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ABSTRACT  
Purpose- A wide range of decision-makers is interested in educated forecasts for house prices. The technical analysis introduced in this study aims 
to estimate future (forecasted) house prices and provide sufficient evidence in support of the adequacy of the estimated models obtained from 
parametric and non-parametric modeling methods for Turkey's housing market. 
Methodology- We employ non-parametric and various time series methods to find appropriate fits to forecast Turkey's house price index (HPI). 
In our modelling, we consider macroeconomic indicators related to housing markets, such as; gold, interest rate and currencies. In this study, first 
using the explanatory variables, we construct two Generalized Linear Models (GLM) and a Vector Auto Regressive (VAR) model. Then, we construct 
two univariate time series models. HPI series inherits seasonality. Even though the HPI contains seasonality, first, we neglect the seasonal effect 
and come up an Autoregressive Moving Average (𝐴𝑅𝑀𝐴(𝑝,𝑞)) model among many other alternative ARMA models. Second, we consider the 
seasonality effect on the housing market index and construct a seasonal Autoregressive Integrated Moving Average (𝐴𝑅𝐼𝑀𝐴(𝑝,𝑑,𝑞)(𝑃,𝐷,𝑄)) 
and exponential smoothing models. 
Findings- The analysis identifies forecasts of Turkey’s housing market index from both the seasonal 𝐴𝑅𝐼𝑀𝐴(𝑝,𝑑,𝑞)(𝑃,𝐷,𝑄)𝑚  and Holt Winter 
models as accurate models compared to classical time series models, namely 𝐴𝑅𝐼𝑀𝐴(𝑝,𝑑,𝑞) models, based on the explanation power measure 
(R^2) values and out-of-sample error measures MSE, RMSE and MAE. 
Conclusion- The study has three main contributions: i) Our forecast shows Turkey's housing market's return will not increase in the following 12-
months. ii) The seasonal ARIMA and exponential smoothing models forecast some negative returns within the given forecasting period, which 
should be considered a warning for Turkey's housing market for the future. iii) GLM and VAR models illustrate that Turkey's housing market shows 
a high dependence on gold, inflation, and foreign exchange rates than other well-known economic indicators. 
 
Keywords: Turkey's housing market, GLM, time series, forecasting, VAR. 
JEL Codes: R32, C22, C15 
 

 

1. INTRODUCTION 

Analyses on house price behavior and its forecasting is a critical attempt to policymakers, investors, and individual buyers and 
sellers in Turkey for many reasons. To begin with, housing represents not only a substantial aggregate portion of households' 
wealth but also it carries out an essential part of the entire economy. Hence, Turkey's housing market directly attached to its’ 
national economy through households' expenditures on housing and expenses related to housing. Consequently, house prices 
possess the potential to widely affect household consumption through the ability of housing financing-related debts. Therefore, 
price fluctuations in Turkey’s housing market are of great concern to policymakers and market participants, and also, they have 
devastating implications on its’ national economy. 

mailto:Bilgiyilmaz07@gmail.com
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Over the last two decades, house prices have increased regularly due to the global capital flow to Turkey's economy. Figure 1 
illustrates nationwide Turkey's nominal house price evolution for all types of housing for the period from January-2010 to May-
2019. In this period, overall house prices have increased by 143% in Turkey. This consecutive increase is uninterrupted even by 
the 2008 global economic disturbance, which is caused by the US housing market collapse.  

Figure 1 also shows that even though house prices are decreased a little bit in early 2019, they start to increase in 2019 again. 
However, such an increase is not due to Turkey's housing market recovery. There are three fundamental reasons behind the 
increase: i) the severe tax and duty burden increase, ii) the dramatic increase in currencies, iii) the decrease in mortgage loans, 
and the consumers' desire to purchase a house based on the cultural reasons. 

Figure 1: Monthly House Price Evolution in Turkey (2010:1-2019:5) 

 

 

Starting from early 2000, there has been an accelerating interest in Turkey's housing market; thanks to the growth in national 
economy and political regulations on the economy and housing market. The literature on forecasting house prices is no different, 
although the majority of studies seem to focus on multivariate forecasting methods. In Turkey, many researchers have long tried 
to identify underlying drivers of house prices and use the price drivers to estimate house prices. To this end, an increased number 
of researches has focuses on house price dynamics and explore them by employing hedonic method (see Yayar and Gül, 2014; 
Öztürk and Fitöz, 2012; Yayar and Karaca, 2014), which uses some market-specific factors and common factors such as inflation, 
income, housing statistics, and demographics. Hedonic method is the most frequently used modelling approach to identify house 
price dynamics in Turkey. 

Although the number of researches has been limited, artificial neural networks are also showing considerable potential in the field 
of house price prediction in Turkey (Selim, 2009; Dombaycı, 2010). On the contrary to hedonic, classical multiple regression and 
artificial neural networks methods, univariate time series models have been found to forecast very well over shorter periods by 
Crawford and Frantantoni (2003). It is because short-term factors are expected to have a slow change (Tse, 1997). 

Especially, autoregressive integrated moving average (ARIMA) models have received extraordinary attention from researchers to 
predict and forecast house prices in many housing markets. For instance, Tse (1997) examines forecasting of house prices in Hong 
Kong housing market by adopting ARIMA to capture the short-term house price behavior showing that integrated models perform 
better than other time series model classes. In a similar study, Crawford and Frantantoni (2003), compare ARIMA models to 
generalized autoregressive conditional heteroskedastic (GARCH) and regime-switching models and discover that simple ARIMA 
models generally perform better when comparing out-of-sample forecast accuracy, while the regime-switching model performs 
better in-sample. Chin and Fan (2005) compare three distinct ARIMA models in an application on residential house prices in 
Singapore housing market. They observe an ARIMA model that contains dummy variables performs better than an ARIMA model 
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with ARCH errors, but only marginally better than the original model. By considering a similar argument, Hepşen and Vatansever 
(2011) use a standard Box-Jenkins ARIMA modelling approach to forecast house price trends in Dubai housing market. 

Nevertheless, everyone is not as enthusiastic about the forecasting strength of ARIMA models. For instance, Stevenson (2007) 
notifies that although ARIMA models are capable in predicting broad market trends, these models differ substantially in their 
forecasts obtained from various model specifications since they are sensitive to model preference biases. 

There is a considerable amount of literature which attempts to determine house price dynamics in Turkey, but limited number of 
studies focus on the prediction of house prices. Unlike modelling house price dynamics, forecasting house prices have received 
limited attention and none of these focus on the univariate time series modelling, Vector autoregressive (VAR) and Generalize 
Linear Modelling (GLM) approaches to our best knowledge. Note also that while there are studies that using VAR to predict house 
prices in the literature (e.g. Hui and Yue, 2006), there is only Yilmaz (2019) contains application of GLM for housing market which 
analyze the US housing market. Hence, this study is the first attempt to analyze the forecastability of house prices by using 
univariate times series, VAR and GLM approaches in Turkey's housing market. 

The objective of the study is to guide the reader to better comprehend the nature of Turkey's housing market concerning its price 
movement through a robust analysis of time series, exponential smoothing, VAR, and GLM methods. The analysis culminates in 
the development of models constructed to forecast house prices in Turkey. The major contribution of the study is to provide a 
critically notified analysis of the housing market and the forecastability of house prices in Turkey.  

To support our argument, initially, we present an extensive literature review on the VAR, GLM, and univariate time series analysis 
applications to housing markets in the world and Turkey. Subsequently, we determine the related explanatory variables for VAR 
and GLM models and determine VAR, GLM, ARMA, seasonal ARIMA, and exponential smoothing models that best represent the 
log-return house price series of Turkey. Then, we made some forecasts following selected three models, among many alternatives.  

All of the models accommodate to track the direction of changes in house prices. Further, the Granger causality test determines 
the causality of the selected explanatory variables. Additionally, GLM and VAR models identify the macroeconomic drivers of 
Turkey’s housing market. VAR catch inflation and past values of HPI as the explanatory variables, while GLM picks gold and USD 
as significant explanatory variables for HPI.   

The most significant practicality of the study is to suggest a way to determine the cyclical turning points in Turkey’s house price 
series. Also, in practice, these modelling approaches are not only employed to identify the cyclical patterns and cyclical turning 
points of economic data sets but also to analyze the efficiency of the housing market (Tse, 1997; Gatzlaff and Tirtiroglu, 1995). 
Therefore, our study is expected also to lead the analysis of efficiency of Turkey's housing market. 

The organization of the study is as follows. In Section 2, we summarize the previous studies that consider the time series analysis 
for housing markets. The formulations for the GLM, VAR, univariate time series and exponential smoothing methods are given in 
Section 3 and kept brief without any proof. Section 4 reviews Turkey's house price index properties and its initial analysis. Then, 
we introduce the best selected models chosen whose details are presented in Appendixes along with their prediction and 
forecasting powers in Section 5. This section also discusses models’ prediction, accuracy, forecasting, and forecasting confidence 
intervals for the selected models. Finally, we conclude the study in Section 6. 

2. RELATED STUDIES  

McGough and Tsolacos (1995) utilize ARIMA models for the short-term forecasting of rental values of three commercial property 
sectors in the UK real estate market. The findings in this study reveal that retail, office and industrial rents are admirably fitted by 
ARIMA (1,2,0), ARIMA (0,2,1) and ARIMA (3,2,0) models in the UK, respectively. These models suggest that for retail and industrial 
rents, the past changes affect their current and future changes, while for office rents, their present and future changes are 
influenced by past shocks. Their findings provide a greater comprehension of the short-term dynamics of commercial rental values 
and the forecasting of turning points.  

In a similar study, Tse (1997) develops ARIMA models to predict the office and industrial property prices in Hong Kong real estate 
market. This study compares the forecasting performance of ARIMA models for the two property sectors. In particular, Tse applies 
the proportion of the RMSE of the model forecasts to the mean value to identify cyclical turning points. Whenever the reversed 
change in house prices is larger than the proportion value, a turning point is anticipated to occur. However, his findings also show 
that the ARIMA analysis is inadequate at identifying market turning points for the longer term. 
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Crawford and Frantantoni (2003) accurately compares both in-sample and out-of-sample forecasting performance of three 
univariate time series models for house price forecasting of the US housing market. More precisely, they meaningfully compare 
an ARIMA model, a GARCH model and finally, a regime-switching model. It is unusual to note, however, that their findings show 
that the simple ARIMA model performs better in tests of out-of-sample forecastability, while the regime-switching model 
performs better in-sample. 

Guirguis et al. (2005) present an impressive critique of house price forecasting methods. They point out that many previous 
studies, which attempt to forecast house prices had relied on forecasts that employ the use of constant coefficients and do not 
account for the sub-sample instability of house prices. To consider this instability, Guirguis et al. employ six empirical models using 
a rolling vector error correction model (VECM); a rolling autoregressive representation (RAR); a rolling generalized autoregressive 
conditional heteroskedastic (GARCH) model; a Kalman filter with a random walk (KRW); a Kalman filter with an autoregressive 
time variation (KAR) and finally; an Exponential smoothing with trend and seasonality (ES) model. 

Partially motivated by Crawford and Frantantoni (2003), Miles (2008) come up some non-linear forecasting models including a 
threshold autoregression (TAR), a bilinear (BL) and a generalized autoregressive (GAR) models. After some deliberation, Miles 
eventually adopts a GAR model for house prices in the study since it is easily estimated by employing the ordinary least squares, 
and he improves forecasting power of the models for the same US states that are analyzed by Crawford and Frantantoni (2003). 
Miles (2008) then compares the forecasting performance to the best ARMA and GARCH forecasting models and observes GAR 
model produces superior out-of-sample forecasts than both the simple ARMA and GARCH models, particularly in housing markets 
which exposed high levels of house price volatility. 

Later, Rapach and Strauss (2009) accomplish similar outcomes as outcomes of Miles (2008). Their analyses on state-level house 
price growth in the US housing market between 1995-2006 and comparison an autoregressive benchmark model with others 
including some auxiliary economic explanatory variables recommend that autoregressive model, as well as models that make use 
of additional economic explanatory variables, tend to provide fairly reliable forecasts for house prices. However, the accuracy of 
their forecasts is broadly dependent upon the strength of growth in house prices over the investigated period. More precisely, 
they observe that house price forecasts for the states that exhibited relatively moderate house price growth are often considerably 
more accurate than forecasts for states, which exhibited strong house price growth over the investigated period. The authors also 
suggest that the fact house price forecasts for states, which exhibits the strongest price growth are inaccurate may potentially 
indicate that house prices in these states are plausibly significantly out of line with economic fundamentals. 

