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AN ALLOCATION MODEL FOR 
CONSUMER EXPENDITURES 

By J,tendar S Mann * 

INTRODUCTION 

The consumer's basic problem, 
as defined by economists, IS how to 
allocate expenditures among differ
ent commodities, given theIr pnces 
and the consumer's Income When 
Income and pnces change, the 
consumer changes the Income shares 
spent on different commodities For 
example, U S food expenditures as 
a percentage of personal consump
tIOn expenditure declined from 21 
percent on 1960 to about 18 percent 
In 1977 The share of expenditure 
on food purchased for use at home 
also fell, from 17 to about 13 
percent 

The objective here IS to descnbe, 
analize, and explain the behaVlor 
of budget shares (amount spent) 
for major commodity groups, with 
emphasis on food expenditures 
A complete system of demand 
equations for consumer expenditures 
IS estimated, and a full matnx of 
dlIect and,cross pnce elastICItIes and 
Income elastICities IS presented-

In studymg expenditure alloca
tIon, the analyst must specIfy a 
complete system, which should 
allocate consumer expendItures 
among all categones The Rott_erdam 
model used here (developed by 
Theil and hIS assoclates-(1-3, 
11-13)) explains the quantIty 
component of the variation 10 budget 
shares I 

*The author IS an agricultural 
economISt In the National Eco 
nomlCS DIVISion, ESCS 

I ItaliCized numbers In paren
theses refer to Items In References 
at the end of thiS article 

The Rotterdam model, a complete' 
consumer demand system, was fitted 
to personal consumptIOn expenditure 
data for 1949-77 to study the Inter
acbon of consumer expenditures 
A full matrIX of direct and cross 
price elastiCities and mcome elastIC)

'ties was estimated The 12 categorIes 
of expenditures were food at home, 
food away from home, alcohol and 
tobacco, clothmg, housmg, utilities, 
transportation, medical, durables, 
other nondurables, services, and 
mISCellaneous 

Keywords 
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Consumer demand 
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Price elastiCities 


Income elastiCities 


BUDGET SHARES 

The budget shares are defined as 

where w IS the budget share of the 
,Ill com~odlty ,p,,Its price, q,, 
the quantIty purchased, and m, the 
total expendIture The shares are 
non-negative and add up to one for 
all commodities The consumer 
expenditure data analyzed are 
Personal Consumption Expenditures 
(PCE), published by the US Depart 
ment of Commerce The data are 
combmed Into 12 major commodity 
groups food at home, food away 
from home, alcohol and tobacco, 
clothmg, housmg, utilities, trane;· 
portatlOn, medical services, durables, 
other nondurables, services, and 
miscellaneous The details of expen

dlture Items mcluded In each 
category appear In an appendiX 

In thiS article, total expenditure 
IS per capIta personal expenditure 
Saving IS assumed exogenous and 
the terms "total expenditure" and 
"mcome" are used synonymously 
QuantitIes are represented by per 
capIta constant dollar PCE Because 
these data are In constant dollars, 
vanatlOn In the time senes IS due 
to varIatIOn In quantities purchased 
only Pnces are the Implicit pnces 
obtaoned by dIVIding current dollar 
expendIture by constant dollar 
expenditure The use of the Imphclt 
pnce deflator (onstead of the Con
sumer Price Index) assures that 
pnce times quantIty equaJs expen
diture 

The budget shares of the 12 
expendIture categoroes for 1949-77 
appear In table 1 The share of food 
consumed at home declined from 
about 19 percent on 1949 tp about 
13 percent In 1977 The share of 
food consumed away from home has 
remalOed almost unchanged The 
share of alcohol and tobacco used 
has fallen steadIly Clothing expen
diture went from about 13 percent 
In 1949 to about 8 percent on 1977 
WhIle the share spent on housmg 
Increased, that for utilIties remamed 
steady Transportation Increased 
slightly The share spent on medIcal 
services more than doubled The 
shares of durables and other non
durables did not change Services 
rose a bit dunng the penod The 
miscellaneous category Includes 
Items which do not pass through 
the marketmg system but are 10

eluded on PCE to account for the 
output of certaIn sectors 

The partial elastiCIties of budget 
share with respect to pnce, quantity, 
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Table l-Budget shares of personal consumption expenditures 

Year 
Food 

at 
home 

Food 
away 
from 
home 

Alcohol 
and 

tobacco 

Cloth-
Ing 

Housing Utll
lUes 

Trans 
p~rta-

tlon 
Medical 

Dur
abies 

Other 
nondur

abies 

Other 
se,

vices 

Miscel
laneous 

Percenr 

1949 1886 457 663 1298 993 335 698 449 1239 493 922 567 

1950 1807 433 632 1221 1024 349 690 449 1428 502 920 546 
1951 1882 452 617 12 11 1065 349 694 449 1272 5 11 908 590 
1952 1889 452 629 1205 11 30 348 7 15 463 11 71 490 905 603 
1953 1825 436 610 11 54 11 89 346 727 4.80 1257 480 913 583 
1954 1838 425 586 11 32 1259 361 724 505 1200 470 937 564 
1955 1767 409 558 1001 1250 366 723 4.97 1368 469 959 532 
1956 17 62 410 555 1096 12 77 3 i4 742 514 1266 474 994 535 
1957 17 80 406 547 1051 12.98 377 755 536 1244 477 10 00 530 
1958 1813 3.97 543 1030 1347 3.88 759 564 11 13 479 1025 541 
1959 17 39 394 545 10 13 1344 375 764 573 1202 480 1033 536 

