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Abstract
Since Fama (1981) observed negative relations between real stock returns and expected inflation, a number of studies have investigated the return-inflation relation, providing seemingly paradoxical results. This study develops a velocity-based asset pricing model to resolve this puzzle. The model links the variability of stock returns to the variability of consumption velocity. The results show that the relation between real stock returns and expected inflation is contingent on the volatility of inflation: real stock returns tend to covary negatively with expected inflation in a period of low and stable inflation and covary positively with expected inflation in a period of high and volatile inflation. Long-run real stock returns are shown to be positively related to expected inflation.
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Stock Returns and Inflation:

A Velocity-Based Asset Pricing Model


1. Introduction
Conventional wisdom suggests that if investors hold stocks as a hedge against inflation, stock returns and expected inflation should be positively related. Such a positive relation appears to be consistent with investors' optimal portfolio choice. While this assumed positive relation is intuitively appealing, empirical research on the issue is, at best, not persuasive and, at worst, contradictory.  Early evidence on the point was presented by Fama (1981) who reported negative relations between real stock returns and expected inflation.

A number of subsequent studies have confirmed negative relations between expected real (or nominal) stock returns and expected inflation
. Several authors have attempted to explain the seeming paradox in the context of a money-neutral setting. For example, Fama (1981) has put forth a "proxy effect hypothesis," arguing that the observed negative relations between real stock returns and expected inflation are in fact proxying for positive relations between stock returns and underlying real variables.  
However, the majority of studies relate the identified negative relation to monetary factors. The most common explanation is provided by Tobin's (1978) monetary policy transmission mechanism. In the Tobin framework, any increase in inflationary expectations leads to monetary tightening, and this, in turn, reduces the present value of future earnings and consequently current stock returns. An example of research in this line is Geske and Roll (1983) who argue that the central bank's counter-cyclical policy reaction to real shocks leads to the negative real return-expected inflation relation. Similarly, Kaul (1987) asserts that the Fed's counter-cyclical responses coupled with the accompanying money demand reaction induces a negative relation. 

The return-inflation relation has attracted a considerable amount of controversy among economists as some recent studies have found positive relations between real stock returns and expected inflation.  These studies focus on the theoretical reconciliation of these paradoxical results. The recent literature can be categorized as (1) counter-cyclical versus pro-cyclical monetary policy responses (Kaul, 1987; Park and Ratti, 2000), (2) short-horizon versus long-horizon returns (Boudoukh and Richardson, 1993), (3) cyclical versus non-cyclical movements in industry output (Boudoukh, Richardson, and Whitelaw, 1994), and (4) inflation generated by monetary fluctuations versus inflation resulting from real economic fluctuations (Marshall, 1992). However, these recent efforts have revealed some inconsistencies in reconciling the conflicting results. 

The purpose of this study is to explore the return-inflation paradox within an intertemp​oral portfolio choice framework. One important channel connecting real stock returns and expected inflation in this study is the behavior of velocity in the context of asset choices. The importance of velocity in explaining the behavior of asset prices has been noted by several authors including Fama (1981), Fri​edman (1988), Boyle (1990), and Marshall (1992).
 Our model converts the consumption-based asset pricing model into a relation between asset returns and consumption velocity and establishes a link between the high volatility of asset returns and the high volatility of velocity. This approach is particularly important in that the traditional representative-agent model, given its reliance on consumption growth, has failed to reconcile the high variability of real asset returns with the low variability of consumption growth.  Cochrane (1991, 1992, 1996), Kim (2003), and others have also noted that production variables such as output growth, investment, and technology shocks are more volatile than consumption and proposed production-based (or investment-based) asset pricing models in which expected stock returns are significantly correlated to production. Our study offers a new perspective on the relation between stock returns and expected inflation by linking explicitly the behavior of stock returns to the velocity of consumption which contains information about inflation, production, and monetary growth.

The essence of our velocity-based asset pricing model (VCAPM) is that relations between real stock returns and expected inflation are contingent on the degree of the volatility of inflation. More specifically, our model suggests that real stock returns tend to co-vary negatively with expected inflation in a period of stable inflation (or in a stable price regime) and to co-vary positively with expected inflation in a period of volatile inflation (or in a volatile price regime). Furthermore, the model predicts that in the long run real stock returns should be positively related to expected inflation. One possible explanation for the positive relation associated with volatile inflation is that increased inflation uncertainty may lead to an increased required risk premium for stocks. Thus, we argue that stock returns are hedged against inflation during a period of volatile inflation and over a long period of time.  

