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Abstract 

This paper investigates the predictive power of the yield spread on future industrial production growth 

and recession in Turkey. Employing the linear regression model we find that the yield spread has 

predictive power when forecasting industrial production growth. The results also suggest that in the 

inflation targeting monetary policy period, predictive power of the yield spread has increased. 

Furthermore, we investigate whether the yield spread predicts recession by employing a probit model. 

Since no official recessions are available in Turkey, we determine the recessions using the BBQ 

methodology. The findings suggest that the yield spread predicts the recessions almost one year ahead.  
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I. INTRODUCTION 

In the 1980s the course of the inverted yield curve in the US, gives rise to a debate over the 

usefulness of the slope of the yield curve as an indicator for economic slowdown and leads to 

a new branch of research in which the information content of the term structure of interest 

rates on future economic activity is investigated.  

The expectation hypothesis and the liquidity premium theory provide an explanation for why 

the slope of the yield curve has predictive power on future economic activity. By nesting both 

theories the linkages between the short rate and the long rate can hence be represented as; 
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where n-period interest rate at time t, ��(�) , is the average of the expected short-term interest 

rates and the liquidity premium, ��(�), for the n-period bond at time t. The first term of the 

right hand side of the equation comes from the expectation hypothesis and the second term 

comes from the liquidity premium theory. The expectation hypothesis suggests that the long 

term interest rate is the average of the expected short term interest rates. On the other hand, 

the liquidity premium theory suggests that since investors are usually risk-averse, they must 

be paid by a positive premium. Given that the liquidity premium, ��(�), is greater than zero 

and increasing with the maturity, the yield curve will be upward sloping when the expected 

short rates are constant.  

If the liquidity premium is zero, all the variations in the long-term interest rates are explained 

by the expectation hypothesis. For the sake of simplicity, suppose that  ��(�) is equal to zero. 

Then the inverted yield curve is present when the expected short rates are lower than the short 

rate. Low short rates are typically associated with the economic slowdown because slowed 

economic activities decrease the demand of credit and, monetary authority reacts to the 

economic slowdown by reducing the policy rate as suggested in Taylor (1993). Therefore, the 

inverted yield curve under the positive liquidity premium implies an expected economic 

slowdown (Chinn and Kucko, 2010). 

In this paper we investigate the predictive power of the yield spread both on growth and 

recession in Turkey. Firstly, following the literature, we employ the linear regression model to 

assess the predictive power of the yield spreads on the future industrial production growth. 

Secondly, we investigate whether the yield spread predicts recession. For this purpose we 

employ a probit model. Since no official recessions are available in Turkey, we determine the 

recessions using the BBQ methodology. 

The contribution of this paper to the existent literature is twofold. First, to our knowledge, no 

previous study investigates this relationship for Turkey. Considering the fact that almost all 

the studies in the literature analyze the case of developed countries, by focusing on an 

emerging market as Turkey, this paper also contributes for filling this gap. Second, using a 

nonparametric technique namely the BBQ method, this paper determines recessions in 

monthly base over the period of 1986-2011 in Turkey.  
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The rest of the paper consists of five sections. In first section we provide the related literature. 

In second we describe the data. In third section we provide the linear model and estimation 

results. In fourth section we determine recessions and report the empirical results for the 

recession predictions.  In last section we conclude.  

II. RELATED LITERATURE 

Harvey (1988) shows that the term structure of ex-ante real rates of interest contains 

information about the future real consumption and economic growth. He finds that the real 

term structure has more information and more predictive power than the lagged consumption 

growth and the lagged stock returns. Estrella and Hordauvelis (1991) suggest that the term 

structure has more predictive power than the lagged output growth, the lagged inflation, the 

leading indicator index and the level of real short term interest rate on future growth. 

Friedman and Kutner (1991) investigate the relationship between spread of 6-month 

commercial paper rate and 3-month T-bill rate and find that the spread has explanatory power 

on real economic activity. Additionally, they show that the spread widens in the business 

cycles period and narrows in the recovery period. Plosser (1994), Bonser at al (1997), Estrella 

and Mishkin (1998), Peel and Taylor (1998), Estrella at al. (2003), Bordo and Haunrich 

(2004), Giacomini and Rossi (2005) and Ang et al. (2006) among others, analyze the linear 

relationship between the term structure of interest rates and output growth and conclude that 

the slope of the yield curve has significant predictive power on future real economic activity. 