Gao et al. (2009) also addresses the issue of house price forecast performance variability across several US sub-housing markets 
over two large panel data of the US regional housing markets. They use the empirical evidence recommending house price exhibits 
a mean reversion and serial correlation to employ an autoregressive mean reversion (ARMR) model to forecast house prices. As 
expected, their result displays forecasting of house prices for markets which display a high level of volatility in house prices tend 
to result in AR coefficients, which are generally considerably larger than those found in forecasts of less volatile housing markets. 
Also, they discover house price forecasting for prices in uptrend periods have significantly larger AR coefficients than those made 
in downtrend periods. Eventual, they suggest it as evidence of downtrend period rigidity in the housing market. 

3. METHOD  

There are three modelling approaches in this study. First, we use a Generalized Linear Model (GLM) to determine how well the 
mathematical models that based on flexible generalization of ordinary linear regression captures the housing market behavior in 
Turkey. Second, we use a Vector Autoregressive (VAR) approach to analyze the joint behavior of important related variables on 
the house prices. Third, we employ univariate time series approach, which studies the within-dynamics in the price index itself. 

In the GLM modelling, we follow the structure proposed by Nelder and Baker (1972) closely. Also, for VAR modelling approach 
Ooms (2012) offers detailed descriptions. The general model specifications for time series analysis we made in this study are 
similar to those outlined by Crawford and Fantantoni (2003). These models are theoretical in the sense that they are non-
structural. The models simply make use of the lagged value of the dependent variable, lagged values of the error terms, and in 
some cases, lagged variances as well. All of the models considered in the context of the study are ubiquitous among the forecasting 
literature and have been employed with high degrees of success in a variety of fields. Additionally, Shumway and Stoffer (2010) is 
followed for the theoretical background of the univariate time series analysis. 
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3.1. Generalized Linear Models  

Given a random variable vector 𝑌=(𝑌1,𝑌2,…,𝑌𝑁) having a mean vector 𝜇 and an explanatory variable matrix 𝑋 of order 𝑁×𝑝 
and a p-dimensional parameter vector 𝛽, GLM have the primary objective to investigate the link between 𝜇 and 𝑋 through vector 
𝛽. Here, 𝜇 represents the systematic part of the model. It may be written as the existence of covariate 𝑥1,𝑥2,…,𝑥𝑝 and 𝛽𝑗 where 

𝑗=1,2,…,𝑝 as 

𝝁𝒊=∑ 𝜷𝒋𝒙𝒊𝒋

𝒑

𝒋=𝟏

 ,𝒊=𝟏,𝟐,…,𝑵.                                                                                         (𝟏) 

Here, 𝑥𝑖𝑗 represents the value of observation i’s jth covariance. In this setting 𝛾 is normally distributed and covariates 𝑥1,𝑥2,…,𝑥𝑝 

produce a linear map denoted as  𝜂𝑖=∑ 𝛽𝑗𝑥𝑖𝑗
𝑝
𝑗=1 . Here, the relation among the systematic and the random components is η=μ. 

Note that η and μ are identical. So, it can be expressed by the help of a link function 𝑔, as 𝜂𝑖=𝑔(𝜇𝑖). 

3.2. Vector Autoregressive Models 

In this approach the vector time-series 𝑥[𝑛] is modelled as an auto regressive (AR) process given as 

𝒙[𝒏]=−∑ 𝑨[𝒊]𝒙[𝒏−𝒊]
𝒑

𝒊=𝟏

+𝒖[𝒏],                                                                             (𝟐) 

where 𝑢[𝑛] represents a multivariate white noise, with a cross-covariance matrix denoted with 𝑉𝑎𝑟(𝑢[𝑛]) = 𝛴, if 𝑘 = 0, 
otherwise 𝑉𝑎𝑟(𝑢[𝑛]) = 0. Here, 𝐴[𝑖] are called AR coefficients since they regress 𝑥[𝑛] onto its own past values. In this setting, 
𝑝 is called the order of the auto-regression and it refers to the above model, with adjustable parameters 𝐴[𝑖] and 𝛴 to be 
estimated, as a 𝑉𝐴𝑅(𝑝) model.  

There are two critical interpretations of this modelling approach: i), it can be considered to model 𝑥[𝑛] as the output of a 
multivariate linear filter driven by the Brownian motion input 𝑢[𝑛]. Such a filter has a rational transfer function that containing 
𝐴[𝑖] in the denominator matrix polynomial. The interpretation makes clear that the model captures the temporal structure of 
𝑥[𝑛] since 𝑢[𝑛] has no (linear) temporal structure by its definition. All temporal structure present in 𝑥[𝑛] must be included in 𝐴[𝑖]. 
ii) VAR model can be considered as a linear prediction model, which predicts the current value of 𝑥[𝑛] based on a linear 
combination of the most recent lag values 𝑝. Consequently, the current value of a component 𝑥𝑖 [𝑛] is predicted using a linear 
combination of its own and the other components past values. Here, the second interpretation illustrates its value in quantifying 
Granger causality between (groups of) components. 

3.3. ARIMA models 

Univariate time series analysis is based on the straight modelling of the lagged relationships among a data series and its past. An 
autoregressive component (AR) indicating the number of lags of the dependent variable that is to be included, and a moving 
average (MA) component that captures the effect of lagged values of the error term form an ARMA process. 

An 𝐴𝑅𝑀𝐴(𝑝,𝑞) process is represented by 

𝒚𝒕=𝜽𝟎+𝝓𝟏 𝒚𝒕−𝟏+⋯+𝝓𝒑 𝒚𝒕−𝒑+𝝐𝒕− 𝜽𝟏 𝝐𝒕−𝟏−⋯−𝜽𝒒 𝝐𝒕−𝒒.                                    (𝟑) 

This formula can be rearranged by using the lag operator 𝐷 as follows 

𝝓(𝑫)𝒚𝒕=𝜽(𝑫)𝝐𝒕.                                                                                                    (𝟒) 

Here,  𝜙(𝑧) and 𝜃(𝑧) are polynomials of orders 𝑝 and 𝑞 in 𝑧, respectively, and 𝜖𝑡 is a purely random process with mean zero and 
variance 𝜎𝜖2 .   

In practical applications, especially, most of the economic data series are non-stationary. Therefore, it is essential to remove non-
stationary sources from the data by differencing the data as many as it gets into stationary form. Thus, the series can be 
represented by an autoregressive integrated moving average process of orders, 𝑝,𝑑,𝑞, or an 𝐴𝑅𝐼𝑀𝐴(𝑝,𝑑,𝑞) process. ARIMA 
models do not consider any particular pattern in the observed data series to be forecasted. Here, the integrated (I) part refers to 
the degree of differencing (𝑑). The Box-Jenkins method has a three-stage approach for identifying, estimating and verifying the 
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ARIMA models. The family of ARIMA processes provides a distinct set of models that capable of representing economic data series 
that may not be stationary, but are homogeneous and in statistical equilibrium (Box et al., 1994). The Box-Jenkins approach to 
time-series model building is a method to determine if an ARIMA model adequately represents the data-generating process. 

The general 𝐴𝑅𝐼𝑀𝐴(𝑝,𝑑,𝑞) process is of the form: 

𝜟𝒅 𝒚𝒕=𝜽𝟎+𝝓𝟏 𝜟𝒅 𝒚𝒕−𝟏+⋯+𝝓𝒑 𝜟𝒅 𝒚𝒕−𝒑+𝝐𝒕−𝜽𝟏 𝝐𝒕−𝟏−⋯−𝜽𝒒 𝝐𝒕−𝒒,                                   (𝟓)  

where 𝛥 𝑦𝑡   =𝑦𝑡−𝑦𝑡−1=(1−𝐷)𝑦𝑡. This may be compactly rewritten as 

𝝓(𝑫)𝜟𝒅 𝒚𝒕=𝜽𝟎+𝜽(𝑫)𝝐𝒕.                                                                                     (𝟔) 

Here, 𝜙(𝐷), autoregressive operator, and 𝜃(𝐷), moving average operator, are the polynomials lag operator and 𝛥𝑑  𝑦𝑡=
(1−𝐷)𝑑  𝑦𝑡 is the 𝑑𝑡ℎ difference of 𝑦𝑡. 

3.4. Seasonal ARIMA Models 

In the previous subsection, we have restricted the focus to non-seasonal ARIMA models. However, in real life applications the 
dependence on the past tends to occur strongly at some underlying seasonal lag. The modified ARIMA models are capable of 
modelling a wide range of seasonal effect. A seasonal ARIMA model is classified by including additional seasonal parameters into 
the classical ARIMA models we introduce in the previous subsection. The seasonal ARIMA model represented with the following 
formula 

𝑨𝑹𝑰𝑴𝑨(𝒑,𝒅,𝒒)(𝑷,𝑫,𝑸)𝒎.                                                                                       (𝟕) 

We use the uppercase notation for the seasonal parts of the model, and lowercase notation for the non-seasonal parts of the 
model. Here, 𝑃,𝐷,𝑄 and 𝑚 denote the number of seasonal autoregressive (SAR) terms, seasonal differences, seasonal moving 
average (SMA) terms, and observations per year, respectively. 

3.5. Exponential Smoothing 

The use of exponential smoothing in automatic forecasting (Brown, 1959; Gardner Jr, 1985; Hyndman et al., 2002) includes a 
variety of methods such as the simple exponential smoothing method, Holt's linear method, additive Holt-Winters method, and 
multiplicative Holt-Winters' method, etc.  In this paper, we employ additive Holt-Winters method (Winters, 1960; Holt, 2004)) 
which is widely used to forecast time series that contains seasonality and it is given as 

𝑦(𝑡+ℎ|𝑡)=𝑙𝑡+ℎ𝑏𝑡+𝑠𝑡+ℎ−𝑚(𝑘+1) .                                                                         (8) 

In this model the level, 𝑙𝑡, is defined as 

𝒍𝒕=𝜶(𝒚𝒕−𝒔𝒕−𝒎)+(𝟏−𝜶)(𝒍𝒕−𝟏−𝒃𝒕−𝟏),                                                          (𝟗) 

whereas, the trend,  𝑏𝑡, is 

𝒃𝒕=𝜷(𝒍𝒕−𝒍𝒕−𝟏)+(𝟏−𝜷)𝒃𝒕−𝟏,                                                                         (𝟏𝟎) 

and the seasonal component, 𝑠𝑡, is 

𝒔𝒕=𝜸(𝒚𝒕−𝒍𝒕−𝟏−𝒃𝒕−𝟏)+(𝟏−𝜸)𝒔𝒕−𝒎,                                                          (𝟏𝟏) 

where the parameter 𝑘 is the integer part of (ℎ−1/𝑚). Here, 𝑘 guarantees that the estimates of the seasonal indices used in 
forecasting related to the final year of the observation. The level equation gives a weighted average among the seasonally adjusted 
observation 𝑦𝑡−𝑠𝑡−𝑚 and non-seasonal forecast 𝑙𝑡−1+𝑏𝑡−1 at time 𝑡. The trend equation is identical to the classical Holt's linear 
method. The seasonal equation presents a weighted average between the current seasonal index, (𝑦𝑡−𝑙𝑡−1−𝑏𝑡−1), and the 
seasonal index of the same season in the previous year. Here, 𝛼 denotes the level component, 𝛽 denotes the trend component, 
and 𝛾 denotes the seasonality component. 
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4. HOUSE PRICES AND THE RELATED VARIABLES  

Government agencies publish various indices such as house price index, index of private housing rental prices, New Privately 
Owned Housing index, mortgage rate, on housing markets to design urban planning and national economic policies, and various 
studies aim to predict future movements based on historical indices. Among those indices the house price indices are appraised 
as a very valuable indicator for judging housing markets behavior accurately. These indices are basically the compilation of every 
possible factors which may have an influence on the house price, such as city, size, type, location, use etc. Additionally, real estate 
as a commodity has an influential effect on the economies, though transactions are extremely infrequent. 

Perhaps the most transparent housing index for Turkey's housing market is the sales price index (HPI) provided by the Central 
Bank of the Republic Turkey (TCMB) which is chosen for carrying out the analyses on Turkey’s housing market price evaluation. 
The HPI is a major tool for professionals, researchers, and policymakers to track down the general price movements and trends in 
Turkey's housing market. The monthly HPI values between January 2010 and May 2019 are retrieved from the online portal of 
TCBM, yielding adequate number of observations (113) for the analyses. 

