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ABSTRACT

In this paper we estimate a multiple — oulput generalization of
Khaled's BOX-COX model to study the cost structure and growth in
productivity in LEgyptian Textile industry. The estimated model includes
several  commonly used some flexible functional forms as special or
limiting cases. Total factor productivity is estimated parametrically
rather than being computed as the residual of growth in oulpuls minus
growth in inputs. These findings were robust across cost function
specifications, casting some doub! on the importance of choosing among

flexible functional forms.

1. Intreduction

In recent years a great deal of researcher has been directed to the
modeling and measurement of parametric productivity. The literature has
devoted considerable attention to the specification of increasingly general
cost model. For example, Khaled (1978); Pollak et al. (1984) and Diewert
et al (1987). The above studies deal with single. output technologies.
However, one expects it to be a simple exercise to generalize the
suggested speciﬁcat.ions to a multiple-output environment.

Despite this observation, almost all empirical multiple-output
models have been based on the translog approximation [see, e.g., Caves et

al. (1981), Ferrier and Lovell (1988)]. The purpose of the present paper is
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to estimate a multiple-output generalization of Khaled’s Box-Cox model.
The proposed specification is applicable to total as well as variable cost
functions, and in the case of a varnable cost function, it allows the
straightforward introduction of multiple fixed factors. It yields the translog
a generalized leontief and generalized square-root quadratic as special or
limiting cases so that the relative performance of these models can be
evaluated in a multiple-output environment.

The proposed model is applied to analyze the cost structure and
productivity growth of Textile industry in Egypt over period (1987-1997).

Textile & Weaving industry arises i Egypt since long time .
This industry has all basic structures for support it. These structures
include: material such as cotton, active labor, and local & foreign markets.
This industry concentrate on cotton, wool, and other materials. It is
appear from the analysis of the materiality of this sector that it contributes
about 28.2 % from the total industrial production, and about 22.8 % from
the total of industrial sails. In addition , it contributes about 49 .2 % from
total labor. On the another side, this sector provides about 38.8% from the .
added value of industry sector in Egypt.

The study is based on the data of El-Sharkia for Textile and
Weaving company over the period (1987 -1997) as a sample for this
sector.

The paper is organized as follows: In section 2 we present the
multiple-output  Box-Cox  cost function, and review its economic
properties. In section 3 we implement the model to estimate the structure
of Textile costs and productivity growth in Egypt, also empirical results
arc chscussed in this section. Finally, section 4 concludes the summary and

conclusions.
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2- Ageneralized Box-Cox [ GBGC) costfunction for multiple-output
technologies:

In Textile industry there exits production function relating the flow
of gross output (Y) to the services of four mputs : capital (K), labor (L),
energy (E) and all other intermediate materials (M). In this section we
present a  straightforward multiple-output  generalization ot the
specilication  suggested by (Khzllcld (1978)). It cncompasses  the
generalized leontief (GL) as a special case and the multiple-output
translog (TL) as a limiting case, the adequacy of which can be empirically
evaluated. The proposed specification directly applies to both unrestricted
-and restricted cost functions due to the symmetric treatment of outputs and
fixed factors.

To be precise, we consider the following cost function specification,

allowing for technical change:
I . -
TC = [l + }\,G(P)]W‘['ﬂ y’ll*n“ 1 ’] [e”“"’] T
|

=
where N
N N

G(P)= o, + jZa;Pi (A)+22.8; P.(A)P,(1), (2)

. H !

B.(Y.P)= Bh+z§?l"— InYy, +i¢i|nPi, - (3)
=l £ 1=1

P(A)= (P? -1)/02, (4)

T(t.p) = t(t+itilnPi) (5)
=1

The vector P consists of the prices of N variable mputs, 1.c..

P=(P\.P,,......... ,Pn). The vector Y is assumed to consist of R outputs and



ISSR, Cairo Univ,, Vol.(42), No.2, 1998, PP.165-187

-168- .

(H-R) fixed factors, where H 2 R. For H=R, eqgs. (1)-(5) describe on
unrestricted total cost model. If H >R, the model should be interpreted as a

short-run restricted cost function!"

