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STMPLE COMPUTATIONS FOR THE LINEAR EXPENDITURE SYSTEM:
RESULTS OF SOME- EXPERIMENTS*

The linear expenditure sysvem ueweloped vy Stwne (1954) is an extremely
ﬂeful tool of demand ame.l;;rsis;° Its applicability appears to be restrlcted
however by the somewhat cunbersome computations sugnested so far in Jche ll'te-

rature for estimating the underlying parameters, . The .o‘ojec+ ¢? this note is
to provide, a simple computational scheme which. permits the disaggregation of
commodities into a fairly largef'number of groups but at the same time keeps
the, _Qqnputa'blonal load within reasonable limits. No attempt is made here to
study the theoretical aspects of the compu'bational gcheme such as the conver-
gence of the su,ogested 1terat1ve procedure and possible biases in estimation;
'the method is spplied howevnr ‘co ‘mo sets of data: consumer expendlture data
relating to the United K:mgdom dur:mg the period 1946 ’co 1965 and India during
1955 to 1969, -.The equatlon oystem cstlmated by the proposed method 'wppeals to

produce : eycellent approximations to the oboerved data in both 'the cases.

TIF PRCPOSED SCHEME
The cystem of demard equations set out by Stone is .given by

N : .
g = P +5 ( —k (.'P ) 1 2.00-00...0- (1)
T R i L

s m ary given time perlod 5, By denotc,s 't,he exoendl‘hlre on the commo-

di‘bles in tdo 1th §YOUp, . and Pi'b standing respectively for the corres-

ponding lcor;yfri'tted e:q)enditure* and price, ‘B £ is- the total expenditure

on =11 ccmmo’di'bﬂ' ess. f Et The problem we are concer'ned w:.th here is one

of c,st:u:\atlng the pe.rzmcters of‘ m, system o and B'i’ on the basn.s of time

series data: 5y and Piis t = 1,2.,..,.-n.

and
For a 4di cusnlon of the properties of the syotem[ﬁs relevance to demand

theory the reader may refer to Stone (1954 and 1964). The computational

*Tie author is extrerely grateful to Chandon iukherji for programming the
computations,
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scheme sugresbed by Stone is a two-stage iterative procedurc which requirll
first the stimation of Bi and then deriving s after elirdnating Bi. The
alternative we sugprest here sturts from rewriting (1 as (dropping the tidl
suff:i..xe's, for convenicnce), . -
. 2B s/ E N |
By "PiBray Py B.it £ 0By ) crereee
3:1 _ )
or equivalent Yy

. a e | :
E; = ?\i E + ai. U"Bi) Py Biijﬁi“j%) ceeeer

Before we discuss the, estimation procedure we must rccognisc: that a
free cstimation of the parameters is not possible because they are subject

to the followins constraints.,

N |

S
2 0 | XEERE) (]

a k B o .. an v s (]
While paying adecuate at'tun%:{‘on to (4e3),Stone ‘has not e:plicitly consid
dered the problens posod by the nonmezativity recuirements in (4.1) and (L

In actual data anolysis some of thegy 1 org 5 may well turn out to be negatif

unless the congtrains arc huilt into the cstimation proccdure.

‘1
- .

The computational proccdure we cofigider herec is also an iterative onc:
N . % 2%
Suppose we have initial estimstes Bi arg i of all *he:parameters, Then

the sccond round cstimates arc obtained from the cquations,

Y.= B. 42 *(% )
im By T agPs i = 1 - .
\ - e + fl >
ﬁ’l—] lE alP‘k 131’2 ....,.k (ﬂ
. g .
wiieh arc equivalent to those in (2).
We carn use ordinary lcast scuarcs for cstimating a_iand Bi frow the
regresslon of y i and T and Pi. Thug k sets of regressions, ench dnvoling
only o wvariables on the rirht hend side, need to be cstimated for do:r*j_vj,mg::

the sccond round cstivetes, which, in tarn, coi be uscd in the same weay Jor



3

obtaining the next round estimstes. -

For each time perdiod t, gince

Y = + B *d{ a * . _ ) : * . *
1t = By Ht(g. 3 %54 5 Tov = By + B ?aj Pyt)....
the sum E agp 3t remeins the same for all cquations and accordingly it
1 ot

can be seen that cquation (2) is wore convenient than (3).
| Howcver, we found thut initiel values gencrated f.'i‘qm

D E HX o =t

leed to foirly repid convergonce of the cstimates of the parameters, We rmst
add that that equation (6) is not even a good approximstion to (3) unless

the prices P]‘t do not vary rmuch during the period of study.

