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Abstract

The aim of this paper is to analyse the effects of R&D on the Dutch production
structure. R&D efforts of a sector can result in a more efficient production pro-
cess, and thus reduce the sector’s demand for intermediate inputs. Another effect
of R&D may be an increase in the quality of the products, which will have con-
sequences for other sectors that use the product as an intermediate input. When
there are rent spillovers, other sectors might use more of the product even if the
price of the product increases. The effects of R&D are analysed using a pro-
duction function in which the productivity of the intermediate inputs is modelled
as a simple function of the stock of R&D of the delivering sectors. The model

is estimated in a panel data setup, using annual Dutch input-output tables for
1986-1997.
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1 Introduction

The aim of this paper is to model the use of intermediate inputs by sectors. There
are many factors that influence the demand for intermediate inputs, or the produc-
tion structure. The model in this paper will allow for substitution of inputs, and will
especially focus on the effects of research and development efforts on the use of in-
termediate inputs. R&D aimed at process innovation can lead to a more efficient use
of inputs and thus reduce the demand for intermediate inputs. R&D aimed at product
innovation by other sectors may increase the productivity of inputs, and thus change
the demand for intermediate inputs. In this paper, a framework is developed in which
the different effects are disentangled. Allowing for changing demands for intermediate
inputs can be important in macroeconometric forecasting or in impact studies.

In many input-output studies the temporal stability of input-output coefficients is
assumed. Variations in the coefficients are attributed to technological change. The
assumption of fixed coefficients is a strict one and has some serious theoretical impli-
cations. The static input-output model has a strict dichotomy between quantities and
prices. Relative prices of inputs do not influence the production structure.

Klein (1952-1953) was the first author who suggested to use an other production
function in interindustry analysis. He used a multisectoral Cobb-Douglas function.
Also, Sato (1967), Diewert (1971), and Hudson and Jorgenson (1974) have suggested
by now well known multisectoral production functions or cost functions. These stud-
ies have in common that although there is the possibility of substitution of inputs,
they do not incorporate technological change. A practical solution for forecasting was
proposed by Almon, Buckler, Horwitz, and Reimbold (1974), who use time trends to
forecast individual input-output coefficients, and apply it to the INFORUM-model.

Other studies have incorporated research and development to analyse the produc-
tion structure. As an example, Mohnen, Nadiri, and Prucha (1986) estimate a non-
separable dynamic factor demand model. The model distinguishes between four in-
puts, labour, materials, capital and R&D. Other studies like Van Meijl (1997) focus
more on the interindustry spillovers that result from R&D in other sectors.

Empirical studies have analysed the stationarity of coefficients. An extensive sur-
vey is by Sawyer (1992). He analyses a set of 27 annual input-output matrices for
Canada and draws the following conclusions. The majority of the coefficients did

not have constant means. Relative prices can explain some of the observed substitu-



tion. Technological progress undoubtedly played an important part in explaining some

trends. Sawyer suggests not to ignore the time series behaviour of input-output co-
efficients, and to use regressions on time or relative prices and income per person to
forecast future values of the coefficients.

This study tries to bridge the gap between the different studies that use produc-
tion functions without endogenising technological change, and studies that endogenise
technological change through the incorporation of R&D in the model, but use only a
few sectors.

The remainder of this paper is organised as follows. Section 2 gives a short review
of different approaches of modelling the production structure, and of the effects of
research and development in the production process. In Section 3 the theoretical model
is described, Section 4 describes the data that is used and discusses the estimation

method. Some preliminary results are presented in Section 5. Section 6 concludes.

2 Modelling the Production Structure

In the first part of this section | will review some of the production functions that have
been used in the literature and give some of the properties of these approaches that
are important in interindustry analysis. In the second part, some approaches that in-
corporate research and development efforts into the production structure are reviewed.
For more papers on the issue of modelling the production structure, see Kurz, Dietzen-
bacher, and Lager (1998), vol. lll.

