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Abstract:

This study investigates the relationship between inflation uncertainty and the risk premium in interest rates of treasury bills issued for internal borrowings. In order to model the inflation risk, two approaches are discussed. In one approach, structural models such as Surgent – Wallece, and Woodford are used. Empirical part of this approach investigates inflation risk series by means of the variance of square residuals generated from the structural model. In the other approach, inflation risk series has econometrically been developed by means of the conditional variance of inflation time series.  As a result, contrary to some researchers, we couldn’t find any relationship between inflation risk and risk premium in interest rates of treasury bills.  
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I - Introduction
After 1985, domestic barrowing strategy of Turkish governments has changed, and they started using more and more of it. As a result, interest rate public sector must face also has increased with the same proportion. For instance, the real interest rate government had to pay was higher than 30% in 1990’s. Higher interest rate and its extension inflation uncertainty are the reasons for higher risk premiums in Turkey. 

This study tests the relationship between inflation uncertainty and risk premium of interest rates in domestic barrowings of the Turkish public sector. The analysis covers from 1995 to 2002, and uses monthly data. The paper discusses developments and tendencies of domestic barrowings for mentioned periods first. Then, it constructs a model measuring inflation uncertainty and risk premium linkages. The last part of econometrically tests relevant hypotheses and suggests some policies as concluding remarks of the paper.
Higher velocity of domestic barrowings experienced in the last two decades brought heavy burden to the Turkish economy. Especially, pubic sector excess demand for resources due to increased public deficits financed with short term loans and public domestic vouchers triggered the situation even worse.  However, the ability of Turkish treasury office to use Central Bank resources has been reduced gradually, and eventually eliminated completely in 2001. 
The effect the ideas and challenges in constructing a more stable banking sector in 2001, and higher real interest rates compared to the increases in GDP have resulted in a 0.68 of Dept-GDP ratio. In addition, crises experienced by Turkish economy within last decade have created uncertainties, and thus, decreased the maturity terms of internal barrowings. The process became self- feeding with the negative effects of increases in interest rates on public barrowing obligations. As a result, the Turkish public sector went into a vicious cycle and financed its debt with other debts. 
Budget deficit has increased continuously starting from mid 1990’s. While the ratio of Budget Deficit-GDP in 2002 has increased more than 400% compared to the ratio in 1990, the ratio of Dept-GDP has increases less than 400% for the mentioned years. The reason is because public sector has financed the budget deficits with internal barrowings.
It is very crucial to decrease public deficits for Turkish economy to develop, since monetary policies sometimes may be restricted in developing countries with high public deficits such as Turkey. A tight monetary policy under public deficits creates higher interest rates, and thus a bigger public deficit. As a result, expectations of markets change and they assume a lower growth rate and a higher inflation rate. This process triggers the monetization process and much higher inflation rate. On the other hand, a liquidity-increasing, and interest rate-decreasing relaxed monetary policy will be effective for short-term periods only. Since agents in money market projects the inflationary impacts of an expended monetary policy, and will add the risk premium to their interest rates. This, of course, increases the interest rates on public barrowing documents. 
    Table 1: Developments in Real Interest Rates and Risk Premium
	Years
	Increase Rate of Real GDP (1987=100)
	Domestic Debt Interest Rate
	CPI

(1987=100)
	Real Interest Rate
	Risk Premium

	1990
	9.37
	54.0
	60.26
	-10,22
	-15,63

	1991
	0.35
	80.5
	66.08
	21,50
	14,07

	1992
	6.40
	87.7
	70.10
	24,75
	11,20

	1993
	8.14
	87.6
	66.39
	31,47
	13,07

	1994
	-6.08
	164.4
	106.26
	54,20
	64,22

	1995
	7.95
	121.9
	93.18
	30,49
	20,77

	1996
	7.12
	135.2
	79.38
	69,45
	48,70

	1997
	8.29
	127.2
	85.29
	48,57
	33,62

	1998
	3.86
	122.5
	83.62
	45,95
	35,02

	1999
	-6.08
	109.5
	63.61
	71,03
	51,97

	2000
	6.34
	38.0
	53.93
	-29,00
	-22,27

	2001
	-9.54
	96.2
	53.91
	77,02
	51,83

	2002
	7.78
	65,8
	44.83
	45,76
	13,19


    Source: CBRT and SPO
The increasing need of public sector to collect funds increased the interest rates, since this source of financing is a zero risk for private lenders. In other words, both increased barrowings and chronicle inflation created by structural problems in Turkey resulted in a wider mark-up for risk premium. The pessimistic expectations of private sector due to uncertainty even stimulate higher inflation rate and thus, risk premium applied to the government barrowings. 