We use a variety of econometric variables, such as commodity (gold), financial indicators (USD, Euro, mortgage rate), 
macroeconomic indicators (unemployment, inflation, cost of living index, economic confidence index), to predict HPI values. Table 
1 presents their abbreviations and the summary statistics of these variables. USD/TL and EURO/TL currencies are chosen since 
Turkey’s economy highly relies on imports. As commodity gold prices is one of the most influential investment tools in Turkey. In 
many studies, it is proven that inflation and real estate markets are highly dependent on each other and investing in the real 
estate market may protect the capital against inflation (Yilmaz, 2019; Yilmaz and Selcuk-Kestel, 2019). Therefore, we take into 
account inflation and fixed-rate mortgage (FRM) since house prices require most buyers to finance through loan.  On the other 
hand, to show the economic power of the community and to analyze the impact of trust in the economy, we consider the cost of 
living index (COSTL) and economic confidence index (ECONOMICCI). As in fully commutative markets, housing markets are also 
highly affected by the income of the community, which is rated by unemployment rate that has an influence on the markets. Here, 
it is worth to emphasize that the summary statistics expose the transformed data since the series are not stationary in their 
original form.  Augmented Dickey-Fuller (ADF) -tests on the transformed variables justify that the series are stationary (p<0.05; 
Table 2). 

Table 1: The Summary of Descriptive Statistics 

Variable Abrv. Max Min Mean Std.Dev 

GOLD GOLD 0.086 -0.036         0.006      0.018 

USD USD 0.082        -0.038          0.005      0.015 

EURO EURO 0.076       -0.043          0.004       0.015 

INFLATION  INF 0.027       -0.006         0.003        0.004 

FRM FRM 0.289           0.083                0.132            0.040 

COSTL CTL 0.107         -0.252           0.0004      0.046 

ECONOMICCI              ECI 0.031        -0.045         -0.0004      0.012 

UNEMPLOYMENT  UE 0.147 0.073                 0.103          0.016 

HPI HPI 0.008      -0.005       0.003       0.002 
 

Table 2: Stationarity of Variables (ADF-Test) 

 Dickey-Fuller 

GOLD -4.507* 

USD -5.7478* 

EURO -5.3233* 

INFLATION -5.1387* 

FRM -4.3148* 
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COSTL -4.7555* 

ECONOMICCI -4.4213* 

UNEMPLOYMENT -4.6518* 

HPI -3.4549** 

*p<0.01; **p<0.05  

The variables chosen pose strong association among each other. Table 3 illustrates that the highest correlation is between 
currencies (83%), which is followed by between GOLD and USD (64%) and EURO (60%). The remaining associations are relatively 
small. The lowest correlation is observed between GOLD and UE (2%). On the other hand, while the dependent variable has the 
highest and lowest correlation with FRM (-30%) and CTL (-0.3%) yielding a negative dependence to these and all others except 
ECI.  Such a result is expected since the community prefers to invest in alternative products while they are becoming more 
valuable. This result might also express as the population prefers to invest in liquid assets rather than illiquid assets. Additionally, 
the correlation between HPI and unemployment reveals that when the number of unemployment increases, house prices are 
affected negatively, which might be considered as the effect of a decrease in housing demand. Also consistent with the literature, 
the correlation coefficients show that house prices are negatively correlated with mortgage rate (-30%). Interestingly, on the 
contrary to common belief, the house prices are negatively correlated with inflation (-30%) in Turkey. 

Table 3: Correlation Matrix 

  GOLD USD EURO INF FRM CTL ECI UE 

USD 0.66 1       

EURO 0.59 0.83 1      

INF 0.17 0.35 0.38 1     

FRM 0.11 0.17 0.24 0.30 1    

CTL 0.19 0.24 0.17 0.37 0.18 1   

ECI -0.30 -0.48 -0.49 -0.40 -0.39 -0.31 1  

UE 0.02 0.06 0.08 -0.03 0.05 0.03 -0.16 1 

HPI -0.25 -0.19 -0.32 -0.15 -0.29 -0.03 0.18 -0.28 

It is well known that the correlations may not be strong enough to show the direction of influence even they are very high. 
Therefore, we employ the Granger causality tests to capture the direction of the causality between variables. Table 4 illustrates 
the outcomes of Granger causalities which expose two important facts about the data set: i) Unemployment rate and cost of living 
do not have causal influence on house prices. Furthermore, even though these series have correlations, house prices are not 
causing these two variables either, ii) On the contrary to other common believes in the literature, the fixed rate mortgage rate 
does not cause HPI, however, house prices cause fixed rate mortgage. In this respect, we may conclude that the mortgage rate is 
used to adjust house prices and hence it is determined according to house prices in the market. Therefore, we include the high 
impact variables except FRM, and employment rate and cost of living variables. 

Table 4: Granger Causality (GC) Tests 

Hypothesis F-Stat p-value Causality Direction 

HPI do not GC GOLD 
GOLD do not GC HPI 

0.575 
4.459 

0.6810 
0.0018* 

GOLD→HPI 

HPI do not GC USD 
USD do not GC HPI 

0.643 
4.022 

0.5883 
0.0082* 

USD→HPI 

HPI do not GC EURO 
EURO do not GC HPI 

0.823 
3.206 

0.4824 
0.0241* 

EURO→HPI 

HPI do not GC INF 
INF do not GC HPI 

1.566 
2.407 

0.1068 
0.0069* 

INF → HPI 

HPI do not GC FRM 
FRM do not GC HPI 

3.742 
1.279 

5.4E-05* 
0.2355 

HPI→FRM 
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HPI do not GC CTL 
CTL do not GC HPI 

2.923 
0.048 

0.0886* 
0.8274 

COSTL ↕ HPI 

HPI do not GC ECI 
ECI do not GC HPI 

5.333 
1.782 

0.0015* 
0.1517 

HPI→ECI 

HPI do not GC UE 
UE do not GC HPI 

1.031 
0.645 

0.4219 
0.7882 

UET↕ HPI 

*significant at p-val.<0.01 

It can be seen that HPI over years (Figure 1) has an increasing trend and is not stationary.  To handle this, the log-returns of the 
HPI series is taken and its graph, autocorrelation function (ACF) plot (Figure 2) and summary statistics together with monthly 
interest rate (r) are presented (Table 5).  We see that the average monthly log-return of HPI (0.8%) is lower than average interest 
rate (9.6%) for the same period, in contrast to its volatility against interest rate (0.48%<3.83%). Even though the return in housing 
investment less than the bank account, consumers prefer purchasing houses. At this point, to make a neutral interpretation, one 
should also consider the rental benefit since the buyer will not be paying rent anymore when they own a house. Contrary to the 
interest rate, the HPI log-return is right-skewed. Anderson-Darling (AD) and Shapiro-Wilk normality tests confirm that HPI log-
return series do not follow normal distribution. 

Table 5: Descriptive of Log-Returns and Interest Rates 

 Mean Max Min  Std.De Skewness Kurtosis 

HPI 0.008 0.0172 -0.011 0.0048 -0.955 5.1704 
r 0.097 0.2285 0.0526 0.0383 2.0871 6.8356 

Both the ADF and Phillips-Perron (PP) tests indicate that that the log-return series of HPI is stationary (p<0.01). The figure of log-
return illustrates (Figure 3-top) that the return variability on housing market is increased recent years. Further, the housing market 
have negative returns in recent years. The single significant spike in the ACF strongly suggests that the AR part should be of order 
1. 

Figure 2: HPI Log-Returns, ACF and PACF Plot 

 

Decomposition to an additive time series model (Figure 3) illustrates top to bottom the actual plot, the overall upward and 
downward movement, seasonality or monthly pattern, and unexplainable part of the house price log-return series. We see that 
the log-return series has seasonality which is tested using the WO-test (Webel and Ollech, 2018). The WO-test supports the 
existence of seasonality.  

In our data analyses, we consider the 𝐴𝑅𝐼𝑀𝐴(𝑝,𝑑,𝑞) model without and with seasonality component to have a solid base to 
make comparison with other models (linear GLM, taken into account). Second, we introduce a seasonal ARIMA and an exponential 
smoothing model that considers the seasonality in the HPI log-return series. Then, we compare the models with respect to their 
efficiency indicators, MAPE and MAE. Our analyses are performed using R-software. 
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Figure 3: The Decomposed Monthly Return Series 

  

 

5. EMPIRICAL FINDINGS AND COMPARISONS 

5.1. GLM Models 

Due to its flexibility on normality and linearity assumptions, we construct two GLM models having linear (L-Model) and quadratic 
terms (Q-Model).  At this point it is worth to mention that in this setting we use the stepwise method to eliminate un-significant 
variables. The outputs presented in Table 6 show that for both models GOLD and USD have influence on house prices, whereas 
the other variables are not significant. The L-Model shows that under ceteris paribus assumptions, the increase in both GOLD and 
USD will cause an increase in house prices in Turkey’s housing market (F-stat.=33.1, p-value <0.0001, R2 = 0.36916). On the other 
hand, a power increase such as, a quadratic increase in GOLD has dominant power on increase in the prices (F-stat. = 26.7, p-val. 
<0.0001, R^2= 0.4171). It is also noticed that the explanatory power (R^2) of Q-model is significantly better than L-model. 

Table 6: The GLM model estimations 

L-Model Estimate SE t-stat p-value 

Intercept         0.0005        0.0003 1.6098 0.11024 

GOLD 0.0897           0.0204             4.3968 2.49E-05 

USD 0.0898 0.0299             2.9959           0.00336 

Q-Model Estimate   SE t-stat p-value 

Intercept 0.0001       0.0003         0.3302               0.74184 

GOLD 0.0802           0.0199           4.0223                 0.00011 

USD 0.0749           0.0294          2.5505                  0.01211 

GOLD^2 1.4604                0.4811               3.0356                  0.00299 
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5.2. VAR(p) Model 

To detect the order of VAR(p) model, we employ information criteria such as AIC, HQ, SC and FPE. All these four criteria suggest 
that the order of VAR to explain HPI in terms of its own lags and the other explanatory variables and their lags is 𝑝=1. GOLD, 
USD, EURO, INF are the variables, which interact with also their first order lags (l1) to HPI. The estimates of the coefficients are 
summarized in Table 7. 

Table 7:  Parameter Estimates of  VAR(1) for HPI 

HPI Estimate Std.Er t-stat p-val 

Constant 0.0009   0.004   2.39    0.02*   

HPI.l1         0.6394   0.080   7.96   1.8E-12* 

GOLD.l1        0.0127   0.011    1.103    0.27     

USD.l1        -0.031   0.020   -1.58    0.12     

EURO.l1        0.0228   0.020    1.124    0.26     

INF.l1   0.1128  0.041    2.739    0.01* 

*p.val<  0.01; F-stat= 13.96 p-val<0.0001; R^2= 0.3904 

Here, it should be noticed that VAR(1) considers the other equations estimated in coefficient matrix, A. The models for all 
explanatory variables based on this approach are presented in Table 11 given in Appendix 1. 

5.3. ARIMA Models 

First, we neglect the seasonality effect for a moment and attempt to construct an 𝐴𝑅𝐼𝑀𝐴(𝑝,𝑞) model for HPI. The best selected 
model is chosen among many other alternatives whose Bayesian or Schwarz Information Criteria (BIC and SIC, resp.) are the 
smallest (Table 12 given in Appendix 2). Based on these, we choose 𝐴𝑅𝑀𝐴(1,1) (BIC=-897.4912) which is also supported by Ljung-
Box test (p-val. = 0.1678). The estimated model is with a significant drift; however, MA coefficient is found to be irrelevant in the 
model (Table 8). 

Table 8: 𝑨𝑹𝑴𝑨(𝟏,𝟏) Coefficient Estimates 

 AR(1)  MA(1) Intercept 

Coefficient 0.6560 -0.1172 0.0079 
Std. Error 0.1684 0.2494 0.0009 
z value 3.8947 -0.4700 8.4240 
p value <0.001 0.6383 <0.001 

R2 =0.69345 

For this reason, we improve the accuracy by incorporating the seasonality component of HPI. The plausible seasonal ARIMA 
models for HPI are estimated and listed in Table 13 (Appendix 3). The smallest AIC proposes that 𝐴𝑅𝐼𝑀𝐴(1,1,3)(0,0,2)12  is the 
best fitting one yielding significant coefficients (p-val.<0.01) (Table 9). 

Table 9: 𝑨𝑹𝑰𝑴𝑨(𝟏,𝟏,𝟑)(𝟎,𝟎,𝟐)𝟏𝟐 Parameter Estimates 

 AR(1) MA(1) MA(2) MA(3) SMA(1) SMA(2) 

Coef. -0.86 0.392 -0.842 -0.255 0.187 0.418 

Std. 0.091 0.141 0.052 0.119 0.113 0.151 

z-val. -9.39 2.776 -14.64 -2.139 1.653 2.768 

p-val 0* 0.005* 0* 0.032
4* 

0.0982* 0.0056* 

R2=0.76753; *Significant at 0.01% 

The lag structure of both 𝐴𝑅𝑀𝐴(1,1) and 𝐴𝑅𝐼𝑀𝐴(1,1,3)(0,0,2)12  implies that the cyclical effects of Turkey’s housing market 
produced from the past information are transferred endogenously to current house prices through its lagged variables. The error-
correction terms represent the random fluctuations that lead to cover the fundamental movements of the housing market. 
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In case of exponential smoothing method, Holt-Winter model estimates the smoothing parameters as 𝛼=0.034,𝛽=0.295, and 
𝛾=0.385. Such parameter values are determined by minimizing one-step-ahead MSE. 

