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A MONTHLY ANALYSIS OF CONSUMER DEMAND
IN THE UNITED STATES"

Since consumer spending accounts for some two-thirds of the
Gross National Product of the United States, the success of policies
concerning economic stabilization, allocation, distribution, and growth
require an understanding of the behavior of consumers. A long tradition
exists in economics of estimating consumer demand equations, which
summarize the aggregate structure of consumer behavior. Most con-
sumer demand work with time series data has relied on annual data and
in a few cases quarterly data, but only rarely has monthly data been ap-
plied and never across a broad range of commodities. Both government
and business 1ncreasingly require information about short-run aspects of
consumer expenditure, which annual and even quarterly analysis cannot
provide. A knowledge of the intra-year structure and dynamics of con-~
sumer expenditure should improve the design of policies to deal with
major current economic problems such as short duration cyclical move-
ments and inflation., There is a need to understand short-term movements
1n the demand for the products of specific sectors of the econormy to
manage inventories and production schedules and to anticipale shortages,

This study estunales monthly consumer demand equalions for
fifteen major commodities based on data for 1947-1972. The equations
are eshimated within the framework of the Nerlove partial adjustment
model. By extrapolating from retail sales data, it was possible to gener-
ate the consumer expenditure data needed to combine with published

monthly series on income and prices to estimate a series of consumer



demand equations. The commodity groups studied accounted for 53
percent of total consumer expenditure in 1965 and range from clectricily
to alcoholic beverages., The analysis of monthly data can provide in-
sights into consumer behavior, which are obscured by relying on annual
data alone. Consumer expenditure analysis based on short-term data
also offers certain econometric advantages over annual data. A compar-
ison is made with the annual equations in order to draw a number of sig-
nificant conclusions about the dynamics of consumer behavior and answer
some questions posed by the preceding literature concerning the effect of

aggregation over time on the estimated structure of demand.

ADVANTAGES OF MONTHLY EQUATIONS

Equations based on monthly data offer a number of advantages
over those based on an analysis of annual data:l/

1. Monthly data have the obvious advantage of presenting a
much larger sample of observatlions during a given period of time. The
post-war period of this study, 1947-1972, contains 26 annual, 104 quar-
terly, and 312 monthly observations. Larger samples are especially
crucial in the estimation of distributed lag models because 1n many
cases only the large-sample properties of the estimates of equations

containing lagged endogenous variables are known. tHowever, monthly

series do not contain twelve times as much information as an annual

2/

series.—
2. The greater the number of years covered by the analysas,

the more likely it 1s that significant structural changes will have occurred

in the economy, which will distort the estimated relationships. The stiruc-



tural stability of demand is greater the shorter the period studied.
With monthly data, intervals as short as five years, which contain

60 observations could be analyzed to insure strt}ctural stability. By
comparing the estimates based on five year periods, structural shifts
in demand could be studied. Monthly analysis could possibly provide
better forecasts, because projections could be based on only a very
recent period which enhances the similarity between the sample period
and the future.

3. Single-equation estimation 1s theoretically defensible
only if the system 1s recursive. The assumption of a recursive system
becomes more realistic as the time unit of analysis grows shorter., In
addition, the assumption of the price variable as the predetermined
factor is more appropriate with monthly data rather than annual data,
During a short-term period such as a month, producers can supply the
quantity demand at a set price. The short-run supply is flexible due to
inventories. Because of inventories, a case can be made that with
monthly data price not quantity 1s the predetermined variable cven for
food.

4. Monthly analysis affords the opportunity to gain new in-
sights into short-term consumer behavior and the dynamics of consumer
expenditure, With short-term data, certain hypotheses regarding con-
sumer demand can be tested such as the effect of aggregalion over time

on the adjustment process and the effect of the length of run on the

price and mncome elasticities.

THE MODEL

In selecting a model for this investigation, a dynamic formula-



tion which internally generates short and long-run parameters was
desired. The model should have an empirical record of providing good
estimates over a wide range of commodities and should offer some
flexibility with regard to functional form. A fairly simple model was
desired, so that various estimating techniques to alleviate problems

of autocorrelation could be applied without giving rise to an unduely
complicated estimation situation. Based on these consideration, the
Nerlove partial adjustment model was chosen.

The partial adjustment model 1s specified as follows:

(1) qt = a, + ayy; + CPAN

() q, - a,; = v(@, - 9_y)
where a-t is the long-run equilibrium quantity demanded or 1ts logarithm,
Yy is current income or 1ils logarithm, and p; 18 the rclative price or 1ts
logarithm. In equation (2), 4 is the actual quantity purchased aud { y )
is the coefficient or elasticity of adjustment depending on whetlher
logarithms are utilized or not. In a given period, consumers adjust
their current demand towards the equilibrium level by some constant
proportion ( v) of the difference between the equilibrium quantity and
the quantity demanded 1n the preceding period. If logarithms are uti-
lized, a; and ag are the long-run mmcome and price elasticities. The
substitution of equation (1) into (2) and solving for q, yields:

(3) q = 2,y o+ (1 -v )qt~1 tayy oy, tagY p
The addition of an error turn to equation (3) yields the estimating equa-
tion. In equation (3), ayy and agyY are the short-run elasticities

or coefficients of income and price. The relation between the short and
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long-run parameters 1s determined by (y ).-:-3-/