The literature also investigates the policy effects on the relationship between the yield spread 

and future growth. For example, Gamber (1996) shows that the term structure of interest rates 

has independent predictive power only when FED does not react to change in the yield curve. 

The findings of Kim and Limpaphayom (1997) suggest that the policies toward economy 

affect the predictive power of the term structure of interest rates. Peel and Ioannidis (2003) 

find that the anti-inflation policy reduces the predicative ability of the yield spread on future 

growth. Bordo and Haubrich (2004) show that when the credibility is low and the inflation 

persistence is high then the predictive power of the term structure on growth is high. The 

findings of Estrella (2005) suggest that the extent to which the yield curve is a good predictor 

depends on the form of the monetary policy reaction function, which in turn may depend on 

the explicit policy objectives. Thus, the predictive relationships, though robust, are not 

structural. Moersh and Pohl (2011) find that the predictive character of the yield spread is not 
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solely a result of its link with the monetary policy, instead, the yield spread contains 

independent information about recession. 

Recently, Chinn and Kucko (2010) reinvestigate the predictive power of the slope of the yield 

curve for Canada, France, Germany, Italy, Japan, Netherlands, Sweden, the UK and the US. 

Employing the linear regression model, they find that the yield spread has significant 

predictive power on growth over one-year time horizon and this predictive power varies 

across countries and during time. They show that the relationship between the yield spread 

and growth has declined in the recent years which provides some evidence to conviction that 

the slope of the yield curve loses its predictive power in the recent years as the credibility of 

monetary policy increases.  

Another quantity of research is devoted to investigate whether the slope of the yield curve 

predicts recessions. Using probit model, Estrella and Mishkin (1998), Bernard and Gerlach 

(1998), Esrella at al. (2003), Montea (2005), Wright (2006), Chinn and Kucko (2010), 

Moersh and Pohl (2011), Evgenidis and Siriopoulos (2014), among others, show that the yield 

spread predicts recessions. Chauvet and Potter (2002) employ a probit model to examine the 

stability of recession forecasts under the presence of a structural break. They find strong 

evidence of a break which affects considerably recession predictions. Nyberg (2010) 

employing a dynamic probit model, which accounts autoregressive structure, finds that the 

yield spread is a useful predictor for recessions.  

III. DATA 

The yield data consists of monthly observation of annual interest rates over the period 

1993:M1-2011M8. To construct the yields, we use Treasury bond rates with maturities 1, 3 

and 12-month for all periods and 24-month for only post-2002 period. All yields are 

continuously compounded and n-month maturity yield denoted by y�(n). The interest rate data 

has been obtained from Riskturk  on a daily basis2 and monthly averages are used in the 

estimation. As discussed in Telatar et al. (2003) it is not possible to find interest rates for 

longer maturities in the Turkish economy, especially for the 90s mainly because of the lack of 

                                                           
2
 In constructing the yield curve official bond market data has been collected from Borsa Istanbul. Since the Turkish Fixed 

Income Bill and Bonds are traded in an official exchange (more information can be found at http://www.borsaistanbul.org) a 
reliable official data exists and the market is rather liquid for an emerging market. Once the official data is obtained from the 
Borsa Istanbul, the spot yields are solved. More details can be found in http://www.riskturk.com. 
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deep financial market, high levels of uncertainty and political instability3. The same is true 

even for the early periods of 2000s.  

Figure I: Yields over the period 1993:01-2011:08 

 

To capture the growth of real activity we use Industrial Production Index (IPI) which is 

obtained from the International Financial Statistics of IMF (IFS).  In order to eliminate 

seasonal patterns, following the method of Pagan (2010), we use the average; ����
� =

∑ ���	(���)�� �
��
�� �

��
. Pagan (2010) argues that this method isolates business cycles quite well. 

Leading indicator index is obtained from Central Bank of Turkey (CBT). We calculate the 

real interest rate using the Fisher equation. The calculation of real rate is as follows: 

[(1+��(3))/(1+inflation)]-1. Since the expected inflation is not available during this period, 

we proxy it by the current inflation rate. The current inflation rate is calculated using 

Consumer Price Index (CPI). The CPI is seasonally adjusted and obtained from the IFS. 

