-r ----------------- -—— -

m—————————

EMPIRICAL ESTIMATION OF THE
CONSUMPTTON FUNCTION IN U.X. USING

TIME-SERTES DATA

L L L

BY : MESSAITFA_BACHTR
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The main aim of the present part iz to preseni and discuss
actual time-series cat;mateé aof 1the wvarious forms  of the
consumplion function in U.K. We will tesil some concepls relevant
te the econamelric modelling of sronemic Llime-saries Data by
re~estimating some of the Models yel designed for an exlended
period of time (1950 - 1984} especially : Hendry (1974), Ball
{1975), and Davidsen (19787 1in their investigation denoted by
(DHSY). Alse, we shall develop an economelric relationship and
see whother this fulfils the thecry criteria and we shall apply a
variety of tLesits on the various estimated models.

. The data used is described as follows * Yer Caer O
represent respectively ¢ personal dgisposable income, Consumer's
expenditure on durable goods, consumers’ expendure on all olher
gonds and services. The main series uced are laken from Economic
trends (1987 Annual supplement} and are quarterly seasonally
unadjusted in £ million at 1580 prices. The quarterly value and
log wvalue ars denoted by the leliers (@} and (in) before
variables respecltively. Bult we start first by presenting and
commenting on some groplems which researchers could face in
L]

measuring MPC.




Lreblems in msasurement
As we will see later, a remarkable difference in estimating Llhs
paramelers of consumption funclion aspecially the MPC, has been
noticed in analysing the rosults which have emerged from the past
works on consumplion funciliom. VYet, (DHSY) have mentioned Lhis

difference in their famocus paper 2. “The studies lizted as

H,B,W. satisfy the requirement thal appoximately thg same data.

sel (C, Y} is involved in all three cases. Nevertheless, tLhe
results differ in many respecles and are conditjoged by very
different auxiliary ghypothesis", Many of the mentioned
differeﬁ:es can be reconciled by adjusting for varicus bhiases in
the parameler rslimates.
The estimalor Eiggggig.gggnlgm
One of the most commonly estimated by biased methods is the
* funclion of Lhe form : :
Ce ﬂia + b¥Yye + dCE_, + U

Where jiy represents a randoi error lLerm. This lerm occurs in
all stochaslic equations because il is not possible to explain
all the variance of Lhe dependent variable, given by ¢
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where 3 x is the random variable, x is Lhe mean value, N is lhe

number of obsérvatieons.
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The size of 17 (N=1) Eu'r is generally less lhan half
percent of variance of conuum;:;on 0 Lhis is nol & major problea
bul the assumptlion 1Lhal jicis a random and lhat it is
uncorrelaled with any of 1the independent wvariables in the
equatioen is the most likely le cause biased paramelers estimates.
The. best known method of estiﬁation used in empirical work is the
ordinary least squares '(OLS}**. The OLS metlhod uin;uizos the
sum of Lhe squarps-nfb}he error Lerms over lhe sample period.

i .
Min. T2
L=y

One of the f;ndamental assumption of OLS is that M. is not
correlated with any of the independent variables in the equation,
oltherwise Lhe estimales will be biased. Empirically this
condition is fulfilled by stating that the independent varilbl;s
are predetermined at time 1.Exogenous wvariables (variahlti which
are used to determine the value of other variables in 1lhe system
bult are not themselves delerminod within the syslem) such as lime
trends, dummy wvariables, fareign 1tlrade prices meet tLhese
conditions. Assume that exogenous and lagged variables are known

at time t and not correlated with the random error term MPe.
Given the consumplion function of Lhe form:

Ce = a3 + bYy + dCymaq + He

and

Co + Iy + G = Yo
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Therefares
Y & a % bYy # dCamn * He + I3 * Gy

Clearly, we .can notice the dependonce betlween Y. and Ha
which makes the necessary assumplion of wunbiasness unfulfillsd

and gives us biased estimalors.

