|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

\J

Production Economics Paper 6213
Purdue University
July 27, 1962

DISTRIBUTED LAGS AS A TECHNIQUE FOR OBTAINING

LONG-AND SHORT-RUN ELASTICITIES

oy

G. Edward Schuh




DISTRIBUTED LAGS AS A TECHNIQUE FOR OETAINING

LONG-AND SHORT -RUN ELASTICITIES

Economists from the time of Marshal have made a distinction between
long-run and short-run relationships. This distinction is made in evaluat-
ing the effect of a change in an economic variable or cause on its subsequent
consequences. In the theory of the firm the concept is specifically related
to the proportion of inputs that are permitted to change in response to a
change in product price.

The exact division with regard to what will be called short-run and
what will be called long-run rcsponses ls quite arbitrary, but long-run has
usually referred to a length of time sufficient to permit complete adjust-
ment to the changed situation. In the theory of the firm this is considered
to be the length of run in which all inputs are pcrmitted to vary. On the
demand side the concept is less precise, but does suggest that economic
units do not make a complete adjustment or change in response to a changed
condition in an arbitrary period of time, but rather spread their reaction
over multiple periods of time.

Distributed Lags as a Means of Listimating
Long-Hun Elasticities

istorically, alternative approaches have been made to the problem

of obtaining empirical estimatcs of long-run elasticities. Koych,1/Nerlove,2/

1/L. M. Koyck, Distributed Lags and Investment Analysis (Amsterdem:
North Holland Publishing Company, 1954).

g/ﬂarc Nerlove, and William Addison, "Statistical Estimation of Long-
run FElasticities of Supply and Demand," Journal of Yarm Economics, XL (Novem-
ber, 1958), 861-880. See alsc the following works Ly (Nerlove: "Distributed
Lags and Estimation of Long-Run Supply and Demend Elasticities: Theoretical
Considerations," Journal of Ferm fconomics, XL (May, 1958), 301-311;| Distri-
buted Lags and Demand Analysis for Agricultural and Other Commoditiés, Agricul-
ture Handbook No. 141, Agricultural Markcting Service, 1958; and The Dynamics
of Supply: Estimation of Farmers' Response to Price (Baltimore: The Johns-
Hopkins Press, 1958).
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and Hildreth and Jarretté/ have proposed one method, while Wbrking&/ has
used an alternative. The approach discussed here is that originally pro-
posed by Koyck, but recently developed by Nerlove and others. The method
is based fundamentally on the concept of a distributed lag.

Uistributed lags arise in theory when any economic ceuse produces its
affect only after some lrg in time, so that this effect is not felt all at
once, at a single point of time, but is distributed over a period of time.

So stated this is the basic idea behind the distinction between short- and
long-run elasticities and has led Nerlove to arguc that the formulation of
economic rclationships containing distributed lags is related to thc problem
of forrnulating meaningful rclationships among observakle variables. He goes
on to point out that the problcm of cstimating distributions of lag is really
éhe problem of estimating long-run elasticities.

His approach involves thc development of a dynamic model of producer or
consumer behavior which implics a distributed lag only incidentally. These
models may be used directly in an analysis designed to ecstimate the long-run
elasticity of demand or supply. It lends to a direct interpretation of the
distribution of lag in terms of producer or consumer behavior and, therefore,
in terms of the differcnce between short- and long-run elasticities of supply
or demand. Such models may be used without rcference to the distributions

of lag which are implied.

g/ C. Nildreth and F. G. Jarrett, A Statistical Study of Livestock Pro-
duction and Marketing (New York: John wilcy and Sons, 1955), pp. 112-113.

4/ E. J. Working, "Appraising th. Demand for American Agricultural Out-
put during Rearmament," Journal of Farm Economics, XXXII (May, 1952), 206-
224; Demand for Meat (Chicago: University of Chicago Press, 1954); "How
Much Progress Has Been Made in the Study of the Demand for Farm Products?"
Journal of Farm Economics, XXXV (December, 1955), 968-974.
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The model can be illustrated by considering the demand equation sug-
gested Ly thc theory of demond for a productive input. A long-run lcbor
demand function is postulated which may be written:

2
where: i8t = the long-run or equilibrium quantity demanded,
X?t = the agricultural wage rate,
th = the "real" price of farm products, and

Xét = an index of technology.

The long-run or equilibrium quantity demanded cannot be observed be-
cause the other variables are continually changing. Therefore, this equation
cannot be estimated directly.

Let XBt be the current quantity demanded. In thc absence of changes in
the indcpendent variables upon which demand depends, it is assumcd that the
current quantity demanded would change in proportion to the differcnce between
the long-run equilibrium quantity and the current quantity.é/ This assumption
may be cxpressed by the following difference equation:

Xay =Ygy =V (Fa, - Xsmj N |
where the variables are identificd as earlier and ¥~ is a coefficient of
adjustment, showing what proportion of the disequilibria is removed in one
time period.