5.4. Efficiency of the Models 

Even though including more explanatory variables to explain the change in HPI, the GLM and VAR(1) models yield smaller 
coefficient of determination (R^2) compared to the ones obtained using time series models. Also, note that since GLM and VAR 
models contain more than one explanatory variable, their forecasting power will decrease dramatically due to forecasting errors 
related to the independent variables. Therefore, we present forecasts for the time series models. To measure the fitting and 
forecasting performance of the time series models, we separate HPI series into two components and apply in-sample modelling. 
We consider the first 102 points as training period (train) and consider the remaining 12 points as validation period (test). To 
detect the performance, mean square error (MSE), root means square error (RMSE) and mean absolute error (MAE) are calculated. 
Table 10 reveals that in the training part, all three error measures are the smallest in Holt-Winter model compared to 𝐴𝑅𝑀𝐴(1,1) 
and 𝐴𝑅𝐼𝑀𝐴(1,1,3)(0,0,2)12 . On the other hand, in the validation period, 𝐴𝑅𝐼𝑀𝐴(1,1,3)(0,0,2)12 is superior to both 𝐴𝑅𝑀𝐴(1,1) 
and Holt-winter models according to all three error measures (See Table 10). 

Table 10: Performance Measures of the Models 

 𝑨𝑹𝑴𝑨(𝟏,𝟏) 𝑨𝑹𝑰𝑴𝑨(𝟏,𝟏,𝟑)(𝟎,𝟎,𝟐)𝟏𝟐 Holt-Winter 

 Train Test Train Test Train Test 

MSE 2E-05 4E-05 2E-05 2E-05 1E-05 4E-05 

RMSE 0.005 0.006 0.0054 2E-05 0.004 0.007 

MAE 0.004 0.006 0.0049 0.003 0.003 0.006 

5.5. Forecasting 

Forecasts for the following twelve months are plotted along with their 80% and 95% confidence intervals in Figures 4a-c for the 
time series models that fits best to the log-return series, respectively. In these figures, while the black lines represent the observed 
HPI log-returns, the red dashed lines represent estimated HPI log-returns from the models. More importantly, the blue lines 
represent forecasting results whereas the shadowed bands correspond to the confidence intervals.  

Figure 4a shows that even though 𝐴𝑅𝑀𝐴(1,1) is not failing the Ljung-Box test, it's forecasting power is not sufficient enough since 
it fails to catch the seasonality in the forecasting period. With this model, the forecasted price series appear to be a smooth line 
for the following twelve months. On the other hand, 𝐴𝑅𝐼𝑀𝐴(1,1,3)(0,0,2)12  (Figure 4b) and Holt-Winters exponential smoothing 
(Figure 4c) captures the seasonality. However, the wide and rapidly increasing prediction intervals in figures show that the housing 
index log-return can start increasing or decreasing at any time while the point forecasts trend downwards, the prediction intervals 
allow for the data to trend upwards during the forecast period. However, if we forecast further out into the future, the forecast 
results become less confident as it is reflected by the confidence intervals generated by the model that grow larger as we move 
further out through the future. 
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Figure 4: HPI 12-Month Log-Return Forecasts with Proposed Models  
 

(a) 𝑨𝑹𝑴𝑨(𝟏,𝟏) 

 

 

(b) 𝑨𝑹𝑰𝑴𝑨(𝟏,𝟏,𝟑)(𝟎,𝟎,𝟐)𝟏𝟐 

 

(c) Holt-Winters 
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6. CONCLUSION 

Univariate time series have been widely applied in most areas of finance and economy to obtain better forecasts. Housing markets, 
however, have rarely been modelled due to the relatively illiquid nature of housing as compared to financial markets.  

The technical analysis introduced in this study aims to estimate future house prices and provides sufficient evidence in support of 
the adequacy of the estimated models for Turkey's housing market. We estimate and forecast Turkey's house price evaluation by 
using well-known models in the literature, some of which firstly applied to Turkish HPI data set. GLM, multivariate (VAR) and 
univariate time series models and exponential smoothing approaches are employed on Turkey's house price log-return series. 
Among six proposed modes, GLM and VAR contains more than one explanatory variables. However, their explanatory power is 
relatively small. The forecasting power of these models are relatively highly depending on the forecasts of the explanatory 
variables. In this respect, even though they can be used to determine the house price drivers and for house price prediction, they 
are not the best candidates for forecasting purposes.  

Considering all plausible candidates, the actual number of models considered within the study is diverse and many-fold. Among 
25 ARMA and 43 seasonal ARIMA models and Holt-Winter's exponential smoothing model, suggested models with performance 
accuracy can be used for forecasting Turkey's housing market price evolution. Under the same economic conditions, the 
forecasting results indicate that the return on Turkey's housing market will not increase in the following 12-months. As a matter 
of fact, the seasonal ARIMA and exponential smoothing models are forecasting some negative returns within the given forecasting 
period which should be considered as a warning for Turkey's housing market for the future. On the other hand, GLM and VAR 
models illustrate that along with the selected well-known explanatory variables, Turkish markets show dependence highly on 
gold, inflation and foreign exchange rate compared to other important economic indicators contrary to developed markets, such 
as USA which is highly dominated by mortgage rate (Yilmaz, 2019; Yilmaz and Selcuk-Kestel, 2019). 
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APPENDIX 1 

Table 11: VAR (1) estimates for GOLD, USD, EURO, INF 

GOLD Estimate Std. t-value p-value 

Intercept 0.013    0.004    3.284   0.0014* 

HPI.l1        -1.280    0.851   -1.504   0.1354    

GOLD.l1        0.036    0.122    0.295   0.7685    

USD.l1         0.169    0.211    0.805   0.4226    

EURO.l1        0.070    0.215    0.328   0.7435    

Inflation.l1 -1.020    0.436  -2.340   0.0211* 

*p-val.<0.001; F-stat.= 2.2048 p-val.<0.0001; R2=0.0934 

USD Estimate Std. t-value p-value 

Intercept 0.005725    0.003063    1.869   0.0643 

HPI.l1         0.260977    0.672620    0.388   0.6987    

GOLD.l1       -0.099561    0.096123   -1.036   0.3026    

USD.l1         0.534053    0.166342    3.211   0.0017* 

EURO.l1       -0.018848    0.169597   -0.111   0.9117    

Inflation.l1 -1.081128    0.344504   -3.138   0.0021* 

*p-val.<0.001; F-stat.= 5.388 p-val.<0.0001; R2=0.1982  

EURO Estimate Std. t-value p-value 

Intercept 0.0076    0.0029    2.571 0.0114 *   

HPI.l1        -0.225    0.6482 -0.347 0.7294     

GOLD.l1       -0.149    0.0926 -1.607 0.1110     

USD.l1         0.318    0.1603    1.985 0.0496 *   

EURO.l1        0.258    0.1634    1.575 0.1180     

Inflation.l1 -1.300    0.3320   -3.917 0.0001* 

*p-val.<0.001; F-stat.= 6.097 p-val.<0.0001; R2=0.2186 

INFLATION Estimate Std. t-value p-value 

Intercept 0.003   0.0008    4.060  9.25E-05* 

HPI.l1        -0.202   0.1731   -1.164     0.247     

GOLD.l1       -0.002   0.0247   -0.082     0.934 

USD.l1         0.066   0.0428    1.542     0.126 

EURO.l1        0.067   0.0437    1.527         0.130 

Inflation.l1   0.072   0.0887    0.808         0.421 

*p-val.<0.001; F-stat.= 8.363 p-val.<0.0001; R2=2.0277 

 

APPENDIX 2 

Table 12: SIC values of ARMA(p,q) models 

AR\MA 1 2 3 4 5 

1 -897.49 -896.73 -891.38 -888.03 -891.32 

2 -896.90 -894.38 -890.70 -883.48 -887.12 

3 -891.61 -891.59 -887.44 -883.27 -886.66 

4 -886.86 -883.33 -882.97 -879.70 -876.81 

5 -882.71 -888.06 -879.73 -878.5 -873.43 
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APPENDIX 3 

Table 13:  AIC values of 𝑨𝑹𝑰𝑴𝑨(𝒑,𝒅,𝒒)(𝑷,𝑫,𝑸) models (*without Drift) 

(p,d,q)\(P,D,Q) (1,0,1) (1,0,0) (0,0,1) (0,0,2) (1,0,2) 

0,1,1 Inf  -891.63 -897.49 Inf 

0,1,2    -908.09  

   -909.89*  

 
0,1,3 

   -906.30  

   -908.10  

 
(0,1,4) 

   -904.33  

   -906.12*  

(1,1,0)  -880.3  -881.61  

(1,1,1) Inf  -900.84 -905.16 -903.74 

 
(1,1,2) 

   -906.31  

   -908.10*  

 
(1,1,3) 

Inf  -898.57 -909.30 -903.11 

  -900.41* -911.09* Inf* 

 
(1,1,4) 

   -902.32  

   -909.09*  

(2,1,0)    -895.59  

(2,1,1) Inf  -900.07 -905.43 -904.36 

 
(2,1,2) 

Inf  -902.79 -908.78 -903.16 

   -910.58*  

 
(2,1,3) 

   -905.72  

   -907.49*  

 
(2,1,4) 

   Inf  

   Inf*  

(3,1,1)    -904.81  

(3,1,2)    -907.31  
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APPENDIX 4 

To observe the stationary and invertibility of the univariate time series models we show the complex roots of the polynomials lie 
outside the unit circle. Therefore, for the sake of simplicity, we plot the inverse roots of the selected models instead in Figure 5. 
As it is observed from these figures, the complex roots of the polynomials lie within the unit circle. The red dot in the left-hand 
side of both plots corresponds to the root of the auto regressive part polynomials and the red dot in the right-hand side of both 
plots corresponds to the root of moving average part. At this point we can conclude that both models are stationary and invertible 

since their complex roots lie in the unit circle. 

Figure 5: Inverse Characteristic Roots for ARIMA and SARIMA 

(a)ARIMA 

 

 

(b)SARIMA 
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ABSTRACT  
Purpose - Labor and labor productivity concepts, which have an important role in growth dynamics, have found a serious research area especially 
in developing countries due to the population aging. Many researchers have focused on the effect of population aging on economic growth of 
some developed countries like China, Japan, Malaysia and those countries where the old people share are growing fast or have a large share in 
total population. This condition, which causes the emphasis on production factors, labor migration and factor productivity concepts, is the main 
motivation of this study. 
Methodology - In order to find the relationship between population aging and economic growth in Turkey, an ARDL model has been used for 
1970-2018-time period. This time period was selected due to availability of data for selected variables. The long run and short run models are 
estimates by Eviews 10 software.  
Findings- The results illustrate that the population aging negatively affect Turkey’s economy in either short-run or long-run. Based on this model’s 
results, Turkey’s economy is negatively influenced by population aging 0.029 percent in long-run and 0.084 percent in short-run periods which 
the coefficients are significant at 0.5 and 0.1 levels respectively. 
Conclusion- The rates of fertility and death both have been decreasing while the rate of life expectancy has been increasing gradually during last 
three decades in Turkey showing a negative effect from population aging on economic growth of Turkey. These signs are associate with this 
study’s result. 
 
Keywords: Population aging, population growth, economic growth, ARDL model, Turkey. 
JEL Codes: J11, J13, J14, O11 
 

 
 

1. INTRODUCTION 

Population aging is an important issue in the world especially for the developed countries and also in a soon future for the 
developing countries. Countries like Republic of China, Republic of Korea, Singapore, and especially Japan are dealing with this 
issue and applying socio economic programs to change the game and Turkey as a developing country is not out of this issue and 
has to consider earlier. 

Labor is one of the most important factors of production and many researchers are working on labor’s effect on economy and it 
has started mainly with the theory of population by Thomas Robert Malthus (1798) and today the researchers are trying to find 
labor’s effects on different aspects of economy. Many researchers have focused on the effect of population aging on economic 
growth of some developed countries like China, Japan, Malaysia and those countries where the old people share are growing fast 
or have a large share in total population. An economy is going toward aging as fertility rate decreases, like a decrease in death 
rate or an increase in life expectancy. Also, it means that the share of old people over 65 years old in total population is rising 
gradually. The negative sign of population aging gives an alarm to government in order to take consider changes in social and 
demographic programs.  
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There are many other matters which affects the economic growth of a country, the important point is where a nation can take 
advantage from demographic dividend by implying appropriate policies in both physical and human capital investments associate 
with job creation. Asia’s miracles can be a good example for it.  