Some recent literature has noted that the degree of inflation volatility matters in economic relations. For example, Akerlof, Dickens, and Perry (2000) have found that the relation between inflation and the natural rate of unemployment is contingent on the volatility of inflation, suggesting that unemployment can be reduced below its natural level without inducing a rise in inflation when inflation is low and stable. Our study adds another dimension of this idea to the literature by explicitly modeling the importance of inflation volatility in explaining the behavior of asset returns.
The plan of the paper is as follows:  Section 2 briefly reviews the recent literature. In section 3, we develop a velocity-based asset pricing model in the context of the intertemporal portfolio-choice problem. Section 4 applies the model to the stock return-inflation puzzle. Section 5 contains a summary and concluding remarks.


2.  A Brief of Review of the Recent Literature
Recent studies have attempted to resolve seeming contradictions found in the literature concerning the relation between stock returns and expected inflation. Kaul (1987) examined two types of monetary responses: counter-cyclical and pro-cyclical.  He proposed that counter-cyclical monetary responses lead to negative relations between real stock returns and expected inflation (or unexpected inflation or changes in expected inflation) and argued that his proposition agrees with post-war evidence from the United States, Canada, the United Kingdom, and Germany. Kaul has further hypothesized that money demand effects combined with pro-cyclical monetary responses would result in insignificant or even positive relations between stock returns and inflation, as was confirmed in the U.S. experience during the 1930s. Park and Ratti (2000) also confirm that counter-cyclical monetary policy plays a critical role in explaining the relation between stock returns and expected inflation.
Boudoukh and Richardson (1993) relied on a long-horizon representation of the Fisher equation to test the hypothesis that long-horizon nominal returns are positively related to long-term inflation, and short-horizon returns are negatively related to short-term inflation. For U.S. stock returns during the 1802 – 1990 period, they found that the regression coefficient of five-year stock returns on the contemporaneous five-year inflation rate was significantly positive and concluded that long-term nominal stock returns and inflation tend to move together.
 

Bou​doukh, Richardson, and Whitelaw (1994) have also explored the stock return-inflation relation in a Fisherian context. They observed that the sign and magnitude of the covariance between nominal stock returns and expected inflation may be affected by cyclical movements in industry output. They conducted an empirical investigation of the cross-sectional relationship between industry-sorted stock returns and expected inflation and found that returns on stocks of cyclical industries tend to co-vary negatively with expected inflation while the reverse holds for non-cyclical industries.   

Marshall (1992) has investigated the relation between real stock returns and expected inflation in the dynamic context of a monetary intertemporal asset pricing model. He has found that the relation between real stock returns and expected inflation is strongly negative when inflation is caused by real economic fluctuations and is ambiguous in sign and small in magnitude when inflation is caused by monetary fluctuations.  

Although the studies by Boudoukh and Richardson (1993), Boudoukh, Richardson, and Whitelaw (1994), and Marshall (1992) explain some important aspects of the relation between stock returns and expected inflation, their models remain unsatisfactory in resolving the puzzle. Most of all, the recent attempts to reconcile the empirical conflicts are based on strong assumptions about the behavior of economic agents. For example, the Boudoukh and Richardson, and Boudoukh, Richardson, and Whitelaw models are constructed based on the Fisher equation, not on the optimizing behavior of market participants. As Marshall (1992) notes, the Fisher relation does not generally address the implications of dynamic economic equilibria when the role of money is explicitly taken into consideration. Dokko and Edelstein (1987) further warn that the Fisher relation should be viewed as a reduced-form equation derived from a set of unknown behavioral equations. 

The Marshall model is an important improvement in that it investigates correlations between real asset returns and inflation in the dynamic monetary equilibrium context. However, the model itself is not clear about the distinction between inflation induced by real economic shocks and inflation induced by monetary shocks. Furthermore, although the Marshall model recognizes some association between the variability of consumption velocity and the variability of real asset returns, it does not explicitly incorporate this point into the model.

