1

Does permanent income spur innovation?

A case study of oil refining

Leon Ta ylor 1

Abstract

Fro m1932 through 1957, purchases of gasoline and motor oil may have related to transitory inco me, perhaps through impulsive purchases. T his relation ma yhave affected inno vations to refine oil.

[JEL O33, N52]

I. Introduction

Denote a random event that affects conditions for a while as a ^sustained shock.~

Though the event is random, its effects ma ylast and hence eventuall ybe predict ed. For example, as a random event, World War Imi ght have popularized motor vehicles. This shock might have permanentl yraised the demand for gasoline and thus for wa ys to refine more gas from a barrel of crude oil.

In a time series, ordinar yregression ma ynot show cl earl yt he impact of sustained shocks, since these need not transmit directl ythrough autocorrelated error t erms. Instead, sustained shocks ma yfirst affect explanatoryvariables. It m a ybe hard to distinguish these indirect sustained shocks from transient shocks that also affect the explanatory variables. It ma ythus be hard to trace how indirect sustained shocks affect the dependent variable. For example, oil refineries ma yhave looked to household income to si gnal higher demand for their products and thus a hi gher value for innovations in making those products. But a t ypical explanator yvariabl e for incom e ma ynot distinguish between permanent income and transitor yincome. 2 Disentangling their effects on innovation may lend insight, if onl yinto whether innovation tends to follow the business c ycle.

An instrumental variable ma ytrace the effects of permanent income on a m easure of innovation such as patents. Here is the approach: Regress income on a time variabl e that directl ytransmits systematic shocks; from this regression, construct a series for permanent income; finally, regress the number of patents on perm anent income. 3

1 Send correspondence to 7883 T all Pines Court, Apartment I, Glen Burnie, Md. 21061-9607; e-mail to taylorleon@aol.co m

2 Friedman (1957, chapter 3).

3 T his approach differs fro mthat of Fried man and others (such as T hurston, 1979) who estimate permanent inco me fro m an expectation based on a distributed -lag model of past inco mes. T his paper instead views per manent income as the annual average retur n to wealth, rW , where r is the average annual rate of return to wealth in future years and W is the streamof returns to assets in future years ( Lau mas,

1969). Since wealth is not static, one may not be able to reliablyforecast per manent inco me fro mpast inco mes. One mayinstead prefer to forecast permanent income fro mthe stable part of current inco me on the assumption that other agents are paying returns to wealth on the basis o f rational expectations. T he approach is analogous to Smith´s view o f the lando wner´s real wealth as proportional to his net rent (Book

II, chapter II). A problemwith the approach of this paper, ho wever, is that it takes no account of barriers to borrowing with human capital as collateral. Such barriers may lo wer the current retur n to wealth belo w the average future retur n; thus would current stable inco me understate per manent inco me.

2

Using permanent income as an instrumental variable ma yalso avoid transitor y shocks that affect both income and patents. Such shocks ma yrender the income coeffi cient inconsistent. 4

This model posits that sustained shocks mayaffect innovation through stages.

Once estimated, permanent income helps determine a measure of permanent gas spending; then the two simulated variables help determine the number of patents granted.

The model does not simultaneousl ydetermine permanent income, permanent gas spending, and number of patents.

Section II models the innovator who discriminates in prices. The firm will innovate until the revenue from hi gh-value customers equals the cost of innovating, at the margin. High-value customers ma ybe those with a high permanent income. Section III presents estimates of the modeling. As lifelong concepts, permanent incom e and gasoline spending ma yexpunge the effects of temporar yevents, such as the Great Depression and the gasoline rationing of World War II. Section IV presents empirical results. Transitor y income ma ypowerfull yaffect spending on gasoline, perhaps because travel decisions are impulsive. To decide how much to spend on research and development in the long run, refineri es ma yturn instead to factors that are easier than are impulsive purchases to forecast in the long run, such as the output of crude oil. Section V concludes.

