects in business cycle
fluctuations in the current period are due to shocks in the past period. In the empirical literature,
an important criterion for hysteresis is the structure of resistance to the variables that influence
business cycle fluctuations. The fundamentals of hysteresis behavior in business cycle
fluctuations are based on adjustment time differences in the dynamics that determine output. In
terms of the structural state of output, Campbell and Mankiw (1987) argue that the slow
movement of output towards the steady state characterizes business cycle fluctuations. In terms
of the determinants of output, Lucas (1973) argues that while aggregate demand shocks are
temporary in nature, the persistence of structural shocks to real variables is determined by
hysteresis. Yellen (2015) argues that the failure of productivity to recover, as a common
consequence of structural recessions, becomes a component of the permanent effects on output.
The results of studies in the empirical literature are also instructive for understanding the nature
of permanent output effects (hysteresis). Kienzler and Schmid (2014) show that hysteresis in
real output generally moves in the same direction as the business cycle fluctuations of aggregate
demand shocks but exhibits a more persistent structure in supply-side dynamics. Garga and
Singh (2021) argue that monetary policy inefficiency, a permanent slowdown in aggregate
demand, structural deterioration in employment, and permanent effects on total factor
productivity are the factors that deepen the hysteresis as dynamics that prevent output from
returning to its previous path after deviating from its path.

The debate on output gap hysteresis focuses on policies that fail to address the output gap.
Orphanides et al. (2000), who assessed hysteresis in terms of policy design and effectiveness,
pointed out that policies implemented to resolve hysteresis may deepen it. Economic policies
implemented by neglecting hysteresis may cause strong hysteresis by becoming the main
dynamic of hysteresis, contrary to ensuring economic stability. Mishkin (2017) emphasized that
the effectiveness of monetary policy after the crisis should be evaluated through the interaction
between the financial system and the real economy. He argues that the policy response function
also changes following the structural change in the economy and attributes the failure of the
Taylor rule, which is not adapted to dynamic conditions, to this structure. Since it represents
structural change, adapting monetary policy to new conditions in the presence of hysteresis will
prevent the deepening of hysteresis by increasing the effectiveness of monetary policy. Indeed,
the fact that monetary policy becomes ineffective is important evidence of the existence of a
hysteresis structure. As a result, it is concluded that the detection of hysteresis effects in the
output gap requires an understanding of the nature of the relationship or decoupling (Classical
Dichotomy) between nominal (financial) and real (GDP) variables.
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The aim of this study is to identify the existence and dynamics of output gap hysteresis
and to provide guidance to policymakers. The functioning mechanism of hysteresis is evaluated
through the effectiveness of monetary policy on real output and is realized as the economy
moves away from its potential through capital stock, employment structure (unemployment
hysteresis), and total factor productivity. It is a prominent form of hysteresis behavior in which
hysteresis is monetary-based, as shocks in output follow monetary shocks, but real output does
not return to its previous path with monetary policy. This structure makes monetary changes a
measurement variable in terms of both the dynamics of hysteresis and the inability to resolve
hysteresis. Taking into account the behavioral form of the output gap hysteresis and the
structure of the Turkish economy, the motivation of the study is directed to constructing the
empirical strategy based on these dynamics. In this context, after identifying the hysteresis in
the output gap, the effects of money supply, capacity utilization rate, and productivity variables
as output gap components on output are taken into account. The lack of such a study in the
empirical literature for the Turkish economy indicates that this study will fill an important gap
in the literature.

The dynamics of output and output gap hysteresis in the Turkish economy are closely
related to the dynamics of important chronic problems. These relations are primarily theoretical
in nature. Aydin and Esen (2017) have argued that the policies implemented to achieve full
employment cause inflation. From this perspective, the inability of the economy to reach the
potential output level due to structural obstacles has revealed the importance of the output gap
hysteresis. At the same time, it is noteworthy that the discussions on the middle-income trap in
the Turkish economy have links with the output gap. Kargi (2024) argues that the relations
between financial processes and output dynamics with globalization have led to the middle-
income trap situation in developing countries. As a solution to the middle-income trap of the
Turkish economy, technological development and optimization of strategic capital allocation are
important dynamics of potential growth. Considering these relationships, providing a
comprehensive insight into the output gap hysteresis will be an important guide in policymaking
in order for output to reach its potential in the Turkish economy. At the same time, the Turkish
economy has been preferred in the model in order to provide important information on chronic
inflation and debates on output gap hysteresis findings.

In the case of hysteresis in the output gap, the role of policy is extremely important. This
is because the nature of hysteresis is such that policy errors can make policy the source of the
problem rather than the solution to hysteresis. First, output gap models increase the margin of
error for policymakers in quantitative terms, as they are models for estimating approximate
potential (Durand and Fornero, 2024). On the other hand, it contains estimation errors for the
determination of which dynamic (supply or demand) causes the output gap and the degree of
impact on the output gap. Fatas and Singh (2024) show that in policies implemented for the
output gap hysteresis, policies implemented with a lag become a dynamic of hysteresis beyond
the dynamics from which the hysteresis originates. In addition, if output is in the form of
hysteresis, monetary policy time inconsistencies can transform hysteresis into strong hysteresis.

Traditional structural break tests are widely preferred in the empirical literature to detect
hysteresis effects in the output gap. However, the dynamic nature of business cycles makes it
very difficult to determine whether these movements are cyclical or due to structural change. In
line with this complex structure, holistic empirical strategies that take into account more
economic dynamics for hysteresis will produce more effective results. For this reason, in order
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to detect the structural change in output, the structural break test was used to find evidence in
favor of hysteresis, following a certain tradition. After the identification of hysteresis, it is
crucial to analyze the relationship between output and monetary changes, productivity, and
capacity utilization rate in order to better understand its nature. Output gap hysteresis is
analyzed using the structural VAR method, which is effective in detecting long-run structural
changes. The clarification of the weight degrees of the components that are effective in the
structural VAR output gap hysteresis will also enable the design of an effective policy mix. In
addition to the fact that monetary shocks are theoretically important in determining output, the
inability of monetary changes to bring output back to its previous path is also a form of
hysteresis behavior. For the supply side, capacity utilization rate and productivity stand out as
the dynamics driving hysteresis. Beyond proving hysteresis in the output gap, the findings shed
light on many debates, such as the effectiveness/ineffectiveness of monetary policy, the weight
of supply and demand dynamics, and the income distribution effects of hysteresis.