Technical change 1s captured via equ. (5). It is said to be imput i
saving, i neutral or i using depending on whether T; 1s less than, equal to,
or greater than zero. Note that, this 1s not the most general specification

possible. Indeeded, it implies a rate of cost diminution given by

N
ah;lTC—T+ > T lnP (6)
P

Technical change is Hicks neutral™ at a constant exponential rate of
Tif 1= 0 for all 1,

By assumption, §; = §; and 0, = 0,, Moreover, linear homogeneity

In

in mput prices can be shown to require the following restrictions on the

parameters.

N

Z(X| == |+KOL(), (7)
i=

N

. A

;bu = EaiVi, (8)
N

;d’m =0 WV, (9)
N

2T = 0. (10)

Imposing these restrictions on (1) yields, after some algebra,

| .
"’ Note that, in total there are (N+H-R) factors of production. To keep notation as

simple as possible we do not use difterent symbols for outputs and fixed tactors.
”This definition assumes movement along an expansion path and corresponds with the

notion of “extended Hicks neutral technical change”discussed by Blackorby, Lovell,
and Thursby (19706).
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[XZZ'S.,P.”ZP’/Z} R [..[lj. Y.',"""""}[e""'-"’]. (1)

i=1 j=1

The GBC cost model (11) includes several special cases. If we set

A=1 we obtain a generalized leontief, (GL) as

TC = ZZZS.,P.'“P'”[H el } le™] (12)

Also, when A=2, we obtain the (GSR) as

il e

=1 J=1
Moreover, it is easily shown that when A approaches zero, relation

(11) converges to the following translog specifi cation‘" )

InTC =a +Za InP, +1/ZZZS InP, InP, +Z[5hlnYh

=1 =1
H H

+>3 2‘“ InY InY, +Zz¢h InP,InY,

h=1 =] h=1 i=1

N
+‘ct+ZTitlnPi. (14)
i=1

The properties of (11) are easily derived. First, to obtain derived
demand system corresponding to the proposed cost function, we
differentiate (11) with respect to the exogenous input prices and then

employ shephard’s Lemma *, which yields the input - output equations.

i [%JZ:S“(P’ /p )*’2] [.ﬁ. y (x-.r):]

) . X . :
“To see this, solve (1) for G(P) and note that the result is the Box-Cox transtormation

: H
‘ of the expression [TC 1y Yh“(Y‘P):l Therefore. for A approaching zero G(P)
h=1

) _
converges to [lnTC = ZB,'(Y,P)ln Y, :| Using this result together with (2) and

h=1
(3). and noting that P; (A) Converges to In P;, we find that (11) converges to (14)
when A approaches to zero.
' For further discussion, see Diewert (1971)
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h=1

; C
| [e"'“‘"'](C/Pi) + z(¢," InY, +1, t)F (15)
where unit cost C = C/Y.

Second, the Allen partial elasticities of substitution oj; can be
calculated to be.

212
P.P. F (Y.t
5, = |-A+3§, ——() Z+ x-—-‘i‘———)-

U]

i

' 7{1- F'(Y’t)} F(Y.1)

, 1 # ], (16)
and
o Y,t
c;= 1-A+9; P Z+h——= Fi( )
o l_E(Y,t) Fi(Y,t)JrzL_ l_Fi(Y,l) 1o a7
S, S 2 S. S, ,
where

=1 =1

{zi‘ié‘: P“PWJ_L

F(Y.t)= z¢,,,lnv,,+rt i=1,....N

......
h=1

The associated input price elasticities 1;; are computed as
Ny = SJGU , i, J= l, .......... N (]8)
Third, the cost elasticity with respect to the elements of the vector Y
are found to be given by
oInC 4 &
=B, +>.¢,IlnY, +> ¢, InP,.
olnYy, By é ! l ; !

eh =

(19)

These elasticities can be used to drive expression describing the
degree of returns to scale. If the cost model describes a restricted cost

function (i.e H>R), Caves and et al. (1981) have shown that the degree of

returns to scale 1s
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N R
RTS=(I— Ze,,) D€, (20)
1 k=1

=R +1
We have increasing returns to scale if RTS is greater than, cqual to.
or smaller than one. If (11) and (15) refer to are unrestricted total cost
function, 1.e h = R, (20) reduces to the inverse of the sum of output cost

elasticities, Viz.

1
RTS=1/3¢, 21)
h=1

Finally, we again follow Caves et al. (1981) and delined two
productivity measures. The [irst one, Wy, is defined as the common rate at
which outputs can grow over time with all inputs held constant. One easily

shows that.

