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Abstract: 

This study would like to contribute to the existing literature on the Feldstein-Horioka paradox by 

focusing on Turkey for the period 1960-2014 and by scrutinizing the correlation between domestic 

savings and investments within a time-varying parameter approach (which is warranted especially for 

emerging countries due to their political and economic instability and due to the frequency of policy 

changes). Our time-varying parameter approach is able to capture the impact of various economic 

and political interruptions on the correlation between domestic savings and investments, especially 

the military coups in the early 1960s, 1970s and 1980s, and the economic and financial crises in the 

mid-1990s, in the late 1990s, and in the early 2000s, as well as the financial crises affecting various 

countries in the globe in the late 1990s and 2000s. Our empirical analysis suggests a high correlation 

between domestic savings and investments in the 1960s, which was decreasing (increasing) during the 

1970s (1980s), and which was decreasing since the 1990s. Furthermore, in the post-2002 era, with a 

further decline in the correlation coefficient, the saving-investment nexus has turned out to be 

statistically insignificant. 
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1. Introduction 

 

Economists often use the term “puzzle” to refer to empirical findings that are contrary to the 

theoretical expectations. In this sense, the Feldstein-Horioka puzzle, which came out of the 

seminal paper of Feldstein and Horioka in 1980, has been referred to as “the mother of all 

puzzles” in international monetary economics. In their study, Feldstein and Horioka (FH) 

argue that while domestic savings and investments should be perfectly correlated in a closed 

economy as investments are solely funded by domestic savings, this relationship is expected 

to disappear in an economy with perfect capital mobility, as capital moves according to the 

neoclassical theory of arbitrage. If capital was perfectly mobile in markets with no failures, 

domestic savings would search for global investment opportunities with the highest returns, 

independent of demand for domestic investments, and in the same way, domestic investments 

would be financed by the worldwide pool of capital, independent of supply of domestic 

savings.  

 

On the basis of this rationale, Feldstein and Horioka conducted a cross-sectional analysis for 

the industrialized OECD countries over the 1960-1974 period. They found that domestic 

savings and investments were strongly correlated, implying that capital must have been 

immobile among the OECD countries. To examine whether the results are sensitive to the 

choice of the sample period, they estimated their regression for different subsamples. They 

further constructed a simultaneous equation model to account for the potential endogeneity of 

the domestic savings. In both cases they observed similar degree of correlation and hence 

ruled out endogeneity and sample selection bias as possible causes for the high saving-

investment association. These findings, however, were in stark contrast with the fact that 

capital mobility was very high among the OECD countries during the analysed period, which 

was achieved via financial market deregulations and easing of capital controls. This 

contradiction has constituted the FH puzzle and raised a great deal of attention among 

economists, as the finding itself was not only an interesting one, but also would have some 

crucial implications on important macro variables.  Although a large volume of literature has 

emerged to explain the puzzling results on methodological and econometric grounds, the 

puzzle is not yet settled.  

 

The literature on the FH puzzle has mainly two strands. The first strand of the literature 

attempts to reconcile the high correlation between domestic savings and investments with 
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high capital mobility by proposing new arguments through new theoretical models. In this 

respect, studies including Cardia (1992), Obstfeld and Rogoff (1995), Coakley et al. (1996), 

Olivei (2000), Nason and Rogers (2002), Ho (2003), Ho and Huang (2006), and Bai and 

Zhang (2010) show that high saving-investment correlation with high, or even perfect, 

international capital mobility can arise due to exogenous factors such as the failure of the real 

interest rate parity, a long-run current account solvency constraint, government policies 

targeting sustainable current account, size of countries and production shocks, rather than low 

capital mobility.   

 

The second strand of the literature supports conformity of the FH approach in measuring 

capital mobility but casts doubt on their econometric method and try to overturn the puzzle on 

methodological and econometric grounds. As argued by Hussein (1998), Caporale et al. 

(2005) and Telatar et al. (2007), the cross sectional analysis of FH might be subject to a 

number of serious limitations due to sample selection bias and neglecting country-specific 

saving-investment dynamics, government policies and financial shocks. These potential 

pitfalls have recently led many researchers to turn their attention to investigating the saving-

investment relationship for individual countries through time series methods (e.g. De Vita and 

Abbott, 2002; Pelagidis and Mastroyiannis, 2003; Özmen and Parmaksız 2003; Sinha and 

Sinha, 2004; Narayan, 2005; Mastroyiannis, 2007; Kejriwal, 2008; Narayan and Narayan, 

2010; Verma and Saleh, 2011; Ketenci, 2012; Yildirim and Orman, 2017)1. These studies also 

account for the possibility that the correlation between savings and investments could be 

exposed to policy regime changes and structural breaks through the cointegration models with 

endogenously or exogenously specified structural breaks. Overall their findings reveal that the 

correlation between savings and investments has weakened after some policy regime changes 

towards capital mobility and international financial integration. They also propose that the 

correlation could be overestimated if the structural breaks which are introduced by policy 

regime changes are ignored. 

