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Intuition varies considerably on what constitutes a plausible set of 

cross-elasticity estimates. For example, Grossman (1982) plausibly argued that 

US imports from developing and developed countries of products such as leather 

goods and tires and tubes are complements rather than substitutes. Moreover, 

some have criticized the methodology developed by Rousslang and Parker (1984), 

because it apparker.57 nlsology of sub46usslang constitutes and For plausible Parker cross-e05itutes. tubes apparker.57140. Tm5386Tj  0 9.7 298 90.570 (tires )Tj 11.(im5386Tj  0 9b5.47 63 Tt )imports the because 35386Tj  0 9it7 Tm (sub19 Tm (on )Tj400.6815386Tj  0 9woul10.57 Tm 71m (tubes )Tj411.05m5386Tj  0 9b5.47 63s-e9 Tm (and )Tj412.0635386Tj  0 921 ful.47 63 Tm (apparker.57498"o3m5386Tj  0 9.7 298 90.33hodology )Tj513.1635386Tj  0 9 97.42 6103ub46(Parker )Tj 113m510 0 10.1 2vaila 707.29  (constitutes )Tj 0  143m510 0 10.1 2431.9 707.29 Tm 29tutes )Tj 0140.6us510 0 10.1 8.8ult7 Tm (sum (imports )Tj 8Tm Tm510 0 10.1  134.76 651"22pTm (For )Tj 1Tm Tm510 0 10.1 economic.57 Tm (c1plements )Tj268.05m510 0 10.1 36eorm (cross-86ousslang )Tj 13.52m510 0 10.1 36at.76 651"22)imports than and tubes tires su Tm (the )Tj911.8.4c 98  0 9Thi825 63457599Tm (For )Tj13.57.4c 98  0 9not5.47 63 T083m (than )Tj 13.16.4c 98  0 9291.97  658.8 Tm (products )Tj230.57.4c 98  0 9 450.31 6 (constitutes )Tj 026lso.4c 98  0 92431.9 707.29 T8"o3 Tm (are )Tj 73.8444c 98  0 9cond Tion.0.57 T2.36m (tubes )Tj340.68.4c 98  0 9It9.32 707403veloped it on on than 

For than cross-2744tutes. m1e9 pparker.57498"3o.442 0 10.1 exclud5.57 610.m (imports )Tj 11.40418 0 10.1  134.76 65 (criticized )Tj 01.(30418 0 10.1 36e76.91 s-224(rather )Tj1 0 020418 0 10.1 analysi825 63457385imports )Tj 12.330418 0 10.1 36e76.91 s-343Tm (and )Tj2pT57.418 0 10.1 pric6825 634.5076xample, and than cross-927usslang on the m661odology tubes on cross-11m (tires )Tj 10.993 47.52m 0 9separa 70." 298 90.328 Tm (on )Tj 88.(ro 47.52m 0 9Giv6n9.32 707009itutes. )Tj 20.ous 47.52m 0 936at.76 653 881usslang For 
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In section II, the condition is derived for a general specification of 

the (branch) utility function. I then discuss how it may be utilized to 

calculate elasticities of demand. In section III., the condition is 

illustrated for the constant elasticity of substitution utiltity function. 

Finally, the condition is applied to the problem of estimating the effects of 

the US and EC extensive system of voluntary export restraints on world steel 

trade. Through the use of the modified Cournot aggregation condition, perverse 

results are avoided. 