3. The Model
A la Lucas (1978) and Mehra and Prescott (1985), we assume that there is one productive unit producing yt at time t. Let At be the share of the productive unit, which is competitively traded in capital markets. A representative consumer is assumed to maximize the expected value of a time-separable von Neumann-Morgenstern utility function:

(1)
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0 < β < 1

where U is a one-period utility function satisfying Ut/ct > 0, Ut/(Mt/Pt) > 0 and the strict concavity restrictions, ct represents aggregate real consumption at time t, Mt denotes the stock of money, Pt is the price level, β is the discount factor, and Et indicates the expectations operator conditional upon information Ωt available at time t. The discount factor β is equal to 1/(1+ρ) where ρ is the subjective rate of time preference.

The objective function (1) is maximized with respect to {ct, Mt/Pt} subject to the budget constraint
:

(2)
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where Rt is one plus the real rate of return (rt) and Mt/Pt = mt denotes real money balances. This budget constraint is similar to the one formulated by Sargent (1987).

As far as stock prices (or returns) are concerned, the nominal money supply (Mt) is considered to be an exogenous process. Since the general price level (Pt) is also exogenous to stock returns, mSt (= Mt / Pt) exhibits the following process
:
(3)




mSt+1 = θt mSt .







The money growth rate θt consists of the trend θ and innovations εt,

(4)




θt = θ + εt







where εt is i.i.d. with mean zero and variance σε2, and θ is assumed to be greater than one. It is further assumed that εt is not in the representative agent's information set at time t. The real money balances mt in the utility function are determined through the money market equilibrium condition in which the exogenous real money supply, mSt and the endogenous real money demand, mDt are brought into equality. Substituting (3) and (4) into the budget constraint gives rise to

(5)



At+1 = Rt (At + yt - ct) - (θ - 1 + εt) mt.




In order to solve the dynamic optimization problem faced by the representative consumer, the value function is given by

(6)
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Then the Bellman equation is defined as 

(7)
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The first-order conditions for the optimization problem (with the notation of Ωt omitted) are given by

(8.1)                               
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(8.2)                            
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The application of the envelope theorem gives

(9.1)                                
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(9.2)                                
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This study considers an economy in which all consumers are identical, and the representative consumer's utility function is of the CRRA (constant relative risk aversion) type:

(10)
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where α is the Arrow-Pratt measure of relative risk aversion. This form of the CRRA utility function is found in Prescott (1986), Boyle (1990), and others. If α approaches one, the CRRA utility function becomes

(11)
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For analytical tractability, the preferences of the agent are assumed to be represented by the logarithmic utility function.  

Substituting the partial derivatives of U with respect to its arguments into (9) yields

(12.1)
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(12.2)
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Since ct and mt are known at time t, equation (12) can be rewritten as

(13.1)
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(13.2)
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We divide (13.1) by (13.2) to obtain

(14)
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It can be shown that 
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Thus, we have the following relationship:
(15)
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Taking logs of both sides of (15) gives

(16)
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Since σε2/θ2 must be a very small constant, we can approximate 
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(17)
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It is assumed that 
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 are both log-normally distributed with constant variances 
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. This joint log-normality assumption has been adopted by several authors such as Grossman and Shiller (1981) and Hansen and Singleton (1983). As was discussed by Hansen and Singleton, the log-normality assumption together with the CRRA utility function has the attractive feature of allowing one to derive closed-form equilibrium pricing equations. This distributional characterization implies that movements in the conditional distributions of the logarithms of asset returns, consumption, and real money balances are completely summarized by movements in the conditional means of the variables.

Under the log-normality assumption, we have

(18.1)
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(18.2)
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where 
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. Substituting equations (18.1) and (18.2) into equation (17), and ignoring the approximation gives:

(19)
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Equation (19) can be rewritten as

(20)
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If we assume that the economy produces a single composite consumption good (yt), ct / mt represents the income velocity of money (Vt):
(21)
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Thus, equation (20) allows us to obtain the following velocity-based asset pricing model (VCAPM):
(22)
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It follows from the equation of exchange that

(23)
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where gt is the growth rate of real output
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. Expression (23) shows that expected returns are determined by market fundamentals (expected inflation, expected output growth, expected money growth), and money and real shocks (
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4. The Return-Inflation Relation Is Contingent on the Volatility of Inflation
  4.1. Three Propositions
  The dynamics of stock returns represented by equation (23) lays a theoretical foundation for resolving the observed return-inflation puzzle. In our velocity-based asset pricing model, expected stock returns do not move one-for-one with exp​ected inflation. The covariance between real stock returns and expected inflation can be represented as

(24) 
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The proposed relation (24) provides the theoretical basis for demonstrating that given monetary and real shocks, a negative relation between expected real stock returns and expected inflation holds in a period of stable inflation, and a positive relation prevails in a period of volatile inflation.


