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ABSTRACT

A Note on Allen-Uzawa Partial Elasticities of Substitution:
The Case of the Translog Cost Function

This note provides a useful property of the Allen-Uzawa patrtials for the translog cost function.
It also suggests how the main results extend to any functional form with certain properties.
The curvature of the Allen-Uzawa matrix is the same as the curvature of the Hessian matrix.
Intuitively and empirically, the Allen-Uzawa partials allow for the verification of curvature
properties.
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l. Introduction

Since its inception the Allen-Uzawa partial elasticity of substitution has been
a controversial concept.’ After the seminal work by Uzawa (1962), it has been a
widely reported statistic in empirical studies of production. However, Blackorby and

Russell (1989) show that the Allen-Uzawa partials (o;;) are “(incrementally)

completely uninformative.” They provide counterfactual examples and conclude that
these elasticities are not a measure of the “ease of change” or substitution, reveal no
information about relative factor shares, and cannot be interpreted as a logarithmic
derivative of quantity ratios to marginal rates of substitution (Blackorby and Russell,
1989, p. 883). They reason the Morishima elasticity of substitution is the natural
generalization of the original Hicksian concept. Extending their work, Anderson and
Moroney (1993) confirm this to be the case and show how it applies to nested (multi-
stage) production technologies. This note, however, deviates from this controversy
and addresses a technical property overlooked earlier in the empirical literature.

It shows an unambiguous result for the Allen-Uzawa partials in the special
case of the translog (TL) functional form, where its application is straightforward,
and extends it to any functional form with certain properties. Its use is somewhat

different from what was originally conceived for o;. It turns out that the Allen-

Uzawa partial elasticity of substitution provides useful information about the
curvature of the Hessian matrix in this particular instance, i.e., checking the
curvature of the Allen-Uzawa partials matrix (X ) is the same as checking the

curvature of the Hessian matrix of second order partial derivatives of the TL cost

! For the original definition of the elasticity of substitution, see Hicks (1932), p. 177 and Allen (1938),
p. 340-3, p. 503-9. For an early review of the concept and its uses, refer to Morrisset (1953) and the
citations therein.



function with respect to prices. Section two of this note derives the main result. We
will also show how the main result of this note extends to any functional form.
Economic theory implies that well-behaved cost functions must be concave
with respect to prices. Often, estimated TL cost functions fail to satisfy this property.
Section three discusses the issue and shows the implications for £ when concavity is
imposed “globally” as in Diewert and Wales (1987) and “locally” as in Ryan and
Wales (2000). The final Section concludes. The appendix offers a step-by-step

proof of the main result.

Il. The Translog (TL) Cost Function, Concavity and the Allen-Uzawa Partial

Elasticities of Substitution (Z): A Simple Algebra

Following Diewert and Wales (1987), we can specify the TL cost function

with n inputs as:

INC(w,y,t) = by + ) b Inw; + b, Iny+ b (t- ") + (1/2)), Y, b, Inw; Inw,
i=1 i=1 j=1
+2 b Inw Iny+ Y b (t-t")Inw + (1/2)b,, Inylny (1)
i=1 i=1

+h,(t-t)Iny+ @/2)b (t-t7)*, b;=b; Vi,j,

where W is a vector of n input prices, y is output, C(w,y,t) is cost, t is time in the
sample and t" is a chosen reference point.? Standard (necessary and sufficient)

conditions to ensure that C is linearly homogeneous in w are given by:

% In defining the cost function, we use (t-t") instead of t. This facilitates the imposition of local
concavity in what follows (see, Ryan and Wales, 2000). They also show that this has no effect on the
likelihood function, in estimation, or the elasticities of interest. For regularity conditions on C(w,y,t)
see Diewert and Wales (1987, p. 45).



Zbi:L Zbiy:O, an=0a and Zbij:O for i=1...n
i i 1 J

The share equations for the TL cost function are:
S(w,y,t)=b + Zbu Inw; + b Iny+ b, (t- t"), fori=1..n, 2
j=1

where Si(w,y,t) is the i™ input’s share in the cost function. Assume we set all prices
and output to one at the reference point t, this implies that b;=S; for all i at this
point.® For estimation one uses a system that is completely identified omitting a
share equation. Next we derive the main result.

It is known that the logarithmic second order derivatives of a cost function are
related to its ordinary first and second order partial derivatives in the following way

(see Diewert and Wales, 1987, p. 47):

2*InC(w,y,t) &wWC wwCC, wwC,

_ ijoiii _ [l R Bl | jij ’ 3
Jlnwilw, ~ C cc ' c ®)
where §;; is the Kronecker delta defined as:
P 4
PUl0, iz, @

and C=C(w,y,t), Ci=oC(w,y,t)/ow;, and CianZC(W,y,t)/aWiaWj. For the TL cost
function defined in (1), the left-hand side of (3) is the parameter b;. Let B = [b,j] be

a N by N symmetric matrix. Shephard’s Lemma gives Ci=x;(w,y,t)—input demands.