The structure of the rest of the study will be as follows: theoretical framework in the
second section, literature review in the third section, empirical methodology in the fourth
section, empirical findings in the fifth section, and conclusion in the sixth section.

2. Theoretical Framework

The theoretical foundations of hysteresis in economic systems date back a long way, and
the empirical literature has an important place in equilibrium debates. Cross (1993) Although
not mentioned by name in Alfred Marshall's Principles of Economics, hysteresis is defined as a
situation in which a certain movement in production and pricing behavior does not return to its
previous level. In the following period, as equilibrium discussions increased, James Tobin stated
that hysteresis is nothing different from unemployment that becomes natural unemployment in
the long run. Benati and Lubik (2021) argue that the debate on the existence of hysteresis in
output and its components is the extent and impact of hysteresis. Indeed, the structural and
specific conditions of each economy are unique. Therefore, the effectiveness of hysteresis
analyses will increase with comprehensive alternative models. Based on this information, in
order to obtain comprehensive and effective findings on the output gap hysteresis in the Turkish
economy, the specific conditions of the economy should be taken into account in addition to the
theoretical foundations.

Although hysteresis is expressed as the permanent effects of temporary shocks, its forms
in economic systems vary in terms of specific conditions. Michl and Oliver (2019) show that
there are behavioral forms in which the output gap, defined as the difference between real
output and potential output, becomes permanent. In terms of business cycle fluctuations,
business cycle fluctuations, which are expressed in many dimensions such as real income,
employment, and output, move in a certain systematic (mostly cyclical) way. However, these
basic components may exhibit not only a symmetric structure but also an asymmetric structure.
The asymmetric structure is based on components that reach equilibrium with a time lag. In this
context, the fact that business cycle fluctuations are not defined in a certain systematic way is
based on these lagged components (Zarnowitz, 1991). The gap between real output and
potential output, which is usually cyclical but whose trend is adjusted to a new path by the
permanent effects of shocks, widens and does not return to its previous level. This structure in
which the output gap becomes permanent is output gap hysteresis.
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The output gap hysteresis is formulated by adding a persistence parameter to the output
gap. In the basic definition of the output gap, Y, is real output and Y, is potential output.

Output gap = Yt — Yt = @

The output gap is modeled as hysteresis by adding a persistence parameter and a
hysteresis-sensitive output gap form.

Lt =pLlt—1+ y(Yt—1—-Y=*xt—1) (2)

Where vy is the hysteresis-sensitive output gap, p is the persistence parameter, and Lt is
the hysteresis term including persistent effects. By including the hysteresis-free potential output,
Y, the equation is rearranged to obtain the output gap equation including hysteresis.

Yt =Yt — (Y + Lt) 3)

The output gap hysteresis equation implies that the output gap hysteresis is a function of
the output gap, output sensitive to persistent effects, and time. Here, the degree of output gap
hysteresis is determined by the coefficient of the persistence parameter and the sensitivity of
output to persistent effects. The degree of hysteresis determines the path of output in the return
of real output to its potential point after the temporary shock. As another form of hysteresis,
there are also ‘strong hysteresis’ conditions in which output persists on the path to which it was
adjusted after the shock. Different degrees of output gap hysteresis forms are visualized in
Figure 1.

(pot.)

output 1 pre-crisis growth path

2 hysteresis

-

,,-’,I’E i e { ———
/\J’L | == 3super hysteresis
f =

Figure 1. Hysteresis by Resilience Levels

There are different forms of hysteresis in the output gap according to the degree of
resilience. As visualized in Figure 1, Van Aarle (2016) defines output path number 1 as the
output path that adjusts to its previous path after a temporary shock, output path number 2 as the
output path that adjusts to its previous path after a while even if there are permanent effects, and
output path number 3 as the strong hysteresis that exhibits persistence in the path it was adjusted
after temporary shocks.

Models in which the degree of output gap hysteresis is determined by specific interactions
between the structural conditions and dynamics of economies come to the fore. When these
relationships are evaluated in terms of theoretical foundations, the importance of monetary
policy in aggregate demand shocks is theoretically recognized. As it is known, in Classical
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microeconomics, partial equilibrium is formed by the price mechanism, while in Walrasian
equilibrium, relative prices are formed by the balance between all markets (Mankiw, 1989).
These models do not mention the existence of money in the formation of employment, output,
and relative prices. According to the Classical view, markets are shaped in this way by the
neutrality of money, while this is rejected in the Keynesian view. Since wages and prices are
inelastic in the Keynesian view, the Classical Dichotomy and the neutrality of money disappear.
The explanation of the Keynesian view at this point is that when there is an unexpected decrease
in the money supply, the temporary decrease in the relative prices of goods encourages
producers to reduce the quantity supplied. The real business cycle theory accepts the Classical
Dichotomy. However, the fact that fluctuations in real output appear to be related to a nominal
variable such as money supply raises doubts about the Classical Dichotomy. On the other hand,
the real business cycle theory assumes that the real variable is the cause and the monetary
variable is the effect, and the direction of the relationship is accepted as from output to money
supply (King and Plosser, 1982). At the same time, as a counter view, the theoretical basis has
been formed that demand shocks have a more permanent effect on output (Ball and Onken,
2022). In this debate, the fact that the real business cycle theory takes a view closer to the
endogeneity of the money supply provides an exception to the complete disconnect between the
financial system and the real economy. Moreover, beyond the disconnect/interaction between
the financial system and real dynamics, there are specific factors, such as total factor
productivity and its components, and labor market structure and its components, that determine
hysteresis.

