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Abstract: A smaller than 1 Tobin’s q has been frequently observed for the postwar U.S. economy. In theory, Tobin’s q less than 1 would discourage investment. However, actual capital stock has grown during this period. This paper proposes inflation besides Schumpeterian innovation as an explanation for this apparent paradox. A stylized IS-LM model along the lines of Tobin-Brainard shows that inflation affects Tobin’s q. Employing U.S. data from 1953 to 2000, we find a negative strong relationship between Tobin’s q and inflation. Error correction models (ECM) confirm the long-run relationship and suggest a very fast rate of adjustment to the steady-state in some specifications. Overall, price movements have a long-run negative impact on Tobin’s q. Key words: inflation, investment, Tobin’s q. JEL Classification Numbers: G11; E44; E31.
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Tobin-Brainard’s q and inflation



1. Introduction The Tobin-Brainard’s q, well-known in the literature as Tobin’s q, is the ratio of the market valuation of reproducible real capital assets to the current replacement cost of those assets [Tobin and Brainard, 1977]. The concept was created as a theory of investment, since when q is greater than one, i.e., when capital is valued more highly in the market than it costs to produce it, investment is stimulated, and investment is discouraged when its valuation is less than its replacement cost, that is, when q is less than one [Brainard and Tobin, 1968]. The market valuation of the capital goods is the sum of the present value of expected earnings, in which the discount rate is given by the real rate of return of capital. The replacement cost of capital goods is the sum of the present value of expected earnings discounted by the marginal efficiency of capital. If the expected earnings are constant, then q is equivalent to the ratio of the marginal efficiency of capital to the real rate of return of capital. The q theory of investment was developed by Brainard and Tobin (1968), although not defined by the letter q, and Tobin (1969). They acknowledge its Keynesian roots. Curiously, the q theory follows in the tradition of the Keynes of the Treatise on Money, in which investment is related to discrepancies between the marginal efficiency of capital and the interest rate. However, Tobin and Brainard embedded the q theory into the traditional IS-LM model based on the



3 General Theory’s Keynes.1 The Tobin-Brainard q theory has, therefore, a clear macroeconomic motivation. In particular, it aims at showing that monetary policies can affect aggregate demand by changing the valuations of physical assets relative to their replacement costs [Tobin, 1969, p.29]. The literature, however, does not follow in the macro Keynesian footsteps of Tobin and Brainard. Rather, it takes the Tobin’s q from the microeconomic approach put forward by Hayashi (1982) influential paper.2 Hayashi (1982) blended the neoclassical theory of investment, first put forward by Jorgenson (1963), and developed further by Lucas (1967), Lucas and Prescott (1971) and others, with the q theory. Hayashi (1982) paper presents a model in which the representative firm maximizes profits in an inter-temporal optimization model taking into account adjustment costs associated with investment, industry structure, technology and the demand curve for the firm’s output. Hayashi’s paper defines the marginal q and also allows one to formally distinguish between average and marginal q. The marginal Tobin q is defined as the ratio of the shadow price of investment to the price of investment goods.3 At this point it is important to notice that our distinction between macro and micro Tobin’s q is not the only possible way to look at different q-theories of investment. For instance, post Keynesian authors, such as Crotty (1990), emphasize the distinctions between a Keynesian and a neoclassical theory of



1



See Dimand (2004) This is the approach of graduate macroeconomics textbooks, e.g. Romer (2006). 3 The shadow price of investment is the present discounted value of additional future (after-tax) profits that are due to one additional unit of current investment. 2



4 investment, stressing the importance of macroeconomic instability for the Keynesian view. Tobin and Brainard (1990) recognize that their q-theory is also neoclassical and they add that Keynes’ theory “was essentially the same as that of the great neoclassical theorist Irving Fisher” [1990, p. 543]. In addition, they note that the “literature contains “q” models that are more strongly neoclassical than “Tobin’s q”” [1990, p.547]. For Palley (2001) the crucial distinction regarding the q-theories of investment is whether q is a real or financial variable, and whether the stock market is rational or irrational. For Tobin and Brainard (1990) q is not a nominal or financial variable but a hybrid, the ratio of a financial market price to a commodity market price. They acknowledge that “they followed Keynes in believing that speculation makes market prices diverge from fundamental values” [1990, p.544, footnote 2]. However Palley (2001) comparing Tobin and Brainard with Minsky (1986) says that Tobin and Brainard are closer to the efficient market viewpoint while Minsky is closer to Keynes’. The objective of this paper is to show and explain what appears to be a paradox regarding Tobin’s q for the American economy. Tobin’s q is below 1 for most of the time during the last 50 years, and during this period the American economy grew several times. We explain this apparent paradox through the role of inflation, showing that inflation affects Tobin’s q negatively. The remainder of the paper is organized as follows. The next section presents the problem. An extended IS-LM model along the lines of Tobin and Brainard relating Tobin’s q with inflation is studied in section three. Section four presents the data, and section five introduces the class of empirical models. The



5 empirical results, which show a very strong negative relationship between inflation and Tobin’s q in the long-run, are in section six. A discussion of the results is in section seven. The concluding remarks appear in section eight.



2. The Problem Figure 1 depicts two major average Tobin’s q series for the U.S.: qls by Laitner and Stolyarov (2003) and qbea by Wright (2004). One of the most striking features of Tobin’s q for the American economy, as depicted in Figure 1, is that it is below 1 for the mid-1970s to mid-1980s (qls) or for most of the time (qbea) depending on the measurement of Tobin’s q.4 At least for more than 40 years, from 1948 to 1988 qbea is below 1, and during this period the stock of capital of the American economy has grown several times. In theory, this cannot happen, especially if average q is above marginal q, since q below one indicates that the cost of acquiring one additional unit of capital is greater than its market value and, therefore, any firm maximizing the price of an existing share of equity will disinvest in capital, rather than invest in it. [Figure 1 here] According to Tobin and Brainard (1977), investment booms are consistent with observed low and declining average q ratios.5 This may happen in periods of Schumpeterian innovation, characterized by rapid innovation and heterogeneity of 4



The correlation coefficient in our sample between qls and qbea is 0.977. All econometric results in this paper are performed with qls as the dependent variable but do hold entirely with qbea instead. 5 It is important to note that the average q is equal to marginal q for a price-taker firm with constant returns to scale in both production function and installation costs. However, a firm with monopoly power has an average q higher than its marginal q. Moreover, risk associated to heterogeneous capital goods can make marginal q to exceed average q.