IV. PREDICTIVE POWER OF THE YIELD SPREAD ON FUTURE GROWTH 

We employ the following model, which is commonly used in the literature, to investigate the 

predictive power of the yield spreads on the future IPI growth; 

��
� = ��� + ����� + ��

�     (2) 

                                                           
3 For an overview of the Turkish economy during this period, see Telatar et al. (2003) and, Kaya and Yazgan (2011). 
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where ��
� is k period annualized future growth rate and defined as ��

� =
��

�
[����

��� − ����
�]. �� 

is the spread between the long rate and the short rate.  Considering the available maturities of 

interest rates, we construct the spread as �� = ��(12) − ��(1). The equation (2) tells that the 

yield spread at time t predicts the annual growth rate of IPI from time t to time period t+ k 

months. We examine the equation (2) with k equal to 6, 12, 18 and 24 (i.e. growth over 6, 12, 

18 and 24 month time horizons). Since overlapping periods are used in the estimation, the 

resulting error terms will be serially correlated. In order to account for both the serial 

correlation and the heteroscedasticity, we use the HAC standard errors. 

In addition to simple univariate regression analysis, we wish to investigate the marginal 

predictive power of the yield spread when other leading indicators are introduced into 

equation. Thus, we estimate the following equation: 

��
� = ��� + ���

�� + ���
�� + ���

�� + ��
�          (3) 

where L� is the six-month change in the leading indicator index and R� is the real interest 

rate. We denote the univariate model as Model 1 and the multivariate model as Model 2. 

Table 1 documents the estimation results of Model 1 and Model 2.  

Table I: Predictive power of the slope of the yield curve (1993M1-2011M8) 

        Model 1 Model 2 

k months Spread R² Spread Real rate Leading ind. ��� 

6 0.13** 0.03 0.01 0.04 0.43*** 0.52 

12 0.14*** 0.05 0.08** 0.18** 0.40*** 0.56 

18 0.09** 0.03 0.10** 0.26*** 0.26*** 0.35 

24 0.08* 0.04 0.09** 0.19*** 0.14*** 0.18 

***, **, *: Indicates that the null of no predictive power is rejected at 1%, 5% and 10 % 
significance levels.   

The results of the univariate model suggest that the coefficient of the yield spread is 

significant for all time horizons which indicate that the yield spread may hold some 

forecasting value. The coefficient of the yield spread implies that, for example, one 

percentage increase in the yield spread predict an increase in the industrial production index 

0.14 percent over one year. However, the explanatory power of the yield spread is very low. 
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The coefficient of spread estimated from the multivariate regression model is significant for 

all time horizons but six months, suggesting that the yield spread continues to exhibit 

predictive information for future growth. Adding the real rate and the leading indicator to the 

model significantly increases the explanatory power of the model. For example, %56 percent 

of variation in growth over one year time horizon are explained by the multivariate model.  

As mentioned before, the literature well documents the time variation in the relationship 

between the yield spread and growth. Monetary policy change is the most important factor 

that affects this relationship.  In order to investigate the time variation in both the strength and 

the nature of the yield spread-growth relation, we split the sample at 2002 when the inflation 

targeting regime has been started to be implemented4. Before 2002, exchange rate based 

monetary policies are implemented in Turkey5. Hence, we re-examine the Model 1 and the 

Model 2 in the sample period of 1993:M1-2001:M12 (pre-2002) and 2002:M1-2011:M8 

(post-2002).  

Table II: Predictive power of the slope of the yield curve on growth (Pre-2002) 

Model 1 Model 2  

k months Spread R² Spread Real rate Leading ��² 

6 0.11** 0.05 0.01 -0.04 0.30*** 0.46 

12 0.12*** 0.10 0.08*** 0.21*** 0.36*** 0.65 

18 0.07** 0.05 0.09*** 0.32*** 0.27*** 0.55 

24 0.05** 0.04 0.08*** 0.23*** 0.15*** 0.34 

***, **, *: Indicates that the null of no predictive power is rejected at 1%, 
5% and 10 % significance levels.   

 

The findings for the pre-2002 period are similar to those for the whole period. In the 

Model 1, the coefficient of the yield spread is significant for all time horizons. There is 

an increase in the explanatory power of the Model 1 but, for none of the time horizons 

it is higher than 10 percent. The results of the Model 2 imply that the yield spread has 

marginal explanatory power for future growth. Neither the yield spread nor the real 

rate has any explanatory power on growth over six-month time horizon.  

