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Substitution Between Imports and
Primary Inputs in the Netherlands,
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1. Prologue

Recent renewed emphasis in the analysis
of input substitutability /complementarity in
the production process has been undertaken
by new flexible econometric techniques which
have rendered conventional single-output two-
input functions obsolete. In general equilib-
rium models, firms choose a bundle of avail-
able inputs to minimize the cost of producing
a certain output level; derived demand for these
inputs is determined by their relative prices,
the output level, and any substitution possi-
bilities permitted by the existing technology
and factor endowment. Using this analytical
framework this paper examines the contri-
bution made by imports to the Dutch pro-
duction process. The traditional assumptions
of perfect competition in commodity and fac-
tor markets and constant returns to scale
(CRTS) are, in fact, uniquely relevant to this
economy because of the structure of Dutch
technology. The Dutch economy is “open”
by virtue of its assoctation with various or-
ganizations such as Beneloux, ECSC, OEEC
(OECD), EAEC, and EEC. Balassa (1976)
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justifies the assamption of perfect competi-
tion as follows: “In most industries there has
been no conflict between the exploitation of
economies of scale and increased competi-
tion as the integration of national markets has
permitted both to occur simultanecusly in the
EEC. Thus, the predictions of those who
feared the strengthening of monopolies have
not been realized.” Furthermore, “the larger
the market," the fewer will be the industries
where monopoly positions may emerge.”
The CRTS assumption a) enables the ac-
quisition of linear equation shares, b) implies
consistent prices (value of output is equal to
value of inputs), and ¢) allows simplification.
According to R. G. D. Allen (1965) “the
choice between the two (production) formu-
lations or any variations of them, is not a
question of choosing between right and wrong,
nor can it be made solely by reference to the
facts of life. Technical conditions in the real
world are so complex that any formulation of
them for analysis involves simplification.
Which simplified “production function” is to
be adopted is a matter of economic conve-
nience and of mathematical approximation.”
The estimating procedure employed in this
paper is thus a joint translogarithmic cost
function using aggregate annual Dutch time-
series data, 1953-77. Departing from tradi-
tional practice we partition final output into
consumption goods (C) and investment goods
{I) produced by capital (K), labor (L) and im-
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ports (M) which are treated as a factor input
akin to primary factors." The rationale for
output disaggregation is to determine whether
or not the composition of output has any ef-
fe::t on the cost minimization bundle of input
mix.

The findings of this study may have sig-
nificant policy implications for the Duich
balance of payments, factor utilization, and
income distribution. This paper thus supple-
ments and extends the work undertaken by
Magnus (1979). The paper is organized as
follows: in section 2 we briefly describe the
translog production and cost functions along
with the related concepts of duality, aggre-
gation, and separability. In section 3 we re-
port the empirical results, in section 4 we state
the conclusions, while in the Appendix we
indicate the sources of the data and explain
the arithmetic manipulations and data-nor-
malizations.

2. The Translog Specification

Shephard (1953), Uzawa (1964), and
McFadden (1973) have shown that a well-be-
haved cost-minimizing technology may be
described sufficiently by a joint cost function
m lieu of a production function. A systematic
analysis of the properties of price derivatives
of the cost function was first performed by
Hotelling (1932), and Samuelson (1947)
identified the properties of cost functions.

Ease of implementation dictates use of the
cost approach thereby bypassing the multi-
collinearity problems inherent in production
functions. We focus on the following two re-
lationships: a) the partial derivatives of the
joint cost function with respect to input prices
and output yields the input demand functions
and marginal costs respectively; b) logarith-
mic differentiation with respect to factor prices
and output quantities yields the cost and rev-

'T}z‘e bulk of imports consists of intermediate goods
;eq:;gmg. further Cpmcessing. For a complete analysis and
Justification see Chenery and Strout (1966
e { ) and Burgess

enue shgres respectively (Shephard’s Lemma).
The joint cost function is represented as

TC = w(¥Y¢, Yy, Wy, W, Wi (1

where TC = total cost, ¥,(i = C, I} and Wi(j
=‘K s L, M) are vectors of output and input
prices respectively. For our estimation pro-
c‘edure, we use the following translog func-
tion:
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where i, r=C, I, j,s = K, L, M.