II. Model

The model roots in a familiar one of the monopolist who practices second-degree price discrimination b ydistinguishing between product markets ( Wolfstetter, 1999).

Denote purchased amounts of low-octane gasoline as x

1

and purchased amounts of hi ghoctane gasoline as x

2

. The bu yers´ willingness to pa yfor another gallon of gasoline of t ype i is P i

( x i

), i = 1,2 . For an ypurchased amount, bu yers are willing to pa ymore for high-oct ane gasoline than for the low-octane t ype: P

2

(x) > P

1

(x) .

Revenues to the monopolist from selling gasoline of t ype i are T i

. It spends R to research and develop hi gh-octane gas. The amount spent depends positivel yon the means

� and negativel yon the dispersions

1

� 1 ) , where � and 1 are vectors.

If fullyinformed, the monopolist could project the demand for an innovation from a linear combination of n random variables Z i

that all have, as their mean, the market size.

The linear combination is 5

.

1

å

=

n i

i i

Z

a

Estimating the variance of the linear combination, however, requires knowledge of the

full covariance matrix:

,

1 a a a M Z Var T n

i i i

=

ú

û ù

ê

ë é

å

=

4 Christ (1966).

5 I drawupon Wolfstetter (1999, Appendix D) for ideas about statistics.

where

ú ú ú ú ú ú ú ú

û ù

ê ê ê ê ê ê ê ê

ë é

=

n a a a

a

.

.

.

2

1

and

. T is the transpose of . , and M is the covariance matrix:

.

) , cov( ... ) , cov( ) , cov(

.

.

.

) , cov( ... ) , cov( ) , cov(

2 1

1 2 1 1 1

ú ú ú ú ú ú

û ù

ê ê ê ê ê ê

ë é

=

n n n n n

Z Z Z Z Z Z

Z Z Z Z Z Z

M

The firm is likelyto have in hand onl yvariances of market variables ˘ that is, the cross-

diagonal of M ˘ rather than all covariances. One ma ythen speculate that the firm would

make a preliminar yforecast of the demand for its innovation from onlythe market

variable Z

j that has the smallest variance of all Z

i

´s. If, from this forecast, it cannot

expect to make mone y, then it is unlikelythat expanding the forecast to include higher-

variance variables would change the conclusion; for the yall have the same mean.

For example, denote the firm´s utilityof profits as U(x) , and assume a normal

distribution for profits x , with mean

� and variance

1 2 . Then one ma ymodel the expected

utilityof profits as

) 2 / ( 2 )] ( [ s m r r e x U E - - - =

where r is the degree of absolute risk aversion. Certainty-equivalent profits are x

0 that

satisfy

])]. [ ( [ ) (

0

X U E U x U =

Then

. 2 / 2

0 s m r x - =

4

1 2 diminishes. A forecast of demand that uses the random variable for

profits that has the smallest variance is analogous to a forecast that uses the highest

certaint y-equivalent profits.

In sum, the firm with partial information ma ysubstitute for R( � � 1 ) the R&D

function R( �

m

, 1

m

) , where �

m and 1

m are the mean and the variance of the minimum-

variance random variable for profits.

R&D spending ma yimprove high-octane gasoline, raising P

2

(x

2

, R), or lower the

production cost. The development and production cost is C

2

(R) , where the derivative is

positive if another dollar of R &D spending does not reduce production cost b ya full

dollar. The cost of producing low-octane gasoline is set to zero.

The monopolist seeks to extract full surplus from low-octane bu yers and as much

surplus as it can from high-octane bu yers, since it exerts greater power over the low-

octane market than over the high-octane one. Thus

ò =

1

0

1 1 1

) , ( x

dx y x P T a

where the income of low-octane bu yers, y

1

, raises the willingness to pa yfor the gasoline;

DQG�

. �

0

�>�@�LV�D�PDUNHW�SRZHU�SDUDP HWHU�WKDW�UHIOHFWV�WKH�ILUP¶V�DELOLW \�WR�FDSWXUH

consumer surplus.