 

Although these studies accounted for the fact that the saving and investment relationship does 

not remain constant overtime and therefore modelling the relationship by a fixed-coefficient 

model is bound to suffer from some serious limitations, they allow only for abrupt changes in 

the correlation. However, given that capital mobility is a time-varying issue and structural 

                                                   
1 See the survey articles by authors Coakley et al. (1998) and Apergis and Tsoumas (2009) for an extensive 
review of the FH puzzle literature. 
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changes generally take a period of time to take effect in an economy, it is more plausible to 

anticipate the saving-investment relationship to change smoothly rather than abruptly. In this 

sense, more recent studies including Hatemi-J and Hacker (2007), Evans et al. (2008), Ma and 

Li (2016) and Khan (2017), have utilized the time-varying parameter approach and applied 

the Kalman filter estimation or the time varying cointegration modelling to allow for smooth 

changes in the saving-investment relationship. Being in line with the majority of the FH 

literature, all these studies focus on developed countries with the only exception of the study 

by Ma and Li (2016), investigating the saving-investment association not only for developed 

countries but also for a number of less developed countries. Although the saving-investment 

nexus for emerging and developing countries is relatively under-studied in the existing FH 

literature, it is far more interesting and challenging due the political and economic instability 

and the high frequency of policy changes experienced by these countries. Moreover, as 

underlined by Coakley et al. (1999) and Sinha and Sinha (2004), the saving-investment 

relationship for emerging or developing countries could be quite different from that of 

industrialized and developed countries.  

 

In this sense, this study aims to explore the FH puzzle for Turkey over the period 1960-2014 

which is the widest interval available. As a developing country which has witnessed several 

crises and experienced a number of military coups and drastic changes due to the 

comprehensive economic, financial, and political reforms, Turkish economy provides a good 

platform to investigate the FH puzzle. When examining the FH puzzle literature for Turkey, it 

appears that studies methodologically analyse the puzzle within the cross-sectional or panel 

data context (e.g. Payne and Kumazawa (2006), Kalyoncu (2007), Fouquau et al. (2008), 

Johnson and Lamdin (2014), Holmes and Otero (2014)) or from a time series perspective (e.g. 

Kar and Kara (2001), Bolatoğlu (2005), Kejriwal (2008) and Dursun and Abasiz (2014)). 

Among the studies utilizing time series methods, while Kar and Kara (2001) and Bolatoğlu 

(2005) employ standard cointegration tests and the ARDL bounds testing approach to 

cointegration without accounting for the existence of potential structural breaks, Dursun and 

Abasiz (2014) use single and multiple break cointegration tests with endogenously determined 

dummy variables, which suggest sharp and sudden changes in the saving-investment nexus. 

The use of single or multiple break cointegration tests can be deemed appropriate when there 

are only a few clear structural breaks as in the case of most industrialized countries. However, 

for a country like Turkey, where the economy was characterized by a high degree 
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of instability especially during 1960-1990, a time-varying parameter approach would be more 

appropriate when analysing the saving-investment dynamics. 

  

In this respect, this study employs a state-space model using a Kalman filter, which allows for 

time-varying coefficients and dynamic smooth structural changes. The time-varying nature of 

this approach enables us to draw more precise conclusions about how the saving-investment 

correlation in Turkey evolved. Our empirical analysis suggests a high correlation between 

domestic savings and investments in the 1960s, which is decreasing (increasing) during the 

1970s (1980s) and decreasing since the 1990s, and is rather low, especially in the 2000s. 

While a high correlation might have been expected for the 1960s, especially given there had 

been various types of capital controls and barriers to the movement of capital across borders 

until the late 1980s, finding out about a time-decreasing correlation in Turkey in the 1970s 

certainly is novel and interesting.  

 

The time-decreasing pattern in the 1970s can be attributed partly to specific government 

policies (e.g., investment plans, protectionist trade policies, devaluation of the domestic 

currency and the introduction of specific bank deposit accounts to attract workers’ 

remittances). By the same token, the time-increasing pattern in the 1980s can be attributed 

mostly to efforts to set the stage for trade and financial liberalization, to high inflation and 

interest rates, and to insuperable obstacles in accessing foreign capital and credits, unlike the 

1970s. Moreover, our empirical analysis is able to capture the impact of various economic and 

political interruptions on the correlation between domestic savings and investments, 

especially the military coups in the early 1960s, 1970s and 1980s, and the economic and 

financial crises in the mid-1990s, in the late 1990s, and in the early 2000s, as well as the 

financial crises affecting various countries in the globe in the late 1990s and 2000s. 

 

The rest of the paper is organized as follows. The next section presents a brief overview of the 

Turkish economy. Section 3 introduces our specific methodology. The empirical results are 

then discussed in Section 4, and concluding remarks are given in Section 5.  

 

2. A Brief Review of Turkish Economy 

 

This section highlights some important facts and economic and political incidents in Turkey 

over the period 1960-2014 so as to set the stage for a better understanding of the empirical 
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results on the evolution of the saving-investment relationship presented in Section 4.2 As is 

already mentioned in the previous section, Turkey has witnessed several crises and 

experienced a number of military coups and drastic changes, each of which potentially had a 

crucial impact on the saving-investment dynamics. Figure 1 illustrates annual gross domestic 

saving (SAV) and gross capital formation (INV) as a percentage of GDP for the period 1960-

2014.3 

 

 
Data Source: WDI Database of the World Bank 

 

Figure 1: Gross Domestic Investment and Saving, 1960-2014 

 

In general, both gross investments and savings tended to increase (with some interruptions) 

until the mid-1970s and in the second half of the 1980s, whereas they tended to decrease in 

the late 1970s and in the 1990s. In particular, having higher shares in total, private 

investments and public savings had the leading role in the entire period; see Figures 2 and 3. 