2.1 Production Functions

Of course the literature started off with Leontief (1941), who assumed that inputs are
used in fixed proportions in the production process. This assumption is the basis of the
traditional static input-output model. The corresponding Leontief production function

is
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whereg; is the output of sectof, x;; are the intermediate deliveries from sector
to sectorj, K; and L; the amount of capital and labour respectively, anddhis

technological coefficients. Optimising behaviour will result in
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or the intermediate inputs are used in fixed proportions sincetfeeare assumed
constant.

The assumption of fixed proportions is a restrictive one. It implies that changes in
relative prices do not influence the production structure of a sector, since there cannot
be substitution between different factor inputs. Furthermore, the Leontief production
function exhibits constant returns to scale, so the production structure does not de-
pend on the level of production. Finally, the Leontief production function does not
incorporate or allow for technological change.

Leontief (1941) argued that many cases of factor substitution can be traced back to
simple inter-industrial shifts or product substitution. However, Leontief wrote that “the
assumption of fixed proportions necessarily entails the existence of some disparity be-
tween our theoretical scheme and the actual industrial setup it is intended to represent.
Empirical investigation alone can reveal how big this disparity actually is.”

There are many theoretical reasons why the technological coefficients are not con-
stant. Changes in relative prices of the inputs, technological changes and a scale factors
due to a change in total output of a sector can cause sectors to produce in a different
way. The effects of changes in the product mix depend on the level of aggregation
in the input-output table. To allow for substitution of inputs due to changes in rela-
tive prices, authors have suggested to use different functional forms for the production
function.

Klein (1952-1953) gave another interpretation of the input-output system, using a
multisectoral Cobb-Douglas production function. In competitive markets, the marginal
product of a production factor must equal its marginal price. If for secthe Cobb-

Douglas production function is assumed,

n
Cij CLj CKj
1 =Vi (HX,-/> Ly K;™

i=1

such a condition can be written as
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for an intermediate input, and similar conditions can be derived for the factors capital
and labour! Note that in this setup, the use of intermediate inputs does not depend on
the productivity parametey;.

A natural generalization of the Cobb-Douglas production function is the Constant
Elasticity of Substitution (CES) function. De Boer and Donkers (1985) show that

assuming a linearly homogeneous CES production function is equivalent to assuming

o) @
to be constant. 1&6; — O (the Leontief production function), equation (2) reduces to
the assumption of fixed input coefficients,dif — 1 (the Cobb-Douglas production
function), equation(2) reduces to equation (1), the assumption of fixed value coeffi-
cients.

Sato constructed a two-level CES production function witimput factors. The
setN = {1, -- -, n}is partitioned intaS subsetg Ny, - - -, Ng} and the factor inputs are
correspondingly partitioned int® bundles{x®, --., x®} so thatx; € x®¥ if i € Ng.

The lower level of the production function is concerned with the functiortih while
the upper level deals with the global function built up from lower level functions. The
lower level form is
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and the upper level function is
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In this setupg is a CES function ir{z}, andz, is a CES function irfx®}. Henceg is
a two-level CES function in the inputs. Tokutsu (1994) is an example in which the
factor inputs are partitioned in capital, labour, energy and materials.

Both forms of the CES-function are very flexible but have many parameters to be
estimated as well. Therefore, in empirical work the production function is split in two

levels. At the aggregate level, total output is a function of the inputs capital, labour,

1Equation (1) implies that;; = p;x;j/pjq;. The coefficients;; are referred to as input coefficients
in value terms.



energy, and materials (hence this model is also referred to as KLEM-model). At the
second level, submodels are used to relate the energy and materials demand to the
intermediate deliveries. The two-level CES-function of Sato (1967) is constructed in a
similar way.

Diewert (1971) suggested a very flexible form, the generalised Leontief production

function. In that setup, the minimising input bundles are given by

n
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whereh(y) is an increasing function denoting the returns to scale function.

A popular function was introduced by Christensen, Jorgenson, and Lau (1971)
and developed further in Hudson and Jorgenson (1974), the transcendent logarithmic
(translog) production function. Their system of demand equations for factor inputs is
generated from translog price possibility frontiers. For the aggregate KLEM model,

this frontier has the form
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Similar models are constructed at the lower level, i.e. to disaggregate the intermediate
goods.