The existence and direction of the relationship between fixed investment and growth have
been widely analyzed, and although no definitive conclusion has been reached, important
evidence has been found on the process of this relationship. Blomstrom et al. (1996), while
determining the existence of the effect of fixed investments on growth, also identified the
existence of a different mechanism. After increases in fixed investments, growth also
accompanies these increases. However, increases in growth mobilize fixed investments before
fixed investments mobilize growth. It is observed that this structure is made possible by
transferring the increase in per capita income to fixed capital investments along with growth. On
the other hand, as studies supporting the effect of fixed investments on growth, Pollard (1964)
attributes the start of the Industrial Revolution in England to the fact that there was a lot of
capital stock in England at that time, and the existence of this relationship in the historical
process is accepted. On the other hand, Fedderke (2004) argues that the functioning of this
mechanism also depends on the stability of output. Investments are adversely affected by an
increase in output volatility. A decline in investments, on the other hand, leads to a slowdown in
output, revealing the existence of a cyclical process that feeds each other in a positive and
negative sense. Analyzing this process in terms of hysteresis, the effects of crises last longer as
a result of the mutual interaction of deterioration in investments with deterioration in output.

Although the hysteresis structure is historically based on the labor market model
(Blanchard and Summers, 1986), the fact that hysteresis effects in employment are closely
related to total factor productivity (Fatas and Summers, 2016) provides a comprehensive
perspective on the theoretical foundations of hysteresis. Moreover, the relationship between
productivity and long-run output makes productivity important in terms of hysteresis.
According to Girardi et al. (2020), the traditional approach, which accepts the view that
aggregate demand is important only in the short run, recognizes that aggregate demand tends to
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adjust to potential output. The functioning of this mechanism is dominated by the view that
investments are highly sensitive to interest rates. On the other hand, the Taylor Rule is followed
in the interest rate policy that ensures the adjustment between actual and potential output, which
is widely used in the current system and expressed as the New Consensus. The effective
adjustment of the interest rate policy to the full employment equilibrium level will be possible
with the full use of capital, flexibility in labor-capital substitution, and flexible real wages.
However, according to the New Keynesian view, the institutional rigidity of real wages makes
the effects of economic shocks more permanent. In other words, there is stronger empirical
evidence that productivity shocks have a greater impact on the emergence and deepening of the
hysteresis structure. Furlanetto et al. (2025), when decomposing the structure of output
fluctuations into supply-side and demand-side, make important points about hysteresis effects
by re-evaluating empirically the traditional view that sees fluctuations due to demand shocks as
temporary. While the transmission mechanism in hysteresis effects takes place through
employment and investment, there are uncertain areas regarding output per worker
(productivity). The degree to which firms are affected by adverse shocks varies according to
their productivity, and in the case of a decline in employment, the increase in productivity with
demand that stimulates production may increase the error rate in the measurement of policy
responses. The persistence of deterioration in productivity in post-crisis periods and the fact that
this situation is mostly caused by demand-side shocks is a form of hysteresis behavior.

Dosi et al. (2018) argue that the insider-outsider model is not the only explanation for the
impact of hysteresis on output. Declining investment rates as a result of a decline in aggregate
demand due to rigidities in the industrial system, a decline in innovation, a deterioration in the
quality of labor, and the market moving away from perfect competition are all determinants of
output performance. It is well known that the labor wedge, which is the difference or
discrepancy between the marginal rate of substitution (preference for work and leisure) and the
marginal product of labor, has increased significantly during recessions, particularly during the
Great Depression. Wage and price rigidities are considered to be the main factors in the
emergence of this structure. However, other rigidities such as adjustment costs and habit
formation in the labor market are also indirect diffusion dynamics. Finally, it is widely accepted
that the hysteresis effects in potential GDP deepen the hysteresis by spreading to the supply side
through the process starting from the demand shock (Gali et al., 2007; Inaba et al., 2020).

The unique structure of supply-side and demand-side dynamics that cause hysteresis may
lead to different dynamics in the hysteresis process. Michl (2018) argues that expectations have
an important role in wage bargaining and price determination as mechanisms affected by
demand-side policies. Although there is usually persistence in forecast errors arising from
worker error and firm error models, it does not indicate a hysteresis structure. However, if
expectations are not adjusted according to new conditions after a demand shock and remain
constant, it will have permanent effects on output, employment, and real wage levels. On the
other hand, the hysteresis process, which is based on a supply shock, is driven by factors such as
a decline in capital accumulation, a decrease in labor force qualifications, and a slowdown in the
rate of technological diffusion as a result of recessions (Mourougane, 2017). Problems in these
dynamics, which cause structural distortions on the supply side, may also exhibit permanence.
Indeed, the fact that temporary shocks to supply dynamics have lasting effects on potential
output reflects supply-side hysteresis. Therefore, in hysteresis, supply-side dynamics should be
evaluated over a longer period than demand-side dynamics.
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3. Literature Review

Historically, Hicks attributed the main dynamics of deviations from equilibrium to
changes in the interest rate and the value of money. Keynes drew attention to fluctuations in
demand in explaining cyclical movements in output. In explaining these cyclical movements,
driven by fluctuations in demand and resulting in low growth and high unemployment, Keynes
referred to deviations from Classical long-run equilibrium. Burns and Mitchell, on the other
hand, characterized these fluctuations in the business cycle as periodic cycles and defined these
movements as a necessity of their nature (Cerra et al., 2020).

The phenomenon of hysteresis, which in the empirical literature was expressed as a
deviation from the cyclical movements of macroeconomic variables, was also empirically
observed in the output gap. The relationship between hysteresis, which is expressed in the
persistence of the output gap, and financial crises is widely observed in the empirical literature
as well as in the theoretical underpinnings (Redmond and Van Zandweghe, 2016; Romer and
Romer, 2017; Blanchard, 2018). Although the view that unemployment, which was a product of
the systematic relationship between the financial system and the real economy, was solved by
the dynamics of the financial system (money supply, interest rate) was accepted, the view that
this process was an equilibrium mechanism has been supported by the experience of resistant
output declines in developed economies (Solow, 2000). These long-term effects of financial
crises on supply dynamics, starting from the demand structure, were called hysteresis (Ball,
2014). Another situation that increases the importance of hysteresis in terms of business cycle
fluctuations is path dependence. Dutt (1997) argues that path dependence manifests itself in the
fact that shocks that change the initial conditions in business cycle fluctuations have permanent
effects and do not return to the initial conditions with favorable shocks. On the other hand, the
deepening of hysteresis in the case of a second negative shock, while the effects of negative
shocks persist, increases the importance of timing and historical processes in policymaking.