Table 1 shows the relationship between inflation, interest rates and the risk premium. While a 60%-70% stable inflation rate, 10%-15% risk premium, and 8%-12% real interest rate exist at the beginning of 1990’s, these rates has tremendously increased with the crisis in 1994. As can be followed from Table 1, sometimes real interest rate increased to 30% and risk premium increased to 50% levels. Fortunately, application of the new program in 2000 resulted in a decrease in both inflation rate and risk premium. Some years even these rates show negative tendencies.
Within this context discussed above, this paper constructs a model analyzing and testing the relationship between interest rate and risk premium in Turkey.
II - The Model
The aim of the study is to measure the effect of unobservable inflation rate on risk premium. In order to that, we have to define risk premium and then determine level of risk created by inflation.

Interest is inter-temporal price of money. This price includes inflation rate from a time (t) to time (t+1). However, unobservable fluctuations in inflation change the price of this inter-temporal price of money. Thus, we call this unobservable part of inflation as risk premium. Our main concern here is how to measure this unobservable part of inflation. 
There are two methods to measure risk premium. The first one is a structural model, which assumes the uncertainty as variances of unobservable component of inflation. In order to evaluate this method, the data has to be tested with the help of a structural model. Also, all dependent and independent variables has to be determined before the estimation procedure. For instance, Ball (1992) found a positive relationship between inflation uncertainty and monetary policies put into practice. Today’s modern world, however, cannot be explained only with monetary policies of central banks. Definition of money is different in those countries with high public sector debts. This is why the structure of our study has been set up on theoretical considerations by Sergent and Wallace (1981), and Woodford (2000). These two studies define inflation as a function of today’s and future’s quantity of money. Then, the inflation uncertainty may be analyzed by using squared error terms obtained from the model (Cukierman, 1994).
Ball (1992) states that current inflation rate actually accommodates risk premium as well as observable inflation rate. In other words, agents at the market add certain level of risk premium to their current inflation rates. In this case, Fisher’s interest equation can be used in order to express the idea. The equation can be written as follow:
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where i, E(P(t)) and r stand for interest rate, expected value of inflation, and real interest rate, respectively. Theoretically, real inflation rate will equal to growth rate of the economy (r = y), and if economic agents are rational expected value of inflation rate will be equal to price level (E(P(t))=P(t)). If we substitute E(P(t)) with P(t), and r with y in the equation (1), and then solve the equation for risk, we obtain:
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The logic here can easily be extended for all kind of interest rates in the economy. Since our study is limited to interest rates of public sector barrowings, equation (2) can be used in calculating the actual interest rate of public sector barrowings. For instance, while the whole sale price index was 75% in 1996, interest rates for public barrowings were around 127%. Maximum real interest rate that public sector may be able pay without increasing amount of public debt will be growth rate of the economy plus budget surplus
. Unfortunately, this rate is only 7% for 1996. Under this fact, risk premium for public internal borrowings is around 40%. As can be seen from Table 1, risk premium has increased in the course of time. The reason for this increase is the expectation of hyper inflation in the economy. 
II . a - Public Sector Debts and Inflation
Let’s start with a simple economy which has two period life only (time (t) and time (t+1)), and assume that this economy has a debt (Bt) to pay with interest rate of r. If the base money in time t is expressed with Mt, next periods base money can be expressed as:
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If public sector is not able find money to barrow in time (t+1), the balance of budget financing will be:


[image: image4.wmf]1

1

)

1

(

+

+

+

+

=

-

t

t

t

t

d

B

r

M

M

                             

      (4)

The term 
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 in Equation (3) indicates the changes in public sector barrowings. We can use this equation to create the following equation:
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If Equation (5) put into Equation (3), it will be easy to define money in the economy as stock of money plus public debt. This argument can be expressed as follow:
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II . b - Money Demand

According to Gagan, money demand in the economy is a function of expected value of prices. Within this context, expected value of prices can be expressed as a function of amount of today’s money and future money. This can be shown with the help of Gaganian money demand function, which can be expressed as:
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Also, according to quantity theory, we can write:
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After the equation (7) and (8), we can define initial price level in the economy as follow:
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Equations (10) and (11) define current price level as a function of amount of today and future money (Sergent and Wallace, 1981; Woodford, 2000). According to the structure presented above, future supply of money increases if public sector finances its debt with printing money. Thus, rational sectors at the economy which behave according to rational expectations will decide the pricing strategy of their own. Use of Equations (10) and (11),
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 give total money (TM) in the economy. As a result current price level can be found as:
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According to the theory of rational expectations, since
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 price level projections determined by Equation (12) will also includes subjective expectations of economic agents in the economy. Thus, the difference between expectations of economic agents and actual values gives the unobservable risk. In other words, variances of errors (
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III – Test of the Structural Model
The data for our study compose of 95 monthly data from 1995:1 to 2002:12. Since variable CPI shows big fluctuations, we took logarithm of the variable in order to eliminate seasonal effects. The data obtained from electronic data distribution of Central Bank of Turkish Republic (CBRT).