'

Te clarify this point wa suggesl an example ' based on the
case of the Korean war. When consumplion increases because of a
charige in the factgrs affecting Lhe randeom error term. Here, the
consumption would rise even if income is unchanged. However
income would be almost cortain te increase in ihe absence of
unusual offsetting +acters, because consumplion is one of the
determinants of income. The direction of casuality in this case
is that income rose because consumption rose. However, the

opposile would happen if we considered Lhe statistical analyses.

In the form in which the consumption function is being
estimated, the rise in consumption would be due to the
corresponding increase in income, This will bias the parametler
estimate of the income term upward. Such a problem would not

appear if consumption and income were independent.

To solve the problem of the simultaneity bias appearing in
OLS we have to find independent variables which are not
correlated with (M) such as using the identity t Y = C + 8§

where : S dencotes saving.
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Substitutling Y into the consumpltion function lhe resull lhen
would be:
Ct"‘"b‘Ct.:"' Bel *+ dCupwu + M,

1

Ce = (atbse + dCy + M)

1=k

Since perseonal savings are net & component of aggregate
demand or income, the OLS condilion is {fulfilied, 'but another
probiem emerges in another directicn. The problem is due to
errors of measurement. Saving in the national income ac:aunt# are
calculated as a residual between income and consumption. So, any
errors of measurement that tend e increase the reported value of
coensumption relative te its true value will understate the amount
of savings. This introduce a negative relation belween

consumplion and savings.

In their arti:le“, A. Ande and F. Modigliani have
explained how Lhis bias may be severe enough to expiain otherwise
nonsensical results in which lhe eslimale of MPC is less than
zero. The case in which we find this method of solving the

problem of simultaneily bias really is unrecommended.

Another method known a5 two stage least squares (TLS) is
used in this context., We firsi calculate a regression of income
on all the exogenous and lagged variables in the system, for our
cimple case, this would be @

Yo = aCeq + (Ie + G} + €,




W

Y‘ is Y. calculated frem 1his regression and the values of
Y+ would be asympiomalicaily independent of J. because they
depend only on known numbers &% lime l,and Lhus, they satisfy Lhe
OLS assumpilion. Next the regression equation for consumption is
talculated substituting Lhe Y parameler eslimales shtained from

ihe equation @

Ce = a + DYy + dley + Mo

will be unbiased at least in large samples.

The mylticollingarily prohlem

The probiem cccurs generally when several variables in a
given function have very similar trends through the sample
period**, In such cases we can not determine which of the
independent variables cause the change of the dependent variable.
For Lthe consumplion funclion both income and laggyed consumptlion
follow samooth upward patllerns. Eilher variable could be wused te
explain a large part of lhe movemenls in consumplion and we can
not sort out the independeni conbribution of each variable. If
this is the case the sum of lhe coefficirnis i approximately Llhe
same when differenl estimates are caiculaled Lutl 1the magnitudes
of the individual ccefficients for incame and lagged consumption
are likely 1to vary appreciably. Then 1t will be impossible to
find Lthe short run MPC and the lime patiern of adjusiment to a
change in inceme. The estimate of the income coefficient may be
low one time and high the next. In Lhe boek "Model! Building in
the human sciences™ by H. Weld, L.R. Klein presents in his paper

“problems in Lhe estimalion c¢f inlerdependenil systems".



An  example of these where he oblained for the same
consumplion funclion gstimated by different methods for the
pueriod 1929 - 1962 (OLS, 7TiLS, 1limited information, full
information) different pictures and extremely different ostia‘tts
as we can see from the following resultss

Ce m = 4.93 + 0.359Y. + 0.445C¢-4
(D0.0653) ° (0.070)
Co = = 4,94 + 0.560Y, + 0.444C 4
' (0.068} (0.071)
Ce = = 5.33 é 0.634Y¢ + 0.364C oy
(0.06%) (0.074)
Ce = = 3.41 + 0.332Y,¢ + 0.663Cy-n
(0.074) (0.088)
Where : C. is the total purchase of consumer gocds and services
in billions of constant dallars.
Y« is the disposable personal income in billions

dollars

Ihe serial correlation problem

We know Lhalt consumption describes a smoaolh upward trend
wilh relativity minor fluctuations and consumption of this period
and the previcus period will be highly correlated. I this is the
case where C. and M. are correlated, it is highly probable
that Ce—: and U willlalsa be correlated*”, thi% can be

shown as follcuing:



Assume that the consumplicn funciion is iransformated from
#quation in which consumption depends on infinite distributed lag
of income.

u |
cg=a£A‘Yg_,+h
1=
Applying Koyck Lransformatien so the arror term will be
i

neglected.

2 o
ACema = al1=A) (RS20 CRL 7 L OUP P X2 w0, PR

Ce = a¥y + ACoey + (e ~AQgmqy)
The error term designated as p. is a composite error term

of the form {es - e

Since C: and e, are correlated, Ce-y and ee_, and
thus Ceey and u,. are alse correlated., This again invalidates
the fundamental assumplion of least-squares and the resulting
o pnrlqetor eslimates will again be biased. This problem can be
| solved either by the use of an instrumental variable estimator or
by iterative generalised least Squares. Hence, with the benefit
of hindsight it appears that OLS may not have been the best

method of estimation to use in our empirical work.

Another method used in our impiriccl part 1s to use ratios.
Since 1there ie virtually no trend in the consumplion/incone

ratio, often stati?tical problems are a!sofr'duced,

The use of ratio will _reduce the magnitude of all problems
discussed above. First, most of simultaneitly bias is eliminated

by making the c/y ratio primarily a function of lagged variables.



A& simultaneous upward or downward movement in  bolh
consumplion and inceme rill tend Lo keep the C/Y ratio conslant
rather Lhan move batlh coansumplion and income in the same
direction, which was lhe main cause of lhis biss. It is also
clear that ratios remove the common Lrends of all the variables.
The movemenl of each independent variable are now dissimilar
encugh to estimate the relative importance of each term much more
clearly. The distribuled lag bias is alsoc much smaller in ratio
form because the C/Y ratio does not follow as smootlh a plt?trn
as does the level of consumption. Although present and lnggQGICIY
terms may still be correlated, more of this will pruhahl& be

due, to economic reasons and less to statistical correlation.
Some pilfalls in measuring MPC
There have been hundreds of consumplion functions
~empirically estimated, below we shall set some rules for all

consumption functions and examine the theoretical results that

have been advanced ui;hin the frame work of them.

(a) Every consumption function should include present
personal disposable income 'Aﬁd past patterns of consumer
behaviour as independent variahlt;. The latier are usually
represenled by lagged consumplien.

13
(b} All variables should be measured in constant currencies.

There are both economic and statistical reasons for this.
Consumers make decisions in terms of their real consumption

relative to their real income.




(e} The correct shauld be wused for personal disposable.

income. The use of the consumplion deflalor as Lhe correct

deflator can Le defaended on Llwo grounds. One argument is the '

purchasing power, personal dicposable income thoughi to be
deflated by a price Iindex measuring the amocuntl of goods that can
be bought in physical;terms. Uniess consumer savings go directly

inio the purchase of capital gocds, an unlikely occurence given

existing financial institulions, Lhen Lhe consumer price index is

to be preferrea over Lliese 1ndgce£. Including elemenls of capithl
good formation, such as ;hobovqrall price deflator. The second
argument stems from the new.classlcal determination of consumer
behaviour in which individual consumption functions are
homogeneous of degree zero in consumer prices and income. The
same basic relationship is thought te hold at a macroeconomic

level.

(d) Funciiens that claim to axplain long-run consumer
behaviour should show that the long—run MPC is equal te the APC.
This relationship is stressed by the relative income hypothesis,
the permanent income hypothesis and the 1life cycle hypothesis,
lhe permanent income hypothesis and the life cycle hypethesis. It
is hard to justify the claim that cnce an individual receives
extra income he will always continue 1o spend a smaller
percentage of this income than of all his ufher incéne.
Enventually this exlra income musl be combined with other sources

of income and treated in the same way.