III. THE MODIFIED COURNOT AGGREGATION CONDITION 

Weakly Separable Utility 

A utility function u �~� u(xl "" ,xn) is said to be weakly separable or a 

"tree" if: there exists a partition of the n products into m subsets; m 

functions ur(xr); and a function F such that 

11m m 
F[u (x ), ... ,u (x)] (1) 

where �~�2� and xr is the vector of the products in the r-th subset. The m 

subsets, which correspnd to the product groupings, such as food or clothing, 

are referred to as branches of the utility tree. It is convenient to utilize 

double subscripts to denote products. Let x . equal the j-th product in the 
rJ 

r-th branch. Also define p . as the price of x .; y as aggregate income 
rJ rJ 

available to consumers and as income allocated to the r-th branch of 

products. It is well known that a necessary and sufficient condition for the 

demand functions of products within a group to depend only on prices within 
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the group and income allocated to the group, is that the 
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r - 1 ....• m. 
6 

(3) 

Partially differentiate both sides with respect/to Prk yielding: 

r 
k 

1 •...• m 

1 •...• n 
r 

Multiply each term in the sum on the left by one in the form 

(4) 

of x ./x . 
rJ rJ 

and 

multiply both sides of (4) by Prk/Yr obtaining the "DlOdified Cournot 

aggregation condition": 

where 

r 
�~� S .e·k + S k - ay Prk 
j �~� J r r 

aprk Yr 

ax . P.,...lr 
�-�O�.�~� 
ap k x . r rJ 

and S . 
rJ 

r 
k 

1 •...• m 
1 •...• n 

r 

(5) 

are. respectively. the elasticity of the j-th product in the r-th branch with 

respect to a change in the price of the k-th product in the r-th branch; and 

the shartdi1364.10 15 0 0 10 87.18 364.08 T0(th3 )Tj 13.61425 0 0 10 87.18 incom33 Tm (sh5271 Tf 11.69 0  0 0 10 87.18 allocatedTm (respect )Tj 12.8-th. (� 10 63.09 3o4.08 Tm (in )Tj 12.5663 0 0  10 63.09 340.33 Tm4C0_7 )Tj 13.6679 05   10 63.09 364.08 Tm (r16 T)Tj 13.3705 0(� 10 63.09 387.85 Tm (bra71 )Tj 13.3.2 0 0 0 10 87.18 3pent10.65 Tm 5f )Tj 12.3154 2990 10 87.18 364.08 Tm (in )Tj 12.5679 6 0  10 63.09 340.33 Tmj 08 )Tj 12.5681 0 0  10 63.09 387.85 Tm (j-th )Tj 12.4688 00 0 10 87.18 387.85 Tm (product )Tj 13.35 0 29 0 10 87.18 in.08 Tm (and )Tj 12.5679 0 0160 0 .09 340.33 Tm4C0_7 rthe 
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the left side of (5) is a weighted average of the own and cross-price 

elasticities of 
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If we substitute from (6) and (7) into (5) we get: 

r 
k 

1, ... ,m 
1, ... ,n 

(8) 

r 

Thus, with the CES utility function, the sign of the modified Cournot 

aggregation condition is determined entirely by ryr' the elasticity of demand 

for the aggregate of the goods in the branch r. If the branch good, say 

clothing, is elastic, then ry exceeds one, 
r 

(8) is negative and weighted 

cross-elasticities cannot be large in relation to own elasticities. Contrary 

to the general case, the sign of (8) cannot change with the product k whose 

price is changing. Thus, even if an estimate of ry is unavailable, if we have 
r 

estimates of the values on the left hand side of (8) for all goods in the 

branch, the sign of the summation on the left must be the same for all goods 

in the branch. (In fact, we may solve for from the shares and the 

elasticities on the left for any given price change.) 

A Model of World Steel Trade 

Consider a model of steel trade flows in which, for the purpose of 

modeling a restriction on imports, we group the world into three regions: 

South Korea (K); the regions that are restraining imports, the United States 

and the European Community (U); and the rest of the world (R). Following the 

Armington assumption we assume that consumers regard products from different 

regions as differentiated. Then let the r-th branch of the utility function 

(1) be steel, and the products within the branch be the products from K, U and 

R. 

Thus, each region has three demand functions for steel in the form of 



10 

equation (2). Each demand function depends on three prices: the price of steel 

from each region. �T�h�u�~�,� each region has nine elasticities of demand: three own 

and six cross. 