Although the generalised Leontief and the translog function are very flexible, there
are serious drawbacks when these functions are applied in empirical studiesaWhen
the number of intermediate inputs, is large, as it usually is in an input-output model,
these functions are very data-demanding. For example, estimating the generalised
Leontief function requires estimating/2 parameters (using; = b;;, the symmetry
condition) . Without any further restrictions, this is impossible at e.g. a 60 input level,
since this would require too many annual observations. The Generalised Leontief Pro-
duction function is therefore most useful in studies with a higher level of aggregation.
As is the case with Diewert's function, the translog production function has a lot of
parameters to be estimated. To avoid identification problems, more restrictions on the
parameters are needed.

Apart from the Leontief function, all functions that are described above allow for
substitution of inputs. Some also have scale effects. However, none of these functions

have endogenous technological change. A practical solution was suggested by Almon,
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Buckler, Horwitz, and Reimbold (1974), who used time trends to model and forecast
individual input coefficients. However, from a theoretical point of view, this is not
a very satisfying approach since there is no underlying theoretical reason why input

coefficients would follow a time trend.

2.2 R&D and Technical Change

To analyse the consequences of research and development on the productivity of sec-
tors, many authors have extended the production function. The stock of R&D capital
is added as an extra factor of production. In most of these models, the interindustry
spillovers of R&D to other sectors are important.

Two kinds of research and development can be distinguished. R&D efforts in
process innovation is aimed at a more efficient production process. The main goal is
to produce more units of output with the same number of inputs. The second kind is
aimed at producing products of higher quality, or product innovation. As a result of
R&D in a sector, other sectors can benefit as well. Griliches (1979) distinguished two
kinds of spillovers. Rent spillovers occur when purchasing firms pay less than the full
quality price. Knowledge spillovers occur when the knowledge of one industry can
be used in other industries. These spillovers do not need to be related to purchases of
intermediate goods.

Bernstein and Nadiri (1988) used a translog cost function, in which production
costs and factor demands of an industry are influenced by R&D capital accumulated
by other industries. R&D capital is assumed to be a quasi-fixed factor because of the
development costs with generate lags in the completion of R&D projects. Therefore,
short-run cost is not minimised with respect to R&D capital. General findings by
Bernstein and Nadiri are that variable costs for each industry was reduced by R&D
capital spillovers, and that the spillovers for each receiving industry emanated from a
very narrow range of industries.

Van Meijl (1997) analysed intersectoral spillovers using the extended production

function approach. His production function is

Y; = A;LS(K$)P(M$)”

whereY is the output, and capitak and the intermediate goodd are measured

in efficiency units to account for pure rents spillovers. The efficiency index depends



on R&D expenditures of the other sectors. The T&ABEepends among other things
on knowledge spillovers from other sectors. The knowledge spillovers can be related
to purchases of intermediate inputs and to technical closeness of sectors. Van Meijl
concludes that there is a significant relationship between R&D intensities of a sector
and its productivity growth rate. In his model, he distinguished between the effects of
internal R&D, pure rent spillovers, and knowledge spillovers that are related or not to
input purchases. All these have significant effects on the productivity on the sectoral
level.

For more papers on the issue of R&D spillovers, see e.g. the special issue of the

Economic Systems Researeblume 9.

2.3 Conclusions

Production functions other than the Leontief function do allow for substitution of in-
puts. For models where the number of intermediate inputs is large, the more compli-
cated function are very data demanding. The production functions do no endogenise
technological changes. More recent literature on the effects of research and devel-
opment have identified the importance of R&D in the production process of sectors.
However, most of these studies focus on the total factor productivity growth of these
sectors, and not the use and composition of the intermediate inputs.