 

 

                                                   
2 Giving a complete picture of the structure of Turkish economy and discussions of historical economic and 
political incidents is beyond the scope of the paper, nor is it intended by this section. For further details of the 
discussions of this section, and for other related discussions, see inter alia, Yentürk (2003), Yeldan (2001), and 
Boratav (2005). 
3 The data used for the empirical analysis are obtained from the WDI database of the World Bank. 
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Data Source: The Ministry of Development 

 

Figure 2: Public and Private Shares in Total Saving, 1975-2014 

 

 

 
Data Source: The Ministry of Development 

 

Figure 3: Public and Private Shares in Total Investment, 1963-2014 

 

 

Figure 2 shows that while the share of private (public) savings in total tended to increase 

(decrease) until the early 1980s and in the 2000s, with which the gap between the shares of 

private and public savings in total decreased, the opposite is true especially between the early 

1980s and the early 2000s. As changes in private savings can be attributed partly to changes 

in real wages and salaries, together with ones in interest rates, Figure 4 plots average interest 

rates in the banking sector for the period 1960-2014, and Figure 5 plots real wages/salaries in 

the manufacturing sector for the period 1954-2001. 
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Data Source: IMF 

 

Figure 4: Interest Rates (Banking), 1960-2014 

 

 

 
Data Source: Turkish Statistical Institute, Statistical Indicators, 1923-2011 

Notes: Real wages/salaries are computed by using 1953 as the base year for 

the general price levels. Data (annual payments made to employees and 

annual average number of employees in the public and the private sector of 

the manufacturing industry) provided by Turkish Statistical Institute is 

available only until 2001. 

 

Figure 5: Real Wages/Salaries, 1954-2001 

 

 

As is clear from Figure 4, interest rates had been low in the 1960s and the 1970s, especially 

relative to the substantial rates since the 1980s. Similarly, Figure 5 shows that, except for the 

early 1970s, for the 1980s, and for the first half of the 1990s, real wages/salaries, in general, 
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tended to increase. These certainly are consistent with the changes in domestic savings (see 

Figure 1). 

 

Figure 3 shows that while the share of public (private) investments in total tended to increase 

(decrease) until the late 1970s, with which the gap between the shares of private and public 

investments in total decreased, the opposite is true especially since the second half of the 

1980s. To this end, given the financially closed structure of Turkish economy until the 1990s, 

we would expect investments to be financed mainly by domestic savings. That said, the 

decreasing tendency of gross domestic savings and increasing investments warrant a closer 

look into this period. In particular, the early 1960s witnessed a military coup, which was 

followed by some long-term development plans in the economy. In this period, public 

investments and private savings increased. In the late 1960s, public investments had been 

undertaken according to the policies determined by the planned economy. Towards the 1970s, 

an overvalued domestic currency had led to substantial increases in trade deficits, while 

remittances and net income from abroad (NIFA) were decreasing. To remedy this and to 

finance public investments, some 66% devaluation of the domestic currency, in addition to 

policies protecting domestic industries through import-substitution policies (especially via 

import quotas) had been implemented. Also, in addition to new foreign credits that had been 

raised (around 950 million USD, in 1970), to attract more foreign capital (especially from 

workers abroad), “foreign currency convertible” deposits were introduced, which were in 

effect for slightly more than a decade between 1967 and 1978, and were partly successful in 

attracting workers’ remittances (especially after the devaluation of the domestic currency).  

 

Given the equivalence between gross investments and the sum of gross savings, NIFA, and 

trade deficits, we would expect gross investments to be led especially by foreign capital (e.g., 

workers’ remittances) in the 1970s; see Figure 1 for gross savings, and Figure 6 for the rate of 

coverage of trade deficits by NIFA and by workers’ remittances for the period 1967-2002. In 

particular, foreign currency convertible deposits constituted 98% of all foreign reserves by the 

end of 1975, and the share of trade deficits in gross fixed capital formation was around 22% 

in the period 1962-1976, that is, almost one-fifth of domestic investments had been financed 

purely by foreign capital in the period 1967-1976. 
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Data Source: Turkish Statistical Institute, Statistical Indicators, 1923-2011 

(data on workers’ remittances and on trade deficits); Central Bank of Turkey 

(data on NIFA) 

Notes: Data on workers’ remittances provided by Turkish Statistical Institute 

is available only until 2002. 

 

Figure 6: Coverage of Trade Deficit by NIFA and Remittances, 1967-2002 

 

 

In the early 1970s, once again, a military coup took place, while the global economy was 

dealing with a petrol crisis, lagged implications of which on the Turkish economy were, 

among others, deterioration of the price index and increased dependency on short-term capital 

and imports. This significantly contributed to substantial increases in interest rate payments 

and external debts (including re-payments of foreign currency convertible deposits), and to 

significant decreases in foreign currency reserves, especially in the second half of the 1970s. 

In the late 1970s, there was a foreign exchange crisis. Substantial deficits on the balance of 

payments and on the trade balance, along with shrinking foreign capital/credits and with 

significant decreases in production capacities in manufacturing resulted in radical economic 

reforms in 1980. Shortly after, another military coup took place.  