The parameters of (2) are estimated from
the cost and revenue shares obtained by She-
phard’s Lemma:

d1n (7€) W
S, E——"0 2L
Eoalw, B+ vun Wy
Wi Y
+ Yo In— + in-<
W, Pey, Y,
3 ln (TC)
= —— = M
M dln Wy, Buu & Y In Wy
W, Y,
+ vy In— + <
LM W, P It v,
g zaln(TC)_
S mw, TSSO
and
8 In (TC)
Rr=———""= 2
T oy, et Y,

W,
+ pCCln_L + [-7(;3!,,4'13']_5'4r
We e

_ 3 In (7TC)

R b= ke “
where §; and R; are the cost and revenue
shares. It should be noted that due to the add-
ing-up criterion (ZS; = ER, = 1), S and R,
are treated as residuals. An error term is in-
cluded in each cost share equation due to ran-
dom errors; these errors sum to zero at each
observation since all cost shares sum to un-
ity. Thus, the covariance structure is singular
and one equation is omitted for the joint es-
timation.

The technology is represented by the cost
function, which is “well-behaved” according
to neoclassical postulates:

a) linear homogeneity in factor prices:
EBj= 1; E’Yjszz"!jx
j i s
=22 %=0 =0 )
i i

b) Menotonicity with respect to input prices
{first-order condition):

3 1n (TC)
—_—
dnW,

0. (6)

¢) Concavity in input prices (second-order
condition): the Hessian matrix of second
partial derivatives with respect to factor
prices is imposed to be negative semi-def-
inite.
We impose the following additional re-
strictions to maintain the hypothesis of con-
stant returns to scale (CRTS):

Z“lei pr,i:O; E_B,jio. (7)

Since concern is with the Dutch economy as
a whole, all data are aggregates which are
homothetic in their components. Aggregation
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is linked to separability; i.e. whether a func-
tion can validly be separated into subfunc-
tions which reflect the structure of the econ-
omy.

Input-output separability requires (1) the
marginal rate of transformation between the
output pair is independent of the factors com-
position and (2) the marginal rate of substi-
tution between pairs of factors is independent
of the composition of output. These require
the interaction terms between output and in-
put pairs to be zero: :

Per = Py = 0 (8

The superiority of the translog function over
the traditional Cobb-Douglas and CES forms
is that separability is tested rather than as-
sumed. Moreover, the translog does not dic-
tate that the partial Allen-Uzawa elasticities
of substitution (AUES) be unitary or con-
stant, but permits them to vary from period
to period.

Linear separability exists if o4 = oz = 1
implying a partial Cobb-Douglas structure;
complete global separability requires oy =
op = oy = 1 in which the translog reduces
to a complete Cobb-Douglas function. More-
over, non-linear separability exists if oz =
oy # 1. Rejection of linear and non-linear
hypotheses indicates that no consistent ag-
gregate indices of (K, L), (K, M), or (L, M)
exists for the aggregate Dutch data. This is
equivalent to assuming that the conventional
multi-factor Cobb-Douglas and CES func-
tions are rejected.

3. Results

Alternative tests on separability are laid-out
below. All tests and estimations are based on
the % distribution calculated by A = L./Lq,
where L, and L, respectively show the values
of the constrained and unconstrained likeli-
hood functions. Thus, In A =1n L, — In Ly
and x? = =2 In A = 2(In Ly — In L,) with
degrees of freedom (df) determined by the
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TABLE |
UNRESTRICTED ESTIMATES OF TRANSLOG COST FUNCTIONS:
THE NETHERLANDS 19353-77

Gc = 71783 (255.23)* Pes = 00560 (2.74) Yoo = 06146 (10.84)
dce = 16790 (17.41) B = .31139 (80.83) e = —.06012 (—22.03)
. = —.00680 (—1.96) By = .37470 (47.27) T = 01584 (2.35)
Log Liketihood Function = 248103
*-statistics in parentheses.
TABLE 2

PARAMETER ESTIMATES WITH INPUT-QUTPUT SEPARARILITY IMPOSED

G = 71897 (238.18)* Pew = 0 Y = 06068 (10.89)
B = 18627 (26.67) B, = .31453 (86.67) Yo = —.05994 (=22 81)
per = 0 By = .37270 (48.50) Yo = 01626 (2.46)

Log Likelihood Function = 245.158.