Proposition 1: Real stock returns are negatively related to expected inflation when inflation is stable and low.
Proof:  It follows from equation (24) that a negative relation between real stock returns and expected inflation is obtained when the following condition is satisfied:

(25)
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When the covariance between expected monetary growth (Et μt) and expected inflation (Et πt) is greater than the sum of the covariance between expected output growth (Et gt) and expected inflation (Et πt) and the variance of expected inflation (Et πt), then real stock returns are negatively related to expected inflation.  

Economic theory and empirical evidence show that expected monetary growth tends to move together with expected inflation (i.e., cov(Et μt, Et πt) > 0), and expected output growth tends to move together with expected inflation contemporaneously (i.e., cov(Et gt, Et πt) > 0). Thus, the condition for the negative correlation between real stock returns and expected inflation is most likely to be satisfied when the variance of expected inflation is sufficiently small, and the covariance between expected real growth and expected inflation is weaker than the covariance between expected monetary growth and expected inflation. (The latter condition is believed to hold true in most situations.)  

Proposition 2: Real stock returns are positively related to expected inflation when inflation is volatile.

Proof: When the variance of expected inflation is sufficiently large enough to reverse the inequality, then we have

(26)
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When this happens, the covariance between real stock returns and expected inflation is positive.  Thus, there is a tendency for real stock returns to co-vary positively with expected inflation when inflation is highly volatile.   

It is clear that the extent to which the volatility of inflation leads to a negative or positive relation between real stock returns and expected inflation depends on the magnitude of the variance of inflation and the relative strength of the covariance between expected inflation and expected monetary growth (cov(Et μt, Et πt)) and the covariance between expected inflation and expected output growth (cov(Et gt, Et πt). As conditions (25) and (26) indicate, the variance of inflation should be smaller than the difference between cov(Et μt, Et πt) and cov(Et gt, Et πt) for the return-inflation relation to be negative and greater than the difference between cov(Et μt, Et πt) and cov(Et gt, Et πt) for the return-inflation relation to be positive.   

Proposition 3: In the long run, real stock returns co-vary positively with expected inflation.

Proof: If the long-run neutrality of money holds, then Et μt = Et π t, so that the return equation reduces to

(27)
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In the long run, expected stock returns are primarily determined by expected real economic growth (gt) and monetary and real shocks 
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. The covariance between real stock returns and expected inflation over a long horizon is thus given by

(28)
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Since the contemporaneous covariance between expected output growth and expected inflation is positive, condition (28) indicates that real stock returns and expected inflation tend to move together in the long run. Thus, the stock return-expected inflation relation is also subject to the time horizon being considered. This conclusion is in agreement with that of Boudoukh and Richardson (1993), and Boudoukh, Richardson, and Whitelaw (1994). 
4.2 Implications
The positive (or negative) relation between real stock returns and expected inflation in a period of volatile (or stable) inflation can be interpreted as reflecting uncertainty-induced changes in the required risk premium. The argument is that increased uncertainty under volatile inflation could lead to an increase in stock market risk, and the result is an increase in the required risk premium for stocks. This view has been echoed by Fama (1976), Malkiel (1979), Friend (1981), and Dokko and Edelstein (1987, 1991). For instance, in his investigation of the relation between inflation uncertainty and real returns on Treasury bills, Fama (1976) has found that the variation of expected inflation over time has systematic effects on the expected real returns on Treasury bills. Dokko and Edelstein (1987) provide further evidence. They have found a positive relation between expected inflation and expected real stock returns, but after controlling for inflation uncertainty, they found a negative relation. These findings suggest that inflation volatility is an important factor that determines the relation between expected inflation and real stock returns. 

