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Abstract 

We pursue a two-fold objective in this paper. First, we try to describe comprehensively the 

behaviour of sectoral growth cycles in Turkish manufacturing by using several statistical measures and to 

analyse the co-movement between them via correlation and peak-through analysis. One of the remarkable 

results of this study is the emergence of the “chemicals” and “paper and paper products” sectors as the 

leading sectors of total manufacturing. Another important result reveals that export-oriented sectors, 

which have a high correlation with total manufacturing and with each other, appear as the main drivers of 

total manufacturing. The second objective of this study is to investigate the response of output in Turkish 

manufacturing industries to monetary policy shocks within the vector autoregressive framework. The 

results show that all manufacturing sectors respond to a contractionary monetary policy shock with a 

reduction in absolute output but that the degree of output reduction is not the same in all sectors. The total 

manufacturing output declines very quickly after the shock, reaching its minimum value within three 

quarters. 
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1. Introduction 

 
Investigating the properties of a business cycle is important from both the empirical and the 

analytical point of view. One approach in the study of business cycles can be the investigation of 
differences in sectoral business cycles. A thorough understanding of the patterns and determinants of 
such business cycles reveals the sectors that lead or lagthe overall economic activity, enabling policy 
makers to better forecast the development of the overall economy. In this respect, the ultimate goal of 
this study is to investigate the properties of the sectoral business cycles in Turkish manufacturing. 
Because of the variability in the growth rate of Turkish economic activity over time, the growth cycle 
approach is used in this study. Growth cycle phases refer to expansions and contractions relative to a 
long-run trend (Lahiri and Moore, 1991). Therefore, the concepts of expansions and contractions are 
referred to as periods of acceleration and deceleration in the rate of growth of the series along their 
long run trend. 

It is generally accepted that most of the sectors in the economy move up and down together. In 
the business cycle literature, comovement among economic activities is interpreted as an evidence of 
common aggregate disturbance. In this study, first, we investigate the comovement of sectoral cycles 
over total manufacturing with the aim of determining whether the cycles influenced from a common 
aggregate disturbance or independent sector-specific disturbances. If the sector-specific shocks are 
relatively more important, aggregate policies may have limited success in this sector. In this study, we 
investigate the comovement of sectoral cycles via correlation and peak-through analysis. 

In the empirical literature, there are several papers that investigate sectoral business cycles and 
the comovement between these cycles. Everts (2006) calculates sectoral and industrial business cycles 
using different band-pass filters for UK economy and investigates the comovement between sectors via 
correlation analysis. Yang and Kim (2005) perform VAR estimation and principal component analysis 
to search for the leading manufacturing sectors of the Korean economy. Hornstein (2000) calculates 
sectoral business cycles for United States and investigates the industry comovement over the business 
cycle. Reijer (2007) identifies the cycles in manufacturing industries for some OECD countries and 
provides several statistics to characterize the country specific cycles. He also forecasts the cyclical 
motions in manufacturing industries via leading indicators.  

Cyclical asymmetry refers to the different economic behaviour over the acceleration and 
deceleration phases of the business cycle. The different economic behaviour of sectoral growth cycles 
can be measured by investigating amplitudes, durations, sharpness and steepness statistics belonging to 
the acceleration and deceleration phases. Determination of the properties of the cyclical fluctuations is 
important for macroeconomic modelling because in the presence of asymmetry, linear time-series 
models with symmetrically distributed innovations are unlikely to provide valid data descriptions or 
accurate forecasts and thus may lead to misleading policy conclusions. If there is an evidence of 
asymmetry in the business cycle, non-linear models should be used for forecasting and policy analysis. 
For this reason, in this study, the potential asymmetric adjustment in Turkish manufacturing industries 
is also analysed in order to form a set of general information about the dynamics of the sectoral cycles 
during different phases.  
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Monetary policy may have different effects across industries and these differential effects, in 
turn, may affect the formulation of monetary policy. Bernanke and Gertler (1995) use a VAR model to 
show the differential impact of monetary policy on spending components. Following this study, several 
others analysed the impact of monetary policy on different sectors of the economy in more detail. 
Ganley and Salmon (1997) investigate the disaggregated effects of monetary policy shocks on the 
output of 24 sectors of the UK economy. Carlino and DeFina (1998) analyse the different effects of 
monetary policy across US regions. Hayo and Uhlenbrock (2000) measure the industrial effects of 
monetary policy in Germany. Dedola and Lippi (2000) investigate the differential output effects of 
unanticipated monetary policy shocks using industry data from five OECD countries. In this respect, 
another goal of this paper is to measure the response of sectoral outputs to monetary policy shocks in 
Turkey. 

This study has two main objectives. First, we aim to describe the behaviour of the sectoral growth 
cycles in Turkish manufacturing and analyse the co-movement between these sectoral growth cycles. 
Second, we investigate the response of output in Turkish manufacturing industries to monetary policy 
shocks. In this context, the structure of the paper is as follows: Section 2 describes the data set. Section 
3 gives not only information on the construction of the sectoral growth cycles but also a brief summary 
about the historical development of Turkish economy. In Section 4, several statistics are presented to 
reveal the characteristics of sectoral growth cycles and co-movements among them. Section 5compares 
the reactions of different sectors to monetary policy shocks over time within the VAR framework. 
Section 6 includes some concluding remarks. 

2. Data  

In the analysis, the quarterly Industrial Production Index (IPI) is used to determine the cycles of 
Turkish manufacturing industries. The Turkish Statistical Institute (TurkStat) publishes the IPI, which 
covers the years from 1985 onwards. The index has 1997 as its base year and covers the production 
information for important industries classified according to the International Standard Industrial 
Classification (ISIC) Rev. 3. The IPI is composed of three main sectors: “mining and quarrying”, 
“manufacturing” and “electricity, gas and water”. In this study, we focus on the sectoral differences in 
manufacturing. The methodology of the IPI and the industry breakdown used in the study are 
summarised in Appendix A. 

To analyse the impacts of monetary policy on Turkish manufacturing, we construct a VAR 
system to be composed of four endogenous variables and one exogenous variable. The endogenous 
variables used in the VAR system are sectoral industrial production indices, producer price index-
based real effective exchange rate index, the real sector confidence index and the overnight interest 
rate whereas the exogenous variable is the world commodity price index. 

The producer price index based real effective exchange rate index (REER_PPI) and the real 
sector confidence index (RSCI) are produced and published by the Central Bank of the Republic of 
Turkey. The real effective exchange rate is used as an indicator of international competitiveness. The 
base year of the REER_PPI is 1995 and an increase in the index denotes a real appreciation of Turkish 
Lira, whereas a decrease denotes a real depreciation. The other index, RSCI, aims to forecast the 
expansion and contraction periods of the economic activity. It also shows the opinion of real sector 
agents regarding the outlook of the economic activity. The index is calculated by making use of the 
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responses given to the selected questions of the Business Tendency Survey. Detailed information 
regarding both the REER_PPI and RSCI can be found at http://www.tcmb.gov.tr.    

The other endogenous variable, the overnight interest rate (INT), is an indicator of short-term 
interest rates. We prefer to use this variable instead of a long-term interest rate because the overnight 
interest rate is the official monetary policy instrument used in Turkey. The exogenous variable, the 
world commodity price index (WCOMP), is taken from the International Financial Statistics (IFS) 
published by the International Monetary Fund (IMF) and it covers the prices of all commodities such 
as metals, agricultural raw materials, food and energy goods. 

    3. Extracting Sectoral Growth Cycles  

A growth cycle consists of continual fluctuations of business activity that occur around a long-
term trend after seasonal adjustment. As the definition suggests, calculation of a growth cycle requires 
identification of these different types of economic variation. A time series is comprised of four 
components: the trend, cyclical variation, seasonal variation, and irregular movement. The trend 
component represents the long-run movement in the series whereas the cyclical variation component 
captures the cycles arising from growth cycle fluctuations. The seasonal variation component picks up 
seasonal patterns that are more or less constant from year to year and the irregular movement 
component represents the non-systematic pattern of the series. In analysing growth cycles, first, a 
seasonal adjustment is done for those series which show a marked seasonal pattern over the year. In 
this study, the seasonal and irregular components of all series are eliminated using the 
TRAMO/SEATS procedure. 

The remaining trend-cycle component includes short-term variation. But in growth cycle 
analysis, the focus of interest is on the deviations from long-term trends, and the elimination of the 
long-term trend is needed to observe the cyclical fluctuations. In empirical studies, many different de-
trending techniques ranging from simple ad hoc approaches to more sophisticated methods are used. 
For instance, for cyclical analysis the OECD uses a modified version of the Phase-Average-Trend 
(PAT) method developed by NBER. A detailed discussion of alternative de-trending techniques and 
their comparison with the PAT methodology can be found in Zarnowitz and Özyildirim (2001) and 
Nilsson (2000). There are many papers that compare the outcomes obtained from different de-trending 
techniques such as the Hodrick-Prescott method (1980) and the band-pass filters proposed by Baxter 
and King (1999) and Christiano and Fitzgerald (2003). In particular, Afonso et al. (2007) argue that 
even though there are some minor differences between the outcomes of these de-trending techniques, 
the main characteristics of the de-trended series are similar. Canova (1999) examines several de-
trending methods for the determination of the reference cycle and the selection of turning points and 
concludes that the Hodrick-Prescott (HP) method and the frequency domain filters are best in 
mimicking NBER cycles. 