6 capital goods, in which new capital goods of quite different nature from existing capital goods, render the old ones obsolete [Tobin and Golub, 1998]. In this paper, however, we argue that the Schumpeterian phenomenon is not necessarily the only explanation for the observed series in Figure 1.6 An additional variable may have played an important role during this period: the inflation rate. Apparently this is a controversial approach, since the extant Tobin’s q literature does not address or consider the idea that inflation may affect Tobin’s q. There is, in fact, a widespread belief that the value of q is independent of the inflation rate. However, the literature ignores some of the elements indicated by Tobin and Brainard (1977) for explaining why the neutrality of inflation fails in practice. Anticipated inflation may affect Tobin’s q through non-neutral taxes, and nominal interest rates that are fixed or controlled, while unanticipated inflation will have additional non-neutral effects. In his classic study, Tobin (1969) focusing on an extended LM curve, showed that there are theoretical reasons for the expected inflation rate to have a positive impact on q. In this paper we go back to the macro Keynesian approach of q theory along the lines of Tobin and Brainard. The paper presents a stylized IS-LM model, which is the simplest way to relate the inflation rate with the q ratio, and estimates this relationship employing U.S. data from 1953 to 2000. The theoretical model shows that inflation has an ambiguous impact on Tobin’s q. In the empirical part of the paper we find a strong negative relationship between



6



Laitner and Stolyarov (2003) have proposed that periodic arrivals of new technologies, such as the microprocessor in the 1970s cause capital to become obsolete and the stock market to drop.



7 Tobin’s q and the inflation rate, which is very robust to the treatment of technical change. In our estimations we control for both the stock of capital and for two different measures of technical change. First, we use the standard naïve time trend from time series econometrics and, second, we explore one measure of productivity correcting for demographic changes put forward recently by Francis and Ramey (2008). It is worth stressing that the VAR empirical literature has reached no consensus on the effects of technology shocks on key variables, such as employment, and hours worked. VAR methods are used to capture whether innovations in productivity lead to increases or decreases in employment with mixed results for U.S. manufacturing [see Galí, 1999, and Chang and Hong, 2006].7



3. The Model The highly stylized model presented in this section aims at relating inflation and Tobin’s q through the IS-LM framework. It is based on Brainard and Tobin (1968), Tobin (1969), and Tobin and Brainard (1977). Tobin-Brainard q is defined as ratio of the market valuation (MV) of reproducible real capital assets to the current replacement cost (V) of those assets: 7



Galí (1999) argued that technology shocks cannot be the main driving force of cyclical fluctuations, which contrasts to the real business cycles (RBC) view. Francis and Ramey (2005) assess the validity of technology shocks by subjecting the model to several tests and conclude that quarterly postwar U.S. data are at odds with the predictions of the technology-driven RBC hypothesis. Fisher (2006) proposes a technology shock which yields results consistent with the RBC standpoint: when one takes into account investment-specific technical change, technology shocks have large effects on short-run fluctuations.
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q = MV / V



(1)



The market valuation (MV) of the capital goods is defined by: ∞



MV = ∫ E (t )e −rk t dt



(2),



0



where rk is the real rate of return of capital, and E(t) is their expected earnings. The cost of capital goods (V) is defined by: ∞



V = ∫ E (t )e − R t dt



(3),



0



where R is the marginal efficiency of capital. If E(t)=E is constant, then q = MV / V = ( E / rk ) /( E / R) ⇒ q = R / rk



(4)



The Tobin-Brainard q is equivalent to the ratio of the marginal efficiency of capital to the real rate of return of capital. The economy has only one private sector and three assets: Money (M) issued by the government to finance part of its budget deficits, government debt in the form of securities (S), and homogeneous physical capital (K). Wealth (W) is defined as W = qK +



[M + S ] p



(5)



The markets of capital, money and government securities clear: ) f K (r , Y / W )W = qK ) f M (r , Y / W )W = M / p ) f S (r , Y / W )W = S / p



(6) (7 ) (8)



) ) where f j (r , Y / W )W denotes demand for the asset j= K, M, S; r stand for the vector of real rates of return (rk , rm , rs ) from holding capital, money and securities.



9 The rate-of-return equations are: rk q = R



(9)



rm = rm ' − π



(10)



rs = rs ' − π



(11)



where rm ' , rs ' are the nominal interest rates of money and securities, respectively, and π is the expected inflation rate. The investment function takes the form: I = ϕ (q − q) + g where



q



is



the



normal



value



(12), of



q,



perhaps



1, q ≥ q ⇒ ϕ (•) ≥ 0 ,



q < q ⇒ ϕ (•) < 0 , and g is the natural growth rate. The long-run value of output is Y , at which saving supports net investment gK, with q = q . The IS relationship is: Y = C0 + bY + I + G



(13),



where b is the marginal propensity to consume 0


(14)



Taking as exogenous M, S, K, R, rm ' , π , and p, leaving q and rs as endogenous variables, and substituting eqs. (5), (6), (9)-(11) into eqs. (7) and (8) yields an LM curve depending on q:



10 ⎡ [M + S ] ⎤ ⎡ [M + S ] ⎤ f M ( R / q , rm '−π , rs , Y / ⎢qK + ) ⎢qK + =M/p ⎥ p ⎦ ⎣ p ⎥⎦ ⎣



(15)