Alternatively, the positive (or negative) relation between real stock returns and expected inflation can be viewed as reflecting economic agents' perceptions about expected inflation. This interpretation is a simple rational-expectations version of Lucas' (1973) misperception model and is in the same vein as that of Akerlof, Dickens, and Perry (2000) concerning the relation between inflation and the natural rate of unemployment. In his well-known paper, Lucas has shown that in a stable-price country, there is a strong negative relation between inflation and unemployment, but in a volatile-price country, such a relation does not exist. More interestingly, the Akerlof-Dickens-Perry model shows that when inflation is low and stable, economic agents tend to ignore past inflation and do not fully incorporate it in wage bargaining processes. Their study reveals that when the inflation rate is between zero and 4 percent, the unemployment rate can be reduced below the natural level without generating higher inflation, but when the inflation rate is higher than 4 percent, the unemployment rate eventually approaches the conventional natural level as firms and workers fully incorporate inflationary expectations.

Our propositions imply that market participants do not require a high risk premium associated with inflation when inflation is low and stable, but they will demand on inflation uncertainty-induced premium in stock returns when they perceive inflation to be high and volatile. Our propositions are corroborated by some empirical evidence on relations between real stock returns and inflation in the literature.
 
4.3. Empirical Evidence
Fama (1981) has found a negative relation between real U.S. stock returns and inflation from 1954 to 1976 whereas Kaul (1987) has found a positive relation between U.S. real stock returns and expected inflation from 1926 to 1940. These findings can be reconciled within our velocity-based asset pricing framework. The standard deviation of the U.S. annual inflation rate during the 1954 - 1976 period was 2.43 percent while the standard deviation of the U.S. annual inflation rate during the 1926 - 1940 period was much higher at 4.98 percent.

Using the Livingston survey data, Dokko and Edelstein (1991) have found a strong positive correlation between expected inflation and inflation uncertainty (0.879 for the 1960 - 1985 period and 0.875 for the 1966 - 1980 period) and a strong positive correlation between inflation uncertainty and the risk premium (0.435 for the 1960 - 1985 period and 0.537 for the 1966 - 1980 period). These observations indicate that the higher the expected inflation, the more volatile is expected inflation, and the greater is the required risk premium. They have further discovered that once inflation uncertainty is controlled for, an increase in expected inflation causes a decrease in the expected real rate of return for stocks. Thus, they argue that when the effect of inflation uncertainty on the required return is ignored, the misspecification results in a spuriously positive relation between stock returns and expected inflation.

More convincing evidence is provided by McCown (2001). He has examined the correlation between real stock returns and expected inflation for industrialized countries during the pre-World War II period. The following is a summary of his study: 

	     Country
	  Time Period
	Standard Devia​tion (πt)
	Correlation (Rt, Etπt)

	   Denmark
	  1923 - 1939
	         6.13%
	       - 0.06

	   France
	  1857 - 1913

  1919 - 1937
	         4.27%

        16.10%
	         0.237

         0.004

	   Germany
	  1871 - 1913
	         8.57%
	       - 0.389*

	   U.K.
	  1868 - 1913

  1919 - 1939
	         4.68%

        14.96%
	       - 0.539*
         0.438*

	   U.S.A.
	  1802 - 1939

  1802 - 1913

  1919 - 1939
	         8.83%

         9.13%

         5.61%
	       - 0.076

       - 0.089

       - 0.091


      * indicates significance at the 5 percent level.  

 The British and German results are of particular interest because the correlation between real stock returns and expected inflation is significant at the 5 percent level of significance. First, the British experience renders support to our propositions. The negative correlation (- 0.539) during the 1868 - 1913 period was associated with a relatively low standard deviation of inflation (4.68%), but the positive correlation (0.438) during the 1919 - 1939 period was matched by a relatively high standard deviation of inflation (14.96%). The German case provides further supporting evidence: the standard deviation of German inflation from 1871 to 1913 was relatively small, and Germany experienced a negative correlation between real stock returns and inflation during the same period. 

McCown's evidence suggests some stylized pattern in the relation between real stock returns and expected inflation: when the volatility of inflation is relatively low (that is, the standard deviation of the inflation rate is roughly less than 10%), the return-inflation relation is negative; when the volatility of inflation is relatively high (that is, the standard deviation of the inflation rate is greater than 10%), the return-inflation relation is positive. The only exception occurred in France during the 1857 - 1913 period, but the correlation was insignificant at the 5 percent level. 