On the basis of this, in this study we use HP detrending method. The HP filter is a powerful 
extractor of a stochastic trend, uncorrelated with the cyclical component. Also, the HP filter is a 
symmetric filter and it has both an economic and statistical basis. Flexibility and ease of use are the 
key advantages of using the HP filter. However, it does have some disadvantages related to the 
parameter controlling the smoothness of the trend component. 
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After obtaining the cyclical components of the time series, we identify the peaks and troughs of 
the growth cycles. The turning points of sectoral growth cycles are identified using the rule-based 
method suggested by Artis et al. (1995). This method simply involves searching for potential  turning 
points on the basis of the following rules:  

1. a peak and a trough follow each other  

2. the minimum length required between two consecutive turning points (a phase) is nine 
months (3 quarters)  

3. the minimum length required for any two alternate turning points (a cycle) is 24 months (8 
quarters)  

4. if more than one extreme value is found in one phase, the latest observation is chosen as the 
turning point.     

The turning points that are found for the period 1985 Q1 – 2008 Q3 are given in Table 1. The 
turning points of total manufacturing are found to be very similar to the official turning points of the 
IPI, which is determined by the joint study of Central Bank of the Republic of Turkey and the OECD. 
Atabek et al. (2005) discuss the main results of this study. Since the manufacturing industry has the 
highest share in the IPI and has a cyclical pattern very similar to that of the IPI, we use the official 
turning points of the IPI as the cyclical chronology of the manufacturing industry. Figure 1 presents the 
cycles of the IPI with the dates of these turning points. The shaded areas in the figure represent the 
acceleration periods.   

There have been six peaks and five troughs in the Turkish economy since 1987.1 During this 
period, there have been four complete cycles (from troughs to troughs). The last cycle is considered as 
incomplete since the last turning point observed is a peak and the trough following this peak is not 
observed yet. In recent years, the Turkish economy has been marked by short spurts of growth 
followed by financial crises, then by stabilisation policies attempting to restore growth. 

Figure 1. Cycles of Industrial Production Index 
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An early attempt to reduce inflation on a permanent basis and to put the economy on a 
sustainable growth path began in January 1980. Macroeconomic policies after 1980 can be divided into 
two major periods: 1981-1988/1989 and 1989-2000. The main characteristics of the first period were 
export promotion with strong subsidy components and gradually phased import liberalisation, together 
with managed floating of the exchange rate and regulated capital movements. A gradual but significant 
real devaluation of the Turkish lira with a severe suppression of wage incomes were the main pillars of 
this policy orientation (Boratav et al., 2001). The economy entered a new period with the liberalisation 
of capital accounts in August 1989. This liberalisation led to an appreciation of the Turkish lira leaving 
a structural increase of the real interest rate. Stimulated by inflows of short-term capital, the domestic 
economy experienced expansionary and contractionary swings along with varying current account 
balances. In this period, the fragile growth path was highly dependent on foreign capital inflows. Due 
to the sudden reversal of investor confidence and of hot money flows, the economy eventually faced a 
crisis (Metin-Ozcan et al., 2001). Given this outline, we investigate the acceleration and deceleration 
episodes in detail to deepen our understanding of what factors were effective in these periods. 

In the first deceleration period, 1987Q4 – 1989Q2, the export-led growth path mainly aimed to 
increase manufacturing exports and was dependent on wage suppression, devaluation of the domestic 
currency, and generous export subsidies. The cut in investment by the public sector in response to 
increasing public sector borrowing requirements and rising inflation resulted in a slackening of 
economic activity. The financing of the deficit through domestic borrowing increased interest rates, 
prolonging this slackening over 1989 and leading to the appreciation of the Turkish lira. 

In the 1989Q2 – 1990Q2 acceleration period, economic conditions improved. In the second half 
of 1989, controls on foreign capital transactions were eliminated and convertibility of the Turkish Lira 
was declared. With this liberalisation of its capital account, Turkey opened up its domestic asset 
markets to global financial competition. This policy shift paved the way for the injection of liquidity 
into the domestic economy in the form of short-term foreign capital. Such inflows enabled the 
financing of accelerated public sector expenditures and provided relief from the increased pressures of 
domestic demand by triggering appreciation of the domestic currency and thus lowering the real prices 
of imports. Lowering of tariffs also supported import growth as did the wage increases in the public 
sector in the second half of 1989. Besides, the announcement of the new monetary program in 1990, 
while reducing uncertainties in financial markets, had a positive impact on economic activity. 

The Gulf Crisis in 1991, which led to large capital outflows and a rise in real interest rates, 
influenced the 1990Q2 – 1991Q4 deceleration period. The political uncertainties due to early elections 
held by the end of 1991 led to further capital outflows and interest rate rises. The spill-over effects of 
the worldwide recession together with these political uncertainties resulted in an overall decrease in 
economic activity. 

In the period 1991Q4 – 1993Q2, economic activity accelerated for several reasons. Following the 
construction of a new government in November 1991, an improvement in economic activity was 
achieved via increasing real wages, which continued through 1992-1993. Expansionary fiscal policy 
was also implemented in this period, with the government financing rising fiscal deficits by issuing 
debt instruments into domestic asset markets. The full deregulation of the capital account together with 
the threat of currency substitution in the context of a convertible currency regime necessitated a rise in 
real interest rates. Real appreciation of the Turkish Lira caused a substantial rise in the import volume 
and in the current account deficit while having a direct positive impact on investment demand by 
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reducing the costs of imported capital goods and intermediates. Furthermore, a high real increase in the 
amount of credit extended by the banking sector together with increasing government expenditures 
boosted domestic demand in 1993. 

While financing the budget deficit by domestic borrowing was depressing the financial markets, 
acceleration of short-term capital inflows led to the appreciation of the Turkish Lira and increased the 
current account deficit. The increasing pressure on financial markets starting from the end of 1993 
ended with a financial crisis in early 1994 and a stabilisation program was put into implementation 
starting from April 1994. A sharp increase in interest rates, dramatic depreciation of the Turkish Lira, a 
high increase in the inflation rate and a deep cut in government spending suppressed domestic demand, 
which resulted in immediate contraction of the economy in the 1993Q2 – 1994Q2 deceleration. 

After the 1994 crisis, exports responded quickly to both exchange rate depreciation and slack 
domestic demand. With high interest rates and expected appreciation, short-term capital began to flow 
back and reserves were rebuilt again. Thus, the Turkish economy again experienced acceleration in the 
period 1994Q2 – 1998Q1. 

The government initiated a comprehensive disinflation program in January 1998 that received the 
support of the International Monetary Fund (IMF) in June 1998. The program aimed at improving the 
fiscal balance and reducing long-lasting price inflation. The program was baffled with limited 
accomplishments due to the Russian default during the summer 1998 and the general elections in April 
1999, followed by the devastating earthquake in August 1999, which caused deterioration in fiscal 
balances and economic deceleration in the period 1998Q1 – 1999Q3. 

In the 1999Q3 – 2000Q3 acceleration period, the government adopted another disinflation 
program. Aided by the supervision and technical support of the IMF, the new program relied on 
exchange-rate-based disinflation and monetary control by setting upper limits to the net domestic asset 
position of the Central Bank. Domestic interest rates fell more sharply than expected and lower interest 
rates, coupled with increased confidence, induced a stock market boom. The decrease in interest rates 
together with an increase in real wages led to a burst in domestic demand. Booming domestic demand 
and real appreciation of the domestic currency, accompanied by adverse external factors, led to a 
widening of the current account deficit to unprecedented levels. 

The rapidly increasing current account deficit, delays in the implementation of structural reforms 
in the second half of 2000, and deviations from privatisation targets caused uneasiness in both 
domestic and external markets. In line with the monetary policy framework in which the Central 
Bank’s liquidity creation was tied to foreign capital inflows, the decreased capital inflows due to 
uneasiness resulted in a rise in interbank money market interest rates. Rising interest rates caused 
deterioration in the financial situation of banks with maturity mismatches in their balance sheets, 
causing a lack of confidence in the banking system. The financial system’s growing liquidity needs 
turned into a financial crisis in November 2000 and February 2001. The rapid capital outflows that 
emerged with the economic crisis caused a deceleration in the period 2000Q3 – 2001Q2. 