There is also some empirical evidence regarding the stationarity of input coeffi-
cients. For a good example, see Sawyer (1992). In this paper, he suggested that vari-
ations in input-output coefficients can at least partly be explained by relative prices,
change in the scale of production and there is an important role for technological
change. To analyse the (changes) in the production structure at a disaggregated level,
it might be very important to incorporate all possible effects. In macroeconometric
forecasting and impact analyses, an integrated approach might be useful as well. E.g.
in analyzing the long-run consequences of a energy- or pollution tax, not only the
changes in relative prices are important, but the technological changes in some indus-
tries and the spillovers to other industries can be very relevant, especially in the long

run.



3 The Model

In this section a model of sectoral production will be developed that not only allows
for substitution of inputs, but incorporates the effects of R&D as well. The focus will
be on the use of intermediate inputs, and not on the effects of R&D on the total factor
productivity growth of the sectors. In this model, there are two effects of research and
development on the structure of production. First, R&D will result in a more efficient
production process, in which less inputs are needed to produce a unit of output. Sec-
ondly, R&D will improve the quality of the product. Improved quality of the product
will also increase the (marginal) productivity when the product is used as an interme-
diate input in other sectors. However, the investments in R&D are left exogenous in
the model, sectors are not assumed to maximise profits with respect to this variable.
The starting point of the model is a Cobb-Douglas production function. Assume

the output of sectoy is
Y, =y [] X7 K<L, (3)
i=1

whereY; is the amount of output of sectgr X;; are the intermediate inputs deliveries
from sectori to j, K; andL; are the capital stock and labour respectively that are used
in the production process.is the number of sectors in the economy. Many neoclassi-
cal studies assume that the output market is perfectly competitive, which implies that
the price of the product must equal the marginal cost to produce it. Here, a different
approach is followed to allow for effects of process innovation (i.e. changgg s
aresult of R&D. It is assumed that a sector will try to minimise the costs of producing

an exogenous output levi}. This problem can be written as

n n
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Alternatively it is possible to write that the sector is maximising its profits subject to a
production constraint. The first order conditions for the associated Lagrange problem

are
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Equations (5) imply
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or the ratio of expenditures on different inputs are equal to the ratio of their marginal
productivity, a standard result for optimising behaviour with a Cobb-Douglas function.
The next equation relates the intermediate inputs of all sectors to the intermediate

inputs from sectos.
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and in a similar way expressions f&; and L; can be obtained. If equation (7) is

substituted in the constraint of problem (4), the following expression is obtained
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which can be written as
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In the case of constant returns to sc1&'(, ¢;;+cx +c¢;, = 1), the use of intermediate

input of sectors as a share of total output is
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In equation (8), the following factors affect the input coefficiam/fj . If the price

of intermediate goo& s; increases, the use of this input decreases. If the productivity
of this input increasesc(;), the use of this input will increase. If the price of a com-
petitive input increases, there will be a substitution effect Epdwill increase. If the
productivity of a competitive input increases, the use of intermediate inputs of sector
s will decrease. Finally, if the productivity parameter of the segtomncreases, the

sector can produce the same amount of output with less inputsf andll decrease.
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The changes in prices and productivity will occur in time. The changes in (relative)
prices are exogenous in this model, but the productivity of the intermediate inputs are
modelled as a simple function of the stock of research and development. To derive
an analytically tractable solution, very simple relationships between productivity and

R&D are assumed here. First, it is assumed that the productivity parametgrals
y; () = y(0) - e K, 9)

wherey (0) is the productivity parameter in the baseyear, &¢) the stock of Re-
search and Development capital of sectat timer. So the efficiency of the produc-
tion process of sectar is determined by its research and development efforts (process

innovation). Furthermore, the productivity of the intermediate inputs is modelled as
cij(t) = a;; (L+ BiR; (1)), (10)

whereq;; denotes;; (0), the productivity in the baseyear. In this setup, the productivity
of the intermediate inputs is determined by research and development efforts of the
supplying sectors (product innovation).