A decade later in 2010 Wei and Hao studied demographic structure and economic growth of China and extended the equation 
by including age structure dynamics during 1989-2004. They argue that the decrease in fertility rate led to a decrease in youth 
dependency, which improved China’s economic growth. The other important finding of their study is a significant relationship 
between demographical behavior and economic growth in the concept of life expectancy, birth rate and marriage age. 

Likewise, Minh (2009) studied the “Dynamic Demographic and Economic Growth in Vietnam” and found that there is 15% 
contribution of demographic change on economic growth of the country based on 2002, 2004, and 2006 for 61 provinces with 
an OLS method. In Vietnam case a considerable increase in labor force and decrease in dependency rate has been seen. He argues 
that Vietnam may have suffer regarding the youth population in economic growth as he found that population have not negative 
impact on economic growth but youth population seem may have negative effects on economic growth in near future. It means 
that Vietnam’s demographic dividend are changing to demographic debt and it is very important for the government to take in 
consideration and preparation of such this result in soon future. 

Similarly, Choudhry and Elhorst (2010), conducted a research about demographic transition in China over 1961-2003 based on 
70 countries data and revealed that active population and total population positively related to the GDP per capita growth while 
child and old dependency rates are negatively related. They found that population dynamics define economic growth 25% for 
Pakistan, 39% for India and 46% for China during 1961-2003 period. Also, in long run they expect a negative relationship between 
economic growth and population dynamics for China but positive for India and Pakistan.  

Wana Ismail et al. (2015), studied the population aging effect on Malaysia’s economic growth during 1970 to 2013. They have 
used the life expectancy, fertility rate, and old dependency ratio on behalf of population aging and found that fertility rate has a 
long run cointegration and a reduction in fertility rate is associated with higher economic growth. At the end they have suggested 
that the economic growth can be stable with more human capital investment. 

The effect of population aging in non-oil economic growth of Iran has been researched by Basakha et al. (2015). According to 
united nation 2010 report Iran is the third country with a rapidly aging population. The researchers estimated the short run and 
long run cointegration and found that physical and human capitals and trade openness are significantly and positively affect per 
capita income on non-oil economy on Iran. They found that the aging is not a problem for Iran but in soon future the negative 
effect will be appeared and suggest that the government with working and retirees reform policies can stabilize population 
growth at an optimal rate. 

Lee et al. (2013), used a panel regression for 80 countries from 1960 to 2005 and tried to find the effects of population aging on 
economic growth. They indicate that elderly population does not prevent economic growth in both short run and long run. They 
have found that higher retirement savings, immigration from developing countries and labor force participation are associated 
with population aging.  

 Zhang and Zhang (2005), studied “the effects of life expectancy on fertility, saving, schooling and economic growth”. They have 
used cross section analyses for 76 countries and found that increase in longevity leads to a reduction in fertility but increase the 
saving amount, higher schooling and growth. As the estimate shows a 10% increase in life expectancy at birth increases schooling 
ration by 5.6% and     investment rate by 2.4%, decreases fertility rate by 0.55% and rises growth rate approximately 1%. They 
concluded for the developed countries with higher life expectancy, may have no serious impact on economic growth and for 
developing countries with low life expectancy it may be a great opportunity to gain benefit for their economic growth. 

3. POPULATION AGING IN TURKEY 

Towards the end of the twentieth century, birth rates decreased and life expectancy increased in the world, especially in 
developed countries. With this change, the proportion of the young population in the total population decreased and the 
proportion of the elderly population increased. After the declaration of the Republic of Turkey, in economic, social and health 
sectors positive developments have been observed with a significant reduction in birth rate per woman and child deaths under 
the age of five years old. Thus, Turkey has entered into a demographic transformation process (TUIK, 2012b: 1). 

Since the first official survey conducted in 1927 with the declaration of the Turkey Republic, Turkey’s population has increased 
more than five times. With the help of Figure 1, as can be evaluated, although there is a continuous increase in the total 
population, the population growth rate has been slowing over the years. In 1960 the total population in Turkey has reached the 
highest population growth rate with 27.754 (million), while; Estimated population growth rate in 2020 is 0.7 per thousand; the 
estimated population is determined as 83.900 (million). This shows that there will be a decrease in the population growth rate, 
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but the population is in an increasing trend. Turkey's population growth rate in steady declining and total population tends to 
increase continuously since the 1960s. According to TUIK's report on population projections and forecasts, population will be 
approximately 95 million in 2050 but Turkey’s population growth rate will be expected to reach at zero level rate (TUIK, 2012a). 
It is possible to see the effect of the growth in the population and, conversely, the decrease in the population growth rate on the 
elderly population in figure 1.  

Figure 1: Total Population and Population Growth of Turkey from 1935 to 2050 

 

Source: TÜİK, Turkish Statistical Institute 

In Turkey, especially the population aged 65 and above age group are constantly increasing after 1980. Population estimates 
show that this increase is steeper after 2015, with the slowdown in population growth rate (Figure 2). This increase can be 
explained by the global with focus on Turkey’s development and improvement in the economic and demographic structure. 

Turkey, integrated to the world with a development strategy based on import substitution, and export oriented economic 
structure with the aim to release the difference between turkey and developed countries. In this context, along with the 
transformation process, the average growth rate of the economy has been constantly increasing. The average GNP growth rate 
in the period 1971-1980 was 4%; this rate was realized as 5.3% in the period 1981-1990. The average growth rate of GNP was 
4.8% between 1991-1997, and in 2005 the average growth rate was 5%. While the national income per capita in 1980 was 1200 
dollars; It was realized as 4982 dollars in 2005. The developments in Turkish economic structure, increase in national income per 
capita, developments in nutrition and health services have resulted longevity and infant mortality which has been taken under 
control effectively. Turkey’s old population in associate with the world old population group has been increased steady especially 
after the second half of the 20th century. It is a fact that the 20th century world population turning point in terms of the change 
in the age structure has a great impact on these increases. Increases in the elderly population at global level and decreases in 
birth rates, undoubtedly increased in economic welfare, improved nutrition and primary health care services, and the average 
life expectancy and decrease in infant and child mortality (DPT, 2007: 4-5). 
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Figure 2: Annual Total Population and Elderly Population Size in Turkey (1935-2025) 

  

Source: TÜİK, Turkish Statistical Institute 

As an indication of the slowdown of the population growth rate, it is important to examine the birth rate or fertility rates. 
Accordingly, the total yearly fertility rate in Turkey shows a declining trend. While the fertility rate was between 5 and 3 in the 
period between 1977 and 1990 respectively, a decrease has been observed since the beginning of 1990 and today this rate has 
decreased to less than 2. This reduction in the rate of fertility in the long term is likely to slow the growth of Turkey's population. 
In relation to the birth rate or fertility rate, the reduction in death rate is also the main determinants of the population growth 
rate (TUIK, 2012a). This reduction in the rate of fertility in the long term is likely to slow the growth rate of Turkey's population. 
In this regard the reduction in mortality rate is also another main reason of decreasing in population growth rate of Turkey.  As it 
can be seen in Figure 3, the fertility rate and mortality rate decreasing more sharply between 1960 and 2000 but after 2000 very 
little changes in rates can be seen as the fertility rate has been reduced from 21.7 births in 1000 people to 15.5 while mortality 
rate reduced from 6.5 per 1000 people to 5.5. 

Figure 3: The Fertility Rate, Mortality Rate and Population Growth Rate of Turkey (1960-2050) 

 

Source: TÜİK Turkish Statistical Institute 

Aging of the population is associated with both an increase in life expectancy and a decrease in fertility rate or crude birth rate 
and a change in dependency ratio. According to Figure 4, Life expectancy in Turkey is increasing rapidly as shows in the first 10 
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years period in Turkey (1960-1970), while the average life expectancy is 48-49 age; especially in the last decade (2010-2020), this 
age range has increased to 76-77 years. According to a projection for Turkey’s population prepared by TurkStat, in 2050 the life 
expectancy would rise to 79 and Turkey will be placed in 99th place among 186 countries (Tuik, 2012 A). 

Figure 4: Life Expectancy at Birth, Total (Years) in Turkey 

 

Source: World Bank DATA 

The decrease in fertility rate and also increase in life expectancy leads to increase in elderly 65 ages and above group size in total 
population specially after 2015. Figure 4 shows that it is continuously increasing.  

Employment rate of the population in the age group 65 years and above in Turkey makes it necessary to pay attention to the 
subject. Figure 5 shows that during 1988-2018, approximately 16% (16.37%) of the population aged 65 and above is employed. 
The reason for this is that the majority of individuals want to take part in the labor market at a young age. As a result of the 
country's social security system, individuals are entitled to retirement in their 60s, causing them to move away from the labor 
market (SSGSSK, m.28). The increase in life expectancy and a reduction in the population growth rate, the population that can be 
employed in Turkey over the next two decades shows that very few in. Therefore, policy makers are required to take into account 
the population aging issue and take the necessary actions. 

Figure 5: Labor Force Participation in Turkey (+65) Age Group 

 

Source: TÜİK, Turkish Statistical Institute 
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Table 1: Augmented Dickey Fuller Unit Root Test Results at Level & 1st Difference 
(with intercept and trend: significant level 95%) 

Variable 
Level First Difference 

Level 
T-Statistics Critical Value T-Statistics Critical Value 

LGDP -3.581491 -3.513075*   I(0) 

Aging -3.051079 -3.508508 -3.883776 -3.508508* I(1) 

LPRO -3.641711 -3.506374*   I(0) 

LCAP -2.853401 -3.506374 -6.421615 -4.165756** I(1) 

LOPENNESS -2.181078 -3.506374 -5.556026 -4.165756** I(1) 

Note: * and ** shows the significant level at 5% and 1% respectively.  

Table 1 shows the augmented dickey fuller unit root test results. As it can be seen, the natural logarithmic form of productivity 
and GDP are stationary at level and all the other series are stationary at first difference. With other words none of the tested 
variables are at I(2) as it is precondition of an ARDL model. 

The appropriate ARDL model (1,1,2,1,1) by using Akaike Information Criteria (AIC) has been detected. It means that, one lag of 
LGDP, 1 lag of AGING, 2lags of LPRO, 1 lag of LCAP, and 1 lag of LOPENNESS inserted into the model. The appropriate model 
selection summary by Akaike Information Criteria has been shown in graph 6.  

After detecting the suitable lag length for dependent and independent variables in order to find the long run relationship or 
cointegration the bounds testing applied. Table 2, shows the bounds test results with critic values calculated by Pesaran. As the 
F-statistics is 4.68 is greater than 3.97 which is significant at 0.05 significant level, the null hypothesis of bounds test which 
indicates that there is not any long run relationship can be rejected and alternative hypothesis accepted. 

Table 2: Cointegration F-Statistics 
     
     Test Statistic Value Signif. I(0) I(1) 
     
        Asymptotic: n=1000  

F-statistic  4.685733 10%   2.68 3.53 
K 4 5%   3.05 3.97 

  2.5%   3.4 4.36 

  1%   3.81 4.92 

 

 

 

 

 

 

 

 



Journal of Business, Economics and Finance -JBEF (2020), Vol.9(4). p.292-303                                                                       Moradi, Uslu 

 

________________________________________________________________________________________________________ 
 DOI: 10.17261/Pressacademia.2020.1311                                          300 

 

 

Figure 6: Appropriate Model Selection Summary by AIC 
 

 

 

After bounds testing and recognizing the long run relationship between variables, the long-run coefficients related to ARDL Model 
(1,1,2,1,1) with trend identified. Table 3 shows the long-run relationship between the dependent and independent variables. 
Except the first lag of LGDP and LOPENNESS which they are way insignificant, aging has a negative impact on economic growth of 
Turkey in long-run as 1 percent increase in growth rate of elderly people the GDP will decrease by approximately 0.02 percent.  

Table 3: The Long-Run Coefficients of ARDL Model (1, 1, 2, 1, 1) (LGDP is the Dependent Variable) 

Variable Coefficient Std. Error t-Statistic Prob.    
     