In this analysis, the variables are specified as follows:
q; = per capita consumption expenditure on
the commodity 1n question in 1967 dollars.
Yy = per capita personal income in 1967 dollars.
p; = relative price index for the commodity in
question with a 1967 base.
All the monthly data series are seasonally adjus ted.él The necded

5/

data are available in U.S. government publications. —~

DATA

Monthly personal income figures and monthly consumer price
indices for many major commodities are available. By extrapolating
from retail sales data, consumer expenditure data can be generated
for fourteen commodltles.gl Retail saleg are given by store type,
whereas consumer expendifure data on a commodity basis are desired,.
For example, monthly retail sales by shoe stores are given, but the
desired data is personal consumption expenditure on shoes. lowcver,
all shoes are not sold through shoe stores. The transformation 1s
made by deriving the ralio between the expenditure and sales figure for
corresponding categories for each year, since both annual sales and
expenditure data are available. The conversion ratio (2/b) 1s obtawned
by dividing (a) - consumer expenditure by commodity by (b) - the equi-
valent store type retail sales. By applying this conversion ratio to the
monthly retail sales data, monthly consumer expenditure data could be

derived. The ratios transform store type sales into consumer expend.-



ture data by commodity. This procedure assumes that the annually
derived conversion ratio 1s a satisfactory proxy for the unknown monthly

7/

The price data were another problem, since the monthly series
are neither complete for several commodities nor do the categories
always conform with the expenditure series. When the price data were
only available quarterly for some of the early years for a few comino-
dities, the series were completed by simple linear extrapolation between
the quarterly prices. Price data for some of the other commodtties
were not collected until some time after 1947. Therefore, the equations
in Table 1 for alcoholic beverages (13) and purchased meals (14) cover
1953-1972, and gasoline (15) only covers 1957-1972. All the other equa-
tions are based on 312 monthly observations and 26 annual observations,
The annual data series were derived by aggregating the monthly scries,

so the results are comparable.

EMPIRICAL RESULTS

The estimated equations based on monthly and annual data for
fifteen commodities are presented in Table 1. The logarithmic func-
tional form of the partial adjustment model provides highly satisfactory
results for all but two commodities, purchased meals (14) and gasoline
(15)., The results for (14) and (15) are based on the linear form of the
equation. Overall, both the monthly and annual resulls are very good
by the usual statistical criteria of explained variance (1{2) and statistical
significance (t StatlSth).g/ The results are, 1n general, salisfactory in

terms of the level of autocorrelation. The high degrece of cxplanation



achieved by the monthly equations 1s quite remarkable. Overall, the
values of the R2 obtained arc about equally as goord with monihly datu

as with annual data. Although the monthly R2 1s markedly lower than

the annual value for shoes (6) and alcoholic beverages (13), the R2

based on monthly analysis 1s higher for automobiles (2), furniture (8),
food (11), auto parts (12), and purchased meals (14). The results in
many cases could probably be improved by altering the specification

and including additional variables. The purpose of this analysis, howcver,
was to apply as consistent a specification as possible across a broad range

of commodities. The next several sections discuss specific aspects of

the empirical results.

Problem of Autocorrelation

Serial correlation posed a potentially troublesome problem in
this analysis because of the presence of a lagged dependent variable in
the estimating equation and because monthly data series arc likely to
exhibit greater serial correlation than annual data. If serial correlation
is present and the equation contains a lagged endogenous variable, ordi-
nary least squares (OLS) leads to estimates of the parameters which are
biased and inconsistent. The Durbwn-Watson statistic 1s also biased when
a lagged endogenous variable 1s present. In addition, the shorter the
time unit of analysis, the greater the correlation one would expect to find
between a variable and its past values. Since the residual term contains
the net effect of many small factors which are omitted, it should tend to
suffer from more serial correlation the shorter the unit time pemod.g/

Two factors reduced the autocorrelation problem 1n this analysis



to an acceptable level. First, the dynamic specification of the model
goes a long way towards eliminating the problem of serial correlation

in the data series. The model internally accounts for the correlation

of current quantities and lagged quantities through the adjustment process.
In some preliminary testing, the logarithmic partial adjustment model
proved a much better specification than a static model, which was re-
flected by significantly less autocorrelation in the disturbance terms.
Second, the Cochrane-Orcutt iterative procedure was used to obtain
alternative coefficient estimates to those generated by OLS.-I-Q/ The
results from the Cochrane-QOrcutt procedure are presented for three

of the annual equations and eight of the monthly oncs. Durbin's h statis-
tic was utilized as an indication of the presence of autocorrclauon.ly

In a few cases, utilizing the Cochrane-Orcutt estimation technique sub-
stantially reduced the goodness of fit of an equation as reflected by the
Rz, so the OLS results are presented even though the h statistic indicates
the presence of serial correlation. This situation could possibly arise

if the autocorrelation was predominately other than simply first-order

serial correlation, which 1s all Cochrane-Orcutt corrects for,

The Adjustment Process

The elasticity of adjusiment (Y ) measures the wnertia 1n con-
sumer adjustment to the new equilibrium level. The length of the adjust-
ment period (n) is derived by solving (1 ~ Y y* ¢ .05. Since full adjust-~
ment occurs only whenn = < , the period derived is for 95 percent or

more adjustment.