From Figure 1 it is clearly visible that among the phases, the 2001Q2–2007Q4 acceleration 
period has the longest duration. Following the financial crises in November 2000 and February 2001, 
the new economic program called “Strengthening the Turkish Economy” was put into practice in 2002. 
The economic program re-established stability in the financial markets and concerns about the 
sustainability of domestic borrowing lessened, leading to greater confidence in the economy. With this 
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increased confidence and more optimistic expectations for domestic demand, the Turkish economy 
entered a growth period in 2002. Due to the financial turmoil in May and June of 2006, the Turkish 
Lira depreciated and interest rates rose. Accordingly, both the waning demand for durable goods and 
the slow growth rate of private sector machinery-equipment investments were the main sources of the 
slowdown of economic growth at the end of 2006. Although the Turkish economy continued to grow 
in 2007, it hit its lowest growth rate since 2002. The main drivers of this slowdown were the decrease 
in the value added of the agricultural sector due to the drought, the uncertainty surrounding the general 
elections, turbulence in global markets and the strong monetary tightening implemented since mid-
2006. 

The early signs of the current global financial crisis in the Turkish economy are observable from 
the beginning of 2008. As a result of several factors such as the increase in risk perception, the 
negative impact of the crisis on financing possibilities for banks, depreciation of the Turkish Lira and 
increasing inflation due mainly to food and energy prices, the Turkish economy entered into a 
recessionary phase in 2008. 

Table 1 presents the turning points for the manufacturing sectors. It follows from this table that, 
except in the case of the last peak point, the peak and trough dates for the different manufacturing 
sectors are very close to one another. The last peak points observed for the “machinery and 
equipment”, “office equipment”, “furniture manufacturing”, “other transport equipment”, “coke, 
refined petroleum products”, “medical products”, “radio, television, communication apparatus” and 
“tobacco products” sectors are different from the peak points observed for other manufacturing sectors. 
The last peak points for these sectors are observed approximately one year earlier than the last peak 
point observed for total manufacturing. It is worth remarking that the last peak points for these sectors 
take place in the second and last quarters of 2006. As noted earlier, in the second quarter of 2006, the 
Turkish Lira depreciated due to the financial turmoil. From the structural characteristics of 
manufacturing, it is known that production in these sectors is highly dependent upon imported raw 
materials, implying in turn that these sectors are very sensitive to movements in the exchange rate and 
in world commodity prices (Albeni et al., 2006). 

After obtaining the turning points, we investigate the duration of the growth cycles for each 
sector. Table 2 presents information on the duration of the cycles, expressed in quarters, measured 
from peak-to-peak (whole cycles). As can be seen from this table, the minimum and maximum 
durations of growth cycles are similar for all sectors. The “electrical machinery” sector has the longest 
average cycle duration, whereas the “publishing and printing” sector has the shortest average cycle 
duration. 

As a next step, we investigate the lead-lag structure of the sectoral growth cycles. Table 3 
presents the lead-lag characteristics of the cycles. A negative (positive) sign in this table indicates that 
the growth cycle for the relevant manufacturing sector leads (lags) the turning points for total 
manufacturing. It can be inferred from Table 3 that most of the sectors move almost simultaneously 
with total manufacturing, which is an indication of co-movement between the manufacturing sectors. 
In general, lead and lag durations are considerably short for almost all sectors. However, the “tobacco 
products” sector exhibits a different pattern than the other sectors. The growth cycle for “tobacco 
products” lags the turning points for total manufacturing and the lag duration at troughs is greater than 
the lag duration at peaks. 
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The results suggest that the “publishing, printing of recorded media” sector leads total 
manufacturing at peaks but lags at troughs. On the other hand, the “motor vehicles” sector leads total 
manufacturing at troughs and lags at peaks. Regarding both peaks and troughs, “other transport 
equipment” and “coke, refined petroleum products” and “tobacco products” lag total manufacturing 
whereas “chemicals” and “paper and paper products”lead total manufacturing. Thus, these two sectors 
can be thought of as leading indicators for manufacturing. The economic reasoning for this result can 
be found in input-output analysis since these sectors are among the sectors with the highest supply of 
intermediate goods according to 1996 Turkish Input-Output Tables (Sarikaya, 2003). 

Further, we investigate the cyclical movement of individual sectors with total manufacturing. The 
figures for the growth cycles of manufacturing sectors with the kernel densities on the horizontal axis 
are given in Appendix B. In general, “chemicals”, “electrical machinery”, “radio, television, 
communication apparatus”, “plastic and rubber”, “paper and paper products”, “basic metal” and 
“fabricated metal products” are considered as the sectors that produce intermediate goods. The “basic 
metal” and “fabricated metal products” sectors show a similar cyclical pattern with total manufacturing 
except that they have some minor cycles, which are not observed in total manufacturing. These minor 
cycles may be due to the fluctuations in world metal markets. On the other hand, the “electrical 
machinery” and “radio, television, communication apparatus” sectors demonstrate a very close cyclical 
pattern. However, one year after the financial crisis of Q1 2001, they begin to move in counter 
directions with total manufacturing. Besides, these sectors exhibit growth cycles with larger amplitude 
than the growth cycles for total manufacturing. 

Next, we investigate the cyclical properties of the sectors that produce mainly capital goods, 
namely the “machinery and equipment”, “motor vehicles” and “other transport equipment” sectors. As 
can be seen from the figures in Appendix B, these sectors display a cyclical pattern similar to that of 
total manufacturing. It follows from Table 1 that the peaks and troughs for these sectors occur 
generally at the same time as those for the overall economy. If we investigate the sectors that produce 
capital goods in detail, we can observe similar cyclical movements of the “machinery and equipment” 
and “motor vehicles” sectors. These sectors are the primary drivers of manufacturing exports. Contrary 
to these sectors, results indicate that the “other transport equipment” sector lags total manufacturing 
production. 

The next step is the investigation of the cyclical movements of sectors that are closely linked to 
changes in consumer expenditure. In this respect, we analyse the sectors that produce mainly 
“consumer durable” and “consumer non-durable and semi-durable” goods. Referring to the figures in 
Appendix B, we can say that the sectors that produce mainly “consumer durable goods” move 
simultaneously with total manufacturing. 

The sectors that are mostly related with “consumer non-durable and semi-durable”goods such as 
“food and beverages”, “textile”, “wearing apparel”, “tobacco products”, “publishing, printing of 
recorded media” and “furniture manufacturing” exhibit more cycles than the others and these cycles 
have minor amplitudes. There are also some minor differences in their cyclical fluctuations. Although 
all other sectors move coincidently with total manufacturing production, the sectors that produce 
mainly “consumer non-durable and semi-durable goods” are lagging at troughs. 

The consumer non-durable and semi-durable goods are generally basic commodities and 
therefore are less affected by economic fluctuations. When the economy is in a deceleration phase, 
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people first tend to decrease their consumption of durable goods. Since food and clothing products 
constitute more basic needs, consumption of these products decreases in the long run but not in the 
short run. Similarly, consumption of tobacco products is mainly based upon addiction, which hardly 
changes with economic conditions. 

  4. Analysing Cyclical Information   

In this part of the study, we present several statistics to analyse the characteristics of growth 
cycles. In this respect, we calculate the skewness, kurtosis, duration and amplitude of acceleration and 
deceleration phases. Steepness and sharpness statistics, which are frequently used in describing the 
shape of a cycle, are also calculated. In addition, we examine the distribution of each sectoral growth 
cycle using kernel density estimation. After examining the characteristics of the growth cycles, we 
investigate the relationship between the growth cycles using correlation and concordance statistics. In 
this section, we present not only the methodological information underlying these statistics but also the 
results of the empirical analysis. 

As a first step of the analysis, we divide the sample into periods of acceleration and deceleration 
phases. To do this, we use the turning points of the cycles and construct a state variable St’, which 
takes the value one in acceleration periods and zero in deceleration periods. Incomplete phases refer to 
the periods preceding the first turning point or following the last turning point. Since our data set is 
limited in this study, we take these incomplete phases into account when analysing the characteristics 
of growth cycles. 

The average duration of an acceleration period is defined as:    
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The average amplitude of acceleration periods is defined as: 
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where  denotes the first difference of the cyclical component.  

The steepness statistics indicates whether there is a significant difference between the speeds at 
which peaks and troughs are approached. For both acceleration and deceleration phases, a relatively 
higher steepness statistic implies that the cycle moves quickly from one turning point to another. 
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Following the triangle diagram of Harding and Pagan (2001), the deepness of a phase is measured by 
the amplitude and the steepness of a phase is defined as the amplitude of a phase divided by its 
duration.  

acc

acc

acc
DUR

AMP
STEEP =          (3) 

 The sharpness statistics describes cycles from another perspective. It indicates whether the peaks and 
the troughs are rounded or not. Harding and Pagan (2001) also propose to investigate the shape of the 
cycles by comparing the average growth rates between the first and second half of the phases. They 
define the sharpness of a single phase as follows: 
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where  denotes the duration of the th phase. In the acceleration (deceleration) period, if the growth 

rate is faster (slower) in the first half of the phase than in the second half, iυ  will be positive 

(negative). Since iυ
 is a measure of the shape of a single phase, the sharpness statistics is calculated by 

adding iυ  across all relevant phases and by using a weighting scheme )/( NDi , that gives more 

weight to longer phases.  
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if iD is even, 2/iD  is replaced by 1)2/( +iD .  