Higher-income bu yers ma ypurchase low-octane gasoline as well as high-octane

gas at the prices that prevail in the two markets. Higher-income bu yers prefer high-

octane gas to reduce engine knock, but the ypurchase low-octane gas as well because it is

a bargain for them. Thus

ò ³ + =

2

1

). ( ) , , (

2 2 1 2 x

x

R C dx R y x P T T a

Assuming an interior solution, the monopolist spends on research and

development until satisfying

ò

¶

¶

=

¶

¶ 2

1

. 2 x

x

R

C

dx

R

P

a

Thus higher income need not spur R&D spending if it simplyraises the quantity

demanded in both markets proportionally, leaving x

2

˘ x

1 unchanged. Higher income will

stimulate R&D, however, if it increases the value of the product.

III. Estimates

The anal ysis spans 1932 through 1957. It estimates permanent income b y

regressing actual income on a time trend ( Y ear ) and on a prox yvariable for the years of

the Great Depression ( Depression ). Actual income is in per capita terms, adjusted b ythe

Consumer Price Index into 1958 dollars. The regression equation generates estimates of

permanent income:

Permanent income per capita = -58657 + 31.3666 Y ear ˘ 591.28 Depression .

The anal ysis then regresses annual spending on gasoline and motor oil upon

Permanent income per capita ; a time trend ( Y ear ); and upon a control for gas rationing

during World War II ( WarGrow ). Actual spending on gasoline is in 1967 dollars,

adjusted bythe CP I. This regression equation generates estimates of permanent gas

spending:

Permanent gas spending = -1168645 ˘ 4.514 Permanent income per capita +

609.58 Y ear ˘ 1159.8 WarGrow

Patents data are from Schmookler (1972). All other time series are from the

Historical statistics of the United States (1975).

Variable Observations Mean Median Standard

deviation

Simulated

income per

capita

26 2130.7 2335.4 503.3

Military capital 26 25716 15701 27843

Patents 26 280.3 244.0 95.2

Simulated gas 26 6798 6540 2888

Figure 1: Descriptive statistics for simulation model

IV. Results

The model below regresses personal consumer spending on gasoline and motor

oil, in real terms ( Gas ), upon Permanent income per capita ; on a time trend ( Y ear ); and

on a dummyvariable for war rationing in 1942-1944 ( War rationing ).

The results suggest that transitor yincome ma ymarkedl yboost the demand for

gasoline, perhaps through unplanned travel for pleasure. This reflection arises from the

negative effect on gasoline spending of Permanent income per capita . A rise in

permanent income per capita of $1 corresponds to a rise in national gas spending of $4.5 billion (the former in 1958 dollars; the latter in 1967 dollars). Evaluated at the means, the

elasticityof gas demand with respect to permanent income is ˘1.41.

If man ypurchases of gasoline are impulsive, then rationing ma ycut spending

severel y. At the margin, rationing during World War II seems to have cut gas spending

more sharpl ythan technological innovation increased it: An additional year of rationing

reduces gas spending b y$2.27 billion, while an additional year in the time trend increases

gas spending b y$609 million (both figures in 1958 dollars).

Gas = - 1168261 - 4.51 Permanent income per capita - 2272 War rationing + 609 Y ear

26 observations Adjusted R 2 = .938

Variable Coefficient Standard deviation

Constant - 1168261 114079

Permanent income per

capita

- 4.514 1.209

War rationing - 2272.1 865.5

Y ear 609.38 59.89

Figure 2: Model of spending on gasoline

The effects of rationing ma yaccumulate over time as regulators learn how to

avert gas purchases. The linear model underestimates the reduction in gas spending

during the war when it uses a binar yvariable for rationing. This suggests that gas

rationing ma yhave become more effective over the course of the war. The next run

changes the dumm yvariable from a binar yform into one that counts the number of years

of rationing ( War rationing plus ). This slightlyimproves the accurac yof the model;

adjusted R 2 rises from .938 to .941.