The effect of aggregation over time on the magnitude of the



adjustment elasticity or coefficient gave rise to a considerable discug-
sion in the literature. An article by Ironmonger (1959) argued that the
Nerlove model was producing unrealistically long estimates of the lags
in consumer behavior. Nerlove (1959) responded that substantially
faster rates of adjustment would be obtained the more narrowly defined
the commodities and the shorter the time unit of analysis. Utilizing
numerical examples, Nerlove showed that estimated coefficients of
adjustment based on annual time series usually understate the "true"
parameters; hence the speed of adjustment is much faster than annual
data indicate. Since the coefficients of adjustment based on annual data
may be seriously in crror, he suggested that "where possible, demand

", 12/ Mundlak

analysis should be based on quarterly or even monthly data
(1961) provided a more rigorous analysis of the relationship of the annual,
quarterly, and monthly parameter of adjustment, Cochrane and Tomek
(1962) in some empirical work with meats using quarterly data found
that the adjustment period for many foods is probably less than one year,
so annual data is inappropriate, Monthly or quarterly observations are
necessary. The work of Ladd (1964) with several food groups found that
significant lags were more likely to arise when annual data was utilized,
rather than with quarterly or monthly data. However, Ladd's results
were somewhat inconclusive. The statistical quality of his results was
poor and his quarterly and monthly estimates indicated one relationship
and his quarterly and annual estimates indicated an opposite relationship.
This analysis 1s the first to test the effect of the time unit of

analysis on the adjustment process over a broad range of commodities.

Comparing the monthly and annual results for the 95 percent adjustment
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period in Table 1, the difference in the estimated speed of adjustment
of consumers to the new equilibrium is remarkable. Although for
every commodity except shoes (7) the estimated annual parameter of
adjustment (v ) is larger than the monthly ( v), when translated into
an adjustment period the annual analysis usually grossly overstates
the length of the lags involved in consumption. The adjustment period
averaged over the fifteen commodities is 9.01 years with annual data
and only 19. 86 months or 1.65 years with monthly data. For example,
the period for 95 percent adjustment for clothing and shoes (3) is 1ndi-
cated as 11,32 years with annual data, but as only 25. 61 months or 2, 13
years with monthly data.

The monthly results indicate a significantly faster adjustment
process than the annual data for every commodity, except for home-
furnishings (7) and furniture (8), which will be discussed further 1n a
separate section. For homefurnishings (7), an adjustment period of
4. 83 months 1s indicated with monthly data and annual analysts indicates
a period of less thanayear. For furniture (8), the monthly higure s
6.29 months and the annual value 1s zero, meaning less than a year
also. The only other estimates which are even approximately similar
are for automobiles (2), the annual value 1s 2,89 years and the monthly
29, 91 months or 2.48 years. The longest lags are indicated for clec-
tricity (1), 30.75 years for annual and 63. 16 months or 5. 20 years for
monthly data. However, the parameter of adjustment 1s biased down-
wards and thus the adjustment period is overstated if a relevant variable

is omitted which 1s positively serially correlated.-l-—g-/ Taste changes,

14/

which are expressed as a trend, are such a variable.-—  And the trend
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5/

factor is strong in the demand for electricity.-l—- Positive autocorrela-
tion of the errors may be biasing various of the other estimates of (y )
downwards also, leading to overly long estimated lags. On the other
hand, the estimates of ( y ) are biased upwards if negative serial corre-

lation is present, -J-‘E-/

The Role of Price

4

In Table 1, the price variable yields statistically significant
results at the five percent level for 11 of the 15 annual cquations and
for 14 of the monthly equations. ¥or the one other monthly equation,
shoes (6), the t statistic indicales the price term 1s significant at the
10 percent level. These results are remarkable and important. Price
plays a central roleinthe theory of consumer behavior, yet few cmpir-
ical studies of consumer demand have succeeded in measuring the effects
of price changes. Previous demand analyses concerned with a broad
range of commodities, such as the work of Houthakker and Taylor (1970),
have given price a very insignificant role in consumer behavior. In the
Houthakker and Taylor study, price is only statistically significant at
the five percent level in equations for 30 of the total 82 commodzities.
And the 30 equations which include a significant price term apply pri-
marily to services and the more narrowly defined commodity categories.

The strong results concerning the effects of prices in this
analysis can best be attributed to three factors. First, the dynamic
specification and utilization of the logarithmic functional form. In some
preliminary tests, the partial adjustment model gave much better fits

and much stronger results for the price term than a static specification.
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The use of logarithms also produced an improvement for most of the
commodities. Second, the monthly series provide twelve times the
number of observations and greater price variation than the annual
series. The role of price 13 decreased by the temporal aggregation of
data. Third, the last several years in the data series contain the kind
of independent movement among the variables necessary to obtain good
estimates with multiple regression analysis. A major problem with
time series data is that the data are so strongly dominated by trends

that multicollinearity becomes a severe problem hecause of insufficient
independent variation. Also relative prices frequently present too

little variance to be picked up by regression analysis. The statistical
quality of these results is far better than Ilouthakker and Taylor's

(1970) post-war equations for 194'7-1964. The period 1965-1972 wit-
nessed appreciable variation in the growih rate of real per capita income.
In addition, inflation had an uneven impact. Relative prices for many
commodities had substantial movement, This peviod provides the requi-
site diversity of movement of relative prices and income. The economic
disturbances since 1972 add even a richer source of potential informa-
tion about the effects of price and income changes on consumer expendi-
ture patterns, Houthakker (1976) obtained good statistiical results with

a significant price term in estimating food demand with quarterly data

for 1953-75.