⎡ [M + S ] ⎤ ⎡ [M + S ] ⎤ f S ( R / q , rm '−π , rs , Y / ⎢qK + ) ⎢qK + =S/p ⎥ p ⎦ ⎣ p ⎥⎦ ⎣



(16)



The system formed by equations (14), (15) and (16) is the IS-LM model with Tobin’s q; it determines simultaneously the equilibrium values of q, Y, and rs . The impact of π, the expected inflation rate, on q can be studied through comparative statics. The impact of the expected inflation π on q is ambiguous; it can be either positive or negative as shown below:



> dq = ∆−1 (1 − b)W ( f M rm f S rs − f S rm f M rs ) 0 < dπ



(17)



∆−1 = I q f M Y / W ( f S rs + f M rs )W + (1 − b)(W / q) 2 R( f SR / qs f M rs − f MR / qs f S rs )



> 



0



In order to assess the impact of the actual inflation rate we may assume adaptive or rational expectations. If we assume rational expectations then we should consider the following equation: •



p/ p = π



(18)



•



where p/ p stands for actual inflation. If we assume adaptive expectations, we consider the following equation8:
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An alternative way to consider adaptive expectations is to add two extra equations to the above



system:



11 • π = ⎛⎜ p/ p ⎞⎟



⎝



(19)



⎠ t −1



Either way, in our IS-LM model the impact of actual inflation on Tobin’s q is the same as the impact of expected inflation, i.e., it is ambiguous, it can be either positive or negative. In the remainder of this article we study the empirical impact of actual inflation rate on Tobin’s q.



4. The Data



Tobin’s q is from Laitner and Stolyarov (2003), qls in this paper, and measures the ratio between market value of business and the business fixed capital and inventories. The Data Appendix contains details of its construction. Wright (2004) argues that this measure of Tobin’s q omits important elements and should be recalculated accordingly. The measure qbea is simply one alternative used by researchers that take into account this criticism. Since qbea is a vertical shift downwards of qls (the correlation coefficient in our sample is 0.977), our results will be reported for qls only but are robust to qbea or any of the other measures of q discussed in Wright (2004) and Mollick and Faria (2009). Inflation



rate



comes



from



the



U.S.



BLS



website



(http://www.bls.gov/bls/inflation.htm) and we explore three different series: overall CPI-all items (dp, series code CUUR0000SA0, U.S. city average, all • ⎛Y −Y ⎞ ⎟ +π p/ p = θ ⎜⎜ ⎟ Y ⎝ ⎠ •



•



π = λ ( p/ p − π ) •



•



•



where p/ p stands for actual inflation. In equilibrium, Y = Y ⇒ p/ p = π ⇒ π = 0 .



12 items 1982-84 =100); PPI-finished goods stage of processing (dpfin, series code WPUSOP3000); and the price of capital equipment stage of processing (dpk, series code WPUSOP3200), which happens to be one item in the PPI list. Figure 2 contains all three inflation rates over time. We also define differences between inflation rates in postwar U.S. with respect to the inflation rate of capital equipment: kcpi = dpk-dp and kppi = dpk-dpfin. As Figure 3 shows, except for around 1975 KPPI has remained higher than KCPI. And, as one can see from Table 1, the mean of kcpi is negative and the mean of kppi is positive. While the inflation rate of the price of capital has been lower (mean of -0.398) than the inflation rate of U.S. CPI, it has been higher than inflation rate of U.S. PPIfinished goods (mean of 0.365). [Figures 2 and 3 here] [Table 1 here] Research by Kopcke and Brauman (2001) surveys several models of investment: the accelerator, the neoclassical model, cash flow, time series, and Tobin’s q. In the latter, in particular, it is important to consider the effect of capital stock, adjusted by q, on the investment ratio. See also Tevlin and Whelan (2003) for a breakdown of investment growth into computer investment and noncomputing equipment. This body of empirical work suggests that capital stock should be an important control variable in any empirical examination of Tobin’s q model. We therefore take capital stock from the U.S. Fred database (http://research.stlouisfed.org/fred2/), series ID PNFIA, for Private Nonresidential Fixed Investment, annual frequency, billions of USD. The original source is the



13 BEA of the U.S. Department of Commerce. Since this series contains the investment available at the start of the calendar year (i.e., 1953-01-01 for the 1953 year) we lead this series one year such that we make it comparable to the yearly inflation rate and to Tobin’s q. As one can see from Table 1, the mean of Tobin’s qls is slightly over 1.2 over the whole sample with maximum of 2.29 and minimum of 0.85. Some values were below 1, notably during the mid-1970s to mid-1980s, as one can verify from Figure 1. The standard deviation is 0.322. As for the inflation rates, CPI inflation has the highest mean (4.017), versus 3.619 for the price of capital equipment and 3.254 for PPI-finished goods. The standard deviation is highest for the latter and smallest for overall CPI. In our sample there is a strong and negative correlation between Tobin’s q and each of the measures of inflation (t-statistics in brackets): 0.390 [-2.871] for CPI-inflation; -0.366 [-2.665] for PPI-finished goods; and 0.550 [-4.464] for price of capital equipment. It is important to control for productivity and technological innovations. In addition to the naïve trend available in time series econometrics, we also control for a measure of aggregate economic fluctuations adjusted for efficiency hours. Figure 4 contains the “productivity in terms of efficiency hours” (prod/eh) series available from Francis and Ramey (2008). To create efficiency hours, they add up the hours worked by each age group, weighted by their wage relative to those ages 45-54; their Data Appendix contains details of its construction. Productivity in terms of efficiency hours is defined as real GDP (from BEA website) divided by efficiency hours. As one can see from Figure 4, mild downturns by reducing



14 real GDP cause the prod/eh series to be constant (mid 50s, late 60s, and early 90s) or reduce it when the recession was long-lasting and more serious (mid 70s and early 80s). Also, Francis and Ramey (2008) present evidence that prime-age individuals behave differently in the labor market than non-prime age individuals. In particular, they show that prime-age individuals work more hours and are more productive than younger and older individuals. [Figure 4 here]