5. Concluding Remarks
Since Fama (1980) reported negative relations between real stock returns and expected inflation, there has been a proliferation of studies which have attempted to resolve the return-inflation puzzle. Although the existing studies have explained some important aspects of the anomalous relations, the stock return-inflation puzzle still remains unresolved. The purpose of this study is to provide a theoretical foundation for the seemingly paradoxical results within an intertemporal portfolio-choice framework. One novel feature of our study is that it converts the consump​tion-based capital asset pricing model into a relationship between real stock returns and consumption velocity and links the volatility of asset returns to the volatility of velocity. The traditional ​consumption-based asset pricing model fares poorly in explaining asset price movements because it is unable to reconcile the high variability of real asset returns with the low variability of consumption growth.

In our velocity-based asset pricing model (VCAPM), expected real stock returns are determined by market fundamentals such as the expe​cted values of inflation, money growth, real output growth, and monetary and real shocks.  Given monetary and real shocks, the relation between real stock returns and expected inflation can be of either sign depending on the degree of inflation volatility. Our model suggests that real stock returns are negatively related to expected inflation in a period of low volatility of inflation (or in a stable price regime) and positively related to expected inflation in a period of high volatility of inflation (or in a volatile price regime). The model further predicts that in the long run, real stock returns will co-vary positively with expected inflation. Thus, stock returns compensate for inflation during periods of rapid inflation and over long horizons. Our model provides unambiguous implications for the relation between real stock returns and expected inflation.
The most important conclusion drawn from our model is that the relation between real stock returns and expected inflation is determined by the degree of the variability of inflation. The implication of this conclusion is especially important for empirical research: One should take into account the volatility of inflation when conducting an empirical analysis of the relation between real stock returns and expected inflation and interpreting the results.

Our velocity-based asset pricing model has many potential applications for empirical research. A GARCH-in-Mean model can be applied to our model to test whether the variance of inflation matters in asset pricing. Or an EGARCH-type model can be utilized to see whether there is any asymmetrical effect on stock returns between volatile and stable inflation periods (or regimes).
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The Slutsky theorem can be used to show that 
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� It is worth noting that most empirical studies focus on real stock returns and expected inflation, but there are variants of the models including nominal stock returns, ex post inflation, unexpected inflation, and changes in expected inflation. For example, Fama (1981) examines relations between real stock returns and both expected and unexpected inflation, but the evidence on the relations between real stock returns and unexpected inflation is less consistent. Kaul (1987) finds negative relations between real stock returns and expected, unexpected, and changes in expected inflation under counter-cyclical monetary policy regimes and positive relations under pro-cyclical monetary policy regimes. Boudoukh and Richardson (1993) and Boudoukh, Richardson, and Whitelaw (1994) find positive relations between nominal stock returns and both ex ante and ex post inflation at long horizons. Finally, Lee (1992) finds that nominal stock returns and changes in expected inflation are weakly negatively correlated, and real stock returns and ex post inflation are mildly negatively correlated.


� Fama (1981) implicitly recognizes the importance of the role of velocity in explaining the relation between real stock returns and expected inflation. He notes that "the spurious negative relations between inflation and expected real returns are induced by a somewhat unexpected characteristic of the money supply process during the post-1953 period, in particular, the fact that most of the variation in real money demanded in response to variation in real activity has been accommodat�ed through offsetting variation in inflation rather than through nominal money growth."  The money supply process, real money demanded, real activity, and inflation are all essential elements of velocity.


� Boudoukh and Richardson have obtained similar results using ex ante inflation.


� Some authors such as Carl Walsh divide both Mt+1 and Mt by Pt to define the budget constraint. However, for analytical tractability, the budget constraint specification of (2) is employed in this study.


� See Sargent (1987), p. 143.


� The nominal money variable may be a decision or control variable in an income determination model as suggested by H. Youn Kim in his comment on the earlier version of this paper. However, in an asset pricing model, the nominal money supply could be assumed to be an exogenous process, as suggested by Alan Viard.


� Akerlof, Dickens, and Perry (2000) break down the sample from 1954 through 1999 into two sub-samples: those quarters when the five-year average of inflation was below 3 percent and those when it was above 4 percent. The samples have mean inflation rates of 2.0 percent and 6.3 percent, respectively. They have found the coefficient on inflationary expectations in the Phillips curve to be consistently and substantially larger in periods of high inflation than in periods of low inflation. Thus, they have concluded that the incorporation of price expectations varies with the inflation rate. 


� The standard deviation of the inflation rate for each period was calculated on the basis of the GDP deflator.
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