The degree of responsiveness to price changes is at the very
core of questions concerned with the performance of the market system.-l-z/
A low price responsiveness has disturbing overtones for the stability of

the economic system and for economic policy. Low price elasticities



[P

B

13

of demand boost the inflationary pressures in the economy, since exces-
sive changes in price are necessary to reduce excess demand. Prices
also become relatively ineffectual instruments of economic policy, if
consumers do not exhibit a prompt response to changing prices. If
prices cannot handle allocation problems without creating undue stresses,
then controls outside the market mechanism such as rationing will be
considered,

This analysis, which finds the price effect to be significant even
in a period as short as a month across a broad range of commodities, 19
very reassuring. These results indicate price changes should be an effec-
tive means of bringing demand into balance with supply. The estimated
long-run elasticity of demand is greater than one for clectricity (1),
automobiles (2), shoes (6), drugs (10), auto parts (12), purchased incals
(14), and gasoline (15) with monthly data. Positive autocorrelation of
the residual though, tends to bias the long-run estimate of the price
elasticity upwards.—l-—s—/ The other long-run elasticilics are usually of
a substantial magnitude, although they indicate demand for those commo-
dities is inelastic with regard to price. The estimated price elasticities
in Table 1 show a flexibility in our economic system to adapt to external

shocks and to respond to price as a policy instrument.

The Effect of the Length of Run on the Elasticities

The effect of the length of run on the magnitude of the elasti-
cities, particularly for price changes, has given rise to considerable
discussion. The viewpoint traditionally has been that the elasticity of

demand for a good increases as the period of time that the price change
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has been in effect increases.~~ The own elasticity of demand is

20/

assumed to be smaller in the short-run than in the long-run.—' However,
some recent work has argued that the long-run elasticity of demand may
be smaller than the short-run elasticity. Tweeten (1967), for example,
obtained long-run demand elasticities for food which were smaller than
the short-run elasticities. A number of others found similar results for
other commodities, Shepherd (1963), Manderscheid (1964) and Pasour
and Schrimper (1965) supported the idea that the elasticity of demand
initially becomes smaller in absolute terms and then becomes larger as
the adjustment period grows longer. In other words, own price elasticity
has a u-shaped pattern as a function of the length of run.

This analysis provides the opportunity to examine the effect
of the length of run on the price and income elasticities over a broad
range of goods. And very importantly, the effect of the time dimension
on the measured elasticities can be directly observed by aggregating
the monthly data series rather than relying solely on a model that genecr-
ates short and long-run estimates. The problem is that the existing
dynamic models frequently place restrictions on the relationship of the
short and long-run parameters. The long-run coefficients in the Nerlove
model must necessarily be greater than the short-run estimates for
values of (Y ) greater than zero and less than one.-z—!‘—/ Additionally,
most past studies have used annual data and 1n a few cases quarterly data,
which they have then referred to as the short-run. By utilizing monthly
data, we can observe a truly short-run period.

Looking at the short-run elasticities 1n Table 1, the income

elasticities based on monthly data are smaller than the annual ones for
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every category except for alcoholic beverages (13), where the opposite
holds. The monthly values are quite small relative to the annual clas-
ticities, less than one-fifth their size, for automobiles (2), drugs (10),
and auto parts (12). Initial response to income changes i1s slow in these
goods. The monthly estimates are greater than half the annual values
for electricity (1), men's clothing (4), women's clothing (5), and home-
furnishings (7). Initial response is quite rapid for these commodities.
For the price elasticities, again only for alcoholic beverages (13) 1s

the monthly value greater in absolute terms than the annual value. The
monthly price elasticities are highest relative to the annual values, at
least half their size, for electricity (1), shoes (6), and homefurnishings
(7). The monthly values are less than one-fifth the annual values for
automobiles (2), drugs (10), and auto parts (12).

Examining the long-run elasticities, the monthly and annual
data produce remarkably similar estimates for most commodities, ¥or
the long-run income elasticities, the monthly and annual values are sub-
stantially different for only electricity (1), men's clothing (4), and
shoes (6). The largest differences in the long-run price elasticities
from monthly and annual data occur for men's clothing (4), shoes (6),
auto parts (12), and alcoholic beverages (13). Overall, these results
tend to support the conclusion that the long~term elasticities depend only
on the equilibrium level of demand. The short-term income and price
parameters vary with the rate of adjustment and length of the data unit. 22/