The question of when “evenlually” arrives {5 an empirical
question to be detlermined by the lag struclture of the consumplion
funclion being estimated. Failurs to cbtain Lhis result may
indicate :iller .that Lhe indepondeni variables do not explain
consumplion adeguaiely, ar that Tie parameters are biased dqe te
the statlistical metheds uvred and do nol measure what they are

supposed Lo meéasure.

Recent work on sonsumpiion_fungiien

In recent years much attention has boan paid to the possible
influences of Lhe price level and rate of inflation on consumer
expenditure. In the models of Lhe gprevious parl it was assumed
that any changes in the price level could be ignured. For example
suppose we added a price variable teo a simple life cycie

hypothesis eslimaling equstion and cbtained :

Cuo =@ + fi¥y + Wl + 6P + €.
where Cy, Yo and We are real per capila consumption, inceme
and weaith respeclively and Py i¢ &n index of cunsumer prices
which has alsgo been used e defizle Lhz other variables. Economic
theory suggesis lhat the price coefficient, &, should be zero. A
rise in the price 'levai with rea; income and real wealth
remaining censtani must imply an cquip;uportinnate rise in money
income Qnd in money weailh and hence should lead to nc change in
consumplion expenditure. 1f & was pnsilive then tQis would imply
that consumérs were <chowing the phengmengn knoun as “Money
il1lusion”, A positive & means that a rise in P., with Y. and

We, conslant, resultl in a rise in consumplion. Consumers must




be trealing the equiproportionate risg in m=oney income and money
waalih as-if il weore ;a rise in rezl income and rgal wealth and
nol noticing the rise in prices.

Branson and Klevorick (154%) 2stimatled a consumplion
function basically simni;ar t¢ the above cquation although it
contains fairly cépolex iags on the income and price variables.
Using quarterly U.S. Data for the periode 1935-1965, tLhey found
their equivalent of § to be significantly grealer than zero and
concluded that a significant degree of money illusion existed in
the U.S. consumplion function.

Juster and Walchel (1972) have considersd tha effects of
high reats of price change on Llhe consumplion function. They
found that high inflation rates are historically associated with
variable inflalion rales. Hence, if consumers do not expecl a
similar variability in meney, fulyre real income will be subject
1o greaier uncertainty during times of high inflation and this
will lead tg greaﬁer grecautionary saving. Deatlon (1978} also
considers inflation rates but argues that it is accelerating
inflation that reduces consumer expenditure. For example, suppose
that past inflation has been of S% per year, that consumers
expect 1lhis inflatien rate to continue dut that inflation rate
has in fact accelerated to 10%. A consumer purchasing specific
good, will find its price higher than expected butl, because his
eéxpectalions are still baced on the past inflation rate he will
not realize that the prices of all goods have risen  to the same
extent. The consumplicn funclion in Dealen’s model is of the

Friedman type and the model is estimated using quarterly U.S,




Data for the peried 1954-1974 and quarterly U.K. Data for
1955=1974. The expesled inflation rate is assumed 1o he unchanged
so that changes in the APS are made 1o depend on the aclual rate
of inflatien. Deaton dees find thal for both couniries changes in

the APS are positively related tec the inflalion rate.

Finally DRavidson, Hendry, Sabra and Yeo (1%78) ttpdled
postwar U.K. guarierly data concentraling mainly on the dynamic
properties and lag structure of the relationship belween
disposable income and non-durable consumpiion rlihtr .than the
economic Dbehaviour underlying it. Their final prlf!rred auaal

iss

C‘—C‘_. = 0.47“{\.-\";_‘3-0.21 aq (Ye=Ye—a)

(0.044) (0.05)
~0.10(Crug=Yr—a) + 0.01 Dy
(0.02) (0,003}
“0.13(pr=pr—al= 0.28A ., (ps = Pr=a)
(0.07) (0.15)
R? = 0.77 S = 0.0041 d= 1.8

Where P is the log of the implied consumplion deflator {(an
index of consumer prices) and all variables are in log terms.
Also A denoles pericd change in variables, D. is a dummy
variable. Which is preojected as +1. =1 in 1973.1 and 1973.2

respectively and zero in the olher quarters.