 

In the early 1980s, trade liberalization was initiated, foreign exchange controls were relaxed, 

and there were some tax reforms and improvements on fiscal deficits. Tax revenues decreased 

and the government spending increased, which resulted in a significant decrease in public 

savings (partly explaining the decrease in the share of public savings in total in the first half of 

the 1980s; see Figure 2). In that period, the key economic reforms were aiming at depressing 
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domestic demand, increasing the return on capital, and improving on trade deficits. Following 

trade liberalization, financial liberalization was initiated, in 1989, leading to substantial 

increases in short-term foreign capital in the late 1980s, increasing the coverage of trade 

deficits by NIFA and remittances (see Figure 6). Although real wages decreased (through 

government policies) in the 1980s (see Figure 5), high inflation rates (decreasing 

consumption) and high interest rates (see Figure 4) contributed to increasing domestic savings 

in the 1980s. Unlike the 1970s, increasing domestic investments could be hardly financed via 

foreign capital in the 1980s (especially given the economic and political turmoil leading to 

structural changes in the economy) as access to foreign capital and credits was rather limited, 

re-payment of external debt was high, and NIFA and remittances were rather low in most of 

the decade (see Figure 6 for the coverage of trade deficits). As we will see in Section 4, this 

would coincide with a higher correlation between domestic savings and investments in the 

1980s. 

 

With liberalized markets, the mid-1990s, the late 1990s, and the early 2000s were also marked 

by economic crises, each of which was followed by economic reforms and structural 

adjustment and stabilization efforts. In general, the post-1980 era should be analysed 

differently as the economy was more prone to global changes, especially following Turkey’s 

trade and financial liberalization. Through government policies, in the period 1988-1993, real 

wages and salaries were held artificially (and substantially) high in the public sector (see 

Figure 5) leading to high inflation rates and fiscal deficits. Similarly, high interest rates (see 

Figure 4) had led the manufacturing sector to invest mostly in not-so-productive assets (e.g., 

government securities). Additionally, (i) increasing dependency on speculative foreign capital 

(especially after the fast-track financial liberalization), (ii) an overvalued domestic currency 

and the economic slowdown in Turkey’s main exporting markets, deteriorating the trade 

balance, together with (iii) high current account deficits (above 6% of GDP in 1993) and high 

public debts (above 60% of GDP) had led to the 1994 economic crisis, especially triggered by 

the global tendency of capital outflows from developing countries (following economic crises 

in Latin American countries).  

 

Similar arguments can be said to hold also for the factors leading to the 1999 economic crisis 

and to the banking/economic crisis in 2000 and 2001. In particular, it is worth mentioning that 

some of the factors behind the 1999 crisis were triggered by capital outflows, by increasing 

costs of foreign credits, and by deteriorating trade balance, especially following the financial 
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crises in Asian countries in the period 1997-1999. By the same token, increasing oil prices 

and a sharp economic downturn in the United States led not only Turkey (that was already 

suffering from also political uncertainty in the aftermath of the 1999 and the 2000 crises), but 

also Argentina and Latin American countries to economic crises in 2001. Although structural 

economic reforms and radical measures taken in the post-2001 era helped decrease inflation 

and interest rates, strengthen the real and the banking sectors, and control the external and 

public debt problems, the latest global financial crisis in 2008 is also worth mentioning, as it 

would not be right to say that Turkey was not affected after all (see Section 4). 

 

3. Methodology  

 

To explore the saving-investment relationship in Turkey, we utilize annual gross domestic 

saving and gross capital formation as a percentage of GDP over the period 1960-2014 which 

is the widest interval available. In a traditional time-invariant linear regression model, the 

relationship between domestic savings and investment can be examined in the form: 

0 1t t tI Sβ β ε= + +                                                             (1) 

where tI  is the gross domestic investment as a proportion of GDP, tS  is the gross domestic 

saving as a proportion of GDP and tε  is the stochastic disturbance term. In this representation 

the parameter 1β , the so-called saving retention coefficient, measures the degree of capital 

mobility. That is, in a country having perfect capital mobility, 1β  is expected to take a value 

close to zero with domestic investments being financed by the worldwide pool of savings. In 

the case of capital immobility, however, domestic savings would remain within the country of 

origin and would finance domestic investments, leading to a unitary saving retention 

coefficient.  

 

Obviously, equation (1) implies a constant saving retention coefficient, which is particularly 

unrealistic due to obvious implications of considering a large time dimension. More 

specifically, as might be expected, following the discussions given by Section 2, despite some 

potential short-lived changes due to economic and political interruptions (e.g., military coups, 

economic and financial crises), with trade liberalization and the removal of capital controls 

and barriers to the movement of capital across borders in the 1980s, given the open structure 

of Turkish economy since the late 1980s, the saving retention coefficient is expected to follow 

a time-decreasing path. Moreover, given the menu cost, the effect of the technological 
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progress on the time-decreasing behaviour of the saving-investment relationship cannot be 

ignored.  