The simple Nerlove model, however, restricts income and price
to the same adjustment process.g-S—/ If the lag structure of the income

and price response differ, this specification will distort the results.
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Greater bias is produced in the short-term elasticilies than in the long-
term estimates.g-fl-/ Although Martin (1967) presented a specification
which allows for a separate lag distribution for income and price, his
specification involves so many lagged values of the independent variables

that serious collinearity problems arise in its estimation.g—s—/

Results for the Durables

The results given in Table 1 seem somewhat implausible for
some of the durables. Previous work, particularly that of Stone and
Rowe (1958 and 1960) and common sense would make us expect to find
the longest lags showing up for the durables. Adjustment should be
slow for durables and relatively quick for nondurables. In fact, the
shortest periods of adjustment occur for homefurmshings (7) and fur-
niture (8). The value of ( Y)is also relatively large; hence the period
of adjustment relatively short for automobiles (2) and appliances (9). In
the equations for durables, relatively large estimated short-run responses
to price and income lead to relatively smaller differcnces between the
short and long-run elasticity estimates than for the non-durables. This
situation means that the parameter of adjustment (Y ) will be relatively
large, and infers a fast adjustment process. Commodities (7) and (8)
with annual data represent the extreme case i1n which the estimated
short and long-run elasticities are equal, which means ( v ) must be
equal to one and 1implies adjustment to the new equilibrium 1n a shorter
period than the annual time unit of analysxs.—z—g/

If the short-run elasticities are over-estimated, too fast an

adjustment process will be indicated. This situation may arise in this
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analysis for the durables, because current income, not some measurc
of permanent income, 1s used as a variable. If the consumer "saves"
part of his transitory income in the form of purchasing durables as
Friedman argues (1957), this factor helps account for the high estimated
short-run income elasticities for durables. Small changes in current
income can have a large effect on durable spending. And as pointed out
in the prcvious section, the same lag structure must apply to the incomnec
and price response in the basic Nerlove model. Other studies have
avoided this problem by using total consumption expenditure, which
serves as a proxy measure of permanent income.—zj—/ Ilowever, thig
variable 1s not available on a monthly basis. In addition, Westin (1975)
has shown that due to discretionary replacement demand, the short-run
income elasticity 1s normally biased upwards and the long-run price
elasticity is underestimated for durables, which also would bias (v )

towards one and overstate the speed of the adjustment process.

CONCLUSIONS
Since consumer decisions regarding the purchase of most

commodities are made on a considerably more frequent basis than once
a year, studies based on annual data as the shorlest time unit of analysis
will obscure crucial information about the structure of consumer demand
in the short-term. This research shows that monthly analysis offers
certain econometric and conceptual advantages over analysis with annual
data and the problem of serial correlation can be reduced (o a tolerable
level. Specifically, annual analysis provides grossly overstated esti-

mates of the length of the lags involved in consumption. In addition,
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this analysis indicates that the price and income elasticities are a
monotonically increasing function of the length of run. towever, this
area deserves further examination with a model which allows a separate
lag structure for income and prices. Also, for further research, quar-
terly and semi-annual data could be aggregated from the monthly series
and the time path of an income or price effect can be directly observed.
Finally, the results of this study provide strong evidence that prices
still play a key role in our economy in inducing changes in the pattern of
consumption in response to shifts in the relative availability of various
commodities.

This research leads Lo one very specific recommendation. The
derivation of monthly consumer expenditure series for this study on the
basis of retail sales information, 1s bound to entail certain 1naccuracies.
Because of the usefulness of monthly data and since the essential infor-
mation 1s already collected, the Department of Commerce should refine
the derivation procedure and start the publication of monthly serics for
major commodities.

An understanding of the structure of consumer demand in an
intra-year period 1s increasingly needed for forecasting purposes and
in the formulation of economic policies. The time horizon of govern-
ment and business decisionmakers has grown shorter in recent years.
Decisions are frequently based on an ad hoc analysis of the latest changes
in monthly economic factors. Monthly consumer demand equations pro-
vide a more rigorous means of analyzing monthly consumption data and
developing short-run projections of consumer expenditure. The analysis

of consumer demand based on monthly data can make contributions to the
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formulation of anti-inflationary and anti-cyclical policy, which annual
models cannot. Especially in an inflationary period, effective economic
policies require a knowledge of the immediate magnitude and the speed
of the response of consumer expenditures to changes in income and
prices. There 1s interest not simply in the impact of a gasoline price
increase in a year period, but in the effect on demand next month. To
reduce inflationary and cyclical pressures, an understanding of the time
pattern involved in the effect of price and income changes on consumer
demand 1s necessary. Monthly analysis indicates not only the immediatce
effect of a price or income change on demand, but the full impact can be
traced across a sequence of months, rather than years if a dynamic
model is utilized. In addition, the intra-year time path of the effects

could be observed directly by the temporal aggregation of the monthly

series.
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FOOTNOTES

-’:-:/ The author wishes to thank Jim Houck, Terry Roe, and
Abraham Subotnik for their suggestions on this manuscript. Rebecca
Blank, an undergraduate research assistant now employed by Data
Resources Incorporated, provided able computational assistance.
This research was partially supported by a grant from the Graduate

School, University of Minnesota.

-1-/ A number of these points have been made previously by Nerlove
(1962) in regard to quarterly macro models and by Zellner (1957)

concerning quarterly consumption functions.

2/ Nerlove (1962), p. 155.
3/ gee Nerlove (1958) and Nerlove and Addison (1958).

—é/ Seasonally adjusted series were used because carlier work by
the author suggested that they would provide better estimates for
forecasting purposes. In addition, the equations estimated on the
basis of seasonally adjusted data provide much simpler results, since
they need not be encumbered with large numbers of dummy variables

to account for seasonal shifts.