The calculated statistics for total manufacturing and its subsectors are presented in Table 4. 
According to this table, most of the sectors have negative skewness. Negative skewness means that 
there is a mass concentration below the mean, i.e. the upper tail is thinner than the lower tail. Negative 
skewness in the distribution of the growth cycles indicates that downward deviations in these cycles 
are further away from the mean than upward ones. Thus, extreme deviations are more likely to be 
downward than upward. 

It follows from Table 4 that most of the sectors exhibit high kurtosis values, which is considered 
as an indication of large cyclical movements. This fact is verified by looking at the amplitude values. If 
we look at the table in detail, we can see that the sectors “furniture manufacturing”, “coke and 
petroleum products”, “radio, television, communication apparatus”, “wearing apparel”, “basic metals”, 
“plastic and rubber” and “paper and paper products” have smaller amplitudes in both acceleration and 
deceleration periods than other sectors. On the other hand, the “chemicals”, “machinery and 
equipment” and “electrical machinery” sectors have the largest amplitudes. This implies that these 
latter sectors exhibit larger cyclical movements than sectors with smaller amplitudes. Figure 2 
compares the amplitudes of the sectors in acceleration and deceleration periods. 
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Figure 2. Amplitude of the Acceleration and Deceleration Periods  

 
Table 4 also indicates that there is a difference between the durations of acceleration and 

deceleration periods for manufacturing. For all of the sectors except “furniture manufacturing” and 
“publishing of media”, the acceleration periods are longer than the deceleration periods. However, it is 
worth remarking that there exist no big differences across the sectors in terms of acceleration and 
deceleration durations. The “furniture manufacturing” sector has the shortest acceleration duration 
whereas the “machinery and equipment” and “electrical machinery” sectors have the longest 
acceleration duration. The shortest deceleration period is observed in the “motor vehicles” sector and 
the longest deceleration period is observed in the “furniture manufacturing” sector with nine quarters, 
which is nearly one year shorter than the maximum acceleration duration observed. Figure 3 shows 
that the sectors that have long acceleration periods have shorter deceleration periods. 

We can observe that, in absolute value, steepness statistics are higher in deceleration periods than 
in acceleration periods for almost all manufacturing sectors. This implies that almost all sectoral cycles 
move more quickly from peaks to troughs than from troughs to peaks. This finding is in line with our 
knowledge that the duration of acceleration periods is longer than that of deceleration periods. 

Figure 3. Duration of the Acceleration and Deceleration Periods (in quarters)  
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The sharpness statistics give useful information on the shape of the sectoral cycles. According to 
these statistics, the “office, accounting and computing machines”, “plastic and rubber”, “furniture 
manufacturing” and “radio, television, communication apparatus”sectors have positive acceleration 
and deceleration sharpness. These statistics point out smooth rounded peaks but sharp troughs. This 
result implies that for these sectors, the change from deceleration periods to acceleration periods occurs 
in a short time period whereas the change from acceleration periods to deceleration periods occurs over 
a longer time period. 

To reveal the distributional properties of growth cycles, we plot a kernel density graph of each 
sectoral growth cycle. The kernel density estimator is an adjusted histogram and it can uncover 
structural features in the data that might not be revealed using parametric approaches. The kernel 
density estimator is a smoothed histogram where smoothing is done by putting less weight on 
observations that are further from the point being evaluated. In the estimation of kernel distribution, 
some theoretical aspects, such as the selection of the bandwidth, play an important role. The bandwidth 
is a scaling factor that controls how widely the probability mass is spread around a point and the 
smoothness or roughness of a density estimate. In bandwidth selection, there is a risk of under- or over-
smoothing. In empirical analysis, the bandwidth that minimises the asymptotic mean integrated 
squared error is considered optimal. In this study, we use Epanechnikov Kernel as the kernel function 
since it minimises this error. 

In Appendix B, we also present the kernel density estimation plots on the figures of sectoral 
growth cycles. In the figures, the vertical axis shows the kernel density estimates whereas the plotted 
lines show the sectoral growth cycles. From the kernel density distributions for the series, we see that 
some of the series have flatter tails than others, meaning that some manufacturing sectors display 
platykurtic behaviour. In terms of shape, a platykurtic distribution has a smaller peak around the mean 
and fatter tails, which indicates large cyclical movements in the corresponding sectors. In other words, 
these sectors exhibit stronger decelerations and accelerations than other sectors. In this sense, these 
sectors can be considered as being more severely affected by positive or negative economic shocks. 
The sectors belonging to this category are “furniture manufacturing”, “leather”, “machinery”, 
“electrical machinery”, “radio, television, communication apparatus”, “textile”, “tobacco” and “motor 
vehicles”. The remaining sectors have kernel density distributions with high kurtosis values, that is to 
say, these sectors show leptokurtic behaviour. In terms of shape, a leptokurtic distribution has a more 
acute peak around the mean and thinner tails. This implies that these sectors may be affected by from 
outliers. 

Co-movement can be measured by looking at which of the calculated correlations between the 
cycles of each sector and total manufacturing – contemporaneous, one-period lagged and one-period 
led – is greatest. Table 5 reports the correlations between the cycle of each sector in manufacturing ct 
and the cycle of total manufacturing (Ct). It is worth noting that the cycle for each sector has maximum 
correlation with the cycle for total manufacturing contemporaneously, except in the case of sectors for 
which the correlation is negative. In particular, the cycles for the “motor vehicles”, “machinery and 
equipment”, “radio, television, communication apparatus”, “basic metals”, “textile”, “metal products”, 
“plastic products”, “office equipment”, “publishing, printing of recorded media” and “tobacco 
products” sectors have strong contemporaneous correlation (with a correlation coefficient of over 0.5) 
with the cycles for total manufacturing, indicating in turn the substantial co-movement of these sectors 
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with total manufacturing. In a broad sense, we can say that the contributions of these sectors to total 
manufacturing are high. 

Following Harding and Pagan (2001), we also use the index of concordance to measure co-
movement between sectoral growth cycles. The index of concordance measures the fraction of time 
that two cycles spend in the same phase. The index of concordance is given as follows: 
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where Si and Sj denote the state variables of the growth cycles in manufacturing of sectors i and j. The 
concordance statistics calculated for sectoral growth cycles are presented in the upper right-hand 
corner of Table 6 together with contemporaneous pairwise correlation coefficients in the lower left-
hand corner. As this table shows, most of the manufacturing sectors have high concordance and 
contemporaneous correlation with total manufacturing. 

If we investigate both statistics in detail, two distinct groups emerge among the sectors. On the 
one hand, we have the “chemicals”, “plastic and rubber”, “machinery and equipment”, “electrical 
machinery”, “fabricated metal products”, “motor vehicles”, “radio, television, communication 
apparatus”, “textiles”, “food products” and “wearing apparel”sectors which have high concordance 
with one another. It is worth noting that these sectors have the highest share in manufacturing exports. 
On the other hand, we have “furniture manufacturing”, “coke and refined petroleum”, “medical 
instruments”, “other transport equipment” and “tobacco products” that have relatively low 
concordance and correlation with the other sectors. 

5. The Sectoral Impacts of Monetary Policy on Output  

In order to determine effective monetary policy instruments, policy makers should have accurate 
information about the effects of monetary policy on the economy. The purpose of this section is to 
examine whether monetary policy has similar effects across different sectors in Turkish manufacturing. 
Since the VAR modelling approach allows identification of monetary policy shocks and quantification 
of their consequences, we estimate a separate VAR for each manufacturing sector to compare the 
reactions of different sectors to monetary policy shocks over time. There are several studies that 
examine the effects of monetary policy for Turkey by estimating a VAR model (Kose and Saracoglu, 
1999; Cicek, 2005; Berument and Dincer, 2008). To our best knowledge, however, the present paper is 
the first attempt to identify the reactions of different sectors in Turkish manufacturing to monetary 
policy shocks over time. 

The analysis is conducted by using a benchmark VAR model which has the following 
representation:  

  

where Y is the vector of endogenous variables, and X is a vector of exogenous variables and εt is a 
vector of white noise processes. Throughout this paper, VAR specification includes sectoral industrial 
production indices (IPIit, where i denotes sectors)  producer price index based real effective exchange 
rate (REER_PPIt), real sector confidence index (RSCIt) and overnight interest rate (INTt) as 
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endogenous variables and world commodity price index (WCOMPt) as exogenous variable. The 
preferred ordering of the VAR is: overnight interest rate, real effective exchange rate, real sector 
confidence index, industrial output. By this ordering, we indicate our assumptions that industrial 
production responds to changes in all of the other variables but that the overnight interest rate does not 
respond to changes in any of them. 