5. Empirical Methodology



In order to capture the relationship contained in (17) empirically, we should control for forces that may affect this relationship. While the real stock of capital immediately comes to mind as an indicator of capital available at business firms as in Kopcke and Brauman (2001) and Tevlin and Whelan (2003), the state of technology and technological breakthroughs should have an impact on Tobin’s q as in Laitner and Stolyarov (2003). We therefore propose the following empirical model to capture the effect of inflation on Tobin’s q, allowing for technical progress and the stock of capital:



qt = β0 + β1 Ζt + β2 ∆pt + β3 Kt + εt



(20),



where: q is Tobin’s q calculated by Laitner and Stolyarov (2003); Z is a control variable for the state of technology and we consider in turn the simple time trend (trend) or real GDP adjusted by efficiency hours (PROD/EH) from Francis and



15 Ramey (2008) to allow for demographic effects9; ∆pt is the inflation rate measured in several different forms as explained in the previous section (dp for CPI-all items; dpfin for PPI-finished goods; dpk for the price of capital equipment; kcpi = dpk-dp and kppi = dpk-dpfin); and K is the stock of capital to control for investment capital. Equation (17) above derived an expression for the impact of π, the expected inflation rate, on q. The impact of π on q was shown to be ambiguous, and the same happens when actual inflation is used. Either assuming adaptive or rational expectations, the impact of actual inflation on Tobin’s q in our stylized IS-LM model is the same as the impact of expected inflation, i.e. it can be either positive or negative. Therefore, controlling for technical progress and the stock of capital β2 can be either positive or negative. Since unit roots are found in the data and there are cointegrating relations linking the variables, we estimate (20) by vector error correction models. In the first-stage the Johansen cointegration method is used for estimation of the longrun vector and, in the second stage, residuals from the first-stage are used in differenced form. If there is a long-run relationship in (20), the error-correction term in the differenced form should be negative and statistically significant away from the (long-run) steady-state. Positive (negative) residuals should be corrected in the next period downwards (upwards).



9



In addition to these two variables to capture technology (time trend and real GDP adjusted for efficiency hours), we explore the idea from Laitner and Stolyarov (2003) that technological progress may be discontinuous. They identify the development of the microprocessor as the crucial change in the recent years and, in their estimations, use either 1973 or 1974 as “revolution dates”.



16 6. Results



Table 2 provides unit root tests for the series appearing in the empirical work. We confirm by all tests that Tobin’s q and the three measures of inflation are integrated of order 1 series: stationary of order 1 or I (1). The only exception is q when the trend is included, in which the KPSS rejects the null of stationary series. Capital stock is clearly a trend-like series and, for this reason, we report only the tests under the assumption of a deterministic trend in the data. The same happens with productivity corrected for efficiency hours depicted in Figure 4. It follows a positive trend. For capital stock, Augmented Dickey-Fuller and NgPerron tests suggest I (1) series, in contrast to the KPSS which rejects the stationary null. Given the good size and power of Ng-Perron tests and that recent research in Rapach and Wohar (2007) documents that the unit root hypothesis can not be rejected on U.S. real business fixed investment spending, we proceed with the assumption that K follows an I (1) process as well. [Table 2 here] Employing data from 1953 to 2000, we find a negative strong relationship between Tobin’s q and inflation in postwar U.S. in Table 3. In Table 3, the standard time trend from time series models is employed. For lag-length selection, information criteria were checked together with Wald statistics for lag-exclusion of joint coefficients for 4 lags (first 3 columns of Table 3) or either 2 or 1 lag (last 2 columns).10 The LM t-stat. is the Lagrange Multiplier test on the residuals of the



10



Lag-exclusion tests for the fourth-lag in specifications (1) to (3) and for the second-lag in specifications (4) and (5) suggest we employ 4 lags for the former group of specifications, 2 lags for the relative inflation rate PK/CPI and 1 lag for the relative inflation rates PK/PPI. For the latter, in particular, Wald tests on the joint coefficients of two lags lead to adoption of a shorter (1



17 regression, calculated under the null hypothesis of no serial correlation on up to 2 and 4 lags. After considerable experimentation on lag-length and testing for serial correlation, the resulting VECMs for different inflation rates are reported in Table 3 and display excellent diagnostics. In all cases, a negative and statistically significant β2 coefficient on the inflation rate is found. This confirms that an increase in inflation rate leads to a fall in Tobin’s q. A 10% increase in the CPI-inflation rate implies a -1.77% fall in Tobin’s q in the long-run. Similar values for PPI-finished goods and the price of capital equipment are -1.34% and -1.20%, respectively. Cointegration tests usually reject the null of no cointegration at standard significance levels. In this case, we allow for deterministic trend in the data with constant and trend in cointegrating equation but no trend in VAR. Also, when we explore the ratio of inflation rates between price of capital equipment and each of CPI and PPI in turn, the long-run coefficients are much larger, varying from -0.455 (PK/PPI) to 0.697 (PK/CPI) in the last two columns. The effect of trend on Tobin’s q varies considerably: from positive in column (1) to negative in columns (3) and (5) and to very negative in column (4). Under the interpretation of the time trend capturing technology, the negative coefficient would suggest that new technologies cause old knowledge and capital to be obsolete, causing the stock market to drop, as in Laitner and Stolyarov (2003). In other works, Tobin’s q falls with new technology, everything else constant. In contrast to columns (1)-(3), the estimation of the control variable for



period) lag length. In all cases, excellent specification processes were achieved as the serial correlation LM tests imply.