?_/ U.S. Department of Commerce, Business Statistics, Washington

(published birennually--1951 through 1971 editions utilized). Also,

U.S. Department of Commerce, The National Income and Product

Accounts of the United States, 1929-1965, Washington. For 1971

and 1972 data, U.S. Department of Commerce, 'Survey of Current
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Business,'' Washington (January 1972 and January 1973 editions uti-
lized), For price data, U.S. Department of Labor, Bureau of ILabor
Statistics, '"Consumer Price Index Series for Urban Wage Earners
and Clerical Workers: U.S. City Average, ' (not a publication, but

available as mimeographed sheets).

§-/ The electricity series is a quantity measure in kilowatt hours

used for residential purposes and is available monthly.

l/ A moving average was utilized in applying the annual conversion
ratios on a monthly basis to spread the year to year changes evenly

across each month.

§-/ The standard errors for the long~run income and price elasti~
cities are not presented, because they are only indirect approximations

and laborious to compute,
9/
= Nerlove (1962), p. 166,

_I_Q/ A two-step and an instrumental variable approach were cxper-
imented with before settling on the Cochrane-Orcutt procedure. See

Johnston (1972), pp. 317-320,

-1-1'-/ The h statistic is a large sample test for autocorrelation to use
when a lagged dependent variable is present and represents an adjust-
ment of the conventional Durbin~Watson statistic, As applied to the

partial adjustment model, the statistic is derived as follows:

Deflmner =1 - 1/2d
where d 1s the Durbin-Watson statistic.

Then compute

h = r n
1 - AV (1 -v)
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where n sample size

i

A
vl -v) the sampling variance of (1 -v ),

the coefficient on Q1"

The statistic h is then simply tested as a standard normal deviate,

so with an h > 1,645 the hypothesis of zero serial correclation would

be rejected with a Type I error only five percent of the time., The

N
test breaks down if nV (1 - Y) 21, which is why the statistic is nol

presented for two equations. In addition, the validity of the test 1s

only reliable for large samples (say n Z 30). The annual equations,

therefore, present a border line case in terms of the test's reliability.

See Johnston (1972), pp. 312-313.

12/
13
14/

15/

Nerlove (1959), p. 639.
Tomek and Cochrane (1962), p. 729.

Nerlove (1959), p. 639.

In some earlier experimentation, a trend variable was inclu-

ded, but the level of collinearity was too high and nothing was added

to the explanatory powers of the equations.

16/
11/
18/
19/

20/

Fuller and Martin (1961), p. 81.
Houthakker (1976), p. 261.
Tomek and Cochrane (1962), p. 729.

Stigler (1962), p. 26.

Subotnik (1974) has shown this assumption is only true for the

compensated demand function.
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-g—l—/ The specification of the Houthakker and Taylor model also
restricts the results. The long-run price and income parameters
are larger than the short-run values for non-durables because of
habit formation and the opposite occurs for durables because of

stock adjustment.

22/ gtone and Rowe (1960), p. 411.
23/ The Houthakker and Taylor model also imposes the same lag

structure on price and income changes.

24/ Martin (1967), p. 167.

25/ . e s ‘
— His specification calls for Yer Yio12 Yi-g» Py Piogs Pyog» and

941> 9.9 943 28 variables. And the correlation between y, and

Yi_1 for example, is .99 during this period.

26/ Part of the problem may be that the model does not explicitly
contain a stock adjustment mechanism or account for depreciation,
As Houthakker and Taylor (1970) have shown, a stock adjustment
effect can account for estuimates in which the short-run elasticities

of income and price are greater in absolute magnitude than the long-

run values.

27/ Houthakker and Taylor (1970) and Stone and Rowe (1958 and

1960).



- e

LS Sl D RN

24

REFERENCES

Friedman, M., A Theory of the Consumption Function, (Princeton:

Princeton University Press, 1957).
Fuller, W. A. and J.E. Martin, 'The Effects of Autocorrelated
Errors on the Statistical Estimation of Distributed Lag Models, "

Journal of Earm Economics, 43 (Feb. 1961), 71-82,

Houthakker, H. S., "Do We Need a National Food Policy?', American
Journal of Agricultural Economics, 58 (May 1976), 259-269,

Houthakker, H. S. and L.. D. Taylor, Consumer Demand in the United

States: Analyses and Projections, 2nd edilion (Cambridge:

Harvard University Press, 1970).
Ironmonger, D. S., 'A Note on the Estimation of Long-Run Elasticities, '

Journal of Farm Economics, 41 (Aug. 1959), 626-632,

Johnston, J., Econometric Methods, 2nd edition (New York: McGraw-

Hill, 1972).
Ladd, G. W., 'Temporal Aggregation in Distributed Lag Models, "
Journal of Farm Economics, 46 (Aug. 1964) 673-681.

\landerscheid, L. V., 'Some Observations on Interpreting Measured

Demand Elasticities, " Journal of Farm Economics, 46 (Feb.
1964), 128-136.

Martin, J. E., 'The Use of Distributed L.ag Models Containing Two
Lag Parameters in the Estimation of Elasticities of Demand, "

Journal of Farm FEconomics, 45 (Dec. 1963), 1474-1481.

Mundlak, Y., "Aggregation Over Time 1n Distributed Lag Models, "

International Economic Review, 2 (May 1961), 154-163.

1



25

Nerlove, M., "A Quarterly Econometric Model for the United Kingdom, "

The American Economic Review, 52 (March 1962), 154-175.