 

Given these, we assume that the relationship between domestic saving and investments 

evolves smoothly or gradually over time and set the following time-varying parameters model 

in the state-space form: 

t t t tI u= +x β                                                                (2) 

= +t t-1 tβ Φβ ε                                                               (3) 

Equation (2) is the measurement equation where tx  is a vector of explanatory variables 

covering a constant term and the domestic saving ratio and tu  is the iid disturbance term 

following a normal distribution with zero mean and the variance of 2σ . In the state equation 

(3), tβ  represents the unobserved state vector defined as ( )0 1  t tβ β ʹ=tβ ,Φ  is a 2 2×  

transition matrix and tε is the vector of normally distributed iid disturbances with zero mean 

and variance-covariance matrix .Q  It is assumed that the two noise terms in equations (2) and 

(3) are uncorrelated and =Φ I  so that tβ  follows a random walk process. 

 

Once the model is set, the Kalman filter technique can be applied to observe estimators for the 

state vector, which plays a central role in estimating the time variation in the saving-retention 

coefficient. The Kalman filter method can be described as a recursive algorithm for 

computing the optimal estimator of the unobserved state vector at time t, given the 

information available at time t-1. Due to state estimations being taken conditional on their last 

realizations, unlike the OLS, the Kalman filter technique does not require the data to be 

stationary for estimation. In this sense, the estimation of the time-varying parameters model 

given by equations (2) and (3) through the Kalman filter encompasses two steps for all t in the 

range of 1,….,T as: 

i) Calculate the predictions for the state vector tβ  and its variance-covariance matrix tP  

conditional on information up to t-1 as: 

| -1 -1| -1
ˆ ˆ
t t t t=β Φβ  

| -1 1| -1t t t t− ʹ= +P ΦP Φ Q  

ii) Update the predictions with inclusion of a new observation as: 
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| | 1 | -1
ˆ ˆ
t t t t t t tη−= +β β K  

| | 1 | 1t t t t t t t− −= − tP P K x P  

( )
1

2
| 1 | 1t t t t t σ

−

− −
ʹ ʹ= +t t tK P x x P x  

In these set of update equations | -1 | -1 | -1
ˆˆ

t t t t t t t t tI I Iη = − = − x β  represents the prediction error that 

contains new information relative to the previous one and  tK  is the Kalman gain which 

plays an important role in updating estimates as it determines the weight assigned to new 

information. tK  is an increasing function of the uncertainty associated with | -1
ˆ
t tβ , and 

therefore it is obvious that higher uncertainty will produce higher weight for new information. 

One important issue in this algorithm is the specification of the initial values 0|0β̂ and 0|0P . 

Following the existing literature, we use ( )0|0
ˆ 0  0 ʹ=β  and 0|0 =P I  as the starting point of the 

algorithm4. 

 

This algorithm recursively provides an optimal estimate of the state vector tβ  and its 

variance-covariance matrix tP  conditional on the knowledge of the parameters of the state-

space model Q  and 2σ . However, since these parameters are unknown and need to be 

estimated, we continue with the maximum likelihood estimation (MLE) and construct the 

following log-likelihood function, which is based on the recursive estimates observed from 

the Kalman filter in each period:  

( ) ( )
( )

2

| -12
| 1 21 1 | 1

ˆ1 1ln ln 2 ln
2 2 2

T T t t t t
t t

t t t t

ITL π σ
σ

−
= =

−

−
ʹ= − − + −

ʹ +
∑ ∑t t

t t

x β
x P x

x P x
 

Maximizing the log-likelihood function with respect to the unknown parameters Q  and 2σ  

produces the maximum likelihood estimators of the variances of the state-space model, which 

finalizes the optimal estimation of the state vector and its variance-covariance matrix.  

 

4. Empirical Results 

 

Our empirical investigation commences with determination of integration orders of the 

investment and saving ratios. As such, we initially employ the conventional ADF, PP and Ng 
                                                   
4 See Harvey (1989, 1993) for futher details on the state-space models and the Kalman filter method.  
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and Perron (2001) unit root tests and report the results together with the corresponding critical 

values in Table 1. According to the results, all these standard tests fail to reject the null 

hypothesis of a unit root and point to nonstationarity in both of the series. Despite this finding, 

it is crucial to note that the presence of structural breaks in the series might bias these tests 

towards accepting the false null hypothesis of a unit root as underlined by Perron (1989). As 

discussed earlier, Turkish economy has experienced some drastic changes during the sample 

period of our analysis. To account for these changes and propose more reliable results, it is of 

great importance to employ unit root tests allowing for structural breaks. In this sense, a unit 

root testing procedure that allows for one endogenously-determined structural break was 

proposed by Zivot and Andrews (1992). Subsequently, their testing procedure was extended 

to allow for two structural breaks by Lumsdaine and Papell (1995). One important issue 

regarding these tests is that they allow for structural breaks only under the alternative 

hypothesis of stationarity and omit the possibility of a unit root with break. In the presence of 

a break under the null hypothesis, these tests will be subject to size distortions that will lead 

not only to over rejection of the null hypothesis of a unit root but also to an incorrect 

specification of the break point. To circumvent this problem, Lee and Strazicich (2003, 2004) 

have developed one-break and two-break unit root tests that use the Lagrange Multiplier (LM) 

test statistic and allow for structural breaks both under the null and alternative hypotheses. 

 

Table 1: Standard Unit Root Tests Results  

 
Notes: The lag order for ADF and Ng and Perron (2001) unit root tests are chosen using the modified AIC 
(MAIC) as suggested by Ng and Perron (2001). The bandwidth for the PP test is determined using the Newey-
West automatic bandwidth selection procedure for a Bartlett kernel. The values in parentheses represent the 
optimal lag lengths and bandwidths. *, **, *** denote rejection of the null hypothesis of a unit root at 10 
percent, 5 percent and 1 percent significance levels. 