Gas = - 1168645 - 4.51 Permanent income per capita + 610 Y ear - 1160 War rationing

plus

26 observations Adjusted R 2 = .941

Variable Coefficient Standard deviation

Constant - 1168645 109019

Permanent income per

capita

- 4.514 1.158

Y ear 609.58 57.24

War rationing plus - 1159.8 380.8

Figure 3: Model of spending on gasoline with new measure of rationing

Continued rationing ma yso reduce gas spending as to dissuade the innovation of

wa ys to produce more gas. To stud ythe matter, the number of patents granted per year is

regressed upon Permanent gas spending (which reflects the impact of rationing);

Permanent income per capita ; and upon a measure of spending upon ph ysical capital in

the defense sector, expressed in 1967 dollars, adjusted b ythe CP I ( Military capital ). An additional year of wartime rationing of gasoline would have decreased the annual number

of patents b y17 ˘ that is, bymore than a tenth at the end of World War II.

More surprising is the negative impact of permanent income on innovation. A

$100 fall in per capita income is associated with a rise of 13 in the annual number of

patents. The effect is somewhat modest: Evaluated at the means, the elasticityof the

number of patents with respect to permanent income is -.89. Most of this effect,

however, occurs directl y; less than one-sixth of the effect occurs indirectly, through a rise

in gasoline spending. As permanent income falls, firms ma yanticipate that households

will spend relativel ymore on impulsive purchases; and the yma yspend relativelymore

on that line of research and development in order to satisf ythat shift in demand.

Patents = 520 - 0.117 Permanent income per capita -0.000561 Military capital + 0.00368

Permanent gas spending

26 observations Adjusted R 2 = .364

Variables Coefficients Standard deviation

Constant 519.75 82.24

Permanent income per

capita

- 0.11735 0.06788

Military capital - 0.0005614 0.0008653

Permanent gas spending 0.003680 0.009770

Figure 4: Estimates of simulation model

V. Conclusions and reflections

During the formative decad es of the automobile market, the purchase of gasoline

and motor oil seems to have related more to transitoryincome than to permanent income.

Perhaps, when these products were relativel ynovel, bu yers often acted on impulse. If

purchases were transitor y, then rationing them might sharpl ycut both the purchases as

well as the number of related innovations undertaken b yfirms. Statistical evidence is

consistent with that idea.

References

Christ, Carl. Econometric models and methods . New York: John Wiley& Sons,

1966.

Friedman, Milton. A theory of the consumption function . Princeton, N.J.:

Princeton UniversityPress, 1957. Excerpted in ^The permanent income h ypothesis,~ in

M. J. C. Surrey, editor, Macroeconomic theories: Edited readings in macroeconomics

with commentaries , Oxford: Oxford UniversityPress, 1976.

Laumas , Prem S. A test of the Permanent Income H ypothesis. Journal of

Political Economy . September-October, 1969, pp. 857-861.

Schmookler, Jacob. Patents, innovations and economic change: Data and

selected essays. Edited by Zvi Griliches and Leonid Hurwicz. Cambridge, Mass.:

Harvard Universit yPress, 1972.

Smith, Adam. An inquiry into the nature and causes of the wealth of nations .

Chicago: Enc yclopedia Britannica, 1952.

The student edition of Minitab for Windows . Release 9. Reading, Mass.:

Addison-WesleyPublishing Co., 1995.

Thurston, Thom B. The Permanent Income H ypothesis and the monetar y

influence on consumption. Federal Reserve Bank of New York, Research Paper 7723,

1979.

United States Census Bureau. Historical statistics of the United States.

Washington, D.C.: Department of Commerce, 1975.

Wolfstetter, Elmar. Topics in microeconomics: Industrial organization, auctions,

and incentives . Cambridge: Cambridge Universit yPress, 1999.