*r-statistics in parentheses.

number of imposed restrictions.

Table 1 presents estimates of the nine free
parameters with imposed restrictions required
by symmetry, CRTS, and a well-behaved cost
function.

First, we test the hypothesis that the Dutch
technology is separable between inputs and
outputs, The parameter estimates are shown
in Table 2.

The calculated x -statistic with 2df (py, =
Pexe = 0) is 5.89 being below the 5% critical
level of 5.991 so that the null hypothesis that
the Dutch technology is separable between
inputs and outputs cannot be rejected. Hence-
forth, changes in the composition of output
do not have any effect on the cost minimizing
input mix at given factor prices.” The present
results are in disagreement with Burgess’
(1974} who concluded that input-output sepa-
rability for the U.S. economy is rejected.

In the next step we test whether the Cobb-
Douglas or CES functions are appropriate in
representing the Dutch technology. To this

“Since input-output separability is adopted, for all
subsequent estimations the restrictions pg = Pe = 0O
will be imposed.

end, we test linear and non-linear separabil-
ities. With three inputs the possibilities for
separability are:
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TABLE 3
PARAMETER ESTIMATES WITH LINEAR AND NON-LINEAR SEPARABILITY IMPOSED
Linear Non-Linear
PZtr:;?- K, L), M} [(K, M), L] I, M), K] [(K, L), M} (K, M), L1**  [{L, M), K]
71262
G 71411 71385 71315 71379
e (258.91)* (260.60) (259.04) (259.08) (%?333,7}
5 17446 17383 17213 17375 17084
“ (27.68) (27.80) (27.47) (27.55) . ( 8
T S R S A T
ry 38776 138048 3465 36584 |y B  Buau
P (44.19) (49.45) (67.71) 6381 o o
el 2
- -00868 Yim Yim
4 — 03042 0 .- Yo Vi
b (-1.57) (8.58) o -
5 0 0 — 03096 —.01495 00262
b (-11.09) (—8.96) (1.19)
. 34441 34859 37838 4 Bov 3238929)
Par (155.34) (106.82) (68.94) e )
0 00488 ~ Vi i?01283)7
Faant (L.7%) Yeur e .
Log
Likelithood
Function 226.60 226.91 231.21 229.667 226.334
lated
Calcu;e 37.12 36.50 27.90 30.98 37.66

[(K, L), M] : T = O
{(K,M), L] : Ogr = O
(L, M), K] : Okt = Tgur

Only two of the above are independent since
any two of these restrictions imply the third.’
If linear and non-linear functional separabil-
ities are rejected, it is concluded that the tra-
ditional Cobb-Douglas and CES functions are
inappropriate. The successive tests are sum-
marized in Table 3.

All null hypotheses of functional separa-
bility are rejected even at the 1% (9.21) crit-
ical level of statistical significance.! Hence,

"By definition, a, = CC,/C,C, where C; = a(TC)/
W, C; = 3%TC)/aW,8W,. More specifically; o, =
T Yo/ SeSus Gror = 1 = (Yane + Vo) /88y, and 0, =
1 = (Y + V) /SxS;. For all pair-wise input separa-
bilities, the required restrictions on the parameters are
explicitly shown in the text, Table 3.

*Apparently, complete global separability (oy; = oy
= gy = 1) is also rejected.