1960 16.96 401 539 990 1377 374 776 592 1168 488 106} 531 
1961 1680 411 538 981 1421 375 768 614 10.85 501 1096 531 
1962 1601 415 528 967 1435 371 764 632 1152 520 1084 531 
1963 1546 417 522 943 1441 370 7-50 646 1209 527 1096 530 
1964 1533 414 502 954 1428 363 735 677 1243 531 1094 524 
1965 1535 407 493 935 1417 355 735 672 12.96 535 10 94 525 
1966 1541 397 484 945 1393 348 739 673 1287 556 11 06 532 
1967 1494 389 481 937 1405 347 750 6.91 1254 554 11 45 553 
1968 1470 396 468 934 1387 337 742 699 1326 558 11 40 543 
1969 1449 393 453 929 1392 334 751 747 1300 559 1144 541 

1970 1472 3.99 461 896 1414 337 771 785 12 11 561 1146 547 
1971 1400 386 448 890 1440 338 7.82 800 12.94 555 11 38 529 
1972 1361 383 436 883 1433 343 772 817 1358 558 11 29 529 
1973 1380 392 425 886 1420 349 766 825 1364 567 11 13 5 11 
1974 1429 403 414 857 1430 378 832 846 12 10 572 11 17 5 11 
1975 1427 417 405 836 1426 403 813 8.93 11.96 549 11 25 5 11 
1976 1360 424 393 813 1415 415 815 940 1279 535 11 12 499 
1977 1328 429 371 791 1416 426 830 961 1320 524 11 05 499 

Average 1610 412 512 996 1333 363 755 655 1253 520 1054 538 

-Co> 



The share of food consumed at home 
declmed from about 19 percent In 

1949 to about 13 percent m 1977 
The share of food consumed away 
from home has remamed almost 
unchanged 

and Income are 1, 1, and -1, respec
tively To see thIS, take the total 
differential of the definitIOn of W , 

= w,d log P, + Wi d log q, 

- w,d log m 

This equatlOn states that the change 
10 the ,'" budget share IS a weighted 
sum of loganthmlc (relatIve) changes 
In pnce, quantity, and Income, the 
weights bemg the budget share of the 
Ith commodIty DIviding by W,, we 
obtam these elasticIties 

alogw, 
--= 1 

alogw, 
1 alog q, 

alogw, 
--=-1 
a log m 

The relative Importance of the varia 
tlOn In pnces and quantities gives us 
an Idea of the vanatlon of relative 
shares These changes In pnces and 
quantities appear 10 tables 2 and 3 

Pnces of these categones in

creased throughout 1949-77 food 
away from home, housmg. trans
portatIon, medical services, and 
other servIces Demand for housmg 
and medical servIces also rose 
steadily dunng the penod The 
largest average annual pnce mcre8Se 
was for medical semces-4 45 
percent 

The average pnce Increase faT 
food at home was 3 32 percent, for 
food away from home, 4 13 percent 
Large pnce Increases In utilities 
(22 56 percent) and transportatIOn 
services (16 95 percent) dunng 
1973-74 should be noted 

The share spent on hOUSing m
creased the most annually-3 87 
percent Dunng 1949-77, food at 
home rose 0 93 percent and food 
away from home, 1 16 percent 

The components of change In 

the share of food consumed at 
home appear In table 4 Income 
(total peE) went up each year 
from 1949, to 197 percent The 
pnce of food at home Increased 
at an average annual rate of 3 32 
percent, the quantities consumed 
Increased 0 93 percent, and per 
capita Income rose 5 49 percent 
Expenditures on food dunng thiS 
penod averaged 16 1 percent and 
declined about 0 2 percentage pomt 
annually 

We want to know the relation
ship between Income and pnce 
elastICIty and the change 10 budget 
shares dunng the penod Fust, 
assume thatp IS constant, and wnte 
the above d,rierentJal as 

dw, = w,d log q, - w,d logm 

dlogq 
= w [--'- 1) d log m 

, dlogm 

From thIS we get the followmg 
expression 

d log w, 
P, = constant - E, - 1 

d log m 

where E, IS the Income elastiCity 

For It to be pOSItive, for w to go up, 
when m Increases, we need 

E > 1, 

Now assume that m IS unchanged, 
and 

m = constant 
d logp, 

where E" IS the prtce elastiCity 

For the share w, to go down when 
P, Increases, we need 

f >-1 
" 

A lUXUry IS defined as a com
modity With an Income elastiCity 
greater than 1 If a good IS a luxury, 
ItS budget share goes up as lDcome 
goes up With the price assumed 
constant ThiS occurs because when 
E, > 1, a g1Ven proportIOnate In 
crease In Income has a larger pro
portionate effect on p,q., the nu 
merator of w, 