In a1l the computational experiments we have performed thus far we found
thet thore iz a tendency for the procedure to yicld negative values for some
of the parsmeters in the initial sfagcs. To overcome this we incorporated
wre forloving rule in the computations,

(R): If at any otage an estirated parameter is negative replace

it by zero in the next round of computations,

Tt can be casily scen that rule (R) becones incffective 4if a nogative
iy docs notl che;-n,qo\ simn in the noxt round. For, if ﬁi* _:'Ls negative, it is
redlaced By zero in {5) and f; and @y, the next rourd estimates are obtained

from the rearession,

B, = 858 + a3 Py

even L (D)

and if IGi szain turns ovt to be negative, cquation (7) (i.e. the resression
of E; on E cxd Pi) is repcated in the iteration producing the ‘same pair of
values [ (neaotive) amd x; 21l the time. Experimentally, we found that
thie hinders the conwerronco of the cstimates, In the computations thot we
did, this problem was solved by corabining the commodity zroup that _r;ixfes risc

to thisc nhernomenon with a neighbouring group, Since the computetions cen be
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started with'a fairly large number of comundity groups, this is, perhapg

a heavy price to pay.

We found that the « wr?o‘t pose a sirdlar problen - althoush the procilll
may yield negative valucs for someo of them in the initial stages -~ for,
evenif a particular nerative aeieis replaced by zero in (5), other a;sconﬂ
bute to a chanze in the noxt rownd estimetes. But if a negative value pdf]
we can take rocourse to  resrouping of the commoditics, as in the case of

negative pis

Finally, we found thot the constraint (4.4) is auntomntically satisfid]

in our experiments, by the values to which the estimates converze, The cll

tions, which will ensurc this in the gencral casc, needs further investi-

sation, of coursae,

TWO ILLUSTRATIVE EIAMPLES

Table 1 rives the estimated values of paramcters, obtained by the
proedure described in the last scction, corresponding to the data on consy
ner exponditurs in the Thdted ¥WinsQon during the veriod 1946 to 1965, The
values of the | product-nomert correlcotion between tho obsorve
expenditure levels and those anproximated by tho_ linear cxpenditure systen

by scen to be fairly high,



Table 1
Bstimated Valuecs of the Paramciers of a Lincar Expend:i-
ture Systen: Consumer Yxperditure in United Kingdom,

146-1965

h .
o ; .
j i Cor-elation -
odity Group (£100M) 8 Crefficiont Between
i Observed ard ITxpected
o Values
3. Food 0.365 0,141 0.998
2  lcoholic Drink 0,08/ 0,051 0,985
3, Tobacco 0,091 0,037 & 0.993
th»  Housing 0.129 _ 0.079 0.998
5,  Fuol and Light G.056 0.059 0,996
‘6, Clothin- 0.119 0,105 0,993
7. totor Cars and Motor o
Cycles 0,014 0._192 0,939
g, PFurmiture cte. 0,C50 0,08/, 0.984
9, Iouschold textiles ,
nardware ete. ’ 0.024 0.023 0,964,
10. Harchces end eleening 2 e o
" roterinle 0,016 0.006 0.954
11, Books 1 recrcational . -
rols | 0,047 | o 038 0.997
12 Cheunists! ard other .. ' . ,
 coods 0,031 0.043 0,208
13. Publiec traowvel an?
conmuriicotion 0.062 0.019 0 ' 293
14, Vchicle runnins costs 0,017 0.093 0,992
5. 11 othier servizes 0,192 0.114 0,968

These estimntes srce bascd on datn on consumer cxpeﬁditure in current
erd constort prices collucted from Feinstein (1972), Price data were
derived by deflatin: coch expenditurce figure in current prices by that
neesured in 1958 prices, The expenditure groups are the smie as in Feinstein,
except thot Domostic services, Catering amd Cbher services had to be corbinud
to make onc cingle sroup, designated as 'other sorvicces!; this was necessory
beemize of the persistence of a negativeB for Domcstic service in an corlicr

rounl of compulntions,
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Table 2 gives similar estimates in respect of data on por capita

consumer exponditurc in urbsn India,

blc 2

Estimdtes of Parameters of a Lincar Ixocnditure System: Por
Capita Consumer Expenditure, Urban India, 1955 to 1969

Corre~
a. . .
Commodity Group i l1ation Coefficifl]
(Rupces) Bi Botween Observidl
and Fxpocted Vel
1.  Foodgrains 0.0386 0.,1908 0,992
2,  Milk and milk 0.0107 0.1073 0.976
producte
3. dible oil 0,0053 0.0217 0,967
4e Moat, fish and 0.0027 0.0467 0.965
cgos
5. Sucar amd Zfur 0.0027 0,0361 0,768
6. K11 other food 0.0369 0.0022 0,981
7. lon £ood 0.0238 0.5914 0,989

-~

The estimates in Table £ are based on date civen in the study by

Redhskrishnon (undatod). The originel data held +o be rogrowped in the

sbove manner because of the persistence of negative velues for groups suehy

as '08lt' and ‘elothing's

The 'Non-food' gsroup above includus the growsc

clothinr, fuel and light and 'Miscellaneous', usually given separately i

the National Sarplc Survey ustimates, on which fRedhakrighnants stody is

hosed,

AN

~

These survey datbe have been subjectud to a similor enalysis for o

different period ecrlier by Pzul and Rudra (1964) - but with o “ifferent

aroupine scheme,
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