18 capital stock in columns (4) and (5) is positive. An increase in capital stock levels leads to an increase in Tobin’s q: the market value of business grows by more than the capital stock itself. The overall magnitude for the β3-coefficient is, however, very small. The error correction model (ECM) at the bottom part of the table confirms the long-run relationship when we use one of three types of inflation rate separately and suggests a very fast adjustment to equilibrium of between 29.1% and 33.6% of the deviations being adjusted in the following year. This would imply that a complete adjustment lasts between 3 and 4 years. Thus when we investigate the relationship between relative inflation rates in the last two columns, the long-run coefficients are still negative and stronger but the ECM is considerably weaker. This suggests that the short-run model is not so good and the long-run model captures entirely the dynamics in the theoretical model above.11 [Table 3 here] The problem of the time trend as capturing the state of technology is that it is perfectly linear. A measure of productivity should allow for the ups and downs of the business cycle. Allowing for real GDP adjusted for efficiency hours built by Francis and Ramey (2008), we continue to find a strong negative strong relationship between Tobin’s q and inflation in postwar U.S. in Table 4. In all 11



The error-correction term in VECM captures the coefficient associated with the lagged term in the dynamic ECM specification. Therefore, for the VECM in column (4) deviations between Tobin’s q and the relative price difference are corrected at the 3.3% rate in the following year towards the steady-state value. In column (5) the error-correction term is also negative but not statistically significant at the -1.6% rate. While the fit of the model away from steady-state is not very good (the adjusted R2’s are close to zero), the theoretical model above is based on the steadystate values when the variables do not change.



19 cases, a negative and statistically significant β2 coefficient on the inflation rate is found. This confirms that an increase in inflation rate leads to a fall in Tobin’s q. A 10% increase in the CPI-inflation rate now implies a -1.35% fall in Tobin’s q in the long-run. Similar values for PPI-finished goods and the price of capital equipment are -3.27% and -4.97%, respectively, which are much larger than those reported under the naïve time trend. Cointegration tests reject the null of no cointegration at standard significance levels. We now allow for deterministic trend in the data with constant only in the cointegrating equation but no trend in VAR. When we explore the ratio of inflation rates between price of capital equipment and each of CPI and PPI in turn, the long-run coefficients vary from 0.516 (PK/CPI) to -0.548 (PK/PPI) in the last two columns. As before, the effect of real GDP adjusted by efficiency hours on Tobin’s q varies from positive in column (1) to very negative in columns (4) and (5). Except for CPI-inflation, if prod/eh is capturing the extent of technology this would suggest that new technologies cause old knowledge and capital to be obsolete, causing the stock market to drop. The other control variable, K, has a very small impact on Tobin’s q in the steady-state. In contrast to column (1), the estimation of the control variable for capital stock in columns (4) and (5) is positive. An increase in capital stock levels leads to an increase in Tobin’s q: the market value of business grows by more than the capital stock itself. The overall magnitude for the β3-coefficient is, however, very small, as before. The ECM confirms the long-run relationship in all cases but one (last column for the error-correction term of -0.024 but not statistically significant) and



20 suggests a very fast adjustment to equilibrium of about 52% of the deviations being adjusted in the following year in column (1). This would suggest that all deviations from the long-run equilibrium are corrected in only 2 years! As before, for the relative inflation rates in the last two columns, the long-run coefficients are still negative and stronger but the ECM is weaker. [Table 4 here] Another possibility is that technology is discontinuous and comes in waves. We borrow from the approach in Laitner and Stolyarov (2003) and we define dummy variables taking the values of one in either 1973 or 1974 and verified their effects on Tobin’s q under the same empirical models. These dummy variables now capture the arrival of the microprocessor as identified by Laitner and Stolyarov (2003) for the revolution dates of 1973 and 1974. Interpreting the dummy as an exogenous force of technology breakthroughs, we allowed it in the dynamic specification and re-estimated the VECM with inflation and capital stock.12 The results with the dummy variable for 1974 as the technology revolution date for were negative for the inflation effects for inflation in PPI and in capital goods. A positive coefficient was found, however, for the consumer price inflation. The latter would suggest that, controlling for the time trend and capital stock, CPI inflation had a positive effect (0.221) on Tobin’s q. The fitness of this



12



The construction of the dummy variables is ours: 1 for 1974 and onwards; 0 otherwise. Very similar results were found defining the dummy with 1973 as the revolution date. Laitner and Stolyarov (2003) estimated six parameters for post-war U.S.: output elasticities of applied knowledge and of physical capital, the aggregate average propensity to save out of GDP, the TFP levels for the different time intervals regarding technology (before and after), and the rate of physical depreciation.



21 model was not good, with negative adjusted R2 and the error-correction model term was not statistically significant. On the other hand, for PPI inflation and price of capital inflation the estimated coefficient was -0.095 and -0.110, respectively, with corresponding ECM terms of -0.424 and -0.492, and adjusted R2 of 0.418 and 0.352.13 Overall, allowing for the possibility that technology comes in waves rather than a continuous process (either fully linear or linear with changing slopes) yields mixed results. In some cases, the effect of inflation on Tobin’s q is negative as before (PPI and capital goods inflation) but it is positive in some cases (CPI inflation and for both relative inflation rates). The dummy for technological revolution in 1974 as identified by Laitner and Stolyarov (2003) is incorporated at the VECM and not in the long-run vector, consistent with its nature of a purely exogenous force. Its impact on the change in Tobin’s q is negative, although not always statistically significant. A full table with these results is available upon request.



7. Discussion



Why inflation has a negative impact on Tobin’s q? One possible answer lies in the hybrid nature of the q variable as stressed by Tobin and Brainard (1990). The numerator of q is a financial market price and the denominator is a



13



For the last two columns, when relative inflation differentials are used, the effect of inflation (differentials) on Tobin’s q was found to be positive and statistically significant: 0.302 for capital inflation minus CPI inflation and 0.905 for capital inflation minus PPI inflation. For the former, the fit of the model was poor and for the latter the adjusted R2 was 0.158. In both cases, negative and statistically significant ECM terms were found (-0.195 and -0.088, respectively), which imply adjustment of deviations to long-run equilibrium of about 5 and 10 years.