THE MODEL 

I now present a derivation of the 
absolute pnces versIOn of the alloca
tIOn model for consumer expendi
tures A more detailed derivatIOn of 
the general model appears ID (12) 

The demand function for a com 
modlty can be fonnulated In Income 
and pnces 

l'" 1, 2, ,n, 

14 



Table 2-Relatlve changes In ImplICI( pnce deflators, 194950 through 197677* 

Year 
Food at 
home 

Food 
away 
from 
home 

Alcohol 
and 

tobacco 

Cloth 
,ng 

Hous 
'ng 

UtI! 
Itles 

Trans
porta
tlon 

Medical 
Our
abies 

Other 
nondur

dbIe:. 

S., 
vices 

Mlscel 
laneous 

194950 _'48 229 054 063 344 166 468 111 289 063 1 51 093 
1950 51 10 52 716 270 846 398 221 538 263 486 756 630 10 22 
1951-52 1 75 57 619 -73 398 159 476 464 a -191 637 33 
1952-53 -1 7~ a 83 15 532 255 520 483 1 35 44 536 - 67 
1953-54 a 189 180 29 335 70 337 329 -326 - 44 247 -2 04 
1954-55 -193 93 a - 29 142 1 79 1 57 263 1 37 1 76 380 - 86 
1955·56 75 184 129 216 182 176 185 202 282 188 516 189 
195657 322 375 2 06 156 1 79 252 4 04 392 453 351 508 268 
1957 58 423 294 94 56 189 130 275 343 25 259 348 261 
195859 -1 39 285 351 97 1 33 192 281 283 360, 107 3 03 317 

1959-60 97 245 267 1 51 1 57 1 76 247 3 07 49 1 59 438 2 01 
1960-61 96 224 87 81 129 185 94 251 97 143 79 1 37 
1961-62 68 265 130 40 1 15 a 93 200 1 55 77 295 194 
1962-63 1 35 228 1 70 1 07 101 61 13 136 94 1 53 346 2 19 
1963-64 173 164 154 1 19 100 - 85 13 2 08 105 1 75 2 as 1 86 
1964-65 235 234 2 06 92 .99 49 351 261 - 46 49 243 266 
1965-66 516 467 281 257 1 34 97 277 420 23 98 4 15 353 
1966-67 - 49 498 4 01 411 1 80 1 32 270 573 184 253 320 3 15 
1967-68 351 499 495 511 236 142 239 493 369 386 599 4 06 
1968·69 476 594 494 552 321 198 428 621 239 371 576 556 

196970 519 7 15 612 398 409 384 551 486 254 390 512 459 
1970 71 192 5 02 464 311 455 644 5 02 516 349 396 561 567 
1971·72 545 408 1 , 3 as 212 336 387 192 471 1 01 2 12 471 587 
1972·73 1441 816 40 344 421 723 440 497 1 78 237 440 871 
1973·74 1604 11 56 618 673 496 2256 1695 855 656 11 34 8 00 1352 
1974·75 739 812 731 381 498 11.95 634 1292 821 1237 699 932 
1975·76 95 645 468 342 532 912 780 908 560 562 404 574 
1976·77 379 659 367 379 577 984 756 820 416 525 456 851 

Average 332 413 292 236 290 366 4 01 445 230 295 433 388 

*Changes In logs multiplied by 100 
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Table 3-Relatlve changes m quantities, 1949-50 through 1976-77· 

Fo~ 

Year 
Food at 
home 

away 
from 
home 

194950 -007 -180 
195051 - 24 330 
1951·52 187 268 
1952·53 232 31 
1953·54 146 -351 
1954·55 334 64 
1955·56 197 104 
1956·57 117 -1 17 
1957·58 - 85 -367 
1958 59 269 186 

1959-60 - 69 198 
1960-61 - 54 166 
196162 -1 19 278 
1962-63 - 94 202 
1963-64 268 298 
1964-65 370 175 
1965-66 1 91 - 48 
1966-67 1 76 -270 
1967·68 280 478 
1968-69 73 15 

1969·70 1 73 -09 
1970·71 - 49 -194 
1971·72 02 334 
1972·73 -378 356 
1973·74 -390 -32 
1974·75 122 403 
1975·76 424 530 
1976·77 3 16 406 

Average 93 1 16 

Alcohol 
and 

tohae.co 

179 
83 

- .91 
- 02 

-4.97 
58 

1 11 
- 15 
- 17 
2 17 

- 97 
34 

137 
97 

- 12 
188 
217 
- 31 

14 
-1 27 

93 
-103 

272 
617 
-32 
- 68 
251 
- 25 

52 

Cloth
109 

Hous
109 

Utll 
Itles 

Trans
porta
tlon 

Medical 
Dur
abies 

Other 
nondur 

abies 

50, 
vICes 

Miscel
laneous 

040 540 812 -008 466 1699 680 397 0.95 
-321 613 415 146 371 -1019 37 -1 31 395 
354 502 1 31 129 162 -525 1 01 -352 504 
- 53 391 67 47 268 993 160 - 50 1 32 