                                                           
4 Kaya and Yazgan (2011) show that in 2002 there is a structural break in the relationship between the slope of the yield 
curve and future inflation in Turkey. 
5 In order to have detailed information about the evaluation of monetary policy in Turkey see Civcir and Akçağlayan (2010).  
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Table III: Predictive power of the slope of the yield curve on growth (post-2002) 

Model 1 Model 2 

k months Spread R² Spread Real rate leading ��² 

6 0.36 0.02 0.35* -0.13 0.53*** 0.61 

12 0.45* 0.05 0.59** -0.36 0.39*** 0.57 

18 0.59*** 0.12 0.80*** -0.52* 0.20*** 0.41 

24 0.65*** 0.23 0.91*** -0.66** 0.07 0.40 

Model 1 Model 2 

k months Spread2 R² Spread2 Real rate leading ��² 

6 0.32 0.02 0.27 -0.07 0.54*** 0.61 

12 0.44* 0.04 0.53** -0.30 0.40*** 0.56 

18 0.60*** 0.12 0.79*** -0.47* 0.20*** 0.40 

24 0.66*** 0.23 0.90*** -0.62** 0.08* 0.40 

***, **, *: Indicates that the null of no predictive power is rejected at 1%, 
5% and 10 % significance levels.   

Table 3 documents the estimation results for the post-2002 period. They suggest that the yield 

spread has lost its predictive power over short time horizons, however, its predictive power 

has increased over long time horizons. The magnitude of the estimates of the yield spread is 

very high with respect to the pre-2002 period. One percent increase in the yield spread 

increases growth over two (one) year horizon 0.65 (0.60) percent. The yield spread can 

explain 23 percent of the variation in industrial production growth over two year time 

horizon. The results of the Model 2 also suggest that the yield spread continues to exhibit 

information for future growth and the magnitude of estimate of �� increases as k increases. 

While the coefficient of the leading indicator is significant for all time horizons, the 

coefficient of the real rate is significant for 1.5 and 2 year time horizon. The sign of the real 

rate in the post-2002 period is negative as it is expected to be6. For the post-2002 period, we 

have two-year interest rates, yt(24). Thus, we re-estimate the equation (1) and (2) using the 

spread between yt(24) and yt(1), denoted by Spread2, and report the results on Table 3. We 

find that including Spread2 does not change the main conclusion. 

                                                           
6 Consistently, Civcir and Akcaglayan (2010) find that a positive shock in interest rate increases output gap in the pre-2002 
period but decreases it in the post-2002 period. 
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Overall, the yield spread has marginal predictive power for future industrial production 

growth. While in pre-2002 period the predictive power of the yield curve remains weak, in the 

post-2002 period, the IT period, it has increased especially over long-time horizon.  

V. THE YIELD CURVE AND RECESSION PREDICTION 

Figure 2 plots the yield spread and recessions in Turkey. In the next section we describe how 

these recessions are determined. The yield curve is usually upward sloping during the period 

of 1993-2011, however, the slope of the yield curve is negative before every recession but the 

last one7. 

Figure II: The slope of the yield curve and recessions 

 

Note: Shaded area denotes recession. 

V.I. Determining Recessions: BBQ method 

In order to determine recessions we use the Pagan’s BBQ method which is a non-parametric 

method. The BBQ method uses the principles of Bry and Boschan (1971) which underline 

much of the NBER business cycles dating philosophy.  