 ADF  PP  GLSMZα  GLS
tMZ  GLSMSB  GLS

TMP  

Investment  
-2.285 

(1) 

-2.589 

(0) 

-2.666 

(1) 

-1.066 

(1) 

0.399 

(1) 

8.846 

(1) 

Saving 
-1.978 

(2) 

-2.049 

(7) 

-2.159 

(2) 

-0.987 

(2) 

0.457 

(2) 

10.912 

(2) 

Critical Values       

1% -3.56 -3.56 -13.80 -2.58 0.17 1.78 

5% -2.92 -2.92 -8.10 -1.98 0.23 3.17 

10% -2.60 -2.60 -5.70 -1.62 0.28 4.45 
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The structural break LM unit root test of Lee and Strazicich (2003, 2004) is based on the 

following data generating process: 

1      t t t t t ty Z e e eδ β ε−ʹ= + = +  

 

where tZ  is a vector of exogenous variables and tε  is the iid disturbance term. Given this 

data generating process, Lee and Strazicich (2003, 2004) propose two different models, 

Model A and Model C. Model A allows for structural breaks in level and is described by 

[ ]11, ,t tZ t D ʹ=  for a single structural break and by [ ]1 21, , ,t t tZ t D D ʹ= for the two-break case, 

where jtD  is the dummy variable for a level shift occurring at time 
jB

T  and defined as 1jtD =  

for 1,  1,2,
jB

t T j≥ + = and 0 otherwise. The second model, model C, includes structural breaks 

in both level and trend with [ ]1 11, , ,t t tZ t D DT ʹ=  and [ ]1 2 1 21, , , , ,t t t t tZ t D D DT DT ʹ=  for one-

break and two-break cases, respectively, where 
jjt BDT t T= −  for 1,  1,2,

jB
t T j≥ + = and 0 

otherwise. To test the null hypothesis of a unit root, the following regression is constructed 

according to the LM score principle: 

1
1

k

t t t j t j t
j

y Z S S uδ φ λ− −
=

ʹΔ = Δ + + Δ +∑! !  

where ,  t t x tS y Zψ δ δ= − −! ! !! is the vector of coefficients in the regression of tyΔ  on ,tZΔ

1 1x y Zψ δ= − !!  with 1y  and 1Z  being the first observations of ty  and tZ , respectively and k is 

the augmentation that ensures the iid structure of the disturbance term tu . The unit root null 

hypothesis is then described by 0φ = and tested by the LM t-test statistic .τ!   The location of 

the breaks is specified by searching all possible break points for the minimum LM t-statistic 

as ( ) ( ),  .BTInf Inf Tλ
τ λ τ λ λ= =!! !  Table 2 reports both the one-break and the two-break 

minimum LM unit root test results. It appears from the results that allowing for structural 

breaks provides no additional evidence in favour of stationarity of investment and saving rates 

and the application of the structural break unit root tests confirms nonstationarity of 

investment and saving ratios.  
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Table 2: Lee and Strazicich Unit Root Test Results  

 
Notes: k indicates the optimal number of lags determined through a general to specific approach and TB denotes 
the estimated break points.  Critical values for Model A, which are invariant to the location of structural breaks (
λ ), are given at the 1%, 5% and 10% significance levels as -4.24, -3.57 and -3.21 for the one-break LM tests 
and -4.55, -3.84 and -3.50 for the two-break LM test. Critical values for Model C, however, depend on the 
location of breaks and are as follows for the one-break LM test at the 1%, 5% and 10% significance levels: -5.11, 
-4.50 and -4.21 for 0.1;λ =  -5.07, -4.47 and -4.20 for 0.2;λ =  -5.15, -4.45 and -4.18 for 0.3;λ = -5.05, -
4.50 and -4.18 for 0.4;λ =  -5.11, -4.51 and -4.17 for 0.5.λ =  For the two-break LM tests the critical values 

are reported at the 1%, 5% and 10% significance levels as: -6.16, -5.59 and -5.28 for ( )0.2,0.4 ;λ = -6.40, -

5.75 and -5.32 for ( )0.2,0.6 ;λ =  -6.33, -5.71 and -5.33 for ( )0.2,0.8 ;λ =  -6.46, -5.67 and -5.31 for 

( )0.4,0.6 ;λ = -6.42, -5.65 and -5.32 for ( )0.4,0.8 ;λ =  -6.32, -5.73 and -5.32 for ( )0.6,0.8 .λ =  Note 
that the critical values are symmetric around the location of breaks. 
 