-136 307 439 -277 263 ~·65 -1·02 81 - 65 
277 325 494 352 124 17 14 350 399 31 

39 325 340 370 426 -765 208 1 29 1 79 
-242 327 159 1 13 354 -285 60 - .91 - 28 

- 98 334 307 - 72 334 -9.92 - i5 45 90 
276 378 22 318 403 950 446 315 122 

-101 375 82 1.91 3 11 - 43 292 1 74 14 
- 28 328 - 19 - 43 245 -693 255 322 - 14 
247 414 323 276 526 871 739 27 244 

27 322 308 1.96 457 771 371 172 155 
532 337 3.96 309 808 698 438 286 233 
288 420 343 245 249 1060 603 352 345 
523 356 350 444 252 577 962 361 440 
- 51 349 295 314 1 42 - 05 145 465 517 
247 430 362 445 406 981 480 1 54 1'97 

69 396 391 381 733 316 328 144 93 

-215 289 234 239 552 -497 184 36 1 73 
205 375 43 303 316 956 139 18 -239 
531 442 581 497 567 12 19 672 275 225 
605 410 390 414 526 784 854 345 -290 

-134 444 -600 - 13 253 -982 -1 91 94 -472 
248 348 330 12 1 19 - 61 -760 255 -73 
374 398 367 252 613 11 10 172 479 190 
294 357 222 353 335 838 208 421 85 

138 387 2 7,1 212 378 343 277 183 117 

·Changes In logs multlpiled by 100 
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Table 4-Components of change In share of food consumed at home 

1949·50 through 197677 


Relative change (percent) 
Change In

Year 
share Price Quantity Income 

Number 	 - - - Percent 

194950 -07936 148 -007 577 

1950 51 7564 1052 - 24 589 

1951 52 0713 1 75 1 87 318 

1952-53 - 6462 -1 75 232 400 

195354 1361 0 146 83 

195455 - 7090 -193 334 534 


-1955-5-6 0569 75 197 293 

1956-57 1797 322 1 17 345 

195758 3358 423 - 85 146 

195859 - 7393 -139 269 540 


1959-60 - 4316 96 - 69 286 

1960-61 - 1631 96 - 54 140 

1961-62 - 7858 68 -1 19 435 


-1962-63 5505 135 - 94 386 

1963-64 - 1307 1 73 268 526 

1964-65 0156 235 370 593 

1965-66 0581 516 1 91 669 

1966-67 - 0467 - 49 1 76 440 

1967-68 - 0241 351 280 781 

196869 - 0203 476 73 685 


1969-70 0231 519 173 536 

197071 - 7247 192 - 49 650 

1971 72 - 3908 545 02 828 

1972-73 1941 1441 -378 919 

1973-74 4941 1604 -390 866 

1974-75 - 0275 739 1 22 877 


-197576 6722 95 424 10 03 

1976-77 - 3201 379 316 936 


-Average 1993 332 93 549 


3(log q ) where q lS,the quantity of the ,'" n ,, 
+ 	~ d(logp)commodlty,demanded,p., Its pnce, J=,3(logp) J

and m, consumer Income (equal to 
total expend,ture) Takmg the 
dIfferential of the loganthm of the I = I, 2, ,n 
above demand function, we obtam 

coeffiCIents, multiply both SIdes of 
the equatIOn by the budget share of 
the ,th commodity 

w, 
m 

3q, 
~p -d(logm) 

, 	3m 

n p,q} 4Jq, 
+ 	 ~ --d(logp)

J=' m 3p j
J 

The coefficIents of d(log Pj) are now 
symmetnc The left-hand SIde of thIS 
equatIOn IS the quantity component 
(endogenous) of a change m the 
consumer's budget shares In the 
I1).lcroeconomlC theory of consumer 
behaVior, pnces and Income are 
conSidered given and the quantities 
are the endogenous van abies There
fore, w,d(log q,) IS the endogenous 
cQmponent of va nations In budget 
shares 

Let us define 

DeriVatIOns on the nght-hand Side 
3(log q ) , of thiS equation are the elastiCities p,q} aq. 

7r1} =---
d(log q ) = d (log m) The pnce elastiCities are not sym 

m 3p, 3(log m) metnc To obtain symmetry of the 	 J 
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so that 

w d(log q ) ~ 111 d(log m) , , 

n 

+ ~ ""d(]ogp
j 
)l-l,'2, ,n 

l''' 1 

The coefficient P IS called the 
margmal budget ~hare of the ,th 

commodity It represents the'addl
tIonal amount spent on the com
modity when Income (total expendl 
ture) increaSes by 1 dollar It IS also 
called the marginal propenSl~y to, 
spend, and It IS the Income elasticity 
weighted by the value share These 
coeffiCients satisfy the restnctlOn 

n 

~ 11 = 1 
1=1 I 

ThIS IS the addmg up property of the 
demand system The J.i.'S do not have 
to be POSitive For an mfenar com
modlty, the l'!!argmal propensity to 
spend IS negative However, for 
~road commodity groups, the I1'S are 
expected to be pOSItive MulliplYlng 
both Sides of the definitIOn of 11 by 
~,we obtam I 

m aql m 
(jll, = P, -a--' 