If �� is a series that represents aggregate economic activity and �� = ���(�)�, then in the 

BBQ method a local peak occurs at time t if �� is greater than {��∓�}, k=1,2,….K, and in a 

similar manner, a local though occurs at time t if �� is less than {��∓�}, k=1,2,….K, where K 

is generally set to 5 if monthly series are used. In order to eliminate the local peak and though, 

                                                           
7 It is worth to note that the crisis of 2008-09 in Turkey has been similar to the earlier ones in some respects, but there have 
also been important differences. For a detailed discussion see Uygur (2010). 
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a set of rules is needed. The main criteria for that purpose are that a phase must last at least 6 

months and a complete cycle should have a minimum duration of 15 months. The recession is 

the time between peak and though and the use of five months and other criteria do not allow 

to call recession too often (Harding and Pagan, 2002; Pagan, 2010). 

According to Harding and Pagan (2002) in measuring the cycle characteristics, four items 

provide useful information for inspecting a cycle; 

 Duration of the cycle and its phases 

 Amplitude of the cycle and its phases 

 Any asymmetric behavior of the phases 

 Cumulative movements within the phases 

Harding and Pagan (2002) describe these items visually by considering a phase as a triangle. 

Figure III: A stylized recession 

 

Since A represents a peak and C represents a though, Figure 3 shows a stylized recession 

(time between peak and though). The area of triangle is an approximation to cumulative 

losses in output during a recession.  

Pagan (2010) using BBQ method determines the recessions in Turkey. He uses quarterly GDP 

data over the period 1987:Q4-2010:Q1. Pagan (2010) finds six recessions which are; 

1988:Q4-1989:Q2, 1991:Q1-1991:Q2, 1994:Q2-1995:Q1, 1998:Q4-1999:Q4, 2000:Q1-

2001:Q4 and 2008:Q4-2009:Q3.  

We employ the BBQ method to determine recessions in the period of 1986:M1 to 2011:M8. 

The calculated business cycles from ����
�  are tabulated in Table 4. 
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Table IV: Business cycles date and duration 

Peak Though Duration of recession 

1988:M8 1989:M4 8 

1994:M1 1995:M3 14 

1998:M9 1999:M11 14 

2001:M1 2002:M02 13 

2008:M7 2009:M9 14 

 

Figure IV: S.A. log IPI and recession periods (1986:M1-2011:M8) 

 

          Note: Shaded area denotes recession. 

Figure 4 shows the seasonally adjusted IPI series and recessions. For graphical purpose we 

transform  ����
�  between 0 and 1. The estimated recessions in some cases are not in line with 

the findings of Pagan (2010). According to Pagan (2010), 1994 recession started at the second 

quarter but in our experiment it starts at the beginning of 1994 while ending dates are similar. 

The findings for the recession around 1998/1999 and in 2008/2009 are consistent with Pagan 

(2010). However, Pagan (2010) determines fourth recession in the beginning of 2000 but we 

find that it started almost one year later which is at 2001:M1. Tastan and Yildirim (2008) 

analyze the business cycles in Turkey by using IPI series and employing the MS-AR model 

over the period 1985M1-2003M1. They find that the recessions are 1994:M2-1995:M1, 

1998:M8-1999:M10 and 2001:M2-2002:M2. These recessions are very similar to our findings 
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and agree with us about the starting date of 1994 and 2001 recessions. Moreover, Saltoğlu et. 

al (2003) using GDP, IPI, total consumption and leading index employ the MS-AR and the 

MS-VAR to determine the recessions over the period 1988:Q1-2002:Q4. Their recessions are 

1988:Q3-1989Q1, 1990:Q3-1991:Q1, 1993:Q4-1994Q4, 1998:Q2-1999:Q3 and 2000:Q3-

2001:Q4, which are also consistent with our results.  

V.II. Probit analysis 

As in the literature we use a probit model to investigate whether the yield spread predicts 

recession. While many studies find that the yield spread alone is useful to predict recessions, 

Wright (2006) argues that an increase in the short rate not necessarily has the same 

consequences as a decrease in the long rate. Accordingly, Wright (2006) suggests that 

incorporating the policy rate as an explanatory variable in addition to the yield spread, 

improves the predictive ability of the yield spread. However, Chinn and Kucko (2010) find 

that incorporating the short rate reduces the prediction ability of the yield spread across many 

countries other than the US. 