 

Before implementing our time-varying parameter approach, it could be useful to have an idea 

of the results one would obtain by simply running the standard Engle-Granger cointegration 

approach. As such, given nonstationary structures of saving and investment rates, we first 

estimate the time invariant long-run equilibrium model (1) through OLS as: 

( )( )
4.77 0.88

      3.84 11.36
t tI S= +

 

and then test for stationarity of the residuals from this model by constructing the ADF 

regression with the required number of lagged changes of residuals that is specified through a 

general to specific approach. As a result, the Engle-Granger cointegration test statistic is 

found as -4.473, which suggests existence of a cointegration between domestic savings and 

investments at 1% significance level with a high saving retention coefficient of 0.88.  Hence, 

on the basis of such an analysis, one might conclude in favour of a close association between 

 
No. of 
Breaks Model k     TB  LM Statistic 

 
 

Investment  

One 
 

 

A 
C 

0 
6 

2002 
1997 

     -2.125 
     -3.071 

  2000 1998 

 
 

 
 

Saving 
 

Two 
 
 
     One 
 
 
    Two 
    

A                     
C  

 
   A 
   C 
 
   A 
   C 

2 
2 

 
2 
2 
 
2 
2 

1986, 1998 
1976, 1986 

 
2000 
1998 

 
1998, 2000 
1985, 1998 

          -2.478 
          -4.812 
 
          -3.260 
          -3.340 
 
          -3.568 
          -4.099 

  2 2 
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domestic savings and investments. However, as stated earlier, this standard cointegration 

analysis is inherently designed for stable linkages. If two series move together at the 

beginning of the sample but have started to diverge in the later part of the sample due to 

policy regime changes or financial crises, the Engle-Granger approach will not be able to 

provide reliable inferences. Its application would not be suitable when there exist dynamic 

structural changes in the series under investigation.  

 

To check further for reliability of the Engle-Granger approach, we can employ a specification 

test for structural instability of the saving-retention coefficient. In our analysis, we prefer to 

utilize the stability test proposed by Hansen (1992), which is designed specifically for 

nonstationary processes and based on the fully modified OLS estimation procedure. Hansen 

(1992) derived two test statistics supF and MeanF  which have the same null hypothesis of 

parameter stability but differ in their alternative hypotheses5. More specifically, while the 

supF  test focuses on a sudden structural shift in the specified model, the MeanF  test allows 

for a gradual shift in the parameters under the alternative hypothesis and examines the overall 

stability of the model. Both tests are predicated on the classical Chow test with the difference 

being the use of a sequential procedure to allow for coefficient changes at some unknown 

point of the sample. In that sense, the supF  test statistic is defined as sup nt
t
n

F
∈Ψ

, where 

[0.15 ,0.85 ]T TΨ =  with T  being the sample size and ntF  is the F statistic to test the null of 

stability or equivalence of parameters at each possible break point. The MeanF  statistic is 

simply the average of all recursively observed ntF  statistics.  

 

Figure 7 displays the plot of the sequence of ntF statistics for stability of the saving-retention 

coefficient, along with the 5% critical value for the MeanF  statistic. It clearly appears from 

the Figure that the saving-investment association does not follow a stable path with the 

sequence of ntF  statistics crossing the 5% critical value several times and achieving its 

maximal value approximately in 1985. This finding fairly obviously reveals unreliability of 

the inferences derived from the Engle-Granger approach which is predicated on a stable long-

run equilibrium between the variables. Although studies including Gregory and Hansen 

(1996), Hatemi-J (2008) and Maki (2012) have extended the Engle-Granger approach by 
                                                   
5 There is another test statistic proposed by Hansen (1992), which is the CL  statistic. We do not use the CL  
statistic in our analysis due to its distribution being poorly behaved and suffering from a lack of power. 
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allowing for single and multiple structural breaks, they only consider sudden structural shifts. 

As can be seen from Figure 7, the instability of the saving-investment association is not 

observed at some specific dates but it follows a gradual path, pointing to existence of multiple 

smooth structural breaks rather than sudden ones. Hence, a time-varying parameter approach 

is required to draw precise conclusions about the saving-investment correlation in Turkey. 

 

 

 
Figure 7: Hansen Instability Test 

 

 

Having estimated the state-space models given by equations (2) and (3), the intercept term (on 

the left/at the bottom) and the time-varying saving-retention coefficient (on the right/at the 

top) along with its 95% confidence interval are plotted in Figure 8. The impact of military 

coups in the early 1960s, 1970s and 1980s can be seen from Figure 8. According to our 

results, the correlation between domestic savings and investments decreases, especially in the 

immediate years following the coups. As for autonomous investments, the coups in 1960 and 

in 1971 (as well as the petrol crisis in the period 1971-1973) have a negative impact, whereas 

the coup in 1980 has a positive impact. As was already mentioned in Section 2, new foreign 

credits along with substantial devaluation of the domestic currency attracting workers' 

remittances to then-newly established foreign currency convertible deposits could partly 

explain the decreasing correlation in the 1970s, whereas the increase in both autonomous 

investments and the correlation between domestic savings and investments could be partly 

explained by the radical economic reform packages (that had been introduced just months 

before the 1980 coup), with which the domestic currency was devaluated and tax incentives 
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and export subsidies were imposed. Moreover, foreign credits that had been raised through the 

IMF and the World Bank in the early 1980s also had an important role in this result. 

 

Figure 8 illustrates that there is a high correlation between domestic savings and investments 

in the 1960s, which is not surprising, especially given there were various types of capital 

controls and barriers to the movement of capital across borders until the late 1980s. It is, 

however, interesting to find a time-decreasing correlation in the 1970s. As Section 2 has 

already noted, the general decreasing tendency of the correlation between domestic savings 

and investments between the late 1960s and 1970s can be explained especially by access to 

foreign capital in the form of foreign credits, NIFA and workers' remittances through foreign 

currency convertible deposits. Given substantially high unemployment rates in the 1960s, as 

part of the planned economy strategies, the government had organized labour migration 

(especially to Europe), hoping to channel their savings from abroad back in the country. Also, 

as might be expected, our results suggest that the planned economy era (the 1960s and the 

1970s), in general, had a positive impact on autonomous investments. 