I m q, 

or 

mfJ, 
--~-

or 

11, 
E,-

w, 

where E IS the Income elastiCity of 
demand/ror the 'lth c_ommodlty 

The parameters TT,} are the com
pensated pnce elastiCity (Slutsky) 
weighted by the budget shares 
DlVldmg both Sides of the defini
tIOn of 'TT,) by'q,. we get 

or 

or 

where Ti'l IS the pnce elastiCity of 
demand of commodity J for the 
Jth pnce The coeffiCients 'TT are 
called the Slutsky coeffiCients, and " 
the elastiCities fI are the pure 
substitution elas¥lclties under ~ 
compensatmg Income change to 
keep,ullhty constant 

The pnce coeffiCients, 1T ,form 
a symmetnc, negative, seml'aefimte 
matnx of order n Also 

n 

~",=OI=1,2, ,n
i=< 1 1 

The sum of these coeffiCients for 
each commodity IS zero This equa
tion represents the homogeneity 
condition for the demand equatIOns 

Subslltutes and complements 
can be defined Simply In terms of the 
sign of 'TT (6) If'Tf IS pOSItive,

'I IJ 

goods I and J are substitutes, If 'TTfl IS 
neg~tlve, they are complements 

The Slutsky coefficients are 
defined as 

PI', aq," ~----
'i m ap

j 

aq, 
where apj are the quantity pnce 
slopes With utlhty unchanging 

aq, 
(-) u ~ constant 
ap

j 

The tradItIOnal formulatIOn of the 
Slutsky equatIOn IS 

aq, 
= (--) u = constant 

ap, 

from which we get 

aql 
(-) u - constant 
ap, 

aq, 
am 

Subslltute thIS In the above defini
tIOn" 

aq aq, , 
[-+q -)ap j am, 
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Change to elasticities 

" m P,P, 
1) " --- ~-~ 

IJ w, P,qi m 

where e are the uncompensated 
'I 

pnce elasticities This equatIOn gives 
the relationship between' the un
compensated and compensated 
elastlclbes The commonly estimated 
elasticIties are generally uncom
pensated (2, 3,' 5, 10) The uncom
pensated cross pnce elasticities, 
however, do not tell us whether the 
goods are substitutes or comple
ments 

ESTIMATION 

To apply the model, we take 
changes In logs, and use the symbol 
(0) as the log-change operatIOn 

The demand model IS thus 

n 

W7t Dq{t = IJ, Dq t + 1: 1f'J Dp,t 
}'= 1 

1=1, ,n+ U,t 

where 

W* , Dq, 
" 2 

n 

~ ~ w* Oq 
1"= 1 I tit 

and U IS a random error tenn With 
the foHowlng properties 

E(V,,) ~ 0 

If s = t 
If s *- t 

The random errors do not correlate 
over time but do correlate across 
demand equatIOns for each observa
tion It can be shown that the suI!! 
of n disturbances U'l equals zero for 
each time period, and that the matnx 
W IS of rank n 1 

'I
The vanable Oq, IS a weIghted 

sum of the loganthm of quantitIes 
demanded It IS the sum of the 
left-hand SIde of all the demand 
equations Dq measures relative 
change In tot;J consumption and can 
be used to measure the relative 
change In real Income Fonnally, 
we have 12 demand equatIOns 

12 
W* Oq ~ I' Oq + ~ " Op

It It I t 1"=1 IJ Jt 

However, It can be shown that only 
11 equatIOns are Independent 
Summmg the first 11, we get 

11 11 

~ w~, Oq" - (~ I',lOq,
,<=1 1=1 

12 11 11 

+ ~ (~" lOp, + ~ V, 
J=-1 1=/ IJ J 1"'1 I 

The left hand SIde IS Oq, - Wb 
Dq12 t because 

The commonly estimated elashclhes 
are generally uncompensated 

The uncompensated cross 
pnce eiastrcrtres, howeuer, do 
not tell us whether the goods 

are substitutes or complements 

12 

Oq ~ ~ w*Oq 


t ,-=-1 IJ It 

The first term on the right-hand 
Side IS (1- 1J12)DQt' because 

12 
~ 1',-1 

1=1 

From 

12 12 

~ " ~ " ~ 0 
1= 1 I) J'" 1 J t 

and symmetry! we have 

Because the sum of Uit IS zero for 
each t, 

11 

~ V,,~-V'2 
1=1 

Usmg these values we obtam 

12 

Oq - ~ "12 Op ,- V ,2 ,
t J= 1 J J 

whIch IS the 12th equatIOn In other 
words, we can leave out the 12th 
equabon because all the InfonnatlOn 
IS contamed 10 the other 11 Also, 
Barten has shown that It makes no 
difference which equatIOn IS left out, 
the estimates of the coeffiCients will 
be the same (3) 