W= - el/'ie.,, (
h=1

N
(N
~

where €, is the rate of cost diminution, given by (6). A second index, W,
is the common rate at which inputs can be reduced over time with all

outputs held at a fixed level. One finds.

=<~ $a)
h=R+1]

Note that these two productivity indices will differ, unless there are
constant returns to scale. Indeed. RTS =I implies W,=W, [see equation

(20)].
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3- Costs and productivity in Egyptian Textile operations: Estimation
and empirical resuits.

Earliecr we noted that the GBC form takes on the GSR, GL, and TL
cost functions as special or limiting cases according as A=2, A= | and
A=0, respectively. We now examine whether the most general GBC model
permits us to discrimimate among the various flexible functional forms.

As a case study, gross output Quantity and input, output coefticients

i Textile manufacturing in El-Sharkia for Textile and Weaving company ,

1987 - 1997, are shown in Table 1.
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TABLE (1)

GROSS OUTPUT QUANTITY AND INPUT/OUTPUT COEFFICIENTS IN TEXTILE
ANUFACTURING IN EL-SHARKIA FOR TEXTILE AND WEAVING COMPANY,

1987 - 1997*

Year J\_ M\‘N —A_\ <_ —AN\ M\N. r_\ JJ —LN\ M\N —w_\ <_ mwu\ <N 7\—-\ <_ Zw\ <~
1986/1987 | 22150408 | 3242097 | .0.709237 | 0.1429969 | 0.0290365 | 0.00497873 | 0.0141599 | 0.0024279 | 0.6009166 | 0.1027328
1987/1988 | 38389827 | 2752706 | 0.4317887 | 0.053352 | 0.0195638 | 0.00151116 | 0.0195638 | 0.00151116 | 0.4786025 | 0.0369685
1988/1989 | 46426578 | 5801963 | 0.2491776 | 0.0355872 | 0.0140116 | 0.00200113 | 0.0299501 | 0.0042818 | 0.5640613 | 0.0805586
1989/1990 | 64809422 | 2996711 0.192043 | 0.0093103 | 0.0123696 | 0.00039968 | 0.013645 | 0.0117376 | 0.3426239 | 0.294759
1990/1991 | 71799203 3372981 0.188383 | 0.0092861 | 0.0107633 | 0.00033056 | 0.203036 | 0.00100084 | 0.5927568 | 0.0292191
1991/1992 | 85567000 | 2221000 | 0.3428875 | 0.0091372 | 0.0103679 | 0.00027628 | 0.0101764 | 0.00046778 | 0.6329813 | 0.016567
1992/1993 | 88746000 | 2558000 | 0.6249047 | 0.0185467 | 0.0066825 | 0.00270939 | 0.0292495 | 0.00091100 | 0.593955 | 0.0176281
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1993/1994 | 8256000 1739000 | 0.7244164 | 0.1933036 | 0.00768802 | 0.00205147 0.0151225 | 0.0040352 | 0.5147041 | 0.1373438
1994/1995 | 118104000 | 3385000 | 0.5909694 | 0.0174376 | 0.0062699 | 0.00018500 0.0147958 | 0.00043657 | 0.6245914 | 0.0184296
1995/1996 | 131227000 | 3329000 | 0.7831631 | 0.0203846 | 0.00381626 | 0.0009933 I1'1 0.0179766 | 0.0004679 | 0.6171306 | 0.0160629
1996/1997 | 95121000 5124000 | 0. 816644 | 0.0464959 | 0.00731454 | 0.00041645 0.0170179 | 0.00096892 | 0.489040 | 0.0278435
* Source:

The management of El-Sharkia company for Textile and Weaving in Zagazig.

Remark:

Y, and Y: represent the gross output of cotton Textile and wool Textile respectively
K, and K: represent the capital which are used in cotton Textile and wool Textile respectively
L, and L. represent the labor which are used in cotton Textile and wool Textile respectively .
E) and E: represent the energy which are used in cotton Textile and wool Textile respectively .

M, and M: represent all other intermediate materials which are used in cotton Textile and wool Textile respectively .
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™) for the generalized Box-Cox (GBC) and

Estimation results
generalized leontief (GL) models are presented in Table (2). The estimates
are satisfactory. In both specifications, the majority of coefticients is
significantly different from zero.

Moreover, both models fitted the data very well, with R*™ of 0.934
and 0.917 for the GBC and GL respectively.