C 7.895913 1.746862 4.520056 0.0001 

@TREND 0.033534 0.009829 3.411665 0.0017 

LGDP(-1)* -0.077697 0.083898 -0.926079 0.3609 

AGING(-1) -0.029491 0.011185 -2.636589 0.0125 
LCAP(-1) 0.609369 0.140643 4.332721 0.0001 

LPRO(-1) -1.347483 0.423221 -3.183874 0.0031 

LOPENNESS(-1) -0.002263 0.060737 -0.037266 0.9705 

The short-run coefficients related to ARDL Model (1, 1, 2, 1, 1) with the error correction result where showed at Table 4. Table 4 
shows that in short-run period the coefficient of Aging is negative and statistically significant. It means that 1 percent increase in 
growth rate of old people leads to approximately 0.1% decrease in gross domestic product on Tukey in short-run and 0.03 percent 
in long-run. The short-run coefficient of LPRO is positive and statistically significant at 0.05 significance level. It means that a one 
percent increase in productivity leads to 0.52% increase in gross GDP of Turkey in short-run, but it will turn to negative in long-
run. The reason might be in the long run the productivity was not enough to continuously increase the GDP.  
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Table 4: The Short-Run Coefficients of ARDL Model (1,1,2,1,1) - (LGDP is the Dependent Variable) 
     

     Variable Coefficient Std. Error t-Statistic Prob.    
     
     C 7.929447 1.388815 5.709506 0.0000 
D(AGING) -0.084578 0.022849 -3.701547 0.0008 

D(LCAP) 0.486156 0.114688 4.238949 0.0002 

D(LCAP(-1)) -0.151892 0.071433 -2.126371 0.0408 

D(LPRO) 0.520033 0.253088 2.054756 0.0477 
D(LOPENNESS) -0.733266 0.043241 -16.95763 0.0000 

DUM2001 -0.090415 0.036731 -2.461558 0.0191 

CointEq(-1) -0.077697 0.013682 -5.678809 0.0000 

 
F-Statistics= 67.21215(0.0000) R2= 0.923452,Adjusted R2=0.909713 

Serial Correlation LM Test:             0.8956        (0.8510) 
JB Normality TEST:                           0.874682    (0.645751) 

Ramsey RESET TEST:                        0.2855        (0.2855) 

Heteroscedasticity Test:                 0.8279        (0.8176) 

The dummy variable of Dum2001 stands for the economic crisis in 2001 with negative coefficient and statistically significant at 
0.05 significance level. Finally, the CointEq(-1) as it must be negative and less than 1 is negatively signed, less than 1 and strongly 
significant.  

As Table 4, the Breusch Godfrey LM test shows that there is no autocorrelation in the model and the null hypothesis can be 
accepted. The Jarque Bera Normality Test result shows that the null hypothesis can be accepted and residuals are normally 
distributed. Also, ARCH Heteroscedasticity Test shows that the error terms are normally distributed. At the end, Ramsey RESET 
TEST, shows that the model is generally well designed and it is not mis specified.  

Finally, to test whether the coefficients in the model are stable, the CUSUM Test and CUSUM of Squares were done. Figures 7 
and 8 show the result of CUSUM and CUSUM of Squares Tests. Thus, the CUSUM and CUSUM of Squares lines are between the 
0.05 significance level, the coefficients in the model are stable. 

Figure 7: CUSUM TEST 
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Figure 8: CUSUM of Squares Test 
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6. CONCLUSION 

The population aging is going to be an important subject in the soon future. An economy is going toward aging as the rate of 
fertility decreases, like a decrease in death rate or increase in life expectancy. Also, it means that the share of old people over 65 
years old in total population is rising gradually. Turkey’s population growth rate was about 28.5 per 1000, in higher rate in 1960 
and after that gradually decreased to 10.9 per 1000, in 2020 and as predicted will be 0 in 2050. On the other hand, life expectancy 
is gradually increasing from 45 years old in 1960 to 74 years old in 2018. The same as an increase in life expectancy, old population 
share is raising more rapidly specially after 1990 from approximately 2.5 million persons to near 8 million persons in 2018. These 
numbers are just signs of aging in Turkey, this study was conducted to find the relationship between population aging and 
economic growth of Turkey. For this reason, time series data set has been used for an ARDL model to find either short and long 
run relationship between 1970-2018 period. The evidences show, that the aging negatively affect Turkey’s economy but this 
condition should not be a major concern for Turkish government, as population ages through reducing fertility rate it not only 
means a greater opportunity for women to participate in the labor market but also increases labor productivity and economic 
growth. Policies like change in retirement age, reform of work and retirement benefits, planning to invest more on capital 
intensive production in coming decades, planning for the health and medical expenses of the elderly and policies related to 
balancing population growth should be considered as most important preventive policies in this field. 
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Figure 3: Graphical Illustration of Moderator Variable Effects 
 

 

According to Figure 3, the opposite relationship between return on assets and exchange rate strengthens it, even more, when the 
moderator variable asset size assumes high or medium values. Therefore, the change in exchange rates increases, and asset size 
values decrease, while the return on assets decreases. When the moderator variable asset size assumes high values, it has no 
impact on the relationship between the change in exchange rates and returns on assets. When the asset size variable assumes 
low values, the change in exchange rates ranges between 0.3695 and -0.1110. When it assumes medium values, the change in 
exchange rates ranges between 0.2773 and -0.1276. The moderator effects of asset size according to its different values are 
presented in Table 11. 

Table 11: Moderator Effects According to Different Values of Asset Size 

FOREX ASSETS ROA 

-0.9702 (Low) -0.7689 (Low) 0.3695 

-0.1172 (Medium) -0.7689 (Low) 0.1512 

0.9076 (High) -0.7689 (Low) -0.1110 

-0.9702 (Low) -0.3836 (Medium) 0.2773 

-0.1172 (Medium) -0.3836 (Medium) 0.0934 

0.9076 (High) -0.3836 (Medium) -0.1276 

-0.9702 (Low) 0.9640 (High) -0.0450 

-0.1172 (Medium) 0.9640 (High) -0.1089 

0.9076 (High) 0.9640 (High) -0.1857 

The research model is illustrated in Figure 2. where foreign sales and asset size are moderating, and return on equity is the 
dependent variable, is carried out using Process Macro. Summary and coefficients regarding the moderator role of foreign sales 
and asset size are presented in Table 12. 
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Regulations on bank capital have always been the subject of debate by politicians and researchers (Admati, Hellwig, 2014). In 
addition to these challenges, regulators had to deal with the encounters that emerged after the 2008 financial crisis. As an 
example, Angeloni and Faia (2013) inserted that systematic banking crises can be prevented and concerns about financial crises 
need to be taken into consideration when preparing bank capital requirements.  

4.3. Bank Liquidity and Basel III Liquidity Standards 

The aim of this section is to explore the liquidity and crisis issues in the academic literature to understand the role of liquidity in 
the 2008 crisis. In 2007, problems started to occur in the interbank funding markets in USA, UK, Germany and other European 
countries. Therefore, banks, especially for long-term liquidities, have started to be reluctant to provide liquidity to other banks. 
In 2007, problems started to occur in the interbank funding markets in USA, UK, Germany and other European countries. 
Therefore, banks, especially for long-term liquidities, have started to be reluctant to provide liquidity to other banks. As a result, 
Libor rose significantly. 

There are two obvious reasons for this liquidity-hoarding situation. On the one hand, banks need to protect themselves against 
greater potentials than expected, thus they need deriving from commercial paper markets, syndicated loans and disruptions in 
the mortgage. On the other hand, uncertainties increased as banks could not fully assess the exposure of their counterparties to 
securities of high interest and other interrupted markets. 

In December 2010, the Basel Committee on Banking Supervision determined the introduction of liquidity standards for banks in 
addition to the measures taken in Basel II. In addition to the strengthened capital requirements, Basel III introduced a risk-
weighted leverage ratio to the markets to ensure adequate funding in crisis situations. 

In addition, Basel III criteria developed two measures for liquidity crisis. The first is Liquidity Coverage Ratio, which aims to ensure 
that banks have sufficient liquid assets to withstand liquidity stress in the short term. The second is the Net Stable Fund Ratio, 
which aims to encourage banks to be more stable against their liquid assets and to hold long-term funding sources. These 
measures are aimed to reduce the risk of maturity conversion. 

Basel III liquidity standards have undergone significant changes since their first issued in 2010. These changes include further 
differentiation to allow identification of banks with excessive maturity mismatches and more fragile funding structures (BCBS, 
2014). These strategies are likely to affect the liquidity management function of banks if a stronger emphasis is placed on the 
retention of assets, particularly government securities. Allen et al. (2012) in their study discussed, especially the restructuring of 
banks' balance sheets for more liquid assets and as a result of the impact on the availability of the loan. Covas and Driscoll (2014) 
developed a balance to examine the macroeconomic impact of introducing a minimum liquidity standard on existing capital 
adequacy requirements for banks. 

In the case of equilibrium, they have developed, the minimum liquidity requirement recommends a 3 percent decrease in loans 
and a 6 percent increase in securities. While this liquidity regulation prevents banks from using all their profits, the bank reduces 
the credit supply and increases the cost of funds. Despite the resulting costs, the main purpose of the new regulations is to ensure 
the stability of banks. According to Farag et al. (2013), although capital and liquidity sources are important for the security and 
soundness of banks, much is not known about newly established liquidity standards. 

It was mentioned by Cerrato et al (2012) because it is an alternate standing for what sum of customer deposits and short term 
funding could be covered were they to be withdrawn instantly, Short Term Funding ratio and Liquid Assets to Deposits could 
possibly function as a deposit run off ratio. As the ratio gets greater, the bank becomes more liquid and and it becomes less 
vulnerable against a classic run on the bank. 

In the era prior to crisis, domestic banks showed thicker capital cushions than global banks and stronger signs of structural 
liquidity. The liabilities of global bank are structured in a way more predominantly dependent on non-deposit funding and built as 
short-term (Vazquez, Federico, 2012, 11). However, during and after the crisis, the roles of short-term funding on risks are more 
significantly pointed out by regulating bodies. The world average ratio is 25 percent and the Euro area average is 28.7 percent by 
the end of 2015, both of which are lower than the values during the 2008 crisis (Figure 4). 
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Textiles (clothing) 35.9(24.6-49.4) 179.7(49.8-287.6) <0.001 

Shoes 8.5(5.1-12.0) 36.0(12.3-70.5) <0.001 

Stone, Glass 4.4(2.2-6.6) 31.1(6.6-112.3) <0.001 

Metals 12.1(4.6-16.6) 115.7(16.1-184.3) <0.001 

Mechanics and Electronics 31.1(11.5-72.9) 610.6(84.9-981.0) <0.001 

Shipping 4.2(1.8-9.3) 70.7(9.4-109.1) <0.001 

Mixed Commercial Goods 15.6(8-26.9) 132.7(27.4-240.1) <0.001 

Mines 3.1(1.4-4.6) 21.9(4.6-29.3) <0.001 

Textiles (fabric) 39.0(26.4-53.5) 188.3(54.5-302.3) <0.001 

Machine 35.3(13.2-82.5) 677.7(94.9-1115.1) <0.001 

Raw Materials 11.8(10.1-13.4) 30.7(13.9-41.3) <0.001 

Commercial Intermediate Goods 33.8(16.8-42.8) 246.7(44.0-385.4) <0.001 

Consumer Goods 80.2(47.5-123.6) 497.6(127.4-901.3) <0.001 

Production Goods 27.1(8.6-68.5) 632.8(80.3-1022.9) <0.001 

Agricultural Raw Material 2.5(1.9-2.8) 5.9(2.4-10.0) <0.001 

Agricultural Products 127.3(66.8-129.9) 1331.8(235.9-2202.7) <0.001 

Note: Values refer to Median value (minimum-maximum), p values refer to Mann Whitney U test results.  
*Export values are given as "Million Dollars". 

The Mann-Whitney U test was used to investigate whether there was any difference between sectoral analysis variables before 
and after WTO membership. It can be said that there was a difference between all variables before and after WTO membership 
(p <0.05). 

Between 1992 and 2017, export items were evaluated through individual clustering analysis before and after the WTO 
membership in order to determine the sectors that were close to each other. Accordingly, the results were obtained separately 
for before and after the WTO membership.  

Pre-membership clustering results were interpreted with a dendrogram chart in Figure 3. 
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Figure 3: A Dendogram Chart before WTO Membership 
 

 
 
Sector groups are clustered in Table-5 according to pre-membership clustering results. 
 