22 commodity market price. If inflation impacts these two prices differently, then inflation is non-neutral, since q will either increase of decrease, reflecting the impact of inflation. Specifically, if the commodity market price better reflects inflation than the financial market price, then q decreases with inflation. The Data Appendix shows how q is calculated. Although it is clear that several of the items in the numerator of Tobin’s q are directly affected by inflation, such as U.S. government securities, municipal securities, and credit market instruments; there are other assets such as corporate equities and equity in noncorporate business that are less clearly affected by inflation.14 Also, since there are rest of the world components in the numerator of Tobin’s q it is natural to expect that changes in U.S. inflation will have less impact (or, at best, a lagged response) on all these instruments. On the other hand, the denominator of Tobin’s q, constituted by the prices of nonresidential private fixed assets plus NIPA current dollar business inventories, is expected to respond to inflation. As a consequence, inflation increases the denominator of q more than it increases the numerator, leading to the observed result that inflation has a negative impact on Tobin’s q. Another possible explanation, not necessarily opposed to the above, concerns the interaction between taxes and inflation and the impact of this 14



There is a vast literature on the effects of inflation on stock returns and stock prices, which contains mixed effects. Boudoukh, and Richardson (1993) report a regression coefficient of fiveyear U.S. stock returns on the contemporaneous five-year inflation rate as strongly positive at 0.52; however, the estimate on the one-year stock returns is close to zero. Hess and Lee (1999) show both theoretically and empirically that the stock return-inflation relation varies over time and across countries, depending on the relative importance of supply (real output) or demand (monetary-related) shocks. Quantifying the long-run response of real stock prices to a permanent inflation shock for 16 industrial countries, Rapach (2002) finds little evidence for a negative longrun real stock price response to a permanent inflation shock. His results indicate that inflation does not erode the long-run real value of stocks.



23 interaction on asset prices, real investment and net rates of return. Over-taxation of profits by a tax code that is non-indexed to inflation is a burden and creates disincentives to invest. According to Feldstein (1983) over-taxation of inventory profits and of returns to fixed capital during inflationary times were a major cause of the “stag” linked to the “flation”. Tobin (1988) considers two non-neutralities arising from the interaction of income taxation and inflation. The first is negative, since inflation raises the tax liability on given real income. The second nonneutrality is positive; it arises from the deductibility of nominal interest that lowers the effective tax. For low inflation rates the negative effect dominates; at higher inflation rates, the positive second effect is the larger.



8. Concluding Remarks



Tobin’s q for postwar American economy, depending how it is measured, is frequently below 1. According to Tobin’s q theory this would imply a reduction in investment in the economy. However, the stock of capital has significantly grown during this period of time. This paper explains such apparent paradox by examining the impact of inflation, controlling for Schumpeterian innovations. The theoretical model introduces Tobin’s q in the IS-LM framework, and shows that the impact of actual inflation on Tobin’s q is ambiguous: it can be either positive or negative. An empirical examination of this hypothesis is carried out for the U.S. economy from 1953 to 2000, and shows that there is a negative impact of inflation on q, and this relationship is strong in the long-run and adjusts fast in the short-run dynamics.



24 Why a negative impact of inflation on q? Tobin’s q has a hybrid nature, its numerator is a financial market price and the denominator is a commodity market price. If inflation impacts these two prices differently, then inflation is nonneutral. Therefore, the negative impact of inflation on q can be explained by inflation increasing the denominator of q more than it increases the numerator. One of the channels of this impact can be due to taxation.
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Data Appendix Tobin’s q in this paper comes from Laitner and Stolyarov (2003): qls. In order to understand its composition and the potential effects of inflation on both numerator and denominator, it is important to enumerate all the elements present in both terms. The numerator of Tobin’s q is “market value of business”, defined as follows: asset minus liabilities of five different tables of Flows of Funds (available in http://www.federalreserve.gov/releases/z1/). The full description is as follows: Total financial assets of Households and Nonprofit Organizations: items 2 to 24: Deposits, foreign deposits, checkable deposits and currency, time and savings deposits, money market fund shares, credit market instruments, open market paper, U.S. government securities (Treasury and Agency), municipal securities, corporate and foreign bonds, mortgages, corporate equities, mutual fund shares, security credit, life insurance reserves, pension fund reserves, investment in bank personal trusts, equity in noncorporate business, and miscellaneous assets. (minus) Total liabilities of Households and Nonprofit Organizations: items 26 to 35: Credit market instruments, home mortgages, consumer credit, municipal securities, bank loans n.e.c., other loans and advances, commercial mortgages, security credit, trade payables deferred and unpaid, life insurance premiums.



30 (minus) Liabilities of Federal Government: credit market instruments (minus) Liabilities of Federal Government: Treasury currency (plus) Assets of State and Local Government: U.S. gov. securities (plus) Assets of State and Local Government: municipal securities (minus) Liabilities of State and Local Government: credit market instruments (plus) Assets of Monetary Authority: U.S. gov. securities (minus) Total Liabilities of Monetary Authority: items 16 to 24 as follows: Depository institution reserves, vault cash of commercial banks, checkable deposits and currency (due to federal gov., due to rest of the world, and currency outside banks), and miscellaneous liabilities. (plus) Total Financial Assets of Rest of the World: items 2 to 22 as follows: net interbank assets, U.S. checkable deposits and currency, U.S. time deposits, security RP’s, credit market instruments, open market paper, U.S. government securities (official holding, Treasury, and Agency), private holdings (Treasury and Agency), U.S. corporate bonds, loans to U.S. corporate business, U.S.