Here, -the equa-tlon for the mis
cellaneous category was omitted, 
beIng of lIttle Interest because the 
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As uhlJty prices rISe, food con
sumption goes up, while that of 
alcohol and tobacco, clothmg, other 
nondurables, and services declmes 
Low Income elashclty of food 
consumed at home explains the fall 
In the budget share of this category 
{rom 1949 to 1977 

Items are Included In the peE for 
accountmg purposes only 

We can Impose homogeneity on 
the model by USIng the miscellaneous 
pnce as a deflator for the other 11 
pnces Estimates of the coefficients 
were obtained In several stages First, 
the model was fitted Without 
symmetry restrictIOns and With and 
Without the mtercepts The model 
Without the Intercepts gave posItive 
pnce elasticities for the clothing, 
medical services, and durables cate 
gones The model With mtercepts 
also gave a posItive pnce elasticity 
for clothing Esllmates of pnce 
elasticIties for medical and durables 
were negatIve, however, while the 
mcome elasticity estimate for 
durables was high 

Second, the model was fitted 
WIth the symmetry constraInt,. 
estimates of pnce coefficIents 
were required to be symmetric 
Again, posItive estimates were 
obtaIned for prIce elastICitIes for 
the medical services and durables 
categorIes So thiS problem could 
be overcome, the negatIve pnce 
elastiCItIes from an unconstramed 
system With mtercepts were 
Included as pnor eshmates In a 
symmetrIc system The model also 
Includes the theoretical restnchon 
Implied by the homogeneity, addmg
up, and symmetry conditIOns 

RESULTS 

As dIscussed above, the demand 
system was fitted by mcludmg 
pnor own pnce coeffiCients for 
medical services (-0 01176) and 
durables (-010426) (table 5) 
Because the Slutsky matnx IS 
symmetnc, only the upper triangle 

of the pnce coefficlen t matnx 
appears Values In parentheses 
under the coeffiCIents In table 5 
are the t values All the Income 
coeffiCients have high t values, as 
do the own pnce coeffiCients 
(except for a prlOri medIcal 
services and durables) Estimates 
of all the pnce and mcome'elas 
tlcltles appear In table 6 

All the Income elastiCIties are 
POSitive m table 6, whIch means 
that all goods are normal One 
expects thIS behaVIOr at thIS level 
of aggregation The followmg 
categones have Income elastiCity 
e~tlmates greater than one, whIch 
shows they are luxunes food away 
from home (116L medical servIces 
(1 289), durables (2 459), non 
durables (1275), and semces 
(1 009) 

The posItive sign of cross elas
tiCity means substitutability, the 
negative Sign Indicates com pie men
tanty between two goods Food 
consumed at home substitutes for 
food away from home, alcohol and 
tobacco, c1othmg, housmg, utilities, 
llJedlcal, other nondurables, and 
services Food at home shows com
plementanty With transportatLOn 
and durables Food away from home 
substitutes for food at home, alcohol 
and tobacco, clothmg, housmg, 
utIhtles, and other nondurables 
Food away from home shows com
plementanty With the transporta
tion, medical, and services categones 
The estimates of mcome and pnce 
elastIclbes for food at home are 
0364 and -0 463, respectively The 
elastICIty estImates for food con· 
s~umed away from home are 1 16 
(mcome) and -0 917 (pnce) The 
Income elastiCity of demand for 
food consumed at home IS, not 

surpnsmgly, the smallest of all 
the expenditure categones 

The cross elastICIties In table 6 
show that utilities substitute for 
food consumed at home and food 
away from home As utility pnces 
nse, food consumption goes up, 
while that of alcohol and tobacco, 
clothmg, other nondurables, and 
services declines Higher prIced trans 
portatIOn 5eTVlCeS, a major part 
of which IS oil and gasoilne, are 
assoclated'wlth lower use of food 
at home, food away from home, 
housmg, medical, durables, and other 
nondurables A rIse In the pnces of 
medIcal sernces IS assOCiated WIth a 
decline m consumptIon of food away 
from home, alcohol and tobacco, 
transportation, and nondurables 

Low Income elastICIty of food 
consumed at home explams.the fall 
In the budget share of thiS category 
from 1949 to 1977 The mcome 
elastiCity of food consumed away 
from home IS close to one, which 
agrees WIth the almost constant 
budget share 

LIMITATIONS 

The analYSIS and results presented 
here have three drawbacks limita
tIOns of the general approach, the 
speCific model, and the data 

The general approach, based on 
clasSical consumer demand theory, 
explams vanatlOns In consumption 
In terms of consumer Income and 
pnces Although the model IS a 
"complete system," It does not 
account for all the pOSSible vanable~ 
Thus, speCificatIon error could occur 
In, for example, the equatIOn for 
durables The demand for durables, 
which IS complex, depends on many 
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Table 5-EstlmatE15 of the coefficients of a demand system for consumer expenditures 

Slutsky coefficients 

Item 
Marginal 

shares Food at 
home 

Food 
away 
from 
home 

Alcohol 
and 

tobacco 
Clothing Housing UtilitieS Trans

portation 
Medical Durables 

Other 
non

durables 
Services 

Food at home 005863 
1':1915081 

-007456 
(6629601 

001013 
(1314711 

000848 
(1679411 

001304 
(1 47319) 