The market shares of the three regions are listed in table 1. For the 

regions K and R, I use the Armington elasticities. For the region U, however, 

a set of estimates may be based on the work of Grossman (1982). I use 

Grossman's "iron and steel shapes, angles and sections" as a proxy for steel 

mill products, and let developing countries, non-US developed countries and 

the US in Grossman be proxies for Korea, the rest of the world and the US-EG, 

respectively, in what follows. The elasticities for the US-EG, which are 

adapted from Grossman, are presented in table 2. 10 

Since Grossman only estimated import demand equations, the middle row of 

table 2 is not available from Grossman. We may use the Slutsky equation, 

however, to obtain approximations for the missing elasticities. Ignoring 

separability for the moment, consider the case where the consumer maximizes 



Table 1: Shares in the U.S. Steel Market of Developed Countries, 
Developing Countries and the U.S., 1984 and Supporting Data 

value of 
shipments 

Region tons (1000) $ per ton (in $1000) Shares 

LDC 
US 
DC 
Total 

6583 300 
72759 532 
19580 410 
98922 

1974900 .0405 
38707788 .7946 
8027800 .1648 

48710488 1 

Source: American Iron and Steel Institute, Annual Statistical Report, 1984 
for quantity data; World Steel Dynamics, The Steel Strategist, 
September 1985 for DC and U.S. prices and World Steel Dynamics, 
POSCO: Korea's Emerging Steel Giant, 1985 for the LDC price. 

Table 2: Price Elasticities of Demand for Steel in the US-EC 
and Modified Cournot Aggregation (Grossman Adapted). 

Given Change in Price of Steel of: 

Elasticity of US Demand 
for Steel from: K U R 

K -4.512 .08 4.503 
u .004 -1. 702 .327 
R 2.309 1.575 -3.388 

Modified Cournot .197 -.295 .049 
Aggregation 

(equation S) 

Source: Adapted from Grossman (1982) as explained 1n text; table 1; and 
equation (S). 
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spent on j; and E.is the elasticity of x. with respect to income. Define: 
�~� �~� 

Zij - Zijqi/Pj' Zij • Zji from symmetry of the pure cross-substitution effects 

in the Slutsky equation. It follows that: 

Z .. - S.Z .. /S .. 
] �~� �~� �~�J� ] 

(10) 

From (9) we have 

eji - Zji - SiEj' (11) 

Substitute for z .. from (10) into (11), and solve for z .. in both (9) and 
] �~� �~�J� 

(11) to get: 

e .. S./S. + S.E. 
�J�~� ] �~� ] ] e .. + S.E. 

�~�J� ] �~� 
Z •• , 

�~�J� 
(12) 

Rearrange to get: 

e.. - e .. S . /S. - S. (E. - E.). 
�~�J� ] �~� ] �~� ] ] �~� 

(13) 

Since the share S. is the share of expenditure on the j-th product in the 
] 

total consumer's budget, not 

on o2
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This means that the income elasticities, with respect to a change in the price 

of steel from the three regions, will be much closer to each other. That is, 

the modified Cournot aggregation condition indicates that at least one of the 

elasticities with respect to a change in the price of Korean steel in the 

US-EC is not accurate. Statistical tests identify a problem with �e�~�,� and the 

Slutsky symmetry condition is used to obtain an alternate estimate. 

Failure to recognize this inconsistency in the elasticity estimates would 

lead to perverse results in the model for which these elasticities were 

developed. In particular, these elasticities �w�e�~�e� employed in a three region 

model of world trade in steel (Tarr, 1987). The impact of the US and EC 

extensive system of voluntary export restraints, on world trade in steel was 

simulated. With the elasticities of table 2, the US-EC consumed more steel 

after the imposition of the voluntary export restraints and the resulting 

price increases. This apparently perverse result is a consequence of the 

significant high income elasticity of demand with respect to a change in the 

price 
U 

of Korean steel, and is corrected when e
RK 

- 2.039 is replaced with the 

more reasonable value of .28. 
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