Substitution of this adjustment eguation into the long-run or equilibrium

demand equation leads to the following cstimating equation:

5/ This model assumes, rather arbitrarily, that prices adjust immediately
to changed conditions, while the quantity variable is adjusted with a lag.
The reasonablencss of, this®assiimption must.be evaluated in the individual in-
stance.
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: M =a\/X7t + b\/}{zt 5 c\/’xét+ (1-V") XBt_1 & de

estimated in the form:

Ko = M X% A, Xy + Wy X T, K FTT

This equation is not any sort of a demand function but merely a relationship
among observable variables. It is useful because it is possible to derive
estimates of the parameters in the long-run equation from its parameter
estimates.

More specifically, \//can be obtained by subtracting'ﬂrg from one.
Divinding the other parameter estimates of the estimating equation in turn
by Y leads to estimates of the paramcters of the long-run or equilibrium
equation. These can then be used to compute the long-run elasticities.
Short-run elasticities are obtaincd from the coefficients of the estimating
equation. The coefficient of adjustment determines the relation among the
short-run elasticities and the long-run elasticities.

Similar considerations apply when dealing with the supply equation.
Operationally, the essence of thc model when quantity demanded or supplied
is taken as the dependent variable is to add the dependent variable lagged
one period as an additional independent variable in the original demand or
supply equation. The coefficient of the lagged variable is then given a
special interpretation. If the price is taken as the dependent variable, the
appropriate procedure when quantity is predetermined, the model is much more
complicated.é/ Problems of collinearity are likely to arise, in addition to

having several paramcters from which to choose the coefficient of adjustment.

6/ Marc Nerlove and William Addison, "Statistical Estimation of Long-
Run Elasticities of Supply and Demand", Journal of Farm Economics, XL
(November, 1958), 877.
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If price and quantity are assumed to be mutually determined, NerloveZ/
suggests no change in the form of the model, but only that limited information
or some other appropriate estimation procedure be followed rather than ordinary
lecast squares. It is important to normalize the equations on quantity rather
than price, however, in order to avoid the complications of meking price the

dependent variable.

Problem of Estimation and Interpretation

The introduction of a lagged dependent variable as an independent vari-
able gives rise to problems in obtaining perameter estimates with desirable
properties. If the independent variables and the error tcrms satisfy the
usual least squares assumptions, the parameter estimates will be consistent,
though in small samples the estimate of Vv will be biased. However, if the
error terms are serially correlated, the least squares estimate of }/’will be
bilased even in large samples. This suggests that in statistically evaluating
the model, it is important to test for serial correlation in the calculated
residuals,

In past applications of thec model this has not been a problem, however.
Nerloveg/ feels that perhaps thec most significant finding in early applications
of the¢ model is that this dynamic approach tends to eliminate evidence of
positive serial correlation found in thc calculated residuals of regressions
based on static models. And further, that is provides an economic rationale
for thc presence of serial correlation in economic time series, one of the
sourccs of scrial correlation in the residuals.

On the assumption that producers and consumers do not react instantan-

eously to the fullest extent to changed conditions, current quantities, both

7/ Ibid., p. 876.
8/ Ibid.
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supplied and demanded, are positively rclated to lagged quantity. The
failure to include lagged quantity as an explicit veriable, then, leads to

9/

positive serial correlation in the calculated residuals. Including lagged
quantity climinates the serial correlation in the residuals, and the important
point in this context is that Nerlove's model provides an economic rationale
for the presence of serial corrclation in times series data. The presence

of serial correlation in the residuals indicates that something systematic

is left to be cxplained., This model providcus a meaningful way of accounting
froxs 15,

This leads to one of the major criticisms of the model. “there are
strong reasons for suspecting that thc coefficients of adjustment are
subject to a greater extent than other paramcters to specification bias,
or the omission of relevant variables. This was pointed out by Brandow!9/,
Halvorsoﬁll, and Grilicheslg/ and rcecognized by Nerlove.l2 The introduction
of the lagged dependent variable into the regression is a very useful device
to take into account the empirical fact that economic variables are serially
correlated., As indicated above its use as an addition independent variable

introduces the fact of serial corrclation explicitly into the model. But it

9/ This is because the error or residual terms in the economic relation
estimated usually arise from the omission o relevant variables. Because
these variables are themselves serially correlated, they give rise to serial
correlation in thc¢ calculated residuals.

10/ George E. Brandow, "A Note on the Nerlove Estimete of Supply Elasti-
city," Journal of Farm Eccnomics, XL (August, 1958), 719-722.