001820 
(1 94207) 

001175 
(2 

c 

72088) 
-000890 
(1 958381 

001052 
(1 07927) 

-001106 
( 667041 

002019 
(3 147621 

000543 
( 625541 

Food away 
from home 

04780 
(5505581 

- 03777 
(2355811 

00650 
( 862111 

00824 
( 63824) 

00161 
( 147391 

01856 
(3048521 

- 01523 
(2055691 

-00839 
( 75708) 

01599 
(1 508291 

01439 
(1 558461 

- 00487 
( 498081 

,, 
Alcohol and 
tobacco 

01911 
(3562631 

- 01594 
(2248561 

- 01215 
11 443591 

00005 
( 007131 

- 00622 
11 52223) 

00526 
(1 131531 

- 00674 
( 966561 

03769 
(5 106751 

- 01799 
(2886491 

- 00807 
(1229291 

;
.' 

Clothing 

HOUSing 

06616 
(6524041 

12540 
(1083640) 

- 03933 
(2150441 

= 01373 
(1 106811 

- 03169 
(1 988821 

- 00688 
(1033151 

01014 
(1 758521 

00122 
( 168391 

- 00873 
(1282311 

00826 
( s6061) 

00741 
( 60499) 

03721 
(2749231 

- 02250 
(1640941 

- 00083 
( 085211 

00878 
( 995441 

00300 
( 265911 

03809 
(3489071 

" 

Utilities 03496 
17411581 

- 01643 
(4048321 

00965 
(230511) 

00976 
(1658181 

00853 
(1342841 

- 00031 
( 059641 

- 00985 
(1771261 

" , Transportation 05615 
111 163001 

- 02075 
(338544) 

- 01383 
(2208371 

" 01226 
(1 842861 

- 00389 
( 6'76741 

03135 
(5290641 

Mechcal 08444 
(6699101 

- 01176 
(a PriOri) 

01569 
( 979961 

- 02901 
(3284371 

01346 
(1 316751 

Durables 30808 
(972334) 

- 10426 
(8 prlon) 

01963 
(1 969791 

- 00073 
( 05275) 

Nondurables 06626 
(9512611 

- 03552 
(3325861 

02858 
(355683) 

Services 10626 
(10239201 

- 08789 
(5944781 

..
-




N 
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Item 

Food at home 

Food'8way from home 

Alcohol and tobacco 

Clothing 

Housmg 

Utilities 

Transportation 

Medical 

Durables 

Nondurables 

Services 

Table 6-Estlmates of Income and price elasticities 

Pnce elasticities 
Income 

elasticities Food at 
home 

Food away 
frl?m home 

A!~ohol and 
tobacco 

Clothing Housing Utilities 
Trans 

portal Ion 
Medical Durables Other non~ 

durables 
Services 

0364 -0463 0063 0053 0081 0113 0073 -0055 093 -0069 0125 0034 

1 160 246 - 917 158 200 391 450 - 370 - 204 388 349 - 118 

373 166 127 - 311 - 237 001 - 121 103 - 132 736 - 351 - 158 

665 131 083 - 122 - 395 - 138 - 069 013 083 374 - 008 030 

941 137 012 000 .::. 103 - 283 076 - 065 056 - 169 066 286 

964 324 511 - 171 - 190 279 - 507 266 269 235 - 009 - 271 

743 - 118 - 202 070 016 - 116 128 - 275 -183 - 162 - 052 415 

1289 161 - 128 - 103 126 113 149 - 211 - 180 240 -443 205 

2459 - 088 128 301 297 - 180 068 - 098 125 - 832 157 - 006 

1 275 388 277 - 346 - 016 169 -006 - 075 - 558 378 - 683> 550 

1'009 052 - 046 -077 028 361 - 093 288 128 - 007 271 - 834 



Earlier studies have usually treated 
food demand In IsolatJOn from 

consumers' other allocation 
deCISions 

other vanables besides pnces and 
Income An elaborate model for 
durables would Include credit 
availability, Interest rate, average 
life of the eqUIpment, and so on 

The specIfic model used here, the 
Rotterdam Model, IS based on the 
pnnclple of maximizatIOn of utility 
without resrnctaon on the fune
tIonal fonn Therefore, It IS more 
realIStIC and general than other 
complete systems, such as the 
hnear expenrdlture system or the 
indIrect addJlog model However, 
the Rotterdam Model assumes that 
margInal budget shares (J1 ) and the 
Slutsky coeffiCIents (1T,j) are can" 
stant, that Is.,they'are mdependent 
of pnces and Income The rapid 
nse In pnces smce 1972 makes thIS 
a restnctlve assumptIOn A model 
encompassing vanable parameters 
for these two elements must aWBlt 
further developmen ts 10 the theory 
of consumer demand 