*1-gtatistics in parentheses. .
w*After 51 iterations convergence was not achieved.

we conclude that Cobb-Douglas and CES
specifications cannot appropriately explain thp
Dutch technology. Of special importance is
the rejection of the specification ¥Y(C, /) =
®{d(K, L), M] which implies that the Dutch
value-added (VA) is not produced exclusively
by the primary factors. This conclusion sup-
ports the incorporation of imports as a factor
input in the production process; thus VA =
E(K, L) is a misspecification.

Next, we evaluate the AUES (o) among
the three factor inputs and their own-price
elasticity of demand (n,) and report selected
estimates in Table 4.*° -

Characteristically, the elasticity of substi-
tution between capital and imports is above

SAUES expressions have been shown in ft. 2. Esti-
mates of 7, are derived by

unity throughout the sample period, while the
remaining two pair-elasticities remain below
unity with oy, approaching unity. Basec_i.on
the Stolper-Samuelson theorem, impo§1t10n
of import tariffs will improve both primary
factors of production, but as long as Ouar <
Oy income is redistributed from capitalists
to laborers. Production techniques which en-
courage the substitution of machine.ry and
equipment for relatively expensive imports
may improve the BOP status.

~ In Table 4 we also observe that the own-
price elasticities of demand are negative and

4yt Snz— 5;

g s,

where i = L, M and 1 = —(S, 0 + Sy Txar)-
Complete tables are available on request.
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TABLE 4
SELECTED ESTIMATES OF o; AND v THE NETHERLANDS 195377
Year Tias T yeng Tyr. My e Tix
1953 488677 1.37471 992478 —.5837 —.4925 -.8245
1960 527039 1.42173 992707 —.5951 —.4754 —-.8611
1965 544027 1.46528 992948 —.6096 —.4584 —.8831
1970 538578 1.50948 993423 ~.6337 —.4402 —. 8851
1975 .560242 1.53437 .993146 —.6281 —.4327 -.9143
1977 579610 1.55324 992786 —.619 —.4286 —.9419
TABLE 5
a; AND My SELECTED OBSERVATIONS
Year Tzr v Tiexe Txe Mex Tiw Tux Teas Tnz.
1953 ~1.56598 —1.56606 —2.63618 312 310 512 430 182 154
1960 —1.34925 —1.65466 —2.9903¢9 350 286 511 409 190 186
1965 —1.19585 —-1.77766 -3.22610 381 272 .503 401 187 209
1970 - 1.06607 —2.01410 —3.24808 410 271 475 411 169 222
1975 —-1.01976 —1.9553% —3.59309 421 253 493 390 180 238
1977 — .99588 —1.87041] —3.951908 427 237 515 370 192 .249

inelastic indicating that the demand curve for
each factor is downward sloping. Since the
demand for labor appears to be inelastic with
a declining trend, labor unions may have a
strong bargaining position in wage negotia-
tions.

Throughout the 25-year period, the reve-
nue share of investment has increased sub-
stantially against the consumption share. On
the other hand, the cost share of labor has
increased from 31% in 1953 to 43% in 1977
gencrating decreases in both import and cap-
ital cost shares. Comparisons of the actual and
fitted cost and revenue shares indicate that di-
vergences are minor which suggests the model
represents the data adequately.’

For added information Tabie 5 reports the
own-elasticities of substitution (o) and cross-
price elasticities of input demand (m;) for se-
lected years.® The positive signs of m,; verify

"Actual and fitted cost and revenue shares are avail-
able on request.

f@; may be used for the caleulation of w,. The esti-
mates of o, may be used for the calculation of w; the
positive signs of m, (3 In X,/d In P, > 0) verify input
substitutability.

the aforementioned results with respect to in-
put substitutability.

In accordance with microeconomic foun-
dations, the sum of the own-price elasticities
of input demand in absolute terms is equal to
the sum of the cross-price clasticities:

=2 M= oM hj=K.L M.
1 J=1

ij=

The present results are comparable to those
of Burgess (1974) for the US, Denny and Pinto

(1978} for Canada, and Magnus (1979) for
The Netherlands.