Nerlove M., 'Distributed l.ags and Estimation of Long-Run Supply and
Demand Elasticities: Theoretical Considerations,' Journal

of Farm Economics, 40 (May 1958), 301-313.

Nerlove M., 'On the Estimation of Long-Run Elasticities: A Reply,"

Journal of Farm Economics, 41 (Aug. 1959), 632-640.

Nerlove M. and W. Addison, ''Statistical Estimation of Long-Run

Elasticities of Supply and Demand, ' Journal of Farm Economics,

40 (Nov. 1958), 861-880.
Pasour, E. C. and 3. A. Schrimper, "The Effcct of Length of Run on

Measured Demand Elasticities, " Journal of Farm Economics,

47 (Aug. 1965), 774-788,

Sexauer, B., '"The Role of Habits and Stocks in Consumer Expenditure, "

Quarterly Journal of Economics (forthcoming).

Stigler, G. J., The Theory of Price, 3rd edition (New York:

Macmillan, 1955).
Stone, R. and D. A. Rowe, 'Dynamic Demand Functions: Some

Econometric Results," The Economic Journal, 68 (June 1958),

256-270.
Stone R. and D. A. Rowe, '"The Durability of Consumers' Durable

Goods, " Econometrica, 28 (April 1960), 407-416.

Subotnik, A., 'Short and Long Run Elasticities in Consumer Demand, "

American Journal of Agricultural Economics, 56 ( Aug. 1974),

553-555.
Tomek, W. G. and W. W. Cochrane, '"Long-Run Demand: A Concept

and Elasticity Estimates for Meats, " Journal of Farm Fconomics

44 (Aug. 1962), 717-730.



26

Tweeten, L. G., 'The Demand for United States Farm Output, " Food

Research Institute Studies, 7(1967), 343-369,

Westin, R. B., "Empirical Implications of Infrequent Purchase Beha-~

vior in a Stock Adjustment Model, ' The American Economic

Review, 65 (June 1975), 384-396,

Zellner, A., 'The Short-Run Consumption Function, ' Econometrica,

25 (Oct. 1957), 552-567.