The equations (9) and (10) can be substituted in equation (8). Taking logs of both

sides give$

Xi
log ( Y:’((f))) = 109 (ay;/ps (1)) + By Ry(1) — log (7 (0)) — a; R; (1)
J

+ Zaij(l + BiR; (1)) log (pi (1) /a;;)

i=1
+cxlog (r/ck) +cplog(w/cr)

This is the equation for the relative demand for intermediate itfut It is obvious
that for sectorj, the demands for intermediate inputs are interrelated. The demand for

all intermediate inputs of sectgrcan be written in a system of equatiofs:

log(f(r)) — 9(t) = —log(y (0)¢ + Z, [ Z ] (11)

wheref is the vector of input coefficients, with typical element,

2To avoid a non-linear system of equations, two approximations are made. First, the term
(1 + g; R;)“iI+PiRi) is approximated by 1. Second, the first-order Taylor approximation is used for
log(1 + B; R;)

3o denotes the Hadamard product of elementwise multiplication. That is, el€ingntof matrix
A o Bis equal tag; b;;.
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fs(t) = X;0)/Y; (1)

and the vectog contains exogenous terms, that do not have to be estimated, with

typical element

o, (t) = log(ay/ps(®)) + Zaij log (pi(1)/aij)
i—1
+cx log(r/cgx) +crlog(w/cr) .

andZ is the complicated term:

Z = MAlog(p)| 0 R | =M, (A ologa))[ 0 R ]

+[o R]-[Ru 0],

whereM ; is a matrix with all zeros except for ones in tjih column.

So, the demand for intermediate inputs of segtis given by equation (11). Al-
though some approximations had to be made, still the effects of prices and productivity
of other sectors, and the result of process innovation can be observed in this equation.
Furthermore, the approximations have resulted in a linear system.

The next section discusses data and estimation issues for this model

4 Data and Estimation

In this section | will first discuss some data considerations. Estimating the production
structure with factor substitution and R&D requires a series of input-output tables. For
the Netherlands annual input-output tables are constructed by Statistics Netherlands.
Furthermore, data on capital and labour, and imports are needed. Finally, of course
data on the stocks of research and development by sector are used in the model.

For this paper, the data is aggregated into a classification with 35 sectors. This
is less than the standard tables that are published by Statistics Netherlands. These
tables had to be aggregated due to a new sectoring scheme that was used from 1993
onwards. This made it impossible to construct tables in constant prices at a lower level
of aggregation. To obtain tables in constant prices, chain indexes had to be used.

For data on capital, a shortcut was needed, since Statistics Netherlands has not
published detailed data on investment by sectors. Therefore it was not even possible

to use the perpetual inventory method to construct capital stocks. However, since it is
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not the goal of this study to analyse the productivity of capital (or labour), the ratio of
the operating surplus to gross output was used as a proxy for the coefficient on capital
(ck) for each sector. For labour, a similar proxy was used, namely the ratio of wages
to gross output.

Imported goods in the production process are also important. Ideally, one should
use import matrices, with the imported coefficients. However, they are not (yet) used in
these studies, since these matrices were not available in constant prices for the period
1986-1997. Instead, imports are aggregated into one input, in much the same way as
capital and labour.

Concerning data about research and development, one would like to be able to
distinguish between the two aims of R&D, namely process and product innovation.
However, it is very difficult for statistical agencies to separate the two. In the Nether-
lands, these data are not (yet) available. Therefore, only one stock of R&D per sector
is constructed. Also, there is a problem here that the sectoring scheme for research
and development data differs from the input-output scheme. There is less detail in
the R&D data. In the estimation procedure, this meant that it had to be assumed that
some input-output sectors had the same research and development stock. There was a
resectoring for the R&D sectors as well, the sectors that are used in this paper are in
the following table. To calculate the stocks of R&D, the perpetual inventory method is
used. The series of investment in R&D start as early as in 1970. In the estimation pro-
cedure, only stocks from 1986 onwards are used. A depreciation rate of 5% is assumed

for all sectors.