Not that the parameter vectors 3, 0, ¢ and T are quite similar in the
two specifications. On the other hand, the large differences m the
estimated §;; are not suprising. since imposing A=1 in the GL case, directly

affects the order of magnitude of the vector § via the restrictions (7) and

(8).

" Not that, the sample Log-likelihood function IS:

(N -l)T('"”' +1) LR Z l"||1 |

LaL =

“J,“ =1-(1- XXC( /C() . where C, and C:are the minimum cost and unit cost

respectively and T is the total number of observations in each equation.
- For further discussion, see Berendt (1977).
“"Not that,

Likelihood- ratio test statistic = -T In (1- R ‘ ).
generalized R’ =R’ = {l - CXP[Z(L«. - Lma.\)/T}‘

Where La is the samplc maximum of the lagarthim of the above likelihood

function when all 3, ¢; and T, are constrained to zero, L. is the maximum when all
these coefficients are included in the model.
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TABLE (2)
ESTIMATED GENERALIZED BOX-COX (GBC) AND
GENERALIZED LEONTIEF (GL) SHORT- RUN VARIABLE

COST FUNCTIONS

Model GBC GL !
Parameter | Estimate | Standard Error | Estimate | Standard Error
it 0.3141 (0.0112)" 0.6213 (0.0112)"
SLE 0.0218 (0.0109)" 0.0931 (0.129)"
SEE 0.0032 (0.0230) -0.0152 (0.0129)
Br 0.5123 (0.1276)" 0.4989 (0.2101)"
i 0.4121 (0.04206)" 0.3712 (0.0812)"
Bk -0.1329 (0.0723) -0.0968 | (0.0521)
OrR 0.3216 (0.0871)" 0.2241 (0.0898)"
Orr 0.3712 (0.1113)" 0.3123 (0.2139)"
| - -0.0976 (0.0576) 01108 (0.0689)
Orr -1.6176 (0.4783)" -1.2987 | (0.4987)"
Ok 0.0235 (0.0326) 0.0784 (0.0527)-
Okk 0.2187 (0.061 1Y 0.4112 (0.0498)"
ORrL -0.2019 (0.0098)" | -0.2102 | (0.0098)"
OrL -0.0044 (0.0108) -0.0071 (0.0131)
PxL 0.0442 (0.0107)" 0.0412 (0.0129)"
T 0.0210 (0.0006)" | -0.0311 | (0.0006)"
W 0.0051 (0.0005)° 0.0071 (0.0007)"
A 0.5988 | (0.2101)" | |

. A . - Ered
Indicates significant at the S percent level
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A Wald-test was uscd to test the appropriateness ol the GL model.
The test statistic, estimated to be 5.74 has a * distribution with | degree
of freedom. This implies that the GL can be rejected at the 5% significance
level (critical value 3.84) but not at the 1% level (critical value 6.63).
Several other restricted versions of the GBC model were estimated.
homotheticity, implying all elements. If the vector ¢ is equal to zero, was
decisively rejected. This automatically implies rejection of homogeneity in
inputs and constant returns to scale since these are nested within the
homothetic version. We also tested for neutrality of technical change,
which would imply t= 0. It was rejected in favor of energy-saving
technical progress, as suggested by the positive sign of 1,. Apparently,
technical progress has been driven by the massive electrification program
rather than by improvements in labor productivity.

| |
’ Strictly speaking the translog model (TL) cannot be obtained by
imposing the restriction A—0 directly on the estimation procedure. For
 purposes of comparison we did estimate a (TL) model. however.
- Estimation . results are in Table 3. To ease the comparison with the (GBC)
;and (GL) models not that, given our two-variable factor model. the
restrictions (7) and (8) reduce in the TL case to o+ af =land

duL= OLg=- O, respectively, Therefore, the (GBC) parameters A, 5y, O,

OcE, are in the TL model replaced by the free parameters o, 8, and o
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TABLE (3)
ESTIMATION RESULT TRANSLOG SHORT-RUN VARIABLE
COST FUNCTION

(Asymptotic standard errors in parentheses) -
Parameter Estimate Standard error
Qo 0.2131 (0.0112)"
oL 09131 (0.0052)"
oLL 0.0121 (0.0087)
Br 0.5002 (0.0361)"
Br 0.3123 (0.1092)"
Bk -0.0839 (0.0421)
Orr 0.1982 (0.1729)
Orr 0.5231 (0.1725)"
Ork . -0.2138 (0.2102)
Orr -2.3618 (1.1262)"
Ork 0.1021 (0.3123)
Oxk 0.5823 (0.1812)"
ORL -0.1095 (0.0101)"
br -0.0203 (0.0211)
PxL 0.0621 (0.0121)"
T -0.0191 (0.0022)"
T 0.0062 (0.0008)"

a Indicates significant at the 5 percent level.