1
(89 °9) (c% *g) :
1520 °~ 2600° (9L °81) {¥S*5) !
L9°Z 02z 68 ° 1g°g  ----- 06¥%°T- g8v¥Ss* v °- gLs1” 18828 " 6I1IL" 10%°¢ Arquow{q
{gL°g) {c1°2)
¥6aL °- 8010 ° (€9 °1) (09°¢)
- €12 6 ° eeae= Q(°Z 00L T~ 1£16° PN~ GRTI* £07G * Lr0f * ©'7oT 1 nuHr(™ \.m 2 RETD) 01
(09°%) {vg°#)
1590 °- 9110° (S8 'F1) (¥9°3)
1A 9 4 [ ¥4 4 w” 90°8 ~-e-- L8V "2~ £9€8° o0ziL°- 96¢e¢’ ¥01€ " 9689 ° 286 °9 Anpuow(q
{£8°2) (g1°¢)
gzo‘*z- 6520 (81 °1) (0s°¢)
11°9 vl 69 ° ~==== 00°2 ¥eS e~ L1298 " 996 "1~ 7599° LGLL £¥72 " 03 °861 Jenuue(e \w. STEIIN pas=ydindg *ti
(22°G) {Ls01) {ev *22)
1g* s0°¢2 (51> 16°  ----- Z28S5° - 9gL9°® 8902 °- €gge” 916g"* ¥8%9° .wbﬁ:oES
(LB °1) (28°%1) {g1°21)
80° L6°1 L6° --=== (F£°GC I16T1° - L90S° %150 °- 1812° 91¢€%” ¥46¢C° 4 lemue(e §98eI040¢] DT[OYOIIY g1
(N3] L e (16°3%)
81 ° 20°2 Le* ¢2°I8 =~=---- [:3:5 2 ¥EE°1 <S¥BO°- 85L0" 8950° (4% 2 » Klpuous(q
{¥s °€) (¢2°¢) (p1°L)
¥E'Y FE°2 £5° =---=- €L°6 872 2~ 926 ¥7re - ¥OIE " S¥52° ceeL” YEnuue(e Suied oiny  °¢”
NEAE e {co5e) (6T
81°S 15°2 €8° §8°6% =----- 6ISE6"° - ¥91Z*  9%ET ‘- 9080 [ 25 4% ggce ”’ €166 ° Lnpuoui(q
{85 °1) oy 1) (GS %) (L1
0L°2 92°% 23° me-== I1°L 22%2°1- (144 LEIp - SLLO SE¥E * €929 98¢€°¢ Jenuue(e pood  °It
(10°2) (L0°2) (06 *26)
06" 10°2 68° SO°ET w---- gLz 1- o¥2°'tT LLZ20°- ¢920° £120° £8L6° ...25:053
(64°T) qa1) (69 °7)
bL® ¥LT 86° ~==== $0°97 L1e°1- ¥61°1 S¥2g "~ s£02° ¥OLY® 9658 jenuue(e saupung Y sdna(l 0]
(€8 *9) (16°9) (9% °81)
¥e* 86 °1 86" 6E°6 -==-- 1826° - ¥80°t 6262°- £€96¢° 2eLe’ BggL" Appuowi(q
{61°€) {oz °g) (81 °2)
£C 'S 9% °1 86° ~===- 88°¢ LI9PG " - SL0°'T 08GS °- [ 2%%: ¥68S° 901p° jenuue(e saauerddy  °g
(Le°8 {s5'8) (92 °¥T1)
(47 $6°1 L6° 62°8 ~---- SBWL" - I9¢6° 9€8%°- L¥5¢€° [:1: 7 e 11e9” Lruowi(q
5 (€5 °S) {s0°9) (9sg*)
-3 2 4 LS°T ¥6° et 0 £L9L"° - L666° €L9L °- L666° 000 °1 2¥90°~ - fenuue(e axmrany °g
(827°6) {29 "6} {(2e 11}
i8* S6°1 L6° €8°%¥ -----  FOIL° - €S0°T OIEE"- ¥a8% " 029%° 08€S " LLnnpuoui(q -
(2L°¢) (69°¢) {180°T)
i 80°1 86 ° i 0 £€9G6° - $+08° £€96 *- ¥1+08° 000°T gIfe” Tenuue(e EBUTYSTUITIoWOl] L
(98°T) (92°2) {¥1°22) (66 °T}
€0°8 ¥s°2Z »9° 60°21 ~==--- 88%°1- 098¥"  8e82°- 1001° g612"° So8L " ¥966 * Anpuour(q
(99°1) (88 °2) (€2°11) {(6z2°'1)
17 LZ°e 68 ° ===~ €61 206 "¢~ SET°'T  ¥PSP "~ LETT " 9181 ° ¥g18° 192°1 x [enuue(e S9oys  °g
(18°%) {1¥ °S) {96 "62)
19° 80°2 g6 ° L1°8T =---~- OTLE" - (483 ¥950 °- 1801 ° 0281 ° 08ve° Appuow(g
{€L"2) (05 °2) (89 '9) *
| __T10°1 2€°2 S6° ----= 10°2T 8296° - gCg6° _ 8¥gI - €rQe” 86712° 209L° Tenuue(e  Sunfio[d ,S1I1H P S,Ud0N _ °C
(69°¢) (11798 9] (56 °68)
- 0 00°2 ¥6° I1°08 =-=---~ §£G9E° - 8L65° 9050°- 8280° cgel’ c198° qbﬁnoES
(62 °2) (62°2) * (gg°L)
20’2 ¥S°1 96 ° m--=- 2 °9T YLEL® - GeG6° 0121 ‘- £99Y * 1391 ° 6GF8 ° «_Jenuure{e 8utyiel) ,shof ¥ s, ual\ ‘b
{(¥1°e) (62 %) (91 °v¢€)
06° 60°2 L6 19°6¢ ----- 0822° - 280L” 2820 °- LLLO" coI11 " 6688 ° s&Tqiuowr(q
{(vz'e) (86°2) (1g°L)
¥2° Lo’z 86" c---- 2€°11 681¥%° - 8¥16°  ¥L60°- L21g” Sz2e2° SL9L” Jenuue(e s30yg ® Surqio[d ‘g
(€S °¢g) (ze°¢g) (0% "1%)
80° 10°2 L6* 16°62 ==--- 0S0°1~ €2€°1T 1001 °- 1921° £660° Lv06° Auow(q
§:1:0 3] (66 "¢) {gg°2)
ve '’ 12°2 06 ° -=v-- (8°% 1%0°1- SIZ°1  22.L9°- ybaL”® 9679 ri6g” Tenuue(e sofrqowoIny pasy ¥ MaN ‘g
(£5°2) (9L°2) {(e¥ °19)
[4 9¢ 99°1 €6° 91’9 ----- 8LL°1- 98€°C 6280°- LOTT" $9%0° 9846 "° &?5:9:3
(LL %) (19°9) (80 °28)
oT* 96 °T 66" ===~ GL"0E 128 °1- 826°T EIPT°- Z6L1” 6260° TL0OG " Tenunre(e ACIE R ic SR
a1ysnels (stpuow) (s1vak)f ( z,) ﬁ ( ) |(Azy { A Tw { +) CA-1 )] (A%,
ammsnye uosjeay 5 Juwdunsnlpy 27111 swonul | asrng 2woIU] juaunsnipy T - 3p uo e 11tie}
Y -utqang Nm 8566 JOo porrad Lyporiserd uny-Juot] | Ljdniseld uny-jaoys | Jo Ljponiseld | juatoyjood | jueisuo)d \nm.::.H. dnoin L7 p0wte0)

\Mﬁmﬁ A{Uuoly pue [BRUUY iTm STEATeUY puewsa( ay) JO S1Tnsay Tedrns1ieis  °7 9[gelL



al The t statistics are given in parentheses below the coefficients.

P-/ An asterisk indicates those equations that were estimated by the

Cochrane-QOrcutt estimation procedure.

E-/ The period required for 95 percent adjustment to the new
equilibrium level. Given in years for the annual equations and months

for the monthly ones. See text for a further explanation.

—d—/ The results given for (14) and (15) are based upon the linear
functional form. The price and income elasticities are determined for
the mean values. In the short-run elasticity columns, the top ligure
is the elasticity, the next the coefficient, and then the t stalistic. The

coefficient rather than the elasticily of adjustment 1s given,