31 corporate equities, trade receivables, security credit, miscellaneous assets (FDI in the U.S. and other). (minus) Total Liabilities of Rest of the World: items 24 to 41 as follows: U.S. official foreign exchange and net IMF position, U.S. private deposits, credit market instruments, commercial paper, bonds, bank loans n.e.c. (official, banks, and other), U.S. government loans, acceptance liabilities to banks, trade payables, security debt, miscellaneous liabilities (U.S. equity in IBRD, etc., U.S. gov. deposits, U.S. direct investment abroad, and other). The denominator of Tobin’s q in Laitner and Stolyarov (2003) is “business fixed capital and inventories”, defined as Nonresidential private fixed assets plus NIPA current dollar business inventories. Therefore, Tobin’s q in Laitner and Stolyarov (2003) = “market value of business” / “business fixed capital and inventories”, where “market value of business” comprises assets minus liabilities of several Federal Flow of Funds Levels Table as listed above.



32 Figure 1. Tobin’s q in postwar U.S. with horizontal bar at q = 1 for reference.
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33 Figure 2. Inflation rates in postwar U.S.: CPI-inflation rate (dp); PPIfinished goods inflation rate (dpfin); and capital equipment inflation rate (dpk)
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34 Figure 3. Differences between inflation rates in postwar U.S.: KCPI = dpk-dp and KPPI = dpk-dpfin.
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35 Figure 4. Productivity relative to efficiency hours as an alternative to linear time trend.
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36 Table 1. Descriptive Statistics: Annual Data. Maximum Series



Mean



and



Std. Dev.



Skewness



0.322



1.569



Kurtosis



JB



Minimum



Qls



1.208



2.290



5.482



0.850 Dp



4.017



13.500



[0.000] 3.019



1.313



4.442



-0.400 Dpfin



3.254



15.400



3.619



15.200



3.746



1.515



4.891



-0.398



6.200



3.534



1.623



5.347



30.331



EH Kppi



42.521



1.954



1.738



6.408



5.100 -5.800



47.409*** [0.000]



7.263



-0.223



1.851



17.765 0.365



32.106*** [0.000]



-2.900 PROD/



25.523*** [0.000]



-0.400 Kcpi



17.957*** [0.000]



-1.400 Dpk



32.004***



3.041 [0.219]



1.896



-0.300



4.674



6.322** [0.042]



Notes: qls is Tobin’s q from Laitner and Stolyarov (2003); dp is overall CPI-all items inflation rate; dpfin is PPI-finished goods inflation rate; dpk is the inflation rate for the price of capital equipment; kcpi = dpk-dp and kppi = dpk-dpfin are the relative inflation differences between dpk and either dp or dpfin, respectively; and PROD/EH refers to productivity in terms of efficiency hours as in Francis and Ramey (2008). JB is the Jarque Bera normality test, in which *** rejects the null of normality. N = 48 for the sample (1953-2000).



37 Table 2. Unit Root Tests on Yearly Data. Series



MZt (k)



Trend?



ADF (k)



KPSS (4)



qls



No



-1.187 (4)



0.339



1.507 (0)



0.591 (0)



qls



Yes



-1.170 (4)



0.186**



-2.073 (0)



-0.777 (0)



∆ (qls)



No



-5.636 (0)***



0.267



-22.548 (0)***



-3.137(0)****



MZα (k)



d(cpi)



No



-2.044 (2)



0.271



-4.161 (2)



-1.437 (2)



d(cpi)



Yes



-1.786 (2)



0.071



-5.477 (2)



-1.627 (2)



∆ d(cpi) No



-6.908 (1)***



0.137



-62.026 (1)***



-5.559 (1)***



d(ppi)



No



-2.204 (2)



0.193



-6.185 (2)*



-1.737 (2)*



d(ppi)



Yes



-2.128 (2)



0.183



-8.111 (2)



-2.012 (2)



∆ d(ppi) No



-6.593 (1)***



0.102



-59.256 (1)***



-5.438 (1)***



d(pk)



No



-1.747 (2)



0.183



-3.868 (4)



-1.373 (4)



d(pk)



Yes



-1.780 (2)



0.178



-6.428 (2)



-1.764 (2)



-5.852 (2)***



0.115



-58.960 (1)***



-5.427 (1)***



-1.463 (0)



0.224



-3.800 (0)



-1.378 (0)



∆ (PROD/EH) No



-6.916 (0)***



0.123



-23.783 (0)***



-3.391 (0)***



K



Yes



-0.351 (0)



0.242***



-5.618 (1)



-1.445 (1)



∆ K



No



-3.443 (0)**



0.986***



-15.199 (0)***



-2.600 (0)***



∆ d(pk) No PROD/EH



Yes



Notes: Data are of yearly frequency from 1953 to 2000. qls refers to Tobin’s q as calculated by Laitner and Stolyarov (2003); d(p) refers to the yearly inflation rate, where p can be CPI-all items inflation rate, PPI-finished goods inflation rate, and capital equipment inflation rate, respectively;



PROD/EH refers to productivity in terms of efficiency hours as in Francis and Ramey (2008); and K refers to the Private Nonresidential Fixed Investment (PNFIA) from BEA. The



symbol ∆ stands for first-differences. Deterministic trend is included in levels based on graph inspection. ADF(k) refers to the Augmented Dickey-Fuller t-tests for unit roots, under the unit root null. The lag length (k) is chosen by the Campbell-Perron data dependent procedure, whose method is usually superior to k chosen by the information criterion; see Ng and Perron (1995). The method starts with an upper bound, kmax=4, on k. If the last included lag is significant, choose k = kmax. If not, reduce k by one until the last lag becomes significant (we use the 5% value of the asymptotic normal to assess significance of the last lag). If no lags are significant, then set k = 0. In parenthesis is the selected lag length. The KPSS test follows Kwiatkowski et al. (1992), in which the null is that the series is stationary and k = 4 is the lag truncation parameter. The Ng and Perron (2001) MZα and MZt tests employ SIC for lag-length selection. The symbols * [**] (***) indicate rejection of the null at the 10%, 5%, and 1% levels, respectively.