The structural situation and policy choices of economies are also important for the output
gap. The disinflationary policy implemented in the German economy in the 1980s to control
inflation made the output gap permanent (Fritsche and Logeay, 2002). The size of the output
gap also determines the effectiveness of the policies implemented. A large gap between real and
potential output requires a longer period of policy effectiveness. In this process, not neglecting
the inflation target will prevent hysteresis in the output gap (Calvert Jump and Levine, 2021).
The policy choice for the output gap is also important in terms of hysteresis. Tervala and
Watson (2022) find that the most effective policy instrument for the output gap is public
investment expenditure.

3.1. Monetary Policy and Hysteresis

Based on Friedman's views, Ball (2009) analyzes the short- and long-run movements of
employment, one of the main components of output, for 20 advanced economies and reaches the
same conclusions as Friedman. Although the current situation of the developed economies in
the 1980s pointed to the validity of the Classical Dichotomy, this structure was not different
from hysteresis.

Acharya et al. (2022) argue that the size of shocks is also a determinant of the impact of
monetary policy shocks on output, with temporary shocks having permanent effects. The fact
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that temporary shocks caused more than one steady-state unemployment in the employment
dimension occurs when the labor force loses skills and employment is affected at a level that
cannot be recovered spontaneously. Therefore, the reduction in output through employment in a
tight monetary policy as a demand-side policy caused a permanent deterioration on the supply
side. Bernanke and Mihov (1998) found that the effect of restrictive monetary policy on GDP
can last up to 10 years. It can be said that the real economy, which cannot gain the necessary
momentum from an expansionary monetary policy, was subject to hysteresis effects. In fact, the
results of monetary policy show that hysteresis cannot be assessed only with a supply-side
approach but is also related to demand-side policies.

Fontana and Palacio-Vera (2007) argue that the traditional inflation-targeting policy is
based on the principle of monetary policy neutrality in the long run and has no effect on output
and employment. However, the new consensus is that in the case of hysteresis, output moves
independently of aggregate demand and time dynamics and exhibits different trends and
equilibrium states, which raises the need for alternative policies to the traditional view in the
literature. In this context, a flexible monetary policy that can be adjusted to changing conditions
would be the appropriate policy option for hysteresis. Ball (2015) argued that the traditional
view that recessions have a short-term impact on output and employment, as experienced in the
2008 crisis, has been challenged. Although recessions cause output and employment to fall, it is
accepted that expansionary policy is the appropriate policy in a strong economy to prevent
output and employment from returning to their previous path through asymmetric behavior. At
this point, an aggressive expansionary monetary policy, which in the case of hysteresis was
referred to as a high-pressure economy, would push inflation above expectations. In this case,
the cost of returning to the targeted level of inflation would be to raise unemployment above the
natural rate. This process will again mobilize the dynamics of hysteresis. Therefore, the view
that a gradual expansionary policy is the optimal policy for hysteresis has begun to prevail in
the empirical literature.

IMF (2009) Output losses after a recession are not inevitable, but the output gap can be
reduced through expansionary monetary and fiscal policies. Following an aggressive
expansionary policy after a recession allows output and growth to return to their previous trend
more successfully before structural distortions spread through the economy (Ma et al., 2020).
Indeed, more aggressive expansionary policies would be appropriate in the case of hysteresis,
where the recovery in output has a resilient structure. In conclusion, based on the empirical
literature, monetary policy should be conducted according to certain principles in the case of
hysteresis. The roadmap for monetary policy in hysteresis is to implement monetary policy in a
way that does not cause delays, to implement it aggressively at a level of capacity utilization
that does not cause inflation, and to gradually adjust the size of the expansion after the process
that causes inflationary effects.

3.2. Capacity Utilisation Rate and Hysteresis

Although the hysteresis literature focuses mainly on absolute changes, such as the
persistence of output after a temporary shock or its adjustment to its previous path, income and
capital distribution effects are extremely important. In fact, it is the evolution of wage profit and
per capita capital that makes income and capital distribution important for output hysteresis.
Amadeo (1986) argues that there are two main views that are prominent in sectoral models for
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the supply side. The first is the existence of an inverse relationship between wage and profit
rates, and the second is the inverse relationship between capital accumulation and the per capita
capital ratio. In a high-growth environment with increased capital accumulation, a smaller share
of output is allocated to consumption, while if investment is covered by profits, this results in
low real wages. The validity of these relationships under the assumption of constant capacity
utilization is generally accepted. However, a change in capacity utilization affects all these
dynamics and ultimately output. Looking at these dynamics in more detail, Rowthorn (1995)
argues that in recessionary periods the NAIRU also rises with the increase in idle capital. This
process leads to an increase in profits as capacity utilization rises with the decline in the capital
stock. This is due to the fact that production is covered by the increase in existing potential
output, as opposed to the participation of labor in the employment of new capital. In fact, it is
the rate of capacity utilization that determines these relationships.

Although it is an important determinant of capacity utilization for potential and real
output, it has not been given sufficient attention in hysteresis discussions. However, its
widespread use in the recent literature is evidence of its importance. Based on the relationship
between capacity utilization and business cycle fluctuations, Setterfield and Avritzer (2020)
argue that changes in actual capacity utilization are necessary in hysteresis models. Di
Domenico et al. (2024) concluded that aggregate supply is influenced by aggregate demand in
the long run. More specifically, transitory shocks are found to have a temporary effect on
unemployment and capacity utilization, while they have resilient permanent effects on
productive capacity and labor force participation. Bassi et al. (2022) find evidence of hysteresis
behavior in the capacity utilization rate across sectors in the US economy. However, as the
capacity utilization rate at full employment differs for these different sectors, this paves the way
for the relative interpretation of hysteresis effects. Bassi (2024) finds evidence of permanent
hysteresis in the capacity utilization rate in many EU economies after the 2008 global crisis.
Here, capacity utilization adjustments also determine the effectiveness of monetary policy for
hysteresis based on inflationary pressures.