Following Chinn and Kucko (2010), we estimate two models; in the first model we use the 

yield spread alone and in the second one we augment the first model with the short-term 

interest rate, yt(1), to isolate the effect of changes in the short-term rate. Particularly the 

models are; 

Model	I:	Pr�����,��� = 1� = �(�� + ����)     (4) 

Model	II:	Pr�����,��� = 1� = �(�� + ���� + ��(1))    (5) 

where t is the current time period, k is the forecast horizon and F(…) is the standard normal 

cumulative distribution function. Pr�����,��� = 1� denotes the probability of recession 

indicator, which is equal to one if economy is in recession for any month between t+1 

through t+k.  In terms of recession indicator, we use the recessions measured in the previous 

part. We estimate both models using forecast horizon of 6 month and one year (i.e. k equal to 

6 and 12). 

In order to measure the goodness of fit we use the pseudo R2.  The pseudo R2 is defined as: 

������	�� = 1 − �
��� ��	

��� ��
�

��
�

�
� ��� ��

   (6) 
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where Lu is the unrestricted maximum value of the likelihood function, Lr is the maximum 

value of the constraint likelihood function that all coefficients except constant are zero and n 

is the number of observations. 

Table V: Results of probit model (1993m1:2011:m8) 

 Model I  Model II 

h Spread Pseudo R2 Spread yt(1) Pseudo R2 

6 -1.61* 0.02 -1.04 1.15*** 0.06 

12 -2.37*** 0.03 -2.25** 0.16 0.03 
 **, *: Indicates that the null of no predictive power is rejected at 5 and 10 
% significance levels. Autocorrelation robust standard errors are used to 
calculate t-statistics. 
 

According to the estimation results of the Model I, the yield spread coefficient is negative and 

significant for six-month and one-year forecasting periods. The negative sign implies that as 

the yield spread decreases the likelihood of recession increases.  However, the goodness of fit 

is very small. When we add the short-rate to the model, the spread is not significant any more 

for six-month forecast horizon. On the other hand, for one-year forecast horizon the yield 

spread remains significant but the coefficient of the short-rate becomes insignificant and adds 

noting to the goodness of fit.  

Table VI: Results of probit model (1993m1:2002m2) 

 Model I  Model II 

h Spread Pseudo R2 Spread yt(1) Pseudo R2 

6 -1.41  -1.23 0.23  

12 -1.87* 0.03 -5.72*** -4.01 0.21 
 **, *: Indicates that the null of no predictive power is rejected at 5 and 10 
% significance levels. Autocorrelation robust standard errors are used to 
calculate t-statistics. 
 

Considering that the yield spread gives no signal for the last recession (Figure 2), we estimate 

the both models in the sample period of 1993:M1-2002:M2 where the last date is the date at 

which the penultimate recession ends. The results suggest that when the short-term 

fluctuations are isolated by adding the short-rate, the goodness of fit increases from 3 to 21 

percent for one year forecast horizon. It is worthy of note that when the short-rate alone is 

used, the pseudo R squared is only 0.04.  
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Overall, the spread of the yield curve has predictive power on the recessions, however, the 

goodness of fit is small. On the other hand, when the recessions other than the last one are 

considered, the goodness of fit significantly increases. It is of interest to consider that the 

recent financial crisis, which is originated in the advanced economies, has hit many countries 

including Turkey and pushed them into a recession. Therefore, we may argue that the inverted 

yield curve can be regarded as an indicator of a “made in Turkey” recession.  

 

VI. CONCLUSION 

The slope of the yield curve has long been regarded as one of the main indicators for future 

economic activity. Numbers of studies show that using the yield spread it is possible to 

predict future economic growth and the inverted yield curve serves as a signal for a future 

recession. In this study, we investigate the information content of the yield spreads in Turkey 

for the IPI growth and recession. Using the linear regression model we show that the yield 

spread has some predictive power for the future IPI growth even after controlling for the other 

leading indicators of economic activity, however, the goodness of fit is low. The results 

suggest that in the pre-2002 period the yield spread has gain some additional predictive power 

over long time horizon, however, over short time horizon it remains very weak. We also 

examine the prediction power of the yield spread on recession by employing a probit model. 

The recessions in Turkey are determined using the BBQ method. The results of the probit 

models suggest that the yield spread has ability to predict recessions in Turkey, particularly 

made in Turkey recessions, one year ahead.  
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