Ibe Data \
Let QYR denole perscnal real disposable income, GCDN
consumers” expenditure on  non-durable goods, and  GCD

consumers’expenditure on ail other goods and services, all

(]
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variables being in constant prices. The main series used in this
report are laken from Economic trends {1986 Annuval supplement)
and are quarterly, seascnnally unadjusted in £ million at 1980
prices. Fig. 1 shows Lhe time series of QYR and GQCDN for the

periocd 1750.1 - 1985.4,

The salient features of the data are Lhe stronq trends in
both QGCDN, QYR, the magnitude and stability of the seasonal
pattern in GCDN compared to the input series GYR, ilhe regularity
of the outpout series QCON, compared to Lhe input series GYR.‘and

the marked change in tpe behaviour of the GYR series after 1972.

Detailed scrunity'reveals lhe presence of “Business cycles™
which are more clearly seen in Lhe transformed series GCDN4 =
GCDNe - QCDNy.. (Fig. 2). Fig. 3 shows that, the average
propensily to consume (V denotles APC) has fallen steadily over
the sample period from around 0.93 to 0.8. Although this evidence
is still consonant with a long=rum income elasticity of

expenditure close lo unity.

Ihe estimation procass
Hethod of estimation

In the following analysis one could easely notice that
ordinary least squares mothod is na!nly_being used as- the chosen
instrument in the estimation process. This in ispite of the
well-known disaduantagef of such methad presented in the previous
sections. OLS melhod ;s-hiased when the error is correlated with

the regressar, which il the case in simultaneous equations, Lhen



some of the offect of 1the error term gets aliribuled o the
regressor. Another preblem emerges from applying OLS method. That
is the incansistancy of the estimators (in- lhe case of
consumption function and a¢ we will see laler, using OLS leads to
an overestimation of the marginal propensily te¢ consumeé. Such
gversestimation can not be corrected by using a larger sample).
In fact, taking in consideration the compuling facilit%os which
are available to us {all our empirical wark has been developed
using micro TSP programme.} We had a choice between several

estimation methoas (OLS, TLS, IV} and our choice of OLS method

is based on the following justifications =

While OLS yields estimators thal are biased and inconsistent,
it should not be totally rejected as an estimation instrument for
simultaneous equations systems. In many cases OLS eslimators tend

~to exhibit efficiency and insensitivity to specification error
- and in many empirical works OLS has been used in estimaling

several specific simultaneous ecquations syslems.

In his book "Monte Carle Methods", Smith (1973) states thal
OLS method has the advantage of simplicily and low variance and
might still be wutilized in preliminary work, it is also
appropriate 1if 1the nqdel is recursive or approximatelly
recensive. More generally, OLS is appropriate if the matrix of
endogenous variables cu%tlini many =zeros. Smith alsa found that

OLS tends to improve relative to the limited-information

estimalors as the gize of the model increases.



As staled by Ray C. Fair in "“spefication, eslimation and
analysis of macroeconomelric models (Havard Universily press,
1984, P.243)" and according te his resulls presented in p, 241,
all the estimatles using several methods (OLS, 2SLS, FIML, 3SL5)

are fairly close to epach other excepl for FIML eslimates.

L]

Although a consislent eslimale can be obtained using an
instrumental wvriable (IV) thal is highly correlated with the
regressor and uncorrelated with the error term. This in fact is
not easy Lo apply because of the problems associated tqﬁit.
especially the problem of oblaining & suilable i!ﬁ ef
instrumental variables thal are uncorrelated with the error term
and correlated with the explanatory variables.