3.3. Productivity and Hysteresis

The traditional view that business cycle fluctuations caused by supply and demand shocks
move around a certain trend is supported by empirical studies (Tervala, 2021). Therefore, how
to model potential output has been questioned more in the literature. In empirical studies, it is
among the common results that demand shocks cause hysteresis in output starting from total
factor productivity. Other studies in this direction are Adler et al. (2017) and Anzoategui et al.
(2019). In the New Keynesian view, recessions cause a short-term decline in consumption,
while in the case of hysteresis, consumption falls permanently, leading to further welfare losses.
Therefore, the social cost of hysteresis becomes important in terms of restoring demand to its
previous level. Blanchard and Summers (1986) empirically proved that the time trend of many
economic variables with hysteresis structure is non-stationary. In the European unemployment
hysteresis, along with unemployment, total factor productivity also exhibited a hysteresis
behavior by not returning to the mean. On the other hand, the fact that productivity shocks have
the same effect as positive supply shocks makes productivity an important dynamic in
measuring hysteresis effects and determining effective policy.
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Blanchard et al. (2015), who tested the persistent effects of recessions in 23 countries
over the last 50 years, found the presence of hysteresis in the vast majority of them. The impact
of recessions on output mainly spreads through the employment and total factor productivity
(TFP) channels, causing deviations in output. Jorda et al. (2020) empirically prove that
monetary shocks cause hysteresis in output and total factor productivity. Engler and Tervala
(2018) show that the recession in the euro area caused a 4% and 0.9% deviation in output and
TFP, respectively. Anzoategui et al. (2019) found that the recession in the US economy reduced
productivity by 5%, emphasizing that TFP is the most important dynamic in hysteresis. In terms
of the relationship between hysteresis and capacity utilization rate, Koberl (2011) argues that the
non-inflationary capacity utilization rate (NAIRCU), which is defined as the capacity utilization
of a firm without price adjustment pressure, is effective in measuring the performance of the
economy. NAIRU is used as an effective measure of labor costs and the output gap. Although
most empirical studies find that it has a constant trend, Bassi (2019) observes that NAIRCU has
a time-varying trend. Deviations in GDP can create permanent shocks in total factor
productivity if chronically underutilized capacity moves with inflation. If NAIRU remains
below full capacity output, demand-side expansionary policies will not create inflationary
pressures until full capacity. The fact that temporary demand shocks have permanent effects, in
other words, hysteresis effects, results in a spillover to the supply side through the total factor
productivity channel. As a matter of fact, adjusting demand-side expansionary policies in
recessionary periods in a way not to trigger inflationary acceleration will provide stability in
economic activity without deepening hysteresis effects. Approaching hysteresis from the
perspective of technological development, Li et al. (2015) argue that technological progress is
considered the most important trigger in economic development. Since technological progress is
a slow-moving process due to its nature, it is important in terms of hysteresis that there is no
time inconsistency in the policies implemented by the governments. Total factor productivity,
which reacts with a delay to policies implemented with a delay, will cause distortions in the
supply structure. At this point, policies implemented on time by encouraging the innovative
production system and improving the adaptation to the innovative production system will be the
optimum policy option.

Summers (2014) argues that the future potential of the economy depends on current
conditions. Moreover, the hysteresis situation in which economic recovery does not lead to an
improvement in total factor productivity is followed by a reduction in capital investment and
labor input. After the 2008 World Crisis, labor and capital decreased more than total factor
productivity decreased, which better explains why potential output in the US fell to around 5%.
Since interest rates have reached lower limits, limiting the room for maneuvering in monetary
policy, healthy growth policies have become the more reasonable option for the solution to the
recession.

Standard unit root tests (Brunello, 1990; Mitchell, 1993) have been used for hysteresis,
which was first examined in unemployment dynamics in economic systems. The presence of a
unit root implying a structural break may be misleading in some cases. Structural shocks such as
oil shocks, which can be effective on a global scale, cause structural changes in macroeconomic
variables. In standard unit root tests, estimation is made without taking into account the
endogeneity of structural breaks. In order to compensate for this limitation of standard unit root
tests, the Zivot-Andrews test was developed in which structural breaks are endogenous.
However, even if structural breaks are endogenous, there are specific conditions for output gap
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hysteresis. Tests with endogenous structural breaks based on the standard unit root test have
some limitations due to the specific conditions of the Turkish economy. For the Turkish
economy, the presence of a unit root or unit root with a structural break in output implies a trend
change. This trend change in output is interpreted as the persistence of structural shocks in the
economy. The fact that output interacts with all macroeconomic variables increases the
likelihood that structural changes will spread gradually to the whole economy in the long run
beyond the increase in costs on the supply side. For this reason, the Leybourne et al. (1998)
smooth transition structural break test developed for gradual transitions instead of sharp
structural breaks will produce effective results for the output gap hysteresis in the Turkish
economy.

The hysteresis literature in the Turkish economy has focused on unemployment. Akcan
(2019) finds that there is hysteresis in youth and general unemployment rates in the Turkish
economy, which is supported by the findings obtained from standard and structural break unit
root tests. Tekin (2018) states that in the Turkish economy, the long-run effects of
unemployment shocks lead to an increased unemployment path, validating the concept of
unemployment hysteresis. Additionally, Ozturk (2020) finds that hysteresis behavior is evident
not only in unemployment rates but also in the labor force participation rate in the Turkish
economy. These results obtained on the basis of unemployment indicate a permanent
deterioration in the dynamics of the employment structure. Since unemployment and
employment are components of output, it proves that output in the Turkish economy may have a
permanent trend deviation. Therefore, the output gap hysteresis should be comprehensively
analyzed for the Turkish economy. Accordingly, the motivation of this study includes the
determination of the output gap hysteresis in the Turkish economy as well as the determination
of the dynamics and the extent of the hysteresis. Output gap hysteresis is a topic that has not
been analyzed in the empirical literature for the Turkish economy. While the study contributes
to the literature in this respect, it follows a comprehensive path in terms of the variables used
(monetary change, capacity utilization, productivity) and the empirical strategy (smooth
transition structural break, SVAR model). In this context, the study provides a new perspective
for policymakers by extending the limited empirical contributions on output gap hysteresis in
the literature.