 

The impacts of trade and financial liberalization and economic and financial crises in Turkey 

and in the globe on the correlation between domestic savings and investments, as well as on 

autonomous investments, are also visible in Figure 8. For instance, the increase in the 

correlation between domestic savings and investments and higher autonomous investments in 

the mid-1980s can be attributed mostly to trade liberalization (given the fact that local 

production was highly dependent on imported intermediate goods) and to limited access to 

foreign capital (see Section 2). As for the decreases in the correlation between domestic 

savings and investments, as well as in autonomous investments, in the period 1988-1993, 

substantially high interest rates (diverting manufacturing firms' investments to holding 

government securities) and financial liberalization can be considered the main driver. 

 



 21 

 
Figure 8: Estimated Time-Varying Intercept & Saving Retention Coefficient 

 



 22 

Our empirical results suggest some ups and downs in the correlation between domestic 

savings and investments, especially around the crisis year, 1994. One explanation could be 

that with fast-track financial liberalization in the late 1980s, Turkey's economy has become 

vulnerable to speculative foreign capital. That said, as in most developing countries, economic 

crises in Asian countries (against which Turkey competes for exports in the major trading 

partners) led to outflows of foreign capital in the period 1997-1999, increasing the correlation 

between domestic savings and investments. As for high autonomous investments in the post-

1994 economic crisis, Turkey's export-driven development strategies in the 1990s including 

free trade agreements (e.g., European Free Trade Agreement came into effect in 1992, and 

Customs Union in 1995) can be said to play a crucial role. 

 

The period 1999-2001 marked the years of political uncertainty and economic and banking 

crises, for which our results suggest a substantial increase in the correlation between domestic 

savings and investment, especially in 1999, which was followed by minor declines over the 

period 2000-2001. Also, a decrease in autonomous investments has been observed in this 

period. In the post 2002-era, however, unlike the recovery efforts following the previous 

economic crises, with well-structured extreme measures regarding economic recovery and 

structural reforms suggested through the agreements with the IMF and the World Bank, with 

the resolution of political uncertainty, as well as with the initiation of European Union 

membership negotiations in 1999, economic credibility and access to foreign capital have 

been increased and this led to substantial decreases in the correlation between domestic 

savings and investments. In fact, in the post 2002-era, it appears that the association between 

domestic savings and investments has turned out to be statistically insignificant with the 95 

percent confidence interval set for the correlation coefficient including the value zero. In the 

period 2008-2010, most countries, including Turkey's major trade partners have been affected 

by the 2008 global financial crisis. This can be seen also from our results such that 

autonomous investments are decreasing and despite continuing to be insignificant, the 

correlation between domestic savings and investments are increasing in this period. 

 

We shall note that Figure 8 illustrates our econometric results based on annual data. Our 

econometric results however, could be sensitive to data frequency. As relatively high 

frequency data may provide additional information, we have employed also quarterly data for 

domestic savings and investments so as to check out the robustness of our analysis (i.e., 

whether the temporal movement of the saving-investment relationship changes in the case of 
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quarterly data rather than that of annual data). We have estimated the state-space models, 

given by equations (2) and (3), using quarterly data, which is available only for the post-1990 

period. Although not reported in the paper, the results are consistent with ones (based on 

annual data) plotted by Figure 8.6 

 

5. Concluding Remarks 

 

This study has scrutinized the Feldstein-Horioka paradox for Turkey by a time-varying 

parameter approach. The existing literature has mainly focused on developed countries (e.g., 

the OECD and the EU countries) to test the Feldstein-Horioka puzzle. While models that 

allow for few clear structural breaks and/or for sudden changes can be deemed appropriate for 

developed countries, a time-varying parameter approach is warranted when analysing the 

saving-investment nexus for emerging countries due to their political and economic instability 

and due to high frequency of policy changes. Allowing for smooth changes, our time-varying 

parameter approach has been able to capture the impact of various economic and political 

interruptions on the correlation between domestic savings and investments. Our empirical 

analysis suggests a high correlation between domestic savings and investments in the 1960s, 

which was decreasing during the 1970s (although Turkey’s economy was rather closed in that 

period) and was increasing during the 1980s (although trade and financial liberalization had 

been initiated in that period). While the correlation between domestic savings and investments 

was decreasing since the 1990s, according to our results, the post-2002 era has marked a 

further decline in the correlation coefficient, although the saving-investment nexus has turned 

out to be statistically insignificant. We have covered the period 1960-2014 (that is the widest 

interval available in terms of data) and have provided different explanations for the time-

varying saving-investment dynamics in this long period. It is clear from this study that in the 

case of Turkey, it is not about some abrupt changes in the correlation between domestic 

savings and investments (especially due to some abrupt policy regime changes towards capital 

mobility and international financial integration). Rather, it is more about how different 

government policies and economic and political conditions and shocks interact through time 

(especially given the time-varying nature of the correlation between domestic savings and 

investments and given different periods of political and economic instability and high 

frequency of policy changes in Turkey).  

                                                   
6 These results are available upon request. 
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