* Because of duality, all derivations that follow can easily be shown to hold for the indirect translog
profit function, see Diewert (1974), Hertel (1984), Diewert and Wales (1987). The derivation of the
price elasticities (own and cross) used below is found therein as well.
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WX (W, y,t)

Cw.yt) and

Define the i share function (2) in the following way: S, (w,y,t) =

the share vector S = [S1 ...... Sn] .Let S be a N by N diagonal matrix with the share

vector S on the main diagonal. Define W in a similar fashion.* These definitions

and a simple algebraic manipulation of (3) result in:

w,w;C; (w, y,t)

]

C(w,y,t)

b, + 5,5, - S5 5)

Necessary and sufficient conditions for the concavity property to hold require that

the gradient V°,C(w,y,t) (in our case C;;) be negative semi-definite for all w>0x,

y>0and t=1...T. (5) can further be expressed as:

W[V 2uCw,y, )W

- B+SS'-§, 6
Cw.y.0) +SS'-§ (6)
or equivalently:
WHW .
—c =[=B+ss'-§, (67)

where H is the Hessian matrix. This expression gives rise to a useful procedure to
impose concavity “globally” as in Diewert and Wales (1987) and “locally” as in

Ryan and Wales (1998, 2000).

4 More formally, a diagonal matrix is defined as S = HS‘ 0, H , where S, varies with i=1...n; and

ij

W = Hwi 5ij H



Next we express Allen-Uzawa partial elasticity of substitution in terms of

price elasticities and shares. For the translog the i™ own price elasticity is

b . y b,
mi=-1+S,+ S—" and the cross price elasticity n; = S; + S—‘ (refer to footnote two).

i

Given =g (see Blackorby and Russell, 1989, p. 883) and since

j

b. 0.
o = %— S—” +1°, it is straightforward to show that the parameters bij of the model
ivp ]

have the following representation:

b, = 5,05~ SS; + SiJ; - (7)

ij

In matrix form then (7) becomes
B=S5S-S5+8§ (8)
where S is as above (a diagonal N by N matrix with the share vector S on the main

diagonal) and 2=[c;jj]. A close examination of (6’) and (8) reveals the following

expression:
[ =SIS 9)

This simply implies, in the case of the TL functional form, that checking the

curvature of the matrix of Allen-Uzawa partials is the same as checking the curvature

*For i = j,wehaveﬂza--:——+1+i,andfori;t J ﬂ:ox:1+ ]
S, " S, S:S s. S.S

i i i~

. See also

Appendix 1.



of the Hessian matrix. The conclusion is as follows: assuming C(w,y,t) > 0 in (6), the

Hessian matrix will be negative semi-definite if and only if B—[é— SS'] is a

negative semi-definite matrix. It can be verified that - [S - SS'] is negative semi-

definite, provided vector S is nonnegative (i.e., S>0Oy refer to Appendix 2). Thus, if
B is negative semi-definite, then global concavity of the TL cost function is assured
(nonnegative sums of concave functions).® However, (9) suggests

that if X is negative semi-definite, it follows the Hessian must also have the same

property, provided nonnegative shares and cost. Furthermore, (9) can be expressed
to yield: C - S2 S, which rearranging and observing that S™W = CC " becomes:

CCHC=%. (10)

As above, C is a diagonal matrix with a typical term 1/C;. This result provides a
simple but useful property of the Allen-Uzawa partials in the case of the TL
functional form. The matrix of Allen-Uzawa partials X can be used to study and
check curvature for this particular functional form. In addition, this result applies for

any functional form. As in Uzawa (1962, p. 293), write his equation (9) as

;= CIjC , then in matrix form ¥ = CCHC, where the matrices are as defined
i

above.

® Diewert and Wales (1987) provide some additional insight. They refer to the work of Diewert,
McFadden and Barnett.

w.x. (w,y,t)  w.C.
" Since Si (w,y,t) = - =11 , and rearranging, in matrix form it gives the desired

C(w,y,t) C

expression.



I11. An Exercise with Curvature Imposed

A. Globally imposed curvature

The TL cost function will satisfy the concavity in prices property globally if the
matrix B is negative semi-definite. A general procedure, proposed by Diewert and
Wales (1987), for ensuring that a matrix of estimated parameters is negative semi-
definite involves a reparameterization in which the matrix is replaced by minus the
product of a triangular matrix and its transpose.? The elements of the triangular
matrix are estimated guaranteeing the desired concavity. For our purposes, the

elements of B are replaced by b, = -(DD');. From (8), it follows the Allen-Uzawa

partials can be expressed as:
2= $7(- DD+ [-($ - 59)]|$ (11)

Now provided the Hessian matrix is negative semi-definite, (11) implies ¥ must
also exhibit the same property. Unfortunately, imposed curvature may lead to biased
elasticity estimates, a priori unacceptable restrictions and loss of the flexibility of the
functional form (see Diewert and Wales (1987, p. 47-48, and p. 62). The upward
bias induced in own- and cross- price elasticities will adversely influence the Allen-

Uzawa partials in (11) as well.

B. Locally (at a reference point t') imposed curvature

® This is the so-called Cholesky decomposition (Lau, 1978). The appropriate curvature is imposed by
substituting the original parameter matrix with its Cholesky decomposition. See Featherstone and
Moss (1994) for an application.