The estimates in Tables 2 and 3 capture information about ‘the
production process and the evaluation of technical change over time.

In Table 4 we present estimates of the clasticity of substitution

between labor and energy and the associated input price elasticities for
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each of the three specifications (GBC, GL, TL) and for each subperiods
several observations are in order. First, consider the differences between
specifications. The GBC and GL yield very similar estimates except for
oLe in the final subperiod. The TL specification shows less vartbiltiy in o)
over time and consistently higher price elasticities. Second, it is clear that
despite these minor differences the economic implications of the three
models are very similar. Labor demand is very inelastic through out the
sample period. |

Estimated elasticities range between - 0.04 and - 0.229. Energy
price elasticities also point at inelastic demand; they vary from -0.5 to

- 0.76 depending on the subperiod and the specification.

TABLE (4)

ESTIMATED PRICE AND SUBSTITUTION ELASTICITIES
Elasticity of substitution Price elasticity of | Price elasticity of
between labor and energy demand for labor | demand for energy

oL N e

Period GBC | GL | TL |GBC|(GL | TL|GBC| GL | TL
1987-1989 | 1.1019 | 10213 | 08738 | -0.2311 | w213 0229 [ 07210 | 6nr | w21

1990-1994 | 0.7981 | 0.8421 | 0.8014 0.0721 | 00291 | oz | 0.6221 | osi9n | 0erm

1995-1997 | 0.06239 | 0.6219 | 09213 | 0.0472 | 0o 00932 § -0.6821 | 06102 | 20.79%9

Estimates of the cost elasticity with respect to capital stock are

reported in Table 5. Again, note that all these cost function specifications

yield qualitatively similar results.
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TABLE (5)
ESTIMATED COST ELASTICITY WITH RESPECT TO
CAPITAL STOCK (ek)

(Asymptotic standard errors m parentheses)

niodel GBC GL TL
Period
1987-1989 -0.2131 -0.2431 -0.1410
(0.0628) (0.0612) (0.0721)
1990-1994 -0.2319 -0.2117 -0.2239
(0.0892) (0.0603) (0.0791)
1995-1997 -0.0985 -0.063 1 -0.0369
(0.0319) (0.0573) (0.0339)

Despite not being Legally allowed to do so, the desire to prevent a
further decline in output and the existence of a soft budget constraint may
have induced the firm to price under marginal cost. However, it is even not
clear that this was an entirely deliberate policy.

Next, consider Table (6). There we present estimates of returns to
scale indicator RTS as well as the two productivity indices W, and W,
with respect to scale economies, the differences between specifications are -
again reasonably small. The reported point estimates suggest- economies of -
scale m the first and second subperiods. The final subperiod indicates
shght diseconomies of scale.

It should be noted, however, that the estimated scale economies
early in the sample period and the diseconomies in the final decade are

mild and that, more importantly, they were not significantly different from

one.
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TABLE (6)
ESTIMATED SCALE ECONOMIES AND PRODUCTIVITY

Economics of scale indicator. Productivity Productivity
erowth index. growth index
RTS W, % W, %

Period GBC | GL | TL |GBC| GL | TL | GBC | GL | TL

1987-1989 | 1.2176 | 11553 | 11607 | 2.0161 19625 | 18771 [ L6358 | 1Leos7 | 1172
(0.3814) | w3714y | (w401 (li.2(23) ©.2518) | @sezny | (04941 | wznw | weirn
1990-1994 | 1.3378 | 12338 | 14439 || 23720 | 19915 | wsiaz | 177310 | rsvse | rases
(0.4279) | (0.40s3) | (0.4326) || (0.3217) | (0.3081) | wsos2y || (0.5489) | wsssn | e

1995-1997 | 0.9181 0.8805 | 0.8475 | 1.7263 L5553 | rerzs | 18803 | 17eed | 19137