4. Data and Methodology

The empirical method of the study is designed to determine the dynamics of the output
gap hysteresis and to provide suggestions for policymaking. The variables to be used in the
study are defined as gross domestic product (GDP), money supply (M3), capacity utilization
rate (CUR), and capital productivity (PRODUCTIVITY), and time series are constructed with
the data obtained from the CBRT (CBRT/EVDS) system for 2005Q4:2021Q3 (t=64). The
defined time series are visualized in Figure 2.
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Figure 2. Developments in Variables

In order to evaluate the output gap hysteresis, the output gap in the Turkish economy will
be determined by the Hodrick-Prescott (HP) and Baxter-King (BK) methods. The persistence of
the trend change in output after a temporary shock or the level of resistance to output
components (money supply, capacity utilization rate, productivity) in case output returns to its
previous path requires specific analyses to understand the nature of hysteresis. Accordingly, the
smooth transition structural break test will be applied to detect permanent trend changes in
output, and the structural VAR method will be applied to measure the response of output to its
components. For the structural VAR method, the model specification conditions are met as a
result of the data processing processes suggested by the logarithmic transformation, Kruskal
Wallis seasonality test, and stationarity (Augmented Dickey-Fuller, Phillips-Perron) tests.

4.1. Hodrick-Prescott and Baxter-King Method Output Gap Estimates

The Hodrick-Prescott (HP) filter is widely used in the estimation of the output gap
(Hodrick and Prescott, 1997). The estimation method of the HP filter is estimated by
minimizing the variance of GDP based on the values of the two main components of GDP:
trend and cyclical movement. The HP filter method is based on estimating the output gap from
the difference between the actual GDP and the predicted GDP by weighting the linearised GDP
series with the help of a logarithm with trend growth. Another frequency filter method is the
Baxter-King (BK) filter method. The BK filter has an important advantage over the HP filter.
The strength of the BK filter is that it provides a symmetric estimation of real data by taking
weighted averages of GDP data and reducing data loss (lacobucci and Noullez, 2005). On the
other hand, the BK filter method has a disadvantage. In the moving average technique, the same
number of initial and final observation data are needed for the observation to be estimated.
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Therefore, a certain number of observations from the beginning and end of the series are lost
(Oomes and Dynnikova, 2006).

4.2. Smooth Transitions Structural Break Test

It is a structural break test developed by Leybourne et al. (1998), which also takes into
account non-linearity. The strength of the smooth transition structural break test is that it can
detect structural breaks in nonlinear time series while measuring soft breaks instead of hard
breaks. The smooth transition structural break test is estimated with the help of the logistic
smooth transition function defined as St instead of hard and sudden breaks modeled with the
help of a dummy variable in other structural break tests. The logistic smooth transition function
is presented below.

St(y,t) = [1 +exp{—A(t-1T)}] -1 4

Since it tests a nonlinear structure in the estimation phase, the nonlinear ECM method is
used, and error terms are obtained. The models from which the error terms are obtained have
three different structures. Model A takes into account the smooth transition break in the level,
Model B takes into account the smooth transition break in the trend, and Model C takes into
account the smooth transition break in both level and trend. The estimation equations obtained
for Model A, Model B, and Model C are given below.

yt = al + a2St (4, 7) + vt (5)
yt = al + B1t + a2 St (4, 1) + vt (6)
yt = al + B1t + a25St (4, 1) + B2t St (4, 1) + vt (7

Structural break in level is detected by Model A, structural break in trend is detected by
Model B, and structural break in level and trend is detected by Model C. The interpretation of
the estimation results is made with the help of hypothesis tests. While the hypothesis HO: 6=0
accepts the existence of a unit root with a structural break, the alternative hypothesis H1: 6 <0
is interpreted as stationary with a structural break.

4.3. Structural VAR Model

Due to the dynamic structure of vector autoregressive-based models, it is difficult to
detect long-run relationships. In standard VAR models, this problem leads to the deterioration
of long-run relationships with the increase in the number of variables as well as the decrease in
the efficiency of estimation. The structural VAR (SVAR) model, which was developed to
overcome this deficiency of vector autoregressive models, can make effective forecasts even in
models with a large number of variables by eliminating the restriction in matrix form. The
superiority of structural VAR-based models stems from the reduced form achieved with the
restriction in matrix form (Dungey and Pagan, 2000). While all variables affect each other
throughout the time series in the standard VAR model, only independent variables have an
effect on the dependent variable in the restricted form estimation. Kilian (2013) also argues that
with the historical decomposition function, the extent to which the share of independent
variables in the structural change in the dependent variable is realized can be effectively
determined. Therefore, the effectiveness of the structural VAR technique in measuring the
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hysteresis in the output gap determined the empirical method of the study. While defining the
structural VAR model, Amisano and Giannini’s (2012) and Zivot’s (2000) studies are taken as
references.

Considering the variable and data scale of the study, a four-variable structural VAR form
is defined. Equation (8) shows the estimation equation obtained from the matrix form.
Byt = B0 + I'lyt—1 + et (8)

The restricted form of the vector autoregressive structural VAR is obtained by
multiplying equation (8) by B and solving Yt in terms of Y., and &. In this way, the matrix
form is obtained by restricting Y, (9), and different forms is obtained.

yt = B—100 + B—1T1lyt—1+ B—1e¢t 9

As seen in Equation 6, matrix B is obtained from the reduced form. The structural VAR

form with four variables is visualized in equation (10).
0 0

A(1)—1B = (10)
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5. Empirical Findings

In line with the empirical strategy of the study, firstly, output gap estimation is analyzed
with the help of the HP filter and BK filter. The output gap estimation results of the HP filter
and BK filter are presented in Figure 3.
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Figure 3. Output Gap Estimation Result Of HP Filter And BK Filter

HP and BK filter results indicate the existence of an output gap. Due to the 2008 World
Crisis, output deviated from its trend, and its effect continues throughout the time series. This
situation proves the existence of hysteresis effects in the output gap. Another method to detect
hysteresis is the smooth transition structural break test. Cremaschini and Maruotti (2023) argue
that due to the structural nature of output, trend changes are endogenous to gradual changes
when they do not involve a sharp change. Moreover, the strength of the smooth transition
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structural break test, which is estimated by internalizing the structural break in hysteresis
models, emerges at this point. Smooth transition structural break test results are presented in
Table 1.