  

                                                      

With the aim of comparing results across sectoral VARs, we specify a common set-up and lag 
length of one for all of them. We estimate the VARs in levels and all variables except the overnight 
interest rate are in logarithmic form. The series cover the period 1997Q1 – 2008Q3 and only the IPIs 
are seasonally adjusted. 

We define a monetary policy shock as an unexpected increase of one standard deviation in the 
official interest rate. Like Ganley and Salmon (1997), our focus is mainly on the size and timing of the 
impact of a monetary shock on industrial output. For this reason, we do not emphasise the 
responsiveness of other variables, such as business confidence and exchange rates, to a contractionary 
monetary policy shock. The maximum decrease in output in each industry indicates how the size of the 
impact is distributed across the economy. Meanwhile, the timing of these responses shows how long 
the real effects of monetary policy innovations may persist. Figure 22 in Appendix B shows the 
responses of sectoral output to monetary policy shocks in Turkey and Table 7 shows the size and 
timing of the maximum reduction in output in each manufacturing sector. 

It follows from Table 7 that each manufacturing sector exhibits a decrease in absolute output after 
the monetary policy shock. The total manufacturing output declines very quickly after the shock, 
reaching its minimum value within three quarters. A detailed investigation of the table reveals that the 
sectors that produce “tobacco products”, “furniture”, “other transport equipment” and “coke and 
petroleum products” give very low responses to a contractionary monetary policy shock. On the 
contrary, the largest output declines are observed for the “chemicals”, “plastic and rubber”, 
“publishing, printing of recorded media”, “radio, television, communication apparatus”, “medical and 
optical instruments”, “machinery and equipment”, “motor vehicles” and “office equipments” sectors. It 
is noteworthy that the output of these sectors accounts for 29 % of total manufacturing output. 

The remaining sectors, namely “food products”, “electrical machinery”, “wearing apparel”, 
“textiles”, “paper and paper products”, “basic metals”, “fabricated metal products”, “leather” and 
“non-metallic mineral products”, give moderate responses to a contractionarymonetary policy shock as 
the output reductions range from 1.1 % to 3.2 %. These sectors together account for 52 % of total 
manufacturing output and approximately 57.9 % of total manufacturing exports during the period 
1997Q1 – 2008Q3. One possible reason for this moderate responsiveness could thus be that the output 
activity of these sectors is mainly based on foreign demand. From the VAR analysis we see that an 
increase in the official interest rate causes a decrease in the real effective exchange rate in the short 
run, implying a depreciation of the Turkish Lira. Thus, depreciation suppresses the recessionary effects 
of a contractionary monetary policy by stimulating exports. 

Similar to the findings of the cyclical behaviour analysis, “chemicals” and “paper and paper 
products” are among the sectors that give the earliest response to a monetary policy shock. In sum, 



 16 

however, the results indicate that a contractionary monetary policy shock has a limited effect on 
Turkish manufacturing and that the most severe recessionary effects of monetary tightening are 
observed within a year. The findings of this section are particularly interesting since they provide 
valuable information about the underlying nature of the monetary transmission mechanism. 

 6. Conclusion 

There are some differences between the growth cycles of various manufacturing sectors, 
particularly with regard to the number and amplitude of the cycles. But there appear to be no large 
differences between the turning point dates of sectoral growth cycles. The most remarkable difference 
is found for the consumer non-durable and semi-durable goods producing sectors such as “food and 
beverages”, “textile”, “wearing apparel”, “leather”, “tobacco products”, “paper and paper products” 
and “publishing”. The growth cycles for these sectors have minor amplitudes, lag the cycle for total 
manufacturing at troughs and are more numerous than the cycles for other sectors. These findings can 
probably be explained by the fact that when the economy starts to slow down, in the short run 
individuals reduce their consumption of luxury, i.e. durable, goods. On the other hand, consumption of 
food and clothing products cannot be very much reduced in the short run. Another important finding is 
that the “chemicals” and “paper and paper products” sectors are found to be leading sectors for total 
manufacturing. 

The contemporaneous correlations show that the growth cycles for most sectors have high 
correlation with the growth cycle for total manufacturing. The pairwise correlation and coherence 
statistics also reveal that the sectors that drive export growth – such as “electrical machinery”, 
“fabricated metal products”, “chemicals”, “plastic and rubber”, “motor vehicles”, “machinery and 
equipment”, “radio, television, communication apparatus”,“medical, precision, optical instruments”, 
“textile” and “wearing apparel” – exhibit substantial co-movement in terms of strong contemporaneous 
correlation and coherence. 

The calculated steepness statistics for growth cycles reveal that all sectoral growth cycles move 
more quickly from peaks to troughs than from troughs to peaks. The sharpness statistics point out 
smooth rounded peaks and troughs for the “office, accounting and computing machines”, “machinery 
and equipment”, “fabricated metal products” and “plastic and rubber” sectors but sharp turning points 
for the “chemicals”, “other transport equipment”, “textiles”, “coke, refined petroleum products”, “food 
products” and “basic metals” sectors. Another interesting result stemming from the study is that most 
of the sectors have negative skewness indicating that extreme deviations are more likely to be 
downward. Moreover, most of the sectors exhibit high kurtosis value, which is considered as an 
indication of large cyclical movements. 

According to the VAR results, all manufacturing sectors respond to a contractionary monetary 
policy shock with a reduction in absolute output. The total manufacturing output declines very quickly 
after the shock, reaching its minimum value within three quarters. The degree of this output reduction, 
however, is not the same for all manufacturing sectors. Some of the sectors are more severely affected 
whereas others are not deeply affected at all. The sectors that produce half of total manufacturing 
output and that drive Turkish manufacturing exports give moderate responses to a contractionary 
monetary policy shock. It can thus be concluded that a contractionary monetary policy shock has a 
limited effect on Turkish manufacturing industries. 
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Another interesting finding that emerges from the VAR analysis is that “chemicals”and “paper 
and paper products” are among the sectors that give the earliest response to a monetary policy shock. 
This result is in line with cyclical behaviour analysis where these two sectors are found to be leading 
sectors for total manufacturing. 

The differences in the calculated statistics that characterise sectoral growth cycles and in the 
VAR results point out that monetary policy has different impacts on the various manufacturing sectors. 
Some sectors are affected more deeply by monetary policy shocks whereas others may adapt to the 
new economic conditions more easily. 

 

Note 

1.Turkey formally applied for full membership in the European Community in mid-1987. The euro area is the biggest trading partner of 

Turkey, with approximately half of all Turkish exports going to EU countries. In Appendix B, Figure 23 shows the growth cycles of Turkey and the 

euro area extracted from IPIs for the period 1987Q1 – 2008Q3 and Table 8 shows the cross-correlations between euro area growth cycles and 

sectoral growth cycles in Turkish manufacturing at different leads and lags. As can be seen from Table 8, sectoral growth cycles have low cross-

correlation coefficients with euro area growth cycles. This evidence indicates that sectoral growth cycles in Turkish manufacturing have a low 

degree of synchronisation with euro area growth cycles. 

 

References 

Afonso, A. and D. Furceri (2007) “Sectoral Business Cycle Synchronization in the European Union”, ISEG-UTL 
Economics Working Paper No. 02/2007/DE/UECE.  

Albeni, M., Y. Demir and H. Demirgil (2006) “The effects of Exchange Rate Systems and Exchange Rate Changes On 
the Exports - An Empirical Analysis of Turkish Manufacturing Industry”, Review of Social, Economic & Business 
Studies, Vol.7/8, pp. 191-215. 
Artis, M.J., R.C. Bladen-Hovell and W. Zhang (1995) “Turning Points in the International Business Cycle: An Ex-

post Analysis of the OECD Leading Indicators Series for the G-7 Countries”, OECD Economic Studies 24(2): 
125-165.   

Atabek, A., Erdogan Cosar E. And S. Şahinöz (2005) “A Composite Leading Indicator for the Turkish Economic 
Activity”, CBRT Book, ISBN 975-6184-07-8.  

Baxter, M. and R. King (1999) “Measuring Business Cycles: Approximate Band-Pass Filters for Economic Time 
Series”, Review of Economics and Statistics, 81 (4), 575-593. 

Bernanke, B. S. and M. Gertler, (1995), “Inside the Black Box, The Credit Channel of Monetary Policy 
Transmission,” Journal of Economic Perspectives, 9, 27-48.  

Berument, H. and Dincer N. N. (2008) “Measuring the Effects of Monetary Policy for Turkey” Journal of Economic 
Cooperation Among Islamic Countries, 29, 1, 83-110.  

Boratav, K. and E. Yeldan (2001) “Turkey, 1980-2000: Financial Liberalization, Macroeconomic (in)- Stability, and 
Patterns of Distribution”, CEPA and The New School for Social Research, mimeo (also available on line at: 
www.bilkent.edu.tr/~yeldane/crisis.htm). 

Canova F. (1999) “Does Detrending Matter for the Determination of the Reference Cycle and the Selection of Turning 
Points?”, The Economic Journal, Vol. 109, No. 452, pp. 126-150. 