(0.3589) | 0.3472) | 0.3319) | (0.4196) | (0.4076) | wstiny | (0.5821) | wsor | wsan,

Finally consider the estimated indices of technical change. They are
presented as average annual percentage increases in productivity over the
different subperiods. First, note that the indices W, and W, lead to some
what different results. This is not surprising since they would have vielded
the some result it and only if RTS=1 would have prevailed throughout the
sample period. Depending on the specification and the subperiod, average
annual increases  inproductivity range  between 1.3% and 24"
Furthermore, note that there is no conclusive evidence that techmcal
progress has slowdown over time. Although W, suggests a slowdown over
the last subperiod, this conclusion is not supported by the evaluation m
W, It should be noted that the absence of more variation n the
productivity changes over time may be due to the particulin method used

to mcorporate  techmcal progress into the emprical cost models v
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indicated in section 2 we imposed a lot of structure on the evolution of
technical change by making it independent of outputs and capital stock. |
The advantage of this procedure is that it reduces the technical problems
(e.g.. multicollimearity associated with more gencral specifications of
productivity growth. The cost of the procedure is that by imposing, (too)
much structure on the specification, some interesting aspects related to
differences in technical progress over time may not be identifiable.

To conclude this empirical section we may note that, contrary to the
fmdings of Diwert and Wales (1987), we did not find important
quantitative deferences in estimated economic characteristics of the firm -

between different specifications of the cost function.
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4- Conclusion

In this paper we cstimated a multiple-output generalization ol
khaled’s Box-Cox cost function spectfication. It gencrates the genceralized
GL leontief as a special case and the TL as a limiting case. The proposed
specification captures both total and restricted cost models. it used to
describe a restricted cost function the introduction of multiple fixed factors
is straightforward.

We applied the model to study the cost structure and the evolution
of productivity growth in Textile operations in Egypt over period (1987-
1997). The proposed cost model was estimated using iterative three stage
least squares. We found input price and substitution elasticities well with
in the range of estimates reported i the literature.  The results further
suggested economies of scale early in the sample pertod. No economices ol
scale were found for the final years of the sample period, however.
Average annual rates of productivity growth, obtained on the basis of the
generalized Box-Cox model. ranged between 1.3% and 2.4 depending
on the subperiod and the productivity index used.

. To compare the performance of the proposed specification with the
transloge and leontief models we also estimated the parameters of these
other cost functions. Contrary to the findings of Diewert and wales (1987
we did not find important quantitative difterences m the estimates of the
technological characteristics of the finn between the three specifications
considered in this paper. As there is obviously no guarantee that this will
be the case n other apphications we view this paper as cither providing a
gencral altemative cost model m a multi-output environment. or s
providing a tool for evaluating the relative performance ot ditferent

cmpirical models



ISSR, Cairo Univ,, Vol.(42), No.2, 1998, PP.165-187

-184-

REFERENGES

(1) Barnett, W.A., 1983, “New mdices of money supply and the flexible

laurent demand system,” Journal of Business and Economic Statistics
l,7-23.

(2) Berndt, E.R., 1977, *“Notes on deneralized R, Unpublished
manuscript. Vancouver Univ. British Columbia, Dept. Econ. 9 July.

(3) Berndt, E.R.; Darrough, M.N.; and Diewert, W.L., 1977, “Flexible
functional forms and expenditure distributions: An Application to
condian consumer demand functions.” Internat. Econ. Rev. 18, no. 3,
ocober: 651-675,

(4) Christensen, Laurits R.; Jorgenson, D.W.; and Lau, L.J., 1973,
“Transcendental logarithmic production frontiers.” Rev. Econ. And
Statis. 55, February: 28-45.

(5) Caves, D.W., L.R. Christensen and J.A Swansan., 1981,
“Productivity growth, scale economies and capacity utilization in U.S,
railroads, 1955-1974" Americation Economic Review 71. Dec: 994-
1002.

(0) Christensen, Laurits R., and Green, William H., 1976, “Economies
of scale in U.S. Electric power generation.” J.P.E. 84, no. 4,pt. I.

August: 655-670,

(7) De Borger, B., 1991, “Hedonic versus homogeneous output

specifications  of railroad technology: Belgian railroads 1950-1986."
Transportation Research 25A, June, 227-283. ,
(8) Diewert, W.E., 1971, “An application of the Shépherd duality theorm:

A generalized leontief production function”, Journal of Political

Economy 79, 481-507.