Alternatively, as discussed by Ryan and Wales (1998, 2000), curvature can be
imposed locally.® This “data-oriented” method selects carefully a single point to
impose curvature, which then results in satisfaction at all or almost all points of the
sample. This procedure has the advantage that it does not destroy the flexibility of
the TL cost function.®® To impose curvature locally, set T' = - DD’ , where again D
Is a triangular matrix as above and solve for B. The elements of the parameter
matrix are then replaced in estimation with the resulting matrix. This assures the
concavity at the reference point. For the Allen-Uzawa partials, this implies (by (6”)

and (8)):

¥ = $-DD']S™. (12)

1VV. Conclusion

This note derives the following result for the TL cost function:

W[VZWC(W,y,t)M
C(w,y,t)

= $3S. It proves that checking the curvature of the matrix of

Allen-Uzawa partials is the same as checking the curvature of the Hessian matrix for
this particular functional form. It also shows how this result extends to any
functional form. In estimation, when curvature is imposed (either globally or
locally), it also provides the resulting restrictions on ¥ . Since the main result of this
note allows an additional procedure for checking curvature, future empirical work
may find it useful to study and report the matrix of Allen-Uzawa partial elasticity of

substitution.

% For a discussion of the differences between their method and the Cholesky decomposition, see Ryan
and Wales (1998, p. 332). They also discuss several alternative methods for imposing curvature in
recent literature.



REFERENCES

Allen, R. G. D. (1938) Mathematical Analysis for Economists (London, Macmillan).

Anderson, R. K. and J. R. Moroney (1993) Morishima Elasticities of substitution

with nested production functions, Economics Letters 42, 159--166.

Blackorby, Ch. and R. Russell, (1981) The Morishima Elasticity of Substitution:
Symmetry, Constancy, Separability, and Its Relationship to the Hicks and Allen

Elasticities, Review of Economic Studies, July, 46, 527--31.

, 1989, Will the Real Elasticity of Substitution Please Stand Up? (A

Comparison of the Allen/Uzawa and Morishima Elasticities), American Economic

Review, September, 79 (4), 882--888.

Diewert, W., 1974, Applications of Duality Theory, in Frontiers of Quantitative
Economics (Eds.) Intriligator and Kendrick, Vol. Il (Amsterdam, North-Holland) pp.

106--171.

Diewert, W. and T. J. Wales (1987) Flexible Functional Forms and Global Curvature

Conditions, Econometrica, January, 55(1), 43--68.

19 This follows because, after substitution for estimation purposes, the number of elements above the
main diagonal in D just replaces the (n*n)/2 elements of the parameter matrix B. See also Theorem 1
in Diewert and Wales (1987, p. 46).



Featherstone, A. and C. B. Moss (1994) Measuring Economies of Scale and Scope in

Agricultural Banking, American Journal of Agricultural Economics, 76, 655--661.

Hadley, G. (1961) Linear Algebra (London, Addison-Wesley).

Hertel, T. W. (1984) Applications of the Duality and Flexible Functional Form: The

Case of the Multiproduct Firm, Research Bulletin 980, Purdue University,

September, 15--20.

Hicks, J. R. (1932) Theory of wages (New York St. Martin Press).

Lau, L. J. (1978) Testing and Imposing Monotonicity, Convexity, and Quasi-

Convexity Constraints, in Production Economics: A Dual Approach to Theory and

Applications (Eds.) Fuss and McFadden, Vol. | (Amsterdam, North-Holland).

Morrissett, Irving (1953) Some Recent Uses of Elasticity of Substitution—A Survey,

Econometrica, January, 21(1), 41--62.

Ryan, D. and T. J. Wales (1998) A Simple Method for Imposing Local Curvature in

Flexible Consumer-Demand Systems, Journal of Business and Economic Statistics,

July, 16(3), 331--338.

(2000) Imposing local concavity in the translog and generalized

Leontief cost functions, Economics Letters, 67, 253--260.

10



Uzawa, H. (1962) Production Functions with Constant Elasticities of Substitution,

Review of Economic Studies, October, 29, 291--299.

11



Appendix:

1. Proof of the main result:

b
Write 77; = 2y Sj - 5"- Vi, J, and where §-j is the Kronecker delta. Then it follows:

S.

_ﬂ_g_
g‘“'ss. S

b, = S:5,05 - 5, + S5

Write the ij™ element of the left-hand side of (6”) as:

7ij:b'

ij

7y = SS,04 Vi,

Si6; + S;S; . Substitute for b to obtain:

2. Negative semi-definiteness of the shares expression in (6”):

s, 0

0 S,
~[§-ss]=-{|0 0

_E

_81(1_ Sl) - S132
_8281 82(1_ Sz)

-S,S,

0 ... 0] [SS, SS, SS,
0 .. 5,S, S,S,
S, 0 ~1s,8, ... S.S,
Sn_ _SnSl
-8S, ... -SS, ]

S;(1-S,)

Si(1-S,)]

Provided nonnegative shares (S; > 0), this expression is negative semi-definite.

12
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