38 Table 3. Vector ECM of Tobin’s q on Inflation Rates: Naïve trend qt = β0 + β1 trend + β2 ∆p t + β3 Kt + εit Regressors



β1 (trend)



β2 (∆p)



β3 (K)



CPI Inflation



PPI Inflation



PK Inflation



(dpk – dp)



(dpk – dpfin)



(dp)



(dpfin)



(dpk)



Inflation



Inflation



0.043***



0.001



-0.062***



-0.343***



-0.127***



(0.019)



(0.019)



(0.024)



(0.059)



(0.025)



-0.177***



-0.134***



-0.120***



-0.697***



-0.455***



(0.026)



(0.022)



(0.029)



(0.161)



(0.073)



-0.002***



-0.001



0.003*



0.015***



0.006***



(0.001)



(0.001)



(0.001)



(0.003)



(0.001)



4



4



4



2



1



21.559***



19.709***



15.552*



15.251*



6.699



[0.010]



[0.020]



[0.077]



[0.084]



[0.668]



Lags Lag excl.



LM-tests of



9.685



k=2 & k=4



[0.376] [0.418]



[0.297] [0.833]



[0.479] [0.731]



[0.674] [0.300]



[0.332] [0.345]



[P-values]



Trace



Trace



Trace



Trace



Trace



Coint. tests



54.32>42.92**



48.97>42.92**



43.56>42.92**



42.67


54.91>42.92**



vs. critical



24.20


19.28


21.20


13.34


17.12


values



7.43


6.07


6.12


5.22


5.83


Max. Eigen.



Max. Eigen.



Max. Eigen.



Max. Eigen.



Max. Eigen.



30.13>25.82**



29.69>25.82**



22.36


29.33>25.82**



37.79>25.82**



16.77


13.21


15.08


8.12


11.28


7.43


6.07


6.12


5.22


5.83


-0.291***



-0.336***



-0.297***



-0.033**



-0.016



(0.090)



(0.074)



(0.086)



(0.017)



(0.024)



0.162



0.394



0.221



0.022



0.000



EC inVECM (std. error)



9.213



10.703 5.016



8.556



6.086



6.650



10.654



10.231 10.073



Adj. R2 in VECM



Notes: Data are of yearly frequency from 1953 to 2000. The total number of observations is 48. Standard errors are reported below the coefficients; p-values are reported below the tests. The method of estimation is the vector error correction model with the two-stage procedure as explained in the text. For lag-length selection, information criteria were checked together with Wald statistics for lag-exclusion of joint coefficients for the number of lags shown. The LM t-stat. is a Lagrange Multiplier test on the residuals of the regression, calculated under the null hypothesis of no serial correlation on up to 2 and 4 lags. EC in VECM captures the coefficient associated with the lagged term in the dynamic ECM specification. The symbols * [**] (***) attached to the figure indicate rejection of the null hypothesis of zero coefficients at the 10%, 5%, and 1% levels, respectively.



39 Table 4. Vector ECM of Tobin’s q on Inflation Rates: Productivity. qt = β0 + β1 (PROD/EH) + β2 ∆p t + β3 Kt + εit Regressors



β1 (prod/eh)



β2 (∆p)



β3 (K)



Lags Lag excl.



CPI Inflation



PPI Inflation



PK Inflation



(dpk – dp)



(dpk – dpfin)



(dp)



(dpfin)



(dpk)



Inflation



Inflation



0.058***



-0.026



0.014



-0.478***



-0.295***



(0.023)



(0.106)



(0.112)



(0.065)



(0.057)



-0.135***



-0.327***



-0.497***



-0.516***



-0.548***



(0.021)



(0.076)



(0.088)



(0.117)



(0.113)



-0.002***



-0.001



-0.003



0.011***



0.007***



(0.001)



(0.003)



(0.003)



(0.002)



(0.002)



4



3



4



2



2



30.512**



26.288**



42.963***



64.602***



42.076***



[0.016]



[0.050]



[0.000]



[0.000]



[0.000]



LM-tests of



10.16 12.92



10.14



k=2 & k=4



[0.86] [0.68]



[0.86] [0.81]



[P-values]



Trace



Coint. tests



77.88>47.86**



50.56>47.86**



vs. critical



38.98>29.80**



values



EC inVECM (std. error)



10.96



19.77 19.60



14.35



20.45



15.80



16.24



[0.23] [0.24]



[0.57] [0.20]



[0.47] [0.44]



Trace



Trace



Trace



60.43>47.86**



61.06>47.86**



59.79>47.86**



25.41>29.80



29.29>29.80



19.98>29.80



29.22


12.09


12.17


15.52>15.49



9.39


11.21


Max. Eigen.



Max. Eigen.



Max. Eigen.



Max. Eigen.



Max. Eigen.



38.89>27.58**



25.15


31.15>27.58**



41.08>27.58**



30.57>27.58**



26.90>21.13**



13.24


13.77>21.13



10.59


18.02


6.43


8.68


10.74


7.31


8.65


-0.521***



-0.087***



-0.047***



-0.045**



-0.024



(0.115)



(0.024)



(0.021)



(0.018)



(0.026)



0.406



0.271



0.077



0.128



0.018



Trace



Adj. R2 in VECM



Notes: Data are of yearly frequency from 1953 to 2000. The total number of observations is 48. Standard errors are reported below the coefficients; p-values are reported below the tests. The method of estimation is the vector error correction model with the two-stage procedure as explained in the text. For lag-length selection, information criteria were checked together with Wald statistics for lag-exclusion of joint coefficients for the number of lags shown. The LM t-stat. is a Lagrange Multiplier test on the residuals of the regression, calculated under the null hypothesis of no serial correlation on up to 2 and 4 lags. EC in VECM captures the coefficient associated with the lagged term in the dynamic ECM specification. The symbols * [**] (***) attached to the figure indicate rejection of the null hypothesis of zero coefficients at the 10%, 5%, and 1% levels, respectively.
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