THE EGYPTIAN STATISTICAL JOURNAL
-18S-

(9) Diewert, W.E., 1973, “Separability and generalization ot the Cobb -
Douglas  Cost, production, and Indirect utihty functions.”
Mimeographed.  Ottawa: Res. Branch, Dept. Manpower and
Imnugration, January.

(10) Diewert, W.E., 1974, “Functional forms for Revenue and Factor
requirements functions.” International. Economic Review. |35, FFebruary
- 119-130.

1) Diewert, W.E., 1977, “Aggregation problems in the measurement of
Capital.” Discussion paper, Univ. British Columbia Dept. Econ, March.

(12) Diewert, W.E. And T.J. Wales, 1987, “Flexible functional forms
and global curvature conditions™, Econometrica 55, Jan., 43-68.

( 3) Ferrier, C.D and C.A.K. lovell., 1988, “Measuring cost efticiency
in  banking: econometric and linear programming evidence, paper 88-14
(Umiversity of north carolina, Chapell Hill, NC).

(14) Hall, R.E., 1973, “The Specification of technology with several kinds
of output,” Journal of Political Economy 81. 878-892.

(15) Khaled, M.S.,, 1978, “Productivity analysis and functional
specifications: aparametric approach. “ph. D. dissertation, Univ. British
Cdlumbia. Dept. Econ., April.

(10) Lewbell, A., 1989, “Nesting the AIDS and translog demand svstems.
International Economic Review 30, May, 349-35¢.

(17) Livernois, J.R. and D.L. Ryan, 1989, “Testing for non-Jomtness n
oil and gas exploration a variable profit function approach™
Intemmational Economic Review 30, 479-504.

(18) Mc Ellroy, M.B., 1987, “Additive general crror models for
production, cost, and drived demand or share systems,” lournal of

Political Econemy 95, 737-757.



ISSR, Cairo Univ., Vol.(42), No.2, 1998. PP.165-187

-186-

(19) Mc Fadden D., 1978, “The general linear profit function, in fuss and
Mc Fadden, eds., production economics: A dual approach to theory and
applications.” vol 1 (North-Holland, Amsterdam) 269-280.

(20) Ohta, Makoto., 1974 A note on the duality between production and
cost functions: rate of returns to scale and rate of technical progress.
Econ. Studies Quarterly 25. December: 63-05.

(21) Palmar, K., 1991, “Usmg an upper bound on stand-alone cost in
tests of cross subsidy,” Economics Letters 35, 457-460.

(22) Perelman, S. and P. Pestieau, 1988, “Technical performance in
public enterprises: Acompative study of railways and postal serveces,”
European Economic Review 32, 432 - 441

[- Pollak, R.A, R.C. Sickles and T.J. Wales, 1984. “The CES-translog:
spectfication and estimation of a new cost [unction.” Review of

Economics and statistics 66, 602-607.



THE EGYPTIAN STATISTICAL JOURNAL
-187-

Siaall jails

s daaiall Il el (S g5 S g3 A9 5 g (A LN ANy i

AN A JEY Gany A Hlaall

a3 padl) ¥ ama y SN 3l 40 pe JS il 53 Cangs el g saxiall 5Ll aasdl

e Luall Cilas gl

B b Ay peall Al JKEYT e aaell Dale Alla 7 il 23 gaill yiiny Cua
- OYLaS (GSR) A sanall dgay il ) gaall (GL) aarall citisi g (o2 gai Jia cJlaall

eddas AllaS (TL) 4.‘3.;_4“ &:)Lq.u_)\.c ,ll\ CJ}AJ’ LA

gl y J el 480 4S8 ALY Gl @lity oo Al )il 2 Gk 5 S8

05 3 ke CULully Ly sall jiae 4 ) sean (8 anaill y J ol g Uad) 4l QIS A 5aalS
S O Gl sae A pall &3l Sl a8y 9V s VAAY (e 5yl e ALl
Ll 2 Sy Lae A jlall (a1 ol JIEYY @ jale y 7 il 23 gl @l laia
i.;,.‘...l\ ,4.';]\ CJYJLA ;i.m‘).) ¢UAS, CL\.)y‘ g‘.}.“.s.) :Lu‘_).) GSC).\.L:.“ CJ,A.J‘ QJL JL;CK‘.Y\

e lal) sliiall