Carlino, G. and R. DeFina, (1998), “The Differential Regional Effects of Monetary Policy,” Review of Economics and 
Statistics, 80, 572-587. 

Christiano, L. and T. Fitzgerald (2003) “The Band Pass Filter”, International Economic Review, 4 (2), 435-465. 

Çiçek, M. (2005). “Türkiye’de Parasal Aktarım Mekanizması: VARYaklasimiyla Bir Analiz”, Đktisat, Đsletme ve 
Finans, 233, 82-105. 



 18 

Dedola, L. and F. Lippi, (2000), “The Monetary Transmission Mechanism: Evidence from the Industries of Five 
OECD Countries,” Temi di Discussione, No. 389, Rome: Banca D'Italia. 

Everts, M. P. (2006) “Sectoral and Industrial Business Cycles”, Discussion Paper, University of Bern, Department of 
Economics. 

Ganley, J. and Salmon, C. (1997). “The Industrial Impact of Monetary Policy Shocks: Some Stylised Facts”, Bank of 
England Working Paper No. 68.  

Harding, D. and A. Pagan (2001) “Extracting, Analysing and Using Cyclical Information”, MPRA Paper No.15.  

Hayo, B. and B. Uhlenbrock, (2000), “Sectoral Effects of Monetary Policy in Germany”, in Regional Aspects of 
Monetary Policy in Europe, von Hagen, J. and C. Waller, eds., Dordrecht: Kluwer Academic Publishers, 127-
158. 

Hodrick, R., and E. Prescott (1980) “Postwar U.S. Business Cycles: An Empirical Investigation”, Discussion Papers 
451, Carnegie Mellon University.  

Hornstein, A. (2000) “The Business Cycle and Industry Comovement”, Federal Reserve Bank of Richmond Economic 
Quarterly , Vol. 86/1.  

Kose, N. and Saracoglu, B. (1999). “Vektor Otoregresyon Yaklasimi ile Enflasyonla Mucadelede Politika Secimi: 
Turkiye Ornegi 1980-1996”, Đktisat, Đsletme ve Finans, 159, 12-27. 

Lahiri, K. G. and H. Moore, (1991) “Leading Economic Indicators: New Approaches and Forecasting Records”, 
Cambridge: Cambridge University Press. 

Metin-Ozcan, K., E. Voyvoda, and R. Yeldan (2001) “Dynamics of Macroeconomic Adjustment in A Globalized 
Economy: Growth, Accumulation and Distribution”, Turkey 1969-1999, Canadian Journal of Development 
Studies, No. 22 (1), pp. 217-53. 

Nilsson, R. (2000) “OECD System of Leading Indicators”, Workshop on Key Economic Indicators, Bangkok. 

Reijer, A. H. J. den (2007) “Deviation Cycles in Manufacturing: Business Cycle Measurement and Leading 
Indicators”, Journal of Business Cycle Measurement and Analysis, Vol. 3, No. 1. 

Sarıkaya, C. (2003) “Girdi-Çıktı Yaklaşımıyla Türkiye Ekonomisinde Kilit Sektör ve Fiyat Analizi”, unpublished 
manuscript. 

Yang, J. M. and T. W. Kim (2005) “A Search For Leading Sectors Over The Business Cycle: The Case Of Korea”, 
Japan and the World Economy, Vol. 17, pp. 480-495.     

Zarnowitz, V. and A. Özyıldırım (2001) “Time Series Decomposition and Measurement of Business Cycles, Trends 
and Growth Cycles”, 26th CIRET Conference, Taiwan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 19 

Appendix A: Data 

The Industrial Production Index is calculated using the Laspeyres Index by utilising the data 
related to 2005 items from 3500 establishments, which represent 81% of total industrial production 
value. The index is published about 5 weeks after the month to which it refers and is available from 
1997 onward. The base year of the index is 1997. 

 

 

 

 
 
 
 
 

Industrial Production Index (1997=100, ISIC Rev. 3 Classification) 

 

A Total Industry Sectoral Weights 

C Mining and Quarrying 4.89 

D Manufacturing Industry 86.92 

15 Manufacture of Food Products and Beverages 10.64 

16 Manufacture of Tobacco Products 1.35 

17 Manufacture of Textiles 10.88 

18 Manufacture of Wearing Apparel; Dressing and Dyeing of Fur 5.42 

19 Tanning and Dressing of Leather; Manufac. Luggage,  etc. 1.00 

20 Manufacture of Wood and of Products of Wood and Cork 0.59 

21 Manufacture of Paper and Paper Products 1.59 

22 Publishing, printing and Reproduction of Recorded Media 1.73 

23 Manufacture of Coke, Refined Petroleum Products 14.48 

24 Manufacture of Chemicals and Chemicals Products 10.34 

25 Manufacture of Rubber and Plastics Products 3.41 

26 Manufacture of Other Non-Metallic Mineral Products 6.85 

27 Manufacture of Basic Metals 8.90 

28 Manufacture of Fabricated Metal Products 3.39 

29 Manufacture of Machinery and Equipment n.e.c. 5.76 

30 Manufacture of Office, Accounting and Computing Machinery 0.05 

31 Manufacture of Electrical Machinery n.e.c. 3.22 

32 Manufacture of Radio, TV and Communication Apparatus 1.49 

33 Manufacture of Medical, Precision and Optical Instru. 0.26 

34 Manufacture of Motor Vehicles, Trailers and  Semi-Trailers 6.27 

35 Manufacture of Other Transport Equipment 1.07 

36 Manufacture of Furniture; Manufacturing n.e.c. 1.30 

E Electricity, Gas and Water 8.19 
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Appendix B: Tables and Figures 

 
 

Table 1. Turning Points of Total and Sectoral Manufacturing Cycles 

  P T P T P T P T P T P 

Total Manufacturing  1987 Q4 1989 Q2 1990 Q2 1991 Q4 1993 Q2 1994 Q2 1998 Q1 1999 Q3 2000 Q3 2001 Q4 2007 Q4 

Machinery and equipment 1987 Q4 1989 Q2  -  - 1993 Q3 1994 Q2 1997 Q4 1999 Q4 2000 Q3 2001 Q4 2006 Q4 

Electrical machinery 1987 Q4 1988 Q4 1990 Q4  -  -  1994 Q2 1997 Q4 1998 Q4 2000 Q3 2001 Q4 2007 Q4 

Chemicals 1987 Q3 1988 Q3 1990 Q1 1992 Q2 1993 Q3 1994 Q2 1997 Q3 1998 Q4 2000 Q1 2001 Q2 2007 Q4 

Plastic and rubbery 1987 Q3 1990 Q1  1990 Q4 1992 Q1 1993 Q2 1994 Q2 1997 Q4 1999 Q3 2000 Q3 2001 Q4 2007 Q2 

Basic metals 1986 Q1 1989 Q2 1990 Q3 1992 Q1 1993 Q3 1994 Q2 1997 Q4 1999 Q1 2000 Q2 2002 Q1 2007 Q2 

Fabricated metal products 1987 Q4 1989 Q1 1990 Q3 1992 Q2 1993 Q3 1994 Q3 1997 Q3 1998 Q4 2000 Q3 2001 Q4 2007 Q4 

Motor vehicles, trailers and  semi-trailers 1988 Q1 1989 Q2 1990 Q2 1991 Q2 1993 Q3 1994 Q2 1998 Q1 1999 Q1 2000 Q3 2001 Q4 2008 Q1 

Office, acc. and computing mach. 1986 Q1 1989 Q2 1991 Q2 1992 Q2 1993 Q2 1994 Q3 1997 Q3 1999 Q1 1999 Q4 2001 Q3 2006 Q4 

Furniture manufacturing  1987 Q3 1988 Q3 1990 Q2 1992 Q2 1993 Q2 1994 Q3 1996 Q4 1999 Q2 2000 Q2 2004 Q4 2006 Q2 

Other transport equipment 1987 Q3 1989 Q3 1990 Q3 1991 Q3 1993 Q3 1994 Q3 1998 Q1 2000 Q1 2002 Q3 2003 Q3 2006 Q4 

Coke, refined petroleum products 1987 Q4 1989 Q2 1990 Q3 1991 Q3 1993 Q4 1994 Q4 1999 Q2 2000 Q3 2002 Q1 2004 Q3 2006 Q4 

Medical, precision and optical instruments 1987 Q2 1988 Q3 1991 Q2 1992 Q2 1993 Q2 1994 Q2 1997 Q4 1998 Q4 2000 Q3 2001 Q4 2006 Q2 

Publishing, printing of recorded media 1988 Q1 1989 Q1 1990 Q4 1992 Q2 1993 Q1 1994 Q4 1996 Q4 1999 Q3 2000 Q2 2002 Q1 2004 Q4 