4. Conclusions

We have hypothesized that imports are akin
to primary factors in the Dutch aggregate
economy. The two-output, three-input trans-
log cost model has generated a number of im-
portant conclusions about the total product.
Since input-output separability was not re-
Jected, it is concluded that changes in the
composition of output do not affect the cost
minimizing input-mix. Moreover, the rejec-
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tion of the specification YC, n = @[;bl(K ,
L), M] implies rejectior.t of the Dutch v se—
added concept. Hence, imports cannot be de-
jeted from the production functlon. Thc‘lll'e-
‘ection of linear and non-linear separability
Jhypotheses means that the Cobb-Douglas and
CES specifications cannot adequately repre-
sent the Dutch technology. . ‘

All elasticity estimates sansfy_ theoretical
expectations. Labor capital and imports iire
substitute inputs for each other, and d1sl? aclly
fajr stability throughout the s_mppl.e period.
The observed substitution ppssabﬂ]tles are es-
pecially important for BOP improvements and
for avoiding such economig rigidities as ag-
gressive labor unions. Proxflded T > Oy a
gradual further reduction in tariffs, as sug-
gested by EEC, will benefit labor: Inte_nswe
investment in human capital, egpecmlly in the
blue-collar production sector, is suggested to
diminish certain costly imports. Enguts de-
mand curves are all downward sloping and
inelastic. Finally, the divergences observed
between actual and fitted cost and revenue
shares are small which attests to.ﬂjle g_oodness
of fit of the model and its specification.

Appendix
Data

Assuming function (2) is linear hpmoge-
neous, the sum of the value shares is unity
so that the value of output is equal to the value
of inputs:

PcYe+ P,

= WK+ W, L+ WuM. (A-1)
Since output is expressed as final sales, im-
ports of consumption and investrr}ent goods
must be added to gross domestic product
(GDP) and non-factor costs must be ex-

cluded:

TC = PcYe + P,
=GDP+ mM — Ty + 5 (A-2)
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where T, = indirect taxes, § = subsidies,
mM = value of imports.

an(;;ll information needed for the right-hand
side of (A-2) is provided by the QECD,_Na;
tional Accounts {NA), for the entire pe.rlod.

The total value of consumption goods is the
sum of the expenses on non-durables and ser-
vices undertaken by households (H), govern-
ment (G), and exports (X):

© PYc = PEYE + PEYE + PEYE  (A3)

where PL, YL (i = H, G, X) are the unit vaiue
and quantities respectively. The value of non-
durable exports were calculated from thf': UN ,
Yearbook of International Trade Statistics.
Exports of services were calculated as the
difference between the value of exports of
goods and services (OECD, NA) minus the
value of merchandise exports (UN, Yearbook
of International Trade Statistics). .
Investment figures were treated as a resid-

ual:

PY,=TC — PcYe. (A-4)
Thus, Re = PcY/TC and R, = P,.Y,/TC =1
— R, are the consumption and investment
revenue shares respectively. For estimation
purposes the ratio PcY¥e/PY; was calculated
and scaled to 1.00 in 1953, the baS&? year.
The data for the factors of prod}lctlon were
obtained as follows. The wage blll‘ was pro_-
vided by The Netherlands, Nqnona{ Ac-
counts. The labor force was rea.dlly available
by OECD, Labor Force Statistics. Thus, the
wage index W, was calculated by the. average
wage level W/L and scaled to _1.00 in !953.
With respect to imports, the unit value index
WM was obtained from the UN, Yearbook og
International Trade Statistics. Both labor. an
imports cost shares were obtained by d1v1d‘—
ing the respective bills by TC. Also, ?he unit
value index for the services of capital Wy

*All data are in current prices. Detailed informau(:;
accompanied by tables with data are available upon n

quest.
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(scaled to 1.00 in 1953) was obtained from
Magnus (1979, Table 2).

Finally, we calculated the unit price ratios
Wy /Wy, W, /Wy and since each of the indi-
vidual prices are scaled to 1.00 in 1953, the

ratios will also be scaled to 1.00 in the bas
year. These ratios are required for the esti
mations of the parameters in the cost shar
equations.