Table 5: Sector Groups Before WTO Membership 
 

Z2 Animal Z15 Mechanics and Electronics 

Z3 Vegetables Z16 Shipping 

Z4 Food products Z17 Mixed Commercial Goods 

Z5 Minerals Z18 Mines 

Z6 Petroleum products Z19 Textiles (fabric) 

Z7 Chemicals Z20 Machine 

Z8 Plastics Z21 Raw materials 

Z9 Hide and leather Z22 Commercial Intermediate Goods 

Z10 Wooden Z23 Consumer goods 

Z11 Textiles (clothing) Z24 Production Goods 

Z12 Shoes Z25 Agricultural Raw Material 

Z13 Stone, Glass Z26 Agricultural Products 

Z14 Metals  

 

Accordingly, the cluster results are as follows: 

CLUSTER-1: Z2. Z3 Z4 Z7 Z8 Z10. Z12. Z13. Z14. Z16. Z17. Z18 Z21. Z23. Z25. Z26 

CLUSTER-2: Z5. Z6 Z9. Z11. Z15. Z19. Z20. Z22. Z24 

Similarly, the dendogram and clustering results for the sector groups after WTO membership are given in Figure 4 and Table 6. 
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Figure 4: Dendogram Chart after WTO Membership 
 

 

Table 6: Sector Groups after WTO Membership 
 

Z2 Animal Z15 Mechanics and Electronics 

Z3 Vegetables Z16 Shipping 

Z4 Food products Z17 Mixed Commercial Goods 

Z5 Minerals Z18 Mines 

Z6 Petroleum products Z19 Textiles (fabric) 

Z7 Chemicals Z20 Machine 

Z8 Plastics Z21 Raw materials 

Z9 Hide and leather Z22 Commercial intermediate goods 

Z10 Wooden Z23 Consumer goods 

Z11 Textiles (clothing) Z24 Production goods 

Z12 Shoes Z25 Agricultural raw material 

Z13 Stone, glass Z26 Agricultural products 

Z14 Metals  

According to the clustering results, it was seen that clothing textile, fabric textile, machinery, petroleum products, commercial 
intermediate goods, leather-skin and production goods were together in industrial and production sectors. 

The cluster results obtained before and after the WTO are given with export data in Table 7 and Table 8. 
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Table 7: Cluster Groups and Export Data Before WTO Membership 

Group 1                                                                
 

 

 

 

 

 

 

 

Group 2 
 

 

 

 

 

 

 

 

                            

 

          

 
 

Considering the Table 7, some sectors in the two groups that existed prior to the WTO membership changed places after China 
joined the WTO (Table-8.). It is notable that sectors that were in the first group before the WTO such as textile (clothing), 
mechanical electronics, machinery, commercial intermediate goods and production goods, have demonstrated a substantial rise 
in export figures after the WTO, approaching the predominant final goods shown in the second group sectors. 

Similarly, according to the differences between clusters before and after the WTO, in Tables 7 and 8, it is seen that food products 
and the sectors depending on industrialization and industrial development formed two separate clusters. It is viewed that a few 
sectors shifted towards the groups that they converged in terms of content and export figures before and after the WTO 
membership. In general, it is determined that two main clusters exist after WTO membership. 

 

 

 

 

 

 Sectors Export (Million $) 

1 Minerals 1.3 

2 Petroleum Product 5.2 

3 Hide and leather 5.6 

4 Textiles (Fabric) 39 

5 Textiles (Clothing) 35.9 

6 Mechanics and Electronics 31.1 

7 Machine 35.3 

8 Commercial intermediate goods 33.8 

9 Production goods 27.1 

 Sectors Export (Million $) 

1 Animal 3.8 

2 Vegetables 4.7 

3 Food Products 4.3 

4 Chemicals 8.4 

5 Plastics 4.4 

6 Wooden 3.2 

7 Shoes 8.5 

8 Stone, Glass 4.4 

9 Consumer Goods 80.2 

10 Shipping 4.2 

11 Agricultural Products 127.3 

12 Mines 3.1 

13 Raw Materials 11.8 

14 Metals 12.1 

15 Agricultural Raw Material 2.5 

16 Mixed Commercial Goods 15.6 
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world economy in this field. With this development, China has become the number one country in the foreign trade with the USA 
in the electrical devices and machinery sector.  

While most of China's exports consist of medium-level technology and labour-intensive goods with high international 
competitiveness in foreign trade, capital-intensive goods are among both exported and imported goods. China's exports, 81% of 
which are manufactured products, are 19% basic goods. After its WTO membership, the export sector shows remarkable growth 
and diversity, compared to other countries. Directing the cheap labour force, which is the biggest advantage in the growth of 
Chinese foreign trade for goods that require advanced technology, and this made China a sought-after market for developing 
economies. After China's accession to the WTO (2001-2017), exports of high-tech goods increased by 25% in the overall export 
volume, but its share in low-tech goods exports dropped to 50%. In the same period, total exports increased approximately 10 
times. 

Since 1990, significant changes have occurred in China's export partners as a result of the conclusion of international agreements. 
With China's WTO membership, the elimination of many trade quotas and restrictions led to the highest level of trade relations 
with the USA, which has always maintained its place as the leading country in China's exports. While China was the 14th largest 
USA trading partner in the 1980s, the USA was China's third largest trading partner. The annual foreign trade increase of the two 
giant economies, which became the biggest trade partners after 2000, reached 20%. The size of the two economies, 
complementarity factor and mutual interests were effective in the development of US-China trade relations to such extent.  

Table 9: Major Countries in China's Export in 2017 

Country Total Exports (Million Dollars) Total Export Rate (%) 

1. United States of America  430.328 %19 

2. Hong Kong  279.211 %12 

3. Japan 137.256 %6 

4. Korea 102.704 %4.5 

5. Vietnamese 71.617 %3.2 
Source: China Exports by Country https//tr.tradingeconomics.com (ET:28.08.2019) 

Due to the 2008 crisis with Hong Kong, China's second export partner, exports decreased by 11.4% in 2009. Apart from this, China-
Hong Kong foreign trade generally showed an upward trend, with a growth of 9.9% between 2003-2012. Similarly, the rapid 
development of South Korea over the years in China-Korea foreign trade and the increase in the importance given to mutual trade 
led to the development of trade relations (Dogru 2016: 88-90). 

6. CONCLUSION 

China, which has managed to become the world's manufacturing centre in foreign trade with its soft power strategy, globalization-
oriented balance policy over the last 30 years, has become an economic actor closely followed by the whole world today. As the 
miracle of Asia, the world's largest manufacturing centre and largest exporter, its journey from the past until the present, by 
turning its advantages into opportunities in the best way is important in terms of creating an exemplary growth model in the 
world arena. 

China took its position to the highest levels with its WTO membership. WTO membership has brought many benefits in terms of 
globalization. As it inspired investor countries confidence in attracting foreign investments, there has been an appropriate 
globalization trend. Its WTO membership also brought to light some issues that could hinder the Chinese economy. China has 
achieved a steady growth rate of 10% by transferring labour from sectors with relatively low productivity to those with higher 
productivity. 

In this study, the groupings before and after membership are determined by conducting a cluster analysis on the basis of 25 
sectors determined before and after China's WTO membership. The economic relations between the determined groups are 
investigated. In addition, statistically significant differences are found for each sector before and after WTO membership. This 
shows that China's membership is meaningful. In the study, after the WTO membership, the agricultural raw materials sector in 
Chinese exports appeared as the sector with the lowest competitiveness, but the highest competitive power is the production 
goods, mechanical electronic devices and machinery sector. In other words, after the WTO membership, it is determined that 
China's total exports increased approximately 10 times during the 2001- 2017 period. 

 



http://www.etonet.org.tr/uploads/cin.pdf%20E.T
https://ideas.repec.org/a/eee/chieco/v15y2004i3p336-342.html
https://ideas.repec.org/s/eee/chieco.html
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ABSTRACT  
Purpose- The aim of this study is to determine the periodic effects of market variables on net incorporation during the Turkish 2018 Currency and 
Debt Crisis in Turkey. Because one of the main problems of the companies in Turkey are higher foreign exchange position. Increased exchange 
rate, interest rate and inflation shocks increases the fragility of the economy of Turkey. High foreign exchange openings together with the 
increasing fragility increase the risk of closing on companies. On the other hand, increasing interest shocks increase financing costs and increase 
the risk of closure, and make it difficult for new companies to open up. Therefore, to create a perspective for the study was selected the 2018 
Turkey exchange rate and debt crisis as a case.  
Methodology- In this essay concept of firm had been used as company or corporate mean. And also concept of firming or net incorporation had 
been used difference between number of new opening companies and number of closing companies. Exchange rate, interest rate and inflation 
were selected as market variables. Closing firms and opening firms were selected as firm variables. The model was formed based on the Vector 
Auto Regressive Model. The values of the variables were observed in the monthly frequency and in the range of 2010 1st month and 2019 12th 
month. 
Findings- According to results, inflation and interest had a negative impact on the number of opening firms. And also, the increasing effect of 
exchange rates on the number of closing firms was generally greater than interest rate and inflation.   
Conclusion- Consequently, it has been argued that net firm number growth has been increasing in Turkey during periods when exchange rates 
are stable in a certain band range and inflation and interest rates start to decrease at the same time. 
 
Keywords: Firm Closure, incorporation, Financial Fragility, Exchange and Debt Crises 
JEL Codes: G00, G17, G32  
 

 

1. INTRODUCTION   

The increase in the number of companies closed and changes in the number of newly opened companies are particularly important 
in times of crisis. Because every firm that closes in these periods is more panic and higher risk premium pricing for the country in 
crisis.  

For this reason, the effects of market variables on firms' closing and new opening are analyzed in terms of crisis periods. Economic 
crises cause many companies to close and a decrease in the number of new companies. In this context, the 2018 crisis should be 
examined first.  

After the 2001 banking crisis, a policy framework of low exchange rate and high interest rates has begun to implement in the 
Turkish economy. In the following years, the abundance of global liquidity has helped that the Turkish economy achieve 
sustainable high growth rates. The financial crisis that emerged in the sub-threshold credit market in 2007 turned into a global 
crisis with the bankruptcy of Lehman Brothers in September 2008.  

mailto:mehmetkuzu86@gmail.com
http://doi.org/10.17261/Pressacademia.2020.1317
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Figure 1: Invers Roots of AR Characteristic Polynomial 

 

 

Table 1: Autocorrelation Test 

VAR Residual Portmanteau Tests for Autocorrelations 
Null Hypothesis: No residual autocorrelations up to lag h 
Date: 09/20/20 Time: 19:44 
Sample: 2010M01 2019M12 
Included observations: 97 

Lags Q-Stat Prob.* Adj Q-Stat Prob.* df 

1  20.00810 ---  20.21652 --- --- 

2  38.68864 ---  39.29034 --- --- 

3  55.89475 ---  57.04558 --- --- 

4  70.67277 ---  72.45921 --- --- 

5  83.09612 ---  85.55774 --- --- 

6  94.59774 ---  97.81771 --- --- 

7  104.6226 ---  108.6223 --- --- 

8  115.2428 ---  120.1971 --- --- 

9  129.2152 ---  135.5985 --- --- 

10  144.4006 ---  152.5293 --- --- 

11  152.2732  0.0000  161.4089  0.0000 25 

*Test is valid only for lags larger than the VAR lag order. 
df is degrees of freedom for (approximate) chi-square distribution 
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Table 2: VAR Residual Normality Tests 

VAR Residual Normality Tests 
Orthogonalization: Residual Correlation (Doornik-Hansen) 
Null Hypothesis: Residuals are multivariate normal 
Date: 09/20/20 Time: 19:44 
Sample: 2010M01 2019M12 
Included observations: 97 

Component Kurtosis Chi-sq df Prob. 

1  4.372834  0.395852 1  0.5292 

2  3.064305  0.008939 1  0.9247 

3  22.01000  1.314767 1  0.2515 

4  2.729873  0.082731 1  0.7736 

5  4.084571  1.886035 1  0.1696 

Joint   3.688323 5  0.5951 

*Approximate p-values do not account for coefficient 
        estimation 
 
 
 

 

Table 3: Heteroskedasticity Test 

F-statistic 1.672788     Prob. F(10,86) 0.1003 

Obs*R-squared 15.79517     Prob. Chi-Square(10) 0.1056 

4. FINDINGS AND DISCUSSIONS 

According to the variance decomposition results of the variable number of firms opened; Apart from the variable's own effect, 

the most effective variable in the early periods is the exchange rate. However, after the 5th period, the effect of the inflation 

variable has increased. After the 10th period, the inflation variable became the most important variable. This result can be 

discussed in terms of profit expectations. Since the increase in inflation expectations will increase profitability expectations, it can 

be claimed that the number of companies opened has increased.  

According to the results of impulse-response functions; In the first periods, exchange rate, interest rate and inflation shocks 

negatively affected the number of companies opened. In line with the results of the variance decomposition, inflation shocks 

increased in the following periods. 