Agriculture, forestry and fishery

M. of metals

M. of chemical products

Farmaceutical industry

. of food products, beverages and tobacco
. of rubber and plastic products

. of Wood and furniture

. of paper and paper products

. of textile and leather products
Construction materials

Electricity, gas and water supply
Construction

Transport, Communication and business services

=L L

Table 1: R&D sectors
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Estimation of equation (11) is not extremely difficult. If an error term is added, this
equation is also known as a pooled system, or panel data. The cross section dimen-
sion of this system are the (delivering) sectors, while the time-dimension are obvious
the annual observations. Since in equation (11) the interedpg y, is the same for
all cross-sections, this setup has to be estimated with a common intercept. A serious
econometric problem in estimation the equation is that the observations are autocorre-

lated in time.

5 Results

The results | have obtained are not really encouraging at this point. However, we
should keep in mind that the database is not really perfect. The input-output tables
were aggregated to get a comparable series in time. The research and development data
is not complete, and certainly the data on physical capital is a problem. Furthermore,
the relationships for the productivity of individual intermediate goods is very likely to
simple. Finally, the results are obtained by using OLS.

Below, the results for two sectors are presented. The first results are for sector 7,
Manufacture of petroleum products. The second table gives the results for sector 10,
Manufacture of rubber and plastic products. For the first sector, most of the coefficients
are positive, as might be expected. The second results are counter-intuitive, a lot of
the coefficients are estimated to be negative. Perhaps with an improved data-set and
more sophisticated estimation techniques that can deal with the autocorrelation, better

estimates can be obtained.
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Dependent Variable: (LOG(F?)-G?)
Method: Pooled Least Squares
Sample: 1987 1997

Included observations: 11

Number of cross-sections used: 33

Total panel (unbalanced) observations: 355

White Heteroskedasticity-Consistent Standard Errors & Covariance

Variable Coefficient t-Statistic
o -0.134404 -0.808733
B1 4.13E-05 4.979768
B2 -0.000559 -6.441564
B3 0.000204 2.147517
Ba -0.004038 -3.746194
Bs 0.000699 3.779509
Bs 2.11E-05 4.536314
B7 -0.001676 -8.073744
Bs -3.80E-06 -1.545955
Bo 0.000985 6.830641
B1o 0.001857 4.718017
B11 0.000901 5.898474
B12 7.51E-05 1.997094

R-squared 0.366633
F-statistic 16.49760
Durbin-Watson stat 0.496091

Table 2: Results for sector 7, Manufacture of petroleum products
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Dependent Variable: (LOG(F?)-G?)
Method: Pooled Least Squares
Sample: 1987 1997

Included observations: 11

Number of cross-sections used: 33

Total panel (unbalanced) observations: 360

White Heteroskedasticity-Consistent Standard Errors & Covariance

Variable Coefficient t-Statistic
o -1.155280 -17.18231
B1 -5.17E-05 -0.206128
Bo -0.000378 -3.986773
B3 -0.000211 -8.673470
Ba -0.005429 -7.138712
Bs -0.000538 -3.526725
Be -1.83E-06 -0.704268
B7 -0.000594 -4.967092
Bs -8.32E-06 -3.178588
Bo -9.53E-05 -0.852923
B1o -0.000577 -1.566527
B11 0.000265 1.542103
P12 8.56E-05 2.923379

Table 3: Results for sector 10, Manufacture of rubber and plastic products

R-squared 0.359031
F-statistic 16.19731
Durbin-Watson stat 0.336902
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6 Concluding Remarks

In this paper, a framework was developed in which the effects of research and develop-
ment on the production structure are modelled. This paper combines some ideas from
studies of multisectoral production functions with studies that incorporate research and
development in models to endogenise technological changes. The model resulted in
an equation that can be estimated, using pooled data techniques. The model is flexible,
i.e. it is easy to change the relationships between R&D and sectoral productivity.
Unfortunately, the results are not what one would expect. Several factors may
explain this. First, the model has some serious shortcomings. In the model, constant
returns to scale were assumed, at least in the baseyear. The assumed relationships
between R&D and sectoral productivity is too simple. International R&D spillovers
are not incorporated yet in the model. Furthermore, the data do not allow us to make
a distinction between R&D aimed at process vs. product innovation. Finally, more
sophisticated estimation techniques are required to deal with the autocorrelation in the

data.
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