Table 1. Smooth Transition Structural Break Results

Observation

Model t statistics Critical Value %1 Result
Range

Model A 50<T<100 -3.26" -5.09 Smooth break

Model B 50<T<100 255" 5.77 Smooth break

Model C 50<T<100 -3.40™" -6.13 Smooth break

Note: Leybourne et al. (1998) critical values. ***, ** and * represent 1%, 5% and 10% level
respectively. Model A Smooth transition in level (S2a), Model B Smooth transition in trend
(Sa(B)), Model C Smooth transition in level and trend (Saf3)

Smooth transition structural break estimation results support the existence of a structural
break for GDP. Model C, which includes structural breaks in the level and trend, is the more
efficient model in terms of hysteresis. Model C results indicate the existence of hysteresis in the
output gap.

The interaction between the output gap and the components of the output gap allows not
only for determining the existence of hysteresis but also for assessing the degree of influence of
these determinants (money supply, capacity utilization rate, productivity) on the hysteresis in
output gap hysteresis. These relationships are evaluated by the structural VAR method. In this
sense, structural VAR model outputs are an important guide for policy makers.

The matrix form used in the structural VAR model estimation and the coefficients of the
variables obtained as a result of the estimation are presented in equation (11).

GDP 1 0 0 0 eGDP
PRODUCTIVITY| _ [ —1.218636 1 0 0] « eM3 (11)

CUR 0.042380 —0.592309 1 0 eCUR

M3 —0.089520 0.312658 —0.255454 1 ePRODUCTIVITY

Since the structural VAR (SVAR) model has an autoregressive structure, the coefficients
cannot be interpreted. Therefore, impulse-response function analysis, structural decomposition,
and historical decomposition function will be used to explain the structure of output gap
hysteresis.

Impulse response analysis (Figure 4) is used to determine the extent to which one unit
standard deviation shocks in the independent variable affect the dependent variable. In terms of
the response of output to explanatory variables, capacity utilization rate shocks have a positive
effect on output, while productivity shocks have a negative effect on output. Money supply
shocks do not have a statistically significant effect on output.
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Figure 4. Impulse Response Analysis
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Structural variance decomposition measures the explanatory power of independent
variables for the dependent variable. According to the variance decomposition results (Table 2),
the capacity utilization rate and productivity explain the output at the highest rates of 17.27%
and 14.23%, respectively. The money supply does not have a significant effect at the rate of
2.14%.

Table 2. Structural Variance Decomposition (GDP)

Period Standard Error GDP Productivity CUR M3
1 0.059975 100.0000 0.000000 0.000000 0.000000
2 0.071788 75.72026 8.830622 14.87700 0.572116
3 0.088296 71.83666 15.91796 11.17686 1.068520
4 0.093753 64.19280 18.76284 16.04914 0.995223
5 0.103902 66.29120 15.83809 16.27997 1.590747
6 0.105598 65.41324 15.74274 16.76035 2.083672
7 0.110267 66.45318 15.33621 16.29795 1.912660
8 0.111385 65.67443 15.37420 17.07685 1.874515
9 0.114945 66.49460 14.43763 17.05478 2.012998
10 0.115749 66.33747 14.23789 17.27682 2.147822

VAR-based models are frequently used to analyze structural changes in time series
models. However, when the time series exhibits non-linear behavior, the effective analysis
technique may also change. Historical decomposition becomes effective in nonlinear models
due to structural breaks along the time series. Historical decomposition is used to identify the

17




K. Yildirim, N. Algan & H. Bal, “The Dynamics of Output Gap Hysteresis in Tiirkiye”

contribution of shocks in independent variables throughout the time series to the structural
change in the dependent variable (Wong, 2017). The historical decomposition function will give
more effective results on which variable shocks are responsible for the structural change in
output, which exhibits non-linear behavior due to hysteresis effects. The historical
decomposition function enables the identification of the common effect of all shocks in past
periods for a given time point. According to the results of the historical decomposition function,
capacity utilization rate and productivity shocks have the highest cumulative effect on the
structural change in output, while money supply shocks do not have a significant effect.

Historical Decomposition using Structural VAR Weights
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Figure 5. Historical Decomposition
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The hysteresis in the output gap may be highly effective in the fact that the dynamics that

cause hysteresis also undergo structural changes, as output undergoes structural changes and
does not return to its previous path. Therefore, the persistence of the breaks in the capacity
utilization rate and productivity in the Turkish economy explains the hysteresis in the output
gap to a great extent. This can be observed in the course of capacity utilization rate and
productivity in Figure 1. Due to the 2008 World Crisis, productivity experienced a significant
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break, and its effect lasted for a long time. However, productivity, which returned to its old path
in the long run, had an effect on the output gap hysteresis, but it was temporary. Similarly, in
support of our findings, Clavijo-Cortes (2022) concluded that when productivity shocks are
accompanied by output shocks, permanent effects on output deepen. On the other hand, the
break in the capacity utilization rate, on the other hand, exhibits a more resilient structure and
does not return to its previous path throughout the time series and even falls permanently after
the trend deviations in 2008 and 2018. In this context, the capacity utilization rate stands out as
the strongest dynamic in explaining the strong hysteresis in the output gap. The importance of
the capacity utilization rate for the output gap hysteresis is its relationship with monetary policy.
Parigi and Siviero (2001) show that changes in the capacity utilization rate in response to
monetary policy adjustments also adjust inflationary pressures. The capacity utilization rate that
can be adjusted in this way can expand the room for maneuvering of central banks in policies
implemented for output growth. This process also provides central banks with a favorable
position to set policy boundaries in the fight against inflation. On the other hand, empirical
studies show that monetary expansion that is not reflected in output also points to hysteresis.
Borio and Hofmann (2017) argue that the demand expansionary policies implemented in the
US, the Euro area, and the UK after the 2008 World Crisis were insufficient to return the output
that deviated from its trend to its former path. In this context, the effect of monetary easing on
output in the Turkish economy remains limited (inability to return output to its previous path)
and supports the empirical findings in terms of hysteresis.