The third category of hmltatlOns 
IS mherent ID the Personal Consump
tlon ExpendIture data used here The 
peE represents the most comprehen
sive senes available on consumer 
expendlture,'but It has many limits
bons when considered for use In 

demand analysIS Developed as a 
part of the natIOnal Income accounts, 
the peE must fit Into these accounts' 
reqUirements and definitions 

For example, the peE on durables 
IS obtamed by multIplYing the 
number of pieces of equipment sold 
by an average pnce and allocating the 
expenditure between personal con
sumptlon and producer durable 
equIpment What consumers actually 
pay dunng any gIven year IS the 
Installment payment Any dIfference 
between the peE and the amount of 
equipment sold IS a source of error 

peE expendIture on medIcal 
seI'Vlce measures the expenditure by 
the pnvate sector In recent years, 
the proportIOn of health expendIture 
financed by the Go~emment has 
Increased consldera"bly AccordIng to 
US 	Department of Health, Educa
tlOn and Welfare estimates, public 
expenditure on health ServiceS m
creased from 20 p~rcent m 1950 to 
42 percent In 1976 (6) See (8) for 
a cntJque of personal consumptIon 
expendIture data for food 

The study reported on here 
represents, despite these limitations, 
a major step In studymg food 
demand as part of an Interrelated 
system of consumer demand equa
tJons Earher studies have usually 
treated food demand In Isolation 
from consumers' other allocation 
deCISions Hassan and others made 
the only other application of the 
Rotterdam model to U S data 
known to thIS author (7) They fitted 
the relative pnces versions of the 
model' to PeE'data for 1929'65, 
and, to estimate the coefficients, 
they Incorporated the separabIlity 
hypothesIs Recent reVISions of the 
US 	natIOnal InCome accounts (I5) 
proVIded additional motivation ,for 
the present work 
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APPENDIX: THE DATA 

Data used here are per capIta U S 
personal consumption expenditures 
for 1949.77, dIVIded Into 12 com
modlty groups 

(1) 	 Food at home Includes food 

purchased for off-premIse 

consumption excluding 

alcohol 


(2) 	 Food away from home 
Includes purchased meals and 
beverages 

(3) 	 Alcohol and tobacco. 

(4) 	 Clothing Includes shoes, and 
other footwear, shoe cleaning 
and rep8lr, clothing and acces
sones except footwear, clean
lng, laundenng, qyelng, pressing, 
alteration, storage, and repair 
of garments, and lewelry 
and watches 

(5) 	 Housmg Includes owner
occupIed nonfann dwellings 
and tenant-occupIed nonfann 
dwelhngs 

(6) 	 Utlhty Includes electnclty, 
gas, fuel od, and co~ 

(7) 	 Transportation mcludes tiles, 
tubes, Bccessones, and other 
parts, rep8lr, greasmg, washmg, 
parking, storage and rental, 
gasolme and oIl, bridge, tunnel, 
ferry, and toll roads, Insurance 
premIums less clalms p8ld, 
purchased local transporta· 
tlOn, and purchased intercIty 
transportation 

(8) 	 MedIcal care expenses Include 
drug preparations and sundries, 
physlclsn, denbst, and other 
profeSSIOnal semces, and 
pnvstely controlled hospItals 
and SBmtanums, medical care 
and hospltahzatIon Insurance, 
Income loss Insurance, and 
workmen's compensatlon 
Insurance 

(9) 	 Durable goods Include furnl
ture, mattresses, and bed
spnngs, lotchen and other 
household apphances, chIDa, 
giasaware, tableware, and 
utensils, other durable house 
furnIshings, books and maps, 
wheel goods, durable toys, 
sports equipment, boats, and 
pleasure 8Ircraft, radIO and 
teleVISIon receivers, new BUtos, 

net purchases of used autos, 
and other motor vehIcles 

(10) 	 Other nondurable goods 
Include tOIlet artIcles and 
preparatIOns, semldurable 
household furnIShings, cleaning 
and polishing preparations, 
miscellaneous household 
supplies and paper products, 
stationery and wntIng supplies, 
magDZlnes, newspapers, and 
sheet mUSIC, nondurable toys 
and sport supphes, and nowers, 
seeds, and potted. plants 

(11) 	 Other semces mclude personal 
bUSIness expendItures, barber 
shops, beauty shops, and baths, 
water and other saDltary ser· 
VIces, telephone and telegraph, 
dOlJlestJc semce, other house
hold operatIons, radIO and 
teleViSion rep8lr. admiSSions to 
spectator amusements, clubs 
and fraternal organizatIOns, 
parlmutual net receipts, other 
rec~atlon. and commercial 
parilC)pant amusements 

(12) 	 MIscellaneous Includes pnvate 
education and research, 
rellgtous and welfare actlVltIes, 
net foreIgn travel, food fur· 
nlshed employees, food 
produced and consumed on 
ranns, clothing furnIshed 
mIlitary, rental value of fann 
dwellings, other hOUSing, and 
ophthalmIC products and 
orthopedic appliances 

Detailed expendItures from the 
Commerce Department public use 
tapes were aggregated Into these 12 
categones DIVIding the c.urrent 
dollar expendIture by the constant 
dollar expendIture produced ImpliCIt 
pnce denators. 
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