11/ Harlow W. Halvorson, "lhe Responsec of Milk Production to Price,"
Journal of Farm Economics, XL (December, 1958), 110=1 113.

12/ Zvi Griliches, "Distributed Lags, Disaggrecgation, and Regional Demand
Functions for Fertilizer," Journal of Farm Economics, XLI (February, 1959),
90-102,

lﬁ/ Marc Nerlove, "On the Nerlove Estimate of Supply Elasticity: A Reply,"
Journal of Farm Lconomics, XL (August, 1958), 719-728; and "On the Estimation
of Long-Run Flasticities: A Reply," Journal of Farm Economics, XLI (August,
1959), 632-640.
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may be quite wrong to attribute all of the scrial correlation to the adjust-

ment mechanism. Some of it may be duc to thc scrial correlation in other

variables that are left out. If this is the case, the adjustment coefficient

will be underestimated, and some of thc¢ sluggishness in the omitted variables

will be attributcd to people's slowness to react to the included variables.
Grilichcsl&/ has shown that the coefficicent of adjustment will be

eli/ have shown that this

consistently underestimated. But hc and Nerlov
need not necessarily imply an overestimation of the long-run elasticities.
It can be shown that in absolute terms the short-run clasticity may be
underestimated also.

Grilichcslé/ has also shown that a low coefficient of adjustment may
be due to multicollinearity. If quantity lagged is highly correlated with
other independent variables, it may be the "stronger" variable and thec esti-
mation procedure will attribute some of the effects of the other variables to
it. He derives maximum estimates of the adjustment coefficients that are
consistent with thc data by use of the covariance of the respective parameters.
In his example the maximum adjustment coefficient can be as high as threc or
four timoe the estimated coefficient and still be consistent with the data.
But in thies case, too, thc estimatcs of the long-run elasticities are not
altered very much. The possibilitics of evaluating the extent to which the
goefficlent of the lagged variable is roflecting the effects of other vari-

ables is more difficult in larser modcls than Griliches has used, however,

14/ Zvi Griliches, "Distributed Lags, Disaggregation, and Regional Demand
Functions for Fertilizer," Journal of Farm Economics, XLI (February, 1959),
90-102,

15/ Ibid.

16/ TIbid.




= B e

Ironmongur,lz/ in another examination of the model, raised two criticisms.
He argued that the lagged quantity variable should be used to represent chang-
ing tastes rather than the distributed lag model. His hypothesis was that in
the demand studies reported by Nerlove there had bcen changing tastes, and
that this accounted for the significance of the lagged variable. Nerlove
acknowledged that taste might be an omitted variable and that, as in other
cases pointed out by Brandow and Griliches, this could bins the estimate of
the coefficient of adjustment. This does not mean, however, that the
distributed lag model does not apply. Rather it means that care should be
exercised in obtaining a properly specified model ,

The second criticism Ironmonger raised was the rclevance of the time
_period seclected for the data. To the extent that actual adjustment is made
in a period of less than a year in length, the coefficient of ad justment
estimated from annual data will "understate" the "true" coefficient of ad-
justment. This suggests that analyses should be based on data from as short
a time period as is meaningfully possible.

These criticisms give rise to positive suggestions for using the dis-
tributed lag model. In the first place it is important to have a properly
specified model. Specification bias is more of a problem than in more con-
ventional models. Secondly, low coefficients of ad justment should be viewed
with suspicion. Though there are no objective criteria for what is "low, "
intuitive judgment can be exercised in terms of the adjustment characteris-
tics of the factor or commodity being analyzed. And thirdly, the interpreta-
tion of the coefficient of adjustment should be done with care, especially

with regard to what it means in terms of the measurement time period,

17/ D. 8. Ironmonger, "A Note¢ on the Estimation of Long-Run Elasticities, "
Journal of Farm Economics, XL (August, 1959), 626-632.
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In general it is a good idea to introduce a trend variable into any
equation in which the distributed lag model is used. In this way the effects
of omitted variables that are lightly correlated with time will be isolated
and not attributed to the adjustment mcchanism. This improvcs the specifica-
tion of the model and provides a means of reducing the potential specifica-
tion bias. The trend variable should be introduced both in addition to

the lagged dependent vakable and as an alternative hypothesis.

An Alternative Intcrpretation

Introduction of the lagged dependent variable into a model also provides
a very crude test of the reliability of the over-all statistical results,
If thc apparent relationship between a set of variables was due entirely
to the presence of trend in each of them, or more generally to high auto-
correlation in each of the, the regression coefficient of the lagged
dependent variable would tend to be nearly one, and its presencc in the
regression would tend to make the other regression coefficicnts (and
partial correlations) zero. Significance of other variables in the

presence of the lagged variable lends them greater credibility.