Tanning and dressing of leather 1987 Q1 1988 Q4 1990 Q3 1991 Q4 1993 Q2 1994 Q3 1997 Q2 1999 Q1 2000 Q4 2001 Q3 2007 Q1 

Food products and beverages 1987 Q4 1988 Q3 1991 Q3 1992 Q4 1993 Q3 1995 Q1 1997 Q2 1999 Q4 2000 Q3 2002 Q1 2007 Q3 

Wearing apparel 1988 Q1 1989 Q2 1990 Q2 1991 Q3 1993 Q3 1994 Q3 1998 Q2 1999 Q2 2000 Q3 2001 Q4 2007 Q2 

Paper and paper products 1987 Q3 1989 Q3 1990 Q2 1991 Q3 1992 Q3 1993 Q4 1994 Q4 1996 Q2 1999 Q2 2001 Q1 2008 Q1 

Radio, TV and communication apparatus 1986 Q1 1989 Q2 1991 Q1 1992 Q2 1993 Q2 1994 Q3 1998 Q1 1999 Q1 2000 Q2 2001 Q4 2006 Q4 

Textiles 1987 Q4 1989 Q2 1990 Q3 1991 Q4 1993 Q2 1994 Q2 1997 Q3 1999 Q3 2000 Q2 2001 Q4 2007 Q2 

Tobacco products 1987 Q4 1990 Q3 1991 Q2 1992 Q4 1995 Q2 1997 Q3 1998 Q3 1999 Q3 2003 Q3 2004 Q3 2006 Q4 

P: Peak, T: Trough 
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Table 2. Duration of the Growth Cycles (in quarters) 

  Min Max Mean Std. Dev. 

Machinery and equipment 11 25 19 6.3 

Electrical machinery 11 29 20 9.8 

Chemicals 10 31 16 8.7 

Plastic and rubbery 10 27 16 7.0 

Basic metals 10 28 17 7.0 

Fabricated metal products 11 29 16 7.5 

Motor vehicles, trailers and  semi-trailers 9 30 16 8.6 

Office, acc. and computing mach. 8 28 17 8.4 

Furniture manufacturing  11 24 15 5.2 

Other transport equipment 12 18 15 3.1 

Coke, refined petroleum products 11 22 15 5.0 

Medical, precision and optical instruments 8 23 15 5.9 

Publishing, printing of recorded media 9 18 13 3.5 

Tanning and dressing of leather 11 25 16 5.3 

Food products and beverages 8 28 16 7.4 

Wearing apparel 9 27 15 7.7 

Paper and paper products 9 35 16 11.0 

Radio, TV and communication apparatus 9 26 17 7.4 

Textiles 11 28 16 7.4 

Tobacco products 13 20 15 2.9 

 

Table 3. Turning Point Analysis (in quarters) 

  
  Mean lead (-) at TP Median lead (-) at TP 

  P T All P T All 

Machinery and equipment -1 0 0 0 0 0 

Electrical machinery 0 -1 0 0 -1 0 

Chemicals -1 -1 -1 -1 -2 -1 

Plastic and rubbery 0 1 0 -1 0 0 

Basic metals -2 0 -1 -1 0 0 

Fabricated metal products 0 0 0 0 0 0 

Motor vehicles, trailers and semi-trailers 1 -1 0 1 0 0 

Office, acc. and computing mach. -2 0 -1 -3 0 -1 

Furniture manufacturing  -2 2 0 -1 1 -1 

Other transport equipment 1 2 1 1 1 1 

Coke, refined petroleum products 2 3 2 2 2 2 

Medical, precision and optical instruments -1 -1 -1 -1 0 0 

Publishing, printing of recorded media -3 1 -1 -1 1 0 

Tanning and dressing of leather 0 -1 0 0 -1 0 

Food products and beverages 0 1 1 0 1 1 

Wearing apparel 0 0 0 1 0 0 

Paper and paper products -4 -4 -4 -2 -2 -2 

Radio, TV and communication apparatus -2 0 -1 -1 0 0 

Textiles -1 0 0 -1 0 0 

Tobacco products 4 7 5 3 5 4 

P: Peak, T: Trough, All: All Turning Points         
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Table 4. Growth Cycle Characteristics of the Manufacturing Sectors 

 Duration Amplitude Steepness Sharpness* 

  Skewness Kurtosis acc dec acc dec acc dec acc dec 

TOTAL MANUFACTURING -0.59 4.59 10.83 5.00 2.66 -3.17 0.25 -0.53 0.01 -0.08 

Machinery and equipment -0.30 2.88 13.60 5.40 2.94 -3.90 0.22 -0.58 0.03 -0.03 

Electrical machinery -1.14 4.29 13.00 6.00 3.01 -3.64 0.23 -0.48 -0.07 -0.04 

Chemicals -0.10 2.88 11.00 4.83 3.49 -4.12 0.32 -0.71 -0.03 0.04 

Plastic and rubbery 0.70 3.91 9.83 6.00 2.55 -2.91 0.26 -0.40 0.04 0.08 

Basic metals -0.64 6.81 9.33 6.50 2.32 -2.21 0.25 -0.28 -0.10 0.01 

Fabricated metal products -0.25 2.15 11.00 4.83 2.73 -3.00 0.25 -0.52 0.05 -0.06 

Motor vehicles -0.38 3.84 12.17 3.67 2.73 -3.43 0.22 -0.78 0.02 -0.09 

Office, acc. and computing mach. 0.60 3.94 8.67 7.17 2.44 -3.07 0.28 -0.36 0.07 0.03 

Furniture manufacturing  -0.12 2.59 6.83 9.00 0.34 -0.39 0.05 -0.04 0.01 0.00 

Other transport equipment 0.70 4.51 10.00 5.83 2.76 -3.15 0.28 -0.45 -0.06 -0.01 

Coke, refined petroleum products -0.41 9.82 9.83 6.00 0.75 -0.65 0.08 -0.09 0.11 -0.01 

Medical, precision,optical instruments 0.64 5.73 10.67 5.17 2.43 -3.65 0.23 -0.59 -0.16 -0.01 

Publishing, printing of rec. media -0.16 2.74 7.17 8.67 3.01 -3.59 0.42 -0.34 -0.01 0.02 

Tanning and dressing of leather -0.70 3.48 10.33 5.50 2.57 -3.31 0.25 -0.50 -0.04 -0.05 

Food products and beverages 0.10 2.71 10.17 5.67 3.07 -3.75 0.30 -0.55 -0.05 -0.02 

Wearing apparel -1.35 6.84 11.17 4.67 1.95 -1.54 0.17 -0.27 0.20 -0.03 

Paper and paper products -0.74 5.04 10.67 5.17 2.50 -3.05 0.23 -0.49 -0.12 0.04 

Radio, TV and communication  app -0.36 2.44 9.33 6.50 1.94 -2.47 0.21 -0.32 0.03 0.01 

Textiles -1.05 5.75 10.17 5.67 2.82 -2.94 0.28 -0.43 0.14 -0.07 

Tobacco products -0.88 3.59 9.00 6.83 3.41 -4.11 0.38 -0.50 -0.06 0.00 

* sharpness statistics are multiplied by 100. 

 

Table 5. Correlations Between the Total (Ct) and Sectoral (ct) Manufacturing Cycles 

 (Ct-1, ct) (Ct, ct) (Ct+1, ct) 

Motor vehicles, trailers and half trailers 0.63 0.84 0.58 

Machinery and equipment 0.70 0.89 0.65 

Radio, TV, communication app. 0.45 0.58 0.48 

Basic metal industry 0.60 0.68 0.43 

Medical, precision,optical instruments 0.36 0.47 0.36 

Electrical machinery and apparatus 0.27 0.42 0.38 

Metal products, except machinery 0.43 0.63 0.39 

Textile products 0.46 0.68 0.54 

Rubber and plastics products 0.28 0.53 0.45 

Office accounting computing machinery 0.36 0.58 0.43 

Wearing apparel 0.35 0.45 0.38 

Other transport equipment 0.24 0.38 0.35 

Food products and beverages 0.04 0.01 0.06 

Publishing and printing 0.50 0.60 0.35 

Chemicals 0.37 0.46 0.36 

Tobacco products 0.40 0.76 0.71 

Tanning and dressing of leather -0.14 0.02 -0.03 

Paper and paper products 0.24 0.37 0.33 

Coke and refined petroleum 0.15 0.23 0.01 

Furniture manufacturing 0.18 0.16 0.11 
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Table 6. Correlation and Concordance Between the the Growth Cycles of Manufacturing Sectors 
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Total Manufacturing  0.88 0.89 0.86 0.93 0.86 0.92 0.96 0.75 0.69 0.81 0.67 0.81 0.71 0.86 0.80 0.96 0.73 0.81 0.98 0.62 

Machinery and equipment 0.89  0.79 0.78 0.88 0.80 0.82 0.88 0.80 0.64 0.87 0.73 0.85 0.70 0.82 0.84 0.88 0.69 0.82 0.90 0.67 