A time series data collected always accommodate a probability in its structure. If a time series data is stable, the average value, variance, and mutual variance of that variable should be same no what when it is measured. If a time series data is stationary at initial level, it is shown with the notation I(0). In our case, the test showed that our data is not stationary. So we constructed an I(1) structure. Table 2 shows the test results:

                 Table 2: Stationary Test for the data

	Variables
	I(0)
	I(1)

	Log of CPI
	-1,575
	-7,180a

	Log of TM
	-1,407
	-16,220a


The regression results structural model defined by Equation (12) can be reported as follow:
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St.Dev     0.007397             0.007397

T Stat.     3.968388             2.138422

p. Va.       0.0001              0.0351

F Stat.      4.572848,  p.V:  0.035103

R2=0.046,   DW=2,94 

Observation: 95

 If we look at the Equation (13), we see that even though the parameters are significant under 0.05 critical value, and a high DW statistics. This implies that the least square estimations, and thus, F and t statistics are not reliable here. In order to avoid autocorrelation, we used two-step DW method (Gujarati, 1999: 426-432; Akkaya and Pazarlıoglu, 2000: 473-474). Under this method the following regression equation has been estimated:
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             (14)
In CPI= 0.044226 + 0.226946InTM+  0.091166 InTM-1-0.483874InCPI-1
St.Dev     0.007990         0.092754                     0.094756            0.092170

p. Stat.       0.0000             0.0164                          0.3386               0.0000

F Stat.        11.12558,     p.V: 0.0000

R2=0.27,   DW=2,05 

Observations:   94

Equation (14) has been considered as a multiple regression, and the coefficient 
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The new variables obtained can be used in the least squares estimation procedure, and following results can be found:
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St.Dev.                       0.007280      0.071993

T Stat.                        6.024587      3.021054

p. value.                      0.0000         0.0033

F İst.             9.126769,   p.value:   0.003261

R2=                0.090,        DW =        2,05 

Jarque Bera: 3.3163       p.value:      0.190

Observations:  93
As a result of estimations done with Equation (17), we found dL=1.489 and dU=1.573. Since 1.573<2.05<4-1.573, we conclude that error terms of the model are not auto correlated. We can also interpret that Equation (17) as follows: A 1% increase in total money causes a 21% increase in inflation. The results obtained are significant at 1% critical level.
After obtaining the expectations of economic agents in the economy by estimating Equation (17), we can find unobservable risk (u), which is squared error term of actual and predicted values. In other words, we can calculate risk (R) with the help of variances of error terms (
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). Also, as stated at the beginning the study, we should note that the risk premium (RP) is the difference between actual inflation rate and expected inflation rate. 
The stationary test for both R and RP has been done. Both series are not effected by seasonal changes in I(0). We can write the risk premium equation as follow:
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Estimation results of the model can be reported as follow:
St.Dev.        0.082103   1.912959

T Stat          2.1424323   1.339601   

p. Val.           0.0348         0.1837

F Stat.         1.794531,     p. val: 0.183711

R2=0.01,       DW=0.46 

Observations: 93

As can be seen from Equation (18), we are not able to find any significant relationship between inflation risk series obtained from structural model explained above and risk premium that public sector has to face. Even if we continue to do the same procedure to avoid auto correlation, the results do not change.
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St.Dev.      0.074324   1.234559       1.239177          0.067235                                    

p. Stat        0.4635         0.4608         0.5906              0.0000     

F Stat.         46.39752,    p.v. 0.0000

R2=0.61,      DW=1.67 

Observations:  92

Equation (19) has been considered as a multiple regression, and the coefficient 
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St.Dev.       0.024463     0.902654   

T Stat.        2.365767     0.993869

p. Val.        0.0201         0.3230  

F Stat.        0.987776,   p.V: 0.322951

R2=0.01,      DW=1.66 

Observations:  92
A significant relationship has net been found between variance of error terms that obtained from structural model and public sector risk premium. Even if the model has been eliminated from auto correlations, estimated risk premium is not statistically significant. Thus, we conclude that there is not suitable to assume a connection between these two variables mention above.

IV - Concluding Remarks
This study examined the relationship between inflation risk and risk premium in Turkey. Monthly data used were taken from Central Bank of Turkish Republic, and cover the period between 1995 and 2002. 

We should mention right away that our structural model were not able to find any statistically significant relationship between these two variables. In order to make this analysis more sophisticated more variables such as stability of growth rate, political fluctuations, and external shocks experienced by the economy can be added to the model used, however, aim of the study was not constructing such a complex model.
There are some literature (Green, 1993) discussing the drawbacks of structural model explained above. The critics claim that such a model will be far away from objective projections. Since each researcher who is projecting inflation for the next years will find different results. Thus, constructing a model based on subjective findings will create subjective results. In solving this problem, even though ARCH and GARCH models give better results, we leave the discussion of results created by these two models as a topic for our next project. 
As a last remark we could state that risk premium in Turkey is a self-feeding, and self-renewing process. Higher risk premiums will continue to exist if expectations of the economic agent have not been changed.
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