As stated by M.D. Intriligator in "Econometiric models,
techniques and applications (North Holland Publishing company,
Amsterdam - Oxford)", when there is choice of an instrumental
variable, tﬁe estimates are usually very sensitive to the
particular instrumental wvariables chosen leading to a genuine
problem of choice of such variables.

Many writers agreo.uith the fact that while many estimation
methods can be ippli;d to simultaneous equations models with
lagged tndogenouslvariahles. they generally fail to satisfy all
assumplions of unQiainess. If the stochastic disturbance Llerms
exhibit serial correlation, the case Uhlntpllt disturbance which
influence the lagged endoqenoﬁs variables influence current
disturbances, so the 1jgged- endogencus variables will be
correlated uithlcu;rent endogenous variables causing biased and

inconsistent estimalors.



The legilimacy of trealing current dated variables as “given™
has generated substanlial debate in waconometlrics, Statistically
the precise condition for treatling Z., as weakly exergenous in

the conditional model for Ye in Lhe formi:

~

F (Xa x.....x../ "n Ft( Y‘IZG’ HegmgeasansaeXn qu

L]

T Fl2elMueaecnannniancaaky, &n)ns
=

are that the paramelers of inlerest can be cblained from «4
alone and that no information aboul @ 4 is lost by ignering
axs If s0, ' .en Lhe model for Z. does nol require estimation
and a fully eificient analysis can be conducted Jjust from the
conditional model., so the modelling exercice is both cheaper and
correcl. Thus, 1lhe partition of a« inle 4 and ae requires
thal the 1two subsetls o{ paramelers are uncorrelated, it is nol
sufficient simply to c@onso not tc model Z,, (For more details
seed David F. ﬁendr} (1983), Econometlric modelling : The

"Consumption functlion" in Relreospect).

Serial correlation and the appropriate test.

Through mosil of the fﬁllouing empirical work, the test for
serial correlatlon- will be mainly based on Durbin-Walson
statistlic nol as mosl appropriate test bul as approximlto guide.
In the laler stage lhe more appropriale lagrange multiplier test

is used.

LT
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To test for firsl-serial correlation contider tLhe most
important 1tlype ef the Llinear relation belween successive

stochastic disturbance terms:

Hy = Glijmq + vy 2 Iﬁlt <-4
Now, cansider the null hypotlhesis:
Hot a=0

The Durbin—MWatson statistic is given by the formulas

- -

»
b (Hy — Hyq)?2
= -
=
a -
L Ha?
Rt

where ¥4 is the leasl squares residual.

d can be approximated as @

As staled by ﬁany researchers and writers Durbin-Walson can
be a good approximate test for firt-serial correlation (see for
more details: Thomas H. Wannacotl “Introductory statistic for
Business and Economics, - third edition, p.6%4 and M.D.

Intriligator "Econometric models, techniques and applicatiens ",

p.159).
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Bul in case of more general forms of aulocerrelaiion 2

Up = &aUgma + cnn e Vg + Vi
The use of d - stalistic is very limited in term of well testing
presence or absénce of autocarrelation since &4 shows just a
part of the problem, and lesting the siqnificapco of &=,
&a..bm Needs a more appropriate melhod such as Breusch-
Godfrey 1lest known as LM tesi which is used through our

investigation when an acceptable madel is found.

We started our analysis toward finding out the Best
economelric relationship between consumption expenditure and
disposable incame , in'lU.K. by using annual Data series for the
period 1958-1985. The simple equation implied by the absolute

income hypothesis is of the form:

Co = flotfls Yo

Using OLS to regress Cy on Y. yields @

(1) C=964.252 + 0.8871 Y.
R? = 0.999 ¢ = 0.681

where C. is the consumer's expenditure in 198& prices and £
millions, Y. is the total personal disposable income in 1986
prices and £ millions. The above oq;atinn is 1typically the
Koynesianlcnnsumntion functlion. Where we can notice the high
value of R?,1his is totally expecied since bolh C., Tu show a
strong upward lrend through the sample period. The low value of

Durbin-Watson statisfic (d=0.681) may be considered as evidence

of mis-specification in our equation.
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