Electrical machinery  0.64 0.59  0.88 0.87 0.81 0.95 0.85 0.77 0.67 0.68 0.58 0.88 0.71 0.84 0.85 0.82 0.73 0.79 0.87 0.57 

Chemicals 0.75 0.66 0.43  0.81 0.82 0.93 0.84 0.78 0.73 0.71 0.64 0.85 0.66 0.85 0.79 0.81 0.69 0.74 0.86 0.56 

Plastic and rubbery 0.57 0.43 0.29 0.42  0.88 0.88 0.85 0.79 0.69 0.81 0.63 0.86 0.74 0.86 0.80 0.89 0.70 0.84 0.96 0.66 

Basic metals 0.51 0.50 0.37 0.35 0.23  0.87 0.84 0.89 0.68 0.74 0.62 0.82 0.68 0.87 0.75 0.86 0.63 0.93 0.90 0.52 

Fabricated metal products 0.67 0.63 0.65 0.60 0.37 0.44  0.90 0.80 0.73 0.76 0.66 0.87 0.75 0.89 0.86 0.90 0.67 0.80 0.92 0.56 

Motor vehicles 0.85 0.76 0.50 0.63 0.52 0.40 0.56  0.73 0.63 0.77 0.65 0.79 0.65 0.81 0.78 0.96 0.70 0.79 0.89 0.57 

Office machinery 0.46 0.50 0.36 0.46 0.13 0.26 0.50 0.47  0.66 0.71 0.62 0.85 0.70 0.85 0.73 0.75 0.63 0.98 0.81 0.54 

Furniture manufacturing 0.34 0.28 0.30 0.37 0.07 0.12 0.51 0.36 0.30  0.68 0.67 0.77 0.78 0.75 0.69 0.69 0.42 0.66 0.74 0.55 

Other transport equipment 0.01 0.02 0.11 0.01 0.02 0.11 0.05 -0.07 -0.15 0.06  0.86 0.71 0.62 0.80 0.68 0.84 0.69 0.74 0.81 0.63 

Coke and refined petroleum 0.23 0.21 0.11 -0.06 0.16 0.03 -0.09 -0.07 -0.19 -0.16 0.16  0.59 0.54 0.66 0.56 0.71 0.66 0.62 0.69 0.62 

Medical, prec.,opt.inst. 0.49 0.48 0.20 0.42 0.36 0.26 0.46 0.50 0.47 0.37 -0.02 -0.05  0.75 0.87 0.81 0.79 0.60 0.87 0.84 0.58 

Publishing and printing 0.47 0.46 0.19 0.36 0.24 0.29 0.33 0.53 0.27 0.26 -0.18 -0.08 0.26  0.73 0.74 0.71 0.48 0.70 0.78 0.53 

Dressing of leather 0.41 0.40 0.35 0.36 0.10 0.18 0.28 0.35 0.33 0.09 0.01 -0.05 0.09 0.17  0.79 0.86 0.63 0.85 0.90 0.56 

Food products  0.61 0.53 0.47 0.37 0.33 0.20 0.42 0.43 0.29 0.26 -0.09 0.17 0.31 0.20 0.26  0.78 0.59 0.73 0.82 0.59 

Wearing apparel 0.43 0.38 0.35 0.43 0.29 0.50 0.38 0.27 0.10 0.10 0.06 -0.02 0.02 0.18 0.20 0.18  0.68 0.81 0.93 0.62 

Paper and  products 0.43 0.43 0.22 0.34 0.17 0.31 0.13 0.26 0.06 -0.03 0.21 0.35 0.18 0.05 0.19 0.30 0.17  0.63 0.70 0.60 

Radio, TV, comm. app. 0.58 0.57 0.45 0.46 0.32 0.29 0.49 0.58 0.66 0.24 -0.03 -0.12 0.53 0.29 0.31 0.38 0.17 0.09  0.84 0.56 

Textiles 0.58 0.49 0.47 0.48 0.29 0.61 0.40 0.36 0.04 -0.05 0.13 0.16 0.11 0.22 0.27 0.25 0.56 0.35 0.15  0.59 

Tobacco products 0.04 -0.02 0.2 -0.01 0.03 -0.11 0.18 -0.09 0.01 0.09 0.1 0.16 0.09 -0.14 -0.06 0.21 -0.07 -0.21 0.08 0.01   

The upper right hand side of the table shows the concordance statistics whereas the lower left hand side of the table presents the contemporaneous correlation between the series. 
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Table 7. The Size and Timing of Output Responses 

 

Industry Maximum Output Reduction 

  Percent Quarter 

Total Manufacturing  -3.0 3 

Machinery and equipment -6.9 3 

Electrical machinery -1.2 2 

Chemicals -3.8 2 

Plastic and rubbery -4.1 3 

Basic metals -2.2 4 

Fabricated metal products -2.4 4 

Motor vehicles, trailers and semi-trailers -10.6 3 

Office, acc. and computing mach. -12.6 3 

Furniture manufacturing  -0.4 1 

Other transport equipment -0.6 2 

Coke, refined petroleum products -0.7 3 

Medical, precision and optical instruments -6.4 1 

Publishing, printing of recorded media -4.2 3 

Tanning and dressing of leather -3.1 3 

Food products and beverages -1.1 3 

Wearing apparel -1.3 4 

Paper and paper products -1.9 2 

Radio, TV and communication apparatus -6.3 4 

Textiles -1.8 3 

Tobacco products 0.0 20 

 
 

 

Table 8. Cross correlations with the Euro Area Growth Cycle 
 

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

TOTAL MANUFACTURING 0.05 0.05 0.03 0.03 0.00 -0.01 0.01 -0.03 0.00 -0.01 -0.06 0.01 0.03
Machinery and equipment 0.03 0.04 0.03 0.03 -0.01 -0.03 0.05 0.00 0.00 -0.04 -0.06 -0.02 0.01
Electrical machinery 0.02 0.01 0.00 -0.01 -0.02 -0.05 -0.03 -0.08 -0.03 -0.04 -0.05 -0.01 0.03
Chemicals 0.11 0.09 0.08 0.08 0.03 0.04 0.05 -0.03 0.00 -0.02 -0.05 -0.01 -0.01
Plastic and rubbery 0.03 0.07 0.05 -0.03 -0.04 -0.01 0.02 -0.02 0.11 0.17 0.09 0.09 0.06
Basic metals 0.06 0.11 0.11 0.08 0.04 -0.02 0.04 -0.06 -0.01 -0.04 -0.07 0.02 0.06
Fabricated metal products 0.00 0.03 0.04 0.03 -0.01 -0.04 0.07 -0.01 -0.02 -0.06 -0.11 -0.11 -0.11
Motor vehicles -0.02 -0.03 -0.04 -0.03 -0.06 -0.08 -0.02 -0.05 -0.02 -0.04 -0.03 0.04 0.06
Office machinery -0.03 -0.02 0.02 0.03 0.02 0.03 0.07 0.06 0.04 -0.01 -0.05 -0.07 -0.08
Furniture manufacturing 0.04 0.08 0.02 0.09 0.06 0.09 0.10 0.10 0.14 0.08 0.06 0.01 0.00
Other transport equipment -0.01 0.01 0.00 -0.02 -0.03 -0.01 -0.01 -0.05 -0.04 -0.06 -0.01 0.07 -0.01
Coke and refined petroleum 0.04 0.02 0.04 -0.02 -0.03 -0.01 -0.08 -0.03 0.00 0.03 0.02 0.04 0.02
Medical, prec.,opt.inst. -0.08 -0.02 -0.07 0.02 -0.01 -0.06 0.07 -0.05 0.07 0.08 0.02 -0.01 -0.03
Publishing and printing 0.03 0.03 0.00 -0.03 -0.04 -0.08 -0.08 -0.04 -0.03 0.01 0.02 0.05 0.08
Dressing of leather -0.02 0.00 0.07 0.09 -0.01 -0.01 -0.06 0.00 -0.03 -0.08 -0.13 -0.07 -0.04
Food products 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Wearing apparel 0.18 0.17 0.14 0.11 0.02 0.06 0.09 0.01 0.01 -0.01 0.04 0.04 0.08
Paper and  products -0.02 -0.06 -0.05 0.02 -0.02 -0.04 -0.03 -0.10 -0.02 -0.07 -0.06 0.08 0.07
Radio, TV, comm. app. 0.03 0.03 0.01 0.01 0.01 -0.01 0.02 0.05 0.06 0.05 0.05 0.02 0.02
Textiles 0.16 0.17 0.17 0.19 0.14 0.15 0.09 -0.04 -0.03 -0.06 -0.09 -0.04 0.00
Tobacco products 0.02 0.07 0.03 0.06 0.08 0.06 0.10 0.04 0.12 0.07 -0.03 -0.09 -0.14

Leads Lags
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Figure 22. The Effect of a Monetary Policy Shock on Sectoral Outputs in Turkey 

 
 

 
 
 
 

Figure 23. The Growth Cycles of Turkey and the Euro Area 
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