As is known, the effects of the 2008 World Crisis were more severe and permanent than
expected (Stiglitz, 2018). In the case of secular stagnation, which is defined as the persistence of
the effects of the crisis by acquiring a resilient structure, the massive redistribution of income
and wealth from lower-income groups to higher-income groups results in a weakening of
aggregate demand. As can be seen in Figure 1, the fact that the increase in money supply does
not lead to a change in output despite a significant acceleration is evidence of the weakening
aggregate demand due to the redistribution of income and wealth to upper-income groups in
secular stagnation.

-
-
- -

_,/_/
//
7 N ’\/
<= A

1 T T
2010 2015 2020

Figure 6. Turkish Economy Output Path

Figure 6 shows the path of Turkish economic output after the 2008 World Crisis. The
dashed line represents the expected output path without the impact of the 2008 World Crisis.
The fact that output did not return to its previous path after the crisis can be interpreted as
secular stagnation. The fact that output does not return to its previous path despite the monetary

19



K. Yildirim, N. Algan & H. Bal, “The Dynamics of Output Gap Hysteresis in Tiirkiye”

policy developments by exhibiting a resilient structure points to strong hysteresis as defined in
the empirical literature. This structure of output in the Turkish economy is in line with the
findings in the empirical literature (Ball, 2014; Lavoie, 2018; Eo and Morley, 2022), and it is
concluded that the strong hysteresis structure is valid in output.

6. Conclusion

The difference between potential output and actual output, which is defined as the output
gap, and its hysteresis form (becoming permanent) is a dynamic that determines economic
stability on policy effectiveness. In addition, output gap hysteresis and its solution proposals are
the guide to healthy growth in terms of explaining the inflationary pressures that have become a
chronic problem in the Turkish economy and suggesting policies. The empirical literature
analyzes the relationship between output and dynamics such as money supply, productivity, and
capacity utilization rate in order to identify hysteresis in the output gap. In the case of hysteresis
in the output gap, the movement in output ceases to be cyclical and adapts to a different path in
the form of structural change. At this point, monetary policy developments are insufficient to
return output to its previous path. On the other hand, since productivity and capacity utilization
rates do not return to their previous levels and are the main dynamics of the structural change in
output, they can provide important information in output gap hysteresis. Taking these variables
into account, the output gap hysteresis of the Turkish economy for the 2005Q4:2021Q3 period
is analyzed through money supply, capacity utilization rate, and productivity variables. The
empirical setup of the study aims to identify the output gap with the Hodrick-Prescott and
Baxter-King methods. In order to detect the persistence of output deviation from its trend, in
other words, hysteresis, the smooth transition structural break test is used to detect hysteresis in
output, while the structural VAR method aims to provide important information to policymakers
for output gap hysteresis through the interaction/response of output to its components.

In the first stage, the Hodrick-Prescott and Baxter-King methods are used to determine
the existence of an output gap. According to the smooth transition structural break test, the
detection of a structural break in output proves the existence of hysteresis. The structural VAR
model estimated with output, money supply, capacity utilization rate, and productivity variables
yielded satisfactory results for the existence of output gap hysteresis. In terms of money supply,
the fact that money supply does not have a significant effect on output indicates hysteresis
behavior on theoretical grounds. The fact that the long-run change in the level of money supply
is insufficient to return output to its previous path is another important finding that proves the
existence of hysteresis. In the hysteresis dimension, this situation is among the results
commonly found in the empirical literature. Productivity and capacity utilization rate variables
are important determinants of output gap hysteresis. According to the structural decomposition
and historical decomposition function, capacity utilization rate and productivity are the two
main variables in terms of hysteresis. While the permanent adjustment of the capacity utilization
rate to a lower path after shocks explains the basis of the strong hysteresis in the output gap, the
fact that shocks to productivity are compensated in the long run and adjusted to the old path
reveals the importance of output in the hysteresis structure. As a matter of fact, taking into
account capacity utilization rate and productivity changes in order of importance as
determinants of output in policymaking will increase policy effectiveness.
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The study contributes to the empirical literature in several aspects. The study first
analyzes the output gap hysteresis for the Turkish economy. Its contribution to the hysteresis
literature is that, in addition to identifying the output gap, it uses the smooth transition structural
break test, which is more appropriate to the nature of business cycle fluctuations, and analyzes
the output gap hysteresis through its interaction/response with output components (money
supply, capacity utilization rate, productivity). The empirical strategy designed in this way has
enabled the identification of hysteresis and its dynamics, leading to important key findings for
policymaking. Another important contribution of the study is that it provides information on
which dynamics should be emphasized in policymaking in terms of hysteresis and to what
extent. In this context, based on the empirical findings, it is extremely important in terms of
hysteresis that the money supply should not be tightened more than necessary in a way to slow
down output in money supply changes, and that the money supply should be adjusted quickly in
expansionary policies so as not to cause inflationary pressures. Because actual output that does
not move towards its potential with expansionary policies will cause inflation. Here, the central
bank's room for maneuver in policy implementation is determined by the flexibility of the
capacity utilization rate. Moreover, calculating the marginal change effect of monetary policy
on the capacity utilization rate at different levels will increase the effectiveness of demand-side
expansionary policy. Increasing productivity is another important dynamic in eliminating the
hysteresis behavior in the output gap. Increasing productivity is also associated with an increase
in the capacity utilization rate, which underlines the importance of productivity. More
specifically, increasing new products and services and more flexible working models in terms of
the labor market will increase the capacity utilization rate. Since the Turkish economy is open to
foreign markets, domestic and foreign demand developments are determinant for the capacity
utilization rate. More specifically, if expenditure-shifting policies are not adjusted effectively
during exchange rate fluctuations, the appreciated local currency will shift demand to foreign
markets, thus preventing the incentive to increase production capacity.

Although the study uses output, money supply, capacity utilization rate, and productivity
variables in the output gap hysteresis, it has some limitations. In terms of productivity, labor
productivity is neglected in the empirical model by taking capital productivity into account.
While employment and investments decrease permanently in recessions driven by demand
shocks that are effective in the long term, while output per worker is not significantly affected
(Furlanetto et al., 2025), in Turkey, as a developing economy, employment shows sharper
changes and more production factors are included in production during the expansion period.
For this reason, the productivity of the labor force specifically participating in production in the
Turkish economy will also determine total factor productivity. In future studies, monitoring
labor productivity at different employment levels will increase policy effectiveness.
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