According to the variance decomposition results of the variable number of firms closed; After the 5th period, the exchange rate 

variable increased the number of firms that closed. In the following periods, the effects of the interest and inflation variables 

converged to the level of the effects of the exchange rate. High foreign exchange position of the companies in this case can be 

argued to Turkey caused the deficit. 

According to the results of impulse-response functions, after the 5th period; Exchange, interest and inflation shocks increased the 

number of firms that closed. In parallel with the results of the variance decomposition, the variable of the number of firms closing 

showed the greatest response to exchange rate shocks. 
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Figure 2: Variance Decomposition of Opening Firms 

 

Table 4: Variance Decomposition of Opening Firms 

    Period S.E. D 
(CLOSINGFIRMS) 

D 
(EXCHANGE) 

D 
(INTEREST) 

D 
(INFLATION) 

D 
(OPENINGFIRMS) 

 1  0.878293  2.373140  1.677448  1.120974  2.861869  91.96657 

 2  0.890874  2.345543  3.052293  1.135526  2.864371  90.60227 

 3  1.129382  1.697525  4.148334  0.844660  3.194744  90.11474 

 4  1.151116  1.687111  6.452850  0.957391  3.131887  87.77076 

 5  1.172186  2.075571  8.293122  0.940800  3.944979  84.74553 

 6  1.215530  4.145431  11.94126  0.874924  3.989909  79.04848 

 7  1.283139  6.885779  10.74798  2.187193  8.670079  71.50897 

 8  1.293423  6.929575  10.67253  2.853209  8.532867  71.01182 

 9  1.334501  7.963821  10.19900  4.210741  10.75604  66.87040 

 10  1.344466  8.108023  10.05483  4.474203  10.79417  66.56877 

 11  1.387455  7.685260  9.441981  5.957588  14.19759  62.71759 

 12  1.419200  7.779396  12.22331  5.817410  13.96547  60.21441 

 13  1.469766  7.253334  12.41676  5.653287  18.42869  56.24793 

 14  1.479983  7.623636  12.55016  5.643442  18.17958  56.00319 

 15  1.509262  7.353341  12.75638  5.452604  20.55332  53.88436 

 16  1.537145  8.242200  13.50976  5.281180  20.39860  52.56826 

 17  1.549045  8.137060  13.42312  5.355267  20.75247  52.33209 

 18  1.584187  10.03671  13.21286  5.130564  21.57083  50.04904 

 19  1.594126  10.28585  13.21508  5.067543  21.57449  49.85705 

 20  1.618037  12.24754  12.84640  5.087856  21.09430  48.72391 

 21  1.633434  12.40755  12.89562  4.997757  21.88939  47.80968 

 22  1.648515  13.58675  12.82092  4.963359  21.56703  47.06194 

 23  1.657301  13.44878  12.92620  4.933356  22.02208  46.66958 

 24  1.668965  13.97963  12.87463  4.961772  22.16375  46.02021 

 25  1.674645  13.99999  12.78966  5.164179  22.32587  45.72029 
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Figure 3: Variance Decomposition of Closing Firms 

 

Table 5: Variance Decomposition of Closing Firms 

 

 Period S.E. D 
(CLOSINGFIRMS) 

D 
(EXCHANGE) 

D 
(INTEREST) 

D 
(INFLATION) 

D 
(OPENINGFIRMS) 

 1  0.248918  100.0000  0.000000  0.000000  0.000000  0.000000 

 2  0.263177  97.04670  0.663566  0.071047  0.067652  2.151036 

 3  0.304342  90.28233  1.288803  1.015930  5.427578  1.985359 

 4  0.314160  85.76496  5.487655  1.190616  5.468757  2.088013 

 5  0.330179  77.90094  11.06634  2.595641  4.955547  3.481535 

 6  0.335803  75.70243  10.90866  3.223078  5.958305  4.207517 

 7  0.340370  73.69857  11.10951  4.395344  6.286053  4.510527 

 8  0.346059  71.96571  10.91744  5.744385  6.629189  4.743275 

 9  0.363043  68.06818  9.919904  5.241517  11.06853  5.701878 

 10  0.369510  68.21772  9.621845  5.087175  11.03874  6.034526 

 11  0.384822  64.06552  9.138384  5.446070  13.09796  8.252067 

 12  0.394306  64.87288  9.370008  5.187947  12.67341  7.895762 

 13  0.414686  66.59351  8.876103  4.894870  12.18811  7.447405 

 14  0.421935  66.11674  8.660861  5.004701  12.65851  7.559183 

 15  0.439355  66.18296  10.05681  5.032260  11.68801  7.039953 

 16  0.443769  64.99177  10.43870  4.937016  12.72253  6.909985 

 17  0.448859  63.82526  10.55766  5.840340  12.45845  7.318289 

 18  0.453401  63.73158  10.55219  6.101902  12.30330  7.311026 

 19  0.458294  64.17226  10.33754  6.064812  12.04347  7.381916 

 20  0.460314  63.69194  10.24844  6.156969  12.46898  7.433678 

 21  0.463780  62.82873  10.23288  6.105084  12.75265  8.080653 

 22  0.466847  62.13926  10.10982  6.059537  13.65361  8.037777 

 23  0.472309  60.84982  9.881767  6.948149  13.54425  8.776013 

 24  0.477926  61.48688  9.658214  6.826163  13.43925  8.589501 

 25  0.488000  62.76652  9.263584  6.739638  12.89357  8.336683 
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Figure 4: Response of Opening Firms (One S.D) 

 

Figure 5: Response of Closing Firms (One S.D) 

 

5. CONCLUSION 

As a result of the low exchange rate-high interest rate policy in the Turkish economy, foreign exchange rates and inflation increases 
are generally realized through interest rate shocks through interest rate hike expectations (Kuzu, 2019). To summarize the results 
together with the theoretical framework, the number of firms that closing in Turkey is increasing because the shock waves in the 
exchange rates due to the high foreign exchange position deficits damage the equity structure of the firms. In addition, it can be 
argued that there is a negative correlation between the change in interest rates and the number of firms that opening, as the 



http://betam.bahcesehir.edu.tr/wp-content/uploads/2017/07/ArastirmaNotu214.pdf
https://doi.org/10.1108/ajar-09-2018-0029
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APPENDICES 

Appendix 1: Unit Root Test  

Null Hypothesis: Unit root (individual unit root process)  
Series: CLOSINGFIRMS, EXCHANGE, INFLATION, INTEREST, OPENINGFIRMS 
Date: 09/20/20   Time: 19:15 
Sample: 2010M01 2019M12 
Exogenous variables: None 
Automatic selection of maximum lags 
Automatic lag length selection based on AIC: 1 to 12 
Total number of observations: 562 
Cross-sections included: 5 

Method  Statistic Prob.** 

ADF - Fisher Chi-square  4.94635  0.8947 

ADF - Choi Z-stat  0.66797  0.7479 

** Probabilities for Fisher tests are computed using an asymptotic Chi 
        -square distribution. All other tests assume asymptotic normality. 
Intermediate ADF test results UNTITLED 

Series Prob. Lag   Max Lag Obs 

CLOSINGFIRMS  0.6765  12  12  107 

EXCHANGE  0.5454  5  11  107 

INFLATION  0.4952  2  12  117 

INTEREST  0.6631  1  12  118 

OPENINGFIRMS  0.6959  6  12  113 

     

Null Hypothesis: Unit root (individual unit root process)  
Series: CLOSINGFIRMS, EXCHANGE, INFLATION, INTEREST, 
        OPENINGFIRMS 
Date: 09/20/20   Time: 19:16 
Sample: 2010M01 2019M12 
Exogenous variables: None 
Automatic selection of maximum lags 
Automatic lag length selection based on AIC: 0 to 12 
Total number of observations: 561 
Cross-sections included: 5 

Method  Statistic Prob.** 

ADF - Fisher Chi-square  429.006  0.0000 

ADF - Choi Z-stat -18.8773  0.0000 

** Probabilities for Fisher tests are computed using an asymptotic Chi 
        -square distribution. All other tests assume asymptotic normality. 
Intermediate ADF test results D(UNTITLED) 

Series Prob. Lag   Max Lag Obs 

D(CLOSINGFIRMS)  0.0007  12  12  106 

D(EXCHANGE)  0.0000  4  11  107 

D(INFLATION)  0.0000  1  12  117 

D(INTEREST)  0.0000  0  12  118 

D(OPENINGFIRMS)  0.0000  5  12  113 
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Appendix 2: VAR Lag Order Selection 

VAR Lag Order Selection Criteria 
Endogenous variables: D(INFLATION) D(INTEREST) D(OPENINGFIRMS) D(CLOSINGFIRMS) D(EXCHANGE)  
Exogenous variables: C  
Date: 09/20/20   Time: 19:43 
Sample: 2010M01 2019M12 
Included observations: 97 

Lag LogL LR FPE AIC SC HQ 

0 -262.5183 NA   0.000171  5.515840   5.648557*   5.569505* 

1 -234.1438  53.23863  0.000160  5.446264  6.242567  5.768250 

2 -187.8093  82.16018  0.000103  5.006377  6.466265  5.596684 

3 -164.0164  39.73655  0.000107  5.031267  7.154740  5.889895 

4 -127.5367   57.16415*   8.61e-05*  4.794571  7.581629  5.921520 

5 -111.4788  23.50741  0.000107  4.978944  8.429588  6.374215 

6 -90.66710  28.32106  0.000122  5.065301  9.179530  6.728894 

7 -72.10643  23.34435  0.000150  5.198071  9.975885  7.129985 

8 -46.09815  30.03018  0.000162  5.177281  10.61868  7.377517 

9 -12.38867  35.44708  0.000154  4.997705  11.10269  7.466262 

10  26.23060  36.62859  0.000138   4.716895*  11.48546  7.453773 

 * indicates lag order selected by the criterion 
 LR: sequential modified LR test statistic (each test at 5% level) 
 FPE: Final prediction error 
 AIC: Akaike information criterion 
 SC: Schwarz information criterion 
 HQ: Hannan-Quinn information criterion 

Appendix 3: AR Roots of Characteristic Polynomial 

Roots of Characteristic Polynomial 
Endogenous variables: D(INFLATION), D(INTEREST) D(OPENINGFIRMS), D(CLOSINGFIRMS) D(EXCHANGE)  
Exogenous variables: C  
Lag specification: 1 10 
Date: 09/20/20   Time: 19:43 

Root Modulus 

0.490564 + 0.858196i 0.988511 

0.490564 - 0.858196i 0.988511 

0.312886 + 0.932265i 0.983370 

0.312886 - 0.932265i 0.983370 

-0.504515 - 0.836431i 0.976807 

-0.504515 + 0.836431i 0.976807 

0.838935 - 0.496883i 0.975040 

0.838935 + 0.496883i 0.975040 

-0.060968 + 0.959414i 0.961349 

-0.060968 - 0.959414i 0.961349 

0.222061 + 0.933776i 0.959817 

0.222061 - 0.933776i 0.959817 

0.606518 - 0.732014i 0.950636 

0.606518 + 0.732014i 0.950636 

-0.888432 + 0.272223i 0.929202 

-0.888432 - 0.272223i 0.929202 

-0.398571 + 0.830846i 0.921501 
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-0.398571 - 0.830846i 0.921501 

0.834542 + 0.388858i 0.920690 

0.834542 - 0.388858i 0.920690 

-0.653151 - 0.648668i 0.920530 

-0.653151 + 0.648668i 0.920530 

-0.205217 + 0.896543i 0.919730 

-0.205217 - 0.896543i 0.919730 

-0.809707 - 0.435267i 0.919283 

-0.809707 + 0.435267i 0.919283 

-0.917793 0.917793 

0.501310 + 0.765295i 0.914870 

0.501310 - 0.765295i 0.914870 

0.679437 + 0.605606i 0.910161 

0.679437 - 0.605606i 0.910161 

-0.082369 - 0.865207i 0.869119 

-0.082369 + 0.865207i 0.869119 

-0.700673 - 0.511818i 0.867698 

-0.700673 + 0.511818i 0.867698 

0.099577 + 0.847329i 0.853160 

0.099577 - 0.847329i 0.853160 

-0.785160 - 0.308177i 0.843474 

-0.785160 + 0.308177i 0.843474 

0.839300 0.839300 

-0.353491 - 0.760402i 0.838551 

-0.353491 + 0.760402i 0.838551 

-0.823170 - 0.121062i 0.832024 

-0.823170 + 0.121062i 0.832024 

0.755779 - 0.279684i 0.805869 

0.755779 + 0.279684i 0.805869 

0.516549 0.516549 

0.425359 + 0.165611i 0.456462 

0.425359 - 0.165611i 0.456462 

-0.024918 0.024918 

No root lies outside the unit circle. 
VAR satisfies the stability condition. 

 

 


